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Abstract: Objective To conduct an in-depth exploration of quality markers for Bitongning Capsules (BC, % T ki %) using a
strategy integrating formula-pattern metabolomics and targeted protein analysis, thereby laying the foundation for enhancing its quality
standards. Methods Centered on the clinical indications of BC, a rat model of bone and joint disease with wind-cold-dampness
arthralgia syndrome was established. Non-targeted metabolomics analysis was performed to identify blood metabolic markers
associated with disease progression. Under the premise of drug efficacy, key metabolic profiles regulated by BC in treating bone and
joint diseases under this syndrome were determined. Bioinformatics methods were employed to extract core protein targets within these
metabolic profiles. Molecular docking analysis was conducted between these targets and the direct bioactive components of BC in vivo
to identify pharmacodynamic material bases. Combined with the “five-principle” system for quality markers (effectiveness,
measurability, traceability, efficacy correlation, and specificity), the quality markers were comprehensively identified. Results
Metabolomics analysis revealed 30 small-molecule metabolites, including 1-methylnicotinamide, D-glutamine, and linolenic acid. The
a-linolenic acid metabolism pathway was identified as the key regulatory pathway for BC in treating bone and joint diseases under
wind-cold-dampness arthralgia syndrome. Six core protein targets (PLA2G2A, PLA2G2F, PLA2G2D, etc.) were extracted from this
pathway. Additionally, 22 direct bioactive components of BC in vivo were screened. Molecular docking analysis confirmed that
isoliquiritin, dihydrokaempferol, and 5,3',4"-trihydroxyflavone met the “five-principle” criteria for quality markers. Conclusion The
components isoliquiritin, dihydrokaempferol, and 5,3',4'-trihydroxyflavone fulfill the principles of effectiveness, measurability,
traceability, efficacy correlation, and specificity, demonstrating potential as quality markers for BC.

Key words: Bitongning Capsules; quality marker; chinmedomics; osteoarthropathy; pharmacodynamic material basis; wind-cold-

dampness arthralgia syndrome; bioinformatics; molecular docking; a-linolenic acid; testability; traceability; efficacy relevance;

specificity; isoliquiritin; dihydrokaempferol; 5,3',4'-trihydroxyflavone
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x1 REEEIETEXTRARRENTAZESERENIEREN D (XLs,n=6)

Table 1 Behavioral and physiological biochemical indicators detection and analysis of a rat model of osteoarthritis under

wind-cold-dampness arthralgia syndrome (X £ S, n =6)

FED RGRE RUER RTER
B R Emgm Eméﬁ Eﬁi Eg;

PSEE PSR
(k) (h)

CCCP-Ab/
(ngmL™)

MMP-3/
(ngmL ")

IL-1p/ TNF-o/
(pgmL”")  (pgmL™)

X8 263.90£15.62 39.17£5.17 36131055 1431004 1414008 000£000 000£000 140401654 227.50+26.61 28.34+2.30 40.51£2.98
A 248.10+18.50" 21.6743.99™ 33.24+0.64™ 2.0240.29™ 2.04+0.22" 3.89+0.68™ 3.83+0.86" 152.60+9.75" 296.20+35.59™ 25.21+1.87" 46.48+5.47"

x4 "P<0.05 P<0.01.
"P<0.05 *"P<0.01 vs control group.

B (P<0.05), 76 H F=IEARINH, &R
PR B EPERRAG (P<<0.01), 076X B2 #8i JE
Fod VAR B, RS2 K Rk — 20 R I 2 T
MK, REEEFEHRE, EREEEER (P<
0.01), FFHAEXRT RIFER D HIRI A, 5%
WEREEEZES (P<0.01).

TEAEBAEAIRAR I AT, IEREAE RS, 45
W 1 Frow, SRR, BRI K B G o IL-
1B+ TNF-0.. MMP-3. CCCP-Ab /K°F, ¥JEHHE
FVEER B EMEZE R (P<0.05. 0.01), B KRR IR
o IL-1B. TNF-0. MMP-3 & &F+, CCCP-Ab &
EIFEK, R BRR BAR N RIEIE S IEAE K,
WA BRI, B 5 G 3h EERE .

[FIF,  2H 2 B A e AR S 7 IX — 45 AR
W, I 1-a Bias, WHE LK B 5S4 2R S5 K T I,
Pt 35], BUFREGHE (LB, WK
DGR, R SER e, PR GEEE
O ARIBE A, ORI R R R R RIE, R
T HER TR IZA ORI AT B . 1 5 % A AR B,
P 1-b Fiow, B ZH OG5 2 2T UL RS B 4 A
WE, AR ERA (GEFk), il lbE
DURLZHAE . Ik B4 e 55 e 4 A = ) 8 M 4 s
T CREFTO, (HREMBEASLSHIER, £ L
TR, BETHERRBOREALE .
3.2 BEXBRMAKES

BIT ARG, K HAT ARG R 3R 2 Fhow,

i ¢

e
e

T LB X205 A EHLEE 9 X 200,
visual field on the left is x 20; visual field on the right is x 200.
1 XA () MERE (b) KRAEAREZEN
Fig. 1 Histopathological examination of rats in control

group (2) and model group (b)

L AR, B s A R TR A, AR %I
fabr, AR RIIRWITF, a2 R
(P<0.01).

MAEVRIT 4, SHAIHAREL, BRiA R R L
JURFEAN, HAR S TabR iy B I B Z i3 (P<
0.01), HAERENERENH, S5 RAMET
BEMZESR (P>0.05), KEEMHK S WL,
AREE BT MAERIT R, SRR
Mras Rangk 2 s, SxHRRAALL, BSR4 KR
FRER T IL-1B+ TNF-o IR _FASRFREE, 32K
BEWER (P<0.0D), HAWBITE, BITHIFL
bz I, HSBRAMI, AT ems gt
5% (P<0.01).

*2 RNEERETEXTRARGTHENTAZSEEE BRGNS (XLs,n=6)

Table 2 Analysis of behavioral, physiological, and biochemical index detection during the treatment of osteoarthritis rats

with wind-cold-dampness arthralgia syndrome (X £ S, n = 6)

FiEE R/ Pyl i
w0 O

KRS TR IL-1p/ TNF-o/

CCCP-Ab/  MMP-3/

h) (pgmL™") (pgmL")  (ugmL") (ngmL)

X 290.20£34.32 38.67£5.39 34.55+0.65 1.20£0.07 1.10+015 0.00£0.00 0.00£0.00 165.60+5.56

348.10+39.40 22.98+2.16 44.93+3.42

187 2480043116 14.50+1.52% 33.83+1.04 1.84+0.19% 1.88+0.72* 3.83+0.98* 3.67+1.21% 189.90+10.58" 438.30469.13" 24.61+1.05 50.04+3.84
BC 252.60131.34 32.67+2.66™ 35131044 1.23£0.23" 1.11+0.12" 1.83£0.98" 1.50+0.84™ 164.80£8.95" 342.20+43.03" 24.59+3.10 44.37£6.34

xR *P<0.05 #P<0.01; SEMAILLE: "P<0.05 “P<0.01; K4[H.
#P<0.05 *P<0.01 vs control group; P <0.05 P <0.01 vs model group; same as table 4.
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RYEGIMIRIE CREOHT ;s BUE MRS IE

W AR AR BEOTTHER RO AL E
ity

a

= ././

T

Je AT /X205 A3 BEIALET X200,
visual field on the left is x 20; visual field on the right is x 200.
B2 RBYUH (a) FUETTE (b) KRAVBLRIEF AN
Fig. 2 Histopathological examination of rats in model

group (2) and treatment group (b)
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B, Kl 4-a. b s, SERNKT 0.7 LLE, &
BIREARLL N SR AR R v, IR B W, U AR AL ]
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HALRESZ BIREM, KRR IMLVRAC R B A A e, g
AR IR R A o IR AT i A /> i -H) 0 oy B
( orthogonal partial least squares-discriminant
analysis, OPLS-DA) 12 H1 Jy i G A7 i BB A 7 2t
Bl R A, R E#HKGY: (permutation
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Wl 4-c. d PR, B E R B RS, B
BRLE) R? FH O S5 T e, 1t W IR AN AR AE 1
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Fig.3 Pearson correlation analysis of QC samples in positive and negative ion mode
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Fig. 4 Search for metabolic biomarkers in a rat model of osteoarthritis with wind-cold-dampness arthralgia syndrome
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Fig. 5 Identify for metabolic biomarkers in a rat model of osteoarthritis with wind-cold-dampness arthralgia syndrome
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HMDB #l KEGG &Mzt REWE TR RMIL  SEFmP ANE RS A o-RRERACHS . H i8S
i, 254 MS/MS il i iT i e aita e, AR MIRATIHBE Q<5 20 MR, H LM
FLEEL 30 DNRIERAHE T E R TR RRBMK  BREEIE>03 Nk, THE o-TRRERAH N
R EYbR LY, S8R WK 3, W 5-c. d s, RFEIEARAIE T B %199 I S A QU B (1] 6-a)0
3.4 XBRTTIBRATE SZLIRTT IR BIREL Wt JE 2SR R R 2t BRI BC
R A3 bRic ), & MetPA $hdbort, #ie  BIT)E, IR T 4L T 14 MR EYARCY,

®3 REEFIETEXTRARDNSFRBEMIRICHRIRE

Table 3 Extraction of metabolic small molecule biomarkers in rats with osteoarthritis under wind-cold-dampness arthralgia

syndrome
ID mz o tals M5 TR T
(X107%)
M204T300_2 204.123 06 300.355 0 Z [t (acetylcarnitine) [M—+H]* 0.9995 1.004 8
M171T258 2 171.112 49 258.182 0 N-a- Z Bt :-I-#i = B (N-a-acetyl-I-lysine) [M+H—H0]* 09974 04748
M137T299  137.069 80 298.871 5 ¥} H[% (siduron) [M+H—CsH1]* 0.8880 7.6324
M302T64  302.30516 63.630 0 M= f-tA&#R (Pro-Trp) [M—+H]* 0.9833 1.500 6
M137T331  137.069 77 330.618 5 N-FHEHEENE (1-methylnicotinamide) [M—+H]* 0.8487 1.0915
M191T248 191.084 34 248.334 0 L-A & Bt-L- 7% B (L-Thr-L-Ala) [M+H]* 0.7012 2.908 7
M130T412_2 130.048 96 411.826 5 A% Btk (D-glutamine) [M+H—NHs]* 09899 4.6269
M313T37_2 313.27268 37.132 0 1-fZAHEEH i (1-palmitoylglycerol ) [M+H—H0]* 0.9479 0.0524
M317T491  317.216 61 491.246 5 L& M- H 2Bt - 2 (Leu-Gly-Lys) [M+H]* 0.850 0 4.5790
M279T39  279.23066 39.3850 Lk Clinolenic acid) [M+H]* 0.9239 1.4459
M160T381_2 160.131 94 380.613 0 5-%& /% (5-aminovaleric acid betaine) [M+H] 0.947 4 3.2299
M61T102 2  61.039 09 102.150 0 JRZ (urea) [M—+H]* 0.9995 8.592 7
M138T304 138.051 77 304.447 5 AF & F K HER (anthranilic acid, vitamin L1) [M—+H]* 0.6041 3.9533
M301T39  301.214 67 39.164 0 4-%AJEHIEE (4-oxoretinol) [M+H]* 0.6902 7.2795
M175T382  175.070 38 382.2350 L-fii /G ik (L-thiocitrulline) [M+H—NHs]* 09826 2.8456
M496T190_2 496.339 22 189.685 0 1 i ik-sn-1H it -3- BRI B [M+H]* 0.9659 29835
(1-palmitoyl-sn-glycero-3-phosphocholine )
M524T185_2 524.370 49 184.842 0 1-TE G EE-sn-H ith 3-BEELAEAR [LPC(18:0)] [M+H]* 0.9816 24531
{1-stearoyl-sn-glycerol 3-phosphocholine [LPC(18:0)]}
M524T151  524.370 11 150.796 5 1-fififigt-2-F8 3k -sn-H Jh-3- B ER A [M+H]* 0.9874 2.8855
(1-stearoyl-2-hydroxy-sn-glycero-3-phosphocholine )
M787T141  786.599 68 141.289 0 1,2- it k-sn-H JH1-3- 1k fig Bk AE A [MA4-H]* 0.986 7 0.846 6
(1,2-dioleoyl-sn-glycero-3-phosphatidylcholine)

M188T339  188.102 02 339.106 0 L-A % tf% (L-glutamine) [M+CHsCN-+H]* 0.9953 4.7018
M835T136  834.599 21 136.430 0 1- - —Fk /N # k- 2-ff JIg Bk -sn-H it -3- B 2 MH Bk [M+H]* 0.9736 1.1069
(1-docosahexaenoyl-2-stearoyl-sn-glycero-3-phosphocholine)

M157T289_2 157.096 94 288.582 0 N-a-ZBkJE-1- &% # (N-a-acetyl-I-ornithine) [M+H—H0]* 0.9965 3.9331
M510T187  510.353 02 187.247 5 1-B# 24t -sn-H Jii-3- B BR HH i [M+H]* 0.9901 4.158 8

(1-heptadecanoyl-sn-glycero-3-phosphocholine )
M162T346 162.111 65 345.652 0 A Jig WM (L-carnitine) [M+H]* 0.9887 7.2439
M280T379  280.092 48 379.046 0 H-iHi %M AHH (glycerophosphocholine) [M+Na]* 0.9681 7.922 4
M175T469  175.118 31 469.421 0 ¥ & (arginine) [M+H]* 0.9938 3.3780
M162T373  162.111 37 372.950 0 PIBH (carnitine) [M-+H]* 0.9431 2.6517
M131T302_2 131.080 77 301.897 0 W&’ (sarcosine) [M+CHsCN-+H]* 0.8106 4.7787
M337T44  337.30936 43.6660 7+ (erucic acid) [M—H] 0.997 3 3.6188

M269T47  269.247 23 46.516 0 +-LJEfE (heptadecanoic acid) [M—H] 0.9824 17416
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a is the key metabolic pathway analysis of osteoarthrosis under wind-cold-dampness arthralgia syndrome; b is the most important metabolic pathway for BC to

regulate osteoarthrosis under wind-cold-dampness arthralgia syndrome; ¢ is the key protein target under the key metabolic pathway (o-linolenic acid metabolism).
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Fig.6 Determination of key targets under key pathways and analysis of substances directly acting in vivo
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FAHBERLACH, AR, RERRMBEARNE JEAFRES, WHE 6-c Frr.

FONE, IF H DOEBSENE > 0.3 ifikbsdE, KW 3.5 BC WA EZIERMRS

a-MEJRRERACEY BC e B BRI A CSE R, an IR IR . 2 25 AR . BC RSN
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LRAHIR A, ISR o TRRIIX— KUIEE  JFRHILEAET BPC ELEATLLXS, W 7a. b
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*4 BCHRFERIETEXTRAREERHEYRCYOBENEREIESH (X£s5,n=6)
Table 4 Regulatory analysis of BC on metabolic biomarkers in a rat model of osteoarthropathy with wind-cold-dampness

arthralgia syndrome (X £ s, n = 6)

3 FRRT B
LB T JRRIR LPC(18:0) IRE K ER
SR 4350 69743292098 11570798 400 85365 14436 255 460 602 586351 835 909 536+455 753
BERL 11711 6374 609 0657 425 491178 301% 290 166 667 1108 530 948% 1268 345184 995# 297 8174144 057%
BC 6340 1823368 195° 144 066179 022" 153 538 336 £46 634 477" 915 8451165 687" 968 8351579 134"
X
A T, P e 1A B -sn-H- i -3- N
SRS R R L-B 5B I F—— FE TR AT
X 80562439 382 13177072992 613 8395812 461 85965 597493 355982 13 978 5449 827 584
MR 262 4734142 878 5991631 805% 816 9894338 713% 207 840 342426 242 735 1875 81043 712 852#
BC 95969423 281" 1039 4224551 723" 58 02717 485™ 86 118 32476 995 240 10 826 354+1 831 929
3l AR
iKY 4- A T H B BEAE B i - R
S 3290 642+1149324  65213+66 606 35397 13320 452 985 4 454 52242 003 288
B 2038390408 092¢ 278 1321178 257 3 773 204+ 680 229% 9 889 439+2 509 469

BC 3182453+604991° 118 018+41 235" 46 051209413 756 853™ 6 723 046 +444 059"




FED 2025F 48 $56% B8 Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 8 « 2671 -
]
a ‘ b |
|ﬁ !‘ j l\
J BC Bl ﬁ. | BC B
Y I +BC I o I +BC
X1 | X1
. i b i
| ||
[l |
| j e 1) it . %2
U LA W, . I RELLE VAW - MW LV | VR N DU D s
0 4 8 12 16 20 0 4 8 12 16 20

t/min

El7 IE (. 52 (b) BEFEITEREZEERIRSHH BPI BIiEE

Fig. 7 BPI chromatograms of direct interaction substances in the body under positive (a) and negative (b) ion modes
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Table 5 Information of direct acting substances from bone and joint disease rats with wind-cold-dampness arthralgia syndrome
tr/ . i . wE .
ID m/z . 4 BT B ) HER (ml)
min (X107
M341T66 3411087 L1.10 o,B-ifFiEHE (o p-trehalose) [M—H] 08841 05 341.11,179.06, 101.02, 113.02, 119.03
M301T546 3010705 9.09 BEZE (tectorigenin) [M+H]* 09614 0.3 301.07,286.05, 285.04, 301.22, 258.05
M144T81 1441018 1.35 7KJ5Hs (stachydrine) [M+H]* 09996 1.0 144.1,145.11,151.33
M285T372 2851120 6.19 KM#EEZH (mollugin) [M+H]* 08769 0.3 253.09, 285.11, 225.09, 221.06, 285.08
M375T189 4 3751293 3.16 L& (loganic acid) [M—H] 09510 1.8 213.08,375.13, 113.02, 169.09, 95.05
M419T373_2 419.1333 6.22 SHEH (isoliquiritin) [M+HT* 09918 0.8 257.08,137.02, 147.04, 258.08, 119.05
M2717506  271.0599 8.44 #EIAZE (genistein) [M+H]* 0991 04 271.06, 153.02, 272.06, 215.07, 243.06
M437T610  437.3413 10.16 #I%EE: (echinocystic acid) [M+H—2H,0]* 08801 0.2 437.34,437.25,95.09, 119.09, 109.1
M271T500 271.096 3 8.33 #lH H#&HE (echinatin) [M+H]* 09590 0.4 121.03,271.1,229.09, 107.05, 177.05
M287T372  287.0559 6.21 % (dihydrokaempferol) [M—HI 09553 0.6 125.02,259.06, 287.06, 177.05, 243.07
M417T856  417.226 7 14.27 HibkTH % (deoxyschizandrin) [M+HT* 09787 0.5 417.23,316.13,301.11, 347.15, 285.11
M521T337  521.3107 5.61 M (cyasterone) [M+H]* 09610 0.1 303.2,109.07,485.29,173.1,183.1
M285T441  285.0756 7.35 BT (calycosin) [M+HT* 09945 0.3 285.08,270.05, 225.05, 253.05, 137.02
M271T340 2710600 5.67 53" 4-=fRHHA (53 4-trihydroxyflavone) [M+H]* 09947 0.0 271.06, 137.02, 272.06, 271.09, 161.02
M269T341  269.0455 5.68 5,3 4-=FHEMM (5,3 4-trihydroxyflavone) [M—H] 09616 0.1 269.05,133.03, 135.01, 269.14, 91.02
M282T134  282.1195 2.24 1-HEfRFF (1-methyladenosine) [M+H]* 09976 0.2 150.08,282.12, 283.14, 151.08, 150.09
M307T134  307.064 7 2.24 SR (xanthosine) [M+Na]* 09761 1.1 175.02,307.06, 308.07, 176.03, 307.03
M314T409  314.1385 6.82 N-SaX-FZLELEL AL (moupinamide) [M+H]* 09505 1.7 177.05,314.14, 121.06, 145.03, 117.03
M309T277  309.196 1 4.61 ignazin [M+H—H0]* 08785 0.3 309.2,291.19,152.11, 135.1, 134.1
M174T219  174.0549 3.65 3-Z el (3-isoquinaldic acid) [M+H]* 09784 0.7 146.06, 174.05, 128.05, 147.06, 175.06
M132T141 132.0768 2.36 L (creating) [M+H]* 09469 0.1 90.06,132.08,90.9, 97.03, 132.04
M160T226 160.0756 3.77 Mgk (bufotenine) [M+H—CzH/N]* 09965 0.6 160.08, 132.08, 115.05, 118.07, 117.06
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Fig. 8 Peak chromatograms of BC

in positive (a) and negative (b) ion modes
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#*6 BPC EfRIELFM T EELER

Table 6 Chemical composition identification results of BPC icon peak

gy BT A wpm el

min fif ti(m/z) E(X10) LR

1 2.0 150.091 2 = ##k (synephrine) [M+H—H:0]* 0.4 0.998 3
2 238 145.0495 k-2- T #i-1,4-—H'#R [ (3E)-3-hexenedioic acid ] [M+H]* 0.0 0.9740
3 2.79 134.096 5 cathine (NA) [M+H—H0]* 0.0 0.992 9
4 3.06 166.122 6 Jk#{H (DL-ephedrine) [M+H]* 05 0.9975
5 3.17197.0807 46"~ H3E-2- 32K ZH (4',6'-dimethoxy-2'-hydroxyacetophenone ) [M+H]* 05 0.7749
6 3.21 180.138 0 N-methylephedrine (NA) [M-+H]* 08 09820
7 3.62 355.102 1 4-O-WnmkEEE: 4 TER (4-O-caffeoylquinic acid) [M+H]* 08 0.9980
8 3.82335.174 7 7-HAJRIENS (7-strychnine) [M+H]* 2.2 0.998 9
9 3.92 395.195 8 FMAERE (brucin) [M+H] 16.0 0.9957
10 4.07 351.169 9 strychninenoxide [M+H]* 33 0.986 9
11 4.14 220.060 7 4-keto-8-methoxy-1H-quinoline-2-carboxylic acid [M+H]* 0.3 0.899 3
12 4.23 365.185 6 (2E,4E)-12-hydroxy-3,5,7-trimethyl-13-methyloltetradeca-2,4-dienedioic acid [M+Na]* 21.6 0.9852
13 4.34 381.180 4 % EHAKMIER (faresylthiosalicylic acid) [M+Na]* 14.6 0.9983
14 4.89 257.080 6 HE % (liquiritigenin) [M+H]* 0.3 0.998 8
15 540 223.0599 FWBR0E (isofraxidin) [M+H]* 0.5 0.997 8
16 5.70 194.117 5 2-amino-2-methyl-4-phenylbutyric acid [M+H]* 0.5 0.9716
17 6.22 419.1333 HHFH (isoliquiritin) [M+H]* 0.8 0.9918
18 8.36 469.331 1 JLHEMMEE (glabrolide) [M+H] 0.0 0.9775
19 9.16 469.330 9 6-O-hexopyranosylhexopyranose [M+H—CigH32015]* 0.5 0.9655
20 9.78 453.335 8 HELIKML (beta-glycyrrhetinic acid) [M+H—H:0]* 13 0.9878
21 1151 321.242 2 % ERE (kirenol) [M+H—H:0]* 0.7 0.8318
22 11.92 305.247 2 14(15)-EpEDE [M+H—H0]* 0.9 0.8909
23 12.86 323.257 7 incensol oxide [M+H]* 0.9 0.876 3
24 12.97 283.205 4 boscartol F [M+H—H0]* 11 0.9401
25 13.77 323.257 7 ¥R % E1 B (prostaglandin Ez alcohol) [M+H—H:0]* 13 0.947 2
26 2.24 129.018 2 H1FERE (mesaconic acid) [M—H] 8.0 0.9126
27 2.89 315.072 0 benzoic acid [M—H]" 6.5 0.9343
28 3.09 353.087 5 F£#iZ (cynarin) [M—H—CsHg03] 08 09803
29  3.16 375.129 3 LEHM (loganic acid) [M—H] 1.8 0.9510
30 3.60 191.0552 fijiE% TH: (quinate) [M—H] 4.2 0.998 7
31 3.66 165.054 9 X2 KPEL (benzenepropanoic acid) [M—H] 5.4 0.976 1
32 3.83 152.034 3 2-§2L-6-HI AN nE-4- 2R (hydroxy-6-methylpyridine-4-carboxylic acid)  [M—H]" 6.7 0.968 7
33 3.92 4351505 Sk H (loganin) [M+HCOO] 0.2 0.928 9
34 4.35153.018 3 2,5-FFE K FEE (gentisic acid) [M—H] 6.6 0.998 1
35 460 121.028 4 ¥R EEAHEE (4-formylphenol) [M—H]- 77 09992
36 4.76 549.161 2 liguiritigenin-7-O-B-D-apiosyl-4-0-B-D-glucosid [M—H]" 0.8 0.986 6
37 4.88 417.1188 HEY (liquiritin) [M—H] 0.3 0.9929
38 5.60 565.3015 M HiEH (cyasterone) [M4HCO,] 0.7 0.996 1
39 593 187.0967 T (azelaic acid) [M—H]" 41 0.998 6
40  6.52 137.023 4 VB /KRR (menthyl salicylate) [M—H—CuoH1g] 78 0.9991
41 9.13 837.390 7 HHEH G2 (licoricesaponin G2) [M—H] 0.8 0.9416
42 9.75 821.3959 HHEH H2 (licoricesaponin H2) [M—H] 0.4 0.986 7
43 10.30 821.396 0 H % (glycyrrhizinate) [M—H] 0.5 0.9459

44 1113 367.1184 HHFEZE (glycycoumarin) [M—H] 1.3 0.987 3
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®7 BCHRAERIERMERS TIHEMNEAEEE (1 keal = 4.184 kJ)
Table 7 Binding potential energy of molecular docking of directly acting substances in BC (1 kcal = 4.184 kJ)

443568/ (keal-mol 1)

A A RR

PLA2G2A PLA2G2F PLA2G2D PLA2G3 PLA2G4A PLA2G5 #{l
SHEFHE (soliquiritind -8.4 -71 -8.9 -7.3 -9.0 -84 -8.18
g2 (dihydrokaempferol) -8.0 -17 -8.0 7.4 -85 -87 -8.05
5,3'4- =W (5,3',4'-trihydroxyflavone) -8.2 -8.0 -6.8 -8.0 -8.8 -83 -8.02
I B (cyasterone) -8.8 -75 -6.7 -7.6 -9.6 -69 -7.85
YRl ARE (genistein) -8.2 -75 -6.4 -71 -8.0 -84  —7.60
ignazin -8.3 -7.2 -6.2 -7.9 -8.6 -6.7 -7.48
FBEFIEE (calycosin) -7.8 7.4 -6.3 -7.5 -7.9 -78 -7.45
B R & (tectorigenin) -8.4 7.2 5.8 -7.1 -7.9 -78 -1.37
I H S A EE (echinatin) 7.7 -7.2 6.7 -6.9 -7.6 -78 -7.32
N- /2 2 -B BRELBS I (moupinamide) -7.8 -6.7 -6.5 -7.1 -8.0 -75 -7.27
382 Cechinocystic acid) -6.5 -7.3 -7.0 -8.1 -7.7 -6.6 -7.20
3-ZJEMR (3-isoquinaldic acid) -7.2 -7.1 -8.0 —6.6 -6.7 -70 -7.10
KH-#EEZ (mollugin) -8.2 -7.2 -6.3 -6.9 -71 -68 -7.08
LETFER (loganic acid) -7.7 -6.2 -5.9 -6.7 -8.2 -68 —6.92
1-FHEARH (1-methyladenosine) —6.9 -5.9 6.4 6.7 -73 -73  —6.75
o,B-FHEHE (a,p-trehalose) -6.8 -6.7 -5.4 -6.5 -71 -70 -6.58
HIRIAZH (xanthosine) -75 -5.9 -5.3 -5.8 -7.3 -63 —6.35
TikFH & (deoxyschizandrin) —6.6 -8.1 55 5.6 —-6.3 -58  —6.32
W afi% (bufotenine) -5.9 -6.3 -6.5 -6.0 -6.3 -60 -6.17
JK I3, (stachydrine) —4.6 -4.8 -5.3 -4.6 -5.3 -47 -4.88
LR (creatine) 4.6 4.4 -5.0 —-4.9 —4.7 -48 473

4 e

PLA2G3.PLA2G4A .PLA2G2F 2 2 i fIE 1 A2
(phospholipase A2) FJi I FE R 0L, EATIFE R E
T R EEAER, RS RE ) N A2
B IR e B L ) PR 24260,

WEARNE A2 Be — RS 5 MR RAURKE, {2
HE JRE ISR B AR IR 27, 7R B SR ) R AL
HFR R R, W AR BENREE A2 FRTT e
DIz 5 AR, Bk, PLA2G3 & TR T
HMILTIBERERE A2, SHLAREMBE SRS
K, PLA2GAA J& T MBIl A2, FLiEMERTY

a0 iufE 54518 TR R RE N A B VIR O, e
AP AR B AR R A 3 =555 REA B R I
gﬁ;)ﬂ [30-33] R

PLA2G2F AE3AERBF M, (HNS RRERM
I TTAH IS, PLA2GS 5 PLA2G4A ALl fE#
SEMN RSP A EEER, HS 5 M Zu
TR HERE A2 Bl PLA2G2A KEEEY), 5
VFZ R RIE N A K, HEZEEEIE, 25
VA2 7 AR R 3% b JE A B 34301,

FHEFR . FBER. 53 4-=RILHHE 3 F
JFAER BC MR N BEEAERYI, 5 RIERFIEE


https://www.chemicalbook.com/ChemicalProductProperty_CN_CB11470746.htm
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a WA HEH LS PLA2G2A ¥ 3D #i8H%; b ABERERE PLA2G2A 113D &% ¢ N 5,3'4-=F IS PLA2G2A I 3D 45 5% d
A5 EH 5 PLA2G2D 11 3D &5 % ¢ HERHE PLA2G2D 13D S5 &M% £ 53'4- =550 5 PLA2G2D 1 3D &%

a is the 3D binding conformation of isoliquiritin and PLA2G2A; b is the 3D binding conformation of dihydrokaempferol and PLA2G2A; c is the 3D
binding conformation of 5,3’,4"-trihydroxyflavone and PLA2G2A; d is the 3D binding conformation of isoliquiritin and PLA2G2D; e is the 3D binding
conformation of dihydrokaempferol and PLA2G2D; f'is the 3D binding conformation of 5,3',4"-trihydroxyflavone and PLA2G2D.

B9 #L¥Es PLA2G2A. PLA2G2D 5% LA S HER. &FE. 53 4-ZRERIZ B #EE
Fig. 9 Docking diagram between core targets PLA2G2A, PLA2G2D and core components isoliquiritin, dihydrokaempferol,

5,3',4'-trihydroxyflavone

a AR IR 5 PLA2G2F 119 3D 2565 b AFREHE S PLA2G2F ¥ 3D 555 ¢ A 53 4-=F L5015 PLA2G2F 11 3D 45 &4 d
NFRHEH S PLA2G3 [ 3D 85615 ¢ AEEERE PLA2G3 13D G HER; 45,3 4-=FHNM5 PLA2G3 [ 3D &5 5%
a is the 3D binding conformation of isoliquiritin and PLA2G2F; b is the 3D binding conformation of dihydrokaempferol and PLA2G2F; ¢ is the 3D binding

conformation of 5,3',4"-trihydroxyflavone and PLA2G2F; d is the 3D binding conformation of isoliquiritin and PLA2G3; ¢ is the 3D binding conformation
of dihydrokaempferol and PLA2G3; fis the 3D binding conformation of 5,3',4'-trihydroxyflavone and PLA2G3.

B 10 #D¥Em PLA2G2F. PLA2G3 SHLEORHEHR. HRE. 53 4-ZREREZ BRIXHEE
Fig. 10 Docking diagram between core targets PLA2G2F, PLA2G3 and core components isoliquiritin, dihydrokaempferol,

5,3',4'-trihydroxyflavone

KA B ACUTIE S A A% O R AL A T -8.0
kl/mol MK REL G, 16 BC WA BIERI KT
T ZHEHFEERAEEN . R, AR =8OR
JRIBCFBOARPRGE . = 0 e R AR R 1Ry
R RS FTAR BT T B SR BT,
FHER. ZALEmR. 53 4-=FHEEE 3 Y

JRAF A T S U AR SR ZE5K

e, I HEE RS LR, ASHE TR LA
HEFEERETHE, MEER. 534-=fk
TR 2 A NRIE T AR SRR, 3 AR
B2 CH D B2 GRED BLEE 2 (AR,
REE DRI, 108 A 405 B A s A 2R 17,



a ASFHEH 5 PLA2G4A [¥) 3D 4585 b NER S PLA2GAA 1) 3D S5 &% ¢ 5,3 4- =2 L il 5 PLA2G4A 13D &R, d
HNSHEALE PLA2GS 113D @56 % e ABIERLE PLA2GS 113D 4R {04 5,3'4-=F I3l 5 PLA2GS [¥) 3D 45 514

a is the 3D binding conformation of isoliquiritin and PLA2G4A; b is the 3D binding conformation of dihydrokaempferol andPLA2G4A; c is the 3D binding
conformation of 5,3',4"-trihydroxyflavone andPLA2G4A; d is the 3D binding conformation of isoliquiritin and PLA2GS5; e is the 3D binding conformation
of dihydrokaempferol and PLA2GS; f'is the 3D binding conformation of 5,3',4"-trihydroxyflavone and PLA2GS.

11 #DEER PLA2G4A. PLA2GS S#UDERAFHER. BEER. 53 4-ZREAFZ BHXHEE
Fig. 11 Docking diagram between core targets PLA2G4A, PLA2GS and core components isoliquiritin, dihydrokaempferol,

5,3",4'-trihydroxyflavone
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