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Abstract: The aim of this review is to investigate the possible protective and 

preventive effects of epigallocatechin-3 gallate (EGCG) in terms of human 

health including hepatoprotective, neuroprotective, cardioprotective, 

nephrotoxicity and anticancer effects. Green tea is one of the most consumed 

beverages in many countries, especially in Turkey and it plays protective roles 

in the treatment of various diseases via the polyphenol it contains. It is known 

that EGCG, which is the main bioactive polyphenol in green tea, has versatile 

bioactivities. It has been determined that EGCG has the highest free radical 

scavenging ability among common phenolic compounds. It regulates gene 

expression and molecular signaling pathways by inhibiting oxidative stress and 

inflammation. In addition, it prevents cell death by suppressing cytokine 

production and neutrophil migration in inflammatory diseases. With the studies 

conducted in the last decade, it has been determined that EGCG has anticancer, 

antioxidative, antiinflammatory, antidiabetic, antitumor, antihypertensive and 

neuroprotective activities. Especially, its anticancer effect has been found to 

have chemopreventive and chemotherapeutic activities in various cancer types 

such as colon, lung and breast cancer with in vivo and in vitro studies conducted 

to investigate molecular targets. This review was written to examine the 

possible protective and preventive effects of EGCG in terms of human health, 

including its hepatoprotective, neuroprotective, cardioprotective, 

nephrotoxicity and anticancer effects. 
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1. INTRODUCTION 

1.1. General Properties of Epigallocatechin-3 Gallate  

Antioxidants and polyphenols, which have a distinctive feature in terms of human health and 

which are found in many plants, prevent damage to cells by reacting with free radicals 

(Gumuscu, 2019). Polyphenols, a group of plant metabolites that are abundant in plants and 

that have strong antioxidant properties, provide protection against various chronic diseases 

caused by oxidative stress. The consumption of dietary polyphenols by humans is of great 

interest due to their prevention effects of degenerative diseases and possible health benefits 

(Ganesan & Xu, 2017). 
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Plant-based products such as fruit, tea and coffee are very rich in polyphenol and antioxidant 

content (Figure 1). Tea is one of the most popular beverages around the world, both hot and 

cold. Different tea products such as black tea, green tea, and white tea are produced from the 

leaves of the Camellia sinensis plant with different methods applied during harvesting and 

processing. Since green tea is produced without oxidation, it is a rich source of unoxidized 

catechin (Elmas & Gezer, 2019). 

Figure 1. Green tea plant (Camellia sinensis L.) (Guzeldir, 2015). 

 

There are 80% polyphenols and flavonoids in the structure of green tea. Polyphenols are 

cyclic organic compounds bearing hydroxyl or carboxyl groups in their structures (Figure 2). 

Thus, they easily capture and neutralize free radicals (Sarıca, 2014; Legeay et al., 2015). The 

phenolic compound is found in the raw extracts of green tea which consists of catechin and 

flavonol glycosides. Epigallocatechin-3-gallate (EGCG) is the most abundant catechin which 

is the main polyphenol component of green tea, nearly 50-80% of total green tea catechins. 

Green tea catechins have two benzene rings known as A and B rings. EGCG has two isomers 

in trans configuration. In addition, it has a higher capacity than vitamins C and E in terms of 

antioxidant capacity (Nikoo et al., 2018). Green tea leaves contain carbohydrates such as 

cellulose, glucose, sucrose, fructose, pectins, as well as proteins, minerals, small amounts of 

lipids, sterols, vitamins, pigments, and volatile compounds (Figure 2) (Bilcanoglu, 2019). 

Figure 2. Molecular structure of major green tea polyphenols (Guzeldir, 2015). 
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Recently some studies determined that EGCG, the most abundant polyphenolic catechin in 

green tea, has a strong antioxidant, antiinflammatory, antidiabetic, antitumor properties as well 

as anticarcinogenic properties. EGCG, the most active component of catechins in tea, has a very 

important role in ensuring DNA stability and in healthy life (Gumuscu, 2019).  

In recently conducted in vitro and in vivo studies, EGCG suppresses cytokine production, 

endothelial activation and neutrophil migration in inflammatory disease models. In addition, it 

has a protective effect against ischemia-reperfusion damage in various organs, has strong 

antioxidant properties, and provides protection against many oxidative injuries (Chen et al., 

2016; Kasper et al., 2016). In addition to its antioxidant, cholesterol-lowering, hypoglycemic 

and antihypertensive activity, it is also known as an important catechin with neuroprotective 

effect (Yamamoto et al., 2017). It has been suggested that EGCG is a potential candidate for 

treatment of aging memory loss. As a neuroprotective agent, it is able to modulate various 

intracellular signaling pathways to alter the expression of genes involved in the regulation of 

cell survival and apoptosis, thereby maintaining cellular homeostasis. It is known that EGCG 

has some advantages in the treatment of neurodegenerative disorders and other diseases, as well 

as regulating cellular signal transmission pathways in cases such as antioxidation, antiapoptotic 

and metal chelation (Srividhya et al., 2012; Zhao et al., 2017). EGCG has a protective effect in 

normal cells against mortality and cell death due to the γ-radiation. In addition, it has been 

shown that it has antiproliferative and chemopreventive effects against various types of cancer 

such as colon cancer, lung cancer, and breast cancer (Ko et al., 2013; Zhao et al., 2017). 

2. THE EFFECTS OF EPIGALLOCATECHIN-3 GALLATE ON HEALTH 

2.1. Cardioprotective Effects of Epigallocatechin-3 Gallate 

Cardiovascular diseases occur due to the abnormal function of the heart and blood vessels, 

being one of the leading causes of deaths worldwide. In recent years, herbal medicines are used 

in the treatment of cardiovascular diseases due to their low side effects rather than 

pharmaceutical drugs. In many herbal medicines, it has been determined that green tea has a 

high therapeutic potential against cardiovascular diseases. EGCG, a bioactive polyphenol in 

green tea, has a lot of biological and pharmacological activities in the treatment of many 

diseases other than its cardiovascular protection (Liu et al., 2014; Luo et al., 2017). 

Eng et al. (2018) reported that EGCG inhibits the activation of the NF-κB signaling pathway. 

Oyama et al. (2017) stated that EGCG has an effective role in protecting the cardiovascular 

system. Othman et al. (2015) investigated the potential protective effect of EGCG against 

cardiovascular diseases caused by type-2 diabetes and stated that glutathione levels and catalase 

activities increased in the EGCG treatment groups. Saeed et al. (2015) investigated the 

protective role of EGCG against doxorubicin (DOX) induced cardiotoxicity in rats and reported 

that EGCG provides protection against DOX-induced cardiomyopathy. In addition, Al Hroob 

et al. (2019) stated that EGCG has a therapeutic effect against the processes involved in the 

pathogenesis and progression of diabetic cardiomypathy and found that EGCG therapy is a 

promising drug to reduce diabetes-related morbidity and mortality. Meng et al. (2020) 

concluded that EGCG induces autophagy by targeting the autophagy-related PI3K-AKT-

mTOR pathway and that EGCG prevents and treats oxidative stress-induced cardiovascular 

diseases. Zeng et al. (2021) investigated the protective effects and molecular mechanism of 

EGCG against myocardial ischemia/reperfusion injury (I/RI) and noted that EGCG protects 

against myocardial I/RI.  

2.2. Effects of Epigallocatechin-3 on Nephrotoxicity 

The kidneys are responsible for keeping the osmotic pressure of the blood stable by maintaining 

fluid-electrolyte balance, cleansing the body from metabolic wastes such as urea, creatine, uric 

acid and contributes to the regulation of acid-base balance. In addition, the kidneys are a 
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homeostasis center, the production site of some vital hormones such as renin and erythropoietin, 

thus they balance the uptake, production, excretion and retention of many organic and inorganic 

compounds (Yıldıran & Gencer, 2018; Koken, 2018). 

This balance ensures that the kidneys retain water and water-soluble substances and the 

content of body fluids by excreting water according to body needs (Yıldıran & Gencer, 2018; 

Koken, 2018). Kidney diseases are an important public health problem in the world and in our 

country. Approximately 10% adults of all over the World are in various stages of kidney 

disease, while this has been estimated to be approximately 15.7% in Turkey. Increasing use of 

medicinal plants offers new solution possibilities in the treatment of kidney diseases, which are 

the target of many cytotoxic substances. In recent studies, it has been determined that EGCG 

protects kidney tissue against oxidative stress and nephrotoxicity (Cellat & Kılıcalp, 2010; 

Yalcın et al., 2017). Thanks to its antioxidant effect, EGCG has been determined to protect 

kidney tissue against oxidative stress and necrosis, cleanses free radicals, and treats kidney 

tissue damage. In addition, it has been determined that it prevents the loss of function of kidney 

(Cellat & Kılıcalp, 2010; Yalcın et al., 2017). 

Zhang and Zhang (2018) found that EGCG significantly reduces the nephrotoxic effect in 

kidney tissue by providing antioxidant defense. Zhu et al. (2018) demonstrated that EGCG has 

potential value in the treatment of significant hypouremic and hyperuricemia. Peng et al. (2011) 

investigated the effects of EGCG on immune-mediated glomerulonephritis (GN) and concluded 

that EGCG significantly reduces renal impairment. They also concluded that EGCG has a 

therapeutic effect for the treatment of immune-mediated GN and other immune-mediated 

diseases. 

2.3. Neuroprotective Effects of Epigallocatechin-3 Gallate 

Neurodegenerative diseases occur as a result of advanced degeneration of nerve cells and cause 

socio-economic negativity on the society. Neurodegenerative diseases such as Alzheimer's and 

Parkinson's are caused by the accumulation of modified proteins that further trigger 

inflammation, oxidative stress, and modulation of signaling pathways. EGCG, one of the green 

tea polyphenols, has a wide spectrum of biological and pharmacological activity and provides 

very strong protection in the treatment of neurodegenerative diseases. Thus, EGCG prevents 

neuronal damage by reducing brain inflammation in in vivo and in vitro studies (Singh et al., 

2015).  

Zhao et al. (2017) revealed that EGCG has neuroprotective and neuro-restorative effects 

against various brain injuries, including some neurodegenerative diseases. They noted that 

EGCG therapy has a potential therapeutic drug capacity to prevent neurodegenerative diseases, 

cerebral trauma, and other related pathogenesis. They also concluded that EGCG treatment 

could reduce cerebral disorders due to psychological stress in rats. 

Khalatbary and Khademi (2020) found that EGCG has neuroprotective effects and is 

responsible for neuroprotection in various neurodegenerative and neural injury models. Pervin 

et al. (2018) stated that EGCG provides effective protection by preventing abnormal 

accumulation of fibrous proteins such as Aβ and a-synuclein, inflammation, and neuronal cell 

dysfunction in the cerebral cortex in Alzheimer's patients. 

2.4. Hepatoprotective Effects of Epigallocatechin-3 Gallate 

The liver is an important metabolic organ in the body and is responsible for secreting and 

processing various nutrients into proteins (Zhou et al., 2015). Recently, it has been determined 

that EGCG treatment reduces acid homeostasis, lipid metabolism, and fatty liver (Huang et al., 

2018). Liao et al. (2019) stated that EGCG inhibits the proliferation of liver cancer cells as well 

as the formation and development of liver cancer. 
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Naito et al. (2020) investigated the effect of EGCG treatment on intestinal microbiota, serum 

acid, and gene expression in the liver in mice fed a high-fat diet and they found that EGCG 

significantly inhibits excessive fat accumulation in the liver. Tipoe et al. (2010) stated that 

EGCG inhibits the NF-κB signalling pathway due to its antioxidant effects against carbon 

tetrachloride (CCl4) induced liver damage in rats. Rishi et al. (2017) found that EGCG treatment 

protects against liver damage. 

2.5. Effects of Epigallocatechin-3 Gallate on Visual Impairment 

Visual disturbances develop due to age or various factors that affect human life negatively. It 

makes life difficult not only physically but also spiritually. It is known that EGCG has positive 

effects in the treatment of visual disorders. Recently conducted studies indicate that EGCG 

treatment is highly effective in the treatment of eye tissue damage (Lee et al., 2011). Shen et 

al. (2015) stated that EGCG provides protection against the degeneration of retinal ganglion 

cells in an animal model of glaucoma. 

Qi et al. (2017) found that EGCG treatment provides highly effective protection against 

light-induced photoreceptor degeneration in the Balb/c mouse retina. Kumar et al. (2017) stated 

that EGCG treatment has a strong drug potential in preventing the onset of cataracts and in the 

treatment of cataracts. 

Falsini et al. (2009) found that EGCG treatment could positively affect the inner retina 

function of the eyes against glaucoma damage. Lee et al. (2011) concluded that EGCG 

treatment inhibits the inflammatory cytokine expression in the rat cornea dry eye model. 

2.6. Anticancer and Antitumor Effect of Epigallocatechin-3 Gallate 

EGCG, an ingredient derived from green tea, has many effects on human pathological and 

physiological processes (Chu et al., 2017). It is known that it plays an important role in the 

regulation of gene expression and transcription (Chu et al., 2017). These effects come from its 

polyphenolic compounds (catechins) which are found in green tea. EGCG induces apoptosis in 

various cancer cells by inhibiting cell proliferation. In addition, it stops the growth of cancer 

cells by selecting cancer cells without affecting normal cells (Safwat et al., 2020).  

Shankar et al. (2013) stated that EGCG treatment inhibits tumor growth by decreasing the 

phosphorylation of genes such as Erk/Akt and suppresses apoptosis by activating caspase-3 

expression.  Abd El-Rahman et al. (2017) investigated the effect of EGCG on 7,12 

dimethylbenz[a]anthracene-induced breast tumor metastasis and anticancer in rats. They stated 

that EGCG decreased significantly the tumor size and tumor amount. Lecumberri et al. (2013) 

stated that when combined with traditional cancer therapies, EGCG can provide an additional 

synergistic effect in improving cancer therapy side effects along with antiinflammatory and 

antioxidant activities. Zhu et al. (2017) stated that EGCG effectively reduces lung cancer stem 

cell activity by inhibiting tumor formation and inducing apoptosis. Shirakami et al. (2009) 

investigated the effect of EGCG on hepatocellular carcinoma tumor and stated that EGCG 

causes a significant decrease in Erk/Akt protein levels. 

Cerezo-Guisado et al. (2015) found that EGCG induces cell death in colon cancer cell line 

(HT-29 cells) and it has cytotoxic effects and has a cancer preventive role. Yang et al. (2019) 

stated that EGCG induces apoptosis by inhibiting proliferation in odontogenic keratocyst 

keratinocytes by suppressing the WNT/JNK signaling pathway. Jankun et al. (2014) stated that 

EGCG had better efficacy to prevent tumor cell growth than mitomycin C (MMC) when they 

compared EGCG and MMC in rats with superficial bladder cancer. Tepedelen et al. (2021) 

investigated the role of EGCG in the transcriptional regulation of genes related to inflammation 

and migration in benign prostatic hyperplasia cells. They stated that EGCG treatment was 

effective in the treatment of premalignant lesions by reducing NF-κB and FAK protein 

expression levels. 
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Luo et al. (2020) determined that EGCG treatment increased p53 protein expression and 

exhibited antitumor activity by decreasing NF-κB and Bcl-2 protein expression levels against 

doxorubicin (DOX)-induced bladder cancer. 

2.7. Antioxidant Effect of Epigallocatechin-3 Gallate 

EGCG is classified as an antioxidant according to its chemical structure it acts as scavengers of 

free radicals with electrons in phenol rings in the EGCG structure, has redox properties like 

other tea catechins, prevents the formation of reactive oxygen species, and reduces the damage 

caused by oxidative stress (Chu et al., 2017; Bimonte et al., 2019). 

Fouad et al. (2017) stated that EGCG can provide testicular protection with its antioxidant, 

antiinflammatory and antiapoptotic effects in rats induced with cisplatin. Abib et al. (2011) 

stated that EGCG protects rat brain mitochondria against cadmium-induced damage and found 

that EGCG completely prevents mitochondrial lipid peroxidation due to its antioxidant and 

chelating effects. Hassan et al. (2019) investigated the therapeutic and protective effects of 

EGCG on infertility due to lead toxicity in male rats and found that EGCG lowers tissue 

malondialdehyde levels, protects antioxidative enzyme levels, and provides significant 

protection against testicular toxicity caused by the lead. Tseng et al. (2015) stated that EGCG, 

through its powerful antioxidative activities, has a protective effect in the treatment of memory 

impairment caused by reserpine. He et al. (2017) stated that treatment of PC12 cells with EGCG 

reduced oxidative stress and alleviated apoptosis, increased superoxide dismutase activity, 

glutathione levels, but decreased oxidative stress by inhibiting the formation of reactive oxygen 

species and lipid peroxidation.  

Lee et al. (2003) found that EGCG, trolox, lipoic acid, and melatonin reduced lipid 

peroxidation caused by H2O2 or iron ion in a concentration-dependent manner. They stated that 

EGCG is the most powerful antioxidant in inhibiting lipid peroxidation in gerbil brain 

homogenates under in vitro conditions. Zong et al. (2021) stated that EGCG is a protective 

agent against aminoglycoside-induced ototoxicity. They also found that EGCG could 

significantly reduce the number of apoptotic cells induced by amikacin and gentamicin. Wei et 

al. (2021) determined that EGCG reduces oxidative stress by regulating the activities of 

antioxidant enzymes (catalase, superoxide dismutase and glutathione peroxidase) and that 

EGCG could be an effective bioactive compound to reduce cyclophosphamide-induced 

gastrointestinal toxicity. 

2.8. The Effect of Epigallocatechin-3 Gallate on Obesity 

Obesity is one of the main health problems of the developed and developing countries today. 

Obesity is the result of a balance triggered by the consumption of excessive calorie foods and 

reduced physical activity. It consists of adipocytes, pre-adipocytes, immune cells and 

endothelial cells and is responsible for the long-term storage of lipids. Accumulating excessive 

amounts in the body causes oxidative stress and inflammation in the lipid cell. As a result of 

pharmacokinetic studies, it is known that EGCG increases the burning of excess fat 

accumulated in adipose tissue and increases the metabolic rate (Legeay et al., 2015).  

Fiorini et al. (2005) investigated the effects of EGCG on obesity in leptin-deficient mice and 

found that 85 mg/kg EGCG treatment for 5 days accelerates the reduction in body weight in 

obese mice. Snoussi et al. (2014) reported that daily administration of EGCG led to a reduction 

in body weight within one week in male rats fed a fatty diet (22% fat, 43% carbohydrate and 

21% protein). Legeay et al. (2015) reported that EGCG can prevent obesity through a 

modulation involving different organs such as adipose tissue or the liver and also noted that 

EGCG consumption inhibits pancreatic lipase in vitro and suppresses postprandial serum 

triglycerides in a dose-dependent manner. 
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3. CONCLUSION 

Herbal products have been widely used for the treatment of metabolic diseases all over the 

world since ancient times. Green tea, one of the plants rich in polyphenols, has powerful 

therapeutic activities thanks to its epigallocatechin-3 gallate (EGCG) content.  

According to the results obtained from epidemiological studies, it has been determined that 

EGCG positively affects a number of signalling and metabolic pathways, leading to the 

improvement of various symptoms (Figure 3). Accordingly, EGCG has proven to have an 

extremely effective drug capacity in terms of human health. 

Figure 3. Biological activities of epigallocatechin-3 gallate. 
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