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\[e} Class  Molecular formula  CalM: Rt (mi VIP  Fold change p-Value
1 PE (38:5¢) M-H PE 750544 9388 3.068 0.834 0011
2 LPC (182) M+H LPC Ca7Hs 00N Py 564.331 3175 2992 309.998 0024
3 LPE (18:0) MH LPE CoH 0N, Py 480310 2453 2.506 1594 0020
4 HexICer (330 +0) = M+H | HexICer CaoH7 00N, 704.567 7.364 2.300 0876 0043
5 PE (18:0¢) M+H PE CaHigON P, 482324 2452 2190 1338 0005
6 CL (727) MH cL CiHy0,7P; 1,449.981 14.667 2139 0825 0045
7 PE (36:2¢) M+H PE Cy1HgO,N P Na, 752.556 9.514 1971 0.847 0011
8 PE (38:4p) M+H PE CisHysO0N Py 752.559 9.844 1971 0847 0011
9 LPC (18:2) M+H LPC CagH5 NPy 520340 2349 1.849 9.726 0038
10 LPE (160) M-H LPE CaHpON,P, 452278 1849 1825 1.598 0037
1 PE (16:0¢) M+H PE CoHysON Py 454293 1854 1771 1379 0005
12 PE (36:4p) M+H PE CaHzON Py 724528 8373 1755 0.830 0,004
13 PE (37:1¢) M+H PE CiHgON,Py 746.606 9.305 1724 0792 0028
14 DG (38:8¢) M+H DG CuHeONay 645.485 13396 1720 0.763 0040
15 PE (36:5¢) M-H PE CuHz0N,Py 722513 8353 1.644 0.850 0027
16 PE (38:1) M+H PE CisHgiOsN Py Nay 796.583 9749 1515 0818 0016
17 PE (40:4) M-H PE CusHgiOsN,Py 794571 9733 1483 0817 0010
18 CL (82:7) M-H cL CoHiO17P 794,565 9727 1483 0817 0010
19 PE (38:4p) M+H PE CasHzsON Py 752.559 9354 1292 0.746 0043
20 PE (37:1¢) M+H PE Ci2HgON P Nay 768.588 8215 1215 0814 0030
21 PE (39:4¢) M+H PE CuHgON,Py 768.590 8205 1202 0819 0044
2 PE (40:4p) M+H PE CisHyON Py 780.590 10330 1.195 0775 0010
2 PE (40:5¢) M-H PE CusHyON,P, 778576 10281 1173 0.800 0019
24 CL (792) MH cL CasHiecO17P; 778.581 10269 1173 0.800 0019
25 CL (783) M-H cL CirHi017P 770,565 10471 1161 0.607 0012
2 PE (408) MH PE CusH7 0N Py 786.508 6642 1104 0821 0,031
27 Hex1Cer (d38:8) M+H | HexiCer CisHnOu0N, 786,516 6.642 1.104 0821 0031
28 SM (d44:5) M+H M CaoHs,O0N;P, 835.669 11370 1.081 5429 0.003
29 DG (38:3¢) M+H DG CanHzgONay 655.564 9.751 1.006 0738 0012
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Group Epha2 Dusp1 Csi Golga4 Best1 Tmsb4x
Control - J 028 £ 0.05 025 £ 0,05 041 £ 005 045 +0.04 045 £ 004 027 £ 005

Model | - ‘ wrsoort | 1202 009" 074 %029 128+ 024' 128 +0.24° 059 £ 0.16
Quercein | 20 J 046 £ 001 036 £ 011 045 £ 0.00 026 £ 005 0.26 £ 0,05 056 £ 025

Values were represented the mean + SD (n = 3). *P < 0.05. “P < 0.01 vs. Control. *P < 0.05. **P < 0.01 vs. Model.
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Primer

Forward primer

Sequences

TAAGAGGGCAGACTGTGAA

Reverse primer
Forward primer
Reverse primer
Forward primer
Reverse primer
Forward primer
Reverse primer
Forward primer
Reverse primer
Forward primer
Reverse primer
Forward primer

Reverse primer

CCAGGAAAGCAAGGGTTT

GCGTCAAGACATTTGCTGAA

GTCGTCGGGAATAATACTGGTA

CCGTGACTTTCCCTTCCT

GTTCACTGCCCTTCCCTA

ACCACCGTACTGAAGTTC

GTCACCCAATGTCACTCT

CTAACCTAGAAGTCAGCAAGC

TTCATCATCTGGCAGTGTTC

AGACCAGACTTCGCTCGTA

CCTGCTTGCTTCTCCTGTT

GAAGGTGAAGGTCGGAGTC

GAAGATGGTGATGGGATTTC





OPS/images/fphar-16-1517291/fphar-16-1517291-t002.jpg
Metabolites Score (Kcal/mol)

TNF EGFR PPARG TLR4 CRP IL1B IL10
Kokusaginin -61 -46 -47 -75 -43 -66 -55 -52
Skimmianin 5.9 -43 -4 -63 -49 -638 -48 -53
Diosmetin 7.1 53 -53 -83 56 -82 -69 -67
Beta-stostrol s | -5 -51 -67 64| -67 2 -68
Quercetin | 78 | -52 -53 -86 -52 -88 67| -67
Hydorxy-gamma-sanshools -4 5 -25 -58 i -48 iy -6
Hydroxy-beta-Sanshool 55 -45 -41 -48 -46 -47 -37 -47
Hydroxy-alpha-sanshool -45 an -35 -45 -41 =51 -48 -6
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[\[} lon lon Class Molecular formula CalMz Rt (min)  VIP ld change  p-Value
1 ChE ( M+H  ChE CasHga0:Ny 668.634 16671 15139 8115 0048
2 DG (18:2/182) M+H DG CyoH;,00N, 634541 9.029 13.993 0413 0.008
3 DG (18:2/22:6) M+H DG CisH00N, 682.541 8352 13.002 0422 0.005
4 PC (16:0/18:2) M+H PC CiHy 01N P, 802.560 7.687 8275 0.652 0010
5 DG (18:0/22:6) M+H DG CusHz6O5N, 686572 10044 7728 9335 0.000
6 PC (14:0/22:6) MH PC CasH7 30N, Py 762.508 7.546 7018 0596 0018
7 DG (34:1¢) M+H DG CyH;:0:Na, 603.532 16507 6576 2116 0011
8 DG (18:3/182) M+H DG CaoHz0O5N, 632525 8202 6251 0238 0.004
9 SM (d42:2) M+H M CusHoON:Py 857.675 10767 5840 0.647 0002
10 SM (dd0:1) M+H M CugHs:0N:Py 831660 10851 5371 1539 0014
11 HexICer(d14:0/226) = M +H | HexICer CiaH7:010N, 762516 7.546 5110 0720 0005
12 Cer(d18:1/24:1) M+H Cer CisHiON, 692.620 12129 5081 0.801 0046
13 PE (16:0/22:6) M-H PE CusH7 300N, Py 762.508 7.510 5050 0740 0002
14 DG (20:3/182) M+H DG CiH705N, 660556 9.601 4860 1641 0041
15 ChE (2:0) M+H  ChE CasHlis02 429373 6.009 4746 9.450 0002
16 DG (36:4¢) M+H DG CaoH;,0, 603.535 16413 4646 2098 0012
17 DG (34:1¢) M+H DG CyH7:0:Na, 603532 16326 4640 2107 0012
18 DG (18:0/182) M+H DG CaoHz6O5N, 638572 10896 4613 2122 0046
19 DG (22:3/182) M+H DG CasHzsOsN; 688.587 10465 4595 2833 0.001

2 DG (34:3¢) M+H DG Cy/HegOiNa, 599.501 14125 4588 1213 0.004
21 DG (36:6¢) M+H DG CioHg04 599.503 14114 4560 1212 0003
2 Cer (d18:1/18:0) M+H Cer Ci7H705N, 610542 9935 4108 2444 0.000
23| Cer(ml71/190+0) | M+H Cer Ca7H7205N; 610542 9.940 4063 2444 0000
24 TG (18:1/18:1/18:1) | M +H G CarH g0, 902.817 16442 4032 3139 0012
25 TG (160/18:1/18:1) | M +H 6 CssHio6OaN; 876801 16398 3941 2057 0038
26 DG (38:6¢) M+H DG CuHi04 627535 7.465 3938 1503 0005
27 DG (12:1¢/2422) M+H DG CaoH7:0:Nay 627.532 7459 3938 1.503 0005
28 CL (82:11) MH cL CoHy5,0,7P; 790534 8.576 3753 0.787 0010
29 PE (16:0/19:0) M+H PE CioHs 10N, Py 734569 8.535 3753 0789 0021
30 TG (18:1/18:1/182) | M +H TG Cs7Hi060aN, 900801 16250 3724 2525 0043
31 PE (18:1/18:2) M+H PE CuHzOgN, PiNa, 764.520 7529 3691 0874 0022
32 Cer (m40:1 + O) M+H Cer CiHyoON, 666.604 12212 3679 1606 0016
33 TG (18:0/18:1/18:1) | M +H TG CarHi10ONy 904.833 16805 3591 4902 0.006
34 PE (18:0/20:4) MH PE CusHy,0N Py 766.539 8.985 3566 1431 0.000
35 Cer (d18:1/22:0) M+H Cer CiHyoON, 666.604 12212 3554 1572 0017
36 PE (18:1/20:3) M+H PE CisHy5O0N P\ Na, 790536 7.607 3533 0855 0016
37 Cer (d40:1) M+H Cer CaHgoOsNy 666.604 16309 3525 L612 0039
38 DG (34:4¢) M+H DG CyHy04 575.503 6527 3508 0535 0000
39 DG (34:0¢) M+H DG CyH;,0Na 605.548 16746 3332 2636 0.004
40 PC (8:1e/10:1) M+H PC CagHs 10N, Py 520340 1509 3329 0.607 0027
41 PE (18:1/20:2) M+H PE CusHygOsNPiNay 792.551 8.656 3306 0827 0019
2 Cer (m36:1 + O) M+H Cer Cy7H,00N, 610542 10342 3304 2143 0002
43 PE (16:1/18:1) MH PE CygH 0N, Py 714508 8052 3246 0756 0.006
44 HexlCer (d322) M+H | HexlCer CioH7010N; 714516 8033 3246 0756 0.006
45 CL (78:10) M-H cL Cy7H1440,7P, 763510 7.504 3245 0.766 0.001
46 PE (18:0/18:1) M+H PE CyHyoOgN, P\ Na, 768.551 9.001 3228 1329 0.000
47 PE (16:1¢/22:4) MH PE CyaHy 0N, Py 750544 9.388 3044 2718 0000
48 DG (16:1/22:6) M+H DG CurHz0OsNy 656525 7.927 3143 0349 0003
49 DG (18:0/18:1) M+H DG CioHzsO5N, 640587 11925 3040 3352 0.000
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Forward (5'-3)
CIGCTGAAGTGGATCGAAGTG
CCAAAGCCGGAAGAAGATGG

AACTGAACAAAGAAGGTGGCG
CTGTGCTTAGAGACATGGGCA
TGACGTTGACATCCGTAAAGACC
GITTGACCCCGATGATGAGC
AAGACGGTCACCATCCCC
GCACACGTCTTGCTCTCATTA
GATCCAGGCCCCTCCTCA

CCCTGGAGAAGAGCTACGAG

Reverse (5
TGCAAAAGGAAGAAACCACGT
ACTAAAGTCATGCCGCCTCT
GCAGATAATGAGGGCAAGACG
GITGGTGGTCTCTGCACGAA
GTGCTAGGAGCCAGGGCAGTAA
CTTGTGGATGGGTGGGTTIG
AAGGTCCTCTGCTTCTTATCC
TTCACATCTACGCTGTACCCC
ACCAGGTAGGACTGGGACTC

CGTACAGGTCTTTGCGGATG
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Disease Experimental Duration  Positive Targets/
model control pathways/
mechanisms
MAFLD Male SD rats Huanggin 8 weeks Polyenelecithin | TLR4/NF-xB/NLRP3 | TLR4/NF-kB| Yan et al.
decoction800 mg/kg/day choline (2023)
Liver cirrhosis | Adult male SD rats Baicalin25/75 mg/kg/day | 4 weeks thioacetamide | TGE-B1/NOX4/NF-xB/ | NLRP3/Caspase-1] | Zaghloul
NLRP3 etal.
(2022)
MAFLD Male C57BL/6] miceat | Baicalin 100/200/ 14 weeks - SREBPI/Ntf2/NF-kB | TG/TC/LDL], HDLT | Gao et al.
8 weeks 400 mg/kg/day (2023)
HLH C57BLI6) mice at Baicalin 200 mg/kg/day | 3 days - Kupffer PANoptotic | TNF-a/IFN-y| You et al.
6-8 weeks (2024)
MAFLD Male C57BL/6] miceat | Baicalin 50 mg/kg/day 4 weeks - TLR4 ALT/AST/p-p38/ Liv etal.
6-8 weeks P-p65] (2020)
Obese Male C57BL/6 mice at | Baicalin 200/ 8 weeks - TNF-a, CCL2, F4/80 | Ly6C"/M1/ATM/ Noh et al.
6 weeks 400 mg/kg/day M1/Kupffer], (2021)
M2 ATM/CD4+
Teelll
Liver injury | ICR mice at 6 weeks Baicalin 100 mg/kg/day | 3 days - NE-«B MCP-1/IL-6/ROS/ | Park et al
TNF-a| (2017)
NASH Male C57BL/6] miceat | Baicalin 0.5% w/w 12 weeks - JNK GSH/SOD/HDL], | Zhong and
7-8 weeks MDA/ALT/ Liu (2018)
AST/LDL|
NASH Male SD rats at 10 weeks | Baicalein 10 mg/kg/day 8 weeks - Nrf2/HO-1 SODT,TNF-a/IL-6] | Xin et al.
(2014)
MAFLD Male db/m mice and db/ | Baicalin 50/100/ 4 weeks metformin p62-Keapl-Nrf2 HO-1/GCLC/SOD/ | Liuetal.
db mice 200 mg/kg/day T-AOC/GSH/ (2023)
CATT, MDA|
MAFLD Tissue-Engineered liver | Baicalin 100 M - - ROS SOD/GSHT, Gao et al.
ROS/MDA | (2022)
Acute Liver | C57BL/6 mice at Baicalin 150 pg/mice - - P62 - Keapl - NRE2 | P62/Keapl/NRF2|  Zhao et al.
Injury 6-8 weeks (2022)
Acute Liver | Male C57BL/6 miceat | Baicalin 30 mg/kg - - 1L-17 TNF-a/IL-6/IL- Liao et al.
Injury 8 weeks 17/MPO] (2016)
Acute Liver | Male C57BL/6 mice Baicalein/Baicalin 40/ 7 days - Keapl-Nif2 ROS/Keapl/Nrf2|  Shi etal.
Injury 80 mg/kg/day (2018)
NASH Male SD rats at Baicalin magnesium 50/ | 2 weeks - NLRP3/Caspase - 1/IL | NLRP3/Caspase-1/ | Guan etal.
2-3 weeks 150 mg/kg/day -1p 1L-1B) (2023)
Liver 1-day-old Befjing white | Baicalin 50/100/ - - TLR4 -NF - kB TLR4/NF-kB| Cheng
Inflammation | chickens 200 mg/kg etal.
2017)
Liver injury | Male SD rats Baicalin 25/50/100 mg/kg | 1 week silymarin TGFp1, PPARY PPARY,ALT/AST/  Qiao etal.
(200 mg/kg) ALP/tgf-B1]. (2011)
MAFLD Male SD rats Baicalein 25,100 mg/kg SPEBP1C/ChREBP, SPEBPIC/ChREBP| | Li etal.
AMPK/PPARG AMPK/PPAGT (20222)
hepatic DIO mice Baicalin 400 mg/kg CPTIA CPTIAT Dai et al.
steatosis (2018)
ALD Male 6-week-old SD rats | Baicalin 200 mg/kg PNPLA3 PNPLA3-ATGL| Lietal
ATGL (2022b)
MAFLD C57BLIG) mice Baicalin 100 mg/kg SREBPI/NIf2/NF-xB | SREBPI | Gao et al.
NF-kB| (2022)
Nrf2 T
MAFLD KK-Ay mice Baicalin 12.5,25,50 mg/kg AMPK AMPK] Chen et al.
SREBP SREBP-Ic| (2018)
MAFLD Male D rats. human | Baicalin P-AMPK,P-ACC P-AMPK/P-ACCT | Guo et al.
hepatoma HepG2 cells | 80 mg/kg, 5 and SREBP-1cAMPK SREBP-1c| AMPKal | (2009)
10 pmmol/L
Diabetes human hepatoma HepG- | Baicalin 0-50 mM AMPKAKT AMPKT Wangetal.
2 cell AKTT (2017)
Diabetes Insulin-resistant- Baicalin 20/50 M 50 and IRS/PI3K/ IRS/PISK/AKT| Miao et al.
HepG2 cell 100 mg/kg AKT,GLUT4,GSK-3p  GLUT4] (2024)
Male C57BL/6] mice GSK-3pT
Insulin Male C57BL/6] mice Baicalin 100,200 and AMPK/ACC AKT/ AMPK/P-ACCT Xl etal.
resistance 400 mg/kg GSK-3p AKTT (2016)
GSK-3p]
Diabetes Male C57BL/6]mice Baicalein 50 mg/kg PIBMAPK P3SMAPK| Fang et al.
PGC-la PGC-lal, (2019)
T2D Male C57BL/6 ] mice at | Baicalin 200 mg/kg SCFAs SCEAST Juetal.
8 weeks old (2019)
HE The SPF grade SD male | Baicalin 25 mg/kg PI3K/AKT, IL-17 PI3K/AKT| Liu etal.
rats VEGF 117 (2023)
VEGE|
HE Male SD rats Baicalein 20, 40, or PDGE-p PDGE-B| Sun et al
80 mg/kg (2010)
HCC SMMC-7721 cells and | Baicalein and baicalin STAT3 STAT3| Ke et al.
HepG2 cell 10 pM and 40 pM PD-LI PD-L1| (2019)
MAFLD Male SD rats Baicalein 25, 100 mg/kg | 5 weeks SPEBP1C/ChREBP, SPEBPIC/ChREBP| | Li et al.
AMPK/PPARa AMPK/PPAG] (2022a)
hepatic DIO mice Baicalin 400 mg/kg 12 weeks CPTIA CPTIAT Dai etal.
steatosis (2018)
ALD Male 6-week-old SD rats | Baicalin 200 mg/kg 4 weeks PNPLA3, ATGL PNPLA3-ATGL Lietal
(2022b)
MAFLD C57BL/6] mice Baicailin 100 mg/kg 24 weeks SREBPI/NHf2/NF-kB | SREBP1 | NF- Gao et al.
KBINtf2 T (2022)
MAFLD KK-Ay mice Baicalin 12.525,50 mg/kg | 18 days AMPK/SREBP AMPKT SREBP-Ic| | Chen et al.
(2018)
MAFLD Male SD rats. Human  Baicalin baicalin 16 weeks P-AMPK,P- P-AMPKTP-ACC! | Guo et al.
hepatoma HepG2 cells | 80 mg/kg. ACCSREBP-1AMPK | SREBP-lc| AMPKal | (2009)
5and10 ummol/L
Diabetes human hepatoma HepG- | Baicalin 0-50 mM - AMPK/AKT AMPKT AKTT Wangetal.
2 cells (2017)
insulin Male C57BL/6] mice Baicalin 100, 200, 14 weeks AMPK/ACC Akt/ AMPK/P-ACC] XI etal.
resistance and400 mg/kg GSK-3p AKTGSK-3p] (2016)
Diabetes Male C57BL/6]mice Baicalein 50 mg/kg 21 days metformin P3SMAPK/PGC-1a P3SMAPK| Fang et al.
PGC-lal, (2019)
2D Male C57BL~-6 ] mice | Baicalin 200 mg/kg - - SCFAs SCFAST Ju et al.
(8 weeks old) (2019)
HE The SPF grade SD male | Baicalin 25 mg/kg 8 weeks PI3K/AKT, IL- P3K/AKT|IL-17]  Liuetal.
rats 17 VEGF VEGE| (2023)
HE male SD rats Baicalein 20, 40, or 10 weeks PDGF-p PDGF-B| Sun et al.
80 mg/kg (2010)
HCC SMMC-7721 cells and | Baicalein and baicalin | 24 h STAT3 PD-L1 STAT3| PD-L1| Ke et al.
HepG2 cell 10 pM or40 pM (2019)
MAFLD adult male Sprague- Baicalin and Berberine | 8 weeks Rosiglitazone | PPAR-y, IR ALT/AST/TC/TG/  Zhao W.
Davley rats 100 mg/kg LDLLHDL/TNE-a/  etal.
IL-6] (2016)
Liver fibrosis | 6-week-old male Wistar ~ SRE 1.25/6.25 mg/kg 3 weeks - ROS ROS/a-SMA | Pan et al.
rats (2015)
T2DM SD rats crude herbs 6.3 g/kg 1 month metformin MAPK P38/ERK/NKL,GK/ | Cui et al.
PFK/PK/GST (2018)
T2D OLETE rats S. baicalensis extract 12 weeks metformin CYP7AI/NRIH4 LDLRT HMGCR| | Han etal.
(200 mg/5 mL/kg/day) (2017)
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Ginseng
20(8)-PPT

Aged ginseng

CK

FG
FRG

GBCK25

GDS

GF,
Ginsenosides
GSO

GWDF

LEG

Me;

MEG
Mixture Rh,
and Rg,

Non-fermented
ginseng

Models
Mouse PHs, HepG2 cells

C57BL/6N male mice

HuH7 cells

male ICR mice

C57BL/6N male mice, mouse PHs

C57BL/6 male mice, alpha mouse liver 12 cell line,
mouse KCs, murine monocyte/macrophage cell line
RAW264.7

C57BL/6 male mice, HepG2 cells

C57BL/6] male and LXRa deficient mice, mouse
BMDMs, mouse PHs

C57BL/6) male mice

C57BL/6] mice, HepG2 cells, rat PHs

male SD rats

C57BL/6N male mice
C57BL/6 male mice, HepG2 cells

SD male rats

C57BL/6 male mice, mouse KCs, mouse PHs, mouse
hepatic stellate cells

male ICR mice

Lipid metabolism
TG, LXRal, SREBP-1c|, FAS], SCD-1]

TG, TC|, HDL-CT, FAS], adiponectin, leptin resistance|,
appetite|

TG, AMPKT, ACC|, LDs|, PPAR-af, ACOX-1T

TG, LDL-C], microsomal triglyceride transfer protein,
apolipoprotein Ad]

LDs], ACC|, FAS|, SREBP-1c|, PPAR-af, CPT-17, ACOX-
11, FA translocase], acyl-CoA synthetase long-chain|

TG, TC|, FAS|, ACC-1]

TG, TCL, LDLL, HDL-CI, fat-specific protein 27,
AMPKT, SREBP-1c|, ACC|, FAS|, CPT-17, CPT-2T,
PPAR-al

TG, LXRal, FAS], SREBP-1]

TG/, TC|, LDL-C|, LDL-C/HDL-C|, SREBP-1c|, FAS|,
ACC-11, CPT-1al, leptin resistance].

TG, TC|, LDL-C|, HDL-CT, SIRT11, PPAR-al, PGC-1a,
CPT-1al, SREBP-1], ChREBP|

TG, ghrelinT, glucagon-like peptide 17, peptide YYT,
cholecystokininT

TG, TC|, LDL]
TG, SREBP-1c|, FAS|, ACC|

TC|, LDL-C|, SREBP-2|, HMGCR|, FXRa], CYP7AIT,
fecal total bile acidsT

TCL, LDs|, FAS|, SREBP-Ic|, ChREBP], PPAR-al,
CPT-1af

TG, FFAs|, microsomal triglyceride transfer protein|,
SREBP-1], PPAR-af, SCD-1]

Ref.
Oh et al. (2015)

Chung et al. (2016)

Kim et al. (2013)

Park et al. (2018)

Choi et al. (2019b)

Choi et al. (2019a)

Mi et al. (2024)

Kim et al. (2018)

Liang et al. (2021)

Kim et al. (2018)

Hua et al. (2021)

Nan et al. (2018)
Roh et al. (2020)

Zhao et al. (2021)

‘Wang et al. (2021)

Park et al. (2018)

Rb, Zebrafish, male long-evans rats, rat PHs, C57BL/6] | TG, TC|, LDs, SREBP-2, LDL receptor|, HMGCRT, | Li etal. (2020, Li et al. (2022d),
male mice, mouse 3T3-L1 fibroblast cells, HepG2 cells | CYP7A1T, AMPKT, adiponectin, ACC|, SREBP-1c|, FAS|, | Meng et al. (2023), Shen et al.
SCD-1], PGC-1al, PPAR-al, CPT-11, ACOX-11 (2013)
Rb, C57BL/Ks]-lepdb (db/db) mice, HepG2 cells TGL, TC| Huang et al. (2017)
Re C57BL/6] mice, mouse PHs TG, TCL, SREBP-1cl, FAS], CPT-1al, CPT-1[, SIRT6], | Yang et al. (2023b)
PPAR-al
Rd C57BL/6) mice, mouse PHs TG, TC|, SREBP-Ic|, FAS], ACC, CPT-lal, CPT-1BT, | Cui et al. (2023)
CPT-21, SIRT61, PPAR-al
Rf HepG2 cells DNMTS3L gene, ANXA2 genne Chen et al. (2022)
RG thoroughbred riding horses, otsuka long-evans TG, FFAs], LXRal, LXRB], FAS], ACC-1], HDL-CT Hong et al. (2013), Jeong et al.
tokushima fatty rats, C57BL/6 mice, mouse PHs (2018), Kwak et al. (2024)
and KCs
Rg HepG2 cells, SD male rats, CS7BL/6] mice TG, TC|, FFAs|, LDL|, LDL-C|, HDL-CT, acyl-CoA Hou et al. (2022), Xiao et al.
synthetasel, CPT-11, ACOX-11, AMPKT, ACC-1, SREBP- | (2019), Xu et al. (2018), Xuan
Icl, FAS|, PPAR-al etal. (2015)
Rg C57BL/6 male mice, mouse 3T3-Lipre-adipocyte cells, TG, TC|, FFAs|, AMPK], ACC-1], SREBP-2|, HMGCR], | Lee et al. (2017), Lee et al. (2012)
HepG2 cells STATS], PPAR-y], FA binding protein 4], SCD-1]
Rk, C57BL/6) male mice, HepG2 cells, LX2 cell lines PI3K/AKTT, TG, TC|, LDL| Guo et al. (2023)
WGEM C57BL/6 male mice TG, TC|, SREBP-1], ACCL, FAS|, ChREBP|, PPAR-al, | Lee et al. (2016)

Note: BMDMs, bone marrow-derived macrophages; KCs, kupffer cells; PHs, primary hepatocytes; SD, sprague dawley.

CPT-la]

activate or decrease; T:
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Ginse

20(5)-PPT

Aged ginseng

Models

(C57BL/6 male mice, mouse BMDMs, mouse PHs
and KCs, human peripheral blood mononuclear
cells

C57BL/6N male mice

Lipotoxic 3%

| ALT, ASTL, NLRP3, IL-1B, TNF-a]

ALT], AST|, TNF-a|

Ref.

Lu et al. (2023)

Chung et al. (2016)

FRG C57BL/6N male mice, mouse PHs ALT], AST|, IL-1B, IL-6], TNF-al, CCL2l,  Choi et al. (2019b)
CCLS], inducible nitric oxide sythasel, IL-107,
CD1631
GBCK25 C57BL/6 male mice, alpha mouse liver 12 cell | JNKI, cytochrome P450 2E1], MDA, ALT],  Choi et al. (2019a)
line, mouse KCs, murine monocyte/macrophage | TNF-al, IL-6], IL-1]
cell line RAW264.7
GDS C57BL/6 male mice, HepG2 cells PPAR-y[, NF-kB|, NLRP3, AST|, ALT|, Mi et al. (2024)
AMPKT, nuclear factor-erythroid 2 related factor
2/heme oxygenase 17, MDA, SODT
GF, C57BL/6) male and LXRa deficient mice, mouse | LXRal, IL-1], TNF-al, IL-6| Kim et al. (20242)
BMDMs, mouse PHs
Ginsenosides C57BL/6] male mice NF-kBJ, ALT|, AST, TNF-al, IL-1B], IL-6] | Liang et al. (2021)
LEG C57BL/6N male mice ALT], AST|, TNF-a| Nan et al. (2018)
Me, C57BL/6 male mice, HepG2 cells GRP78], CHOP| Roh et al. (2020)
MFG SD male rats IgAl Zhao et al. (2021)
Panaxydol C57BL/G male mice, mouse BMDMs and KCs | TNF-al, lactate dehydrogenase|, NLRP3], Kim et al. (2024b)
Caspase-1], IL-1|, IL-18]
Rb, C57BL/6] male mice, mouse 3T3-L1 fibroblast | ALT|, AST] Li et al. (2022d)
cells, HepG2 cells
Re C57BL/6] mice, mouse PHs AST/ALT], SIRT6T, TNF-al, IL-6], ROS| Yang et al. (2023b)
Rd C57BL/6] mice, mouse PHs SIRT6T, NF-kBJ, TNF-al, IL-6], IL-1B], ROS|, | Cui et al. (2023)
ALT], AST|
Rf HepG2 cells MMP9 gene Chen et al. (2022)
RG Thoroughbred riding horses, otsuka long-evans | ALT, AST], TNF-al, IL-1B], IL-12a], IL-12b], Hongetal. (2013), Jeong et al. (2018), Kim et al.

Mixture Rh; and Rg,

Rks

WGCM

Note: BMDMs, bone marrow-derived macrophages; KCs, kupffer cells; PHs, primary hepatocytes; SD, sprague dawley.

tokushima fatty rats, C57BL/6 mice, mouse PHs
and KCs

SD male rats, HepG2 cells, C57BL/6] mice

(C57BL/6 male mice, mouse 3T3-L1 pre-
adipacyte cells

(C57BL/6 male mice, mouse KCs and PHs, mouse
hepatic stellate cells

C57BL/6] male mice, HepG2 cells, LX2 cell lines

C57BL/6 male mice

IL-17al, FA binding protein 4, JNK|, natural
killer cells activityT, p38 mitogen-activated
protein kinase|

ALTL, AST], AKP], NE-xBJ, IL-6], IL-1p], IL-
18], TNF-a], MCP-1|, forkhead box

O1 proteinf, SODT, catalasef, glutathionef,
MDA[, NLRP3], GPR78|, CHOP], Caspase-
12],ACOX-21, ATF3]

TNF-al, IL-1B], IL-6], IL-10]
ALT], TNF-al, CCL2|, arginase 1], 1L-10], IL-
181, ROS|, NLRP3|

ALT], AST|, AKP], NLRP3], IL-6], IL-1B|,
TNF-a|

PGC-1al, nuclear respiratory factor 17,
‘mitochondrial transcription factor AT, ALT(,
MDA, glutamate dehydrogenase, glutathionel

(2019)

Gu et al. (2021), Hou et al. (2022), Qi et al.
(2020, Xiao etal. (2019), Xu et al. (2018), Xuan
etal. (2015)

Lee et al. (2017)

Wang et al. (2021)

Guo et al. (2023)

Lee et al. (2016)

inactivate or decrease; : activate or increase.
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Aglycone structures Representative components

Protopanaxadiol (PPD) Rby, Rb;, Re, Rd, Rgs, Rhy, etc.
Protopanaxatriol (PPT) Rgy, Rg, Re, RE, Rhy, 20(5)-PPT, etc.

PPD/PPT-type saponin derivatives C17-side-chain variant (Rgs, Rks, etc.), deglycosyl-derived saponins (CK, My, F, etc.) J
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Category

Processing
technology

Representative
characteristic

ingredients

Representative mechanisms of
action

Ginseng main | Sun-dried Washed and dried Primary saponins predominant Improve lipid metabolism disorders; strong Chung
root ginseng (Rg;, Re, etc)) antioxidant capacity etal.
(2016)
RG Steam-dried Higher content of rare saponins | Promotes reverse cholesterol transport; anti-  Kwak etal.
(Rgs, Rh;, CK, etc.) inflammatory (2024)
LEG Lactobacillus fermentum KP-3 | Rgy, Rgs, Rhy, Rhy, Fy, Ro, small Improve lipid metabolism disorders; anti-  Nan et al.
fermentation molecule peptide, etc. inflammatory (2018)
MFG Monascus ruber fermentation | Rg, Re, Re, Rd, polysaccharides, etc. | Increases bile acid excretion; regulates intestinal | Zhao et al.
flora (2021)
FRG Cordyceps militaris fermentation Rgs, Rd, etc. Modulation of immune functions Lietal
(2020)
G Saccharomyces servazzii GB-07 GBCK25 Reduction of OS; reduction of hepatocyte  Choi et al.
strain and pectinase fermentation steatosis apoptosis (20192)
Ginseng non- GSO Cold-pressed ginseng seed oil | Oleic acid, linoleic acid, palmitic Inhibits de novo lipogenesis; improves IR~ Kim et al.
‘main root acid, phytosterols, etc. (2018)
WGCM | In vitro culture of wild ginseng Rgs, Rhy, Rk, Res, etc. Improves mitochondrial function; reduces O | Lee et al.
‘meristematic tissue cells (2016)
GWDF Soluble dietary fiber extracted  Glucose, galactose, mannose, etc. | Regulates glucose-fat metabolism; promotes  Hua et al.
from lateral root of ginseng colon health; regulates appetite and energy (2021)

balance
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Stage of Main characteristics Specific manifestations of mitochondrial References

obesity dysfunction

Early Stage Weight gain, adipocyte hypertrophy Decreased mitochondrial biogenesis, and impaired oxidative Baldini et al. (2021)
phosphorylation

Intermediate Stage  Chronic low-grade inflammation, onset of | Elevated ROS levels, and dysregulated lipid oxidation, exacerbated Wang et al. (2021)

insulin resistance insulin resistance

Advanced Stage High risk of metabolic complications Mitochondrial DNA damage, defective mitophagy, increased apoptosis Montgomery (2019)
and necrosis

Metabolic Disease | Metabolic syndrome, type 2 diabetes, Tissue-specific mitochondrial dysfunction, chronic inflammation, |~ Arruda et al. (2014), Cavaliere

Stage cardiovascular diseases fibrosis, disrupted metabolic homeostasis et al. (2023)
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Ginseng

Cellular senescence, cell death, IR or gut
microbiota disorder

Aged ginseng C57BL/6N male mice Glucose-6-phosphatase , phosphoenolpyruvate carboxykinase|, Chung et al. (2016)
glucokinase[, malic enzymel, glucose-6-phosphate dehydrogenase,
FBG], fasting insulin|
FRG C57BL/6N male mice, mouse PHs Bcl-21, mitophagy! Choi et al. (2019b)
GDS C57BL/6 male mice, HepG2 cells FBG|, glucose homeostasisT Mi et al. (2024)
GF, C57BL/6] male and LXRa deficient mice, HOMA-IR| Kim et al. (20242)
mouse BMDMs, mouse PHs
Ginsenosides C57BL/6] male mice ZO-11, occludin, gut microbiota disorder], F/B| Liang et al. (2021)
GSO C57BLI6] mice, HepG2 cells, rat PHs ~ HOMA-IR|, FBGL, fasting insulin], CCL2], COL1| Kim et al. (2018)
GWDF male SD rats HOME-IR|, gut microbiota disorder|, F/B|. Hua et al. (2021)
Me, C57BL/6 male mice, HepG2 cells Caspase 31, Bax|, Bel-xLT, JNK/, TNF-al, IL-6], HOMA-IR| Roh et al. (2020)
MEG SD male rats /B, gut microbiota disorder| Zhao et al. (2021)
Panaxydol C57BL/6 male mice, mouse BMDMs | Lactate dehydrogenase|, COL3, TIMP1], a-smooth muscle actin], ~ Kim et al. (2024b)
and KCs transforming growth factor B
Rb, C57BL/6] male mice, Mouse 3T3-L1 LC3 protein’, p62 protein], miR-128, transcription factor EBT, Li et al. (2022d), Meng et al. (2023)
fibroblast cells, HepG2 cells adiponectin], HOME-IR], FBG|
Rb, C57BL/KsJ-Lepdb (db/db) mice, SIRTIT, AMPKT, p62 protein], LC3 protein], FBG| Huang et al. (2017)
HepG2 cells
Re C57BL/6] mice, mouse PHs HOMA-IR|, phosphoenolpyruvate carboxykinase|, glucose-6- Yang et al. (2023b)
phosphatasel, FBGL, fasting insulin]
Rd C57BLI6] mice, mouse PHs SIRT6T, HOMA-IR|, glucose intolerance| Cui et al. (2023)
Rf HepG2 cells BAZIA gene Chen et al. (2022)
RG C57BL/6 male mice, mouse PHs and KCs | TIMP1], transforming growth factor B Jeong et al. (2018)
Rg, SD male rats, CS7BL/6) mice, HHI-5 | Bax|, Bel-21, sphingosine-1-phosphate lyase 11, phospho-extracellular | Hou et al. (2022), Li et al. (2022a), Qi
‘hepatocytes regulated protein kinases 1/21, p-AKTT, tumor protein P53, et al. (2020), Xuan et al. (2015)
CDKN2A|, senescence-associated p-galactosidasel, phospho-histone
H2A.X|, CDKNIA], STATIT, epidermal growth factor receptor]
Mixture Rh, C57BL/6 male mice, mouse KCs, mouse | TIMP1], COLL|, COL3], lysyl oxidas|, CCL2| ‘Wang et al. (2021)
and Rg, PHs, mouse hepatic stellate cells
R; C57BL/6] male mice, HepG2 cells, PI3K/AKTT, COL1, hypoxia-inducible factor la], TIMP1], E/BJ, gut  Guo et al. (2023)

Note: BMDMs, bone marrow-derived macrophages; KCs, kupffer cells; PHs, primary hepatocytes; SD, sprague dawley.

LX2 cell lines

microbiota disorder|

inactivate or decrease; T: activate or increase.





