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 ZE: BM HFAANSZIT Rb; (ginsenoside Rbs, Rbs) Hil EWE4H Mg AR R AFHLE . Fik  RAGMKEHEIRE
1 Coxidized low-density lipoprotein, ox-LDL) %5/ RAW264.7 5 W 41 i 2 37 B8 5 A 5< E 40 g (lipid-associated
macrophages, LAMs) #%, 455 Rbs T-T)5, idilZr O Guth [ ARk 4R 60 58 Yo Yo 0P 4ik 40 o4 g R R B8 s SR A AERETA)
Jig SR AL 22 o W I B AR Ak s Ay M EEAT #6225 AR AL A6 I, X 2l 245 RSt T AW B850 A
Autodock %} Rbs 5% 54580 AT /0 4% 85T gRT-PCR 5 Western blotting 5&1iF S48 73 7 B8 48 1k, 38 5 40 i 4
IERHA (cell thermal shift assay, CETSA) %% Rbs 54MARIS)> 5a 324k 1 (complement component 5a receptor 1, CSarl).
H 44 4EBTIR 36 Ccluster of differentiation 36 antigen, Cd36) #E NI & ENL. LR IR E LM LAMs #21,
Rba 75 JCA fifd 2 P 95750 223 B P9 2 55 AR S P M A B 4 A P9 i B A R (P<<0.05. 0.01. 0.001). FiJFZH2:45 B Ros, B
ZEH R AR R B, T H B G Ros A ERIUCA = H MR R BB R R T, B E
LT H BN . R HERME 1291 NERRIAEER, 8255 T B HEYEGEZ & (peroxisome
proliferator-activated receptor, PPAR) {55 i, & H A EMNE| 254 NEFRBEE, @ EE TS0 REHEH
KIEFHEE. ZHPZXHEE] Cd36. Charl. —BEEIRH 4 & & %I28EH Gl (adenosine triphosphate binding cassette
transporter G1, Abcgl) %5 6 NS T o 4 TRHETHIN Rbs 5 Cd36. Charl Al Abcgl BA RIFHIZE A RE. CETSA 45
7~ Rbs Al B2 R4 Cd36 1 Charl & FIBHIR ESEmMFEME, KB Rbs 5 Cd36. Charl HHfFEL G 1EH. gRT-PCR 5 Western
blotting 45 27~, Rbs W[ &3 i LAMs # Cd36 fl1 C5arl &iA (P<<0.05. 0.01. 0.001), [FAf i PPARy. Abcal Al Abcgl
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Abstract: Objective  To investigate the molecular mechanisms by which ginsenoside Rbs (Rbs) inhibits lipid accumulation in

RS EHER: 2025-11-21

ESWB: EXRAARFEEETIIME (82374116); HEKHAREEEHRITE (81773946); HHRARRIEIEFITME (81573673): H
KERRIAIEEEBITE (81001666)

TEE RN JEE, WEotyid, FENFDLTHIMERMERSIALEIH ST . E-mail: sjn12321@163.com

HBIEMEE: U, @GR, EEENE PR SR SRS . E-mail: ipanyf@126.com
P, TG, ARSI, FEANF TR ARSI AL L. E-mail: izhangdd@126.com


mailto:ipanyf@126.com

PER 2026£4 8 B57% BT Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 7 e 2547 «

macrophages. Methods Oxidized low-density lipoprotein (ox-LDL) was used to induce lipid-associated macrophages (LAMs) model
in murine RAW264.7 macrophages. After Rbs intervention, intracellular lipid accumulation was evaluated by oil red O staining and
BODIPY-based neutral lipid fluorescence staining. Changes in lipid composition were analyzed using untargeted lipidomics.
Transcriptomic and proteomic analyses were performed in parallel, followed by integrative multi-omics bioinformatic analysis.
Molecular docking was conducted using Autodock to predict the binding potential between Rbs and candidate target molecules
identified from multi-omics intersections. The expression levels of key genes and proteins were validated by qRT-PCR and Western
blotting. Cell thermal shift assay (CETSA) was employed to evaluate the binding of Rbs to complement component 5a receptor 1
(C5arl) and cluster of differentiation 36 antigen (Cd36) targets. Results A lipid-enriched LAMs model was successfully established.
Within a non-cytotoxic concentration range, Rbs dose-dependently suppressed intracellular lipid accumulation (P < 0.05, 0.01, 0.001).
Lipidomics revealed a marked elevation of triglycerides accompanied by a reduction in glycerophospholipids in model group, whereas
Rbs treatment significantly reduced triglyceride levels and restored glycerophospholipids, with pathway enrichment mainly involving
glycerophospholipid metabolism. Transcriptomic analysis identified 1 291 differentially expressed genes, which were significantly
enriched in peroxisome proliferator-activated receptor (PPAR) signaling pathway. Proteomic analysis detected 254 differentially
expressed proteins, with enrichment in pathways including amyotrophic lateral sclerosis-related signaling. Integrative multi-omics
analysis identified six overlapping target molecules, including Cd36, C5arl and adenosine triphosphate binding cassette transporter G1
(Abcgl). Molecular docking predicted favorable binding affinities between Rbs and Cd36, C5arl, Abcgl. CETSA results demonstrated
that Rbs significantly protected Cd36 and C5arl proteins from temperature-dependent degradation, providing further evidence of direct
binding between Rbs and these targets. qRT-PCR and Western blotting results showed that Rbs significantly down-regulated the
expressions of Cd36 and C5arl in LAMs (P < 0.05, 0.01, 0.001), while up-regulated the expressions of PPARYy, Abcal and Abcgl
(P <0.05). Conclusion Rbs activates PPAR signaling pathway and regulates glycerophospholipid metabolism, targeting Cd36 and
C5arl to inhibit their mediated lipid uptake and promote Abcal and Abcgl mediated lipid efflux, regulating the intracellular levels of
triglycerides and glycerophospholipids, thereby exerting an inhibitory effect on lipid accumulation in macrophages.

Key words: lipid-associated macrophages; ginsenoside Rbs; multi-omics analysis; PPAR signaling pathway; glycerophospholipid
metabolism; Cd36; C5arl
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AR T (R LE AR P AR A S 30 AR A A B ST
1 R
1.1 mpe

RAW264.7 /N R A% BN I B R B



» 2548 »

PER 2026£4 8 B57% BT Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 7

WA EL IR AP, F S 10% A2 ML
[¥] RPMI 1640 3577545 5%
1.2 #m5H

Rb; A7 40=98.0%, b5 22072622) W H
EWERIH A ARG IR AR ox-LDL (5 &k A
2.2mg/mL, #t'5 2024-03-20). ML O YetiidF &
(L5 2024-04-25) WHTHIZEEAEWA R A ;
RPMI 1640 ¥57%% (465 8123141) 3£ [H Gibeo
ANAE] RAIITE (IS 102541179) 1 E 35 [ Sigma-
Aldrich A7]; CCK-8 (#it'5 MA0218-Oct-24D) 4 H
RIERCEDHEARGRA T JEHEE O
FlE (k5 081123230904). NP-40 R (it
PO013F) Wy H i = RAEVIBAR B B IR A7 ;
BCA & HR LI & B & (5 WI333442) . TRIzol
RNA $2EGAF (it 98597501) ABI High Capacity
cDNA Reverse Transcription Kit ($t*5 00326305).
ol SRR RR B 77 (k5 WH325778) Hzhh A
4> SYBR GREEN T/ (#t'5 20230502) 1t H 3%
Thermo Fisher Scientific A%]; PVDF J&E (k5
R1CB73920) 4 H 3% [ Millipore A ;. —BFFRARF
(adenosine triphosphate, ATP) 54 &4z E A Gl
(ATP binding cassette transporter G1, Abcgl) HifAk
(#it 5 SH201203X25) . #MA 4> Sa Z Ak 1
(complement component 5a receptor 1, CS5arl) HifAk
(#5 ASCR1134B) W H J5 I Fm AV RHEA IR 2
"5 Cd36 Pk (HL5 230164720 Hihls-3-W FR it
Z I (glyceraldehyde-3-phosphate dehydrogenase,
GAPDHD#HUA S 000673391 [ 3% [H Proteintech
Aw); HABH AR 9 Hral, T E E2 R
T A A AR B AT BR A A
13 (X8

Quant Studio™ 6Flex S %% 't 8 & PCR X
(3£ Applied biosystems A 7] ); Tanon NIM2045 !
B B R G LR BERH A R A F]); Spark 10M
B Z hEERFAMY (B TECAN /A#]); Cytation 5
TN N AR LRI 52 48 (36 BioTek 2 #));
Orbi-Trap Elite 7382k € 204 305 4% « fusionlumos
TUFEER KPR T 55 Fi 0 0 % - o vl B AN (SR
Thermo Fisher Scientific A 7] ).
14 HRESRH

Metabolomics Workbench [ 35 Chttps:/www.
metabolomicsworkbench.org/); LIPEA M3 Chttps://
hyperlipea.org/home ) s 415 W %5 Chttps:/www.

bioinformatics.com.cn); TCMSP #{#& & Chttps://
www.tcmsp-e.com/ ) ; PDB #(# &  Chttps://www.
rcsb.org/ )5 AlphaFold #{#& %2 C https:/alphafold.
ebi.ac.uk/); Simca 14.1 #fF; Adobe Illustrator 2025
#A%F; Graphpad Prism 9.5 #f4; PyMOL 2.2.0-0 4k
;5 Autodock 4.2.6 B fF; Image J #fF.
2 FE
2.1 LAMs {REIANEE ST FBE AR 244
211 SR RA] CCK-8 Huilliskfl &%
% Rba Xf LR A0S 7 B2 o R H A K
RAW264.7 ZH i LA 1 104 AN/FLEFH T 96 FLIR -,
B9 %, F& Rbs (25, 50, 100 umol/L) (1ML
TG FRAL AL BE 24 21, X REZH I AS & 250 35 57
5, CE RN B4 IS 10% CCK-
8 WM LIMiE R FR 5, WE 2h. FHEEARAE 450
nm b SFLEIROEEE (A 1, THE 4 AIE %

HMLAFIE R =4 sl wme
2.1.2 ML O Bttt e AR R R E XTI L AR
R AN Rbs ik w77 (50, 100 pmol/L) #H, FH&
50 pg/mL ox-LDL [ JCIMIER; 773515 5 E v i
37 LAMs RIS, g5 2520 BN Rbs 4bFE 24 h, 3¢
ERFRW, 4% % KHEERE 2 20 min, 60% 57 AR
P 15s, MIAJHZL O Gt 20 min, 4/KEEH S
T EBAE T, WM RN
213 JEWMaO RGO R R %
“2.1.27 WU RN IERAT AL 2, TR IR AR
SRR SR IR, A - 4 4 i IR AR R AR
b gHMLF 4%2 5 HEE[E € 15 min, JIA Staining
Solution #EHEE 20 min, FEikJE T cytation 1X 2%
GFP #30 N1, I+ EJEm (488 nm/525nm, Ex
REFKR, EnfRERGH FRIAGEE.
2.2 FEEREAERNIHEFE I

F2 “2.1.27 WURJ7EAT /AN 25, FHTA
7 PBS & 41, 800 r/min .0 S min, H5&5-H
BE (211D RA, WWiE, 4 "C. 12000 r/min &0 10
min. BN ZAHUAH, EEERME, AHRTE LT,
IR RAEE (12 DRGSR, 4 'C. 12000
r/min 250> 10 min, W EE#ATRR 220 AT o 4%
HER B A m AT 72 7R, SR F e 23 W3R WA £
B (LC-MS) Failll A1 534 3= EE R T

FENR B2 22 A B R 45 R, DA B AL
#{H (variable importance for projection, VIP) >
1. P<0.05. Z7f%%L (fold change, FC) >2 5 <
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0.5 Jy 2k At g AR, LB xS IR 2H vs BEZY 2
LRI vs Rbg 77 8 28 [ sl 3 A2 ok s ke 2% A
2R, KBS LIPEA MG T E K E 4
T
2.3 HREFMFEFSH

i “2.1.27 TR LT - AR 2, U
JL, NN Trizol 75 I FEAS I . 455 MJIzol Animal
RNA Isolation Kit #f 4T & RNA [$2HL, f# A
RNACIlean XP Kit 1 RNase-Free DNase Set #4740
b SHAIALJE A RNA 347 mRNA (985, B
by Z5—%E cDNA A 2 8% cDNA &G K
BE. 3R A EEEL. BREPER, T
mRNA 7 3C IR o RRAE SCPE IR 00 FE S 8
P 7 K EATI AP . 48 Hlumina NovaSeq 6000
M6, KA PE1S0 WP, {FH Cel Ranger
4.0.0 B 4HAN Cellranger aggr /454 Bl 13 —1k,
1T E 5 7 (principal components analysis, PCA)
HTE WA B SR 2K i Seqtk 3o 98 J5U AR Kk, 4 Hisat
2.2.0.4 HATHE AN, I Stringtie BS54
ANEERIN R B R, - RA TMM LT brifE
TeAbEE . ff ] edgeR #H1T mRNA % R RIA 517

TR A F R 2 &5 R, Bl P<<0.05.
FC>2 5(<<0.5 Aokt 2 A B, kX,
HEZH vs FEAYZH HAEAYZH vs Rbs 5770 s 2H [A] i a2
IR I S A 2 RIS HE R, I NS
ITIEEE & &R
24 FBRREZFSH

¥ “2.1.27 TR JNEAT i A5 25, AR
JfL, 4% HRSCHR 7 V23 AT ot A BERORS I 21, N SR
#5 2% SDS g En, HAEMEE 4 C.
13 000 r/min &C> 20 min, WHL 3, {4 BCA ik
G E B AR, N 6 AT VK SRR e B
H, 20 CYlEd#JE, 4 C. 13000 r/min 20 15
min, PUEMPA TS 2 %, T RE T2
FARE  IMAZRBRIUEZ I DTIE, 4 °C L 13 000 r/min
B0 10 min, B RJE @ B HIREE . (E Sk OB
WG IR E A, TN IAM BB ER R,
R SRR S I, IINRREG, 37 CREIR 90
t/min JSGER, WERIKBOEAT IR ALEE, 1% R
IR ERE i Ja EHLASI  R FH 4K F s 25 A0
B3 7% (Nano-ESI-LC-MS) #6854, #HTH0E
Y E S E R

FEE A TR 2R 45 R, BL P<<0.05.

FC>2 B(<0.5 A7k zRREEH, HHEX
B vs BRI SR vs Rbs =77 &4 R0 2
IR RN ERRIAE S, MHMAEEETIE
= T
25 Rb; 5XBHEIMSFXIIE

M TCMSP £# E N 4k Rbs 1] mol2 #X, M
PDB %4 i3k X CSarl (PDB ID: 8HPT). Abcgl
(PDB ID: 7R8C) [H=4EZ5Hy, 1 AlphaFold %%
P EEXT Cd36 W =4E AT ERL, A
Autodockvina iI%H Rbs 5 &AM S AR, M
PyMOL 2.2.0 B BRxfidi R, U4 am<-5
kcal/mol (1 kcal/mol=4.182 kJ/mol) I, #5&3G1E
R4f.
26 SFIIIE
2.6.1 QqRT-PCR 7t 1% “2.1.27 Wi J7iEEAT 4
Mgz, AN, i IR & U i IR IS
RNA F4& % cDNA, #1T gRT-PCR 7. 519/%
IR 1, RA 2L R HIMER RIS E.

&1 5955
Table 1 Primer sequences
£ 519575 (5-3°)
Cd36 F: ATGGGCTGTGATCGGAACTG

R: TTTGCCACGTCATCTGGGTTT

Abcal F: GCAGATCAAGCATCCCAACT

R: CCAGAGAATGTTTCATTGTCCA
Abcgl F: GAAGTGGCATCAGGGGAGTA

R: AAAGAAACGGGTTCACATCG
Clarl F: GATGCCACCGCCTGTATAGT

R: ACGGTCGGCACTAATGGTAG
PPARy F: GCCAAGGTGCTCCAGAAGATGAC

R: GTGAAGGCTCATGTCTGTCTCTGTC
GAPDH  F: AACGGATTTGGTCGTATTGGG

R: CAGGGGTGCTAAGCAGTTGG

2.6.2 Western blotting 7247 #% “2.1.2”7 Tl F 771k
AT AN 2, WCEEARRE, FH 2 1% R BRI ) 55
(1) RIPA &S EH, I THREERE. EEFEMWN
22 10% 1 fr FET BB - 5% TR s I e s fie PR UK, e &2
PVDF Ji£, #HJ5, 47snA Cd36 (1:5 000).

C5arl (1 :1000). Abcgl (1 : 500) F1 GAPDH (1 :
50000 ifk, 4 CELR; HkE, ZEiRFE
Pt (1:5000), WA ECL fb2 KGR R, f#
H Image J 353 it 2% 7 (A BEAAL

2.6.3 ZAIAALAL L (cellular thermal shift assay,
CETSA) A KIRE R 171 RAW264.7 41/,

B JEIMNE 1% BERREEI SR 1) PBS, {6 A
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R JKIE 37 CHREVRZRMFAM, B0 E TEA
ER. ¥ EIES N 24, Al A (0.1%—H
FPHLD F1 Rbs (100 pmol/L) 4, =EEIHHE 1h )5
TGN A4y, Sl TSR 42, 52, 62, 72 C
ARFE 3 min, FREVEMA, % “2.6.27 TN A
Cd36 Ml C5arl HEHERIE.
27 GUtESHh

¥ i Graphpad Prism 9.5 #4347 G117 Hr A
22K, BAEUAX £ 2o, TR TT Z 0 kT
Z A A A EE
3 #R
3.1 Rb; M| LAMs A A5 RN E

CCK-8 55 (] 1-C) &7, Rbs (25, 50, 100
umol/L) X RAW264.7 41 JC B W35 1t . SRt fig g
JOMar O Geta i) (B 1-A. B. D, E) iR, &
ox-LDL '35, EWRAi A IR AR R BT s
(P<<0.001), FRHH LAMs fSRAGER T, SR
Eb#¢, Rbs 50 100 pmol/L 4524 2 # i LAMs

AR AR R (P<<0.05. 0.01. 0.001), HE#&E
AN, Rbs25 pmol/L 45 24 Ji5 S A 20 0 i 2 1k 22
S, WS RS2 L Rbs 50 100 pmol/L FFT 4524
32 BBRAEFERBRSEESHT

PCA 553 (] 2-A) IR, AL Rbs (K7
HAER IR, SXE4A. Rby mFEAD EAS
AR, AN, PERat iR, B
Rbs =7t S s X 4 B . KBl (] 2-B.
C) SRR vs FR S RAILL vs Rbs w77 B4
JE 7 724K FC 1, LA FC>2 5(<<0.5. P<<0.05
kAR . %K (- 2-D. E) KA (K 3-B)
TR RN B AR SRS, W LS 43 H i s 2
SRR K PEE R S5, Rbs AbEEJEREM%; K3
oy H AR 22 S5 MR UK PRI S $2 51, Rbs AbEE
JEFEAS, $8 LAM &) 4 A& AR AR i 25 L, T
Rb; FHE RIS EE . HERBRFA
LIPEA W sl b T8 28 & S 41, BL P<<0.05 Mifiik
brife, ZRECONRERE H MBI ES (K 3-A),

pagict ieit) Rbs 25 pmol-L™! Rb; 50 pmol-L™! Rbs 100 pmol-L™!
A SR el SFT NP N, MERRTEOL. M RN Y SKE

150
T sesksk
Y - | s
S 100 o 10
= =
k& R
=
= 504 K5
<[
0- 0-

X 25 50 100
Rbs/(umol-L™)

A, E-I4T O YOGl SR AR R (X400); B. D-LE (057 6 IR YL kel &% 418 AR 2
"P<0.001; SEAHLLLE: "P<0.05 #P<<0.01 *#P<0.001, K 7. 8 A,

MAE:: *P<<0.05 *P<0.01

XIRE BIRY 25 50 100

Rby/(umol-L™)

[ 3
1 £ | ~

20 pm

ook

0.20- T
# #
5 0.15- =
Fau
= 0.104
0.05-
0 .

XHHE REAY 25 50 100
Rbs/(umol-L™")

(X100); C-CCK-8 #ill Rb; 4l dEits; S5xfig

A, E-lipid accumulation in each group detected by oil O red staining (% 400); B, D-lipid accumulation in each group detected by BODIPY lipid droplet

staining (x 100); C-cytotoxicity of Rb; detected by CCK-8; "P < 0.05

vs model group, same as Figs. 7, 8.

P <0.01

***P < 0.001 vs control group; *P < 0.05 *P<0.01 *#P<0.001

1 Rbs #If] LAMs 2R AR AR (X £5,n=3)
Fig.1 Rbs inhibited lipid accumulation in LAMs (X £ s, n=23)
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= _1x105] : RbySOpmol L T
,2><105
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A-PCA ; B, C-ERJEFKILE; Dy E-Z5 ez,
A-PCA diagram; B, C-differential lipid volcano map; D, E-different lipid string diagram.
B2 BERABHEZSH

Fig.2 Lipid metabolomics analysis

33 HREFEFFIEEEREESH

WA 4 fros, BLFC>2 8;<<0.5. P<<0.05 fiiik
ZRRIEIEN, RME 4-A. B Fin, XTRYL vs
BRI 1291 AN ZEFRIBIERH, BRI vs Rbs &
FIEAA 1083 NMEFRIEER, 3 HIA 601 4
TEEFER, Mo 256 N ACEFERIERINAH B, 1E
Rb; SR N 341 MCEREREATH T,
7E Rbs mFIE4 L. X Lid 601 2R RIEIE R
HEATFEKIAAA (gene ontology, GO) 43T, 45F I,
Bl 4-D, AWih R R B 22 S 2 (R S5 0 A
(AR RN B A B ) B A%« R IRAEP A Ik
SEAHOG: MR S AR R B 22 e TN 3 B S 0
JEE WA AE AT s RTSRARSEAE G 0 T IhRETERE
Sy HT R 2 e B DN E S PR AE M A B R
PRI B R FIEIE TSRS A O R R S A

HHE B4+ (Kyoto encyclopedia of genes and
genomes, KEGG) MHERZER (K 4-C) SR,
FERIES T PPAR {5 TS . AW H AW, M
YER &R,
34 EHREFHEFTEIEAREEDN

Wk s Pior, BLFC>2 8<0.5. P<<0.05 fiiik
FERFIREA, SRWE 5-A. B fx, XA vs
R 510 NEFRRILEA, BAA vs Rbs il
BHA 34 N EFRIEEA, 3 HILE 254 P
wH, Hi 116 MEEREERAA FIFINAE Rbs
R N, 138 MR E AR A T AE
Rbs w2 B XXt BALLA Rbs &)
BHILAW 254 N EFFRBEEOIHT GO i, 45
RILE 5-D, AV RERERHERRIAEASS
TAREAYAEZERNIRE. AN EEiiEE. Vish
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Fig. 3 Differential lipid pathway enrichment analysis (A) and heat map (B)
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