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                    Abstract
Hepatoprotective effects of natural compounds have been frequently attributed to their antioxidant properties and the ability to mobilize endogenous antioxidant defense system. Because of involvement of oxidative stress in virtually all mechanisms of liver injury, it is a reasonable presumption that antioxidant properties of these compounds may play a key role in the mechanism of their hepatoprotective activity. Nevertheless, growing evidence suggests that other pharmacological activities of natural compounds distinct from antioxidant are responsible for their therapeutic effects. In this review, we discussed currently known molecular mechanisms of the hepatoprotective activity of 27 most intensively studied phytochemicals. These compounds have been shown to possess anti-inflammatory, antisteatotic, antiapoptotic, cell survival and antiviral activity through interference with multiple molecular targets and signaling pathways. Additionally, antifibrotic properties of phytochemicals have been closely associated with apoptosis of hepatic stellate cells and stimulation of extracellular matrix degradation. However, although these compounds exhibit a pronounced hepatoprotective effects in animal and cell culture models, the lack of clinical studies remains a bottleneck for their official acceptance by medical experts and physicians. Therefore, controlled clinical trials have an imperative in confirmation of the therapeutic activity of potentially hepatoprotective compounds. Understanding the principles of the hepatoprotective activity of phytochemicals could guide future drug development and help prevention of clinical trial failure. Also, the use of new delivery systems that enhances bioavailability of poorly water soluble compounds may improve the results already obtained. Most importantly, available data suggest that phytochemicals possess a various degree of modulation of specific signaling pathways, pointing out a need for usage of combinations of several hepatoprotective compounds in both experimental studies and clinical trials.
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	4E-BP:
	
                    eIF4E-binding protein

                  
	A2AR:
	
                    Adenosine A2A receptor

                  
	AA:
	
                    Arachidonic acid

                  
	ABC:
	
                    ATP-binding cassette transporter

                  
	ACAT:
	
                    Acyl-CoA:cholesterol acyltransferase

                  
	ACC:
	
                    Acetyl-CoA carboxylase

                  
	ACE:
	
                    Angiotensin-converting enzyme

                  
	ACOX:
	
                    Acyl-coenzyme A oxidase

                  
	ACS:
	
                    Acetyl-CoA synthetase

                  
	AdipoR:
	
                    Adiponectin receptor

                  
	AhR:
	
                    Aryl hydrocarbon receptor

                  
	AIF:
	
                    Apoptosis-inducing factor

                  
	AKR:
	
                    Aldo–keto reductase

                  
	ALT:
	
                    Alanine transaminase

                  
	AMPK:
	
                    5′ AMP-activated protein kinase

                  
	Ang:
	
                    Angiotensin

                  
	AP:
	
                    Activator protein

                  
	aP:
	
                    Adipocyte fatty acid-binding protein

                  
	Apaf:
	
                    Apoptotic protease-activating factor

                  
	AR:
	
                    Amphiregulin

                  
	ARE:
	
                    Antioxidant response element

                  
	ARNT:
	
                    Aryl hydrocarbon nuclear translocator

                  
	ASC:
	
                    Apoptosis-associated speck-like protein containing a carboxy-terminal CARD

                  
	ASK:
	
                    Apoptosis signal-regulating kinase

                  
	AT1R:
	
                    Angiotensin II type 1 receptor

                  
	ATF:
	
                    Activating transcription factor

                  
	BA:
	
                    Bile acid

                  
	Bambi:
	
                    Bone morphogenetic protein and activin membrane-bound inhibitor

                  
	Bax:
	
                    Bcl-2-associated X protein

                  
	Bcl-2:
	
                    B-cell lymphoma 2

                  
	BDL:
	
                    Common bile duct ligation

                  
	Bid:
	
                    Bcl-2 homology 3 (BH3) interacting-domain death agonist

                  
	Bim:
	
                    Bcl-2-interacting mediator of cell death

                  
	BiP:
	
                    Immunoglobulin binding protein

                  
	C/EBP:
	
                    CCAAT/enhancer-binding protein

                  
	CAMKK:
	
                    Ca2+-calmodulin dependent protein kinase kinase

                  
	cAMP:
	
                    Cyclic adenosine monophosphate

                  
	casp:
	
                    Caspase

                  
	CAT:
	
                    Catalase

                  
	CBR:
	
                    Cannabinoid receptor type

                  
	CD:
	
                    Cluster of differentiation

                  
	Cdk:
	
                    Cyclin-dependent kinase

                  
	c-FLIP:
	
                    (FADD-like IL-1β-converting enzyme)-inhibitory protein

                  
	CHOP:
	
                    C/EBP homologous protein

                  
	cIAP:
	
                    Cellular inhibitor of apoptosis

                  
	CPT:
	
                    Carnitine palmitoyltransferase

                  
	CREB:
	
                    CAMP-response element-binding protein

                  
	CRP:
	
                    C-reactive protein

                  
	CTGF:
	
                    Connective tissue growth factor

                  
	Cx43:
	
                    Connexin 43

                  
	CXCR:
	
                    Chemokine (CXC motif) receptor

                  
	CXCL:
	
                    Including chemokine (C-X-C motif) ligand

                  
	CYP:
	
                    Cytochrome P450

                  
	DAG:
	
                    Diacylglycerol

                  
	DEN:
	
                    Diethyl nitrosamine

                  
	DGAT:
	
                    Diacylgycerol acyltransferase

                  
	ECM:
	
                    Extracellular matrix

                  
	EGF:
	
                    Epidermal growth factor

                  
	EGFR:
	
                    EGF receptor

                  
	EGR:
	
                    Early growth response protein

                  
	eIF:
	
                    Eukaryotic initiation factor

                  
	EMR:
	
                    EGF-like module-containing mucin-like hormone receptor

                  
	eNOS:
	
                    Endothelial nitric oxide synthase

                  
	ER:
	
                    Endoplasmic reticulum

                  
	ERK:
	
                    Extracellular regulated kinase

                  
	ESR:
	
                    Estrogen receptor

                  
	ET:
	
                    Endothelin

                  
	FA:
	
                    Fatty acid

                  
	FABP:
	
                    Fatty acid-binding protein

                  
	FADD:
	
                    Cellular Fas-associated death domain

                  
	FAK:
	
                    Focal adhesion kinase

                  
	FAS:
	
                    Fatty acid synthase

                  
	FasL:
	
                    Fas ligand

                  
	FATP:
	
                    Fatty acid transport protein

                  
	FOXO:
	
                    Forkhead box protein O

                  
	FXR:
	
                    Farnesoid X receptor

                  
	GalN:
	
                    
                                 d-Galactosamine

                  
	GCLC:
	
                    Glutamate-cysteine ligase, catalytic subunit

                  
	GJIC:
	
                    The gap junctional intercellular communication

                  
	GLI:
	
                    Glioma-associated oncogenes

                  
	GPx:
	
                    Glutathione peroxidase

                  
	GR:
	
                    Glutathione reductase

                  
	GRP78:
	
                    78 kDa glucose-regulated protein

                  
	GSH:
	
                    Glutathione

                  
	GSK:
	
                    Glycogen synthase kinase

                  
	GST:
	
                    Glutathione-S-transferase

                  
	H2O2
                           :
	
                    Hydrogen peroxide

                  
	HAV:
	
                    Hepatitis A virus

                  
	HBeAg:
	
                    Hepatitis B e antigen

                  
	HBsAg:
	
                    HBV surface antigen

                  
	HBV:
	
                    Hepatitis B virus

                  
	HCC:
	
                    Hepatocellular carcinoma

                  
	HCMV:
	
                    Human cytomegalovirus

                  
	HCV:
	
                    Hepatitis C virus

                  
	HDAC:
	
                    Histone deacetylase

                  
	HFD:
	
                    High-fat diet fed

                  
	HGF:
	
                    Hepatocyte growth factor

                  
	HIF:
	
                    Hypoxia-inducible factor

                  
	HMGB:
	
                    High-mobility group protein box

                  
	HMGCR:
	
                    HMG-CoA reductase

                  
	HNF:
	
                    Hepatocyte nuclear factor

                  
	HO:
	
                    Heme oxygenase

                  
	HSCs:
	
                    Hepatic stellate cells

                  
	HSL:
	
                    Hormone-sensitive lipase

                  
	ICAM:
	
                    Intracellular adhesion molecule

                  
	IFN:
	
                    Interferon

                  
	IGF:
	
                    The insulin growth factor

                  
	IGF-1R:
	
                    IGF 1 receptor

                  
	IKK:
	
                    IkappaB kinase

                  
	IL:
	
                    Interleukin

                  
	iNOS:
	
                    Inducible nitric oxide synthase

                  
	IP3
                           :
	
                    Inositol 3-phosphate

                  
	IR:
	
                    Insulin receptor

                  
	IRAK:
	
                    IL-1R-associated kinase

                  
	IRE:
	
                    Inositol-requiring enzyme

                  
	IRES:
	
                    Internal ribosome entry site

                  
	IRF:
	
                    IFN regulatory factor

                  
	IRS:
	
                    IR substrate

                  
	IκBα:
	
                    IkappaBalpha

                  
	JAK:
	
                    Janus-activated kinase

                  
	JNK:
	
                    c-Jun N-terminal kinase

                  
	Keap:
	
                    Kelch-like ECH-associated protein

                  
	KLF:
	
                    Krueppel-like factor

                  
	LC3:
	
                    Microtubule-associated protein light chain 3

                  
	LDL:
	
                    Low-density lipoprotein

                  
	LDLR:
	
                    LDL receptor

                  
	LKB:
	
                    Liver kinase B

                  
	LPS:
	
                    Lipopolysaccharide

                  
	LXR:
	
                    Liver X receptor

                  
	MAPK:
	
                    Mitogen-activated protein kinase

                  
	MCP:
	
                    Monocyte chemoattractant protein

                  
	MD:
	
                    Myeloid differentiation factor

                  
	Mdm2:
	
                    Mouse double minute 2 homolog

                  
	MDR:
	
                    Multidrug resistance protein

                  
	MEK:
	
                    Mitogen-activated protein/extracellular signal-regulated kinase kinase

                  
	MKK:
	
                    Mitogen-activated protein kinase kinase

                  
	MMP:
	
                    Matrix metalloproteinase

                  
	MRP:
	
                    Multidrug resistance protein

                  
	mTOR:
	
                    Mammalian target of rapamycin

                  
	MT:
	
                    Metallothionein

                  
	MTTP:
	
                    Microsomal triglyceride transfer protein

                  
	MyD:
	
                    Myeloid differentiation factor

                  
	MYPT:
	
                    Myosin phosphatase target subunit

                  
	NAFLD:
	
                    Nonalcoholic fatty liver disease

                  
	NALP:
	
                    NACHT, LRR and PYD domains-containing protein

                  
	NAMPT:
	
                    Nicotinamide phosphoribosyltransferase

                  
	NASH:
	
                    Nonalcoholic steatohepatitis

                  
	NFAT:
	
                    Nuclear factor of activated T cells

                  
	NO:
	
                    Nitric oxide

                  
	NQO:
	
                    NAD(P)H:quinone oxidoreductase

                  
	Nrf:
	
                    Nuclear factor-erythroid-2-related factor

                  
	NS:
	
                    Nonstructural protein

                  
	OATP:
	
                    Organic anion-transporting polypeptide

                  
	p70S6K
                           :
	
                    70 kDa ribosomal S6 kinase

                  
	PAI:
	
                    Plasminogen activator inhibitor

                  
	PARP:
	
                    Poly (ADP-ribose) polymerase

                  
	PCNA:
	
                    Proliferating cell nuclear antigen

                  
	PC-PLC:
	
                    Phosphatidylcholine-specific phospholipase C

                  
	PCSK:
	
                    Proprotein convertase subtilisin/kexin

                  
	PDE:
	
                    Phosphodiesterase

                  
	PDGF:
	
                    Platelet-derived growth factor

                  
	PDGFRβ:
	
                    PDGF receptor beta

                  
	PERK:
	
                    PKR-like ER kinase

                  
	PG:
	
                    Prostaglandin

                  
	PGC:
	
                    PPARγ coactivator

                  
	PGF:
	
                    Placental growth factor

                  
	PI3K:
	
                    Phosphoinositide 3-kinase

                  
	PKA:
	
                    Protein kinase A

                  
	PKC:
	
                    Protein kinase C

                  
	PKD:
	
                    Protein kinase D

                  
	PKR:
	
                    Protein kinase R

                  
	PLA:
	
                    Phospholipase A

                  
	PP2A:
	
                    Protein phosphatase 2A

                  
	PPAR:
	
                    Peroxisome proliferator-activated receptor

                  
	Prx:
	
                    Peroxiredoxin

                  
	PTP:
	
                    Protein tyrosine phosphatase

                  
	PUMA:
	
                    p53-up-regulated modulator of apoptosis

                  
	PXR:
	
                    Pregnane X receptor

                  
	RAGE:
	
                    Receptor for advanced glycation end-products

                  
	RAS:
	
                    Renin–angiotensin system

                  
	ROCK:
	
                    Rho-associated coiled coil-forming protein kinase

                  
	ROS:
	
                    Reactive oxygen species

                  
	RSK:
	
                    Ribosomal S6 kinase

                  
	RXR:
	
                    Retinoid X receptor

                  
	S1P:
	
                    Sphingosine-1-phosphate

                  
	SCD:
	
                    Stearoyl-CoA desaturase

                  
	SESN:
	
                    Sestrin

                  
	SIRT:
	
                    Silent mating type information regulation 2 homolog

                  
	Smo:
	
                    Smoothened

                  
	SOCS:
	
                    Suppressor of cytokine signaling

                  
	SOD:
	
                    Superoxid dismutase

                  
	SP:
	
                    Specificity protein

                  
	SphK:
	
                    Sphingosine kinase

                  
	SREBP:
	
                    Sterol regulatory element-binding protein

                  
	STAT:
	
                    Signal transducers and activators of transcription

                  
	TAB:
	
                    TGF-β-activated kinase

                  
	TAG:
	
                    Triacylglycerol

                  
	TAK:
	
                    TGF-β-activated kinase

                  
	TGF:
	
                    Transforming growth factor

                  
	TIMP:
	
                    Tissue inhibitor of matrix metalloproteinase

                  
	TLR:
	
                    Toll-like receptor

                  
	TNFR:
	
                    TNF-α receptor

                  
	TNF:
	
                    Tumor necrosis factor

                  
	TRADD:
	
                    Receptor-associated death domain

                  
	TRAF:
	
                    TNFR-associated factor

                  
	TRPV:
	
                    Transient receptor potential vanilloid subfamily

                  
	Trx:
	
                    Thioredoxin

                  
	TrxR:
	
                    Thioredoxin reductase

                  
	TXNIP:
	
                    Thioredoxin-interacting protein

                  
	Tβ-R:
	
                    TGF-β receptor

                  
	UCP:
	
                    Uncoupling protein

                  
	ULK:
	
                    UNC-51-like kinase

                  
	uPA:
	
                    Urokinase-type plasminogen activator

                  
	VEGF:
	
                    Vascular endothelial growth factor

                  
	VEGFR:
	
                    VEGF receptor

                  
	XBP:
	
                    X-box binding protein

                  
	XIAP:
	
                    X-linked inhibitor of apoptosis protein

                  
	SMA:
	
                    Smooth muscle actin
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