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Recently, has been observed that the incidence of cancer is significantly lower in people whose diet is mainly composed of 
fruits and vegetables than the people whose food consumption is mainly from animal products. This has led researchers to 
look for natural anticancer compounds, obtained from plants or foods, such as phytochemicals and polyphenols, considered 
as alternative natural treatments.1 Natural polyphenol compounds possess a wide range of pharmacological properties and 
their action has been the subject of interest in recent years. Gallic acid (GA) is an example of such compounds with biologi-
cal and pharmacological properties and particularly exhibit protective effects against liver injury and diseases, and that has 
allowed the action mechanism of GA receiving much attention recently.2

GALLIC ACID

GA, also known as 3, 4, 5-trihydroxybenzoic acid, C6H2 (OH)3 COOH chemical structure (Fig. 26.1). It has a molecular 
weight of 170.12 g/mol, is a monomeric phenolic compound solid, and colorless, which is bound to sugars and belong to 
group of hydrolysable tannins.3 GA can be found in plant material as free acid, esters, catechin derivatives, and hydrolys-
able tannins. It is present in relatively high concentrations in a number of vegetal samples and in industrial wastes from 
where it could be extracted.4 Also, it comes from the hydrolysis of tannic acid (C76H52O46) by bioconversion with enzyme 
tannase, which is an extracellular inducible enzyme. Tannase is the principal enzyme acting in the oxidation process, which 
penetrates the ester links and transformed into hydrolysable tannins and GA esters.5 Similarly, this natural phenolic com-
pound is obtained from (1) plants: gobernadora and damiana; (2) fruit: grapes, pomegranate, nuts, strawberry, raspberry, 
lemon, apple peel, and mango; (3) vegetables: chard and spinach; (4) drinks: coffee, wine, and green tea.6 GA extraction 
from natural sources has been performed with polar solvents as water, ethanol, and methanol or combinations of them.7

GA has many applications in different areas like (1) pharmaceutical, manufacturing of broad spectrum antibiotics, and 
trimethoprim; (2) industrial, in the treatment of tanning animal hides and skins8; also it used as a photographic developer 
and in different types of inks9; (3) food, has been used as an antioxidant in fats and oils and as an additive in some types of 
beverages and foods, avoiding oxidation thereof.10

Moreover, it has been reported that GA is capable of regulating several biological activities, such as antiinflammatory, 
antibacterial, antioxidant, cardioprotective, antiviral, and anticancer.11,12 These processes occurs possibly because it is a 
potent antioxidant as it has an important role in absorbing and neutralizing free radicals, with even greater results than some 
vitamins.13 However, it can also promote cellular oxidative stress, as may have prooxidant activity causing cytotoxicity in 
some cases.14 Meanwhile, some authors reported the generation of reactive oxygen species (ROS) produced by GA induces 
apoptosis in cancer cell cultures in vitro.15

Studies with GA, obtained from food and plants, have shown that this compound has anticancer activity against various 
cancers, interfering at different stages of tumor development, suppressing angiogenesis, and metastasis in some cases.16 
Also, some authors mentioned that the GA is responsible, in part, of antiangiogenic activities in some tumor cell lines, such 
as lung, prostate, bladder, brain, kidney, leukemia, and liver.17 As known, liver is vital for most of the biochemical processes 
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in the organism, so that damage in it could be deadly. There are various types of liver damages ranging from inflammation 
(hepatitis) to chronic liver disease as a tumor process. The chronic liver diseases represent a major health problem world-
wide, including alcohol abuse, metabolic disorders, steatosis, chronic viral hepatitis, and hepatocellular carcinoma, being 
major causes of chronic liver injury and subsequent complications which will require expensive and high-risk treatments, 
such as transplants.18

STEATOSIS AND INSULIN RESISTANCE

Hepatic steatosis (HS), defined by the accumulation of lipid droplets in hepatocytes, is present in 25%–75% of patients in-
fected with HCV. Some factors contributing to the development of HS in the general population are visceral obesity, alcohol 
consumption, hypertriglyceridemia, hypertension, and diabetes mellitus.19 Other ROS-induced factors that may contribute 
to insulin resistance and steatosis are an enhanced uptake of fatty acids, observed in mice with sterol regulatory element 
binding protein-mediated upregulation of genes involved in cholesterol and lipid synthesis.20

Otherwise, nonalcoholic fatty liver disease (NAFLD) is defined as the presence of hepatic steatosis in the absence of ex-
cessive alcohol intake, viral infections, or toxin exposure.21 It encompasses a spectrum of disease ranging from simple ste-
atosis to nonalcoholic steatohepatitis (NASH), with or without the development of fibrosis and cirrhosis.22 Both, NAFLD/
NASH are one of the most common causes of elevated liver enzymes and chronic liver diseases worldwide.23

Moreover, some studies have shown that the GA has a positive effect on these liver diseases. Several biochemical studies 
in a mice group fed with a high fat diet resulted in a significant dyslipidemia, that is, elevated levels of lipoprotein and fatty 
acids causing NAFLD.24 Also, this high fat diet causes hepatocyte mitochondrial DNA damage and dysfunction, and that 
results in an increase in oxidative stress in the liver.25 However, the mice fed with a high fat diet supplemented with GA has 
shown that GA protects against hepatic steatosis, obesity, hypercholesterolemia, and insulin resistance.24 This effect occurs 
because GA reversed the excess fat accumulation in hepatic intracellular vacuole, and reversed the increased level of liver 
triglycerides, cholesterol, and fatty acids. Also, demonstrated an increase in β-oxidation of fatty acids in the liver that gen-
erate a liver protective effect with GA.26 These effects are relevant because the lipid accumulation-induced mitochondria 
DNA damage correlates with mitochondrial dysfunction and increased oxidative stress in the liver, which is associated with 
the induction of endoplasmic reticulum stress and apoptosis, causing liver diseases.27

Furthermore, some authors mentioned that various tricarboxylic acid-cycle (TCA cycle) intermediates, such as 
citrate, succinate, and 2-ketoglutarate decreased by a high fat diet in mice. These findings indicate that TCA cycle ac-
tivity and the homeostasis of energy metabolism were both affected by high fat diet feeding.24 This is consistent with 
the fact that lipid accumulation in the liver impairs insulin signaling and the ability of insulin to regulate gluconeogen-
esis.28 In contrast, high-fat diet supplemented with GA maintained normal glucose and insulin levels, indicating that it 
does not affect even a high fat diet.29 It was demonstrated that GA treatment seems to have an effect in NAFLD-induced 
mice and that this occurs via an improvement in glycolysis rather than via changes in the metabolism associated with 
the TCA cycle.24,30

LIVER FIBROSIS

Fibrosis is caused by excessive deposition of extracellular matrix (ECM) by histological and molecular reshuffling of 
various components, such as collagens, glycoproteins, proteoglycans, matrix proteins, and matrix-bound growth factors.31 
These changes can lead to metabolic and synthesis impairment to hepatocytes, epithelial cells, and hepatic stellate cells 
(HSC).32 The HSC mainly function as storage for vitamin A, a mediator of portal venous pressure and hepatic blood flow, 
and a regulator of retinoid–related homeostasis in their quiescent state. The activation of HSC caused by oxidative stress 
may result in hepatic fibrosis.33 As well as, some factors, such as tumor necrosis factor-alpha (TNF–α), interleukins, fi-
bronectin, transforming growth factor (TGF–β1), and platelet-derived growth factor (PDGF) secreted by Kupffer cells, 
hepatocytes, leukocytes, and sinusoidal endothelial cells initiate HSC activation.34 HSC activation, the main step leading 

FIGURE 26.1 Chemical structure of gallic acid.
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to fibrosis, involves several changes in liver, such as fibrogenesis, proliferation, contractility, chemotaxis, and matrix deg-
radation.35 Also, liver fibrosis is another hepatic dysregulation induced by oxidative stress in the hepatitis C virus (HCV) 
infected liver. Because of that, HCV is one of the major causes of liver fibrosis, with distortion of the hepatic architecture, 
and ultimate progression to cirrhosis or hepatocarcinoma (HC).36

Moreover, there are some reports that indicate that accumulated oxidative stress resulting from GA autoxidation could 
lead to cytotoxicity, intracellular Ca2+ elevation, and oxidative stress-induced apoptosis in the GA treated hepatic stellate 
cells.37

Likewise, some authors mentioned that GA could regulate HSC to attenuate hepatofibrosis through its anti- and prooxi-
dative effects due to that GA promoted cell death through the induction of TNF-α secretion.38 Also, GA-induced oxidative 
stress as observed by the depletion of intracellular glutathione (GSH), the formation of malondialdehyde (MDA), and hy-
drogen peroxide, as well as ROS accumulation, inhibited the activation of caspase-8, which led to subsequent cytotoxicity 
of HSC GA-treated.39 All these results corroborate that the GA effect in the hepatic stellate cells (that produce hepatic 
fibrosis) decrease cell viability and induced oxidative damage, which could be attributed to the activity of antioxidative 
systems, in contrast with hepatic normal cells that did not present cytotoxic effects.40,41

HEPATOCARCINOMA

HC is a disease that affects mostly men, there is constant injury to the hepatocytes causing irreversible damage and 
consequently mutations causing an uncontrolled proliferation of cells.42 HCC represents the common end stage of 
chronic liver diseases including viral, alcoholic, and nonalcoholic fatty liver disease. The treatment of established 
HCC requires promotion of cell death in cancerous tissue but not healthy liver. The only approved drug for treatment 
of HCC is Sorafenib that affects HCC proliferation and angiogenesis but not cell death, besides having many side 
effects.43 Recently, the need for new compounds against liver cancer has led researchers to search for natural anticancer 
compounds obtained from plants or foods, such as phytochemicals, considered as alternative treatments that do not 
cause damage to healthy cells.44

Some authors indicate that GA treatment significantly decreases the viability, proliferation, and invasion of cancer cells 
by inducing apoptosis by dose dependent manner, through the p53 pathway and the family of Bcl-2, as well as caspase-3, 
these being a coded signaling pathways p53.45 The p53 protein is the product of a tumor suppressor gene whose product 
can act as an inhibitor of cell transformation and is induced by DNA damage.17 While Bcl-2 proteins are regulatory of 
pro and antiapoptosis, acting individually protecting cells of altering mitochondrial or apoptosis inducing.46 These studies 
were performed using liver cell cultures in vitro and in vivo in different cancerous cell lines of animals and humans, using 
quantitative and molecular biology assays, with promising results in relation to apoptotic processes.47

Approximately 50% of hepatocarcinoma cases are due to HCV infection. The cellular damage of the hepatocarcinoma 
is generated mainly by oxidative stress, because the HCV directly increases the superoxide ±(O )2  and peroxide (H2O2) 
formation in the hepatocytes, elevating the Nox enzymes expression and sensitizing cellular mitochondria for the ROS 
generation.48

In our working group, we tested the cytotoxicity of human hepatocarcinoma cell (Huh7 parental cells) and human 
hepatocarcinoma cells that express nonstructural HCV proteins (Huh7 replicon cells) with GA treatment. The results indi-
cated that GA did not produce a statistically significant cytotoxicity in Huh7 replicon and Huh7 parental cells with lower 
concentrations (100 and 200 µM GA); however, when the GA increased (600 µM), it showed a lower cell survival rate in 
the two cell lines at all times of exposure (0–72 h).49 These results are in agreement with those of other reports using natural 
compounds, such as silymarin, in which cell viability was not affected upon treatment, exhibit a positive effect of natural 
compounds in the liver carcinoma cells.50,51 These results agree with other authors that mention that GA can interfere in 
the different stages of tumor development; for example, in the decreased response of ornithine decarboxylase linked to the 
tumors promotin. It also suppresses tumor angiogenesis52 and inhibits the metastasis of liver P815 cells.53

HEPATITIS C VIRUS INFECTION

Some authors mention that the HCV causes chronic liver disease in 50%–70% of patients, of which 15%–20% will de-
velop cirrhosis within 20 years infection, considered a preliminary step to liver cancer, where a constant damage occurs to 
hepatocytes by immune system, causing irreversible damage and therefore mutations inducing uncontrolled cell prolifera-
tion and is diagnosed until complications start to become clinically evident.42 HCV is an enveloped flavivirus containing 
RNA, about 9600 nucleotides. These nucleotides encode a single polypeptide of ∼3000 amino acids, which is divided into 
structural (core, E1, and E2) and nonstructural (p7, NS2, NS3, NS4A, NS5A, and NS5B) proteins through proteolysis.54,55 
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The generation of ROS and oxidative stress have been suggested to play major roles in the pathogenesis of chronic HCV 
infection.56

Recently, a new standard of care (SOC) is used for genotype 1 patients, which includes one protease inhibitor, such 
as telaprevir, boceprevir, or simeprevir, in combination with the current treatment for HCV (pegylated interferon-α and 
ribavirin).57,58

On the other hand, the use of new natural therapies has been used to generate beneficial effects in viral infections. Be-
cause of this, our working group investigated whether GA exhibits an anti-HCV activity, testing the GA effect (300 µM 
GA) on RNA-HCV and proteins expression were examined using a subgenomic HCV replicon cell culture system that 
expressed HCV nonstructural proteins (Huh7 replicon cells). GA was found to inhibit HCV-RNA expression in a time-
dependent manner (0–72 h) compared with the untreated cells, showing a higher effect at 72 h posttreatment, at which 
the lowest HCV-RNA expression was observed (40%). Also, in Huh7 replicon cells GA-treated was observed a decrease 
expression of NS5A nonstructural viral protein after 24 h of the treatment. The results revealed the downregulation of HCV-
RNA and nonstructural viral protein levels induced by GA, demonstrating that GA may diminish the translational rate of 
viral proteins or decrease the stability of viral protein or RNA.49

CONCLUSIONS

The use of antioxidant compounds, particularly GA, has been studied recently because it is a naturally abundant plant 
phenolic compound and has many biological activities in different liver injuries. It may be considered a promising tool as a 
biomarker or alternative therapy in the prevention and treatment of liver diseases. However, further studies are required to 
elucidate the underlying mechanism(s) of the GA mechanisms of action.
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