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[ Abstract]
of action of Bushen Tongdu prescription (BSTDP). Methods: The chemical components of BSTDP and its blood-absorbed
components in vivo were systematically identified by using ultra-performance liquid chromatography-linear ion trap-electrostatic

Objective: This paper aims to investigate the material basis of the anti-inflammatory efficacy and mechanism

field orbitrap high-resolution mass spectrometry (UPLC-LIT-Orbitrap-MS ). Network pharmacology was employed to screen blood-
absorbed bioactive components and potential targets of this formula. A protein-protein interaction (PPI) network of core targets was
constructed to conduct enrichment analysis. Molecular docking was further utilized to verify the binding affinity between key
components and targets. The inflammatory model was established and verified in vivo by using a transgenic zebrafish Tg (mpx:
GFP). At three days post-fertilization (3 dpf) , larvae of zebrafish were randomly assigned to blank group, model group, positive
drug dexamethasone acetate group (75 pwmol-L"), and BSTDP groups with low, medium, and high doses (500, 1 000, and
2 000 mg-L™"). The distribution and quantity of neutrophils in the yolk sac region were observed under a fluorescence microscope.
The mRNA expression levels of key genes in the toll-like receptor 4 (TLR4)/myeloid differentiation factor 88 (MyD88)/nuclear
factor kappa-B (NF-«B) signaling pathway and inflammatory factors including interleukin (IL) -18, IL-6, and tumor necrosis
factor-a (TNF-a) were detected by Real-time quantitative polymerase chain reaction (Real-time PCR). Results: A total of 120
chemical components were identified in BSTDP, among which 26 original components were confirmed by using serum
pharmacochemical methods. A total of 227 common targets linking rheumatoid arthritis (RA) and the blood-absorbed components
were screened by network pharmacology. It is suggested that pseudobrucine, vomicine, sinapine, rehmannioside, cinnamyl alcohol
glycoside, and methylephedrine exert anti-inflammatory effects by acting on core targets including protein kinase B1 (Aktl) ,
signal transducer and activator of transcription 3 (STAT3), tumor necrosis factor (TNF), TLR4, mitogen-activated protein kinase
14 (MAPK14), and phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit « (PIK3CA), thereby modulating multiple
signaling pathways such as TLR4 and NF- «kB. In vivo verification in zebrafish demonstrates that the maximum tolerable
concentration of Bushen Tongdu Formula is 2 000 mg-L"'. Compared to those in the blank group, zebrafish in the model group
showed a significantly higher number of neutrophils in the yolk sac region (P<0.01) and rising mRNA levels of TLR4, MyD88,
NF-«B, TNF-«, IL-6, and IL-18 (P<0.01). Compared to that in the model group, the number of neutrophils was significantly
reduced in BSTDP groups with medium and high doses, as well as the dexamethasone acetate group (P<0.05, P<0.01). There was
no statistically significant difference in the low dose group. The mRNA expression levels of TLR4, MyD88, NF-«B, TNF-a,
IL-6, and IL-183 were significantly down-regulated (P<0.05, P<0.01). Conclusion: This paper identifies the material basis of the
efficacy of BSTDP, demonstrating that the formula can exert an anti-inflammatory effect through the TLR4/MyD88/NF- kB
signaling pathway. The results provide scientific experimental evidence for its further clinical application.

[Keywords] Bushen Tongdu prescription; inflammatory model of zebrafish; toll-like receptor 4 (TLR4) ; myeloid
differentiation factor 88 (MyD88) ; nuclear factor kappa-B (NF-«B)
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il NCBI Primer-BLAST 7£ £k ¥ i1 I 50 iE 45 5 1% , H
oo TAY) TREA BRA F AR, 1P 50 WL 1,
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2L HEAT B S T
2.4 Gl #r fdi A GraphPad Prism 9.0 4K {4 %
R HEAT G5 B AR B B 25 R DL x5 £oR o
2 ) 22 5 5 35 1 43 B 0 ST RE AR o A 56 R R D R
- 155 -



5532 %45 10 1] FEXRAFFERE Vol. 32,No. 10
2026 4F 5 ] Chinese Journal of Experimental Traditional Medical Formulae May, 2026
&1 51453 #5h TNF 55 5% 3 5 5% 58 30% I+ 3(STAT3) .
Table I Primer sequences P B1(AKtL) o #4 8 A IR 43 - 28 46 0 05 B

1ty IG5 SRR SR VIR S R A MRS AT

IL-6 -1f CAGAGACGAGCAGTTTGAGAG 114 BN, RG R R T AN 8B 7 2 o2
Tl TTTTTAGACAGGCAGCGGTC R E TP RA VAR . DLy st R B n A

TNF-a -3 TTTATCAGACAACCGTGGCA 142 322 GO Yjfie 1 KEGG it f% & £ 0t *

T TCTTCGTTTGGCTTCATCACA DAVID %4 2 % 22 £E 0 5 64T GO 5 KEGG & £ 47

IL-18 I3 TCATCGCCCTGAACAGAATG 108 . GOZE R LM ,BP.MF.CC 7 % #1451 111,

Filf TCACTTCACGCTCTTGGATG 353149104 H . Ll-1g PIHHER BUAT 10 5416 <
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BERE LN T 88 1 AACAGTTGGAACACACCGAA 123
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i FH T-kB  Fif GCGAACATTCAGAGGAGGAAG 236
(NF-«B)
Niif CTCATTACTGGTCAAGCCGATT
B-actin | {lf CCCCATTGAGCACGGTATTG 193

Fif ATACATGGCAGGGGTGTTGA

23 M1 (One-way ANOVA) , P<0.05 £ /R 2 7 HA 5
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PPI W £ AT ¥ FI & 11k 43 07, 07 6 15 3] 46 > 4% .00 1
AU IR L PP 5 &1, W A RS 5B IR
Degree {H IE#15¢ . " Degree {8 HE 44 BT = 19 #% 0>
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(MAPK 14) F1 5 i Tk LB -4, 5- — W R 3- U3 1 M4 b
AT a( PIK3CA)HEAT T 48 F X 42, JF 22 il 45 5 g
MR, R EY A RS S E AR
¥1<-5.0 kcal-mol ", H:H 5 F il 4r 5 TNF . TLR4 11y
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SR Y RBRT IR R o XA A BB Y L4 AR
— LT RN, B R BB S Aktl (9 THR-21 1B i
A B (2.8 A), M 1T 5 STAT3 By GLN-326.
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137 & B (2.2 A) , LR B 6 55 TLR4 %) GLN-
115 8 WL 208 (3.0 A) , O 5 2L 1k 5 MAPK14 1
LEU-86 . LYS-165 {7 7£ i K fF JH (3.3 A 2.7 A) , I
T B 5 PIK3CA [ ARG-234 % 5% 58 i £ 1> A
(1.7 A), DL 58 R RR b BE o 3 B 45 A 03 43 200
T 5 ) R T P DX, 43X 2 B 1T R AN
BT R AP RAE R 0 S B 2 80 o )

3.3 BB O 3T B i B A 25 ROE M
330 #NEEE TR Z W ENE 3 dpf B
f 7 ST LPS My @ RIERI R 5 2 H— iR & . =8
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Table 2 Identification results of blood-entering prototype components in BSTDP
No. aY m/z S X B f/min 5 )7 257 (MS/MS)
1 M#EFEC 199.060 6  C,H,,0, [M-H] 1.74  0.25 155.070 8,137.060 4,109.066 1
2 5 R R BB 152.1073  C,H,NO [M+H]" 331 0.20 134.0603,119.018 0,105.069 7
3 AR E 0k 183.0659  C,H,,0, [M-H] 6.82  0.39 137.0613,121.0654,93.070 8
4 BEumeEGEEE AT 4611645 C,H, 0, [M-HJ 3.75 -0.18 161.0450,1135.0449
5 PR B WE MR 192.1023  C,H,NO, [M+H]" 3.48 020 183.0413,119.049 5
6 FUELER 195.0656  C,H,0, [M+H]" 3.82 021 177.0918,163.039 6
7 MEHTHE B 299.1485  C,H,,0, [M-HT 426 -0.14 183.138 7,139.001 1
8 TPV bR o i 180.1386  C,,H,,NO [M+H]" 6.34 0.17 162.1283,147.373 7,117.070 0
9 8-FFAUM 3751286 C,H,,0,, [M-H] 5.15 0.01 213.076 6,169.086 5
10 JLZKMR 289.0704  C,H O, [M-H] 536 -0.09 245.0817,205.0502,203.070 9,123.044 9,109.029 3
1 FORBRTF 327.1073  C H,,0, [M-H] 4.69 -0.04 256.9971,177.039 0,165.055 7,147.045 0
12 Hhs 345.1539  C H,0, [M-H] 4.88 -0.14 183.1026,179.0559,165.0919
13 PR 4271591  C,,H,0,, [M-H] 5.69 -0.18 293.0859,233.067 1,149.045 2
14 JF7id 311.1734  C,H,,NO, [M+H]" 452 0.22 251.0924,207.0659,175.065 0,143.428 6,124.560 6
15 EiT 335176 0 C,H,N,0, [M+H]" 10.85 0.18 307.1452,264.103 0,234.092 3,222.092 3,184.076 3
16 LR TRAMASY 3511711  C,H,N,0, [M+H]' 5.07 0.22 334.168 6,306.113 8,277.181 0,220.076 3
17 8-0-Th &k T4 409.1749  C,,H,N,O,  [M-H]" 1140 -0.22 391.2014
18 DER TR ALY 411.1920  C,H,N,0, [M+H]" 1228 0.13 394.1942, 379.1009, 366.133 1, 351.177 2
19 O 55708 411.1920  C,H,N,0, [M+H]" 11.61 0.13 393.1880
20 WL H 4252077 C,H,N,0, [M+H]" 11.79 0.14 368.1514, 350.140 6, 324.124 7, 308.129 7, 296.093 3
21 THER T 395.1974  C,,H,N,0, [M+H]" 11.84 0.22 334.1465,307.120 6,220.097 9
22 MR A 365.1864  C,,H,N,0,  [M+H]" 10.63 0.12 308.129 8, 290.119 4, 264.103 0, 248.108 3, 236.107 5
23 2-BAEAT 351.1711  C,H,N,0, [M+H]" 1254 0.22 323.140 4,280.097 9,238.087 2
24 4R HER AT 3511711 C,H,N,0,  [M+H]’ 9.60 0.22 333.160 3,238.087 2
25 o(B)-HI Bk 365.186 6  C,H,N,0, [M+H]" 1283 0.17 337.1564, 294.113 8, 264.103 1, 252.103 1, 214.087 4
26 T AEE UK 381.1817  C,H,N,0, [M+H]" 12.85 022 324.1249, 306.114 4, 280.098 4, 264.103 5, 250.087 7

FIA SR B St g AR 8 2% LR W B 57
o AN EE 7 125.250.500.1 000.2 000 mg- L
Jo b e P 2 SR IR I BE A0S h R 45 o vk R 4
B IIET AR U B R, B, AR SR
1 72 2 000 mg- L'y #b ' 38 B J7 % 5 10 1Y) fe KT
ZWE . HE M, AWFIE I E 500.1 000.2 000 mg- L
VE Ry 25 30025 S 0 2 2 T o Tk R TP A 24520

332 FNEEBAFXhHR AR E RN 5
25 AL L A, 4SS AR A B T 9 R X MR 2 i K
I TR (P<0.01) , 32 75 20M: 20 TR P 48 JE 155 7 4t
SR SEIRL A B E, £ TR Hb FEOK By 4 AT I 2
e AR A (P<0.01) , #b B 38 B J7 5 o i vk 3 A 0
00580 F b 20 M 3£ 4E 2 0001 000 mg+ L7 9k i
20 WY Gk [ AV v MR 4 B 2K B (P<0.05, P<0.01) , i
500 mg L' REWREHA 2R LGITFE X 45RE

W, R 38 B O AR e b U R R BT AT S 3 ) B
Aty g8 RE A MR 0 YR . LR 1 3R 3.

3.3.3 4B B U7 M ¥ LPS i 5 3 5 fi TLR4/
MyD88/NF-«B {5 5 il } mRNA £ ik  Sas {4 b
& B ZH B T £t TLR4 . MyD88 K NF-«B iy mRNA
F35 W9 B T+ (P<0.05,P<0.01) , & 45E A T TNF-a .
IL-6 F IL-18 i mRNA 3K ik i & [ (P<0.01); 5
LAY 20 L AL, TR Ml FE K b 20 R AR B SRR 5 L
Ji H e BF TLR4 .MyD88 .NF-«kB . TNF-a . IL-6 .IL-13
) mRNA 3 ik B G B 1K (P<0.05, P<0.01) ; #h ¥ 38
B 7 A% 5 B Uk B 2H AV TNF-a ) mRNA % 35 B %
K, 2% BA 558 L(P<0.05) , % H AR HA
FEAR 30 22 5 oG i %38 . 25 R R A5 @
B J7 ] 3@ 1 0 | TLR4/MyDS88/NF-«B 15 5 1 % , [
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A B C
TE:AZ U BRI C. LR M FE R AN 2 D-F. AR B8 7 A o e o e vk B2 2

E 1 %l\ 15z >
Fig. 1

WE D & R B i 4R 2 B e

% 3 %I\ 1z >
n=10)
Table 3

BEANED & REEE PR ARE BN (s,

Effect of BSTDP on neutrophil counts in zebrafish

inflammation model (x+s,17=10)

) : \M PERL
131 wpg LR
ek 5.60:0.70
BT 2] 19.90+2.01"
T b FE K P 21 75 wmol-L! 6.90+0.75>
AN B T A B v R A 500 mg- L' 14.50+2.08
ANEEE P R R AL 1000 mg- L 13.80+1.62%
AN TS R E4 2 000 mg- L 10.30+0.86%

TG AL P<0.01; 5L L EE Y P<0.05,> P<0.01

IR S AE K 5 s 7K P, DT 22 i LPS o5 5 1Y ik &
FE SN WL 4
4 itit

A0 SE R 5 DA S kb B B AN R 45 B L
£ IR DT BE R A, o SO 2 R AR
1122 il i bk T kIR O 2 RR B R
A B RS HCH . Hoy PR s, S
BT A, O IR Rl R Y. 20 R
BRI AS Bl 2k, 38 B I AS 4 1L 40 V5 St R B0 T I
W WK AT E T ARA R Z B . Im RIS R,
AN IE R 7 AT 3R I RRE -y THER (IFN-y) |
TNF-a 5 IL-18 1 & 35 7K ~F , iF 11 98 4 240 Jf ]+ A

D E F

S (5% BB, <100)

Effect of BSTDP on neutrophil counts in zebrafish inflammation model ( fluorescence microscope, x100)

R o B it Bz AR IR 6 oK B B

A HJF 5% K | UPLC-LTQ-Orbitrap-MS $3 A X %b
B T HET R G K E AT B 120 4, il — b
Wt AR oA B A T 00 252800 o, 4 Il v 25 9 Ak
20T RS E 26 A AL IR B B A o B FH 4% 24 BE
AR N ML B A - A5 R 2 T 2o 4 Fh A S RO
RO A3 PR AR R T R R LA
e T R R JRR B AR, B s 2 AR R
RIEDUARAE B2 R0 5 . PAR 2 B 2 5T
T TE I A7 T M 0GR (CLA) /)y B 2F 4 9 I
2 B AR TR 2 K B RO 3 0 ] TNF-a (IL-6 36
AAbTE-2(COX-2) i T Al — A L A5 B (INOS) %
8 I /0 A B R . AR K e
il TLR4/TNF-a/FE [T 43 J& £ 11 [ -9 (MMP-9) {5 5 i
B 2 B S AR, B CIA KRG 4 4Uh 20 1
F 77 A R AR RE RN Y R A, DT K #8489 AR
FHP . M o 7E CIA K RUBEAY v | (5 2 9 i v
TNF-a IL-17 7K -, Ul 56 W S 8 76 R g2 027, ;A
i R HC BT o YRR TR L YRR S A B BT
RN, AT B W B A - 0 A1 43 Ak B B B R E 2
G, 4 R B R K B Rl B RE S TR H IR W R
(NADPH) % b if§ 2/7% 1 A (NOX2/ROS) K & 1
fitt Co/4H M S A5 = 8 15 ¥ /B TS 25 1 -1/NF- kB
(PKCS8/INK/AP-1/NF-«B) {5 5 3l , T 8 A1 5C R AE A

SRR SR KR R BT RAE B 2 JRH) IR FIY TR B PR PR
K4 WEEEANHIEXREEE TLR4/MyDSS/NF-kB 5 S B BEXEE mRNA RIEMWEN (x+s5,2=3)

Table 4

Impact of BSTDP on mRNA expression of TLR4/MyD88/NF-«kB signaling pathway-related genes in zebrafish inflammation model

(x£s,n=3)
25 R TLR4 MyD88 NF-«B TNF-a IL-6 IL-18
25 H 4 1.600.32 1.04+0.45 10.29+2.03 0.24+0.13 0.23+0.02 0.22+0.09
70 2] 4.55+0.68” 4.32+0.72" 16.73+3.04" 1.73+0.38% 1.24+0.18% 0.88+0.20%
T M FE K P 2L 75 pmol-L"  1.80+0.39" 1.50+0.419 10.91+1.16% 0.27+0.08" 0.40+0.15> 0.33+0.12%
R AT ik 500 mg-L"  3.37+0.59 2.88+0.54 14.20+1.29 0.97+0.36" 0.87+0.27 0.71£0.21
AN EE TP R REH 1000mg L 3.00+0.68” 2.23+0.37Y 10.74£1.97% 0.52+0.43% 0.68+0.15" 0.53+0.10%
W SRR R IS4 2000 mg L 2.43+0.607 2.06+0.20> 9.85+1.27Y 0.39+0.12% 0.50+0.17> 0.43+0.10%
T 528 U LAV P<0.05,2 P<0.01 ; 5 AL 4 [ 4 2 P<0.05,%P<0.01
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FEME o R 4 A% 05 5 38 % (40 NF-«B Fl MAPK)
S 3 2 RE ¥ (40 TNF-a, IL-6 #1 IL-18) 1y 7~
AR ORR R A ) e A T A W IR MR /R T
AP B TR MR H B L T 45 A B (cAMP/PKA/
CREB) {5 = %l , #10 #ill IL-6/STAT3 {5 5 i % , T i
TNF-a IL-18 J IL-4 % 25 7R85, FiREE R
FW] AN B 5 B 2R A T M Sy X
JI2 43 308 2o AH B K T R A L [ A T RN
T BT AR 2R

A B 5 38 3 A4 A% 0 B8 S PP I 4% 43 B & B
AN T R SR AR R SRR A 2 Horp
TNF . STAT3  Aktl . TLR4 %5 J& S0 05 . i — 24
B A5 5 05 P A UEAT 4 TR RS G  AE R W
B B K B S G 4 38 5 TNF  TLR4 4
MEA BRI E A J1 . H TNF-o /& TNF K&
OB Z2 R A g Al i PR T, 38 A 98 Y NF-«B Al
MAPK %155 8 % FL 4% 2 5 R G0 RAE R, 5K 3)
RA 1 ¥ 5 4R RE . 3 B B IR0 3 i o b i
IL-1.IL-6 1L-17 % HAth 48 E /v 53 (9 7 2, JinJEl RA
B B2 STAT3 2 Th17 40 i 43 1k i 4% 0 7 5% I
T, R PO B AR P TL-17 S5 A2 8 TR AR, K
B RA (55 BEBE DY Aktl 18 1 380 L 3 i
HEMEAE A 1(mTORCI) Fl NF-«B {5 5 i
B, R HE R ORE K2R AN B A0 A 43 Ak R 56 T
IR, TLR4 & — Fh A 20380 32 44, AT LAt 45 Fh 28
TR )95 J AR 26 43 T 155 X (PAMPs) 3800 |, 75 & HLIA
AR IE R A S iYL LR i O R Sk R
MyD88 i if TIR Z5 43/ 5 TLR A5 5 5% &, 76 g
i v Tz A I T8 X X 4, 3 R ) MyD88 iF
— 25 PTG NF-«B {5 5 i, B4 0 9% 40 i B 7
TNF-a . IL-6 Fll IL-18 % %3k . KEGG & 4 5 #7 ik
75, MAPK {5 5 B% \PI3K/Akt {5 53 }% . TLR {5 &
i M NF-«B {5 53 % 55 3 5 5 0E 98 5 of 72 1o 3%
FHOG o AR AT W58 48 78 T TLR4/NF-«B {55
i B TE RA & AL b i) SRV FH Y . AR 9 4 22
BE £ g 0 AR B0 T 1208 [ 7E AN B R O PR
BN ) L R AR L O & B MAPK | PI3K/Akt
SR B AR RAE R P G EE . FEk
2 G0 PR T I 46 3 [ 7E AN BB 7 Bt e AL P B
AR, DA 4 1 48 7 He 22 50 0 203 I 1 25 FRAIL )

AR, BE I R R BIF O g A T R PR
B P 18 AR, LR TR 5 N 28 ) R M 5 3 70% , R
A G FE DR G (S M B Gk 82% 7Y 0 LPS S o 2% [ B 1
B 4 B 1) N 5 L/ PAMP, A3 i TLR 349 %6

RAPE , fil 2 4 B SAE RIK SN o FEBE D) £ 58 0
B LPS 3 3 B iR 3 0 B B o T A
TPen 250 e 25 RF e v 45 . 1 BT
Ja, P TLR4 4 5 19 NF-«B {5 5 18 #% 1% 1k f1 4%
b 28 iE A B 4 TNF-o 1 IL-18 (19 26 35 , H R AE 2
FRAE 5 2L sh e B AR s B h 25 B B 4k
T 1 e A O VR A R TR 2 —

BE Ao e PR A T 32 K S5 18 h(18 hpf) IF 46
KE TE 24~48 hpf ] B2, HAZ 73 1B 28 0K RRAE
Nt 2ok SR AL ) il 3 G R 2 1 55 N 2 Pk A i
BEAIAL o 3 {45 ) 355 B L 38t 1% 5 IR B 2 £
WA R B AR 2E s T e R
PR A % BE b Bl R P R RE S N 1 G B A N
AN, H Ok B 22 1 R R B, 7 RA (948 1 g 22
HEFE P TG O VRS A B R
20 38 Ao o3 W IR A TR R R AR 1 T R AR
HR A A0 B B AN i I (NETs ) %5 £ 3h 2 5 1 3K 3
TS R 4 ol B i A B O B . AR O 4 B T
SFLPS Ji , 455 B 20 1 B 4 v Mok 40 i 2 3 G m, #b
B 38 B AT AR M b LS AR SRR R
HAERIGFP R A5 A, 78 5 5 i LPS #4541 4
H, TLR4 ,MyD88 .NF-«xB K& # i [l F TNF-a . IL-6
MIL-18 M FRRY W3 LT, 25T )E, Lik(E
5 OG5 AR 1 MR SR SRE R I R A B
il o 2 W AN B 7 nT DLl o 7 TLR4/MyD88/
NF-«B il % & 50 RAFE

2 bRk, A HF 5% 18 3 UPLC-LTQ-Orbitrap-MS
FOAR R 3l B Jr b % 0E 120 Bl Ak 2 A K
26 FrACHIL B R 53 o i — 0 N 4% 24 B AR Ay AT
RSN RT3/ T B AN |
T BRI HE R JRR B A 45 O B B4, RT fE
b 15 TNF \ TLR4 %5 #%.0 $ 5{  #5 TLR4/NF-«B {5
53 I, DT A0 A 2 RE B R L R T S s LA A R
A0 3E B 5 2 Ve ML B AL T AR . 4R
M0, A B 58 IR A7 7 Jmy BRVE BT i 1 A% 30 5 0 &) 4R A5
TR PRI e 2 B 2 190 O 1 i 55 T A 0, L 5 A A
N KR 5T R I 18 1k e e g B 2 o IR,
MGG TIZ 07 R PR o B B A AR R W)
5, W7 L CIA /)y BRI 7L 20 P 485 70 R A 4
2 A 52 55 AT R GRS IR AR AT X 2 S 22
G ETT 1] o

[FlgmR] RERHRARE, ALLFRTREGME
THRF ARG EAETH &R,
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