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Abstract

Objective: The seeds of silymarin contain a large amount of flavonoids, mainly silymarin. This
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article reviews the mechanism of action and research progress of silymarin in the prevention and
treatment of metabolic syndrome to provide a scientific basis for the development of drugs or
health supplements with the main function of preventing and treating metabolic syndrome. Method:
We review relevant literature on the prevention and treatment of metabolic syndrome with si-
lymarin, and systematically summarize and sort it out. Results: Silymarin has the pharmacological
effects of regulating blood lipids, lowering blood sugar, anti-inflammatory, anti-tumor, antioxidant,
anticoagulant, anti atherosclerosis, etc. It can improve oxidative stress, improve insulin resistance
(IR), obesity, regulate lipid metabolism, protect vascular endothelium, improve intestinal flora, in-
hibit platelet aggregation, and inhibit the expression of inflammatory factors. Conclusion: Silymarin,
as a liver protective and lipid-lowering drug without adverse liver reactions, has functions such as
antioxidant, anti-inflammatory, and prevention and treatment of metabolic syndrome, and is ex-
pected to become a new and effective health food.
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1. 5|

RULEA 1E (metabolic syndrome, MS) X FR IR B R IKPILR G 0E, £ ANENEE . IR ok &%
VB ARH Z5EL I SEAR . 1988 4F 3 [EIHAR K P H | ARt “x LR AR IS, JERIRC LR S
FE[1] o e = KA LR RT3 [ .0 i B 2> (American Heart Association, AHA) . [E Bri bR 95 B & 2> (Interna-
tional Federation of Diabetes, IDF)F1 [ 5 fii Ifil ¥ iff 72 /it (National Institute of Cardiopulmonary and Hematol-
ogy, NHLBI)ZE[FERAE, [N R A LR 20 =M ol: O PERRRE. AR R . BEARMIZH. & & A
A KT 1) v 35 2 i 25 13 IEL [ 7% (High-Density Lipoprotein Cholesterol), EJTTIAE Y MS [2]. R 5 &,
R 18 % DL R, ACHZE A B RN 33.9%, HmA SR R AW B E TR, i A
PRI, G e O AR BT, AR IR A SR AR . T A . R
ZE[3][4]0 Hor R & RARPUM AL RO IR B I BT . WM, MS RHTIREERE, HEA
BRBUK A RS AT R, ALK 5] 2R AR T R AR . RS DL R g I 24 55 0T MS
HA YR K CETZ AN 1T380%. EREE. SRR, A lREmrER, &/ 2800
@B EZ. P HRIEZ6].

K &AET AP MR BRI BU. DR, radb. Pkt Huah ks ee 10 5 245 2 A
[7]. FTLUEZAERA— AT R BB 2 . 7K %] 5 5 n B ] A 76 40~90 4, % T 1
()35 44 = A AN 2 PR 22 R ARIA 5% S8, « el BB B4 A i S 4 e SO Silybum, mT & A, RIS REIE YT ISR
W71 RE S AN PRAFF FUUE B /K R R BE T . SO IR 5 T, PSR RERE L, 0O I B
A RFWIRITER8]. BT REVK REIRRIEI R, 7040 7z, R 7000w i, 0 37K R ) Ak
g3 ARG RA FE AW 0, IESE/K C &l 3 B — & BT 7 MS AEF[9]. AR SCERRZK KT DL K& K K6 3R 5
FHIR B3 AR ER- B AR IR F RALHTEAT 2558, DA TR K RS 5 DR Ad it S FLAERT IR MS [N 7
T4 22%[10].
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2. KRBT ERUFEMRSY

KRB S A TT A T 20 20 60~80 AR, A A 2 5 MK TR FR AR E 1A UM A K KT E
R A KRB, YUK KEIR . KRB K CET TR IR R R MBS W11, KBS
MRk, 2R RIFMPTE PTRIEERS 259 . bk T 52 (silybin) & B SR EA 1) 50%~70%, P&
I SA A 7 380 B 3 e A R P [12] o

3. K KEIEERE MS IR IEBINEE

AKCRED RKCRETR . K CE] 5 LRSS S & R 2 EOAR 1SS IR SE, KR ET R BENS R A
Mg BB PUEIAKSFERELL . FUIE (R I[13]. XT MS BA B & A fEM .

3.1. BIMAE

FK TR 2 BB S PR A LIS B A R D TG TC AKCE[14]. A 9280 45 B8R, /K W2 n] B2 AT
I HERARL /NG TG ZKSP[15]0 (AR, 9 55 35 FRAEC 1 Q%% R IR [ e [ L DL -CT ARG 25 B2 i 2 1 IR [ B [VLDLL-C]
Ko KR 2 RE B S B R URE R 1 H =l . SO, KE ] B T
(A IH [E B2 [HDL-C]/K F[16]. TMifE#E HDL-C /K FHTHE, 2 hns i fg A s [17].

3.2. WEMFEKFE

B RN, K KA A BT 2 BRI B ) b, W] kAL 21 2K 1 [HbALC) 2 35 B, Rl
BT LS S R KR8] MhAh, EEPRFALIOVEERF R M, 7K K i 25 hE MR G BE IR 1 25 SR8 Jw K
SR AT [0 1L 37 o S A i S5 [LP O ARG B JE 4k 2 K P2 [AGEK -, $ib1) B A 4L 2R A BiehRE Ak S B AL = A
B, 5 VERH PRI B . B SRR R BI[20], KK 20T Y SR i 500 R e IR S PR IR A, X
BEMRVE B R S OB /N BRI B IREVE A . /K TG 200 FT B T4 /8 R U [21] .

3.3. MBI

Sl KEE P9 B 35005 A TR R DR B AT P Sh KSR RERE AL U B IR 35 [22]) . R IR « e IR IILRE 2525 ) i &
EE, RAEDIRESAEFSIE MR & . sk W anSF [23)0F Fe R B, /KK s v B 0% PR I I [, B 6 S
IS Esh Bk AL BB
3.4. iMIBIER

JeRE A KA R F 51 R B SR IR S 0, FR A (I S0 P R B B DRI R AL AR 51 R B R
M, TE GBI [24], Mg BB S R AR RS RE, VRSB Z MR RNILFEER, RARR
SR AR, TRGRIE . W FCUESE[25], K TR 2 AT 0 Ao i S5 JRE A A K AT A A — bR AE A P M i R
Hl570 o 53 AR 5T R B [26] ) FH T3 A R E S Y A B R, KR A TE S R W A 22 A R R
I s KEAPL/NRF2/ARE A NF-xB 15 518 B R U EALE R M AEE R B 3t . K CETR 504
SERIEE 11 AHFKFE B A A KA RN T = A U EVE A, BRI N RIS IR 4 PC-3 IIFIE R, 2
B E T [27] .

4. IR CETRIERGIA MS VIR S R AR R HL G
4.1 BESHEK
BRI, HLIA P 4R S 2 251 R — RO P U R R ST . LT R A P
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AT B AP AR JRZS, AN AR R WERS . B0, 29 s @R A 7 W&, sliEre kil £
FAEYIT - SV FE[ROSTRAE RS BUHAEIR L [28],  JRAS ) B AT n) S8 A5 5 I ML P 1] o
L) ros 1 RARSA, WAEMER. BREAHE. BEAY. AR DUMRRS, K ERET
R AL S AL 208 4 6 ) AR A AT B AR A A0 I (i3t P R ML 1 B0 7 53 DR (NF-x B
AP-1). ek 4 IE H T MEE 2> T (ICAM-1, VCAM-1, E-%&#FR)iRiA% 77 05 W R 4iig. ROS 14 n
PR P9 S B TR B, ek R I R AR AR P — E A B AR R, L AT SRR RIS . 7R SR RIEZ
1) HepG2 A AN PC12 ZH i, /K i 2= Ab 3 J5 vl s B0 B i) = 3 R BRI MMP FIZR TS I & & 14645
B, FH BT ERAR R EE M. /K CE] R AREEMH] NOX2/4. XOs il i #i] iINOS [ f# {5
Bk Brif ROS i B2/ AE o /K & 20T 32 s A BT AL DhRe . S Indt S B ik . G IR g Ak
TE R B H 3107 2R A R 29] -

4.2. MERBRRMN(R)

JiR S BTN RO B AR AL, R A 2 RUBE R A B G RG TR 2. KT S N RO A 2 HE
S AHLEA =FH[30]: MR ZARRRVERIE; s+ 8 - N - BFRGEES; RE B AR
7 i) 2% 30 S O A R PR K R 2 S Ik A R A TR A R SR DT A R B 2 PR 92 R R o e I
KIE[31] -

4.3. FBRE

IELJP 2 ok £ 2R AR A i R 8 R MAE S EAR S R e SR B . R 3R AT s (e sk M A . A
Ji By FRARGTAN SOE N o AU 25 45 I MR 15 2R SR U AE B TSR (0 2 — AR I v R B R o et fBR I 2 KT
SRR Z AR, BRI, 32 BB 7 A O H i = BRI AR R BE[32], RN v e
B MRE 2 3PP A 45 )3 H i =8 TG 39, 30 HDL-C &af. /K Wi 2 n] i 2 s L [33] -

4.4. RIPMEARK

IS N B AL (VEC) 5 ¥ U i I HELBR (L P C) B o W P4 T 3 EE A S AL BF(X + XO) L & 24 h i, %
PN FLER I SR (LDH) MR 3 £ [34], 4 MDA &&E7HE, NO &bl Kk, 176
FNFE, ISR BE /K 6 3K R s R A S 5 T B A 40 LDH (il &, FRK MDA & &,
Perm NO 17 &, TR 2 RS R4 4 FH [5] - /K U8 350 T A 8R4 A AR P 2 400 i 4 52 1 % 5 i 2 1 (O X-
LDL) 4544 o 7K Q& 5505 o IR B3 e 2 3 PR K R M ALT . AST. UA. TCHO. TC. LDL-
C, ET-1 &&, BA R SHUAIIRAPAER, A Hs e i A e 5 M5 ) s A R[35]. ZFuess
[36]HF 7t & I /K &8 2 @~ i VEGF $0fi ey b0 T 1 P e 40 3 s A%

45 BEMEER

(EHANE) . N, ZHCE, WHRE. 7 £ (EiT RS dik: Wik, HE, &
Hgth; o, S, 7 Il R E IRV B A A AR SO T A KPR [37]. i
FECE A BT AL AR 7777 Tk B R B AR . B I7 S TR, R B /K TR 3R 22 2R 4H 0t
NITE R — BRI SGEIE ], BEfEEt? SCFA RFE WRHIE K, fimlinid SCFA &, i
GULAS, MIMTEE 44 3B = &I T RE[38] -

4.6. I RS
LN R R 2 BB R A AR AL A 50 e AN LI ARE P AR B E BRI . KRBT R 5 EE B MRS
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AW FEIER . Guo [39155 ALK &8 7255 B i 547 o Re ke AR TR B, 40 L SRR R HEpt A= 1R
4.7. SMBIREER FFRiX

Xu [40155 0 5038 B /K % i) 25 45 B i 2R i B A PR30 K BV shof R B e, 2 AER 5iE e
Nrf2/HO-1 15 5%, FH1E NF-xB p65 #Z#4r, 3 iy BRSNS A H] 980E S VA %o 7K K BT3B
WM JRE S B [41], HALHI TG i _E i miR-199a-3p &1k, 1] p38MAPK/NF-«B il i SZHL 1] .

5. RESRE

AKREIRTT, PG, ARPIHZ . RAATEAES, GUTAMERMII, TAREA 2y A B
IR R BUK CBTRPA AR SR 5, HAHSCAE IALH] S IR R MR X R R R AR R K
R ER AT T [42] 5 IR BT R BE L SRR S FL AR BN SR AL IR KT TR K TR E A AT
TERTRRE R B e DUl B ks, SOERERRIT. SO mIER . SoE SN, b
ALY LDL B4, X mlig A RO B i BoA R 3EAE T o [RIIN /K T8 35 AT o5y e B AR L, e & 30K
JE, AR i MU /K ST [43] 0 7K WBI 20 I PRI A o R DA S (2 3R 3 A S5 T 2 3 o5 jB R R E o Al
KR ETZNS BB AR AL A B8 R, BRI AE S 25 S XU [44] . FAT AR I IR PRIE FE4{E

571,
E&ME

ST ARG E B T ERIOK CHM SRR E, %5 ZYW2023-026.
S5

[1] He, L., Zhou, X., Huang, N., Li, H., Tian, J., Li, T., et al. (2017) AMPK Regulation of Glucose, Lipid and Protein
Metabolism: Mechanisms and Nutritional Significance. Current Protein & Peptide Science, 18, 562-570.
https://doi.org/10.2174/1389203717666160627071125

[2] Wang, S.Z., Min, W.U., Chen, K.J., et al. (2019) Hawthorn Extract Al-Leviates Atherosclerosis through Regulating
Inflammation and Apotosis Related Factors: An Experimental Study. Chinese Journal of Integrative Medicine, 25, 108-
115.

[3] Shatoor, A.S. and Al Humayed, S. (2019) The Protective Effect of Crataegus Aronia against High-Fat Diet-Induced
Vascular Inflammation in Rats Entails Inhibition of the NLRP-3 Inflammasome Pathway. Cardiovascular Toxicology,
20, 82-99. https://doi.org/10.1007/s12012-019-09534-9

[4] Li, L., Gao, P., Song, S., Yuan, Y., Liu, C., Huang, X., et al. (2015) Monoterpenes and Flavones from the Leaves of
Crataegus Pinnatifida with Anticoagulant Activities. Journal of Functional Foods, 12, 237-245.
https://doi.org/10.1016/}.jff.2014.11.012

[5] BT, 2R, £HET, BRI SYIE TR LS R[I). Ak Tk, 2021, 42(16): 26-31

[6] Zhou, C., Huang, X., Gao, P., Li, F., Li, D., Li, L., et al. (2013) Two New Compounds from Crataegus Pinnatifida and
Their Antithrombotic Activities. Journal of Asian Natural Products Research, 16, 169-174.
https://d0i.org/10.1080/10286020.2013.848429

[71 Anuradha, R., Saraswati, M., Kumar, K.G. and Rani, S.H. (2014) Apoptosis of Beta Cells in Diabetes Mellitus. DNA
and Cell Biology, 33, 743-748. https://doi.org/10.1089/dna.2014.2352

[8] Oh, Y.S., Bae, G.D., Baek, D.J., Park, E. and Jun, H. (2018) Fatty Acid-Induced Lipotoxicity in Pancreatic Beta-Cells
during Development of Type 2 Diabetes. Frontiers in Endocrinology, 9, Article No. 384.
https://doi.org/10.3389/fendo.2018.00384

[91 Sun, Y. Yang, J., Liu, W., Yao, G., Xu, F., Hayashi, T., et al. (2019) Attenuating Effect of Silibinin on Palmitic Acid-
Induced Apoptosis and Mitochondrial Dysfunction in Pancreatic B-Cells Is Mediated by Estrogen Receptor Alpha. Mo-
lecular and Cellular Biochemistry, 460, 81-92. https://doi.org/10.1007/s11010-019-03572-1

[10] Mi, X., Choi, H.S., Perumalsamy, H., Shanmugam, R., Thangavelu, L., Balusamy, S.R., et al. (2022) Biosynthesis and
Cytotoxic Effect of Silymarin-Functionalized Selenium Nanoparticles Induced Autophagy Mediated Cellular Apoptosis

DOI: 10.12677/jcpm.2024.34293 2081 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2024.34293
https://doi.org/10.2174/1389203717666160627071125
https://doi.org/10.1007/s12012-019-09534-9
https://doi.org/10.1016/j.jff.2014.11.012
https://doi.org/10.1080/10286020.2013.848429
https://doi.org/10.1089/dna.2014.2352
https://doi.org/10.3389/fendo.2018.00384
https://doi.org/10.1007/s11010-019-03572-1

AR 4G

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

via Downregulation of PI3BK/Akt/mTOR Pathway in Gastric Cancer. Phytomedicine, 99, Article 154014.
https://doi.org/10.1016/j.phymed.2022.154014

van der Pol, A, van Gilst, W.H., Voors, A.A. and van der Meer, P. (2018) Treating Oxidative Stress in Heart Failure:
Past, Present and Future. European Journal of Heart Failure, 21, 425-435. https://doi.org/10.1002/ejhf.1320

Muthumani, M. and Prabu, S.M. (2013) Silibinin Potentially Attenuates Arsenic-Induced Oxidative Stress Mediated
Cardiotoxicity and Dyslipidemia in Rats. Cardiovascular Toxicology, 14, 83-97.
https://doi.org/10.1007/s12012-013-9227-x

Kim, S., Kim, K., Yu, S, Seo, Y., Chun, S., Yu, H., et al. (2016) Silibinin Induces Mitochondrial Nox4-Mediated Endo-
plasmic Reticulum Stress Response and Its Subsequent Apoptosis. BMC Cancer, 16, Article No. 452.
https://doi.org/10.1186/s12885-016-2516-6

Fallah, M., Davoodvandi, A., Nikmanzar, S., Aghili, S., Mirazimi, S.M.A., Aschner, M., et al. (2021) Silymarin (Milk
Thistle Extract) as a Therapeutic Agent in Gastrointestinal Cancer. Biomedicine & Pharmacotherapy, 142, Article
112024. https://doi.org/10.1016/j.biopha.2021.112024

Kim, S., Choo, G., Yoo, E., Woo, J., Han, S., Lee, J., etal. (2019) Silymarin Induces Inhibition of Growth and Apoptosis
through Modulation of the MAPK Signaling Pathway in AGS Human Gastric Cancer Cells. Oncology Reports, 42, 1904-
1914. https://doi.org/10.3892/0r.2019.7295

Wu, T., Liu, W., Guo, W. and Zhu, X. (2016) Silymarin Suppressed Lung Cancer Growth in Mice via Inhibiting Myeloid-
Derived Suppressor Cells. Biomedicine & Pharmacotherapy, 81, 460-467. https://doi.org/10.1016/j.hiopha.2016.04.039

Yassin, N.Y.S., AbouZid, S.F., El-Kalaawy, A.M., Ali, T.M., Almehmadi, M.M. and Ahmed, O.M. (2022) Silybum
Marianum Total Extract, Silymarin and Silibinin Abate Hepatocarcinogenesis and Hepatocellular Carcinoma Growth via
Modulation of the HGF/c-Met, WNT/S-Catenin, and PI3K/Akt/mTOR Signaling Pathways. Biomedicine & Pharma-
cotherapy, 145, Article 112409. https://doi.org/10.1016/j.biopha.2021.112409

Tonnies, E. and Trushina, E. (2017) Oxidative Stress, Synaptic Dysfunction, and Alzheimer’s Disease. Journal of Alz-
heimer’s Disease, 57, 1105-1121. https://doi.org/10.3233/jad-161088

Lee, J., Jo, D., Park, D., Chung, H.Y. and Mattson, M.P. (2014) Adaptive Cellular Stress Pathways as Therapeutic Targets
of Dietary Phytochemicals: Focus on the Nervous System. Pharmacological Reviews, 66, 815-868.
https://doi.org/10.1124/pr.113.007757

Shen, L., Liu, L., Li, X. and Ji, H. (2019) Regulation of Gut Microbiota in Alzheimer’s Disease Mice by Silibinin and
Silymarin and Their Pharmacological Implications. Applied Microbiology and Biotechnology, 103, 7141-7149.
https://doi.org/10.1007/s00253-019-09950-5

Tong, T.C., Hernandez, M., Richardson, W.H., Betten, D.P., Favata, M., Riffenburgh, R.H., et al. (2007) Comparative
Treatment of A-Amanitin Poisoning with N-Acetylcysteine, Benzylpenicillin, Cimetidine, Thioctic Acid, and Silybin in
a Murine Model. Annals of Emergency Medicine, 50, 282-288. https://doi.org/10.1016/j.annemergmed.2006.12.015

Lalani, S., Masomian, M. and Poh, C.L. (2021) Functional Insights into Silymarin as an Antiviral Agent against Entero-
virus A71 (EV-AT1). International Journal of Molecular Sciences, 22, Article No. 8757.
https://doi.ora/10.3390/ijms22168757

Nguyen, T.T., Trinh, N., Tran, H.N., Tran, H.T., Le, P.Q., Ngo, D., et al. (2021) Improving Silymarin Oral Bioavailability
Using Silica-Installed Redox Nanoparticle to Suppress Inflammatory Bowel Disease. Journal of Controlled Release, 331,
515-524. https://doi.org/10.1016/j.jconrel.2020.10.042

Paul, S., Arya, A., Gangwar, A., Bhargava, K. and Ahmad, Y. (2016) Size Restricted Silymarin Suspension Evokes
Integrated Adaptive Response against Acute Hypoxia Exposure in Rat Lung. Free Radical Biology and Medicine, 96,
139-151. https://doi.org/10.1016/j.freeradbiomed.2016.04.020

Vostalova, J., Tinkova, E., Biedermann, D., Kosina, P., Ulrichova, J. and Rajnochova Svobodova, A. (2019) Skin Pro-
tective Activity of Silymarin and Its Flavonolignans. Molecules, 24, Article No. 1022.
https://doi.org/10.3390/molecules24061022

Pientaweeratch, S., Panapisal, V. and Tansirikongkol, A. (2016) Antioxidant, Anti-Collagenase and Anti-Elastase Ac-
tivities of Phyllanthus Emblica, Manilkara Zapota and Silymarin: An in Vitro Comparative Study for Anti-Aging Appli-
cations. Pharmaceutical Biology, 54, 1865-1872. https://doi.org/10.3109/13880209.2015.1133658

Yang, J., Sun, Y., Xu, F., Liu, W., Mai, Y., Hayashi, T., et al. (2018) Silibinin Ameliorates Amylin-Induced Pancreatic
B-Cell Apoptosis Partly via Upregulation of GLP-1R/PKA Pathway. Molecular and Cellular Biochemistry, 452, 83-94.
https://doi.org/10.1007/s11010-018-3414-9

Liu, P., Cui, L., Liu, B., Liu, W., Hayashi, T., Mizuno, K., et al. (2020) Silibinin Ameliorates STZ-Induced Impairment
of Memory and Learning by Up-Regulating Insulin Signaling Pathway and Attenuating Apoptosis. Physiology & Behav-
ior, 213, Article 112689. https://doi.org/10.1016/j.physbeh.2019.112689

DOI: 10.12677/jcpm.2024.34293 2082 I RS PR = 25


https://doi.org/10.12677/jcpm.2024.34293
https://doi.org/10.1016/j.phymed.2022.154014
https://doi.org/10.1002/ejhf.1320
https://doi.org/10.1007/s12012-013-9227-x
https://doi.org/10.1186/s12885-016-2516-6
https://doi.org/10.1016/j.biopha.2021.112024
https://doi.org/10.3892/or.2019.7295
https://doi.org/10.1016/j.biopha.2016.04.039
https://doi.org/10.1016/j.biopha.2021.112409
https://doi.org/10.3233/jad-161088
https://doi.org/10.1124/pr.113.007757
https://doi.org/10.1007/s00253-019-09950-5
https://doi.org/10.1016/j.annemergmed.2006.12.015
https://doi.org/10.3390/ijms22168757
https://doi.org/10.1016/j.jconrel.2020.10.042
https://doi.org/10.1016/j.freeradbiomed.2016.04.020
https://doi.org/10.3390/molecules24061022
https://doi.org/10.3109/13880209.2015.1133658
https://doi.org/10.1007/s11010-018-3414-9
https://doi.org/10.1016/j.physbeh.2019.112689

KA 4G

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

Wang, H., Li, Y., Li, A, Yan, F, Li, Z., Liu, Z., et al. (2017) Erratum to: Forskolin Induces Hyperphosphorylation of
Tau Accompanied by Cell Cycle Reactivation in Primary Hippocampal Neurons. Molecular Neurobiology, 55, 707-708.
https://doi.org/10.1007/s12035-017-0415-8

Bartoli, M., Abouhish, H., Jadeja, R., et al. (2022) Anti-Senescence Properties of the Flavone Silymarin in the Diabetic
Retina Involve Direct Inhibition of the Histone Deacetylase 6 (HDACS). Investigative Ophthalmology & Visual Science,
63, Article No. 4117.

Peng, H., Sun, Y., Hao, J., Lu, C., Bi, M. and Song, E. (2019) Neuroprotective Effects of Overexpressed Microrna-200a
on Activation of Glaucoma-Related Retinal Glial Cells and Apoptosis of Ganglion Cells via Downregulating Fgf7-Me-
diated MAPK Signaling Pathway. Cellular Signalling, 54, 179-190. https://doi.org/10.1016/j.cellsig.2018.11.006

Shen, Y., Zhao, H., Wang, Z., Guan, W., Kang, X., Tai, X., et al. (2019) Silibinin Declines Blue Light-Induced Apoptosis
and Inflammation through MEK/ERK/CREB of Retinal Ganglion Cells. Artificial Cells, Nanomedicine, and Biotechnol-
ogy, 47, 4059-4065. https://doi.org/10.1080/21691401.2019.1671430

Abrass, C.K. (1995) Diabetic Nephropathy. Mechanisms of Mesangial Matrix Expansion. Western Journal of Medicine,
162, 318-321.

RO, BCEE T, K RET R EEHI[I]. LR B4, 2006, 46(2): 57.

FRIF, Fos, &, & K KA AEYZED) R K FEAE BP0l A i S 7T R[], shdE 7= %4k, 2021, 33(9):
4882-4889.

HIPET, W, SCHE, SR TR INK T ZN o w B AR AR KRR L TR s AU B AT B A B T I RE T [J].
K= 2£4R, 2016, 40(9): 1309-1320.

XU, XUERHS, 2R, 25 K CHETZET R miR-124-3p/WEEL 452 m I 5T 8 40 i % v A= K B ML BT 72 [J].
E e RER %54, 2024, 53(2): 142-148.

RANR, KoK, BREM, S K ETRIBCE Z FOOUNG ¥ AL B SRS P 0 T I R 28], 5 F I 4%
£, 2005, 8(5): 269-271.

P, B, WK, S KR TR IE B IR R I R AE AR LRI AT R[] TP E 25, 2023, 34(7):
887-891.

S, BORBG TRIR ML, S SOMH RO A 1 I RE K BRI R R K TR R IR B[] JERH 2R R A AR,
2001, 18(2): 113-115.

W, U, MRS T, . KTRETTEVR T IS M I b B ik e (3], Hh IR PR 2538 22 SR JT %, 2019, 24(5): 573-
579.

Suguro, R., Pang, X., Yuan, Z., Chen, S., Zhu, Y. and Xie, Y. (2020) Combinational Applicaton of Silybin and Tangeretin

Attenuates the Progression of Non-Alcoholic Steatohepatitis (NASH) in Mice via Modulating Lipid Metabolism. Phar-
macological Research, 151, Article 104519. https://doi.org/10.1016/j.phrs.2019.104519

Federico, A., Dallio, M., Masarone, M., Gravina, A.G., Di Sarno, R., Tuccillo, C., et al. (2019) Evaluation of the Effect
Derived from Silybin with Vitamin D and Vitamin E Administration on Clinical, Metabolic, Endothelial Dysfunction,
Oxidative Stress Parameters, and Serological Worsening Markers in Nonalcoholic Fatty Liver Disease Patients. Oxida-
tive Medicine and Cellular Longevity, 2019, 1-12. https://doi.org/10.1155/2019/8742075

Grasselli, E., Baldini, F., Vecchione, G., Oliveira, P., Sardo, V., Voci, A., et al. (2019) Excess Fructose and Fatty Acids
Trigger a Model of Non-Alcoholic Fatty Liver Disease Progression in Vitro: Protective Effect of the Flavonoid Silybin.
International Journal of Molecular Medicine, 44, 705-712. https://doi.org/10.3892/ijmm.2019.4234

DOI: 10.12677/jcpm.2024.34293 2083 I RS PR = 25


https://doi.org/10.12677/jcpm.2024.34293
https://doi.org/10.1007/s12035-017-0415-8
https://doi.org/10.1016/j.cellsig.2018.11.006
https://doi.org/10.1080/21691401.2019.1671430
https://doi.org/10.1016/j.phrs.2019.104519
https://doi.org/10.1155/2019/8742075
https://doi.org/10.3892/ijmm.2019.4234

	水飞蓟素防治代谢综合征的作用机制研究进展
	摘  要
	关键词
	Research Progress on the Mechanism of Silymarin in Preventing and Treating Metabolic Syndrome
	Abstract
	Keywords
	1. 引言
	2. 水飞蓟的主要化学成分
	3. 水飞蓟素在防治MS中体现的保健功能
	3.1. 调血脂
	3.2. 改善血糖水平
	3.3. 抗动脉粥样硬化
	3.4. 抗肿瘤作用

	4. 水飞蓟素在防治MS中的药理靶点及作用机制
	4.1. 改善氧化应激
	4.2. 改善胰岛素抵抗(IR)
	4.3. 肥胖
	4.4. 保护血管内皮
	4.5. 改善肠道菌群
	4.6. 抑制血小板聚集
	4.7. 抑制炎症因子表达

	5. 总结与展望
	基金项目
	参考文献

