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Abstract
Liver diseases are caused by different etiological agents, 
mainly alcohol consumption, viruses, drug intoxication 
or malnutrition. Frequently, liver diseases are initiated 
by oxidative stress and inflammation that lead to the 
excessive production of extracellular matrix (ECM), 
followed by a progression to fibrosis, cirrhosis and 
hepatocellular carcinoma (HCC). It has been reported 
that some natural products display hepatoprotective 
properties. Naringenin is a flavonoid with antioxidant, 
antifibrogenic, anti-inflammatory and anticancer 
properties that is capable of preventing liver damage 
caused by different agents. The main protective effects 
of naringenin in liver diseases are the inhibition of 
oxidative stress, transforming growth factor (TGF-β) 
pathway and the prevention of the transdifferentiation 
of hepatic stellate cells (HSC), leading to decreased 
collagen synthesis. Other effects include the inhibition 
of the mitogen activated protein kinase (MAPK), toll-like 
receptor (TLR) and TGF-β non-canonical pathways, the 
inhibition of which further results in a strong reduction 
in ECM synthesis and deposition. In addition, naringenin 
has shown beneficial effects on nonalcoholic fatty 
liver disease (NAFLD) through the regulation of lipid 
metabolism, modulating the synthesis and oxidation 
of lipids and cholesterol. Moreover, naringenin protects 
from HCC, since it inhibits growth factors such as TGF-β 
and vascular endothelial growth factor (VEGF), inducing 
apoptosis and regulating MAPK pathways. Naringenin is 
safe and acts by targeting multiple proteins. However, 
it possesses low bioavailability and high intestinal 
metabolism. In this regard, formulations, such as 
nanoparticles or liposomes, have been developed to 
improve naringenin bioavailability. We conclude that 
naringenin should be considered in the future as an 
important candidate in the treatment of different liver 
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Core tip: Natural products such as flavonoids have 
been shown to display hepatoprotective properties. 
Naringenin possesses the ability to inhibit oxidative 
stress and inflammation and has anti-inflammatory 
and anticancer properties. Thus, naringenin should be 
considered in the future as an important candidate for 
the treatment of liver diseases.
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INTRODUCTION
Liver damage can be caused by alcohol intake, heavy 
metal intoxication, hepatitis virus infection, obstruction 
of the biliary tract or malnutrition. Chronic hepatic 
injury results in organ fibrosis characterized by an 
imbalance between the synthesis and degradation 
of extracellular matrix (ECM) derived from oxidative 
stress and inflammation during liver damage. After 
fibrosis, cirrhosis develops with tissue scars, the loss 
of parenchymal architecture, the disruption of hepatic 
blood flow and organ failure[1,2]. The main causes of 
fibrosis globally are NAFLD (40%), hepatitis B virus 
(HBV) (30%), hepatitis C virus (HCV) (15%), and 
harmful alcohol consumption (11%)[3]. The prevalence 
of cirrhosis is increasing; in 2010, 33% more people 
died from cirrhosis than in 1990[4].

While the elimination of the causative agent may 
be the best option for some cirrhotic patients, in most 
cases, medical intervention is required. Therefore, 
pharmacological strategies should be developed to 
prevent or reverse hepatic damage. Researchers have 
developed multiple therapeutic strategies to combat 
this disease, including transforming growth factor-β 
(TGF-β) inhibitors[5], antivirals[6], cell-based therapies[7], 
nanoparticles[8], and natural products[9-15]. 

Liver transplantation is an interesting option; unfor-
tunately, the lack of sufficient donors and organ rejection 
restrict this surgical procedure. In recent years, the 
investigation on hepatoprotective properties of natural 
products has increased. Due to their molecular structure, 
many of them possess antioxidant properties and display 
anti-inflammatory and anticancer properties and are ge-
nerally considered safe for human consumption. Among 

the most studied natural compounds are silymarin, 
quercetin, and curcumin[10,12,14], but recently, a flavonoid 
with very specific hepatoprotective properties has 
emerged: naringenin.

Naringenin has been studied in various in vivo and 
in vitro liver damage models, using hepatic damage 
agents such as carbon tetrachloride (CCl4), alcohol, 
N-methyl-N-nitro-Nitroguanidine, lipopolysaccharide 
(LPS), and heavy metals, among others, displaying a 
good hepatoprotective activity due to its antioxidant 
capacity as well as its ability to inhibit inflammatory and 
profibrotic signaling pathways. However, despite the 
importance of naringenin in liver diseases, there is no 
detailed review of the effects of naringenin on hepatic 
pathologies.

Therefore, our objective was to document the 
effects of naringenin on liver diseases and to highlight 
the importance of this flavonoid in the therapeutic of 
pathologies of this organ. 

 
lITeRaTURe seaRCh
A systematic literature search was conducted using 
PubMed, Scopus and EMBASE.

aBsORPTION, MeTaBOlIsM aND 
DIsTRIBUTION OF NaRINGeNIN
Naringenin (4’,5,7-trihydroxy flavanone) is a flavonoid, 
specifically a flavanone, and is the aglycone of naringin 
(naringenin-7-rhamnoglucoside)[16]; naringenin can 
also be found as narirutin (naringenin- 7-O-rutinoside) 
or naringenin-glucoside (naringenin-7-O-glucoside), 
depending on the sugar motive (Figure 1)[11]. 

This review is focused on the effects of naringenin 
(aglycone); the reader interested in glycosylated 
molecules is referred to another review[11]. Because 
naringenin is found mostly in citrus fruits, natural 
intake occurs orally. Due to its chemical structure, 
naringenin is very lipophilic; thus, it is readily absorbed 
through the intestinal epithelium by passive diffusion 
into enterocytes. Once inside the intestinal cells, it can 
enter the general circulation by multidrug resistance-
associated proteins (Mrp1) or can be transported by 
active efflux protein carriers P-glycoprotein (P-gp) 
and Mrp2 back to the intestinal lumen, out of the 
enterocytes, repeating the cycle[17] (Figure 2).

On the other hand, small intestine, colonic epith-
elium, and liver metabolize naringenin via phase II 
conjugation by UDP-glucuronosyl transferase (UGT), 
sulfotransferase, and catechol-O-methyltransferase[18-20]. 
Naringenin-glucuronides leave the cells by Mrp2 protein 
or pass into blood via breast cancer-resistant protein 
(Bcrp1)[21]. Moreover, naringenin can be cleaved by 
β-glucuronidases (GUSB) located in tissues and liver[22]. 
This deconjugation results in release of the aglycone, 
which in turn can be absorbed by passive transcellular 
diffusion or undergo efflux by Mrp2 and P-gp[19]. Then, 
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naringenin is metabolized in the lower intestine by 
Streptococcus S-2, Lactobacillus L-2, and Bacteroides 
JY-6 to generate a series of low molecular weight 
aromatic acids[11] (Figure 2). 

With respect to naringenin distribution, it has been 
found in the stomach, small intestine, liver, kidney, 
trachea, lung, heart, fat, muscle, testis, ovary, spleen, 
brain, and urine[20,23-25]. Furthermore, naringenin and 
its metabolites are bound to plasma proteins such as 
albumin[26-28]. 

aNTIOXIDaNT eFFeCTs OF NaRINGeNIN, 
BeYOND The sTRUCTURe aCTIVITY 
RelaTIONshIP
Normally, flavonoid antioxidant activity has been attri-
buted to the structure-activity relationship of flavonoids. 

However, in addition to a direct antioxidant property by 
free radical scavenging activity, naringenin possesses 
the ability to induce the endogenous antioxidant system.

Classically, naringenin’s antioxidant effect is due 
to its hydroxyl substituents (OH), which have high 
reactivity against reactive oxygen species (ROS) 
and reactive nitrogen species (RNS). In general, the 
antioxidant capacity of a given molecule increases 
in function with the number of OH radicals in the 
molecule, which, in the case of naringenin, is 3. Then, 
OH can donate its H to free radicals (R•), and later, 
naringenin can be stabilized by resonance[29,30] (Figure 
3). Within the typical structure of flavonoids, the B ring 
is very important because when OH groups are in the 
ring, flavonoids can stabilize hydroxyl (OH•), peroxyl 
(ROO•), and peroxynitrite (ONOO•) radicals, producing 
a relatively stable flavonoid radical. On the other hand, 
5-OH substitution and a 5,7-m-dihydroxy arrangement 
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Naringin (naringenin-7-rhamnoglucoside)

(S)-naringenin (4', 5, 7-trihydroxy flavanone)

Narirutin (naringenin-7-O-rutinoside)
(R)-naringenin (4', 5, 7-trihydroxy flavanone)

Naringenin-glucoside (naringenin-7-O-glucoside)

Figure 1  Chemical structure of naringenin, naringin, narirutin, and naringenin-glucoside. The flavonoid naringenin exists in two forms: Glycosylated (naringin, 
narirutin and naringenin-glucoside) and aglycone (naringenina). There are three types of naringenin glycosides depending of sugar moiety bound to the flavonoid: 
Naringin (rhamnose), narirutin (rutinose) and naringenin-glucoside (glucose); when the sugar moiety is cleaved by specific enzymes, the aglycone (naringenin) is 
released.  
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of naringenin on liver LP in the presence of HO2
• or OH• 

was 1.21 and 0.23 mmol/L, respectively[35].
As seen, the antioxidant effect of naringenin can 

be considered ambiguous, and it may depend on the 
radical formed and the model used and the flavonoid 
concentration. Even though naringenin has fewer antioxi-
dant functional groups than quercetin, it shows other 
properties due to its structure-activity relationship, as it 
has been reported that naringenin is able to accumulate 
in cell membranes[36] and biomembranes[37,38]. Interaction 
with membranes is favored because flavonoids form 
reversible bonds with the polar heads of the phospho-
lipids[39], and this interaction may be possible due to 
naringenin’s solubility, since it is highly lipophilic because 
of its structure (Figure 4). 

Interestingly, it has been shown that naringenin 
decreases membrane fluidity. Membrane fluidity is the 
relative motional freedom of the lipid molecules in the 
membrane bilayer, and naringenin accumulates in the 
membrane hydrophobic core, where it modifies lipid 
packing order leading to decreased membrane fluidity 
in a concentration-dependent manner. Therefore, by 
increasing the rigidity of membranes, naringenin can 
reduce the interaction between R• and lipids; as a result, 
LP may be attenuated[38]. In conclusion, in addition 
to its antioxidant capacity, naringenin can block LP by 
reducing membrane fluidity[40] (Figure 4).

Although antioxidant assays are important, in vitro 
and in vivo model systems offer much more infor-
mation since normal functions of a complete system 
are preserved. Either by its antioxidant activity or 
by protection of lipid membranes, naringenin offers 
protection against ROS and other R• in in vitro and 
in vivo models. Naringenin protects against ROS in a 
model of neuronal damage, since it reduces their levels 
in neurons and decreases mitochondrial dysfunction 
and increases mitochondrial membrane potential[41]. 
In addition, naringenin inhibits KO2-induced oxidative 
stress in a pain model in mice by inhibiting LP and O2

•
 

production[42]. On the other hand, naringenin exerts 

antioxidant effects against paraquat-induced toxicity 
in human bronchial epithelial cells, since it decreases 
intracellular ROS generation[43]. Moreover, this fla-
vanone significantly decreased thiobarbituric acid 
reactive substances (TBARS) and improved membrane 
phospholipid composition in favor of n-3 PUFAs and 
the n-6/n-3 PUFAs ratio in the liver of old-aged Wistar 
rats[44]. 

Naringenin has shown the ability of combating LP in 
many organs, tissues and cells, for example, in lung[45], 
ankle joints (arthritis model)[46], retina of streptozotocin-
induced diabetic rats[47], SH-SY5Y cells[48], cardiomyoblast 
cells[49], skin[50], testis[51] and, interestingly, in liver[44,52,53]. 
It can be concluded that, in contrast to the results 
obtained in chemical antioxidant assays, the beneficial 
effects of naringenin against LP in systems involving 
living organisms or cells, the flavanone shows strong 
activity. This characteristic is very important for the 
treatment of hepatic diseases, since LP constitutes one of 
the main causative agents that triggers liver damage. 

In the studies where a reduction in LP by naringenin 
was demonstrated, a relationship between reduced 
glutathione (GSH) and flavonoid levels is observed. In 
fact, it has been observed that naringenin improves GSH 
levels during oxidative stress[44,47-52]. Improvement of 
GSH levels by naringenin is associated with the beneficial 
properties of this flavonoid on the liver because oxidative 
stress plays a causative role in hepatic disorders[54].   

The effect of naringenin on GSH levels deserves 
further explanation. GSH is a tripeptide (L-γ-glutamyl-
L-cysteinyl-glycine) that serves several essential 
functions within the cell. The main functions of GSH 
are antioxidant, detoxification of oxygen-derived free 
radicals, thiol disulfide exchange and storage/transfer of 
cysteine. GSH is formed in two steps: in the first (rate-
limiting) step, cysteine and glutamate form c-glutamyl 
cysteine by the enzyme glutamyl cysteinyl ligase (GCL); 
in the second step, GSH forms from c-glutamyl cysteine 
and glycine by GSH synthetase (GSS) catalysis[55-57] 
(Figure 4). It has been observed that naringenin 
possesses the ability to increase total and mitochondrial 
GSH levels during hydrogen peroxide (H2O2)-induced 
liver damage[48,49,51], as well total hepatic GSH[52,58,59] 
and total GSH in other organs[60,61]. These effects can be 
explained because naringenin increases the expression 
of the GCLC catalytic subunit and the GCL modulatory 
subunit at both the protein and mRNA levels[60-62].

The tripeptide can directly scavenge R• or function 
as a co-substrate of the internal antioxidant system 
enzymes. For example, GSH is the co-substrate of 
glutathione peroxidase (GPx) in H2O2 reduction and of 
glutathione transferase (GST), which catalyzes xenobi-
otics biotransformation in the liver[56,57]. In either case, 
GSH is oxidized to GSSG, which leads to consumption 
of GSH. Therefore, there are mechanisms in charge 
of maintaining the GSH/GSSG balance; for example, 
glutathione reductase (GR or GSR) is responsible of 
GSSG reduction to the disulfide form (GSH) at the 

Figure 3  Naringenin antioxidant activity-structure relationship. In red: 
Hydroxyl substituents (OH) that have high reactivity against reactive oxygen 
species and reactive nitrogen species. In green: 5,7-m-dihydroxy arrangement 
in the A-ring serves to stabilize the structure after donating electrons to free 
radicals. In blue: The association between 5-OH and 4-oxo substituents 
contributes to the chelation of compounds such as heavy metals.
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expense of NADPH[55-57]. It has been reported that 
naringenin increased the GSH/GSSG ratio[59,61] by 
improving GR mRNA levels and activity in the liver[44,63-66] 
and in other organs[67,68] (Figure 4).

Naringenin can influence cellular antioxidant balance 
not only through its own chemical structure but also 
by inducing the cell antioxidant system. In this regard, 
it has been reported that naringenin upregulates 
important antioxidant enzymes, such as superoxide 
dismutase (SOD), catalase (CAT), GPx and GST.

SOD catalyzes the reaction in which O2
• is converted 

to H2O2, a more stable species but that at high con-
centrations is harmful to cells; in turn, CAT eliminates 
excess H2O2, generating water[69]. Naringenin signi-
ficantly increases SOD enzyme activity in different 
models of liver damage induced by oxidative stress[44,

50,52,62-65,67,70-74]. This effect is associated with the ability of 
this flavonoid to increase enzyme protein levels in the 
liver and other organs[58,59,68]. Naringenin can prevent 

CAT activity decrement after damage to several 
tissues[44,49,50,52,62-65,67,70-74] by increasing protein[58,59,68] 
and mRNA levels[43]. 

SOD and CAT, together with GPx and GST, are 
diminished during oxidative stress. It is worth noting 
that naringenin has been reported to upregulate these 
enzymes[44,63-66] (Figure 4). There are some reports trying 
to explain the mechanism of naringenin to increase GPx 
activity. One report indicates that the flavanone produces 
an increment in GPx mRNA levels[43], while others 
indicate that it increases the protein content[58,59,68]. 
Another hypothesis postulates that during cell damage, 
GSH is almost depleted and, thus, cannot be utilized by 
GPx as a cofactor, leading to decreased enzyme activity; 
in this situation, naringenin acts by improving GSH levels 
and, as a consequence, enzyme activity[44,49,50,52,63-65,71-74]. 
Further experiments are needed to clarify this point.

Naringenin preserves GST activity under prooxidant 
conditions associated with several illnesses[49-51,63-65,70,72,74]. 
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It has been demonstrated that the flavanone acts 
by increasing mRNA levels of GST[61,63], which in turn 
induces the transduction of the corresponding functional 
protein[68]. The specific action mechanism by which 
naringenin produces these effects remains to be elu-
cidated (Figure 4).

As it has been previously described, naringenin 
has very important effects on endogenous antioxidant 
system enzymes, in contrast to its own weak antioxidant 
properties in comparison to those of other natural 
compounds, such as quercetin. This low antioxidant 
activity suggests that naringenin’s effects are not only a 
result of its structural activity relationship but also due 
to other properties. In this regard, it is worth noting that 
naringenin influences microRNAs (miRNAs) and nuclear 
factor-erythroid 2 related factor 2 (Nrf2).

miRNAs are noncoding or nonmessenger RNAs that 
are approximately 22 nucleotides in length that regulate 
gene expression because they bind to target mRNA, 
inhibiting protein synthesis[75]. miR-17-3p is involved in 
oxidative stress, and its targets are mRNAs coding for 
SOD and GPx, thereby preventing the expression of 
these proteins[76]. Naringenin decreased the expression 
level of miR-17-3p, which is in agreement with increased 
levels of target mRNAs coding for SOD and GPx2[77]. As 
noted, this reduction in miR-17-3p expression may be a 
mechanism by which naringenin modulates antioxidant 
enzymes; however, more research is needed on the role 
of naringenin in miRNA and its effect on the endogenous 
antioxidant system (Figure 4).

Nrf2 interacts with the actin binding protein, Kelch-
like ECH associating protein 1 (Keap1), inactivating 
Nrf2 in the cytoplasm. Nrf2 must be released from 
Keap1 to be active. Its release can occur either by 
MAPK phosphorylation or by conformational changes 
in Keap1 due to ROS. Once free, Nrf2 translocates to 
the nucleus, where it forms a dimer with the musculo-
aponeurotic fibrosarcoma (Maf) family proteins. Nrf2-
Maf dimer is a transcription factor that binds to the 
antioxidant response element (ARE) sequence, resulting 
in transcriptional activation of detoxification proteins 
such as NADPH quinone oxidoreductase (NQO1), GST, 
and aldo-keto reductase (AKR), antioxidant enzymes 
such as thioredoxin (TXN1), thioredoxin reductase 
1(TXNR), peroxiredoxin 1 (PRDX1), GPx, GCL, GR, 
CAT and SOD, and heme and iron metabolism proteins 
such as heme oxygenase (OH-1) and ferro chelatase 
(FECH)[78-80] (Figure 4).

Interestingly, there are reports indicating that narin-
genin upregulates Nrf2 in various models. In a model 
of UVB irradiation-induced skin inflammation and oxi-
dative damage in hairless mice, naringenin significantly 
increased Nrf2 mRNA levels compared with those in the 
damaged group[66]. Moreover, in a model of KO2-induced 
inflammatory pain in mice, naringenin inhibited the 
KO2-induced decrease in Nrf2 mRNA expression[42]. In 
addition, naringenin upregulated the mRNA expression 
of Nrf2 in complete Freund’s adjuvant-induced rats[46], 

and naringenin increased Nrf2 mRNA expression in a 
model of oxidative stress induced by H2O2

[49].
The induction of Nrf2 mRNA may propitiate Nrf2 

protein levels to increase. It has been reported that 
naringenin is capable of increasing Nrf2 protein levels 
in CCl4-induced hepatic damage[63]. In addition, the 
flavonoid protected SH-SY5Y cells against 6-OHDA 
neurotoxicity via Nrf2 because it improved the levels 
of this protein[60]. Moreover, one mechanism to explain 
why naringenin prevented CCl4-induced acute liver 
injury in mice is by preserving Nrf2 levels[59]. In addition, 
naringenin improved intracellular Nrf2 levels in LPS-
induced apoptosis of PC12 cells[81] and reduced oxidative 
stress by increasing Nrf2 protein levels in neurons[41].

Increased Nrf2 protein levels do not necessarily 
correlate with increases in Nrf2 activity. Nrf2 must 
dissociate from Keap1 to translocate to the nucleus and 
to induce proteins of the antioxidant system. Naringenin 
activates Nrf2 because it promotes its translocation 
from the cytoplasm to the nucleus[43,61-63,82]. 

Phosphorylation of Nrf2 by extracellular signal-
regulated protein kinase (ERK) triggers the dissociation 
of Nrf2-Keap1 and inhibits the reassociation of Nrf2-
Keap1 complexes[83,84]. Other important proteins 
involved in the activation of Nrf2 are 5′ AMP-activated 
protein kinase (AMPK)[85], phosphatidylinositol-3-kinase 
(PI3K/AKT), and protein kinase C (PKC)[86]. Notably, 
it has been observed that naringenin upregulated 
phosphorylated ERK1/2, leading to nuclear translocation 
of Nrf2 in doxorubicin-induced toxicity in H9c2 
cardiomyocytes[62]. In another report, after treatment 
with 40 µg/mL of naringenin, nuclear Nrf2 increased at 
0.25 h and remained elevated until 3 h after naringenin 
treatment to H9c2 cells[82]. In addition, naringenin 
increased the phosphorylation levels of ERK1/2, PKCδ, 
and AKT, but this increase was prevented by chemical 
inhibitors of AKT (LY294002), ERK1/2 (PD98059), and 
PKCα (rottlerin), which suppressed Nrf2 activation 
induced by naringenin[82]. These results suggest that the 
naringenin-induced activation of Nrf2 signaling may be 
mediated by the phosphorylation of ERK1/2, PKCδ, and 
AKT[82] (Figure 4).

Nrf2 activation and its translocation to the nucleus 
lead to its union with Maf; Nrf2-Maf dimer, in turn, 
binds to ARE sequence, which results in transcriptional 
activation of detoxification and antioxidant proteins. 
Naringenin not only activates Nrf2 but also increases the 
mRNA and protein levels of target genes such as NQO1, 
GPx, GCL, GR, OH-1, and GST[43,46,49,59-63,66,81,82,87]. To 
corroborate this effect, experiments have been carried 
out to silence Nrf2. A small interfering RNA (siRNA) 
study revealed that the knockdown of Nrf2 can abrogate 
naringenin-mediated protection of the BEAS-2B cells 
from paraquat-induced cellular toxicity[43]. Another 
report showed that naringenin fails to block 6-OHDA 
neurotoxicity if Nrf2 siRNA is administered[60]. Moreover, 
naringenin prevented mitochondrial depolarization is 
inhibited by Nrf2 siRNA[87]; in addition, the naringenin-
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induced upregulation of GCL and HO-1 proteins was 
significantly inhibited by Nrf2-siRNA transfection in H9c2 
cells[82]. Finally, silencing of Nrf2 suppressed naringenin-
induced cytoprotection and mitochondrial protection in 
SH-SY5Y cells exposed to H2O2

[48] (Figure 4).
Due to the important regulatory effects of naringenin 

on endogenous antioxidant system, the flavonoid 
takes great importance as a possible hepatoprotector, 
since one of the main mechanisms of liver damage 
is oxidative stress[54]. In addition, this antioxidant is 
different from others, since in addition to its direct 
effect as an antioxidant, it induces the expression of 
endogenous antioxidants.

NaRINGeNIN PReVeNTs lIVeR DaMaGe 
CaUseD BY alCOhOl
Liver damage induced by excessive alcohol con-
sumption is a worldwide problem[3]. It has been 
reported that an intake of 80 g/day by men and 40 
g/day by women between 10-20 years may lead to 
fibrosis[88-90]. Therefore, it is important to find a drug 
that prevents or reverses the effects of alcohol abuse in 
the population.

Liver alcohol metabolism consists of the following 
steps: (1) In the cytosol, alcohol is converted into 
acetaldehyde by the enzyme alcohol dehydrogenase 
(ADH) using NAD+ to generate NADH; acetaldehyde 
is also formed in microsomes by CYP2E1 and in peroxi-
somes by CAT; and (2) In the mitochondria, acetaldehyde 
dehydrogenase (ALDH) transforms acetaldehyde to 
acetate[91-93] (Figure 5). During these reactions, secondary 
harmful products to hepatocytes are generated; 
among the most important of these harmful products 
is MDA, which forms adducts with proteins and is also 
an important indicator of LP[91-93]. Moreover, ROS, such 
as H2O2 and O2

•, are generated during the metabolism 
of alcohol by CYP2E1. Additionally, alcohol metabolism 
induces fatty liver disease by increasing the NADH/NAD+ 
ratio. In general, these processes induce hepatocyte 
damage, leading to an inflammatory environment that 
activates endothelial cells, Kupffer cells and HSCs[91-93]. 

The evidence indicates that naringin, the naringenin-
glycoside, significantly lowered ethanol concentration 
in plasma in a dose-dependent manner[94]. Ethanol 
administration resulted in higher ADH and lower ALDH 
activities, resulting in toxic acetaldehyde accumulation. 
Naringin increased the activities of both enzymes, 
resulting in efficient alcohol elimination via acetalde-
hyde and its conversion to acetate, preventing the 
accumulation of acetaldehyde, and resulting in the rapid 
clearance of alcohol from the serum[94]. In agreement 
with these findings, naringenin administration to 
alcohol-treated rats increased ADH and ALDH enzyme 
activities[70]. In addition, ethanol increased the activity 
of cytochrome CYP2E1, while this effect was reversed 
by naringenin[70] (Figure 5). 

Ethanol consumption modifies the phase I and 
phase II xenobiotic metabolism enzymes. During 
phase I metabolism, enzymes catalyze reactions of 
oxidation, reduction, and hydrolysis of xenobiotics to 
increase their polarity and improve their excretion. On 
the other hand, phase II reactions are glucuronidation, 
acetylation, S-methylation, and glutathione- or sulfo-
conjugation of xenobiotics. These reactions are carried 
out on phase I products for their better excretion, since 
tissue damage occurs if the products of phase I are 
not eliminated by the enzymes of phase II[95]. It has 
been reported that alcohol intake raises the activity 
of phase I enzymes such as CYP450, cytochrome b5, 
NADH-cytochrome b5 reductase and NADPH-CYP450 
reductase. In contrast, ethanol injection decreases 
the activity of phase II enzymes such as GST and DT-
diaphorase[70,96]. Interestingly, naringenin was able to 
reverse these effects caused by alcohol in both types 
of enzymes, leading to efficient elimination of alcohol 
metabolism products and reestablishment of the NADH/
NAD+ ratio[70] (Figure 5). 

Due to acetaldehyde accumulation during alcohol 
metabolism, oxidative stress is generated. This is 
characterized by LP, increased R• and endogenous 
antioxidant system dysfunction[97]. During ethanol 
administration in vivo, significantly elevated levels of 
TBARS, lipid hydroperoxides (LOOH), conjugated dienes 
(CD), protein carbonyl content and significantly lowered 
activities of SOD, GPx, CAT, GR and GST, and lowered 
levels of GSH have been observed[64,70,94]. 

As discussed above, naringenin displays antioxidant 
effects at different levels, and this was evident when the 
administration of naringin or naringenin prevented and 
reverted oxidative stress caused by ethanol, normalizing 
levels of TBARS, LOOH, CD, protein carbonyl content, 
antioxidant enzymes activity and GSH levels[64,70,94] 

(Figure 5).  
If oxidative stress is constant and the antioxidant 

system has failed, liver damage is generated; this 
liver damage is marked by increases in liver damage 
markers such as alkaline phosphatase (AP), aspartate 
aminotransferase (AST), alanine aminotransaminase 
(ALT), γ-glutamyl transferase (GGT) and lactate dehy-
drogenase (LDH) activities or by the elevation of serum 
bilirubins and aspartate levels. However, naringenin 
administration during ethanol-induced hepatic damage 
decreases the activity/levels of liver damage markers, 
demonstrating that naringenin protects hepatocytes 
against necrosis, cholestasis and membrane perme-
ation[64,70,98] (Figure 5).

After hepatocyte damage occurs, an inflammatory 
reaction is produced that is characterized by increases 
in cytokines and proteins that mediate the immune 
response. It has been reported that rats that received 
20% ethanol equivalent to 6 g/kg body weight (bw) 
every day for a period of 60 days showed significantly 
elevated mRNA levels of tumor necrosis factor-alpha 
(TNF-α), interleukin-6 (IL-6), nuclear factor-kappa 
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B (NF-κB), cyclooxygenase-2 (COX-2), macrophage 
inflammatory protein 2 (MIP-2) and CD14, as well as 
increased staining for inducible nitric oxide synthase 
(iNOS) protein adducts in the liver. Notably, when 
naringenin (50 mg/kg p.o.) was administered every 
day during the last 30 d of alcohol intoxication, the 
flavanone decreased the mRNA levels of all inflamma-
tory markers[98], indicating the potent anti-inflammatory 
properties of naringenin (Figure 5). 

One of the main effects of alcohol abuse on the 
liver is lipid accumulation in hepatocytes. Even though 
fatty liver is a reversible condition, it can progress to 
inflammation and fibrosis. During alcohol consumption, 
there is a deregulation of pathways that regulate lipid 
synthesis, oxidation and very-low density lipoprotein 
(VLDL) exportation that leads to the accumulation 
of triglycerides and fatty acids in the liver[93]. In a 
study performed to investigate the effect of naringin 
supplements on lipid metabolism in ethanol-treated 
rats, the results showed that the concentrations of 
plasma/liver total cholesterol and plasma/liver total 

triglyceride were significantly higher in the ethanol-
treated rats and, conversely, decreased the high-density 
lipoprotein (HDL)-cholesterol level and HDL-cholesterol/
total-cholesterol ratio, while naringin reestablished 
normal levels of all measured lipid parameters. Another 
interesting effect of the glycoside was a decreased 
number of hepatic cells containing lipid droplets 
compared to the alcohol-group, where many of these 
cells were observed. It was concluded, therefore, that 
naringin is able to prevent lipid accumulation in liver 
caused by alcohol[94]. 

In another study, serum insulin was diminished, 
glucose/insulin ratio and liver triglycerides were in-
creased in ethanol-drinking rats; however, naringenin 
co-administration partially protected rats from these 
effects produced by alcohol intoxication. Unfortunately, 
naringenin was not able to protect from alterations in 
serum glucose, triglycerides, total, free and esterified 
cholesterol or HDL cholesterol, or from liver and muscle 
triglycerides or glycogen[99]. 

Naringenin has effects on several steps of ethanol 
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free radical (R•) formation in the form of lipid hydroperoxides (LOOH) or protein carbonyls and resulting in the elevation of lipid peroxidation (LP). Naringenin (N) 
increases the activities of all those enzymes, which results in alcohol efficient elimination leading to endogenous antioxidant system restoration, oxidative stress 
prevention and balance of phase Ⅰ and phase Ⅱ xenobiotic metabolism enzymes. Naringenin also prevents increased levels of alkaline phosphatase (AP), aspartate 
aminotransferase (AST), alanine aminotransaminase (ALT), and γ-glutamyl transferase (GGT) as well as inflammation during alcohol-mediated liver damage. 
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metabolism, as well as on liver damage by this xeno-
biotic, suggesting that it can be used in the prevention 
and reversion of alcohol-induced liver damage. However, 
more studies are necessary to further investigate 
naringenin’s mechanism of action in alcohol-induced 
hepatic injury and whether it is able to protect from 
fibrosis induced by alcohol abuse.

eFFeCT OF NaRINGeNIN ON CCl4-
INDUCeD lIVeR DaMaGe 
CCl4 is a haloalkane widely used to induce liver 
damage[100]. To induce liver damage, CCl4 must be 
activated by CYP2E1, CYP2B1 or CYP2B2, and CYP3A, 
to form the trichloromethyl radical (CCl3•). This radical 
reacts with oxygen to form the trichloromethylperoxy 
radical (CCl3OO•), a highly reactive species. These two 
species are highly reactive; they can bind to cellular 
molecules, for example, nucleic acids, proteins or 
lipids. CCl3OO• initiates the chain reaction of LP, which 
attacks and destroys PUFAs, those associated with 
phospholipids in cell membranes as the mitochon-
drial or the reticulum membranes. This membrane 
damage leads to hepatocyte damage, which in turn 
activates Kupffer cells and HSC, regulating fibrosis and 
cirrhosis[31,101] (Figure 6).

Facino et al[102] were pioneers to study the effe-
ctiveness of naringenin against CCl4 damage. In this 
study, a glycosidic fraction (containing naringenin-
glycoside) and naringenin-glycoside extracted from the 
flowering tops of Helichrysum italicum G. Don were 
utilized to investigate the effect of these flavonoids on 
CCl4-induced rat microsomes, finding that microsomal LP 
was reduced by the glycosidic fraction and by naringenin-
glycoside[102]. Another study showed that CCl4-
induced liver damage was decreased by concomitant 
administration of an aqueous extract of the rhizomes of 
Sansevieria liberica, containing 5.99% naringenin, since 
AP, AST and ALT activities and fatty degeneration of 
hepatocytes were prevented[103]. Finally, another report 
investigated the effect of an aqueous extract of Trifolium 
pratense L. (Leguminosae) leaves on CCl4-induced liver 
damage; it was observed that naringenin in the extract 
was able to reduce LP levels and xanthine oxidase (XOD) 
activity[104].  

On the basis that natural extracts containing na-
ringenin had positive effects against injury induced 
by CCl4, different protocols have been carried out to 
evaluate naringenin hepatoprotective capacity. In 
2009, Yen et al[16] evaluated the ability of naringenin 
to prevent acute liver failure induced by CCl4 in rats. 
Naringenin (100 mg/kg) was administered during three 
consecutive days, and then on the fourth day, CCl4 was 
intraperitoneally (i.p.) administered with a single dose 
(3 mL/kg, olive oil: CCl4, 1:1). The flavonoid was able to 
prevent AST, ALT and LP elevations and the reduction of 
SOD, CAT and GPx levels, and it significantly suppressed 
the activation of caspase (Cas)3 and Cas9 induced by 

CCl4 administration[16]. 
Later, Hermenean et al[105] published an experiment in 

which acute liver damage was induced in mice with CCl4 
(1.0 mL/kg, olive oil: CCl4, 1:1, i.p.), and naringenin (50 
mg/kg) pretreatment for seven days was evaluated. 
The elevation of serum AST, ALT and LP levels as well 
as the reduction of CAT, SOD and GPx activities and 
GSH levels in livers from rats intoxicated with CCl4 were 
all significantly prevented by naringenin. Moreover, 
naringenin prevented necrotic changes of hepatocytes, 
fatty degeneration, sinusoidal dilatation, mild fibrosis, 
and inflammatory cell infiltration and retained the 
normal ultrastructure of the hepatocytes, including mild 
restoration of normal bile canaliculi configuration filled 
with microvilli[105]. 

The action mechanism of naringenin on acute liver 
damage induced by CCl4 can be explained by different 
mechanisms. CCl4 is activated in hepatocytes by 
CYP2E1; therefore, the R• formed attacks membranes 
of these cells, generating LP. During CCl4 administration, 
the expression of CYP2E1 is elevated; however, it has 
been reported that naringin strongly inhibited this 
cytochrome; therefore, one possible mechanism of 
hepatoprotection is the inhibition of CYP2E1 by the 
flavanone, preventing bioactivation of CCl4[59] (Figure 
6). Another mechanism is associated with the ability 
of naringenin to induce the endogenous antioxidant 
system by upregulating Nrf2. It was reported that 
the administration of 50 mg/kg of naringenin to 
rats significantly increased Nrf2 protein levels in the 
cytoplasm and nucleus, elevating mRNA levels of its 
target genes, such as HO-1, NQO1 and GST[63]; in 
addition, naringenin can prevent the decrease in Nrf2, 
HO-1 and SOD protein levels exerted by CCl4 treatment 
in mice[59] (Figure 6).  

In addition to oxidative stress, inflammation plays a 
crucial role in the development of liver damage. During 
fibrosis produced by CCl4 chronic administration, there 
is a proinflammatory environment generated by Kupffer 
cells and HSCs. In these cells, inflammatory signaling 
pathways, mainly NF-κB-related signaling pathways, 
are activated. This pathway starts when TLRs are 
activated; then, intermediaries lead to inhibitor κB (IKB) 
phosphorylation by IκB kinase (IKK) and NF-κB release 
into the cytoplasm. NF-κB then translocates into nucleus 
to induce the transcription of target genes. NF-κB 
regulates proinflammatory protein expression of TNF-α, 
IL-1β and IL-6[59,31,106]. In addition, NF-κB binds to iNOS 
and COX-2 gene promoters, activating the transcription 
of these genes; iNOS catalyzes the production of nitric 
oxide (NO), which is a highly oxidizing product[107,108]. 
On the other hand, during the NF-κB pathway, the 
intermediate TGF-β-activated kinase 1(TAK1) is 
activated. Additionally, through MAPKs, NF-κB activates 
activator protein 1 (AP-1), a factor that promotes the 
transcription of genes related to inflammation[106,109]. 
Moreover, high mobility group box 1 (HMGB1) is widely 
involved in proinflammatory processes through its 
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receptor for advanced glycation end product (RAGE) 
and TLRs; HMGB1 is released by necrotic cells and by 
monocytes or macrophage[110].

Because inflammation plays a pivotal role in the 
establishment and perpetuation of liver diseases, 
naringenin has been evaluated as an anti-inflammatory 
therapeutic agent. In this context, a recent paper 
reported that naringenin (30, 60 and 120 mg/kg) 
administration to mice treated with CCl4 (0.3% CCl4, 10 
mL/kg, dissolved in olive oil) showed that at a dose of 
120 mg/kg, the flavonoid dramatically downregulated 

the expressions of TLR4, TNF-α, IL-1β, IL-6, iNOS, 
AP-1, COX-2, HMGB-1 and NF-κB[59]. Another report of 
a study carried out in rats that were acutely intoxicated 
with CCl4 indicates that naringenin (50 mg/kg) prevents 
the CCl4-induced increases in TNF-α and elevations in 
iNOS, COX-2 protein and mRNA[63]. Figure 6 shows 
that naringin and naringenin possess important anti-
inflammatory properties by blocking the NF-κB signaling 
pathway.

During hepatic damage, hepatocytes may undergo 
apoptosis mediated by intrinsic or extrinsic pathways. 
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Figure 6  Naringenin prevents acute and chronic CCl4-induced liver damage. Carbon tetrachloride (CCl4) is activated by CYP2E1, CYP2B1, CYP2B2, and 
CYP3A (CYP) to form the trichloromethyl radical (CCl3•); then, it reacts with the oxygen-forming trichloromethylperoxy radical (CCl3OO•). The CCl3OO• initiates 
lipid peroxidation (LP), free radical (R•) generation, and imbalance of the endogenous antioxidant system formed by superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPx), glutathione (GSH), heme oxygenase (OH-1), NADPH quinone oxidoreductase (NQO1) and nuclear factor-erythroid 2 related factor 
2 (Nrf2). Naringenin prevents CCl4 metabolism, LP and imbalance of the antioxidant system. Naringenin also prevents increased levels of alkaline phosphatase 
(AP), aspartate aminotransferase (AST), alanine aminotransaminase (ALT), and γ-glutamyl transferase (GGT). On the other hand, CCl4 increases intrinsic and 
extrinsic apoptosis pathways in hepatocytes; however, naringenin prevents CYPc release, as well as BCL2-associated X protein (Bax), BCL2-antagonist/killer 1 
(Bak), Caspase 3 (Cas3) and Caspase 9 (Cas9) elevation, a protein related with the intrinsic pathway. For the extrinsic apoptosis pathway, naringenin prevents 
Fas and Fas ligand (FasL) increases produced by CCl4 administration. During CCl4-induced fibrosis, there is a proinflammatory environment generated by Kupffer 
cells and HSCs. The NF-κB pathway starts when TLRs are activated; then, intermediates are activated leading to inhibitor κB (IKB) phosphorylation by IκB kinase 
(IKK) and NF-κB release. NF-κB regulates inflammatory protein expression, including tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), cyclooxygenase-2 
(COX-2), interleukin-1 (IL-1) and inducible nitric oxide synthase (iNOS), while naringenin maintains normal levels of these proteins during CCl4-induced liver damage. 
Transforming growth factor-β (TGF-β) activates receptor-activated Smad3 (Smad3), leading to transcriptional induction of α-smooth muscle actin (α-SMA), connective 
tissue growth factor (CTGF), and collagen-1 (Col-1). Moreover, Smad3 is also activated by JNK via linker domain phosphorylation. Naringenin prevents Smad3 
activation and α-SMA, CTGF, and Col-1 elevation because it inhibits TGF-β elevation and JNK activation. Metalloproteases (MMPs) cleave extra cellular matrix 
(ECM) proteins, favoring TGF-β release as well as HSC migration to other sites, increasing fibrosis development; naringenin prevents MMPs elevation. On the other 
hand, CCl4 decreases Smad7 protein levels; this protein inhibits the TGF-β signaling pathway by TGF-β receptor I (TβRI) ubiquitination, but nevertheless, naringenin 
maintains normal levels of Smad7 during CCl4 treatment.

Hernández-Aquino E et al . Naringenin on liver damage



1690 April 28, 2018|Volume 24|Issue 16|WJG|www.wjgnet.com

In the intrinsic pathway, BCL2-associated X protein (Bax) 
and BCL2-antagonist/killer 1 (Bak) are activated by 
proapoptotic stimuli, resulting in the release of electron 
transport protein CYPc from the mitochondria to the 
cytoplasm; then, this protein binds to Apaf-1, forming 
the apoptosome. In turn, the apoptosome activates 
Cas9, which cleaves procaspase 3 zymogens, amplifying 
the cell death cascade[11]. 

The administration of CCl4 induces apoptosis in 
hepatocytes as well as DNA fragmentation, increases 
the mRNA levels of Bax, Bak, Cas3 and Cas9 and 
increases CYPc release[59,31,101]. It has been reported 
that glycosylated naringenin (naringin) effectively 
prevented CCl4-induced DNA fragmentation, apoptosis 
and mitochondrial injury by attenuating the release of 
CYPc, therefore inhibiting apoptosis initiation. Another 
explanation is that naringin significantly increased the 
expression of antiapoptotic proteins B-cell CLL/lymphoma 
2 (Bcl-2) and BCL2-like 1 (Bcl-xL) but decreased Bax, 
Bak, Cas3 and Cas9 mRNA levels[59] (Figure 6). 

Through the extrinsic pathway, Fas is activated by 
Fas ligand (FasL), which then binds to Fas-associated 
protein with a death domain (FADD). The Fas-FADD 
complex activates procaspase 8, which in turn activates 
other Cas, leading to apoptosis[111]. After CCl4-induced 

acute liver damage, the mRNA levels of Fas, FasL, and 
proapoptotic protein p53 are increased, but preventive 
administration of naringin inhibited this increase and 
reduced apoptosis in liver[59] (Figure 6).   

While there are some reports indicating evidence 
of the beneficial effects of naringenin on acute liver 
damage induced by CCl4, there is little information 
on the effect of this flavanone on chronic treatment. 
Recently, we have demonstrated that naringenin 
effectively prevents liver cirrhosis induced by chronic 
administration of CCl4 in the rat[112]. Moreover, we 
studied the molecular mechanisms involved in the 
hepatoprotective effects of naringenin on CCl4-induced 
liver fibrosis. Our results indicate that naringenin 
prevented necrosis and cholestasis and improved liver 
biosynthetic capacity in CCl4-treated rats since the 
flavonoid completely prevented the increase in ALT, AP 
and GGT serum activity and hepatic glycogen depletion. 
In addition, naringenin inhibited oxidative stress caused 
by chronic liver damage, maintaining normal levels of 
MDA, GSH and GPx activity. Moreover, inflammation 
was prevented by naringenin since the levels of NF-
κB, IL-1β and IL-6 were preserved within normal values 
despite CCl4 administration[112]. 

Perhaps the most important feature of chronic liver 
damage is the deposition of scar tissue in the hepatic 
parenchyma, leading to fibrosis and cirrhosis. In general, 
livers of rats treated with CCl4 presented macro nodular 
fibrosis; the tissue showed liver parenchymal disruption, 
steatosis, hyperchromatic nuclear hepatocytes, and 
atypical pleomorphic nuclei. In addition, cirrhotic rats 
presented large amounts of collagen around fibrotic 
nodules. In contrast, rats treated with naringenin 

had livers without macro nodular fibrosis; collagen 
accumulation as well as regenerative nodules were 
prevented, and it was found that total collagen and 
collagen-I (Col-I) accumulation was prevented by 
naringenin. One of the main profibrogenic signaling 
molecules is TGF-β, which exerts its effects by activating 
receptor-activated Smads (R-Smads), leading to 
transcriptional induction of α-smooth muscle actin 
(α-SMA), the main marker of transdifferentiation of HSCs, 
and connective tissue growth factor (CTGF), a TGF-β 
downstream signal amplifier[113,114]. Notably, naringenin 
was able to maintain basal levels of TGF-β, as well as 
α-SMA, CTGF and Col-I, in rats treated with CCl4. In 
addition to being activated by TGF-β, MAPKs also activate 
R-Smads in an alternative pathway (non-canonical), 
where the linker domain is phosphorylated instead 
of the carboxyl domain in R-Smads molecules[115,116]. 
After the administration of CCl4 for 8 wk, activated 
JNK levels increased significantly, as well as total and 
phosphorylated Smad3 in the linker domain (pSmad3L); 
however, naringenin was able to prevent these effects, 
providing another explanation for the antifibrotic effect 
of the flavonoid (Figure 6). Moreover, metalloproteases 
(MMPs), produced by the activated HSCs, cleave TGF-β, 
leading to further activation and proliferation of HSCs and 
collagen fiber formation; consequently, fibrosis ensues. 
In agreement with these findings, we noticed that 
chronic CCl4 administration produced increased MMP2, 
MMP9 and MMP13; notably, we found for the first time 
that naringenin treatment preserved normal levels of 
these MMPs[117] (Figure 6).

Furthermore, CCl4 decreased Smad7 protein levels; 
Smad7 inhibits the TGF-β profibrogenic signaling 
pathway by TGF-β receptor I (TβRI) ubiquitination[118]. 
Nevertheless, naringenin was able to maintain normal 
levels of Smad7 during CCl4 treatment, therefore 
preserving the normal/physiological antifibrotic pathway 
and, thus, blocking ECM deposition in the hepatic 
parenchyma (Figure 6).

Our working group recently showed that naringenin 
also has effects on the reversion of a previously 
established fibrosis (unpublished data). CCl4 was given 
for 12 weeks to male Wistar rats (400 mg/kg, 3 times/
wk); however, naringenin (100 mg/kg/two times a 
day, p.o.) was administered at the beginning of week 
9 of CCl4 treatment to determine its ability to reverse 
established experimental cirrhosis. Different techniques 
demonstrated that naringenin had the ability to reverse 
elevated liver damage biochemical markers and to 
restore GSH and glycogen levels. Additionally, the high 
levels of TGF-β and α-SMA (protein and mRNA) observed 
during CCl4 treatment were diminished by naringenin 
administration. The protein levels of CTGF, Col-1 and 
MMP13, as well as the activity of MMP2 and MMP9, 
proteins involved in MEC remodeling, were restored by 
the flavonoid. The protein levels of NF-κB, IL-1β and 
IL-10 were elevated during CCl4 intoxication; however, 
naringenin reversed this effect. Naringenin also reversed 
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JNK activation and Smad3 phosphorylation in the linker 
domain, as well as total protein and total Smad3 mRNA. 
The results demonstrate that naringenin blocks TGF-
β-Smad3 and JNK-Smad3 pathways, and thereby, it 
has antifibrotic effects, making it a good candidate for 
properly performed clinical studies. In summary, these 
results show that naringenin not only reduces CCl4-
induced acute liver damage but also reduces fibrosis. 
The action mechanism of naringenin to protect the liver 
from chronic liver damage covers several fronts. This 
flavonoid displays important effects on the endogenous 
antioxidant system, blocks the main proinflammatory 
factor, NF-κB, and inhibits many profibrogenic pathways. 
These actions make this flavonoid an effective compound 
to not only to prevent but also to reverse chronic hepatic 
damage induced by CCl4. 

aNTICaNCeR aCTIVITY OF NaRINGeNIN 
IN The lIVeR
HCC is one of the most frequent tumor types world-
wide. It is the fifth most common cancer in men and 
the ninth in women, with approximately 500000 and 
200000 new cases per year, respectively[119]. 

HCC is a genetically heterogeneous tumor. Hepa-
tocarcinogenesis is complex and, therefore, requires 
several genetic and epigenetic alterations. Several 
etiological factors of HCC have been defined, including 
HBV, HCV, excessive alcohol consumption, obesity, and 
aflatoxins, and the prevalence/contribution of these risk 
factors vary by region[120]. In Western countries, the 
increasing prevalence of nonalcoholic steatohepatitis 
(NASH), known as the manifestation of the metabolic 
syndrome, is becoming the most prevalent risk cause 
for liver failure and HCC[3].

HCC is strongly associated with oxidative stress[121]; 
hepatic virus infection, the deposition of heavy metals, 
and fatty liver disease are closely associated with chronic 
inflammation, which in turn can induce oxidative stress 
in hepatocytes[122]. Alterations in cell structure and 
mitochondria can generate electron leakage from the 
mitochondria, resulting in the activation of pro-oncogenic 
pathways[123]. In addition, Kupffer cell activation during 
inflammation produces ROS that are liberated in 
the liver tissue, inducing damage to the hepatocyte 
membrane[124].

Elevated levels of intracellular ROS induce the accu-
mulation of many genetic and epigenetic modifications 
that may play a pivotal role in the induction of many 
proinflammatory, onco-suppressor- and onco-promoter-
related genes that participate in HCC development[125]. 
When ROS are increased for prolonged periods of 
time, the antioxidant defense capacity and the repair 
systems of the cells can be insufficient and lead to lipid, 
protein and DNA damage, altering different cellular 
pathways and influencing gene expression, cell adhesion, 
cell metabolism, the cell cycle, and cell death[126]. In 
general, ROS have negative effects; they are potential 

carcinogens because of their role in mutagenesis and the 
consequential chromosomal aberrations[127], as well as in 
the regulation of tumor promotion and progression[128]. 
It is worth noting that ROS have been linked to the 
hepatocarcinogenic process because they are implicated 
in the activation of cellular signaling pathways, such 
as those mediated by MAPKs, NF-kB, PI3K, p53, and 
b-catenin/Wnt, which are associated with mutagenesis, 
angiogenesis, tumor promotion, and progression[129,130] 

(Figure 7).
Abundant evidence from humans and experimental 

animals has shown that a high intake of natural products 
rich in antioxidants is associated with a decreased 
risk of many cancers[131-135]. Flavonoids have diverse 
biological activities because of their antiallergic, anti-
inflammatory, antioxidant, and anticancer properties 
without significant systemic toxicity[134,135]. Naringenin 
has been found to exhibit antioxidant, antimutagenic 
and anticarcinogenic effects[65,136,137] and acts as 
chemopreventive agent against colon carcinogenesis in 
vitro and in vivo[138,139]. It is worth noting that naringenin 
inhibits cell proliferation via the downregulation of NF-
κB, VEGF, and MMPs and induces apoptosis via Bcl-2, 
Bax and Cas in a rat model of hepatocarcinogenesis by 
N-nitrosodiethylamine (NDEA)[140]. Arul and Subramanian 
demonstrated that naringenin attenuates NDEA-
induced hepatocarcinogenesis; they postulated that the 
flavanone aids in liver cell regeneration, leading to the 
protection of hepatic cells and membrane integrity by 
scavenging R• and enhancing the antioxidant status, thus 
hindering the process of carcinogenesis[141]. A growing 
body of evidence indicates that naringenin prevents 
liver damage in chemically induced hepatotoxicity by 
inhibiting R• and LP and by enhancing the antioxidant 
system of the cell[65,112,142-144]. Accordingly, the admini-
stration of naringenin effectively suppressed NDEA-
hepatocarcinogenesis and preneoplastic lesions by 
modulating antioxidant enzymes and attenuating LP 
through the scavenging of free radicals, thus enhancing 
the antioxidant status[141]. Taken together, naringenin 
can markedly modulate oxidative stress by its activation 
of the antioxidant defense system. Thus, naringenin 
appears to be an attractive candidate as an antioxidant 
supplement for HCC prevention (Figure 7).

In another study, naringenin was found to inhibit the 
growth of Hep G2 cells in a concentration-dependent 
manner[145]. The activation of p53 has been implicated 
in triggering cell cycle arrest, including both G1 and G2 
phases of the cell cycle. Notably, naringenin induced a 
rapid accumulation of p53 in a dose-dependent manner, 
which might account for the naringenin-induced G0/G1 
and G2/M phase arrests in Hep G2 cells[145] (Figure 7).

In addition, evidence has shown that the anti-
proliferative effect of natural products is associated 
with the induction of apoptosis[146,147]. In agreement, 
naringenin was found to exert antiproliferative effects by 
inducing apoptosis, as evidenced by the nuclei damage 
of Hep G2 cells[148,149]. The dysregulation of the cell cycle 
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mechanism and the induction of cancer cell apoptosis 
are recognized as important targets in cancer therapy. 
In this sense, naringenin is known to induce apoptosis 
through the modification of Bcl-2 family of proteins 
involved in the apoptotic mitochondrial pathway, and 
the results from HepG2 cells showed that naringenin 
increases the activity of Cas3[145]. Additionally, flow 
cytometry with Annexin V-FITC/PI staining demonstrated 
that the flavonoid increased apoptotic cells, confirming 
that naringenin induced apoptosis in HepG2 cells[145]. 
The accumulated data suggest that naringenin, as well 

as other compounds derived from plants, may induce 
apoptosis through the mitochondria-initiated death 
pathway[148,150,151] (Figure 7). 

On the other hand, two-pore channels (TPCs), are 
members of the voltage-gated ion channel superfamily 
and localize in acidic Ca2+ stores and have been impli-
cated in different pathophysiological processes[152,153]; 
TPC2 is expressed predominantly in late endosomes 
and lysosomes[154]. It has been found that naringenin 
impairs TPC2-dependent biological activities, leading to 
antiangiogenic effects mediated by VEGF. Overall, these 
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(MAPKs), nuclear factor-kappa B (NF-κB), or phosphatidylinositol-3-kinase (PI3K/AKT) pathways, increasing the production and activity of metalloprotease 9 (MMP9), 
which is involved in migration and invasion processes. When toll-like receptors (TLRs) are activated, TRAMP is recruited to activate TRIF; in turn, it promotes 
transforming growth factor beta-activated kinase 1 (TAK1) activation, which phosphorylates IκB kinase (IKK). Then, IKK promotes NF-κB release via inhibitor κB (IKB) 
phosphorylation. On the other hand, phospholipase C (PLC) catalyzes phospholipid hydrolysis, generating inositol triphosphate (IP3) and diacylglycerol (DAG); the 
latter is an activator of protein kinase C (PKC), which can induce the NF-κB pathway in a TRAMP-dependent manner. Then, NF-κB induces the expression of MMP9. 
Epidermal growth factor (EGF) is highly involved in carcinogenic pathways; it binds to epidermal growth factor receptor (EGFR) promoting Grb2, SOS, Ras, Raf and 
mitogen-activated protein kinase kinase (MKK) activation, which participates in extracellular signal-regulated protein kinase (ERK), c-Jun N-terminal kinase (JNK) and 
p38 (MAPK) phosphorylation and activation. Then, MAPKs promote activator protein 1 (AP-1) activation by c-Jun and Fos dimerization. After that, AP-1 induces the 
expression of MMP9. Alternatively, MAPKs are activated via PI3K/AKT. PI3K produces phosphatidylinositol (3, 4, 5)-trisphosphate (PIP3) from phosphatidylinositol 
4,5-bisphosphate (PIP2); PIP3 activates AKT, which promotes MAPK activation in a Ras-dependent pathway. It has been reported that naringenin inhibits MM9 
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dependent kinase 2 (CDK2) complex, which participates in proliferation. p53 accumulation results in naringenin-induced G0/G1 phase arrests. An important 
mechanism for the elimination of cancer cells is apoptosis. Naringenin induces apoptosis by increased cytochrome c (CYPc) release, as well as BCL2-associated 
X protein (Bax), BCL2-antagonist/killer 1 (Bak) and Caspase 3 (Cas3) elevation. Additionally, naringenin inhibited B-cell CLL/lymphoma 2 (Bcl-2) an antiapoptotic 
protein. Two-pore channels (TPCs) are members of the voltage-gated ion channel superfamily localized in acidic calcium (Ca2+) stores and have been implicated in 
angiogenic processes. Vascular endothelial growth factor (VEGF) and its receptor vascular endothelial growth factor receptor (VEGFR) promotes TPC activation via 
nicotinic acid adenine dinucleotide phosphate (NAADP); then, Ca2+ is transported to the cytoplasm through TPCs, activating angiogenic signals. Naringenin inhibits 
VEGF angiogenesis induction blocking NAADP activation and NAADP/TPC association. 
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data suggest that naringenin inhibition of TPC2 activity 
and the observed inhibition of the angiogenic response 
to VEGF are linked by impaired intracellular calcium 
signaling[155]. Therefore, TPC2 inhibition is emerging as 
a key therapeutic step in the progression and metas-
tatic potential of malignant cells. The identification of 
naringenin as an inhibitor of TPC2-mediated signaling 
provides a novel and potentially relevant tool for the 
advancement of anticancer research (Figure 7).

12-O-tetradecanoylphorbol-13-acetate (TPA) is 
widely utilized for studying the mechanisms of carcino-
genesis[156]. TPA upregulated MMP9 expression via PKC-
dependent activation of the Ras/ERK signaling pathway, 
increasing invasiveness in cell lines[157] and tumor 
metastasis[158]. Importantly, Yen et al[159] demonstrated 
that naringenin possesses a strong antiinvasive and 
antimigratory effect in TPA-activated hepatoma cells 
via the downregulation of PKC, epidermal growth factor 
(EGF), MAPK and PI3K/Akt signaling pathways, and NF-
κB, AP-1 and MMP9 activities (Figure 6). 

In conclusion, naringenin is highly effective in inhi-
biting cell proliferation and inducing apoptotic cell death 
in HepG2 cells and reducing invasion and metastasis. 
Therefore, it may be a promising candidate for hepato-
carcinogenesis treatment.

NaRINGeNIN PROTeCTs FROM lIVeR 
DaMaGe INDUCeD BY heaVY MeTals
Heavy metals can be classified according to their 
mechanism of action in redox-active metals or redox-
inactive metals. Redox-active metals such as iron 
(Fe), copper (Cu), chromium (Cr), cobalt (Co), among 
others, develop redox cycling reactions, and they 
produce R• in biological systems, producing oxidative 
stress, LP, DNA damage and other deleterious effects. 
Meanwhile, redox inactive metals such as cadmium 
(Cd), arsenic (As) and lead (Pb) bind to proteins and 
sulfhydryl groups and induce GSH depletion[160].  

In this section, liver damage caused by redox-active 
and -inactive metals will be discussed. 

Iron
Iron is an indispensable micronutrient for living organ-
isms; it participates in oxygen transport, DNA synthe-
sis and host defense, among others. Total body iron 
content ranges from 3 to 5 g, but its level increases 
due to diseases or intoxication[161]. The liver is the main 
iron depot; thus, it is highly susceptible to damage 
induced by iron overload[161,162].

Iron is captured by hepatocytes through transferrin 
receptor 1 (TfR1); during iron overload, its transcript is 
degraded and its synthesis is inhibited; however, iron 
uptake can be mediated by TfR2 even with high iron 
levels[161,162]. When iron binding capacity or transferrin 
saturation is exceeded, non-transferrin bound iron 
(NTBI) is elevated, and then it is transported into 
hepatocytes through divalent metal transporter 1 

(DMT1). In hepatocytes, iron is incorporated into the 
ferritin molecule that preserves iron bioavailability[162] 
(Figure 8). 

One of the most reactive R• is O2
•; under normal 

conditions, it is produced in the respiratory chain by 
NADP oxidase, and then, it is neutralized by SOD, 
generating H2O2. Intracellular iron is released from 
ferritin by O2

•; next, free iron reacts with H2O2 in the 
Fenton reaction, generating high amounts of OH•, and 
in turn, OH• attracts the double bonds of DNA bases. 
In the case of lipids, free iron produced LP forming 
ROO•[160]. These processes produce hepatocyte damage, 
such as mitochondrial dysfunction and apoptosis, 
which results in the recruitment of Kupffer cells that 
phagocyte damaged hepatocytes, leading to the release 
of proinflammatory and profibrogenic cytokines that 
activate HSCs; as a result, hepatic fibrosis ensues[161-163].

The Fenton reaction is inhibited by flavonoids 
with 3´,4´-catechol, 4-oxo, and 5-OH arrangements. 
Chelating complexes with cations may form between the 
5-OH and 4-oxo group or between the 3´- and 4´-OH[29]. 
Using an electrospray mass spectrometry study, it was 
observed that naringenin can form complexes with 
Fe(III) through its 4-oxo and 5-OH groups; in addition, 
this flavonoid is oxidized in the presence of metal ions, 
which are consequently reduced[164]. Furthermore, 
naringenin was investigated for its ability to suppress 
the Fenton reaction characteristic of the iron-ATP 
complex; the flavanone interfered with the voltammetry 
catalytic wave associated with the iron-ATP complex in 
the presence of H2O2 because it has the arrangement 
of 4-oxo and 5-OH that is indispensable for this 
inhibition[165] (Figure 8).

In an experiment where the modulation of DNA 
integrity in Fenton’s system by naringin was studied, 
it was shown that the glycoside protected DNA from 
damage caused by OH• generated during the Fenton 
reaction; naringin blocks the Fenton reaction by iron 
chelation rather than by antioxidant mechanisms or 
reduction of Fe(III) to Fe(II), and as a result, damage 
is prevented[166]. In another study, the isolated mouse 
liver mitochondrial fraction was incubated with naringin 
before Fe(III) loading, generating elevations in LP, 
protein carbonyl content and DNA oxidation, while iron 
overload decreased GSH levels and GST, GPx, CAT and 
SOD activities; however, pretreatment with naringin 
inhibited these iron effects[167]. Iron exposure in HepG2 
cells caused a decline in cell survival, a time-dependent 
increase in DNA oxidation, an elevation in DNA strand 
breaks, a high level of LP, and a depletion of GSH as 
well as decreases in GPx, CAT and SOD levels. Notably, 
the pretreatment of HepG2 cells with naringin resulted 
in cell survival induction, DNA damage prevention, 
improvement in the antioxidant system and the inhibition 
of iron-mediated cellular damage[168] (Figure 8).   

Regarding naringenin’s effects on iron-induced 
damage in vivo, it has been reported that the flavanone 
protected against iron-induced neurotoxicity in the 
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cerebral cortex of Wistar rats. After four weeks of iron 
administration, LP and protein oxidation were increased, 
but SOD, CAT, total thiols and ascorbic acid were 
decreased. Significant decreases in acetylcholinesterase 
and Na+/K+-ATPase activities were also shown, along 
with a substantial rise in NO levels. Co-administration 
with naringenin blocked the development of oxidative 
stress and improved antioxidant enzyme activities in 
the cerebral cortex[169]. In another work, the effect of 
naringenin on iron-induced hippocampus damage was 
investigated: iron administration for 28 d induced an 
impairment of the anxiogenic-like behavior and induced 
purinergic and cholinergic dysfunctions with oxidative 
stress-related disorders on mitochondrial function in the 
rat hippocampus, but naringenin was able to restore 
those parameters[170] (Figure 8). 

As seen, naringenin and naringin have the ability 
to block iron-induced oxidative stress; these natural 
compounds are able to chelate metal ions such as iron; 
thus, free iron is not available for the Fenton reaction, 
and therefore, OH• generation is blocked, as is oxidative 
stress. The chelation capacity is given in the naringenin 
molecule by the 4-oxo and 5-OH groups, which probably 

represent the place where an iron ion is conjugated. In 
the absence of this arrangement, some flavonoids do not 
have chelating capacity or are less effective[164-166]. This 
structure-activity relationship indicates that naringenin 
and naringin can act as antioxidants or as chelators, 
depending on the hepatotoxic agent employed. 

Copper
Copper is a redox active metal, and an imbalance in 
its metabolism produces disorders such as Wilson´s 
disease, Indian childhood cirrhosis or endemic Tyrolean 
infantile cirrhosis, which share the common end of 
cirrhosis due to excessive copper accumulation; another 
problem is copper toxicity caused by copper poisoning or 
dietary copper toxicity[160,171,172]. Like iron, copper exerts 
its hepatotoxic effects by oxidative stress generation; this 
is a consequence of its redox reactivity, triggering events 
that end in liver damage.

Like iron, copper is stored in the liver; it is intro-
duced into the hepatocyte through the high-affinity 
human copper transporter (hCtr1)[173]. Once inside 
the hepatocyte, cupric ion (Cu(II)), can be reduced to 
cuprous ion (Cu(I)) when reacting with O2
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Figure 8  Naringenin inhibits hepatic damage induced by heavy metals. Heavy metals can be classified according to the mechanism of action in redox-active 
metals such as iron (Fe) and copper (Cu) or redox-inactive metals such as cadmium (Cd), arsenic (As) and lead (Pb). One of the main free radicals is superoxide 
radical (O2

•); normally, it is produced by NADP oxidase, and then, it is neutralized by superoxide dismutase (SOD), generating hydrogen peroxide (H2O2). Intracellular 
Fe is releases from ferritin by O2

•; next, free Fe reacts with H2O2 in the Fenton reaction, generating high amounts of hydroxyl radicals (OH•). After that, OH• attacks 
double bonds of DNA bases. In the case of lipids, free Fe produces lipid peroxidation (LP) through peroxyl radicals (ROO•), producing lipid hydroperoxides (LOOH•), 
conjugated dienes and protein carbonyl. Regarding Cu, once inside the hepatocyte, Cu ion (Cu2+), can be reduced to cuprous ion (Cu1+) when reacting with O2

•; 
then, it mediates H2O2 decomposition in OH• via the Fenton reaction. These processes result in hepatocyte and liver damage. Naringenin can chelate these metals, 
preventing their participation in the Fenton reaction; naringenin also inhibits oxidative stress by its antioxidant capacity and by promoting the endogenous antioxidant 
system. On the other hand, redox-inactive metals such as Cd, arsenic (As) and lead (Pb) form complexes with thiol groups, such as glutathione (GSH), in the 
cytoplasm and mitochondria. GSH level reduction, GSH inactivation, and GSH system deregulation increase metal toxicity. In addition, Cd can replace Fe and Cu 
in ferritin or apoferritin; thus, free Fe and Cu ions cause oxidative stress via the Fenton reactions and elevation of BCL2-associated X protein (Bax), Caspase 3 
(Cas3) and cytochrome (CYPc) proapoptotic proteins. Naringenin improves the antioxidant system by increasing SOD, catalase (CAT), glutathione peroxidase (GPx), 
glutathione transferase (GST) enzymes and GSH levels.
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acid or GSH; meanwhile, Cu(I) mediates H2O2 decom-
position in OH• via the Fenton reaction[160]. The formed 
OH• reacts with lipids, proteins and DNA, as well as 
with practically any biological molecule, generating lipid 
radicals, protein carbonyls or DNA strand breaks and 
oxidation of bases; in fact, copper is more powerful that 
iron in enhancing DNA breakage[160,174]. Furthermore, 
copper binds directly to free thiols of cysteines, which 
can result in oxidation and subsequent crosslinks 
between proteins, leading to impaired activity of 
target enzymes[171]. In addition, copper induces LP and 
4-hydroxy-2-nonenal (HNE) formation. Importantly, 
HNE may increase the phosphorylation of JNK and p38, 
AP-1 activity and the expression of Col-I and TGF-β[160], 
resulting in the exacerbation of fibrosis (Figure 8).

As previously mentioned, naringenin may act as a 
metal chelator. In this regard, two studies have reported 
the chelating capacity of the flavonoid on copper. 
Fernández et al[164] showed that naringenin, at various 
stoichiometries (metal: flavonoid) with copper, 1:1, 1:2, 
2:2 and 2:3, produces several complexes, preferably 
with Cu(II). Additionally, comparing the 4-oxo and 5-OH 
arrangement with the 4-oxo and 3-OH arrangement, 
the first one seems to favor cooper chelation[164]. 
Meanwhile, Mira et al[175] reported that naringenin has 
higher reducing capacity for copper ions than for iron 
ions. Additionally, the copper reducing activity seems 
to depend largely on the number of OH groups. In 
addition, naringenin chelates Cu2+ at pH 7.4 and pH 5.5 
between the 5-OH and the 4-oxo groups, producing 
7.1 ± 1.1 mmol Cu+/mmol naringenin, indicating that a 
large number of copper ions per molecule of flavonoid 
were chelated[175] (Figure 8). 

It has been shown that copper induces the oxidation 
of low-density lipoproteins (LDL); as a consequence, 
PUFAs in the lipoprotein are rapidly converted to 
LOOH and aldehydic breakdown products[160,176,177]. It 
has been reported that when freshly isolated human 
LDL (50 µg protein/mL) was incubated with 2 µmol/L 
Cu2+ at 37 ℃, naringenin (25 µmol/L) slightly inhibited 
LDL oxidation, but prenylflavanones (25 µmol/L) 
such as 8-geranylnaringenin, 6-prenylnaringenin, 
8-prenylnaringenin and 6,8-diprenylnaringenin effec-
tively inhibit LDL oxidation dienes formation. Then, 
Cu2+-mediated LDL oxidation was evaluated by 
measuring TBARS levels; the results showed that 
prenylflavanones significantly inhibited TBARS for-
mation and were ranked as follows: 8-geranylnaringenin 
> 6,8-diprenylnaringenin, 6-geranylnaringenin, 
8-prenylnaringenin > 6-prenylnaringenin[177] (Figure 8).  

As seen, naringenin and its derivatives can inhibit 
the first steps of copper-induced damage by preventing 
the Fenton reaction and by preventing lipid and protein 
oxidation.

Cadmium
Unlike iron and copper, cadmium is a redox inactive 
metal; although it does not directly form R•, it can 

induce oxidative stress in other ways. In addition, there 
is no mechanism for cadmium excretion in humans; 
thus, cadmium accumulates in tissues indefinitely[160,178]. 

Cadmium is absorbed though the intestines, and 
in the liver, DMT1, ZIP8 and ZIP14 are responsible for 
Cd uptake into hepatocytes[178]. Once inside hepatic 
cells, cadmium follows two pathways to exert liver 
damage: (1) Cadmium forms complexes with thiol 
groups of proteins or small peptides, such as GSH, in 
the cytoplasm and mitochondria. GSH is the first line 
of defense against cadmium-induced damage; thus, 
GSH level reduction, inactivation, and GSH system 
deregulation increase cadmium toxicity. In mitochondria, 
thiol group inactivation causes oxidative stress, 
mitochondrial permeability transition, and mitochondrial 
dysfunction[178,179]. And (2) Cadmium can replace iron 
and copper in ferritin or apoferritin; thus, free iron and 
copper ions readily cause oxidative stress via the Fenton 
reaction[160,178]. Thereby, although cadmium is unable 
to generate R• directly, indirect formation of ROS, O2

•, 
OH• and NO has been reported. In addition, increased 
LP levels and antioxidant system deregulation has 
been observed during cadmium liver damage[160,178,179]. 
Because of oxidative stress induced from cadmium 
intoxication, Kupffer and HSCs cells can be activated, 
and thus, a large number of inflammatory and cytotoxic 
mediators can be produced[178,179] (Figure 8).

One of the first reports on the beneficial effect 
of naringenin on damage induced by cadmium was 
performed in kidney, and after 4 wk of CdCl2 admini-
stration (5 mg/kg/d), TBARS, LOOH and protein 
carbonyl levels were elevated. Conversely, total 
sulfhydryl groups, GSH, vitamin C and vitamin E levels, 
as well as SOD, CAT, GPx, GST and GR, and glutathione-
6-phosphate dehydrogenase (G6PD) activities were 
decreased. Co-administration of naringenin (25 and 
50 mg/kg daily) resulted in the prevention of Cd-
induced LP and in the restoration of the endogenous 
antioxidant system. Histopathological analysis showed 
that naringenin markedly reduced CdCl2 toxicity and 
preserved the normal histological architecture of renal 
tissue[180]. 

Later, Renugadevi et al[65] reported that cadmium 
(5 mg/kg) administered orally for 4 wk induced liver 
damage. Increased activities of serum AST, ALT, AP, 
LDH, GGT and bilirubin were found. Furthermore, LP 
and protein carbonyl contents were elevated. Antio-
xidant enzymes such as SOD, CAT, GPx, and GST as 
well as GSH, vitamin C and vitamin E concentrations 
were diminished. Naringenin (50 mg/kg) significantly 
prevented the elevation of serum hepatic marker 
enzymes. Additionally, the flavonoid significantly 
reduced LP and restored antioxidant defense levels. 
The histopathological studies showed that naringenin 
preserved normal histological architecture of the tissue[65]. 
The same working group reported that naringenina plus 
vitamins C and E improved the altered biochemical and 
histopathological changes in the liver of Cd-intoxicated 
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rats to a greater extent than naringenin or vitamins 
alone[72] (Figure 8).

In another work, naringenin (4 and 8 mg/kg) 
was orally administered to mice 30 min before oral 
administration of CdCl2 (12 mg/kg) for 11 consecutive 
days. Cotreatment with naringenin significantly 
prevented disarrangement in body and organ weights, 
hematological profiles, serum and hepatic altered 
biochemical parameters in Cd-intoxicated mice[181].

Naringin also displays protective effects in cadmium-
induced damage to HepG2 cells, where the glycoside 
maintained redox homeostasis, mitochondrial membrane 
potential, reduced Cas3 and CYPc and reduced apoptosis 
by regulating the Bax/Bcl2 ratio. Moreover, naringin 
prevented diminution of protein thiol levels, SOD, 
GST and CAT activities, and LP development through 
increasing Nrf2 and metallothionein (MT)[182] (Figure 8).

Most evidence concurs that naringenin prevents 
cadmium-induced liver damage by protecting enzymatic 
and non-enzymatic antioxidant systems and by safe-
guarding GSH thiol groups. The antioxidant actions of 
naringenin may also be associated with its ability to 
chelate heavy metals, thus preventing the formation 
of ROS and with its ability to increase Nrf2. These data 
show that naringenin is effective in preventing damage 
induced by cadmium.

Arsenic
Arsenic is a highly distributed metal that is found in 
organic and inorganic forms; both forms are toxic, 
although inorganic arsenic is more toxic than organic 
arsenic[160]. This metal is metabolized by reduction 
and methylation reactions, which are catalyzed by 
glutathione-S-transferase omega-1(GSTO1) and arsenic 
(III) methyltransferase (AS3MT); it has been reported 
that during arsenic metabolism, high amounts of re-
active species are generated[160,183]. 

Like cadmium, arsenic induces cellular damage 
through binding to sulfhydryl groups and inducing mito-
chondrial dysfunction. Cadmium produces oxidative 
stress-generating species such as O2

•, singlet oxygen 
(1O2), ROO•, NO, H2O2, dimethylarsinic peroxyl 
radical [(CH3)2AsOO•] and dimethylarsinic radical 
[(CH3)2As•][160,184]. In general, an oxidative environment 
results in GSH depletion, LP elevation, protein oxidation, 
DNA damage, morphologic changes in mitochondrial 
integrity and a rapid decline of mitochondrial membrane 
potential[160,184,185]. Oxidative stress induces hepatocyte 
apoptosis as well as total bilirubin, ALT, and AST 
elevation and liver damage [183] (Figure 8). 

Since arsenic induces damage via oxidative stress, 
naringenin has been studied in arsenic-induced liver 
damage. Arsenic administration (2 mg/kg) for 28 d to 
rats or 14 d (3 mg/kg) to mice produced elevations 
in AST, ALT and AP activities, high LP markers, 
hepatic GSH depletion and reductions in SOD, CAT, 
GPx, GST and GR activities. In addition, arsenic 
exposure produced DNA fragmentation. However, the 

simultaneous administration of naringenin prevented 
hepatic injury by arsenic[68,74]. 

Jain et al[73] reported that NaAsO2 administration 
(8 mo) to male Wistar rats induced high levels of ROS 
in blood and liver and increased levels of hepatic LP; 
simultaneously, the endogenous antioxidant system was 
attenuated, leading to a reduction of GSH levels and 
to the inhibition of GPx, GST, SOD and CAT activities in 
liver. Once liver damage was established, naringenin 
was administered for two weeks; the flavanone was 
able to reverse oxidative stress, since ROS and TBARS 
levels were diminished. Moreover, the enzymatic 
antioxidant system was restored by naringenin[73]. 

Naringin also has been shown to prevent liver and 
kidney damage induced by NaAsO2 (5 mg/kg); the 
glycoside inhibited increased serum levels of ALT and 
AST as well as prevented SOD and GSH depletion. In 
addition, naringin downregulated the expression of 
TGF-β, Cas3 and TNF-α in kidney[186] (Figure 8). 

In summary, naringenin and naringin display hepa-
toprotective effects in arsenic-induced liver injury mainly 
by improving the endogenous antioxidant system and 
probably by their chelating effect.

Lead
The mechanism of action of lead toxicity is similar 
to those of cadmium and arsenic. This heavy metal 
does not generate free radicals directly; instead, lead 
deactivates antioxidant pools by binding to sulfhydryl 
groups of protein or peptides. For instance, lead-
GSH interaction inactivates GSH antioxidant activity; 
moreover, lead reduces GSH levels bay blocking GR, 
GSG and δ-aminolevulinic acid dehydratase (ALAD), 
an enzyme in charge of preserving the GSH/GSSG 
balance[160,187-189]. The inhibition of the antioxidant GSH 
system produces R• such as O2

•, 1O2 and ROO•, which 
destabilize cellular membranes through LP processes, 
resulting in mitochondria and DNA damage leading 
to p53 upregulation, an imbalance of Bax/Bcl-2 and 
apoptosis. After oxidative damage caused by lead, 
proinflammatory pathways are activated, exacerbating 
preexisting liver damage[187,188] (Figure 8). 

Two reports have been published dealing with 
naringenin’s effects on lead-induced liver injury. Wang 
et al[58] and Ozkaya et al[144] reported that rats treated 
with lead acetate in drinking water showed significant 
increases in MDA and depletion of GSH levels and GPx 
activity. Elevated levels of ALT and AST in serum and 
decreased SOD activity in liver were also shown[58]. 
Furthermore, histopathological results showed that 
the livers of lead-intoxicated rats had periportal cell 
infiltration, sinusoidal congestion, hepatic steatosis, 
and capsular fibrosis[144]. Naringenin administration 
(50 mg/kg) prevented the disarrangement of most 
parameters studied, and histopathological abnormalities 
such as necrosis, hydropic degeneration, and hepatic 
cord disorganization were attenuated by naringenin 
treatment[58,144] (Figure 8). 
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These studies show that naringenin has hepa-
toprotective effects against lead-induced liver damage; 
however, more studies are needed to further understand 
the naringenin mechanism of action. 

aNTIVIRal PROPeRTIes OF NaRINGeNIN
The study of hepatovirus has been an important issue 
in hepatology research in the last four decades. HBV 
and HCV are most studied, as they produce chronic 
liver damage, leading to cirrhosis and HCC[190]. As 
global causes of liver cirrhosis, HBV accounts for 
30%, HCV for 28%, alcohol for 27% and others for 
14% of cirrhosis cases. The etiology of liver cancer is 
HBV (45%), HCV (26%), alcohol (20%), and others 
(39%)[3]. Therefore, research on treatment for these 
infections is important for the prevention/reversion of 
chronic liver diseases.

HCV is a virus belonging to the Flaviviridae family; 
its genome consists of a positive-sense single-stranded 
RNA. Hepatocytes are the major site of HCV replication, 
but peripheral blood mononuclear cells and lymph 
nodes are also natural HCV targets[3,191,192]. 

HSC machinery processes three structural HCV 
proteins (core, E1 and E2), an ion channel protein (p7) 
and six non-structural proteins (NS) (NS2, NS3A, NS4A, 
NS4B, NS5A and NS5B)[191]. HCV adopts an icosahedral 
structure with a lipid envelope and glycoproteins E1 and 
E2 immersed in the envelope. Underneath the envelope 
is the nucleocapsid, composed of multiple copies of core 
forming the internal viral coat that encapsulates the 
genomic RNA[192] (Figure 9).  

E1 and E2 are responsible for receptor binding and 
HCV entry into hepatocytes. Among the receptors for 
HCV, CD81 is probably the best characterized; low-
density lipoprotein receptor (LDLR), scavenger receptor 
class B type I (SR-B1), human scavenger receptor, 
and glycosaminoglycans may also act as receptors for 
HCV[191,192]. After binding to its receptor, HCV endocytosis 
is activated, leading to the uptake of HCV particles 
across the cell plasma membrane[191]. After endocytosis, 
nucleocapsids are deposited into the cytoplasm via a 
low pH dependent mechanism; then, the nucleocapsids 
are uncoated, and their RNA is released[191,192] (Figure 9).  

Genomic RNA translation is mediated by an internal 
ribosome entry site (IRES) binding to the ribosome; 
then, the HCV polyprotein is produced in the rough 
endoplasmic reticulum (RER) membrane, and after 
that, viral proteins remain associated with intracellular 
membranes and gave rise to a seemingly ER-derived 
membranous web where NS proteins form the replication 
complex (RC)[191,192]. Within the RC, the positive-stranded 
RNA genome is used as a template for synthesis of 
negative-stranded RNA, which in turn serves as a 
template for new positive-stranded synthesis. New viral 
RNA is encapsulated within multiple copies of the core to 
form the nucleocapsid, and then, it acquires envelope; 
HCV virions are exported out the cell ready to infect 

healthy hepatocytes[192] (Figure 9).   
An interesting phenomenon is that HCV circulates 

in the blood in the form of a lipoprotein complex called 
lipoviroparticle (LVP); it has been reported that HCV 
may be associated with lipoproteins such as VLDL and 
low-density lipoprotein (LDL). Notably, the binding of 
lipoviroparticle to receptors as LDLR or SR-B1 enables 
the infectivity of HCV and its escape from the humoral 
immune response[190-193]. A relationship between the 
virion production process and lipoproteins, cholesterol, 
triglycerides and fatty acids has been suggested. HCV 
assembly appears to occur on lipid droplets, and the 
core protein clearly coats the surface of this organelle, 
but the lipid droplet not only serves as a site for viral 
assembly but also supplies lipoproteins that complex 
with HCV particles[191] (Figure 9). 

It has been reported that HCV core protein is bound 
to apolipoprotein (Apo) B-100 and, therefore, to VLDL 
in HCV secreted by infected cells in the JFH1/Huh7.5.1 
full viral life-cycle model. In addition, the HCV-VLDL 
complex is actively secreted by the cells; moreover, the 
colocalization of HCV’s core and ApoB100 was found in 
the cytoplasm of infected cells. Interestingly, silencing 
ApoB production by a SureSilencing shRNA in the cell 
downregulates HCV core protein secretion and HCV-
positive strand RNA secretion[193] (Figure 9).  

Naringenin was used as an ApoB100 inhibitor 
because the flavonoid reduces microsomal triglyceride 
transfer protein (MTP) and enzyme acyl-coenzyme A 
(CoA): cholesterol acyltransferase (ACAT) activity, whose 
expression is indispensable for ApoB synthesis[11,193]. 
The results showed that naringenin inhibits the se-
cretion of HCV core and HCV-positive stranded RNA, 
as well as HCV secretion, more than ApoB10 silencing 
by the SureSilencing shRNA. Nevertheless, intracellular 
levels of HCV-positive strand RNA and intracellular HCV 
core protein expression remained unchanged; despite 
this, the ability of the secreted virus to infect cells was 
strongly inhibited following naringenin treatment. This 
inhibition by naringenin was mediated by a reduction 
in MTP activity and by the transcriptional inhibition of 
3-hydroxy-3-methylglutaryl CoA reductase (HMGCR) 
and acyl-coenzyme A: Cholesterol acyltransferase 
(ACAT2)[193] (Figure 9). 

Inhibition of HCV secretion by naringenin is mediated 
by a reduction in ApoB100 synthesis because naringenin 
regulates proteins related with ApoB. Normally, cholesterol 
is synthetized in an HMGCR-dependent pathway which is 
the rate-limiting enzyme for cholesterol synthesis; then, 
cholesterol is converted to cholesteryl esters (CEs) by 
ACAT. CEs are very important to VLDL and LDL assembly. 
Another important element to VLDL and LDL assembly 
is MTP, which plays a key role in ApoB100 secretion by 
catalyzing the transfer of lipids to the nascent ApoB100; 
if ApoB-MTP binding is inhibited, ApoB is predicted to 
undergo degradation[11]. 

Naringenin improves metabolic imbalance by reducing 
the activity and mRNA levels of HMGCR, which explains 
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the finding that the flavanone can decrease hepatic 
cholesterol. In addition, naringenin possesses the ability 
to reduce the CE mass and cholesterol esterification 
by decreasing ACAT1 and ACAT2 activity[11,194-196]. 
The mRNA levels of MTP are significantly reduced by 
naringenin; therefore, ApoB-MTP binding is inhibited, and 
consequently, ApoB is degraded. In addition, although 
ApoB mRNA levels are not affected by naringenin, the 
protein does not accumulate in hepatocytes, suggesting 
that naringenin promotes the degradation of ApoB. 
Thereby, the reduction in the bioavailability of CEs, 
triglycerides and cholesterol by naringenin reduces 

MTP activity and ApoB-MTP binding, leading to ApoB 
degradation[11,197-203] (Figure 9). This seems to be the 
primary mechanism by which naringenin blocks ApoB 
secretion and VLDL and LDL assembly and, therefore, 
the inhibition of ApoB–dependent HCV secretion. 

In addition, the same group[204] reported that 
naringenin treatment did not lead to the intracellular 
accumulation of infectious HCV particles compared with 
brefeldin A (BFA), a toxin known to disrupt HCV mature 
Golgi-dependent export; hence, naringenin blocks the 
assembly of HCV prior to viral egress. The inhibition of 
MTP and BFA treatment in JFH1-infected Huh7.5.1 cells 
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Figure 9  Antiviral properties of naringenin. The Hepatitis C virus (HCV) genome consists of a positive-sense single-stranded RNA. HCV adopts an icosahedral 
structure with a lipid envelope and glycoproteins E1 and E2 immersed in the envelope. Underneath the envelope is the nucleocapsid, which is composed of multiple 
copies of core forming the internal viral coat that encapsulates the genomic RNA. HCV may be associated with lipoproteins such as very-low density lipoprotein (VLDL), 
forming a lipoprotein complex called lipoviroparticle. Binding of lipoviroparticle to very-low density lipoprotein receptor (VLDLR) results in virus endocytosis; after that, 
nucleocapsids are deposited into the cytoplasm. Then, nucleocapsids are uncoated, and the RNA is released. The genomic RNA is translated to the endoplasmic 
reticulum when HCV polyprotein is produced. The positive-stranded RNA genome is used as a template for synthesis of negative-stranded RNA; this new viral RNA is 
encapsulated within multiple copies of the core to form the nucleocapsid, and then, it acquires envelope and HCV virions, which are exported out of the cell in a Golgi-
dependent manner. Naringenin inhibits the secretion and assembly of HCV through regulating lipid metabolism via 3-hydroxy-3-methylglutaryl CoA reductase (HMGCR), 
and acyl-coenzyme A: cholesterol acyltransferase (ACAT) inhibition. Cholesterol is synthetized in an HMGCR-dependent pathway; it is the rate limiting enzyme for 
cholesterol synthesis, and then, cholesterol is converted to cholesteryl esters (CEs) by ACAT. CEs are very important to VLDL assembly. In addition, microsomal 
triglyceride transfer protein (MTP) catalyzes the transfer of lipids to the apolipoprotein (Apo) B-100 ApoB100; if the ApoB-MTP binding is inhibited, VLDL assembly 
in inhibited. Reduction in the bioavailability of CEs, triglycerides and cholesterol by naringenin reduces MTP activity and apoB-MTP binding. In addition, naringenin 
decreased intracellular triglycerides through peroxisome proliferator activated receptor alpha (PPARα), a regulator of lipid metabolism. Through these mechanisms, 
naringenin leads to a reduction in VLDL assembly and to the inhibition of ApoB-dependent HCV secretion. Additionally, naringenin inhibits viral NS5A protein, a 
multifunctional HCV nonstructural protein. Furthermore, naringenin could be an NS2 protease and core protein inhibitor.
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blocks the accumulation of intracellular infectious HCV 
particles, indicating that MTP activity is essential for HCV 
assembly. Treatment of JFH1-infected Huh7.5.1 cells 
with naringenin (MTP inhibitor) and BFA decreased the 
accumulation of infectious particles, suggesting that the 
flavonoid inhibits the assembly of HCV LVP[204] (Figure 9).

MTP inhibition can lead to lipid accumulation and 
steatosis; however, treatment with naringenin decreased 
intracellular triglycerides, and this was mediated by 
activation of peroxisome proliferator-activated receptor 
alpha (PPARα), a regulator of lipid metabolism. 
Naringenin and WY14643 (a classical PPARα agonist) 
were compared to reduce ApoB and virus production 
in the HCV model. The results showed that both the 
flavonoid and the PPARα agonist caused a significant 
inhibition of MTP activity and ApoB secretion, as well 
as a significant inhibition of HCV RNA secretion without 
affecting the intracellular levels of the HCV core protein. 
In addition, the treatment with naringenin led to a rapid 
1.4 log reduction in secreted HCV in cell culture, but this 
effect was reversible by PPARα inhibitor treatment[204]. 
In summary, naringenin inhibits the assembly and long-
term production of infectious HCV particles through a 
PPARα-mediated mechanism that includes the inhibition 
of MTP and the inhibition of lipid accumulation (Figure 9).

Interestingly, Khachatoorian et al[205] compared the 
antiviral effects of naringenin, quercetin and catechin. 
The evidence demonstrated that in an HCV system, 
naringenin significantly reduced intracellular viral 
protein translation as well as viral protein production 
during one viral life cycle; however, quercetin showed 
better results, but the infectious virion secretion was 
not inhibited by any flavonoid. Naringenin significantly 
blocked infectious virion assembly; in this case, 
naringenin was more effective than quercetin[205].

NS5A is a multifunctional NS protein and viral RC 
component; it participates in HCV genome replication, 
viral protein translation, virion assembly, and viral 
secretion[191,192,205]. NS5A mRNA and protein levels 
were measured, finding that naringenin reduced both 
parameters. Then, in a cell culture-based bicistronic 
reporter system, catechin, naringenin, and quercetin 
were tested to measure levels of viral IRES-mediated 
translation; all bioflavonoids significantly decreased 
IRES-mediated translation, but quercetin completely 
blocked NS5A-augmented IRES activity in contrast 
to catechin and naringenin, which demonstrated only 
mild inhibition. According to these results, quercetin 
demonstrated a marked decrease in HSP70 expression 
in treated cells. A slight decrease in HSP70 was seen 
with naringenin and catechin treatments. The complex 
of HSP70 with NS5A, NS5A-HSP70, is important for 
viral protein production; therefore, the disruption of this 
complex results in a marked decrease of viral protein 
synthesis[206,207] (Figure 9).

On the other hand, in silico studies have been 
carried out to evaluate naringenin activity on the HCV 
particle. Mathew et al[208] in 2014 reported a docking 

interaction study between the 3D structure of capsid 
core protein of HCV-genotype 3 (G3) (Q68867) and 
its subtypes 3b (Q68861) and 3g (Q68865) from 
north India and naringenin. The results indicated that 
the flavonoid exhibited five, seven and nine H-bond 
interactions within the core protein of HCV-G3, subtypes 
3b and 3g, respectively. In HCV-G3, naringenin formed 
H-bonds individually with GLU69 and ASN115 and three 
H-bonds, with SER103 exhibiting the highest interaction 
energy (-129.636 kcal/mole). In the case of HCV-3b, 
naringenin formed three H-bonds with TRP90, two 
with GLN86, and one with GLY84 and TRP93, with an 
interaction energy of -145.682 kcal/mole. Finally, the 
flavanone binds to HCV-3g through two H-bonds with 
TRP73 and GLY77 and individually with ASN85, TYR78 
and TRP73 with an interaction energy of -159.483 kcal/
mole[208]. These results suggest that naringenin binds 
to the core protein of three important HCV genotypes 
in India, especially to HCV-3 based on their interaction 
energies; this ability of naringenin to bind core protein 
could be involved in the inhibition of viral particle 
assembly that was previously reported. Naturally, in vivo 
studies are needed to confirm predictions suggested by 
this docking study (Figure 9). 

NS2 is a transmembrane protein of 21-23 kDa that 
is not required for RNA replication but that is vital to 
produce infectious viruses in vitro, and it acts as an 
apoptosis inhibitor[191,209]. Using a docking analysis, 
it has been identified that naringenin could be an 
NS2 protease inhibitor. Molecular rigid docking of 
the modeled NS2 protease was performed with the 
naringenin molecule. The flavanone had a binding 
energy of -7.97 kcal/mol when interacting with amino 
acids such as LEU9, VAL27, LEU54, ASP6, ALA5, ILE31, 
ALA30, LEU2, PHE33, ILE34, VAL44, ALA47, ALA43, and 
LEU46. In addition, naringenin possesses lower binding 
energy than the commercially available drugs such as 
eltrombopag (-5.07 kcal/mol), ribavirin (-5.89), and 
telbivudine (-6.39 kcal/mol)[209] (Figure 9). Therefore, 
naringenin appears to be a strong NS2 protein inhibitor 
and, thus, prevents efficient HCV infection.

More in vivo and in vitro studies are needed to 
further investigate the effectiveness of naringenin to 
fight virus infection in the liver and to elucidate the 
action(s) mechanism(s) involved in such protection.

aNTIDIaBeTIC eFFeCT OF NaRINGeNIN
In addition to its antioxidant, scavenger, anti-inflammatory, 
antiviral and antifibrotic properties, naringenin possesses 
antidiabetic effects. It has been reported that, in diabetic 
rats, the flavonoid reduced diabetic markers through 
PPARγ and glucose transporter type 4 (GLUT4) and 
increased their gene and protein expression levels in 
pancreas[210]. In the liver, naringenin increased glycogen 
content, decrease activities of glycogen phosphorylase 
and glucose-6- phosphatase[211] and ameliorated diabetes-
induced hepatotoxicity[212,213]. For more information see 
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Nyane et al[214].

NaRINGeNIN saFeTY aND TOXICITY 
The first study about the toxicity of naringenin was 
carried out in 1996, and it was found that in a model 
system of isolated rat liver nuclei, the flavonoid induced 
a concentration-dependent peroxidation of nuclear 
membrane lipids concurrent with DNA strand breaks[215]. 
It has been reported that the flavonoid can be oxidized 
to form naringenin phenoxyl radicals[216] and that the 
medium lethal dose (LD50) is > 5000 mg/kg[217]. 
Interestingly, embryos exposed to naringenin with 
hydroxyurea were significantly protected from growth 
and developmental retardation, and abnormalities 
induced by hydroxyurea[218]. Only a few studies on the 
safety, teratogenicity and toxicity of naringenin have 
been published, therefore use of this flavonoid in the 
clinical setting should be cautious.

CONClUsION
Naringenin displays poor direct antioxidant properties 
as a free radical scavenger; however, due to its ability 
to induce the endogenous antioxidant system by upre-
gulating Nrf2, this flavanone exerts important effects to 
maintain the normal redox of the cell, even in disease 
conditions where free radicals are generated as a 
mechanism of damage. In this scenario, throughout this 
review, we have described the benefits of this flavonoid 
in many types of liver damage in which oxidative stress 
plays a crucial role as causative agent. Of note, the anti-
inflammatory activity of naringenin by blocking NF-
κB, affords protection or relief to liver pathologies as 
inflammation is a common cause of damage. Moreover, 
naringenin displays a multitarget effect to fight fibrosis 
through both canonical and non-canonical TGF-β 
pathways and by regulating metalloproteinase activity. 
Additionally, this abundant citrus flavonoid has shown 
anticancer and antiviral activities. Even though NAR 
has disadvantages such as its low bioavailability, there 
are pharmaceutical formulations that can solve this 
problem. Given the evidence provided in this review, it is 
concluded that naringenin is a useful natural product for 
the treatment of many liver diseases by its antioxidant 
capacity, anti-inflammatory abilities, antifibrogenic 
properties, fibrolytic actions and anticancer and antiviral 
properties. However, more basic and clinical studies are 
needed to further support the use of this flavonoid in 
humans.
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