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Abstract: Objective To accurately quantify the five pharmacodynamic components in Fufang Shangtong Capsule (& 77 17/ [l 2%,
FSC), improve drug quality standards, and analyze the important role of pharmacodynamic components in drug therapy. Methods An
Acquity UPLC® BEH Cis column (50 mm x 2.1 mm, 1.7 um) was used to separate the components. Acetonitrile-0.1% formic acid
water was used as mobile phase gradient elution. UHPLC-Q-Orbitrap HRMS and Full Mass/dd MS2 model were used for rapid and

accurate content determination of key ingredients in the drug. Key components-important target network was constructed based on
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network pharmacology, and Kyoto encyclopedia of genes and genomes (KEGG) and gene ontology (GO) analysis was further
conducted to find key signaling pathways and action targets. Results The analytical methodology established in this study was robust
and could meet the standard requirements of analysis. All the five pharmacodynamic components had good linearity in the range of
mass concentration, » > 0.999 0. Network pharmacology results showed that the pharmacodynamic components in drugs may be key
targets of inflammation and vascular factors such as matrix metallo protein 9 (MMP9), prostaglandin endoperoxide synthase 2
(PTGS2), MMP2, interleukin-2 (IL-2), epidermal growth factor receptor (EGFR). As a result, it maps to nuclear factor-kB (NF-«B),
transforming growth factor-f3 (TGF-f3), tumor necrosis factor (TNF) signaling pathway inflammatory pathways, which has important
reference value in drug quality and efficacy. The experimental results showed that gallic acid could significantly reduce the level of IL-
2 in LPS induced RAW264.7 cells, emodin could significantly reduce the level of PTGS2 in cells, rhein could significantly reduce the
level of MMP9 in cells, emodin methyl ether could significantly reduce the level of EGFR in cells, and fumarine ethyl rhizoma could
significantly reduce the level of MMP2 in cells. Conclusion This study provides an important reference for the quality improvement
of FSC, and also provides a reference for the study of relevant TCM pharmacodynamic components.

Key words: network pharmacology; Fufang Shangtong Capsule; gallic acid; emodin; rhein; emodin methyl ether; tetrahydropalmatine;

matrix metallo protein 9; prostaglandin endoperoxide synthase 2; interleukin-2; epidermal growth factor receptor; nuclear factor-kB;

transforming growth factor-B; tumor necrosis factor
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Table 1 MS/MS parameters of five components

XTI (mz)  R%E

BORE  SERREME (X1070)
4.05 169.014 24 169.014 01 —1.400

Extracting ion chromatograms and MS of five

% 13 ¢min

BETFE  C7HeOs

KW EK CisH100s  15.24 271.060 10 271.059 81 —1.070
K CisHsOs  14.07 283.024 81 283.024 51 —1.064
KEEHEE CisHi205s  16.99 285.075 75 285.07523 —1.824

WHZR 2 CuHasNOs  9.18 356.185 63 356.184 97 —1.866

252 ZMERRFE 4 niks % S DUR G0 I i
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BN R, Hh &1 0.61. 1.22,
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0.10.0.20.0.40.0.81. 1.61 pg/mL; K& Fk 1.23.
2.46. 4.93. 9.85, 19.71. 39.41 pg/mL; EMRZLEK
0.05. 0.09. 0.18. 0.36. 0.73. 1.46 ug/mL £ “2.3”
Al “2.4” TN UHPLC-Q-Orbitrap HRMS i, i
WARAFHERE ST, Il RIETA . DAR AR I o
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F2 FSCH s HFMMASHINELR (X+s,n=20)

Table 2 Determination of five components ( X £ s, n =20)
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S1
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S5
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S7
S8
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77.3311.20 4333.2912.21

3431042 169.2711.48

225.03+1.46 3701.48+14.52 8.72+0.27 863.46%1.51
917.24+2.96 3904.4612.66 42.6412.04 1937.53110.68 66.471£2.43

325.88+2.38 4713.8713.47

43.09+1.91 575.29%3.23

174.71£3.53 3923.741 1143 5571042 1422.90+2.05
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49421192
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St1
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762.06+1.21 3132.67+2.35 55.12+0.90 1017.29+1.39 32.83+1.42
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Fig.2 Components-target network diagram of five main components
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E 3 £ KEGG BEENTEHNEEREE

26.4 I TXHESE HYe, MRCSBPDB fEZ-T
£ (http://www.rcsb.org/) ‘F H 5 I BERE FUAHICH) 3D
EALH ISy PDB #:. 85, A PubChem
¥ (https:/pubchem.ncbi.nlm.nih.gov/) T #ik
TGP 3D 4544, UL SDF k& X Arfit. B FA
OpenBabel 3.1.1 #AFE4674 AutoDock A ELiR 71 i)
W o flFH Pymol XS TEA SV B B S5k HEAT 2
Ky EZBRAN TR, 7S AutoDockTools-1.5.7
BRI S BCE R OneE. KRl E
AR, EASHBRENZE OnesD, RN

Fig.3 Main pathways based on KEGG enrichment analysis
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Fig. 4 GO analysis of biological processes of key action targets (biological process)
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Fig. 5 Molecular function GO analysis of key action targets (molecular function)
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Fig. 6 GO analysis of key targets (cell components)
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WE TR IL-2. KIEFXNE PTGS2. EHR L
FE MMP2. K3 & H 6T H2 EGFR 1456 Re s
%, A TFXEARZAIEDE 2 N, g
2.7 SKIGTEE
2701 AR KBAREZEWRAR (RAW
264.7) KHE 10%64F17E (FBS). 80 U/mL ¥ %
% LA 0.08 mg/mL #5%5 K ) DMEM 7821 77
T 37 °C. 5% CO, 45 7R M W BE 7%, A /)
il A AT AR AR
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Fig. 7 Molecular docking results of pharmacodynamic components and key targets

2.7.2  ELISA &AM Il H MMP-9, IL-2.
PTGS2. MMP2 } EGFR /KF AWK %S
ORI MTT 3565 1 & o 18 H - T41
M AR, TSI I U . BN BUEK
HIZHME, RIRAERFL 2X 105 B M T 6 fLbk, 3%

F24h 5, 7 EIERL 0T REIR GREX R
. BRI AR RS 64 124 24 umol/L). & TR
BB R L B2 R & TR 5+ 104 25 pg/mL)-
KU (WEXTHRA, BRI 40, 80+ 160
pmol/L) . REFHE £ 3 (W EXNTREZH . B ZH A %E



= 1800

FED 2023F3 8 $54% B 6  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 6

KK 5. 10, 20 umol/L) . KEE K FHIEE (BB X IE
H, BIRHAAREZFERE 2. 4. 6 umol/L) [HZHRK
SIS, Hrhoo HRZHAN G TR IR, BIRIASS T 1
ug/mL FIfEZ HE (lipopolysaccharides, LPS), %%
S L ERIEAAELS T 1 ng/mL LPS 2R |,
[T R AR LR FE I 25 . 29T 24 h J5 . HUAH
M b3E, 4% 8 BLISA 500 1 B R il - 41 1)
MMP9. IL-2. PTGS2. MMP2 }2 EGFR 7KF-. &l
iR (R 3~ WoR, KIEIRALE W] W B4 b
HEH MMP9 7K (P<<0.05), % FERRLHE I 5
PR 3E R i IL-2 /K7 (P<0.05), KEEZAE

* 3 AEERWMHM EERSP MMPY KEMFM (Xts,
n=20)

Table 3 Effect of rhein on MMP9 level in cell supernatant
(X£s,n=6)

el FE/(umol-L™1) MMP9/(ng-mL ™)
Xof HR - 1.34+0.25
LAY - 5.64+0.93"
PN 6 3.62+0.67"
12 3.06+0.94*
24 2.24+0.46"

SRR "P<0.05; SHMALLE: *P<0.05, TEKIF

“P < 0.05 vs control group; *P < 0.05 vs model group, same as below tables
® 4 RETERMMEMEERT IL-2 KFHFME (X£s,
n=20)
Table 4 Effect of gallic acid on IL-2 level in cell supernatant
(Xts,n=06)

253 5 &/ (ug-mL) IL-2/(ng'mL™")
xof R - 3.86+0.64
it - 9.354£0.92"
HETR 5 6.31£0.37"

10 4.93+0.45"
25 4.64+0.35"

® 5 KAZRWAEMLEERD PTGS2 KFHFM (X+£s,
n=20)

Table 5 Effect of emodin on PTGS?2 level in cell supernatant
(Xxs,n=6)

2 5 FE/(umol-L™1) PTGS2/(ng'mL™)
Xof R - 16.39+1.78
B - 26.16+2.67"
KEHR 40 20.34+1.93"

80 18.68 +1.46"
160 17.36 £1.86"

* 6 EHARZCENEMLEFRFT MMP2 KFERFIT
(Xts,n=6)

Table 6 Effect of tetrahydropalmatine on MMP2 level in
cell supernatant (X £s,n=26)

451 7 &/(umol-L™1) MMP2/(ng'mL ")
Xof R - 9.3941.53
Y - 18.93+2.76"
LR ® 5 12.63+£1.93"
10 11.36+1.67
20 10.64£1.38"
#* 7 REZHBEINAMLEER+S EGFR KFEHFEN
(X+s,n=6)
Table 7 Effect of physcion on EGFR level in cell

supernatant (X £ S, n =0)

2057 F#E/(umol- L) EGFR/(ng:mL™")
it i - 21.82+3.28
it - 32.95+1.85"
Nl 2 25.34+2.64"

4 24.35+1.39*
22384234

fi B 2 B AR A 35+ (19 PTGS2 7KF (P<<0.05),
PEFAR £ KBS B B PR B3E i MMP2 K
- (P<<0.05), KEE HIBERENS W] 2 P40 1
H1f¥] EGFR 7K°F- (P<<0.05),

2.7.3 EAENZTE (Western blotting ) A6l 41 ffg
MMP9. IL-2. PTGS2. MMP2 K EGFR &HAFKix
KPR “2.7.27 TR TR B IR LR, hn
NZER, VK EZA 30 min 5, T4 'C. 12 000
r/min 514 L (42 8.5em) 30 min, MM
1% (bicin choninic acid, BCA) VA& & FHMREE, N
Ni& & ARG, WK AR EE 8 min HEAT AR .
TE (EFEERN 30 ng) &t e S B A 5 T M 1t
ke Lk (sodium dodecyl sulfate- polyacrylamide
gel electropheresis, SDS-PAGE) &EfR K75, %
%2 R 8 LM (polyvinylidene fluoride, PVDF)
JE -, 5% A Wt A1 2 h, — T (RRREEL 12 2000)
4 CHEER, HEIERLAEE-20 1) Tris-Z2
(tris-buffered saline tween, TBST) fE 4 Ik, I H
=t WEELE 1050000, HGsEAA2 K (enhanced
chemiluminescence, ECL) ft22 K6kt 4T B,
GAPDH RN S . frlllZE5 (&1 8 ffk 8~12) &
7N, KEHTRAE NS BF 2 PR 40 i H 1 MMP9 25 3R
K, BB TR RE W B PR A ) IL-2 SRR
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I - S e W EGFR
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8 FLALERF MMPY. IL-2. PTGS2. MMP2 & EGFR
ERREKRN
Fig. 8 Expression levels of MMP9, IL-2, PTGS2, MMP2
and EGFR proteins in cells
#*8 KEMXUAEF MMP9 EBRIEKFEHFM (Xts,
n=26)
Table 8 Effect of rhein on MMP9 protein expression level in
cells (Xxs,n=06)

A5 71 &:/(umol-L ™) MMP9/GAPDH
Xt HE - 0.08+0.02
it - 0.53£0.13"
K 6 0.19£0.06"

12 0.140.02*
24 0.12+0.01*

®9 RETFEHRIMIEF IL-2 EEFRIEKFHFME (Xts,
n=20)

Table 9 Effect of gallic acid on IL-2 protein expression level
incells(Xts,n=6)

# 10 KREZXHAMRS PTGS2 EEREKTEMFM
(X£ts,n=06)

Table 10 Effect of emodin on PTGS2 protein expression
level in cells (X £s,n=06)

ZH 771 E:/(umol-L ") PTGS2/GAPDH
it 1 - 0.21£0.03
Y - 0.73£0.15*
KRER 40 0.37+0.05"

80 0.29+0.16"
160 0.24+0.06"

F 11 TEHRRZEXNMMET MMP2 EHFRIAKFRIZ0E
(X*s,n=06)
Table 11 Effect of tetrahydropalmatine on MMP2 protein

expression level in cells (X = s, n =6)

A5 Fl#E/(umol- L) MMP2/GAPDH
it i - 0.18+0.05
it - 0.82+0.17
LR 5 0.38+0.08"
10 0.35+0.03"
20 0.31+0.04
* 12 XRZHEEMS EGFR ERFREKFENFM
(X£s,n=6)

Table 12 Effect of physcion on EGFR protein expression
level in cells (X £ s, n=06)

ZH 5 & /(umol-L ™) EGFR/GAPDH
i HE - 0.15+0.03
gt - 0.72£0.18"
KB E HE 2 0.47£0.08"
4 0.3340.07*
6 0.24+0.05"

2H 3] I/ (ug-mL™") IL-2/GAPDH
Xof B - 0.1540.02
(it - 0.73£0.12"

HETR 5 0.34£0.09*

10 0.25+£0.07*

25 0.17£0.02*

KK (P<<0.05), KB 3R Ae % B S B At i 1)
PTGS2 EHALIEKT (P<0.05), IEHRZKAEW
A 5 PR A A A ) MMIP2 2 1 IR 7K (P<<0.05),
K2 H K RE % B 2 P40 B 1 1 EGFR & 3R
K (P<0.05).
3 Wig
31 EESEMK

ARSI S | AR R BUAR (CBE. HEE,

80% % 80%HEE. 40% 1. 40%FEE. /K) K
PEEUNTE] (104 20 30 min) X HREUSCR RN, 45
BRI, LWE. PR EARGRSEROR, B4
FH FR AR S & o0 0 H W RO B e, R SR FH 4l
A NG SR 18] % BN 10 min B, fF
MR PE UG 58 4%, S HT 8RS [R] %
B4 30 min BRI E 20 min KA, F£
i 20 min i 254 s (AR B ARy CLEFRIGE 4,
AL A S8 K F I E BT[] 9 20 ming A S5 43 )
fifi A EE 30, 50, 70 mL 2L 20 min, 453 &I
RE o 75 30 mL AR BUANE 5642, 50 mL A
70 mL IFREUSCR BN , R A RFIN /76 50 mL
WP DR EGE A, WA S IR {5 FH 4l R 50 mL
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A HEE 20 min.
3.2 RENERVIESE

ARSI 5 % T - KIE I ST -7KIE
LE-0.1% PR AKIE R S AH RGN 77 BS e 1, 451
R CNE BTG RE JIAHX RS R, S a5y
BRI NN 0.1% Y BR /K AT LUASE & 1 231 J8
Wrm, ReWS A 2 TR . Pl ARSI 5
2R CME-0.1% T IR AKIETRAE s AH AT B,
KB B H .

33 TLWHBEMRST

AHEFLEET FSC G2 R o3 AT T M 4%
PR B S SIS 25 IR, DA R 08 B IR %)
PR 2 25 0853 0 a7 i ) SRV E o
WG R B2 ) 5 P2 U853 Be e A 2T T
MMP9. PTGS2. MMP2. IL2. EGFR %4 JE. I
B R oo By, 3R AT 7S 0 B 25 R0 A 7
YRR AR RS T EEER . ELL R
FBERE S B ERR, MMP2 K MMP9 #] { i %% Fh
JeE L B AAERGEE D EANERED. HitE
5, ] RESE R IR DEHOIE R 4 0 R AL A I
BB, PTGS2 J2 3k AP R 2558 hR, mT 424
AT A, A BRI A SN, T ek 204
IL-2 FEHRRFNANE A BURIER, AT RE R 25 R 155
JTE B RE 5 05), EGFR 7] LGS 4R A
ZAF N HIRBUR S, AT HIME 5 18 o i 2 3
PRI I R AR ke BA B A 06,

HREFURI, BT NF«B 5 5@ %, ALl
) SN DR R T8, AT 2 ik 9 i 14 %1 7). TGF-
B & TG MM KAENKE TiEEHE REEMH, ke
Fe i A B 25 Sl Rk 2 — 18], TNF-o i i
5 NF-xB S5AH G5 Tidms, SEC 7 AT HnE &
i, it —BAER T WA, @il P YREEME
JGIE = AR o A, B At N R X T BRI B Y
Fedi, PRI, TNF 5508 Bt 2 SR A I 25d
2 —09,

AN, FFEERM, WE TR/ BRI R KT
(TNF-o. IL-6) DAKId B o 0 ke FAT 22 4]
YEF, Redfi] SORE 88U B B R A, TR SRR
BABIF RS AEE RS2, RERR 9> IL-64 IL-
1B Al TNF-o 55472 % M PR B A2 B, [RTES 410361) NF-
kB 1 NOD Ff32 /R #4125 Al ¢ & 1 3 (NOD-
like receptor thermal protein domain associated protein
3, NLRP3) RIEH TI&E, W G aniiitss

M RERKRIPLRAER, IEREHIH] MMP2 KRR AL,
S B (phosphorylated protein kinase B, pAkt) /
Akt FCAE P3G I g 2 Ve SR, 5 T TR S
T3 B UIAH DR 22-23), R g ]l i T IR A ARG
RAIREY) B BOFE R AE IR, R 3K H I Al i
LA F IR BT AT 1 Csilent information
regulator 1, SIRT 1) -/l BV 14 21 1 ¥ (adenosine
monophosphate activated protein kinase, AMPK) {5
5 PR AR AL SIEAKT20) B R 2R B
FHWERIER, /2 FSC SR EE 258
— 7281, DL 2R o R 2R YT PR M )
P WA A B2 AR DR S R TIR IR TR

AHIE FE R F e 1 RV 16 FH A 2454 R oK
BEZG AT TR e Bl E R, AZ
Yo EARE R ] E AR THBE0E 1 HL S B R AR
[FIRS, T W22 B2 Fse IR 25 2 4. R
7R T 245 R85 A 25 o B AR T 7 TH RN
B, A BT RN BV RO AR 2 3808 43 7E 2 R Ay 5
MEZEM G AR N FSC iSRRI 4
SRS, [FI A R 254 5 A G 24 24 R o3t
FITESRAL T — Tl i 1 % K

RBAR PFAVEAHFRATAEEA G R
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