$44% %o R % h E FH F T Vol. 44 No.9
2026 %9 A CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Sep. 202 6

DOI:10. 13193/j. issn. 1673-7717.2026. 09. 045

HEFHFxiEE SPR LG ERXIELKZS
SR - FhERBALENS CNRESHFEMA

A, L& N FWR @ R, TR, Bk’
(L. B RS S LR m, e BoTY 5517002, T M ERIRZE, T4 T 511436,
3. AR EZY R, I RLER 610075)

WE: B8 AKXk ZE 2K (cannabinoid receptor, CNR) 2 ¥e4% , i@ if JE 4 §f it fo & @ 5 & F 22 3k 52 36 (surface plas-
mon resonance , SPR) |, Mk Rl %25 3¢ Kk — BEF o 56 3£ 08 97 2 KR £ ¥ £ (rheumatoid arthritis, RA) 9 /s 2~ & BR By
Wb (BLR) , ed 5 F 645 CNRI A= CNR2 £ 489 21, ik i@id UPLC - MS ke @ R F 3 AR K
= TP 3 A F MBS, PR IF KRLF A ZRE, AL Dy TReH(BR), BRYTHBEFLI A
BB LE4 5 CNR 9 & 68X, Sttt —F ML 53 F R LG fe i, KA T3 HFERMES 0TI
445 CNRI 5% CNR2 & 0482 eh 2 1. %5, R )8 SPR £ 53045 3 A+ EAm s 5-F 1445 CNRI & CNR2 44
HAREEMR, R S THBESTHAFEMEREF, KEZH -CNR2.KEH# T -CNR2 e £ 8% -CNR2 L. 46449
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M 6948 10. 19 pmol /& T K 23 - CNR1 £ 446915 19.67 pmol ,12 T K EH —CNR2 E oW E AR ERZTREH -
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Abstract ; Objective This study centered on cannabinoid receptors( CNRs) and aimed to screen small molecular compounds
associated with flavonoids and phenolic acids derived from Tianma( Gastrodiae Rhizoma) and Fuzi( Aconiti Radix Lateralis Pra-
eparata) for the treatment of rheumatoid arthritis(RA) through molecular docking and surface plasmon resonance ( SPR) tech-
niques. Based on the obtained results, the differences in the binding affinities of these compounds to CNR1 or CNR2 were com-
pared. Methods Three flavonoids and phenolic acids,namely daidzin,daidzein and curcumin,were identified from Tianma ( Gast-
rodiae Rhizoma) and Fuzi( Aconiti Radix Lateralis Praeparata) using a nontargeted UPLCMS metabolomics approach , which were
confirmed as small molecular ligands. Subsequently,the molecular docking was employed to predict the binding modes between
these compounds and CNRs. Their pharmacokinetic properties, toxicity profiles and drug — likeness were further predicted using
relevant bioinformatics methods. The differences in the binding stabilities of these compounds to CNR1 or CNR2 were evaluated
through molecular dynamics simulations. Finally,the stabilities of the complexes formed between the three flavonoids and phenol-
ic acids and CNR1 (or CNR2) were verified by SPR. Results The findings from molecular docking and molecular dynamics simu-
lations demonstrated that the stabilities of the daidzin — CNR2, daidzein — CNR2 and curcumin — CNR2 complexes were higher
than those of the daidzin — CNR1 ,daidzein — CNR1 and curcumin — CNR1 complexes,respectively. Further SPR results indicated
that the dissociation constant value of the daidzin — CNR2 complex(10. 19 pmol) was lower than that of the daidzin — CNRI com-
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plex(19.67 wmol) ,suggesting a higher affinity of the daidzin - CNR2 complex compared to the daidzin — CNR1 complex. Conclu-

sion The compound daidzin from Tianma( Gastrodiae Rhizoma) and Fuzi( Aconiti Radix Lateralis Praeparata) ,which was stably

bound to CNR2 ,was reconfirmed via high — throughput biological informatic approach and SPR experiment. These results offer

new perspectives for the application of Tianma( Gastrodiae Rhizoma) and Fuzi( Aconiti Radix Lateralis Praeparata) in the treat-

ment of RA.

Keywords : molecular docking; molecular dynamics simulation ; surface plasmon resonance; cannabinoid receptor; Tianma

( Gastrodiae Rhizoma) and Fuzi( Aconiti Radix Lateralis Praeparata) ;active ingredients

2 KR PE 225 48 (rheumatoid arthritis, RA ) & —Fh & UL A%
B B et , s TS b 3 R B T T G RE 1 A LA K
B VHEHEBIR, B AN Y SFBOCTTIRIR , 50 838 A3 i
o RA RBREFTHEL 0.5% ~ 1% 0 W5 FIRIT7
& RABITH— D 02— R, S48 MM E SR
HE, R RA G RIATT SR

KJFR 2 5% 1K ( cannabinoid receptor, CNR) Jy-E WK G &
FURBHRSZ A, 2253 R RIBRZR 2K 1 (CNR1) FIK R R % 14 2
(CNR2), Hrpr,CNRI1 =250 A oA po 28 38 0 O J o 22
JC,CNR2 =253 A5 T A1 e 32 200 J0 . 9 152 4 i 0 405 -1 20 i
SESTI BRI HE ) CNRI 23 3300 Z0RE i 2SR BRI, K] it
BA YRR IT YR BB CNR2 JUEh 3 s T BT 6 1
fEi. Lbln, HU308 5 CNR2 Z454 B 5% J1%% CNRI1 54 5000
i, L =759656 5 CNR2 454 ()76 F1 7% CNRI1 5 406 15, i H
T —FhEAT B3R B0 T A0 BE 4 CNR2 87
T, 3B CNR2 33 /M JWH133 .4Q3C S54E T iR
17557598 (collagen — induced arthritis, CIA) HE {4 DBA/1 /MR,
J&, TR 8 R RE R T R R T — o (Tumour necrosis
factor — o, TNF — ) \ 4412 — 1B (Interleukin - 18,IL - 1B) .
42 - 6(Interleukin — 6, IL — 6) F1FF & AL i ( cyclooxygenase —
2,COX —2) fi/K P Sl e v A 3 1775 DA HU308 (1 -
10 M) Jifl i Be P 5l CNR2, BB 25 30 g 2280800 /) B
IS 55 Wk 2 L S SN, D/ R AE A S PR T TNF — o L - 6 1Y
K LA, PR PERIRRF AR GE ph TR KRR AT AR
KIRE Z A BAH SRR R B T A R (5518 S R 40, /T A
A PR R i SR R TR KRR R AT e —
A RRATEE ), LA 43 Wh 8 55 43 Wb 14 77 2 5 5 sl 43
W, 52 KB S A AR A AL I G

MR K p K B ) CNR2 (0 BB By (b & 9 Pt R 3T
YA FE ARG Z — o LLan, R & i 0 B B oA
BT B BAE B R Ak A W vl ik S 4 CNR2 323k, F 9] p38 22
L IEALTE H B ( p38 mitogen — activated protein kinase, p38
MAPK) 23k, dEmi /b COX -2 s fb A= KK F - B (transfor-
ming growth factor — B, TGF - B) ik, 5 B & AL £F 4L 5L
WL EYERAL A 3 B 2 i HE g CNR T 4 2% DY SR 1k B 7%
SPROFFLRAEAG ) A S BT O & B, ek X 5 2 0
RIRR — W1 RASIEA R SSUSE ™, RO — 254 1
1.3:2.2:3 K58 HOKBORFEA Z 1] 1 22 S v 20 A Ak 5 4
FERETREMAEY G, QB ET KIHFICHELEGY;
I, KR — BiF 52500 2% 500 5 LK RO RE I 0 ) COX -2 B/
PR DU T A QI B T B R KGR . BF gk
B, K GG AL A AR N S — D5 S — e T
R S B RATT A A5 00 e D/ A I R G T i e A

RS 1 T A % 24 2 1 O R R U AR, By L D7 9 e fie
PRI R, MK S5 285 X KRR — B R R B R SAF K
S ICHMZE RS CNR 925 S AR W, R, A WF 5T
PLRIR R SZAR 05, R G R G T2 i RO IR,k A
P H S SPR SR G R BEIA YT RA JERES CNR2 455 K
JBR — BT~ S TR P50 15 M o

1

1.1 FE %4 KEHIC(RP210817) .k 51 (RP220910)
FZLHR (RP220331) Wy A iR TR A BR A ]

1.2 £ E i #  DMSO (472301, Sigma — Aldrich), PBS
(SNB - 001, ] M i BRH B A B2y 7] ) , CNRL — VLP 25 [
(HY - P700408, MCE ) , CNR2 - VLP % H ( HY - P700636,
MCE) .

1.3 EEMHE  EYTHHEAEF(Biacore S200, Cytiva) ,
S Z 41| L1 A8 A (29104993, cytiva) .

2 Ik

2.1 ZAER EST, RKAR - B 25K BB o5 05 18 AR
B[ UPLC — MS ST 5 i ML & 0k ™ o 28R i)
UPLC — MS fRBZH A AR IR R — BT 25 %5 K B b 3 i
W/ FAE Y, RS  REH TMmE® R, IF 4
Pubchem %54} JZ£ ( https : //pubchem. ncbi. nlm. nih. gov/) $EH it
G 2D G54 (. sdf” K550 , B M ECIR. L4k, A PDB
B B (https ://www. resb. org/) H i B CNR1 ( PDB code:;
6kpg) .CNR2(PDB code:6kpf) ) 3D Z544 (*. pdb” 4% 5X) , I
FRILIR R A, B0 21k

2.2 ETEMFHRESFAE 3MEAMB /N eSS
R E A E A S 4 WeMol TAE 4 (https ://wemol. wecom-
put. com/) ) AutoDock — GPU 45 B 3t 47 kg 8L 57 128 F) Wi 4 531
X%, CNRI % 1 1148 (Box Center x = 104.227 y = 144. 955
z=134.263 ,Box Size x =40,y =40,z =40) 5 3 FpEc /N
TG YL SE 7 G AT 43 7 % H2; R 3, CNR2 3% P 148
(Box Center x = 109. 651,y =109. 02,z = 126. 81, Box Size x =
40,y =40z =40) 5 3 FhECEAM /Ny 10 & W5 58 2= F B kAT
T, —ORUL, WA G RES 7 keal/mol , LA 5 2 14
G e B R Pymol B4 il T WL Ak 1 fi £ DG I
SR

2.3 g XHERFETN R 3 FMEERE/NF T
B AR WeMol AR5 1 25 327 Je #1750 ( Absorption,
Distribution,, Metabolism, Excretion, and Toxicity prediction, AD-
MET Prediction ) f5Hex0f H e 46 & ) HEA T 25 3y~ 1 B Tt , 4K
SRURR — L LG (B B 5 A% A2 A N SORE G B s i . SRS
HRAEZE 24 P HL I, SR 1P 15 1 288 25 1R 458 e B0 1k & ) 1 26
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2.4 TP GROMACS 2 T2 =LA Gronin-
gen Machine {9455 "™ ' . GROMACS 542 H 7 22 46 B T
REEFF I, I 32 o i M O B L 2 S TR R B 2 A
F Y S 2o m o s e fAE L, EIRAN T e
SERAU ST, R i 4y 1k I FIAR Tz (0 3 ) L
zeE

R 3 RIS /Ny AL S ¥ 53 i 5 CNRIL B CNR2 #Y
AW, HEATHET Gromacs [4x A 8143 T 8l J1 A UL 2 (hi-
tps ://wemol. wecomput. com/ ) , JiFE L HE pdb ZEf AL HE, THE H
JRFARAL 3, B L S5, Ny TSRO R, T el )
AL, OB AR N, WS T L RS G A B Re iR, BT
W - ZRE A BT RS [ 2 150 ns, JirAG BEAEL
FHT 583 77 H I 22 (Root Mean Square Deviation , RMSD) Flfx
UEZ TR B 1PE (Root Mean Square Fluctuation, RMSF) . #xJ5 , {#i
S F 1A B IR 24 5 2R 11 X ( Molecular Mechanics Poisson —
Boltzmann Surface Area, MMPBSA ) i+ 2 Hl Kk — 21K 5
MEs G B B RE, TR AT

Gina = G(:nmplux - (Gn:('(-plm’ + G]igand)
2.5 SPR %4 Biacore S200 RG] Tl & KR T H T . KT H
ML # R 5 CNRI 5 CNR2 &545 1R M Ty o 76 I 2649
SRS Z AT, e 5% DMSO ¢ BE AL IE fh 26, il i Biacore S200
Ja SRl . SPR SEE AL R E 3 45, LI 2 (455 4
AR, X T & , CNR1 8 CNR2 (1 mg/mL) 25 H i i i
IR G H) S R4 LI AZEGS R b I [E 35 & K 7 min,
XFF 455 434, 10 mmol /N3 WA (R AT TR S s 2%
# ) B 1.05 x PBS - P Fi B 2 500 wmol ¥ J& 157 A /N T
$% DMSO Wit 4805, (21 5% DMSO (132 1722 WA e
TEWGH—PFRREE 100 ol F TSI IEZ . B, #2553
ik 50,25 .12.5.6.25 3. 125 pmol ¥R . fe)a,
/N3 DA 30 pl/min (B [E] 2 min S A S R3] L1 ARG
A, 55 BARAT 7 3R CNR1 - VLP 8 CNR2 - VLP & 45
Gro TR, 7EM IR N 2 )5, S & L1 LGS 7
50 wl/mLig 4728 thig AR AL 10 ming
2.6 Hit#Fdrk RAIPRIM 6.0 etk i it Bl v +
Fon ARIEAT B R 05 22 70 e, 7 26 55 R LSD 47 [E
BT EARFNR AR, P <0.05 K255 LA G2
B,
3 HR
3.1 BRBELEAXM R - T AR T 3 A EER N2 F L
WA R A RGETN R BRT 3 FhEERG /N
FALEPIRING — I3 (B DA R 54 32 0 7 SR DG HE S 1Y 35
PEo MRIERAMEIN, R CREH T S £ m R GKEY
4 50T B4R/ T 500 g/mol B/ K AL R EUNT 5 VA
EE G ZARECR /N T 10 B A AR /N TS5 SR I

B YKIETELT , 5l 2 A= AR 2 E . Hoh, RETT
TCAFTEREZ AR S AR B M o 46 JOXXXTIE 1 2R, RF AT
KEH OB REIERRE - FF25%F1:1.2:3.3:2 K5&
FO/K FRORE A R A B B AEAE 25 S0 40 3 Fh e 1k &
PIIRTFAE G 45 25 % KK - BfFo Bk 3 R E /Ny 1L A
Y15 CNRI CNR2 454 WL L35 2.

3.2 RTEIMHE S FAE RTINS
TGS KIREZIRLE G e R E I ZOR, 322 45
BoR, KO KOG n MBS 3 MEIB/NMrF ey
HRIREZEK 2 455 REXET - 7. 0 keal/mol , 343 HIME T
HRIEEZM | W45EHE, 3R T 3 Fhigmim M A &5
CNR2 454 fa et m T CNRI,

R, KEF S5 REH OIS N — RN 2R,
M2 CNR2 255 2RI 2 7. ISR 1 851 nT 5, K&
A LA A% A2 (A0 R 38 Sy AR S B, KT e LA %Az Ak
FIR S AR SE TR T . R, KEH B B RRFRRY . B
TEEREZ AN NSO AR A B PRI - 2R E 5
R o B PTG SR 1 B 35k v 3 Ao R AR B A 45 5
A, Hen U pi - pi AHEAE ISR

WA T XXX 2a b e Al g1, K T4 5 CNR2 254 T8 i
T 34 pi-pi HEAEH (W R EIERFRIE N Phel83, Phe9l il
Tyr25) , [AlAf 5 CNR2 Se4i 4 SE R 3R 3 Ser285 Tyr25 JE AL T
2AE S A (KE T - OH - Ser285 - O, K& 1f - OH -
Tyr25 -0) ;28 R 5 CNR2 55 ML T 3 AL & (%
Z -0 - His95 - NH %% %E - OH - Lysl09 - 0 fILE & E -
O - Cys288 — SH) #1 2 /> pi - pi FHEAEH (3 S B S SR 5k Jk
& Phe281 1 Ser90) o ItAh, K EH TS CNR2 Xf 42, B 2 4
A (KRS G - OH - Leul82 - O fI K E 70 - OH -
Lys109 -0), #EI, K1 - CNR2 F1ZE# % - CNR2 (45
A BE CNR2 33h 7 AM12033 FOE 8 CNR2 37
HU -308 15 CNR ({45 &t

M T XXXK[E] 3a b c o], KE 45 CNRI ZIEM 5
%k 1267 1 Thri297 TR RL 3 A~E 45 G s RS H 5 CNRI 2 52
BREE Lys376 B l— A~ 284S G 2 ZE M 5 CNR1 2 ZL MR 5%
Jk Cys386 1 Serl73 JE A% 2 DS &0 Mba, iF— 2 N H 4
T3l 7 AR R L F AR 7 A 2 A R
3.3 RMSD #4247 RMSD AR FHEMECE - ZEKE &
YIS SR ™ a4 T 8l 1 S BLE 17 I (]
150 ns ALK - Z 165 & 91 RMSD ¥4H, DL L &8 Be 1k 55
CNRI = CNR2 5 A RE 2R HIXLE 4 851 8 R, K
T - CNR2 & 4% RMSD 14k T 100 ns FEAE 2, K
1t - CNR2 49 RMSD {12 F 100 ns FEA ik 2P, 2245
# - CNR2 Z 5% RMSD {18+ 40 ns FEAIK B P14, 48R T
RO KRG CMEE R - CNR2E S 1 Fa & v 5 &

F 1 ghAtE  RAE BI

T, BEEME e MR TR IKATR AR AR
A D = 7 4
e fesats ot (min) ik ik Hofli (g/mol) M $H B
107971 KEF Daidzin CyHy004 11.060 0 - - =5:1 416.40 0.34 9 5
5281708 K H T Daidzein CisHip0, 12,2510 + + =5:1 254.24 2.87 4 2
969516 F# % Curcumin C,Hy006 10.061 0 - - =5:1 368.40 3.37 6 2
VE 4 T FORAEAE, ¢ - R A, IR B DAL UPLC - MS ARUHALFHOR BTG 3 FhSmIm A 20 R (
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5 CNRI1 %% 5 CNR2 %}
e R e Y ey R ATRET P T 2 T T e e
(Kcal/mol) HIERRR I ~ (Keal/mol) BILRRIRIE -
107971 KEH -7.9 Phel70, Phe268, Pi- Pi T — shaped -8.05 Ser285, Phel83, Conventional hydro-
Daidzin 1267, Thr197 Conventional hydro- Phe9l, Tyr25 gen bond, Pi - Pi
gen bond T — shaped
5281708 KEHIC -6.57 Phel77,Phe379,Lys376  Pi—Pi T — shaped, -7.08 Lysl09,Leul82 Conventional hydro-
Daidzein Pi - Pi Stacked gen bond
Conventional hydro-
gen bond
969516 EHR —7.22 Phe268, Phel74, Pi-Pi T - shaped, -8.07 Phe281, His95, Se90, Conventional hydro-
Curcumin Ser173,Cys386 Pi - Pi Stacked Cys288 , Lys109 gen bond, Pi - Pi
Conventional hydro- T — shaped
gen bond
F CNRI, RO, AT JAE TR o DRI, KRR B2 4 2 A

3.4 RMSF ¥ oA  RMSF{EHFodriilk - 262 &
PIAE R AR v 1 i st , AR 4 0 XXXVLET 2 04 o XXX 3
FR A SRR AR A, KRG ALY CNRI Z L FR5E AL Thrl97
SUELS A, 1 5 CNR2 ZFLERERIE Ser285 SELS A HIL T
BARABSN P (RMSF <0.2 nm) . [AJ#f, 2283 5 CNRI 2k
fRsR 3L Serl73 L4, 1M H 5 CNR2 2 3L 5% L Cys288 4
BZE A BT BAR A W Bh M (RMSF < 0.2 nm) 4878 T it 2
FLAYIS CNR 254 5 i e A L IR vk 2 I , A FlF
Bk S 32 R T AR o SR, K F 105 CNR JE I
54 pi - pi AHE AR P& SE R IR L 1Y RMSF {HKF 0.2
nm, H O, R E I E WA CNR g8 K E T Em
e,
3 WIK - IR AW RMSD ¥ A

BLk - CNRI 24 BliK - CNR2 B4

EY D LG WAFR W RMSD H Wiy RMSD
RMSD/ (nm) RMSD/ (nm)
107971 KEH  0.5582+0.0039 0.3808 +0.002 6
5281708 KEHIC 0.5022+0.004 1 0.458 5£0.003 9
969516 FZE 0.3949+0.0028 0.454 4 £0.003 2

3.5 MM-PBSA £ & g daad 3.3k, K9 -
CNR2 RELHIE - CNR2 DL K £ 8 R - CNR2 45 54, H
455 BRI AU, — MOk UL, 456 Bl BEEUE /)N, R
55 T IR RS, A R TRCR S 2R a6 . EEA
B REHE— L IUE T 43T XHE I 03 T3l 1 AR 4 21
3.6 SPR ELIZ R AT SPR LK ZERIEIIA - ZHE5Y
B FZE k22—, SPR LI REBW], KRG H 405
CNR1,CNR2 254 ({E M 19. 67 wmol F110. 19 wmol , 7R T K
A5 CNR2 458 e R T RS 11 5 CNRT g &, K
AT CNRI B CNR2 454 i & Jfth £ WAE TOXLIE 5. tboh,
AHFFEAL E T SPR S25 Kk B, KRG 70 . Z B K 5 CNRL Al
CNR2 ¥ TCE 4 o PR, PRASTZH HHE I R B & R R — Bt 7~ id i
454 CNR2 JR Y7 R RUIBAE O R 20 T o
4 g

KIRFREZ A 2 FEFRIKT RA B35 1 IR SUR AT 4R Af
TR 3 B KRR RS2 A 2, B G IR A

ROUAIR LY RIMILOR , KR - B R h 2 2
7 AT AR T T2 KRR S RIFUERIRTT o BT A 2L,
KR ~ BF 77K AGRATH0R] COX -2 A2 (Y 5AE A BEHT 51 i 3R
BRI EE R B s KRR K 32 4k 2 BT 8 COX - 2 mRNA
TR HIE, ABFTEN IREE S CNR2 JERK pi - pi AHE
VRV EURE 25 4 i & L BR 5K Ak, L 4N Phel83  Phe281  Phed4 |
Phe91 His95 Ser285 Phel17 2&1°0 22 UPLC — MS 3 # ) £t i}
570X R AU L ) 3 RS /N TS P RE S CNR
L5 T A BE Rt — DR, REF - CNR2 R
L - CNR2 MIZ R - CNR2 W25 S ARE
WE GE - JIN ZiFFE 2 B, R &L H Al 3d s 4 i) NF - B i

1A AZ A 7% ( Receptor activator of nuclear factor k — B ligand ,
RANKL) JIri75 S (M B 4 M 3 4L, B 1k ORI i 252K, 2
RA SEI B PR PO 19— Ff B A WF 5 A1 5% 09 K 9% 245 W 16 1
G e KRG RGN TR ) h & B KSR S
BRI PEIOY , BA PO PO BT R B O LB A
iR AT B L (3 I £ 8 G NI A € 7 OF 1110/ VAL B i Bus
s S8— S LA G U (Inducible nitric oxide synthase , iN-
08) il COX =2 i 43, I Ik 2> 4 40 J P81 - ey g g ™
315 BT AR U 215 0 0 2% 24 B2 B T P 45 A0 — B0 L &
SPR SC8G 00, K G5 CNR2 Z5 5 iia etk T REH Y
CNRI (%55, nI B3l CNR2 1 AT T 5 50X A F ) —
T HI S A R ARG PE ALY o B, Jl i SPR SEBG 56 E, K EH
G EHE G CNR 45415 .
5 #Hig

FUBIE 0 T4 3 70 73l g 22 A4 e SPR 52 56 i 16 3]
55 CNR2 25 G Fa @ TER R KRR — B s M e KRG, I 10
BT S 22 2 R GEE W A BRI — B35 M sl
CNR2 mRNA HIH H 4K 1R JE 04T 50k
&% ik
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