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Supplementary Table 1 Plant sources, pharmacological activity and potential mechanism of silibinin.

Compounds Models Sources Molecular mechanisms Pharmacological effects References

C57BL/6 male mice fed with HFD
↓Adipose tissue inflammation and adipocyte hypertrophy; ↓weight gain and 

obesity development; ↑glucose homeostasis
Anti-inflammatory (1)

Male SD rats fed with HFD
↓Serum fat; ↓HOMA-IR; ↑ITT slope; ↓visceral fat; ↑lipolysis, ↑ATGL; 

↓gluconeogenesis; ↓FoxO1, PEPCK, and glucose-6-phosphatase

Regulate insulin resistance in the 

liver with non-alcoholic fatty liver
(2)

Human hepatoblastoma HepG2 cells ↓PCSK9 promoter; ↓phosphorylation of the p38 MAPK signaling pathway Treat hypercholesterolemia (3)

HFD/STZ-induced T2DM rats; Rat 

pancreatic β-cell line INS-1

↓Fasting blood glucose; ↑serum insulin; ↑ERα, Nrf2, HO-1 (pancreatic β-cells in 

pancreatic islets); ↓ROS; ↑Nrf2-antioxidative pathways
Antidiabetic (4)

Silibinin

HFD/STZ-induced diabetic SD rats

Milk thistle 

(Silybum 

marianum 

(L.) 

Gaertn.)

↓Fasting blood glucose; ↑GLP1R(duodenum); ↑activation of neurons in NTS; 

↓glucose production (hepatic); ↑Gut-Brain-Liver Axis

Improve diabetes-impaired glycemic 

control
(5)

Supplementary Table 2 Plant sources, pharmacological activity and potential mechanism of genistein.

Compounds Models Sources Molecular mechanisms Pharmacological effects References

Female ovariectomized SD rats fed 

with an HFHF diet

↓Hepatic lipid accumulation, oxidative stress, and hepatocyte apoptosis; 

↓PPARγ; ↑adiponectin
Treat NASH (6)

3T3-L1 preadipocyte

obese mice
↑Lipid decomposition; ↓miR-222 (adipose tissue); ↓BTG2 and adipor1 Against obesity (7)

3T3-L1 preadipocytes
↓Lipid accumulation; ↓PPARγ, C/EBPα, aP2/FABP4; ↓ACL, ACC1, FAS; 

↑AMPKα; ↓SREBP-1c

Anti-adipogenic and anti-

lipogenic
(8)

HFD-induced obesity mice
↓MGO (plasma and liver); ↓AGEs(kidney); ↑MGO detoxification pathways; 

↓AGE/RAGE pathway
Anti-obesity and anti-glycation (9)

Genistein

MIN6 cells

Soybean, 

Soy

↑cAMP; ↓phosphodiesterase; ↑calcium ↑Insulin release (10)



Supplementary Table 3 Plant sources, pharmacological activity and potential mechanism of C3G.

Compounds Models Sources Molecular mechanisms Pharmacological effects References

THP-1 cell ↓TNF-α, ↓IL-6; ↓p-IκBα, ↓NF-κB (11)

high-glucose (HG)-stimulated HK-2 cells
↑TC efflux; ↑ABCA1; ↑PPARα; ↑LXRα; ↓ICAM1; ↓MCP1; 

↓TGFβ1; ↓NFκB; ↓LXRα pathway
(12)

3T3-L1 hypertrophic adipocytes exposed to PA; 

SGBS human adipocytes

↓Lipid accumulation, PPARγ pathway and NF-κB pathway; 

↑insulin sensitivity; ↑IRS-1/PI3K/Akt pathway; ↑adiponectin 

mRNA

Anti-inflammatory effect

(13)

KK-Ay mice
↓Blood glucose; ↑insulin sensitivity; ↑Glut4; ↓RBP4; ↓MCP-1, 

TNFα

Ameliorates hyperglycemia and 

insulin sensitivity
(14)

MIN6N pancreatic β-cells
↓Intracellular ROS; ↓DNA fragmentation; ↓rate of apoptosis; 

↓pancreatic β-cell apoptosis; ↑insulin secretion
Prevention of diabetes (15)

Male C57BL/6J obese mice fed a HFD; genetic 

diabetic db/db mice

↓Fasting glucose; ↑insulin sensitivity; ↓WAT; ↓TNF-α, IL-6, 

MCP-1; ↓macrophage infiltration (adipose tissue); ↓hepatic TG 

content and steatosis; ↓JNK activation; ↑phosphorylation and 

nuclear exclusion of FoxO1

Antidiabetic effects (16)

Patients with T2DM; db/db mice; 3T3 adipocytes

↑Endothelium-dependent relaxation of the aorta; ↑adiponectin 

expression and secretion; ↑FoxO1; ↑FMD; ↑adiponectin (serum); 

↑cAMP-PKA-eNOS signaling pathways; ↑endothelial NO 

bioavailability

Protects against diabetes-related 

endothelial dysfunction
(17)

3T3-L1 adipocytes

↑Increased multilocular LDs and mitochondrial content; ↑TFAM, 

SOD2, UCP-1, and UCP-2; ↑UCP-1; ↑CITED1 and TBX1; 

↑preadipocyte differentiation; ↑C/EBPβ; ↑cAMP

Anti-obesity effects (18)

Cyanidin-3-

glucoside (C3G)

Female KK-Ay mice

Mulberry fruits; 

black soybean; 

blueberry; grape; 

purple corn color

↓obesity, accumulation of fat (visceral adipose and liver tissues), Improves obesity and (19)



TG (plasma); ↑pAMPK (skeletal muscle and visceral adipose); 

↑LPL (plasma and skeletal muscle); ↓LPL (visceral adipose)

triglyceride metabolism

Obese db/db mice

↑Energy expenditure; ↓weight gain; ↓hepatic steatosis; ↑cold 

tolerance; ↑BAT activity; ↑transcription of UCP1; 

↑mitochondrial number and function

Prevent and control obesity (20)

HepG2 cells

↑AMPK; induce ACC phosphorylation and inactivation; 

↓malonyl CoA; ↑CPT-1; ↑fatty acid oxidation; AMPK-dependent 

signaling pathway

Prevent and treat NFLD (21)

Supplementary Table 4 Plant sources, pharmacological activity and potential mechanism of Phenolic acids.

Compounds Models Sources Molecular mechanisms Pharmacological effects References

C57BL/6 mice fed with HFD

↓Visceral fat mass, plasma GOT and GPT levels, FAS activity, and 

FFA; ↓TG and TC (plasma and liver); ↓cholesterol biosynthesis; 

↓lipogenesis; ↑p -AMPK; ↓acetyl carboxylase; ↓lipogenic enzymes 

and hepatic lipid accumulation

Prevent Hyperlipidemia and 

Obesity
(22)

HUVEC; THP-1 Monocytes

↓VCAM-1, ICAM-1, and E-selectin and monocyte expression of β1, 

β2, and α4 integrins; ↓THP-1 cell adhesion on activated endothelium; 

↓IL-8 production and TLR4 induction; ↓NF-κB signaling

Preventing obesity-associated 

atherosclerosis.
(23)

endothelial dysfunction induced 

by HG in HUVECs

↑Nrf2/EpRE pathway; ↓nuclear translocation of NF-κB, endothelial 

adhesion molecule 1

Treat inflammation and 

oxidative stress
(24)

high fat diet-induced obese mice; 

AML12 cells

↓Lipid accumulation and lipogenesis markers; ↓ER stress markers; 

↑autophagy markers; ↓Lipid accumulation (liver); ↑Glucose 

intolerance and insulin 2 sensitivity

Ameliorates hepatic steatosis 

and decreased ER stress
(25)

YPEN-1 cells ↓COX-2; ↓NF-κB targeting gene; c-Src/ERK and NIK/IKK pathways Anti-inflammatory (26)

Caffeic acid

STZ-induced diabetic rats

Coffee

↓Renal damage; ↓fasting blood glucose, TC and TG; ↓miR- Treat DN (27)



636(kidney)

Endothelial cells

↓Glucose uptake; ↓actin rearrangement and FITC-dextran passage; 

↓caspase 8 and 9; ↓caspase 7 and 3; ↑p-Bcl-2; ↓p65 subunit nuclear 

levels; ↓NF-κB signaling pathway

Treat T2DM (28)

C57BL/KsJ-db/db Mice

↓Blood glucose and glycosylated hemoglobin; ↑plasma insulin, C-

peptide, and leptin; ↓plasma glucagon; ↑glucokinase and glycogen; 

↓G6Pase and PEPCK; ↓GLUT2 expression (liver); ↑GLUT4 

(adipocyte); ↑SOD, CAT, and GSH-Px; ↓hydrogen peroxide and 

TBARS (erythrocyte and liver)

Antihyperglycemic and 

Antioxidant Properties
(29)

Carrageenan-induced acute 

inflammation in adult male albino 

rats

↓MDA; ↓NO; ↓IL-1β; ↓TNF-α; ↓NF-κB; ↑IL-10 Anti-inflammation (30)

THP-1 cells; CCD-18Co
↓Colon fibroblast migration; ↓monocyte adhesion to fibroblasts; 

↓PGE2, PAI-1, and IL-8

Improve the inflammatory 

response of colon fibroblasts
(31)

HFD/STZ-induced T2DM Wistar 

albino rats; rat NRK 52E 

proximaltubular epithelial cells

↓Renal dysfunction and oxidative stress; ↓NF-κB; ↓TGF-β; 

↓fibronectin; ↓IL-1β, IL-6 and TNF-α; ↓NF-κB pathway
Treat diabetic nephropathy (32)

3T3-L1 murineadipocytes and 

RAW 264.7 macrophages

↓TNFα and CCL-2 macrophage secretion, ↓CCL-2 adipocyte 

secretion; ↓IL-6
Anti-inflammatory (33)

Colon cancer induced by 1,2-

dimethylhydrazine in Male Wistar 

albino rats

↓NF-κB, COX-2, iNOS, TNF-a and IL-6 Anti-cancer (34)

Nicotine-induced toxicity in rat 

peripheral blood lymphocytes

↑SOD, CAT and GPx; ↑GSH, Vitamins A, E and C; ↑lipid 

peroxidative index, severity in DNA damage and micronuclei number
Antioxidant (35)

Ellagic acid

HaCaT

Pomegranate

↑HaCaT cell viability; ↓ROS; ↓MDA; ↓DNA damage; ↓apoptosis of 

HaCaT cells; ↓DNA fragmentation; ↓mitochondria function; ↑ER 
Antioxidant (36)



stress; ↑caspase-3; ↓Bcl-2/Bax; ↑HO-1 and SOD; ↓Keap1; ↑nuclear 

translocation and transcriptional activation of Nrf2

3T3-L1 adipocytes; RAW 264.7 

macrophages; Diet-induced obese 

mice

↑Adipocyte differentiation; ↓MCP-1; ↑adiponectin, upstream 

mediator PPARγ; ↓inflammatory mediator expression; ↓TC (serum); 

↓adipocyte size; ↑insulin sensitivity; ↓IL-6, iNOS, COX-2, F4/80, and 

SREBP-1(adipose tissue)

Treat insulin resistance and 

dyslipidemia
(37)

Diabetic rats
↓TC, TG, VLDL-c, TNF-α, blood glucose, HDL-c, MDA, TAC and 

IL-6; ↑miR-126, miR -24

Improve inflammation, 

oxidative stress and 

hypotension

(38)

Type 2 diabetic rats ↓TNF-α; ↑PPARγ and adiponectin Antidiabetic action (39)

REF cells and pancreatic islet cells
↓β-galactosidase activity; ↓ROS; ↑FARP, thiol; ↓TNF-α, IL-1β and 

NF-Κb; ↓G0/G1 phase; ↑function of the β cells; ↓caspase-9 activity

Anti-aging and antidiabetic 

effects
(40)

3T3-L1 preadipocytes; db/db 

mice; fructose administered rats
↑C/EBPs, PPAR-γ, Glut4 translocation; ↑PPAR-γ and Akt signaling Antidiabetic potential (40)

Mouse model of HFD-and STZ-

induced NAFLD and diabetes

↓blood glucose; ↓progression of NAFLD; ↑β-oxidation and 

ketogenesis
Treat MS (41)

Swiss male mice fed with HFD ↑SIRT1 (brown adipose tissue)

Improve body metabolism, 

glucose homeostasis and 

increase thermogenesis

(42)

Swiss male mice fed with HFD ↓liver steatosis, body weight and plasma insulin; ↓ACC and FAS Prevent liver diseases (43)

STZ induced DN model

↓creatinine and blood urea nitrogen(plasma); ↑protein and albumin; 

↑creatinine clearance

↓oxidative stress (kidney tissues); ↓circulating and tissue levels of 

TGF-β1

Treat DN (44)

Gallic acid

Mouse 3T3-L1 cells

Gallnuts; grapes; tea leaves; oak 

bark; blackberry and 

pomegranates; Pomegranate 

Flower; Berries; fruits; grapes; 

Emblica officinalis; Teas; pequi 

(Caryocar brasiliense Camb.); 

wine; Terminalia bellirica

↑adiponectin; ↑adipocyte differentiation Treat MS (45)



Supplementary Table 5 Plant sources, pharmacological activity and potential mechanism of Tannin.

Compounds Models Sources Molecular mechanisms Pharmacological effects References

3T3-L1 cells ↓Adipogenesis, inflammation; ↓lipids accumulation; ↓PPARγ, 

C/EBPα, SREBP-1; ↓MAPKs; ↓ACC, FAS, and SCD-1; ↓IL-6 

and MCP-1; ↓MAPKs and NF-κB activation

Treat chronic inflammation (46)

HFD-induced mouse model of 

NAFLD

↓Liver steatosis, andleukocyte infiltration; ↓TG and glucose 

(serum); ↓mRNA expression of Hmgcr, Acc1, Abca1, Mttp, 

and Cd36 (livers); ↓CD36 pro; ↓hepatic steatosis

Treat NAFLD (47)

3T3-L1 adipocytes

Genetically diabetic db/db 

mice 

obese ob/ob mice

↓p-IR, p-Akt; ↑PI 3-kinase; ↑membrane translocation of GLUT 

4; ↓blood glucose; ↑insulin-mediated glucosetransport 

signaling pathway

Anti-diabetic and anti-MS (48)

1,2,3,4,6-penta-O-galloyl-β-D-

glucose

HFD-induced diabetes in 

C57BL/6 mice

Radix Paeoniae Alba;

Rhus chinensis Mill.; Schinus 

terebinthifolius; Paeonia 

lactiflora; Spirogyra varians; 

Mangifera indica; 

Lagerstroemia speciosa 

(banaba); Mangifera indica

↓11β-HSD-1 (liver and adipose tissue) Antidiabetic (49)

HFD-fed mice

3T3-L1 cells

RAW264.7 cells

↓Lipid accumulation, inflammatory responses; ↓NF-κB; 

↑Nrf2/Keap1 signaling pathway

Control obesity-mediated 

diseases

(50)

hyperlipidemic mice

HepG2 cells

↓Lipids and liver damage markers (serum); ↓lipid 

accumulation(liver); ↓hepatic oxidative stress; ↑Nrf2-mediated 

antioxidant pathway; ↑mitochondrial complex 

activities(hepatic); ↑mitochondrial DNA copy number; ↑PGC-

1α-mediated mitochondrial biogenesis pathway; 

↑mitochondrial fusion-related proteins; ↓TG and TC; ↑Nrf2 

and mitochondrial biogenesis pathways

Improves hepatic lipid 

metabolism

(51)

Punicalagin

HepG2 cells

Pomegranate (Punica 

granatum)

↑Keap1-Nrf2 cytoprotective signaling pathway; Treat NAFLD (52)



↓mitochondrial membrane potential lost, ATP depletion, and 

ROS; ↑hepatocyte viability; ↓mitochondria-mediated caspase-

dependent apoptosis; ↑phosphorylation of extracellular signal 

regulated kinase; ↑Nrf2 nuclear translocation and target genes 

induction

mice model for diabetes 

induced by HFD/STZ

↓TXNIP/NLRP3 Pathway; ↓BUN, CREA, UACR; ↓pyroptosis

↓IL-1β, caspase-1, GSDMD, NLRP3; ↓NOX4; ↓mitochondria 

damage; ↓dissociation of Trx and TXNIP; ↓suppression of 

NLRP3 inflammasome activation

Protects DN (53)

HFD-induced obesity rats

cardiomyocytes

↓TG and TC (hearts); ↓myocardial damage; ↑AMPK pathway; 

↑mitochondrial biogenesis, prevent mitochondrial loss; ↑phase 

II enzymes (hearts); ↓oxidative stress; ↓cellular ATP/ADP ratio 

(cardiomyocytes)

Prevent cardiac metabolic 

disorders

(54)

WD-fed mice ↓Fat content; ↓alanine transaminase; ↓inflammation (liver); 

↓adiponectin signaling and lipid metabolism (visceral adipose 

tissue); ↑gut barrier function

Treat NAFLD (55)

STZ/HFD induced diabetic 

mice; glucosamine-induced 

HepG2 cells

HG-induced HK-2 cells

↓gluconeogenesis; ↑glycogenesis; ↓PI3K/AKT signaling 

pathway; ↑HMGB-1/TLR4/NF-κB signaling pathway

Hypoglycemic effects (56)

HepG2 cells ↓LDs and perilipin 2 Treat hepatic steatosis (57)



Supplementary Table 6 Plant sources, pharmacological activity and potential mechanism of another non-flavonoid.

Compounds Models Sources Molecular mechanisms Pharmacological effects References

Mice fed with HFD; 3T3-L1 

adipocyte

↑Apoptosis (3T3-L1); ↓adipokine-induced angiogenesis of HUVECs; ↓body 

weight gain, adiposity, and microvessel density in adipose tissue; ↓VEGF, 

VEGFR-2; ↑p-AMPK; ↓GPAT-1; ↑CPT-1; ↑oxidation; ↓fatty acid 

esterification; ↓TC (serum); ↓PPARγ and C/EBP-α

prevent obesity (58)

Mice fed with MCD diet ↓Activation of NF-κB; ↓ICAM-1, COX-2 and MCP-1 Treat hepatic inflammation (59)

Mice models of STZ-induced by 

MCD

↓TNF-α, IL-6; ↑PPAR-γ; ↓NF-κB anti-inflammatory (60)

HFD-induced obese and leptin-

deficient ob/ob male C57BL/6J mice

↓Macrophage infiltration (white adipose tissue); ↑adiponectin (adipose tissue); 

↓hepatic NF-κB activity, hepatomegaly, and markers of hepatic inflammation

Treat inflammatory and 

metabolic derangements

(61)

MCD diet mice ↓Fat accumulation and hepatic injury; ↓hepatic inflammation; ↓dependence of 

O-GlcNAcylation on NF-κB; ↑SOD1, SIRT1; ↓O-GlcNAcylation pathway

Treat NAFLD (62)

STZ-induced diabetic mice model ↓Hyperglycemia/glucose intolerance, hypoinsulinemia, and damage of 

pancreatic islets; ↑islet regeneration/insulin secretion; ↓pancreatic lipid-

peroxidation; ↑antioxidant enzymes; ↓TNF-α and IL-1β

antioxidant and anti-

inflammatory effects

(63)

Fructose-fed rats ↓insulin and leptin; ↑p-IR and p-IRS1; ↑Akt, ERK1/2; ↑p-JAK 2; ↓SOC3; 

↑PPARα; ↓VLDL, TG; ↓PTP1B

Treat hepatic steatosis (64)

Human hepatoma HepG2 cells ↓Lipid accumulation, TG and TC; ↓SREBP-1, and FAS; ↑PPARα; ↑p-AMPK 

(hepatocytes)

Prevent fatty liver (65)

Curcumin

MCD-induced-nonalcoholic 

steatohepatitis mice model

human HSCs

Curcuma longa 

(turmeric)

↓ALT (serum); ↓necro-inflammation; ↓oxidative stress(hepatic); ↓Fibrosis; 

↓MCP-1, CD11b, procollagen type I and TIMP-1; ↓α-smooth muscle-actin; 

↓ROS

antifibrotic (66)

Hydroxytyrosol HFD-induced diabetic mouse 

model; db/db diabetic mouse model

Olive oil ↓SREBP-1c/FAS pathway; ↓lipid deposits; ↑antioxidant enzyme activities; 

↓apoptosis activation; ↓mitochondrial carbonyl protein, ↑mitochondrial 

Prevent MS (67)



complex activities; Db/db; ↓fasting glucose; ↓serum lipid; ↓oxidation levels of 

lipids and proteins; ↓muscle mitochondrial carbonyl protein; ↑mitochondrial 

complex activities

The aorta of male Lewis rats Protect the aorta against relaxation impairment; ↓OH• antioxidant (68)

Mouse peritoneal macrophages ↓iNOS; ↓nitric oxide; ↑TNF-α Anti-inflammation (69)
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