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Abstract 
As consumption of green tea has increased in recent years, so too have reports of its adverse effects. 
Hepatotoxicity is apparently caused by enzymatic interaction that leads to cellular damage and interference 
with biological response systems and metabolic reactions. This review article introduces the morphological 
characteristics and biochemical components of the green tea plant, camellia sinensis. Analysis of clinical trials, 
in-vitro trials and pharmacodynamic and pharmacokinetic studies then shed light on some of the mechanisms 
by which green tea causes hepatic damage. Examples are the chemical interactions with enzymes such as 
UDPGT, alcohol dehydrogenase and cytochrome P450 and interactions with the mitochondrial enzyme and 
immune systems. These forms of cellular lesions are correlated with case reports in the scientific literature 
which clarify the spectrum of hepatic damage associated with the consumption of green tea. This analysis 
finds that even though the mechanisms by which green tea causes hepatic toxicity are still a mystery, certain 
catechins of camellia sinensis and interactions at the cellular and mitochondrial levels may be responsible for 
this toxicity. On this basis, social and political preventive measures regarding intake of this natural product at 
levels can be justified.
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INTRODUCTION

Green tea is obtained from the Camellia sinensis plant which 
is a bush or small perennial tree. Its main root is 4 to 5 cm 
long green leaves and it has yellowish-white flowers are cut 
for harvesting when the plant is no more than two meters 
tall (Figure 1).

The exact date when Camellia sinensis was first cultivated 
is unknown. According to Chinese tradition, approxima-
tely 4,000 years ago Emperor Shen Nung was warming up 
a pot of water under a tree, and some of its leaves fell into 
the water. He drank the entire pot and felt invigorated.  On 
the spot, he decided to promote its cultivation throughout 
the empire. 

Tea was first processed in the United States in 1650 
although the Camellia sinensis genus entered the country 
in 1744 in the gardens of Georgia.  The first attempts at 
cultivation were without success, so further attempts were 
needed for successful cultivation (1). Camellia sinensis is 
currently cultivated in tropical and subtropical climates in 
many parts of the world (2).

There are three main types of tea. Fresh leaves are picked 
from the plant, then left to dry under the sun or hot air, and 
then ground into small pieces. When the processing of the 
leaves stops without undergoing oxidation and fermenta-
tion, green tea is obtained. If the leaves are exposed to the 
sun or air for longer periods of time after maceration, oxida-
tion occurs as a result of exposure to the environment and 
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black tea is obtained. If the process of oxidation is shorte-
ned, then Oolong Tea may be extracted (1).

Figure 1. Taken from Lettsom, J.C., The natural history of the tea-tree, 
p. i (1799) ( J. Miller)

Many healing benefits have been attributed to green tea. 
Among these are improvement of asthenia, diarrhea, bron-
chitis, asthma, hyperlipidemia, cellulitis, and abscesses as well 
as weight reduction. Also, another group of healthy people 
defends its use as a tool that helps improve health and pre-
vents disease. Nevertheless, the necessary scientific evidence 
to support these claims has not yet been gathered. Most 
studies of green tea’s benefits are in vitro or animal studies 
without sufficient clinical trials to support the use of green tea 
in humans. The possible benefits have led to health improve-
ments which have increased green tea’s unsupervised availa-
bility, accessibility and intake. Its global consumption is sur-
passed only by water (3). At present there are also liquid and 
capsule presentations which unlike conventional infusions 
contain high concentrations of possibly toxic substances and 
other excipients. At the Queen Elizabeth II Health Sciences 
Center in Canada an acute liver failure case was reported from 
green tea consumption. Upon pharmacological analysis the 
components listed in Table 1 below found. 

These components have certain influences on health 
that represent great risks due to their persistent use which 
in some cases can be fatal. In the last few years cases of 

liver toxicity associated with green tea consumption have 
been reported in the main medical literature data bases. 
For this reason, we have reviewed major scientific medical 
knowledge bases regarding mechanisms of possible liver 
damage resulting from green tea and spectrums of liver 
toxicity according to the latest case reports on liver damage, 
and report about the safety of green tea consumption. 

Table 1. Pharmacological report on a Green tea capsule.

Component Dose (mg)
Green tea extract 120
Vitamin E 6
Wheat germ oil 10
Soy oil 154
Bee’s wax 13
Fatty acids 13
Gelatin 180
Glycerin 50

Modified from liver transplantation 2006; 12:1894. 

GREEN TEA COMPONENTS

The variety of components in green tea is very large. Its 
components include gallocatechin gallate (GCG), gallo-
catechin (GC), catechin gallate (CG), catechin (C), and 
flavonoids such as kaempferol, quercetin and myricetin. 
Other important components include theanine, derived 
from amino acid, the xanthine alkaloid caffeine, theophy-
lline, theobromine, saponins, and tannins. Green tea has 
more than 300 other substances (4, 5). However, the main 
active components to which both beneficial and adverse 
health effects have been attributed are the four polypheno-
lic catechins: epigallocatechin gallate (EGCG), epicatechin 
gallate (ECG), epigallocatechin (EGC), epicatechin (EC) 
(6). A very important benefit that is attributed to catechins, 
especially to epigallocatechin gallate (EGCG), is the pro-
perty of decreasing or maintaining body weight due to its 
capacity to induce and stimulate thermogenesis and the 
oxidation of fats (7). Nevertheless, a metaanalysis publis-
hed in the International Journal of Obesity concluded that 
the effect of green tea on the reduction or maintenance of 
weight is very slight (8). 

GREEN TEA ABSORPTION AND ELIMINATION

Multiple clinical trials have been performed with volunteer 
patients that have made it possible to clarify absorption of 
green tea catechins to some extent.

In one of these, Yang et al. administered different doses of 
catechins to 18 volunteers. Doses of 282 mg of EGCG, 564 
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mg of EGC and 846 mg CE, the three main green tea cate-
chins, were administered. The maximum levels of catechins 
detected in plasma were approximately 1.5h and 2.5h indi-
cating good oral absorption. Twenty four hours later these 
substances were undetectable.  The maximum plasma con-
centration of EGCG measured was 321 ng/mL, maximum 
plasma concentration of EGC was 550 ng/mL, and maxi-
mum plasma concentration of CE was 190 ng/mL. The 
catechin with the longest lifespan was EGCG which lasted 
five hours. This is the catechin found to be most involved 
in the processes of liver damage, as cited below. EGC and 
CE were detected in urine, which indicates renal excretion. 
There are no considerations about the counterproductive 
effect on patients with liver failure regarding kidney excre-
tion since the study was performed on healthy people (9). 

It is important to consider that in pharmacokinetic stu-
dies patients did not present adverse effects. Nevertheless, 
small sample sizes ranging from 18 to 60 patients provide 
limited numbers for concluding that the use of green tea is 
safe (10, 11, 12, 13).

INTERACTIONS OF GREEN TEA CATECHINS 
WITH THE URIDINE DIPHOSPHATE-
GLUCURONOSYLTRANSFERASE ENZYME

As already mentioned, the main components of green tea 
are EGCG, ECG, EGC and CE catechins. However, only 
EGCG and EGC stand out because they alone can interact 
with the UDPGT enzyme. To understand this interaction 
it is necessary to understand the possible mechanisms that 
the hepatocyte has to metabolize these substances. The 
biotransformation of EGCG and EGC has yet to be com-
pletely studied, though authors such as Li et al., in 2001, 
have described that EGCG and EGC undergo a process 
of methylation, glucuronidation and sulfation, although 
which of the three processes predominates has not yet 
been defined. More recently, Hong Lu et al. together with 
the American Society for Pharmacology and Experimental 
Therapeutics (ASPERT) have proposed that glucuronida-
tion predominates in metabolizing the main catechins of 
green tea. This conclusion was based on the finding that 
EGC-O- monoglucuronides were most commonly found 
in searches for metabolites in urine, plasma and bile.  This 
indicates that glucuronidation is the most frequently used 
means by which hepatocytes transform EGC and EGCG 
catechins. Apparently UDPGT 1A with the UDPGT 1A1, 
1A3, 1A8 and 1A9 subfamily are the most active in this 
process of glucuronidation. These glucuronidated metabo-
lites are cleaved by the β- glucuronidase which means that 
glucuronidated metabolites of these catechins are accumu-
lated in the hepatic tissue as a result of chronic intake of 
green tea since β- glucuronidase is overcome and inhibited 

by the green tea’s catechins. The accumulated metabolites 
apparently have the property of capturing free radicals, 
a process which may lead to liver toxicity, damage to the 
hepatocyte’s mitochondria and difficulty in metabolizing 
other substances such as arachidonic acid. This in turn is 
a possible precursor of inflammatory products through the 
cyclooxygenase and lipoxygenase pathways (14). 

INTERACTIONS WITH THE CYTOCHROME P450 
SYSTEM 

The interactions of the main catechins in green tea in 
enzymatic systems such as that of cytochrome P450 have 
also been evaluated in scientific literature. Animal studies 
have shown that the components of green tea can inhibit 
cytochrome the P450. Despite this, preclinical studies 
comparing green tea consumers and non-consumers which 
have evaluated the concentrations of metabolites from 
medications processed by the cytochrome P450 in plasma 
and urine have found that people who consume green tea 
do not have any significant inhibition even though the 
CYP3A4 member seems slightly affected (15). However, 
these studies have had limited sample sizes and limited 
number of medications evaluated for this enzyme. It is the-
refore necessary to perform more studies to come to any 
conclusions about the role of green tea catechins in relation 
to the cytochrome P450 enzymatic system.  

INTERACTIONS WITH GLYCOPROTEIN P

Glycoprotein P is a dependent ATP pump found in the 
small intestine, blood–brain barrier (BBB), hepatocytes 
and tumoral tissues among other places. Its function is to 
transport substances such as xenobiotics, cellular metaboli-
tes and antitumor medications to the exterior of cells which 
means that it favors resistance to multiple antitumor drugs 
by removing them from the cancerous cell. 

This is why in-vitro trials have been performed in order to 
understand the interaction of green tea catechins with this 
transporter. These experiments have included medications 
such as tamoxifen, doxorubicin, verapamil and diltiazem. 
The results have shown that the main catechins of green 
tea may inhibit functioning of glycoprotein P which would 
decrease the resistance level of tumor tissue to antineoplas-
tic agents (16, 17, 18). This must be viewed with caution 
since there is no consensus on dosages, the time these 
catechins should be used, adverse effects and the specific 
tumors that might be treated to avoid resistance from these 
cancerous cells to antitumor agents. Consensus has not yet 
developed because there are still no long term clinical trials 
in humans with the epidemiological and ethical conditions 
necessary to provide sufficient scientific support.
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In addition to the functions already mentioned, glyco-
protein P also eliminates various medications and com-
pounds such as bilirubin conjugated by hepatocytes (19, 
20). When catechins inhibit this action of glycoproteins 
action it may result in toxic effects on hepatocytes since it 
could lead to intrahepatic cholestasis and systemic toxicity 
(21). 

INTERACTIONS WITH HEPATOCYTE MITOCHONDRIA 

In vitro and in vivo trials have found possible interactions 
between hepatocyte mitochondria and the green tea cate-
chins. Giuseppe Galati et al. of the University of Toronto 
used an in vivo cellular model to demonstrate hepatotoxi-
city resulting from the components of camellia sinensis. The 
study concluded that the main mechanism of liver toxicity 
is formation of oxygen-free radicals which leads to mito-
chondrial dysfunction and cellular toxicity. It is interesting 
that EGCG, the most abundant green tea phenol, was the 
catechin which produced the largest number of free radicals 
and caused the greatest mitochondrial damage (22, 23).

INTERACTIONS WITH THE ALCOHOL DEHYDROGENASE 
ENZYME

In vitro trials have demonstrated that the triterpenoid sapo-
nins components of the camellia sinensis plant, isolated pri-
marily from the roots of the plant through chromatography 
experiments (24), have the capacity to inhibit the alcohol 
dehydrogenase enzyme. In these experiments ethanol is 
added to a solution with a phosphate buffer, then a solution 
of the ADH enzyme is introduced and serial measurements 
are taken every 5 minutes of ethanol absorption which 
reflects the activity of the alcohol dehydrogenase enzyme. 
Results showed that in the solution with saponins the alco-
hol dehydrogenase enzyme was up to 50% less active than 
in a control solution control without saponins (25, 26). 
As it is well known, in-vitro studies have no great clinical 
validity, but certain green tea substances can be proposed 
to inhibit alcohol dehydrogenase. For people who consume 
alcohol and green tea this would increase the average life of 
ethanol levels in the blood, creating higher toxicity levels in 
the liver while increasing other systemic effects of ethanol. 

INTERACTIONS WITH THE IMMUNE SYSTEM

There are only a few trials that evaluate the interactions of 
Green tea catechins with the components of the immune 
system. Last year an essay was published with evidence that 
EGCG production of oxygen-free radicals leads to activa-
tion of calcium channels which in turn leads to release of 
the ion into the extracellular space. Mast cells then pro-

duce greater quantities of IL-13 and TNF α with all of the 
repercussions that his entails for the immune system. These 
include regulation of Th1 lymphocytes, stimulation of 
growth, differentiation and regulation of the activities of B 
lymphocytes, production of other inflammatory cytokines, 
and mediation of the TNFα inflammatory response (27).

SPECTRUM OF LIVER TOXICITY

The mechanisms explained in this review can lead to a 
miscellany of liver damage associated with consumption of 
green tea. The spectrum can go from an alteration of liver 
enzymes to acute liver failure requiring liver transplanta-
tion (28, 29). Histological examination of liver explants 
has shown that some areas of parenchyma are conserved 
while others have centrilobular or panlobular necrosis. In 
some cases an eosinophil reaction is observed while mixed 
inflammatory infiltrates are observed in other cases (30, 31, 
32, 33, 34).

Not all cases in which liver damage is associated with 
green tea consumption have acute or linear presentations. 
In some cases insidious manifestations with intermittent 
elevation of liver enzymes have been observed. These 
cases reflect inflammations associated with consumption 
of camellia sinensis. When the patient suspends intake, 
the normal values of biological markers reappear. In some 
cases, after multiple expositions to this type of inflam-
mation the liver is unable to recover its functions and 
enters into fulminant liver failure (35, 36). In some cases 
alterations of the biochemical profile are presented at the 
expense of the gamma-glutamyl transferase enzyme and 
alkaline phosphatase. These modifications occurred in 
some patients over 5 consecutive year indicating that the 
spectrum of liver damage is wide, but still uncertain. It is 
important to highlight that in the presentation of these 
cases other causes that may generate these types of liver 
alterations have been rigorously discarded. In some publi-
cations methods such as the RUCAM have been used. This 
enables the evaluation of the association between the con-
sumption of a medication and the appearance of alterations 
and liver deterioration and thus can show causal relations 
between green tea consumption and patients’ pathologies 
in cases reporting fulminant liver failure (37, 38). 

DISCUSSION

The consumption of green tea has increased in the last 5 
years and with it an association between this consumption 
and liver damage has emerged. Multiple cases without 
fulminant liver damage have been reported, and then 
in 2001 a scenario in which a patient suffered acute liver 
damage was presented. This problem led France and Spain 
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to prohibit commercial distribution of camellia sinensis 
based products in 2003 (39). Added to this, entities such 
as the United States Pharmacopeia (USP) systematically 
reviewed the safety of green tea consumption in 2008. This 
review showed that cases of green tea toxicity had been 
reported in many countries and that the rate of adverse 
effects for pharmaceutical specialties such as Exolise ® was 
1 in every 100,000 consumers. It suggested public health 
measures to prevent these figures from rising and affecting 
public health care systems (40). 

The clinical evidence is not restricted to products such 
Exolise ® but applies to diverse pharmaceutical specialties 
currently being marketed which have had cases of toxi-
city attributed to them (41). As a consequence alarms 
are going off in the medical and health care professions 
around the world as this attention is turned toward pre-
venting this  health problem from evolving and advancing 
and to conducting the research needed to clarify the spec-
trum of damage and take measures for maximum preven-
tion (42). 

In Colombia, INVIMA (Instituto Nacional de Vigilancia 
de Medicamentos y Alimentos - National Medication and 
Food Surveillance Institute) is responsible for monitoring 
and authorizing medications, including over the counter 
and “natural” products, and the marketing of these pro-
ducts. This national control agency accepts food prepara-
tions that contain small amounts of green tea which are not 
harmful to health. However, many applications for distri-
bution of “natural” medications and products containing 
green tea have received negative responses from INVIMA. 
This review found only one “natural” product which has 
been approved by INVIMA. This product, called Thever, 
advertises that it reduces cardiovascular risk and its label 
warns that it should not be used in patients with liver or 
kidney disease due to the issues discussed in this article. 
Despite this, there are many preparations in the gray and 
black markets in Colombia without INVIMA approval.  
Since these products do not report concentrations or net 
composition, consumers buying these products with the 
idea of obtaining beneficial effects are unaware of the com-
ponents of the products (43-45). The authors of this review 
believe that the INVIMA should deny registration to this 
variety of formulas containing green tea. Unfortunately, 
there is no national policy to remove such unapproved pro-
ducts from the market. 

Around the world free intake of “natural” products has 
been reported to be associated with up to 10% frequency 
of liver toxicity, and products that contain green tea are at 
the top of the list in order of frequency (46). Therefore, 
we believe that measures to restrict green tea consump-
tion would benefit the entire Colombian population. Such 
measures should not be limited to a special group, since the 
profile for liver safety and the specific type of patients who 

might be impaired by or who might benefit from the intake 
of camellia sinensis are as yet unknown.

CONCLUSIONS

Green tea toxicity is an emerging problem with multiple 
reports proving this association. However, there is little 
knowledge about mechanisms causing damage and few 
political and social measures taken so far to monitor distri-
bution and intake. Most studies reviewed herein examined 
mechanisms of toxicity which had been evaluated in-vitro 
or in animals. This establishes the necessity of performing 
more causal studies, clinical trials and pharmacokinetic 
trials to evaluate the safety of green tea consumption. In the 
meantime, safety measures must be taken by administrative 
and regulatory entities to prevent liver toxicity. 
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