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Abstract: Through network pharmacology and molecular docking technology, combined with in vitro
experiment verification, we explored the mechanism of action of Porana racemosa Roxb. (PRA) in the treatment

of rtheumatoid arthritis (RA), and provided a modern pharmacological basis for the treatment of RA by PRA. The
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potential target of chemical components in the analyzed moth rattan was predicted by Swiss Target Prediction
database; OMIM, GeneCards, TTD and Disgenet databases were used to search the disease targets of RA; the
protein interaction (PPI) network and medicine-composition-target network were constructed using STRING
database and Cytoscape software; GO (gene ontology) functional enrichment and KEGG (kyoto encyclopedia of
genes and genomes) pathway analysis were carried out using DAVID database, and molecular docking software
was used to dock the potentially active ingredients of PRA and core targets; finally, MH7A cells were selected for
cell viability, scratch healing and mRNA expression level analysis of key genes to explore the effects of PRA and
their potentially active ingredients on the proliferation, migration and apoptosis of MH7A cells. In this study, a total
of 628 potentially active ingredient targets, 1 890 RA targets and 235 intersection targets were identified. It was
screened that the potentially active ingredients of RA treatment by PRA were ethylcaffeate, N-p-coumaroyltyramine,
9,12,15-octadecatrienoic acid, methyl ester and so on, and the core targets involved tumor necrosis factor (TNF),
matrix metalloproteinase 9 (MMP9), prostaglandin-endoperoxide synthase 2 (PTGS2) and so on. 1 200 GO entries
and 166 KEGG pathway entries were obtained from the enrichment analysis; molecular docking results showed
that N-p-coumaroyltyramine and ethylcaffeate had good binding activity with TNF, MMP9, cysteine-aspartate
protease 3 (CASP3), PTGS2, B-cell lymphoma 2 (BCL2) proteins. /n vitro experiments showed that PRA,
ethylcaffeate and N-p-coumaroyltyramine could inhibit the proliferation, migration and invasion of MH7A cells,
up-regulate the expression of apoptosis-related gene CASP3 mRNA, and down-regulate the expression of MMP9,
PTGS2 and BCL2 mRNA, and it can also down-regulate the expression of phosphatidylinositol 3-kinase (PI3K)
and protein kinase B (AKT) mRNA and PI3K and p-AKT proteins. This study preliminarily revealed that the
treatment of RA by PRA may be related to proliferation, migration, invasion, apoptosis and regulation of PI3K/
AKT signaling pathway.
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TR 97 RIR IR, BAR 25 BRI 5 5o Ok e P T S Rk
SRR B 2K VN MERR 0 B-1r S BEAE B 50 P

= LI 7T PR AN 71 2= I 1 1 = S A (SO 2E L
T, O e K B TR VR M AR VR T RA BIAE F LA
MANTE R o W28 25 P 22 45 G LIS IR 1) D7 VA R IR F A
fiE b TR 23R 9T R B AR AL A RO . AR TR
2H 77 # £ K Hf UPLC-Q-Exactive Focus-MS/MS # K M
RO R S 7T AR OO, B AE A LR A HL R
RN ZR K VR S A, R Ib B A B, AT T E i
2% 24 P 5 T BLOR O RO VR T RA 32 W RS 1t
I3 B R SR, IR 23 R BRI SR AR S M R
G35 OCHH B p5 2 B 45 A i P, TR A B A4 A 4 B S
B FEAT WP IR IR, N 5 SR IR R TR T RA B R B H
SARNOF TR AR

MR5EE

MRARE NS KGR ST SR R T IR 4 R
(MH7A) 1 3000 3 28 4 fr B A BR A ], B 97 5
AN E TR R B (1 DMEM 56 42 15 37 5 (% 10% i 27 1
i, 1% i -HER), 37 °C.5% CO,Ki R f s 7% .

btlE WM R B Z R, f BT
Hh 2 25T TR R 5K B 7T 03 %6 8 I ORAE T BTG 4
BE 25 0F 7 5 o 24 5 B 200 g KR R 25 AT HLRY D 1.6 L
80% <& I 18 1 Jn g [l it vk SR ML, 5 9 3 IR MR T e 4,



IR S A I 2% 24 B G N A 1 S IR GO IE R I TR VR T S KGR DG R (KR F B - 19 -

FHRHUBR K, 4 °CIRAT

RFIFMLEE  HERR 4B (b5 CHB240111).N-
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£ (https://www.rcsb.org/).
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Primer sequences of RT-qPCR. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; MMP9: Matrix metalloproteinase 9;

CASP3: Cysteine aspartate-specific protease 3; PTGS2: Prostaglandin-endoperoxide synthase 2; BCL2: B-cell lymphoma 2; PI3K: Phospha-

tidylinositol 3-kinase; AKT: Protein kinase B

Gene name Forward primer (5'-3") Reverse primer (5'-3")
GAPDH CACTCACGGCAAATTCAACGGCAC GACTCCACGACATACTCAGCA
MMP9 TCCCTGGAGACCTGAGAACC GCCACCCGAGTGTAACCAT
CASP3 GCTATTGTGAGGCGGTTGT TGTTTCCCTGAGGTTTGC
PTGS2 CGAGGTGTATGTATGAGTGT AGTGGGTAAGTATGTAGTGC
BCL2 ACGACCTTTAGATTCCAG ACAGATGTCCCTACCAAC
PI3K GCTGTATAATGCTTGGGAGG CTGTGGAAATGCGTCTGG
AKT TGAGCGACGTGGCTATTGT CAGTCTGGATGGCGGTTG
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Table 2 Potentially active ingredients information of PRA. PRA:

Porana racemosa Roxb.

No. Name Formula CAS number
1 Serine C,H,NO, 56-45-1
2 Threonine C,H,NO, 7013-32-3
3 L(+)-Arginine CH N0, 74-79-3
4 L-Valine CH, NO, 72-18-4
5 Tartaric acid CHO, 526-83-0
6  L(+)-Ascorbic acid CH,O, 50-81-7
7  Oxalic acid C,H,0, 144-62-7
8  Sucrose C,H,,0, 57-50-1
9  Erycibelline C.H,,NO, 107633-95-4
10  Hygrine CH NO 496-49-1
11 3-Hydroxy-2-methyl-4-pyrone ~ CH.O, 118-71-8
12 Malic acid C,HO; 6915-15-7
13 9,12,15-Octadecatrienoic acid, C,H,,0, 14202-25-6
methyl ester
14 Nicotinic acid CH,NO, 59-67-6
15  Citric acid CH,0, 77-92-9
16  Succinic acid CHO, 110-15-6
17 Uridine C,H ,N,O, 58-96-8
18  Uracil CHN,O,  66-22-8
19 p-Coumaric acid C,H,O, 501-98-4
20 L-Tyrosine C,H, NO,  60-18-4
21  Phenylacetaldehyde C,H,0 122-78-1
22 L-Leucine CH NO,  61-90-5
23 Tachioside C,H1,0, 109194-60-7
24 L-Phenylalanine C,H, NO, 63-91-2
25 Vanillic acid C,H.O, 121-34-6
26 Neochlorogenic acid C,H,0, 906-33-2
27  (E)-p-Ethyl coumarate C,H,0, 7362-39-2
28  Glucosyringic acid C,H, 0, 33228-65-8
29  Syringate C,H, Oq 24697-74-3
30  Esculetin C,H,O, 305-01-1
31  Chlorogenic acid C,H,0, 327-97-9
32 Isoscopoletin C,,H;0, 776-86-3
33 Osmanthuside H C,,H,;0,, 149155-70-4
34 Cryptochlorogenic acid C,H,0, 905-99-7
35  Dihydrophaseic acid C;H,,0; 41756-77-8
36  Roseoside C,,H,,04 54835-70-0
37  2,4-Dihydroxy-6- CH, 0, 3602-54-8
methoxyacetophenone
38  Umbelliferone C,H,0, 93-35-6
39 Scopoletin C,,HO, 92-61-5

40  Quercetin-3-0-f-D-galactose- ~ C,,H, 0, /
7-O-f-D-glucoside

41  Ethylcaffeate C,H.,0, 102-37-4
42 Caffeic acid C,H,0, 331-39-5
43 Caffeic acid methyl ester C,H,,0, 67667-67-8
44 Kaempferitrin C,,H,,0, 482-38-2
45  N-p-Coumaroyltyramine C,H,,NO, 36417-86-4
46  Bornyl acetate C,H,,0, 76-49-3
47  Cafestol C,,H,0, 469-83-0
48  3,12-Dihydroxy palmitic acid C,H,,0, 66675-73-8
49  Cinnamic acid C,H,0, 140-10-3
50  13-Hydroxy-9Z,11E- C,H,,0, 18104-45-5
octadecadienoic acid
51  Lasiodiplodin C,H,,0, 32885-81-7
52 Anethole C,H,0 4180-23-8

(EGFR). I8 8% 1 p53 (TP53) Fi% &L 55 1134 (SRO)-

55 GO S N T 3 (STAT3)-MMP9.CASP3.
PTGS2.BCL2 A iy Kk B VA 7 RA % DR A, K
PR EEAER (GR3). R AP K 5S4 M s
AR, G546 RA i 40 i ik 52 3 5 1) 9 BRRRAE, )5 48
i% B TNF.MMP9. CASP3.PTGS2.BCL2 % i T~ #H 5%
B S AR N B R S AT S0 BRI

Table 3 Core targets (top 10 by degree). TNF: Tumor necrosis
factor; AKT1: Akt serine/threonine kinase 1; EGFR: Epidermal
growth factor receptor; TP53: Tumor protein P53; SRC: Proto-
oncogene tyrosine-protein kinase Src; STAT3: Signal transducer

and activator of transcription 3

Uniport ID Target Closeness Betweenness Degree
P01375 TNF 0.003 247 4490.975 0 159
P31749 AKTI1 0.003 096 2502.927 0 144
P00533 EGFR 0.002 924 1732.596 4 128
P04637 TP53 0.002 924 1337.3057 127
P12931 SRC 0.002 933 4932.8449 127
P40763 STAT3 0.002 899 1444778 8 124
P14780 MMP9 0.002 825 1359.148 9 117
P42574 CASP3 0.002 825 800.193 8 115
P35354 PTGS2 0.002 825 2104.462 4 115
P10415 BCL2 0.002 817 1 140.609 5 115

14 “HM - - HEERMNEMAI T
H 235 AN A2 BB KU ROR B IR RS 43 N Cytoscape3.9.1
WA 222 “ 25 M - B = R X %, A 24 ] LA Y R
2841141789 %% . FIHE A N B 1H“Centiscape2.2” %}
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- 34 {1 2 643.464 8, closeness [ - ¥ {f 4 0.001 1,
degree ¥ 3548 4 5.556 3, LAA 2% 53 141 3 AN I 4%
N2 B[ ) T RH N 1R P S5 830 AT 98 6 35 PR 1 4 1) 7
16, e 5 1% OV AE 3 1 BC7) P degree R 44 BT 6 Y 0
1E R U 185, BL#E 3,12-dihydroxy palmitic acid- VR
2 FF lis « 13-hydroxy-9Z,11E-octadecadienoic acid ¥} &
TR Ol N-XF A T A e R 2 B, BT
MAEFES BN AR 4. 6 IR 7y — 30 5 0 2% 1] A,
B 1, %R 2% B A T R 162410 252 5%

15 GO 5 KEGGREEED# 235 M LHELAFA
DAVID 6.8 1 £ 5 ffs 5 )i, L0619 2 1 200 2% H,
HHBP % H 8934, EEW K A5 5 F (signal trans-
duction) 4 A ¥ 5 1) 1E % (positive regulation of cell
proliferation). ¥ T- i #2 [ 971 ] #5 (negative regulation
of apoptotic process) %; CC & H 107 4™, 2= 2135 K& 4 i
JiiE (plasma membrane). ZH )57 (cytoplasm) 4 %5 2
(cytosol)~ ZM i #% (nucleus) & ; MF %% H 200 />, = 2%
K FE A 454 (protein binding) AH [ £ 4 45 & (identical
protein binding). ATP 45 & (ATP binding). & 1 £ &



<122 - 252254 Acta Pharmaceutica Sinica 2025, 60(1): 117-129

”Q
%
p—a /“”Ip,‘v.@y;/%.

-

) j
4 %}{i—v—ﬂ‘ 1?’-—-4’;’»"—1 % — /\a‘“—a

PaAb @ @

S
\Q‘m.xq.ﬁ' 0

Figure 1 Network diagram of six potentially active ingredients-target. The purple ovals represent six potential active ingredients, and the

orange hexagon represents six potential active ingredients for the treatment of theumatoid arthritis (RA)

Table 4 PRA ranked the top six potentially active ingredients network node characteristic parameters

No. Name Closeness Betweenness Degree
1 3,12-Dihydroxy palmitic acid 0.001 416 11 416.5879 48
2 9,12,15-Octadecatrienoic acid, methyl ester 0.001 416 11 548.173 5 48
3 13-Hydroxy-9Z,11E-octadecadienoic acid 0.001 408 11 619.291 4 46
4 (E)-p-Ethyl coumarate 0.001 385 7 680.060 7 40
5 N-p-Coumaroyltyramine 0.001 385 8793.678 9 40
6 Ethylcaffeate 0.001 366 4698.334 4 35

PR /75 % R /T % R 3 % v P (protein serine/threonine/
tyrosine kinase activity) 5. AR & SR LR ETHET,
I BUERAN 200 PAE Fe/NTHT 10 5% Bl i A 45 04T
ATAAL AT (B 2)™ . KEGG B S & HE 5 W15 5 166 2%
TS, TR HERR U JAE” W BRI BN KSR AR AL S AN AR
SRIRTI S, 12 PAE /IS B K PR 36 5 SR S A 22 (1)
AT 15 %3 % 22 1) <O ] (B13). KEGG & % & W,
TR B VA TT RA 5 2OE AR O B8 58 R V), 2 K
PI3K/AKT {5 518 \ 22 R 554 & A (MAPK) &
‘SIS Ras{E TiEES Rap 1 15 5@ EESE, Hh PI3K/AKT
15510 B2 S R R 2 HL 35 P A s T i
2 SFXE

M\ PPI ¥ 2% degree 5 HE 44 Fl 1 [ 4% -0 B 5 36 R
TNF.MMP9.CASP3.PTGS2.BCL2 5 #% 0>l 43 3,12-
dihydroxy palmitic acid-JEJFRER g 13-hydroxy-9Z, 1 1 E-
octadecadienoic acid X 7 & 12 £, g « N-%F J2 X A .t

i f I HERR £ B L AT 30 Ay T . RLAAX s A
et O I8 4, B0 IR AR 45 & BRI/, R WIAZ O B
S S50 S g A RE, AR E, B RN
Rt BB 4 WA, B B s A RE S DN Sl o
N-Xf [ XA GBS 1 5 MMP9 25 & BEfe Mk, LV X
7 51 T8 HERR 2.1 5 MMP9, N-Xif 2 3 7 5 1 1%
fiiz X 7 R 2.6 5 BCL2 TNF.PTGS2. ¥ Ji7 &3k 4T
21 0 5156 50 U P W kPR 2 T V- I A I A
SR SR 4 AT PTG, Hob N B
Tk s e 1) — i & A K B, FLRE 5 SRR (ASP-111,
GLN-118) [1)J5i % AR 5 i) S B AH B A H, S5 BE S
WL, 4 A Re ok, JF B B K BE R B K M R TR
(LEU-119) JE A& T 1R s g K AE H, T fse /N ¥
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0 A RWES o, 52 A AML, Gk kT
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Figure 2 GO functional enrichment analysis
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Figure 3 KEGG pathway enrichment analysis
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Figure 4 Heat map of molecular docking binding energy
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Figure 5 Effects of PRA and its potentially active ingredients on the proliferation of MH7A cells
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