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Abstract: Piperine exhibits various biological activities, including anti-inflammatory properties, but its anti-inflammatory
mechanisms has not yet been completely elucidated. In this study, the anti-inflammatory mechanisms of piperine were elucidated
at the transcriptome level based on the inflammation model of immortalized bone marrow-derived macrophages (iBMDM) of mice
and transcriptome sequencing analysis. The research results revealed that piperine had no toxic effect on iBMDM within the tested
concentrations, and piperine (10 pmol/L) significantly inhibited the release of inflammatory factor IL-1£ (P<0.05). Transcriptome
sequencing results indicate that piperine significantly up-regulated the expression levels of 35 genes and down-regulated the
expression levels of 11 genes. Gene Ontology (GO) function enrichment analysis indicated that the differentially expressed genes
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(DEGs) in response to the piperine treatment were predominantly enriched in biological processes such as bioregulation and

metabolism, along with molecular functions including cell binding, catalysis, transcriptional regulation. The Kyoto Encyclopedia of

Genes and Genomes (KEGG) signaling pathway enrichment analysis showed that DEGs were significantly enriched in inflammation-

related pathways, such as the NOD-like receptor signaling pathways and calcium signaling pathways. Reactome enrichment analysis

showed the significant enrichment of DEGs in inflammatory response-related pathways, including P2X7-mediated transmembrane

channels, NLRP3 inflammasomes, and P2X7-mediated intracellular potassium efflux. The results of this study elaborate the

mechanisms underlying piperine's multi-target multi-pathway anti-inflammatory effect at the transcriptome level, providing a basis

for further more comprehensive understanding of the molecular mechanisms underlying piperine's anti-inflammatory effect.
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Table 1 Primers used for the RT-qPCR analysis in this study
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Panx1 GTATTGCCGTGGGTCTACCT GCAGGTACAGGAGTATGGCA

132 i fERn e

¥ iBMDM LA AL 8x10% A4H ffd (¥ % FE #2796
LA R TR b, R B TR SR R B0 EE AR
(0, 25. 50, 100, 200, 400 pmol/L) AbFELHF 24 h.
MTT JEAGIAIAG S . 70900, BHLIA 05 gL
() MTT 7% 100 uL, BT CO, BT E 4 h, &
FLIIN 100 L 2B G B TR T SR F L
16 ho FEARALT 550 nm AR &L EE . A b
HEE 3N, SEEAOLEE, BCEAME,
DK B2 g B T S L A IR AR X A7 2R
133 @fe XU R FIL-1p84 202

AN AR AL 3.5¢10° ANMEERRT 24 FLIL, B I%S
LIREIRE N 1 pg/mL LPS % S WALEE 3 h, F450N
A5 umol/L A1 10 pmol/L F)SH ARG 71 4k 3 4H i 30 min
J&, P 10 pmol/L J& H FI 14 2 A #E 30 min, %
NLRP3 #E/AMAZ S TG . S200 B B AR 28 SRR T Ak
TP 20 DA R BEAS F RO P 4k P2 9 AR 15 79 7D
WEAT R, BH R =AEE. AL R EE
TEREFRI, RA ELISA BA)&, MU0 B 5 20 R A
Y 2 RE R T TL-18 FIR IR .

134 @R an 5

BOHCAE KM a0, Btk R G, %6
AL 2.5%10° AN 40 g (1 12 b oK 40 g B Fp N L, 3 AR
Brgg, S BRI (M) MR AL B4 (HD,
BHAIANER. I LRAPEL 1 pg/mL LPS 55
AEFE 6 h S, HABRURE A FE 4 2 PR P S e 9% R T 4 1)
10 umol/L HHARUA AL B 30 min, 58421 ) Jin N AH 2 A4
BT EERE 225, FE 10 pmol/L B H A 4 &% &
NLRP3 R JE/MEH 354, 402 30 min J5 7 25577
FH Tl ¥ (1) PBS ¥ ¥k 2 IR. R H TRizol i%, % Ui 15
A PR B A0 MR B B RNA. RNA BE 5 20 550 15
JBS B Pk A1 Nanodrop #a Wl 5 4% J5, [ %% 5% & % cDNA.
i Numina W J7F & ZR 149 8 cDNA W7 SCPE,  FFAE

12

Fl Qubit 1 Agilent 2100 43 Hil & M 3C 22 94 Ji 55 5C Pg
FBCK L, 4] cDNA WP SC FE 1) 5T & vk R B A
0.1~50 ng/uL, Fi BK & KNG FEI#E 25~1 000 bp 2 [f] .
B A EE K & 48 J5 . A A Tllumina HiSeq2500 *F &, LA
2x150 bp Xl 5 B A HEAT m il B P . 2R A
DU PPy A ) ] ekt B AE MR FR A 7] 58 il
135 AW &5 5

K Fastp 3255 IR 40 0 P B9 2047 1 08, L BRI
U B4 (Raw Reads) 1717 4% 3k [f) reads, LA J& 40
HZ AL BRIE S N R T 10% B AN EAE
Q<20 MWL % 5 4% read 50% LA LMK & reads,
3R43 = i & 1) Clean Data, LARIIEJS 2245 B 20 B i
o f# ] HISAT2 8 F 4 51 4% )5 () Clean Data 5 2%
HE[R AP AT LL X, TR Stringtie X ) 0 5 IR Al
AR AT IR R E B PO 28 2H AN BT Ak 2 2H
PN R 2 8] R B S K ~F - 4 b I 2B TR 0 22 e 3 T
(Differential Expressed Genes, DEGs), DEGs ] i
e 461 )9 [log2 (fold change) |>1.5, P<0.01. 4%
X i 25 ) DEGs #47 GO (Gene Ontology )+ KEGG
(Kyoto Encyclopedia of Genes and Genomes) {55 5 il i

F Reactome A4 73118 4% & B2 34T
1.3.6 mRNA&ZZ4547 (RT-gPCR)

W Ak T 0T A K Al B B Rl T 6 LR R, I
WS, 10 pmol/L ) AR 7 AL #E 30 min, A
LPS 4bFH 6 ho 4t A FH 25 o1 J5 2K F Trizol V242 HUA4H
& RNA. 2GR &E U W] P PR RNA O 5l cDNA
J&, LA GAPDH NP ZJE[H, Xf H brdk R mRNA (¥4
Xf 2298 B HEAT 5L 5% E & 43 e RT-qPCR i 514
(R HAETAEMTRE (L BRAFEK.

1.4 BABELE G Gt A7

#5 43  Fr K H GraphPad Prism 9.5 % 1 ik 1T %
F 5SS, ERDCEE £ FREEERR. K
ANOVA 5 Z50 87, P<0.05 NESiH%E L.




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.11

2 #R5WHE

2.1 M HBMDMYE 4 B 5 v

AR MTT ¥ EVEAT 1 5B 5T iBMDM ¥
JIWIREMR o 25 R 1 Fos, AEA SIS BT A Wik B
T, YHHAEE RILE 100% Lh L, Horf, SRR B
7E 200 pmol/L B [ 40 B AH X 7715 A 114.10%, KW
FAMRUBRIA P E 400 wmol/L DA Py X 40 i i35 7734 FE 4 i 1
M, BAE—@ERE Fim T Ammig K. 243
T, SAMUERIK FEAE 400 umol/L BA I Xt iBMDM 7%
AR, 0T DATE LI FE G 9 T 8 5 45 .

140
b b
I I | I |
25 50 100 200 400
HARBUK / (umol/L)
1 AR iIBMDM TEiE RS 0E
Fig.1 Effects of piperine on cells viability of iBMDM
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Table 2 Sequence data quality analysis
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Fig.8 Reactome enrichment analysis bar chart of differentially

expressed genes
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