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REVIEW

Antioxidants in liver health
Sael Casas-Grajales, Pablo Muriel
to deleterious processes in the liver and produces liver
diseases. Therefore, restoring antioxidants is essential
to maintain homeostasis. One method of restoring
antioxidants is to consume natural compounds with
antioxidant capacity. The objective of this review is to
provide information pertaining to various antioxidants
found in food that have demonstrated utility in improving
liver diseases.
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INTRODUCTION
The liver is the main organ that metabolizes xenobiotics
and endogenous molecules to maintain metabolic
homeostasis in the organism. Therefore, the liver is a
target of many insults that result in dysregulated hepatic
[1,2]
homeostasis and lead to hepatic diseases . The liver
is composed of the following cells types: hepatocytes,
Kupffer cells, liver sinusoidal endothelial cells, pit cells,
[3]
and hepatic stellate cells (HSC) . Cirrhosis is caused
by liver injury from a variety of etiological factors and
[4]
is the end stage of progressive fibrosis . Oxidative
stress plays an important role in the establishment
[5]
of fibrosis and subsequently in cirrhosis . Therefore,
the use of molecules with antioxidant properties has

Abstract
Liver diseases are a worldwide medical problem
because the liver is the principal detoxifying organ and
maintains metabolic homeostasis. The liver metabolizes
various compounds that produce free radicals (FR).
However, antioxidants scavenge FR and maintain the
oxidative/antioxidative balance in the liver. When the
liver oxidative/antioxidative balance is disrupted, the
state is termed oxidative stress. Oxidative stress leads
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been  proposed  as  a  treatment  for  ﬁbrosis  and  cirrhosis  
caused by oxidative stress.

generates approximately 2-3 nmol of superoxide/min
per mg of protein, indicating that this organelle is the
most important physiological producer of ROS and
[12]
hydrogen peroxide (H2O2) . However, there are other
sources of superoxide anion (O2 ) like xanthine oxidase,
an enzyme that belongs to molybdenum iron-sulphur
ﬂavin  hydroxylases,  which  is  widely  distributed  among  
species and is present in several tissues in mammals.
This enzyme plays an important role in the hydroxylation
of purines, particularly, by the oxidation of hypoxanthine
to xanthine, then from xanthine to uric acid. In both
reactions, molecular oxygen is reduced, forming O2 in
[11]
the first reaction and H2O2 in the second . Another
endogenous  source  of  ROS  generation  is  during  inﬂam-
mation, by macrophages and neutrophils. Activated
macrophages trigger an increase in oxygen uptake,
resulting in the formation of O2 , nitric oxide (NO) and
[13]
H2O2 . In neutrophils, nicotine adenine dinucleotide
phosphate [NAD(P)H] oxidase generates O2 that is
required for the respiratory burst necessary for bacterial
destruction, also nonphagocytic NAD(P)H oxidases
[14]
produce O2 in a range of 1%-10% . Cytochrome P450
enzymes are another pathway of ROS production during
the breakdown or uncoupling of the P450 catalytic cycle.
Microsomes generate 80% of the H2O2 at hyperoxia
sites, and peroxisomes produce H2O2 but not O2 under
physiological conditions, the liver is the major organ
where peroxisomes contribute with the overall H2O2
[11]
production . Meanwhile, RNS like NO are synthetized
by nitric oxide synthases (NOSs), which metabolizes
arginine  to  citruline  in  a  ﬁve-electron  oxidative  reaction,  
[15]
resulting in the formation of NO . Cells from the
immune system can produce also NO in the oxidative
burst triggered during inflammation processes. In the
extracellular environment, NO can react with oxygen
and water then to form nitrate and nitrite anions, also
the NO and O2 can react together and lead to a more
reactive FR called peroxynitrite anion (ONOO ) that can
[16]
cause lipid peroxidation and DNA fragmentation .

LIVER DISEASES
Liver diseases are a major medical problem worldwide.
There are numerous liver diseases caused by different
insults, and the disease type depends on the location of
development. The main causes of liver disease are viral
and parasitic infections in regions such as Africa and
Asia. Alcohol abuse is the most important cause of liver
diseases in Europe and America. However, viral hepatitis
[6]
has increased recently . Cirrhosis is likely the most
important liver disease, and it is characterized by the
accumulation of extracellular matrix proteins (including
collagens Ⅰ, Ⅲ and Ⅳ) and distortion of the hepatic
[7]
architecture .

OXIDATIVE STRESS
Oxidative stress is defined as an imbalance between
the production of free radicals (FR) and the antioxidant
[8]
defenses . The overproduction of pro-oxidants causes
deleterious events in the cell such as lipid peroxidation,
[9]
oxidative DNA damage, and protein damage . FR
are defined as atoms or molecules with one or more
unpaired electrons. FR can exist as radical cations or
[10]
radical anions
and are usually unstable and highly
reactive because they can react with nearby molecules
and abstract electrons. Oxygen can reduce and generate
reactive oxygen species (ROS) by the interaction with
transition metals or by the excitation of electrons
[9]
secondary to the addition of energy . Oxidative stress
contributes to fibrogenesis by increasing harmful
cytokines such as transforming grown factor- (TGF-),
interleukin-6 (IL-6), and tumor necrosis factor- (TNF[2]
) . Furthermore, TGF- increases ROS production in
endothelial cells, epithelial cells, smooth muscle cells,
[3]
and  ﬁbroblasts .

MAIN SOURCES OF FR IN BIOLOGICAL
SYSTEMS

ANTIOXIDANTS
Antioxidants are molecules that in low concentrations
can prevent or delay the oxidation of an oxidizable
[17]
substrate . Antioxidants are present in our body and
exist  in  several  foods.  Antioxidants  have  a  high  afﬁnity  
for FR and scavenge these molecules to protect our
health. Compounds with antioxidant properties donate
electrons to FR to reduce their reactivity and maintain
the cellular pro-oxidant/antioxidant balance. There
are many types of molecules with antioxidant activity.
Natural compounds have been studied extensively and
are relevant to many illnesses including liver diseases
(Table 1).

There are several pathways to produce FR, the
principal source in the body is own metabolism into
the cell; however, this is not the only mechanism to
induce oxidative stress. The environment plays an
important role in the production of FR, ROS and reactive
nitrogen species (RNS), for example, air pollution, UV
[10]
irradiation, X-rays and gamma-rays . The production
of ROS can be induced by endogenous or exogenous
substances. The most important endogenous sources
are cytochrome P450 metabolism, peroxisomes,
microsomes, metal-catalyzed reactions, neutrophils,
eosinophils  and  macrophages  during  inﬂammation,  and  
mitochondria-catalyzed electron transport reactions
[11,12]
in the complexes Ⅰ and Ⅲ
. Ubisemiquinone has
been proposed as the main reductant of oxygen in
mitochondrial membranes, consequently, mitochondria
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CURCUMIN
Curcumin is also known as diferuloylmethane or
1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-hepadieno-
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Table 1 Different antioxidants found in food (clinical effects and relevance)
Antioxidant
Curcumin

Resveratrol

Coffee

Quercetin

Silymarin

Naringenin

Green tea

Main clinical effects

Clinical relevance

Antioxidant
Anti-ﬁbrotic
Anti-inﬂammatory
Anti-microbial
Wound healing
Anti-carcinogenic
Antioxidant
Anti-inﬂammatory
Anti-carcinogenic
Lipid modulation
Antiﬁbrotic
Antinecrotic
Antiﬁbrotic
Antioxidant
Anticholestatic
Chemoprotective
Chelation of transition metal ions
Anti-carcinogenic
Cardioprotective
Bacteriostatic
Antioxidant
Antiﬁbrotic
Anti-inﬂammatory
Anti-apoptotic
Anti-aggregatory
Vasodilating
Antioxidant
Antiﬁbrotic
Anti-inﬂammatory
Anti-carcinogenic
Immunomodulation
Antioxidant
Hypocholesterolemic
Anti-estrogenic
Hypolipidemic
Antihypertensive
Anti-inﬂammatory
Antiﬁbrotic
Anti-carcinogenic
Anti-atherogenic
Anti-inﬂammatory
Anti-arthritic
Antimicrobial
Antioxidant
Neuroprotective
Antidiabetic
Antiangiogenesis
Anti-carcinogenic

No studies available in human hepatic disorders

Current data are contradictory, more clinical studies are needed

Inverse relationship between coffee-cirrhosis has been demonstrated, but it is
necessary to do more basic research and prospective clinical trials

No studies available in human hepatic disorders

Silymarin has been shown to be effective, but it is necessary to do more clinical
trials focused on survival rates of patients with cirrhosis

No studies available in human hepatic disorders

More clinical studies are needed

[22]

3,5-Dione. It is obtained from the rhizomes of Curcuma
longa and has several pharmacological properties
including  strong  antioxidant,  anti-ﬁbrogenic,  anti-inﬂam-
matory, anti-microbial, and anti-carcinogenic actions in
[18,19]
addition to wound healing effects
. Approximately,
intake of turmeric in the Indian diet is of 2-2.5 g in a
60-kg individual, this is equal to 60-100 mg of curcumin
daily. The Food and Drug Administration classified
turmeric as a generally recognized as safe (GRAS).
Toxicity assays on animals proved that curcumin is safe
even at high doses. However, some species like mice
and rats with prolonged high-dose intake of turmeric
[20] 3
are susceptible to hepatotoxicity . H-curcumin was
[21]
found to be poorly absorbed in the rat intestine . It is
metabolized into curcumin glucuronide and curcumin
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sulfonate . When curcumin is administrated intraperitoneally, it is metabolized to tetrahydrocurcumin,
[23]
hexahydrocurcumin and hexahydrocurcuminol . Despite
curcumin has low bioavailability when is administered
[24]
orally, Arcaro et al (2014) used piperine, an inhibitor of
hepatic and intestinal concomitantly with curcumin. They
had shown that both 90 mg/kg of curcumin and 20 mg/
kg of piperine had antidiabetic and antioxidant effects.
Nevertheless, coadministration of curcumin and piperine
did not change the antidiabetic and antioxidant activity
of curcumin. Additionally, when the dose of piperine was
increased to 40 mg/kg this abrogated the beneficial
[25]
effects of curcumin. Contrary, Sehgal et al proved the
effect of piperine in curcumin in mitigating benzo(a)pyrene
toxicity in liver. They found that pretreatment of 100 mg/kg
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[42]

of body weight of curcumin protects against a single dose
of benzo(a)pyrene; however, the coadministration with
piperine produced a better effect than curcumin alone,
suggesting an enhancer activity by piperine. Curcumin
has demonstrated hepatoprotective actions on acute
[26]
and chronic liver injury . Both of types of liver injuries
[27]
necrosis,  oxidative  stress,  and  an  inﬂammatory  state .
[28]
In 2007, Reyes-Gordillo et al
demonstrated that
curcumin inhibits the increase in cytokines such as TNF-,
IL-1 and IL-6. Additionally, curcumin reduces oxidative
stress induced via carbon tetrachloride (CCl4) metabolism
by inactivating the nuclear factor-B (NF-B) pathway.
Moreover, curcumin can elicit its hepatoprotective effect
3+
2+
interacting with Fe and Cu . In a study performed by
[29]
Jiao et al , they suggest that curcumin could be an iron
chelator because they found that transferrin receptor 1
and iron regulatory proteins, indicators of iron depletion,
increased in response of curcumin. In agreement,
[30]
Bernabé-Pineda et al , reported that when cyclic
voltammograms are in basic media, that a chemical
reaction has taken place between curcumin and specially
3+
Fe . On the other hand, curcumin has been tested in
[31]
2+
liver , but its chelating Cu behavior has not been
[32]
investigated; however, Baum et al in 2004 tested the
2+
2+
interaction of curcumin with Cu and Fe , they reported
2+
2+
that two molecules of curcumin bind to ion Cu or Fe .
[33]
In a study performed by Li et al , it was found that
curcumin increases the levels of glutathione (GSH) and
heme oxygenase-1 (HO-1), as well as, nuclear factorerythroid 2-related factor 2 (Nrf2) proteins, suggesting
another way to prevent oxidative stress by curcumin.
[34]
In agreement, Charoensuk et al
have shown that
curcumin increased the levels of mRNA and protein of
Nrf2 and HO-1 and gene expression of NAD(P)H quinone
oxidoreductase 1 (NQO1), glutamate cysteine ligase
(GCL), activating transcription factor-3, peroxiredoxin 3
(Prdx3) and Prdx6, so increasing the antioxidant system
in the cell. Curcumin also has demonstrated to increase
the activity of superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx) and glutathione[35,36]
S-transferase (GST)
activity. Another mechanism
of action of curcumin is by interacting with enzymes or
[37]
genes implicated in liver cirrhosis. Hassan et al proved
effect of curcumin by modulating miRNA 199 and 200
that  are  the  main  miRNA  associated  to  liver  ﬁbrosis.  They  
showed that miRNA 199 and 200 were increased by
the administration of CCl4. However, curcumin restored
these miRNAS to their basal levels. Finally, curcumin has
shown that in low concentrations, it inhibits the activity
of CYP2E1 and its protein levels in alcohol-induced liver
damage, thus inhibiting the metabolism of alcohol for
[38]
this pathway . However, other studies have shown that
curcumin does not have an effect on CYP2E1 activity in
[39-41]
the liver
.

grapes, red wine, peanuts and berries . This compound
possesses several beneficial activities including
antioxidant, anti-inflammatory, anti-carcinogenic, and
anti-fibrogenic properties, in addition to affecting lipid
[43]
modulation . The rate of absorption of resveratrol
[44]
is approximately 75% after an oral administration .
Resveratrol is metabolized to resveratrol sulfate and in low
[45]
concentrations to resveratrol glucuronide via enzymes
of phase Ⅱ through UDP-glucuronosyltransferase (UGT)
[46]
or sulfotransferase (ST) . These results were based
on in vitro experiments with hepatocytes treated with
resveratrol. Conversely, in vivo experiments performed
in rats demonstrated that the enterohepatic recirculation
plays an important role in the overall systematic
exposure to resveratrol when it was administered in
[47]
aglycone or glucuronide form . Resveratrol has been
reported as a compound well tolerated in clinical
[48]
trials . Nevertheless, in a study performed by Crowell
[49]
et al
in an animal model, resveratrol at the highest
dose used (3000 mg/kg body weight/day for 4 wk)
produced  renal  toxicity  and  reduced  ﬁnal  body  weights  
and food consumption as well as other markers of tissue
lesions. However, no histological effects in the liver were
observed, despite of the clinical chemistry changes and
increased liver weight. On the other hand, Williams et
[50]
al
reported not toxicity caused by high-purity transresveratrol at different times of exposure and doses.
They used 700 mg/kg body weight/day for 90 d as
the  higher  dose  and  time  of  exposure,  not  ﬁnding  any  
[43]
adverse effect. In 2007, Chávez et al
demonstrated
that resveratrol decreased the cytokine TGF- and
prevented hepatic fibrosis and NF-B translocation to
the nucleus following chronic use of CCl4. Resveratrol
has antioxidant capacity and protects against ethanol[51]
induced lipid peroxidation , toxicity by acetaminophen
[52]
(APAP) , and oxidative stress in animal models of
[53]
cholestasis . It has been suggested that the OH groups
play an important role in the antioxidant activity of
[6]
resveratrol . A study performed by blocking OH group
methylation showed that resveratrol and trimethylated
resveratrol afford some degree of protection, but the
[54]
latter possesses the best protective effects . One
explanation of this phenomenon considers that the half[55]
life of resveratrol is very short and that trimethylated
resveratrol may act as a prodrug and increase the
protective effect of resveratrol. However, resveratrol
[6]
could be less potent than trimethylated resveratrol .
Another hepatoprotection mechanism of resveratrol is
by activating genes related to antioxidant system or
[56]
inhibiting enzymes. A study performed by Cheng et al
suggest that resveratrol can activate extracellular signalregulated kinase (ERK) signaling pathway, which in turn
can enhance the activation and translocation of Nrf2 to
the nucleus, therefore, elevating the expression of HO-1
and glyoxalase. According to the previous study, Bagul
[57]
et al have shown that resveratrol was able to elevate
the translocation of Nrf2 the nucleus, thus suggesting
an alternative pathway to protect from oxidative stress.
Resveratrol has been reported to decrease acetylation

RESVERATROL
The phytoalexin resveratrol (3,5,4’-trans-trihydroxystilbene) is a polyphenol found in the skin of red

WJGPT|www.wjgnet.com

62

August 6, 2015|Volume 6|Issue 3|

Casas-Grajales S et al . Antioxidants and the liver
of peroxisome proliferator-activated receptor gamma
coactivator 1- (PGC1-) and increasing its activity
by the activation of the protein deacetylase sirtuin 1
(SIRT1), thus improving mitochondrial function and
[58]
[59]
protecting against metabolic disease . Price et al
found that resveratrol activates AMP-activated protein
kinase (AMPK) in mice treated with moderate dosage
+
and increase nicotinamide adenine dinucleotide (NAD )
levels, also increasing the levels of PGC1-. AMPK has
+
been shown to augment SIRT1 by increasing NAD
levels in an indirect way, while this protein deacetylates
the AMPK liver kinase B1, leading to phosphorylation and
[60]
activation of AMPK. Zhu et al have shown that, after
administration of resveratrol in mice, the antioxidant
system was increased (SOD, GPx, and GSH) in liver
tissue as well as the levels of SIRT1 and p-AMPK were
upregulated. Resveratrol has also shown to inhibit the
[61]
activity of CYP2E1 in microsomes of rat liver , and to
signiﬁcantly  inhibit  the  activity  of  this  P450  isoform  in  a  
[62]
model of APAP-induced liver injury and in DEN-induced
[63]
hepatocarcinogenesis model . The only clinical doubleblind study performed to determine the resveratrol
hepatoprotective effect demonstrated that a 500 mg
resveratrol  dose  for  12  wk  caused  a  signiﬁcant  reduction  
in inflammatory cytokines, serum cytokeratin-18, NFB activation, liver alanine aminotransferase (ALT), and
hepatic steatosis grade compared to the placebo group in
[64]
patients with non-alcoholic fatty liver disease (NAFLD) .
Contrary to this study, a clinical trial performed by
[65]
Chachay et al
in 2014 showed that resveratrol did
not significantly improve any characteristics of NAFLD
compared to the placebo group. Interestingly, the results
showed increased hepatic stress and elevated levels of
ALT and aspartate aminotransferase (AST) in the liver.
Based on these data, additional clinical trials are needed
to determine the actual hepatoprotective effect of
[66]
resveratrol .

2.5 mg/kg of body weight. Additionally, tachycardia
and arrhythmia typically arise when more than 200
[73]
[74]
mg of caffeine are ingested . Worthley et al
have
given 250 mL of a sugar-free energy drink to 50 young
people, this drink contained about 80 mg of caffeine,
they have observed that caffeine increased the blood
pressure compared with controls. Moreover, other kind
of sickness have been reported for caffeine consumption
such as cardiovascular diseases, a negatively impact
[73]
in cognition, perpetual memory and learning . Smith
[75]
et al
in 2002, reported that the intake of 300 mg of
caffeine increased anxiety and tension. Also, caffeine
triggered hallucinatory experiences in people who drink
300 mg of coffee (about 7 cups per day). Patients with
[73]
panic disorders were more sensitive to caffeine . The
[76,77]
half-life of caffeine is approximately 5-6 h
. Caffeine
is almost completely metabolized in the liver. The
principal metabolite is paraxanthine, which results from
the activity of CYP1A2. However, this enzyme produces
other metabolites such as theobromine, theophylline,
and 1,3,7-trimethyluric acid. Other enzymes such as
[78]
CYPs 1A1 and 2E1 participate in caffeine metabolism .
An important property of caffeine is that it easily passes
[79]
through the blood-brain barrier . The absorption rate
of chlorogenic acid is 33% of the dose in both, rats and
humans. Several metabolites have been identified in
human plasma and urine, and these metabolites include
polyphenolic acids, glycine conjugates, sulfates and
glucuronides of hydroxycinnamic acid, and hydrogenated
[80]
hydroxycinnamic acid . Many studies have shown an
inverse relationship among coffee consumption and
[71]
liver cirrhosis . In the prospective study performed by
[81]
Klatsky et al , the authors demonstrated an inverse
coffee-cirrhosis  relationship  for  the  ﬁrst  time.  In  1994,  
[82]
Corrao et al
performed a study and identified a
dose-response relationship between coffee intake and
cirrhosis. The data show that the odds ratio for liver
cirrhosis decreases from 1.0 for people who do not
drink coffee to 0.47, 0.23, 0.21, and 0.16 for 1, 2, 3 or
4 cups of coffee daily, respectively. Furthermore, the
study showed that the caffeine per se did not show any
relationship with cirrhosis by testing other drinks with
caffeine.  Although  coffee  is  beneﬁcial  to  liver  health,  the  
study failed to demonstrate a causative role of coffee in
preventing liver injury. Thus, additional basic research
and controlled prospective studies are needed. Arauz et
[72]
al   in  2013  demonstrated  that  coffee  has  a  beneﬁcial  
effect on liver injury caused by chronic administration
of thioacetamide (TAA). Coffee prevented cholestasis
and necrosis measured by the enzymes -glutamyl
transpeptidase (-GTP), alkaline phosphatase, and
[83]
ALT. Human trials demonstrated the same results .
This inverse relationship was particularly high in heavy
[84]
alcohol drinkers . Conversely, liver injury inhibits
caffeine metabolism, and people with liver diseases may
experience adverse consequences after drinking coffee.
Furthermore, it is important to distinguish between
former coffee drinkers and nondrinkers in future
[71,85]
[86]
epidemiological studies
. Moreno et al in 2011 and

COFFEE
Coffee is a mixture of several different molecules
including carbohydrates, lipids, vitamins, alkaloids,
[67]
nitrogenous molecules, and phenolic compounds .
[68]
Coffee is possibly the most popular drink worldwide .
However, the amount of antioxidants in different bean
[69]
roasts can vary . The three major compounds present
in coffee are caffeine, diterpene alcohols (cafestol and
[70]
kahweol), and chlorogenic acid . Coffee consumption
has been associated with the reduction of several
[71]
chronic diseases . This result may be due to the
pharmacological properties that have anti-necrotic,
anti-fibrotic, anti-cholestatic, chemoprotective, and
[72]
antioxidant functions . Caffeine is the best-known
active component of coffee, and it is absorbed rapidly
after an oral ingestion (5 min) and reaches its peak
blood levels after 30 min. When caffeine is consumed in
high amounts produced side effects. Recommendations
from Health Canada in 2013, stipulated that the
caffeine intake per day for children should not exceed
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[72]

Arauz et al
in 2013 demonstrated in murine models
that coffee prevents experimental liver cirrhosis in two
models of liver injury using carbon tetrachloride and
thioacetamide. Both studies showed that coffee reduced
the expression of the profibrogenic cytokine TGF-.
[72]
The study by Arauz et al measured the expression of
connective tissue growth factor (CTGF), which has been
suggested as an important downstream modulator of
TGF- that increases its profibrogenic response. This
finding is consistent with the significant upregulation
[72]
[87]
of extracellular matrix in fibrotic liver . Cavin et al
have reported coffee as an inductor of GST, aldoketo reductase, GSH, HO-1, glutathione-S-transferase
P1, that are enzymes involved in the detoxification
process. Also, they suggest that a possible mechanism
of chemoprotection of coffee is by stimulation of
Nrf2 pathway. In another study, coffee was able to
elevate mRNA levels of NQO1 and glutathione-Stransferase A1 in liver and small intestine also, UDPglucuronosyltransferase 1A6 and GCL catalytic (GCLC)
were increased in small intestine. Further, the same
group reported that this induction was bigger in mice
[88]
possessing Nrf2 in contrast with Nrf2 knockout mice .

and tamaraxetin (4’-O-methylquercetin) by catecholO-methyl transferase. These processes begin in the
intestine, and the compounds are released into the
lumen before conjugation in the liver by the same
enzymes. However, other tissues such as the kidneys
[94-97]
can also metabolize quercetin
. Quercetin has shown
hepatoprotective properties in rats treated chronically
with CCl4 for 8 wk by preventing the expression
of profibrogenic genes including TGF-, CTGF, and
collagen-1 (Col-1). Therefore, quercetin reduces the
fibrogenic process and liver enzymes associated with
a significant reduction of activated HSC and inhibition
of NF-B. Conversely, quercetin increased the gene
expression and improved the activity of SOD and CAT,
in addition to activating metalloproteinases 2 and 9
[91]
[98]
(MMP2 and MMP9) . Pavanato et al
in 2003 used
the same hepatotoxin for 16 wk and observed that
quercetin improves the hepatic liver enzymes AST,
ALT, inducible NOS (iNOS) expression, and collagen
content and reduces lipid peroxidation. de David et
[99]
al
showed similar results using TAA hepatotoxin and
found that quercetin inhibited the change in the p-ERK
1/2 pathway and significantly prevented the increase
[99]
in apoptosis by regulating the Bax/Bcl-2 ratio . In a
[100]
study performed by Granado-Serrano et al
in HepG2
cells, they found that quercetin modulated Nrf2 and
p38, it was dependent on the concentration used and
the time of exposure, quercetin rapidly activated Nrf2
by up-regulating its phosphorylation, consequently,
translocation to the nucleus and binding to antioxidant
response element (ARE), also increased GSH content and
expression of GPx. However, when the time of exposure
is larger, this effect was blocked by quercetin which, in
turn activated p38-MAPK via. Therefore suggesting that
Nef2-ARE acts as a sensor and responds to a chemical.
[101]
However, Tanigawa et al
reported that quercetin
possesses an enhanced effect in the ARE binding activity
and Nrf2-mediated transcription activity in HepG2 cells.
Moreover, quercetin apart from up-regulating expression
of Nrf2 mRNA and protein, also stabilized Nrf2 protein
inhibiting its proteasomal degradation and reduced the
levels of kelch-like ECH-associated protein 1 (Keap1)
through the formation of a modified Keap1. On the
[102]
other hand, a study performed by Ji et al
showed
that quercetin does not possesses an enhanced activity
in mRNA expression of Nrf2 or Keap1. However, they
suggested that quercetin could interact with Keap1 and
fill the binding site of Nrf2 in Keap1, thus inhibiting its
interaction and inducing the transcriptional activation of
Nrf2. Quercetin has shown to suppress the activity of
CYP2E1 when ethanol over activated it and induces HO-1
[103]
in hepatocytes .  According  with  this  ﬁndings,  in  a  non-
alcoholic steatohepatitis (NASH) model, quercetin was
able to decrease by 2-fold CYP2E1 activity compared
[104]
with NASH group
. On the other hand, quercetin
effect was inhibited by CYP2E1 compared with a control
[105]
measuring by HPLC in rat liver microsomes . Currently,
there are no clinical studies available on quercetin

QUERCETIN
Quercetin is also known as 3,3’,4’,5,7-penta-hydroxyflavone. It is a flavonol found in natural products,
[89]
especially in apples and onions . Quercetin is known
to have biological effects including chelation of heavy
metals, anti-carcinogenic, cardioprotective, bacteriostatic,
[90]
anti-inflammatory, and antioxidant properties , in
[91]
addition to functioning as a hepatoprotective agent .
The normal intake of quercetin is less than 5-40 mg/d.
However, people who eat the peel of food with high
[90]
amounts of quercetin may consume 200-500 mg/d .
In 2004, high purity quercetin used in foods was GRAS
[90]
in the range of 0.008%-0.5% or 10-125 mg/serving .
[92]
Bors et al
in 1990 showed the characteristics that
an antioxidant must have to exert an effective activity.
These characteristics include the presence of orthodihydroxy or catechol groups in the B-ring, a 2,3-double
bond of the C-ring, and OH substitution on positions
[92]
3 and 5 of the C-ring and A-ring, respectively . The
quercetin ring presents all of these features. The
structure of flavonoids can interact with both FR and
3+
2+
metal ions like Fe and Cu , therefore showing chelating
[93]
properties. In a study performed by Mira et al , it
3+
was shown that quercetin was capable of reducing Fe
2+
and Cu , due to its 2, 3-double bond and the catechol
group in the -ring. Furthermore, its ability to reduce
2+
the Cu seems to be dependent of hydroxyl groups.
After oral intake, quercetin is rapidly absorbed and peaks
[94]
at approximately 30 min
before it is metabolized
by glucuronidation and sulfation by the UGT and ST,
respectively. Furthermore, the addition of O-methylation
in the position 3’ or 4’ of the catechol group in the
B-ring results in isorhamnetin (3’-O-methylquercetin)
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hepatoprotection

.

NARINGENIN
Naringenin  is  also  known  as  5,7,4’-thihydroxyﬂavanone.  
Naringenin is a flavanone found in citrus fruits and
[127]
tomatoes
. In a study performed recently, Yang et
[128]
al
reported that naringenin does not cause deleterious
effects in beagle dogs, the maximum time of exposure
was 180 d and with doses varying of 20, 100, or 500
[129]
mg/kg body weight/day. Also, Surampalli et al
,
showed that naringenin was harmless upon exposure to
rat gastrointestinal epithelium in doses ranging from 1
mmol/L to 100 mmol/L, thus suggesting naringenin as a
safe compound. Naringenin has many pharmacological
properties including hypolipidemic, anti-hypertensive, anti[127]
inﬂammatory,  antioxidant  and  anti-ﬁbrotic  functions .
Flavonoids are absorbed in the aglycone form rather
than in the glycoside form like quercetin. The glycoside
form of naringenin is cleaved in the small intestine before
absorption, which results in sulfate and glucuronide
[127,130]
metabolites in the small intestine wall and liver
by
[93]
UGT and ST. Mira et al
showed that naringenin has
3+
2+
shown capacity of reduction of the Fe and Cu but in
[131]
less potential than quercetin. Chtourou et al
found
that naringenin prevents the depletion of SOD, CAT, GPx
and GSH. Conversely, naringenin also prevented the
increase in lipid peroxidation, ALT and AST. Additionally,
expression of the following genes was also affected
in an NAFLD rat model induced by a high cholesterol
diet: pro-inflammatory cytokines TNF-, IL-6, and IL1, EGF-like module-containing mucin-like hormone
[131]
receptor-like 1, iNOS, NF-B, MMP2 and MMP9
.
[132]
Similar results were obtained by Yen et al
using
naringenin alone and a naringenin-loaded nanoparticle
system (NARN). Both treatments exhibited antioxidant
and hepatoprotective activities. The treatments also
inhibited the activation of caspases 3, and 8. However,
NARN was more effective as a hepatoprotector and
antioxidant than free naringenin because it also inhibits
[132]
caspase 9 during CCl4-induced hepatotoxicity in rats .
[133]
In a study performed by Goldwasser et al
it was
found that naringenin activates peroxisome proliferatoractivated receptor alpha (PPAR), then decreasing the
levels of very low density lipoprotein production without
causing lipid accumulation in hepatocytes, in a hepatitis
C virus (HCV) model. Similar results were found by Cho
[134]
et al , who have shown that naringenin intake causes
a  signiﬁcant  depletion  in  the  amount  of  total  triglycerides  
and cholesterol in plasma and liver of rats. Also,
naringenin-fed  animals  showed  an  increment  in  PPARα  
[133]
protein expression in liver. Goldwasser et al
found that
the  ﬂavonoid  regulates  the  activity  of  PPAR and liver X
receptor alpha (LXR), by activating the ligand-binding
domain of PPAR and PPAR, while inhibiting LXR, thus
modulating different genes related to fatty acid oxidation
[135]
and lipogenesis. Han et al , found that a pretreatment
with naringenin-7-O-glucoside increased NQO1, ERK and
phosphorylation and translocation of Nrf2 to the nucleus
in H9c2 cardiomyocytes, as well as, upregulating the

SILYMARIN
Silymarin is a natural substance derived from Silybum
marianum, also known as Milk thistle or Saint Mary’s
[6]
thistle . Silymarin has been reported as a safe compound in acute doses in animal models due to its lack of
side effects. In contrast, in a clinical trial, thousands of
patients suffered mainly mild gastrointestinal disorders
[107]
by silymarin consumption . In other clinical trial, El[108]
Kamary et al
(2009) no side effects were reported
in 105 patients using 140 mg of silymarin. The range
of doses used in literature is from 280 to 800 mg/kg of
body weight/day. After oral administration, the silymarin
peak plasma concentration is reached at approximately
6-8 h. Silymarin has poor bioavailability (23%-47%).
The metabolites of silymarin are conjugated in the liver
[109]
by UGT and ST (phase Ⅱ reactions)
. Among the
hepatoprotective effects of silymarin, it is known that
silybin, the major constituent of silymarin, has iron[110,111]
chelating properties
. Silymarin has also been
probed as iron chelator in children with -thalassemia
[112]
with iron overload
. In a study performed by
[113]
Najafzadeh et al , they suggest that hepatoprotective
effect of silymarin in iron-overload induced hepatotoxicity
was due to an iron-chelator activity but no studies
have been made proving the chelating properties per
se of silymarin in liver diseases. Silymarin has hepatoprotective properties against several hepatotoxins
such as CCl4. Silymarin can prevent oxidative stress,
ﬁbrosis,  cirrhosis,  and  lipid  peroxidation  by  modulating  
[114]
the content of phosphatidylethanolamine
. Thus, it
improves liver enzyme activities and protects against
the harmful increases in cholesterol/phospholipids
and sphingomyelin/phosphatidylcholine ratios in the
membrane. This effect was associated with a decrease
+
+
2+
in Na /K and Ca -ATPase activities induced by CCl4.
However, silymarin does not reverse well-established
[115-119]
[120]
cirrhosis
. Kim et al
showed that silymarin
increases nuclear translocation of Nrf2 in activated
HSC, however, expression of other molecules related
to a detoxifying effect have not been measured. Also,
silymarin has been reported to increase the activity of
[121]
[122]
antioxidant enzymes like SOD, GPx
and CAT
.
A clinical trial examining silymarin in a complex with
phosphatidylcholine found reduced levels of the liver
enzymes, ALT and -GTP, and serum bilirubin levels in
a dose-dependent manner in patients with hepatitis
[123]
caused by virus infection or alcohol abuse . Another
clinical study showed similar results when silymarin
[124]
was administered alone . In patients with cirrhosis,
silymarin  administration  for  41  mo  signiﬁcantly  increased  
[125]
the survival rate compared to a placebo group
.
[126]
However, in the study performed by Parés et al
,
silymarin showed no effect on survival rate in the clinical
course in alcoholic patients with liver cirrhosis.
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mRNA expression of GCLC and GCL modifier , thus
inducting endogenous antioxidant enzymes. Similar
[136]
ﬁndings  was  reported  by  Esmaeili  et al , they showed
that naringenin was capable of attenuating CCl4-induced
liver injury by downregulating TNF-, iNOS and cyclooxigenase-2, both protein and mRNA, as well as by
[137]
increasing Nfr2 and HO-1 expression. Motawi et al
suggested that naringenin could be another example of
CYP2E1 inhibitor, they probed it, in rat liver microsomal
assay in co-administration with simvastin, and such
inhibition of CYP2E1 is another via to improve antioxidant
[137]
defenses . There are currently no studies available in
[138]
human hepatic disorders .

obtained in HSC cell line LX-2, where EGCG was capable
of suppressing TGF-1, Col-11, MMP2, MMP9, TIMP1,
[143]
and -SMA. Moreover, Bin Dajem et al
used the
aqueous extract of green tea in a Schistosoma mansoniinfected mice model to investigate its effect on the
oxidative stress, antioxidant system and liver pathology
induced by the parasite. They found that green tea
extract suppressed the oxidative stress by decreasing
the lipid peroxides. However, failed to enhance the
antioxidant system and to reverse alterations in the
liver such as necrosis. In a study performed by Higashi
[144]
et al
they found that EGCG modulates the growth
of HSC activated cells by Rho-signaling pathways and
induces the phosphorylation of ERK 1/2, c-Jun kinase
and p38, suggesting a mechanism of its anti-fibrotic
capacity. In a cisplatin-induced nephrotoxicity model
in rats, EGCG increased the levels of Nfr2, HO-1, SOD,
[145]
CAT, GPx and GSH
. In clinical trials, green tea
has shown protective effects against various kinds of
cancers, including premalignant prostate, esophageal,
[146]
colon, rectum and pancreatic cancers . Nevertheless,
in hepatocellular carcinoma, green tea did not have any
[147]
protective effect . In a study performed by Halegoua[148]
De Marzio et al
they have shown, after a single oral
dose of green tea (400 mg), in patients with cirrhosis
induced by HCV, that it is safe and well tolerable by all
patients, therefore suggesting the use of green tea in
the treatment of cirrhosis in the future. However, more
clinical studies related to the beneficial effects on liver
diseases are needed.
The information shown above represents some of
the antioxidants uses in different kind of experiments
in animals and clinical trials. However, it is difficult
to say which of these antioxidants possess the best
hepatoprotective properties since they have different
chemical structures and antioxidant potency, then
its scavenger capacity is not the same. Moreover,
other parameters need to be considered, such as the
bioavailability, and pharmacokinetics. We focus our
hepatoprotective ranking mainly based on the chemical
structure showed in Figure 1. We suggest that silymarin
has the best hepatoprotective effect because is a mixture
of flavonolignans including silybin, isosilybin, silydianin,
silychristin, isosilychristin and the flavonoid taxifolin.
In addition, silybinin is composed of 2 diasteroisomeric
[149]
compounds (silybin A and silybin B) in a 1:1 ratio .
Flavonoids in its structure have different forms to stabilize
FR including hydroxyl phenolic groups, double bonds
[92]
and sometimes a catechol group . Therefore, silymarin
seems to be the best choice referred to hepatoprotective
effect. Green tea is another mixture of polyphenols, as
mentioned earlier, containing catechins, flavonoids and
methylxanthine alkaloids. Nevertheless its data referred
to hepatoprotection is lower than silymarin, for these
reason we decided ranked green tea in the second place.
The antioxidant property of EGCG is related of its hydroxyl
phenolic groups, that maybe acts mainly from hydrogen
atoms transfer or single electron transfer reactions.
This groups are presented in the B- and D-rings of

GREEN TEA
Camellia sinensis, also known as green tea, is a
worldwide consumed beverage. Its beneficial effects
on health are due in part to its antioxidant, antiinﬂammatory,  anti-arthritic  and  anti-angiogenic  effects.  
Moreover, green tea is a mixture of polyphenols (the
major class of active compounds) including catechins
(also known as flavan-3-ols) which constitute about
30% (mass fraction) of green tea leaves; the major
catechins in green tea are (+)-catechin, (-)-epicatechin,
(-)-epigallocatechin, (-)-epicatechin-3-gallate, (-)-gallocatechin, (-)-gallocatechin gallate and (-)-epigallocatechin-3-gallate (EGCG). Flavonoids like quercetin,
kaempferol and myricetin; methylxanthine alkaloids
such as caffeine, theophylline and theobromine, and
phenolic acids (gallic acid, chlorogenic acid and caffeic
[139,140]
acid)
. EGCG is the most abundant catechin
and represents up to 50% of total polyphenols and
possesses the strongest antioxidant capacity, therefore,
[140]
it is considered the main biological active compound .
On the other hand, green tea does not only exert its
antioxidant properties by polyphenols, L-theanine is the
primary amino acid in green tea and represents 1%-2%
of the leaf dry weight, it is synthetized in the roots of
green tea and is concentrated in the leaves. L-theanine
chemical structure is similar to glutamic acid, the latest is
a precursor of GSH. Studies have shown that L-theanine
protects the cell maintaining the levels of GSH in cancer
[141]
and neurotixicity diseases . The intake of green tea
can be considered safe when its consumption does
not exceed 1-2 cups/d. Nevertheless, hepatotoxicity
has been attributed to the intake of green tea when
[140]
it is used for weight control; furthermore
. Pérez[141]
Vargas et al
found that L-theanine prevented the
increased expression of NF-B and down-regulated IL1 and IL-6 and the cytokines TGF- and CTGF induced
by carbon tetrachloride. Moreover, the expression of the
corresponding mRNAs decreased accordingly. On the
other hand, L-theanine promoted the expression of IL-10
and  the  ﬁbrolytic  enzyme  metalloproteinase  13  (MMP13).  
[142]
In a study performed by Yu et al
they have shown
that  EGCG  ameliorates  liver  inﬂammation,  necrosis  and  
ﬁbrosis  and  suppressed  the  expression  of  TNF-, IL-1,
TGF-, MMP9, -SMA, and Col-11. Similar results were
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Figure 1 Comparison between hepatoprotective effect-related antioxidant capacities. 1The structure presented is based on the most studied compound. For
silymarin we show the structure of silybin, in the case of green tea the structure of (-)-epigallocatechin-3-gallate, and in the case of coffee the structure of caffeine.
[150]

.

EGCG .  Quercetin,  as  mentioned  above,  is  a  ﬂavonoid  
that have all the elements to exert a magnificent
hepatoprotective effect related to its structure showing
a catechol group in the B ring, substitution of hydroxyl
phenolic groups in the A and C ring and a double bond
[92]
in the position 2-3 of the C ring . Curcumin has been
used in the treatment of experimental liver diseases
since 1970 and shows a powerful antioxidant capacity
and immunomodulatory properties. However, it does
not  have  the  same  structure  of  ﬂavonoids,  showing  two  
hydroxyl phenolic groups and a heptadiene linkage two
[151]
methoxyphenol rings. Ak et al
suggest that keto
form of curcumin, the heptadienone linkage between
the two methoxyphenol rings, contain a carbon atom
that can donate a hydrogen, therefore, stabilizing FR.
We considered that its capacity of stabilize FR is lower
than quercetin. Resveratrol possesses hydroxyl phenolic
groups and a system of conjugated double bonds that
can donate electrons to FR. Resveratrol has two phenolic
[152]
rings: monophenol and diphenol. Gülçin
suggests that
subtraction of hydrogen atom is easily in the monofenol
ring. Naringenin is another flavonoid with lower antioxidant capacity than quercetin, shows a hydroxyl
phenolic group in its structure in the A ring. However, it
[92]
does not have the catechol group or the double bond .
[153]
Also, Cao et al   suggest  that  in  ﬂavonoids  the  hydroxyl  
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substitution is relevant in the ORACOH activity. Caffeine
[154]
has double bonds in its structure. Chu et al
reported
.
that pure caffeine had very low ORACOH values, whereas,
crude caffeine had higher values than pure caffeine.
We considered that caffeine has the lowest antioxidant
activity of all the compounds showed; therefore coffee
has the lowest antioxidant capacity.

CONCLUSION
Investigations of antioxidants show that compounds in
food are candidates for the treatment of several diseases
because they improve the antioxidant system in the
body, especially when the disease involves oxidative
stress. This review describes antioxidants that can be
investigated for experimental and clinical trials and
will be used for the treatment of liver diseases such as
liver cirrhosis. Curcumin, quercetin, and naringenin are
effective in the treatment of experimental liver injury,
and they can be studied in clinical trials. Green tea have
been shown to protect against different kinds of cancer
in clinical trials, except in hepatocellular carcinoma.
Conversely, there are no clinical trials investigating
resveratrol, coffee, and silymarin. However, the data
are poor or contradictory, and it is necessary to perform
more clinical trials to use these antioxidants for the
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