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Network pharmacology integrates the differential genes of
macrophages to explain the mechanism of patchouli oil treating IBD
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Abstract: We explored the mechanism of patchouli oil in the treatment of inflammatory bowel disease (IBD)
based on network pharmacology and differentially expressed genes in macrophages. The chemical composition of
patchouli oil was detected by GC-MS, targets for active components were collected through TCMSP and Swiss
Target Prediction platform, and targets for treatment of IBD were retrieved from DrugBank, GeneCards, OMIM,
PharmGkb, and TTD databases. The intersection targets were merged, Cytoscape software was used to construct
the "component-to-intersection target" network, and protein-protein interaction (PPI) network was drawn with
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String platform. The intersection targets were enriched for GO and KEGG enrichment analysis on Metascape
platform, and the molecular docking of AutoDock Vina was used to verify the analysis results. The macrophage
chip data was downloaded, and the differential genes were obtained by using R software. KEGG signaling pathway
analysis of differentially expressed genes were performed by DAVID platform. Real-time fluorescence quantitative
PCR was used to verify the screened components in the cell model in vitro. The 14 main components of patchouli
oil corresponded to 112 targets, and the intersection obtained 97 common targets of patchouli oil for IBD treatment.
GO enrichment analysis yielded 53 items. Eighteen items were obtained by KEGG enrichment analysis, involving
cAMP signaling pathway, Notch signaling pathway, adhesion connection, Th17 cell differentiation and other signaling
pathways. Molecular docking showed that the selected active components of patchouli oil had good binding activity
with the targets. Differentially expressed genes were enriched in inflammatory pathways such as Toll-like receptors,
JAK-STAT and NF-«B signaling pathways. q-PCR showed that patchouli oil, patchouli alcohol, pogostone can
reduce the mRNA levels of cytokines (TNF-a, IL-15, IL-6, and IL-23) and up-regulate the mRNA levels of tight
junction proteins (occludin and claudin-1) in the inflammatory model of NCM460 normal colon epithelial cells.
Patchouli alcohol can significantly reduce the levels of TNF-a, IL-6, and IL-14 inflammatory factors in RAW264.7
macrophages induced by LPS. This study revealed the multi-component, multi-target and multi-pathway of
patchouli oil, and confirms the anti-inflammatory effect of patchouli oil and its main components in the inflammatory
cell model in vitro and the protection of intestinal epithelial barrier integrity function, which provides a theoretical
basis for further elucidating the mechanism of patchouli oil in the treatment of IBD.
Key words: patchouli oil; network pharmacology; inflammatory bowel disease; macrophage polarization
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Table 1 PCR primer sequence of each gene

Primer Sequence
IL-18 F CCTGTTGTCTACACCAATGC
IL-18R GGTTGCTCATCAGAATGTGG
IL-6 F AGACAGCCACTCACCTCTTCAG
IL-6 R TTTCTGCCAGTGCCTCTTTGC
IL-10F TTTCCCTGACCTCCCTCTAA
IL-10R TCCCAAAGTGCTGGGATTAC
IL-17a F TCTCATAGCAGGCACAAACTC

IL-17a R GAGGTGGATCGGTTGTAGTAATC
IL-23 F AGTGGAAGTGGGCAGAGATTC
IL-23 R CAGCAGCAACAGCAGCATTAC
TNF-a F GGAATTCATATGAGCACTGAAAGC
TNF-a R CGGCGCCTCGAGTCACAGGGCAATGAT
GAPDH F GTCTCCTCTGACTTCAACAGCG
GAPDH R ACCACCCTGTTGCTGTAGCCAA
4e-BP1 F GGGGACTACAGCACGAC

4e-BP1 R CGCCCGCTTATCTTCT

PI3K-L TGGCCTTAGCTCTTAGCCAAACAC
PI3K-R ATTGGAACACGGCCTTTGACA
AKT-L TCGGCAAGGTGATCCTGGTGAA
AKT-R AGGCGGTCGTGGGTCTGGAAAG
mTOR-L ACAGCCCAGGCCGCATTGTC
mTOR-R TCCAGGGACTCCGTCAGGCG
p70S6K-L ACTTCTGGCTCGAAAGGTGG
p70S6K-R TTGAGTCATCTGGGCTGTCG
Claudin-1-F CGATGAGGTGCAGAAGATGA
Claudin-1-R~ CCAGTGAAGAGAGCCTGACC
Occludin-F TTTGTGGGACAAGGAACACA
Occludin-R TCATTCACTTTGCCATTGGAT

0 B A K RAW 264.7 I 41 B 7 4L, 40 i
T, DAL 1< 10° 40 25 5 B f T 6 FLAR o R E S
FI2HLPS 4. )7 3 & REAKF = 240 (5 pmol L))
7 b ) 4 (10 pmol L)y F1 ) 78 7 B w7 & 4
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Table 2 PCR primer sequences

Primer Sequence
(Mouse) GAPDH-F AGGTCGGTGTGAACGGATTTG
(Mouse) GAPDH-R GGGGTCGTTGATGGCAACA
(Mouse) TNF-a-F CAGGCGGTGCCTATGTCTC

(Mouse) TNF-a-R
(Mouse) IL-6-F
(Mouse) IL-6-R
(Mouse) IL-14-F
(Mouse) IL-15-R

CGATCACCCCGAAGTTCAGTAG
TAGTCCTTCCTACCCCAATTTCC
TTGGTCCTTAGCCACTCCTTC
GAAATGCCACCTTTTGACAGTG
TGGATGCTCTCATCAGGACAG
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Figure 1 Disease target union map (A), the intersection target of patchouli oil and inflammatory bowel disease (IBD) Venn diagram (B)

Table 3  Information on the main chemical constituents of
patchouli oil
No. Compound CAS Content/%
1 p-Patchoulene 514-51-2 5.05
2 p-Elemene 515-13-9 1.64
3 (=)-Thujopsene 470-40-6 1.17
4 p-Caryophyllene 87-44-5 4.72
5 Seychellene 20085-93-2 19.42
6 a-Patchoulene 560-32-7 7.06
7 (-)-a-Gurjunene 489-40-7 3.53
8 a-Guaiene 3691-12-1 4.6
9 a-Bulnesene 3691-11-0 17.8
10 Boronal 3155-71-3 0.91
11 Patchouli alcohol 5986-55-0 32.02
12 Pogostone 23800-56-8 1.59
13 f-Guaiene 87745-31-1 -
14 Widdrol 6892-80-4 0.49
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Figure 2 Patchouli oil active ingredient-intersection target network diagram
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Figure 3 Protein-protein interaction (PPI) network diagram
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Figure 4 Enrichment analysis diagram of Kyoto encyclopedia of genes and genomes (KEGG) pathway in the treatment of IBD by

patchouli oil
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Figure 5 Bioprocess diagram of patchouli oil in the treatment of IBD
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Figure 6 Cell composition diagram of patchouli oil in the treatment of IBD
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Figure 7 Molecular function diagram of patchouli oil in the treatment of IBD
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Figure 8 2D and 3D models of the interaction between fulmar alcohol and AKT1 protein
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Figure 9 The heat map of the differential gene between M1 and M2 macrophages

vator of transcription) & Toll ¥ 5% {& (Toll-like recep-
tors) “5{5 SIS, 1 E K A R WE 10,
10 {RSMIGIESEIRZER
JTREAM A AT E A (4 pgmL) S
B R R, LPS 4L E RANAEIE T (TNF-0IL-15.
IL-6 F11L-23) ) mRNA K- B & FIEw 4. KA
JUREA RS BN A A AL S 3 R YR 3 PR
41 L R ¥ mRNA ZKF, B &5 25 4 0 3 2 =,
11 UbAh, LPS 458 % 1% 4% 5 1 AH ¢ mRNA 7K
YR I, S e 25 S Re B v B R E R B mRNA K
P HG AR FEAR TG 22 e, Horh T A I R

WERE A MR AR RCR, W 12,

g-PCR 25 B 17~ 22 LPS 4 # 5 1) RAW264.7 EL
I 20 i TNF-oi. IL-6.1L-18 mRNA & 3% i (P <0.001),
B3, &) EEFREA G, B0 2808 K1 /K
5 LPS AUMH b &2 N R, | 2 7 I v 77 B A 40 ) OAE
DRI R i o | A I ] AR B 000 A e 41 1) 2 i
K IR I5 .

1118
PPI M %% & 75 AKT1. RXRA. EGFR. PTGS2 #l
HSPOOAAT %5 FEE B K, AT REZ T 2 F VA I7 IBD 1Y

Top 20 of KEGG enrichment

TNF signaling pathway [ ]
Influenza A [ ]
Measles ®
Legionellosis °
Cytokine-cytokine receptor interaction o
Herpes simplex infection [ ] Gene number
NF-kappa B signaling pathway ° ® 20
Toll-like receptor signaling pathway ® : zg
. NOD-like receptor signaling pathway ° @ 50
g Type I diabetes mellitus . ® 60
§ Epstein-Barr virus infection Y Pvalue
Graft-versus-host disease 5e-05
African trypanosomiasis ;‘::gg
Allograft rejection o 2e-05
Chemokine signaling pathway ® le-05
Tuberculosis ')
Jak-STAT signaling pathway Y
Amoebiasis °
HTLV-I infection @
Inflammatory bowel disease (IBD) °
0.00 0.05 0.10
Rich factor

Figure 10 The top 20 signal pathways with the most significant differential gene enrichment
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Figure 11

Figure 12 The mRNA levels of tight junction protein by q-PCR. n=3,x+ 5. P <0.05, "P < 0.01,

Figure 13 The mRNA levels of TNF-a, IL-6, IL-18 by q-PCR. n =3, x 5. P <0.05, "P < 0.01,
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