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Summary 

 

Tea is among the most widely consumed beverages in the world. There are three types of tea 

depending on the level of fermentation, i.e., green (unfermented), oolong (partially 

fermented) and black (fermented) tea. Many health benefits of various types of tea have been 

known up to present time. In general, green tea has been found to be superior to black tea in 

terms of antioxidant activity owing to the higher content of (−)-epigallocatechin gallate. The 

processes used in the manufacture of black tea are known to decrease levels of the 

monomeric catechins to a much greater extent than the less severe conditions applied to other 

teas. In the present review, we have discussed the current state of the science with regard to 

laboratory studies on various types of tea and some of health disorders including some types 

of cancer, coronary heart disease, atherosclerosis, metabolic syndrome, diabetes, resistance to 

insulin hypertension and obesity have been discussed.  

 

Keywords: Tea; Antioxidants; Cardiovascular health; Obesity; Ethno medicine; Human 

health  

Introduction 

 

Tea is one of the most pleasant drinks used widely by people with various tastes all over the 

world, especially in oriental countries. Although black tea is the most common type of tea, 

but recently the use of green tea, the unfermented form, is attracting more attention in most 

of countries. This is due to its higher content of polyphenols, mainly flavanols, as compared 

to oolong, semi-fermented and black, fermented teas (1). It is known that flavanols can 

exhibit many pharmaceutical functions, such as antioxidative, antitumor, and 

anticarcinogenic activities (2). Tea is rich in nutrients and many beneficial phytochemicals 

including flavenoids and polyphenols. As a source of nutrients, it is, therefore, susceptible to 

microbial contamination. A suitable method to inactivate microorganisms is needed which 

does not cause the loss of color, flavor and taste during heat (3). Some researchers have 

observed that tea polyphenols are sensitive to heat as they are vulnerable to decomposition 

and isomerization during heat processing, especially for epigallocatechin, EGC and 

epigallocatechin gallate, EGCG (4). 

 

 

 

 



Pharmacologyonline 1: 487-505 (2011)        
ewsletter        Taheri and Sariri  
 

 488 

History 

In the 1770s Captain James Cook discovered the Melaleuca alternifolia or tea tree, when he 

witnessed native Australians brewing tea from its leaves (5). Tea tree grows as high as 20 

feet it, therefore, is almost a shrub. The essential oil extracted from tea leaves has shown 

many health benefits such as antioxidant and antibacterial properties. Normally, the tree’s 

leaves are collected twice a year and distilled to expel the oil.  

The earliest scientific research examining the properties of tea tree oil was performed by Dr. 

Arthur Penfold the Australian researcher in 1920. He discovered that Melaleuca oil was 

about 12 times more potent than carbolic acid, the accepted antiseptic at the time. The use of 

tea tree oil in medical applications was then started and increased rapidly in the following 

decades. In the late 1940s, the introduction of antibiotics such as penicillin caused a drop in 

the use of tea tree oil. Once again in 1980, increasing demand for natural products and 

growth in immunity to antibiotics, led to improved tea tree harvesting procedures (6). 

It has been shown that tea tree oil is also effective as an additional treatment for colds, 

bronchitis, whooping cough and pneumonia. Adding it to a vapourizer and inhaling the 

fumes helps to reduce microorganisms infecting the sinuses and lungs. Similar to eucalyptus 

oil, tea tree oil also opens clogged respiratory passages (6). It can also be utilized to reduce 

the spread of infection in hospitals. Besides sterilizing surgical instruments, washing with 

soap containing the oil reduces the chances of cross contamination. New detergents made 

from this oil are stronger antiseptic compared to other disinfectant products. They do not 

cause bacterial resistance, unlike the antibacterial commercial soaps available. In Australia, 

dental patients are often instructed to apply tea tree oil to infected teeth a few days before 

dental work occurs to prevent post-operative infections (7).  

 

Chemistry and Biology of Tea 

Brewed tea contains many compounds, especially polyphenols, terpenoids and a group of 

chemical and biological compounds most of which possess antioxidant and antibacterial 

activity. In addition to polyphenols, e.g. catechins and flavonoides, other chemical 

compounds such as alkaloids such as caffeine, theobromine, theophylline, etc., volatile oils, 

polysaccharides, amino acids, lipids, vitamins, e.g. vitamin C, inorganic elements, e.g. 

aluminium, fluorine and manganese), are also found in tea. However, the polyphenols are 

primarily responsible for the beneficial properties of tea. A wide range of several studies 

have shown that polyphenolic compounds present in tea reduce the risk of a variety of 

diseases. Polyphenols (Figure 1) are a group of chemicals with many pharmaceutical 

functions, such as antioxidative, antitumor, and anticarcinogenic activities (8, 9). It has been 

observed that tea polyphenols, TPs are sensitive to heat as they are vulnerable to 

decomposition and isomerization during heat processing, especially EGC and EGCG (10). 
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Figure 1. Chemical structures of the major tea polyphenols. 

Tea catechins have antioxidants properties comparable and, even higher than important 

natural antioxidants such as vitamins C and E, tocopherol and β-carotene. The antioxidant 

activity of tea polyphenols is not only due to their ability to scavenge superoxide but also due 

to increased activity of some detoxifying enzymes such as glutathione peroxidase, 

glutathione reductdase, glutathione-S-transferase, catalase and quinine reductase in small 

intestine, liver and lungs. These strong antioxidant properties of tea may, therefore, be 

effective in preventing many human disorders including atherosclerosis and coronary artery 

disease (11). 

Types of Tea 

More than three billion kilograms of tea plant Camellia sinensis is grown, processed and 

used during one year in the whole world. Processed tea is brewed to produce a beverage 

acceptable for the taste of many individuals from different parts of the world.  Tea beverage 

is consumed as green, black, Oolong and white tea. About 20% of the total tea used in the 

whole world is in the form of unfermented (green tea). This form of tea is the unfermented 
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type and is mostly used in China and Japan. The largest amount of total tea (about 78%) is in 

the form of black tea that is the fully fermented type of tea which is widely used in Europe. 

The remaining 2%, i.e. Oolong tea, is produced by partial fermentation and is not as common 

as the other two types of tea. White tea is produced from the buds and young tea leaves, 

collected before the buds have fully opened. They are steamed and dried with the minimum 

amount of processing. White tea retains the greatest levels of antioxidants, in the form of 

polyphenols (TPs), mainly flavanols and the lowest levels of caffeine than any other tea from 

the C. sinensis plant (green, black or oolong). 

Green Tea  

As the name applies, this type of tea is unfermented leaves compared to the leaves of oolong 

tea which are partially fermented and black tea which are fully fermented. In Table 1 some of 

physical and chemical properties of green and black tea are compared. Green tea is a great 

source of beneficial chemicals with maximum positive effects on human beings. Since 

thermal pasteurization may affect the antioxidant activity of green tea, pulsed electric fields 

have been applied as potential complements or replacements to thermal pasteurization (12). It 

has been demonstrated that while the process led to inactivation of Escherichia coli and 

Staphylococus aureus in green tea beverage, it did not considerably affect the color, 

polyphenols content, and total free amino acids in green tea extracts. Green tea may also 

reduce the risk of coronary heart disease related to lipoprotein composition in patient’s 

plasma. Ingestion of 300 mL green tea on plasma total antioxidant capacity in healthy 

volunteers has been studied (13). It has been found that white tea possesses the highest 

content of phenolics compounds followed by green and black tea. Green tea is highly 

efficient in protecting low density lipoprotein from oxidation driven by peroxyl and ferril 

radicals. Although phenol-rich compounds are a natural source of antioxidants, but the 

phenolic content alone is not an index of their in vivo antioxidant activity. 

Table 1. Selected physical and chemical properties of green and black tea. 

Type of Tea Black Green 

 

Fermentation time More than 5 hours No fermentation 

Color of brewed Cinnamon red Yellowish green 

Taste Distinct flavor Bitter 

Antioxidants High Flavonoid content High polyphenol content 

Caffeine High Lower 

Health effects Cardiovascular system Irritate to empty stomach 

pH 7.0 ± 02 6.0 ± 02 

It should be emphasized that about 35% of constituents of green tea by the dry weight, are 

the polyphenols, including flavonols, flavones, and flavan-3-ols (Table 2). Aproximately 60–

80% of these compounds are a group of chemically related substances called the flavan-3-ols 

also known as catechins. On the other hand, the other two types of tea, i.e., oolong and black 

teas which are produced from partially fermented or completely fermented C. sinensis leaves, 

respectively, contain approximately half the catechin content of green tea (10, 13). 
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Table 2. Flavonoid composition of brewed green tea. 

Components Amount mg/100 g (100 ml) 

 

Epigallocatechin 3-gallate 77.8±7.0 

Epicatechin 3-gallate 19.7±2.8 

Epigallocatechin 16.7±1.4 

Epicatechin 8.3±0.5 

Quercetin 2.7±0.3 

Catechin 2.6±1.5 

Gallocatechin 1.5±0.0 

Thiarubigins 1.1±1.1 

Theaflavin 0.1±0.0 

Total Flavonoids
a
 130.5 

 aTotal flavonoid content is estimated as the sum of the following five subclasses: flavonols, flavones, 

flavanones, flavan-3-ols and anthocyanidins.  

 

White tea 

This type of tea is a combination of tea blossoms and very young tea leaves. The buds and 

young tea leaves are collected before the buds have fully opened. They are then steamed and 

dried with the minimum amount of processing. Therefore, white tea retains the greatest levels 

of antioxidants and the lowest levels of caffeine than any other tea from the C. sinensis plant. 

This type of tea is very rare in commercial market having the highest price. However, we 

have found that besides it highest antioxidant properties, white tea possesses strong 

antibacterial effect on a broad range of gram positive and gram negative bacteria, even those 

resistant to all antibiotics [unpublished results]. Due to its high price, it is suggested that 

white tea is more suitable for pharmaceutical and research applications  

Black tea  

About 72% of the world’s total tea production is in the form of black tea. While most of the 

EGCG antioxidants are oxidized during the fermenting process, there is comparatively high 

number of the polyphenols such as flavonoids in black tea (Fig. 2). The main effect of tea 

flavonoids on human health is to reduce the harmful effects of toxins. They have antioxidant 

properties and, similar to many synthetic antioxidants, they are able to scavenge free radicals. 

In general, flavonoids can be divided into various classes on the basis of their molecular 

structure (3). The molecular structure of each group of flavonoids is given in Figure 2. It 

should be noted that flavonoids belonging to the catechins are mainly found in green and 

black tea (14), whereas anthocyanins are found in strawberries and other berries and grapes. 
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Figure 2. The molecular structure of different flavonoids. 

Oolong tea  

Oolong tea is a partially fermented tea and has the flavor and health characteristics of both 

green and black teas. It contains a high number of antioxidants, beneficial to human health 

and increase the rate of survival of many important disorders. This type of tea is less 

common in Western world, but is used in Far East countries. In general, tea extracts are 

powerful antioxidants, mainly owing to the presence of (+)-catechin, (−)-epicatechin, (−)-

epigallocatechin, (−)-epigallocatechin gallate and (−)-epicatechin gallate (Salah et al., 1995).  

In general, it is suggested that the type and duration of tea processing during its manufacture 

could highly affect its physical and chemical properties. It is known that polyphenols are key 

non-volatile components having important role in tea. They provides a lot of beneficial 

effects of tea in terms of free radical scavenging ability, i.e. its powerful antioxidant activity 

(15). Most polyphenols such as catechins, monomeric flavonols, and (−)-epigallocatechin 

gallate (EGCG) are detected in fresh tea leaves at a high level (16). It has been found that 

fermentation process can seriously affect polyphenols content of tea. Flavanols, flavandiols 

and phenolic acids like gallic acid, cumaric acid and caffeic acid are predominant in non-

fermented green tea, whilst some polyphenols are oxidised, degraded and polymerised 

enzymatically to theaflavins and thearubigens in black tea during the full fermentation (17). 

It has been reported that the degree of antioxidant effectiveness depends on variety and the 

content of EGCG [Katalinic et al., 2006]. High content of EGCG and (−)-epigallocatechin 

(EGC) was detected in non-fermented and semi-fermented tea, i.e. green and Oolong types. 
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Whereas the content of both of these beneficial components are significantly decreased in 

fully fermented black tea (18). 

Health benefits and Medicinal Usage  

 

Antioxidant Properties  

Reactive oxygen species (ROS) and free radicals are responsible for the pathogenesis of 

various human diseases, including cancer, aging and chronic arterial disease (11). The effect 

of ROS on human health has been studied for decades. It has been found that they increase 

the risk of cancer, arthritis, degenerative eye and neurological disorders, and general aging 

(19). More recent research has focused on the effect of free radicals on cardiovascular 

disease and related disorders; atherosclerosis, hypertension, hypercholesterolemia, type 2 

diabetes, and heart failure (20). 

Various extracts of tea have been studied for their effect as antioxidants and their potential 

benefits studied. It has been found that hot water extract of green tea leaves could be 

potential sources of antioxidants (21). It is believed that interesting benefits of tea is related 

to its high antioxidant properties played partly by polyphenolic compounds. The most 

abundant and biologically active polyphenols found in green tea is EGCG. It has been shown 

that EGCG have a great effect on several types of cancer cells in culture (22). The beneficial 

effect of tea polyphenols is also extended to prevent diabetes. It has been shown that drinking 

large volume of green tea (>6 cups per day) per week could highly reduce the risk of 

developing type 2 diabetes (23). The type of solvent used could highly alter the extraction 

yield as well as the antioxidant activity of extracts. It has been reported that the extraction 

conditions has altered the content of active antioxidant components from green tea leaves 

(14). 

Cardiovascular Diseases  

Regular use of tea could be beneficial in reducing the risk of cardiovascular disease (24). The 

cardiovascular health effects of drinking tea are thought to be largely due to flavonoids. It is 

found that most flavonoids of tea are associated with reduced risk of cardiovascular disease 

(24). Most European and American observations about association between tea consumption 

and reduced risk of cardiovascular disease are not specific to green or black tea. However, a 

number of Asian studies have suggested a higher cardioprotective effect of green  tea 

compared other types of tea (25). A more recent study has demonstrated that daily 

consumption of either green or black tea 3 cups/day, was associated with reduced risk of 

ischemic stroke (26). The relationship between tea intake and atheroslerosis, a chronic 

vascular disorder that can increase the risk of heart attack, have investigated. The results have 

revealed that carotid plaques are less frequent in women who drank a few cups of tea per day 

(27). A population study has also shown that using high concentration of isolated flavonoids 

is associated with decreased carotid atherosclerosis in middle-aged men (28, 29).  

It is known that any increase in platelet activation can results in an increased susceptibility to 

aggregation and clotting. This can contribute to thrombosis, myocardial infarction and stroke. 

A randomized controlled study in humans has revealed the effects of flavonoid-rich foods 
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and beverages on platelet function (30). It has been shown that regular ingestion of tea for 

4 weeks can reduce the concentration of circulating p-selectin, a marker of platelet activation 

(31).  

Effect on Various Types of Cancer 

The chemopreventive effect of various types of tea, especially green, on carcinogenesis has 

been studied by many scientists. They have revealed that the presence of tea catechins can 

cause this type of effect through different possible mechanisms including, inhibition on cell 

proliferation (32), cell cycle arrest (33), blockade of growth factor receptors, reduction in 

cytokines release (34), inhibition of angiogenesis by interfering with the activities of 

metalloproteinases, serine proteinases and vascular endothelial growth factor (35), prevention 

of nuclear factor kappa B and activator protein 1 activation (36), inactivation of 

topoisomerase I (37) and telomerase (38) resulting in apoptosis. Studies on the preventive 

effect of green tea in esophageal cancer have produced inconsistent results. 

Lung cancer is one of the most common types of cancer among men and women in the world. 

In 2002 the death incidences were reported to be about 1.18 million (39). In few last decades 

many new improvements are made for treatment of all types of cancer including surgery, 

radiation, and medical therapies. However, the 5-year survival rates have remained under 

20% for patients with lung cancer (40).  Therefore, prevention in addition to early detection 

is still the main aim of many scientists working in this area. Many population-based studies 

have shown that various types of tea possess cancer protective effects (41). It is believed that 

polyphenols found in tea leaves are powerful antioxidants. They may, therefore,  play an 

important role in the prevention of cancer by reducing damage of DNA in the cell and 

activation of cancer leading to malignancy.  It has been found that EGCG present in green tea 

is potent inducible nitric oxide synthase and cyclooxygenase-2 inhibitor (41, 42). In 

suppressing the release of nitric oxide and prostaglandins, which are important mediators for 

inflammation and tumorogenesis, green tea can limit inflammatory reactions and promotion 

of cancer. It has also been shown that EGCG can bind to a specific metastasis associated 67-

kDa laminin receptor that is expressed on a variety of tumor cells (43). Green tea may then 

interfere with the promotion of cancer by preventing metastasis of the tumour. Other factors 

that are related to metastasis, e.g., urokinase plasminogen activator (44), urokinase (45) and 

matrix metalloproteinases (46) were also reported to be inhibited by green tea (Figure 3). 
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Fig. 3. Effect of EGCG on the modulation of various signal transduction pathways. 

 

 

Effect on Respiratory Diseases 

Theophylline is a chemical compound found in tea having structural similarity to tea caffeine. 

This important tea component is used as a licensed medicine for the treatment of some 

respiratory diseases such as asthma. For many years, theophylline in tea has been used to 

prevent respiratory diseases like wheezing, shortness of breath, and difficulty breathing 

caused by asthma, chronic bronchitis, emphysema, and other lung diseases. The compound 

acts through relaxation and opening of air passages in the lungs. Therefore, it can ease 

breathing (47).   

 

Effect on Digestion  

It has been shown that tea catechins are well absorbed after oral administration (48, 49). 

Among all tea catechins, (−)-epigallocatechin gallate is the most stable form in the stomach 

and small intestine. After absorbtion, tea catechins are biotransformed in the liver to 

conjugated metabolites, i.e., glucuronidated, methylated, sulfated derivatives. It has been 

found that green tea can activate intracellular antioxidants, inhibit procarcinogen formation, 

suppress angiogenesis and cancer cell proliferation while digested in gastrointestinal tract. It 

could be suggested that tea consumption can reduced the incidents of cancers in the stomach 

and colon. As tea catechins are well absorbed in the gastrointestinal tract and they interact 

synergistically in their disease-modifying actions, thus drinking unfractionated green tea is 

the most simple and beneficial way to prevent gastrointestinal disorders. 
 

 

Weight Control and Prevention of Metabolic Syndrome 

Many investigations have been conducted to show the effect of various types of tea on 

control of weight. It has been revealed that consumption of GTC with a dose of 270 mg to 

1200 mg/day could reduce body weight and fat. Several mechanisms have been proposed by 

which GTC may influence body weight and composition. The predominating hypothesis is 

that GTC influences sympathetic nervous system (SNS) activity. This action increases the 
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energy expenditure and promotes fat oxidation. Caffeine  is one of the compounds naturally 

present in green tea. It can influence the activity of SNS and, therefore, act synergistically 

with GTC to increase energy expenditure and fat oxidation. Other potential mechanisms by 

which tea could help reduce weight include modifications in appetite, up-regulation of 

enzymes involved in hepatic fat oxidation, and decreased nutrient absorption (50). 

One of the potential mechanisms explaining the antiobesity effects of GTC is suggested to be 

through decreased nutrient absorption in the gastrointestinal tract. Some data obtained from 

in vitro studies have suggested that GTC could reduce glucose absorption by inhibiting 

gastrointestinal enzymes involved in nutrient digestion, in particular, α-amylase and α-

glucosidase activity (51). Studies about cellular mechanism have also shown that GTC 

decreases glucose uptake in intestinal cells and inhibits the sodium-dependent glucose 

transporter (52). 

The important point is that the effect of green tea catechin on the absorption and metabolism 

of glucose is highly depended on the time of its consumption (53). It has been reported that 

when EGCG and ECG were administered one hour prior to eating glucose, it may cause 

circulating glucose levels actually exceeded those of the water control (53). They postulated 

that GTC, and in particular, the gallated catechins, inhibit circulating glucose uptake via 

competitive inhibition of glucose transporters located throughout the body. The increase in 

glucose was accompanied by an increase in insulin levels. 

Indirect evidence from intervention trials has suggested that GTC may alter fat metabolism 

through promoting lipolysis from specific fat depots. The fat depots of the abdomen are more 

responsive to NE-induced lipolysis than those in other depots (54). Abdominal fat is more 

lipolytically active than lower body adipose depots, altering fatty acid uptake and release in a 

way that selectively reduces abdominal adipose tissue more so than peripheral fat depots. The 

effects of a brewed green tea beverage having about 75 mg caffeine with added GTC has 

been evaluated and compared to a caffeine-matched control beverage for men and women 

undergoing treatment for diabetes (55). It is known that this type of population has a high 

prevalence of increased abdominal adiposity. It was shown that at the end of the 12 week 

intervention period, body weight did not differ between the GTC and control groups. On the 

other hand, their waist circumference was significantly reduced among those consuming the 

GTC. 

One of the most successful and interesting results of green tea consumption is its effect on 

metabolic syndrome, MetS. This is a complex condition defined by the presence of elevated 

waist circumference, dysglycemia, elevated blood pressure, decrease serum high-density 

lipoprotein-associated cholesterol, and increased serum triglycerides. Both in vitro and in 

vivo studies have examined the effects of green tea and EGCG against the symptoms of MetS. 

The results of these studies have demonstrated that green tea and EGCG have preventive 

effects in both genetic and dietary models of obesity, insulin resistance, hypertension, and 

hypercholesterolemia. Various mechanisms have been proposed based on these studies and 

include: modulation of dietary fat absorption and metabolism, increased glucose utilization, 

decreased de novo lipogenesis, enhanced vascular responsiveness, and antioxidative effects. 

Some of the studies on various aspects of MetS have been reviewed and presented in 

following sections showing the appropriate references. 
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Prevention of insulin resistance and diabetes 

Insulin resistance is an early marker of type 2 diabetes (T2D) and development of insulin 

resistance is associated with obesity (56). It has been suggested that a major contributor to 

the development of insulin resistance is an overabundance of free fatty acids in the plasma 

(57). Hyperinsulinemia which may ultimately end to T2D is a syndrome resulting from 

resistance to insulin and, therefore, interruption of insulin signaling in responsive tissues. As 

a result, in a long period the body will not produce enough insulin to overcome insulin 

resistance and the pancreas may reduce or stop insulin production (58). On the other hand, 

resistance to insulin may cause decreased levels of lipoprotein lipase in peripheral tissues. It 

is worth to recall that type I diabetes (T1D) begins early in life and is normally the result of 

autoimmune destruction of pancreatic β-cells causing insulin deficiency (59).  

 

Prevention of hypertension and modulation of plasma cholesterol 

High blood pressure or hypertension is another important condition related to metabolic 

syndrome. Drnking tea could result in reduction of blood pressure leading to improve of 

endothelial function in animal studies (60). Endothelial dysfunction is an alteration of 

endothelial cells, resulting from oxidative stress and impaired vasodilatory response (60). It 

is known that both hypertension and perturbed homeostasis of the ratio of HDL-cholesterol 

and low-density lipoprotein-associated (LDL)-cholesterol are risk factors for cardiovascular 

disease. The effect of green tea extract on arterial hypertension in Sprague–Dawley rats has 

been investigated (61). The result of this in vivo study showed that green tea treatment also 

reduced Ang II-induced increases in plasma hydroperoxides and aortic endothelial expression 

of hemeoxygenase I and superoxide dismutase, SOD. The increase in expression of 

hemeoxygenase I and superoxide dismutase is indicative of a decrease in vascular oxidative 

stress. It has also been found that 0.6% green tea extract as the sole source of drinking fluid 

reduced final systolic and diastolic blood pressure by 20% and 24%, respectively in Ang II-

treated rats after 14 days (62).  

 

Prevention of obesity-related fatty liver disease  

The term nonalcoholic fatty liverdisease NAFLD is referred to a group of fatty liver diseases 

including hepatic steatosis and nonalcoholic steatohepatitis, NASH. This group of liver 

abnormality is often associated with obesity and show almost no other symptoms. It is clear 

that when hepatic fatty acid oxidation is low and there is a concomitant decrease in ATP 

levels, leads to an increase in one’s appetite. Consumption of medium-chain fatty acids and 

1,3-diacylglyceride oil ingredients that increase hepatic fatty acid oxidation, have been 

shown to reduce food intake in human subjects (63). The entire mechanisms leading to 

NASH is not well known, but at least two possible pathways have been proposed to describe 

the events contributing to the development NASH (64). The first one refered to as hepatic 

steatosis, is characterized by obesity and dysregulated lipid metabolism i.e. higher de novo 

lipogenesis (DNL) and adipose lipolysis leading to excess accumulation of hepatic lipid (65). 

Secondly, due to vulnerability of steatotic livers to oxidative stress, they may induce the 

progression of NASH (64). Furthermore, it triggers hepatic mitochondrial dysfunction and 

oxidative stress inducing serious injury to the liver (66). Up to now, there is no medical 

recommendation or treatment for NAFLD except the control of food intake in order to reduce 

weight (67). However, it is generally observed that weight loss has a poor long-term success 
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rate. Therefore, there is a serious need to reduce the development and progression of hepatic 

steatosis, oxidative stress, and inflammation in association with NAFLD (68). 

Epidemiological studies have suggested that consumption of green tea as a habitual drink 

could not only decrease mortality from cardiovascular disease (69), it may also provide 

reasonable protection against liver disorders (70). It is well known today that most of the 

health benefits of green tea are due to the action of its catechins.   It has been shown that this 

group of compounds exhibit hypolipidemic (71) and antioxidant (11) properties that may 

ease multiple causes of NAFLD. Considering that green tea catechins (GTC) may increase 

hepatic fat oxidation, it could be postulated that GTC may also reduce the appetite and, 

therefore, cause a slight weight loss too. 

 

Arthritis  

Osteoarthritis (OA) and rheumatoid arthritis (RA) are a group of inflammatory diseases with 

a similar outcome, i.e. joint destruction. OA involves the erosion of articular cartilage, 

inflammation of synovial membrane, and resorption of the underlying sub-chondral bone 

(72). It has been demonstrated that extracts of green tea and its polyphenols can inhibit the 

inflammatory responses in different cell types in vitro and the development of arthritis in vivo 

(20). There are some evidences that (−)-epigallocatechin-3-gallate (EGCG), the predominant 

green tea polyphenol, inhibits enzyme activities and signal transduction pathways important 

in inflammation and joint destruction in arthritis (20). It can be explained that after oral 

consumption of EGCG become bioavailable. It may then interact directly with a set of 

protein targets and alter the physiological response of the cells leading to possible inhibition 

of arthritis. It has been shown that tea extract could also significantly inhibit acute 

inflammation observed following sodium urate administration, thus exhibiting possible anti 

gout activity (73). However, despite the large number of pharmacological studies on tea 

carried out worldwide, search of published articles reveal that there is still a need to 

investigate its anti-inflammatory activity. A number of factors including inflammation and 

oxidative stress are believed to play a role in the development of chronic joint diseases. 

Arthritis is a major inflammatory problem which has affected about 46 million people in the 

USA and is estimated that the number of people with arthritis rise to 67 million by 2030 (73).  

It is now well known that cycloxygenase (COX) and lipoxygenase (LO) enzymes are 

associated with the generation of the lipid mediators, which exert proinflammatory acitivity 

(74). Studies with different anti-inflammatory agents have revealed that over expression of 

such enzymes (75) increased levels of lipid mediators (76) and generation of damaging free 

radicals (77) could occur during the inflammatory process. It has been suggested that tea 

extract probably interfere with: (i) the expression of COX and/or LO; (ii) enzyme 

(COX/LO)-catalysed reactions; (iii) functioning of the mediators (probable occupation of the 

receptors); and (iv) generation of free radicals (78). 

 

Conclusions 

 

Tea is a common, pleasant, popular, economical and healthy drink that has rapidly found a 

commercial and industrial place as a potential and pharmaceutical plant material. Among all 

types of tea, the unfermented green form is now becoming very popular and accepted in all 

parts of the world. The benefits of green tea include very low caffeine content, mild nature 

and no adverse side effects. The incredible advantages of this ancient wonder have now been 
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discovered by many scientists. It is also strongly recommended as an advantageous drink by 

health specialists. In this review we presented a part of considerable data available, in an 

attempt to reveal the primary mechanism(s) of action, the dose-response relationships 

involved, and the best way to translate the results to human intervention studies. As 

mentioned here, various types of catechin in tea leaves play multi-targets and multi-functions 

with very low to non-toxic effects. This uniqueness makes it possible for tea catechin, as a 

new class of chemical chaperones, to induce preventive activity in various organs in humans. 

The action is mediated through the property of chemical chaperone leading to cancer 

preventation.  

Studies have demonstrated that epigallocatechin gallate, the major catechin in green tea, can 

significantly induce apoptosis and cell cycle arrest in human carcinoma cells (79). Therefore, 

the protective effect of tea consumption on lung cancer is biologically plausible. Tea 

catechins can effectively scavenge relevant reactive oxygen and nitrogen species (49, 80).  

Metabolic syndrome (MetS) and obesity are significant public health problems worldwide. 

Although effective surgical and pharmacological methods have been developed to treat 

symptoms related to metabolic syndrome, these treatments can be costly and are not without 

potential adverse effects (81, 82). A large number of valuable research works have 

demonstrate the efficacy of green tea as a preventive agent for MetS and have tried to 

understand the underlying mechanisms of its action. As discussed in this review, the green 

tea catechins appear to have activity against MetS, but caffeine may also play a role.  

It has been estimated that about 5.5 million dollars of green tea based dietary supplements 

were marketed in 2008 (83). Although green tea beverage has a long history of safe use in the 

diet, a more limited number of controlled animal and human studies have been conducted to 

determine the maximum tolerated dose of green tea components given in alternative 

formulations such as pills and capsules. No large scale controlled human intervention studies 

have reported serious adverse effects to date, however a number of observational case reports, 

as well as laboratory studies have suggested that high doses of green tea polyphenols can 

cause hepatotoxicity (84). The therapeutic index of these agents must be established, not only 

when the compounds are delivered via the diet, but also when converted to formulations such 

as pills and capsules. Only with such a complete understanding can the potential benefits of 

green tea for the prevention of MetS be realized. 

On the other hand, increased levels of systemic oxidative stress after smoking cigarette may 

play an important role in the induction of lung damage. Considering the high number of 

people smoking cigarette all through the world, dinking tea, especially green tea may have 

the ability to slow down the cigarette smoke-induced disease progression through prevention 

of airspace enlargement and goblet cell hyperplasia after suppression of oxidative stress. 

In the case of hepatoprotective role of tea beverages, it should be noted that tea extracts can 

mitigate hepatic injury through inhibiting hepatic lipid accumulation and reducing oxidative 

damage and inflammation. The effects of tea extracts as a medication is dose-dependent and 

are likely mediated via alterations in adipose lipid metabolism and improvements in hepatic 

anti-inflammatory responses and antioxidant defenses. 

Green tea is regarded as one of the most promising dietary agents for the prevention and 

treatment of many chronic diseases. EGCG is the predominant polyphenol in green tea and is 

regarded as the most active catechin of green tea. In vitro and in vivo studies have 

demonstrated that EGCG possesses potent antioxidant and anti-inflammatory activity. The 

anti-inflammatory effects of green tea may be mediated via different pathways associated 
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with adjunct inflammatory response. However, any single, several, or all the reported 

biological pathways may yield benefit to reduce the risk of inflammation in OA and RA (85-

87). Pharmaceutical preparations of EGCG may deliver the in vivo dose equivalent to the 

concentration used in vitro and may be effective in suppressing inflammation and the 

catabolic response in arthritic joints. The use of green tea as a habitual drink may provide 

inhibiting disease progression in OA and RA. 

In conclusion, tea is increasingly moving from a traditional beverage to a healthy drink, a 

source of pharmacologically active materials, an important member of the antioxidant food 

group, and a functional food endowed with beneficial health properties (88, 89). The number 

experimental evidence showing the properties of tea is still increasing. Numerous studies in a 

variety of experimental animal models have demonstrated that green tea consituents play 

antioxidant, antimutagenic, antidiabetic, anti-inflammatory, antibacterial and anticancer 

properties. Better understanding of the fundamental mechanism(s) of action of these 

molecules and their bioavailability is also needed in order to determine the potential tea as an 

anti-cancer agent. A fundamental understanding in this area is important for the design of 

future human intervention trials to reveal the relationship between tea consumption and 

cancer (90).  
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COX  Cycloxygenase  

DNL  De novo lipogenesis  

EGC   Epigallocatechin 
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NAFLD Nonalcoholic fatty liverdisease  
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