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Abstract   Since aging is the most important risk factor for dementia, measures to slow the on-
set of brain aging are an important strategy for preventing dementia. Accumulation of oxidative 
damage is considered to be a major cause of aging. Catechins in green tea (GTCs) have power-
ful antioxidative activity. Ingestion of GTCs suppressed oxidative damage, brain atrophy and 
cognitive decline in aged mice. Age-related cognitive decline was significantly suppressed in 
mice when middle-aged mice started to drink green tea catechins. Middle-aged people are thus 
expected to be able to suppress brain aging by ingestion of GTCs. In addition, numerous people 
are stressed under various conditions. Brain aging was accelerated and lifespan shortened in 
experimental animals that were chronically and psychosocially stressed. Theanine, an amino 
acid in green tea, suppressed stress-induced aging. However, the anti-stress effect of theanine is 
blocked by catechins and caffeine that are main components in green tea. Daily drinking of sev-
eral cups of green tea is considered to suppress brain aging. In addition, theanine-rich green tea 
or green tea with a lowered level of caffeine is expected to suppress stress and stress-induced 
aging.
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Introduction

   As the elderly rapidly increase in Japan, so does the 
number of patients with dementia. Aging is related to 
various diseases such as cancer, life-style related diseases, 
cardiovascular disease and dementia. Dementia cannot be 
entirely cured at present, indicating that slowing the brain 
aging process is an important strategy in the prevention of 
dementia. 
   Aging after maturation is termed senescence, and the 
main cause of senescence is a decrease in biological func-
tions with aging. Although genetic factors are involved in 
the senescence process, posteriori factors are also heav-
ily involved, for example, the accumulation of damage 
caused by reactive oxygen species (ROS)1,2), decreased 
immune capacity3), changes in metabolism4,5), mutation or 
chemical modification of biopolymers6), or their deposi-
tion in tissues7), stress due to various environmental fac-
tors8,9), and the lack of exercise10,11).
   Green tea catechins (GTCs) have been demonstrated to 
prevent brain senescence in animal experiments12-16). Sci-
entific evidence of the ability of GTCs to prevent brain 
senescence is accumulating, and the function of green 
tea ingestion in maintaining the brain’s health gradually 
being revealed. Theanine, an amino acid abundant in tea 

leaves but not in most other plants, has been reported to 
have an anti-stress effect on animals and humans17-20). 
Among green tea components, the effects of catechins 
and theanine on brain aging are focused on in this article.

Oxidative stress and aging model mouse

   Accumulation of oxidative stress is thought to be an 
important senescence-inducing factor1,2). Although ROS 
are generated continuously in the energy producing pro-
cess, their concentration is kept constant by the presence 
of antioxidants in the body. While ROS constantly cause 
damage in proteins and DNA, such are rapidly metabo-
lized, repaired, or removed. However, as the balance is 
gradually lost with aging between the generation of ROS 
on the one hand and removal on the other, damage is be-
lieved to accumulate21). Even though excess ROS induces 
oxidative damage, it has recently been found that ROS is 
important in signal transduction22,23). When the expression 
and regulation of ROS is abnormal, biological functions 
will be altered and result in senescence, neurodegenera-
tive diseases, and lifestyle-related diseases24).
   In many elderly people, brain atrophy in the prefrontal 
cortex and a decrease in learning and memory abilities 
have been observed25). However, the degree of atrophy is 
less in elderly people who are active and practice good 
health, suggesting the ability to suppress brain atrophy. Correspondence: unno@u-shizuoka-ken.ac.jp
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There are some studies on brain atrophy carried out using 
animal models. However, since the lifespan of mice and 
rats, which are frequently used, is as short as 2 to 3 years, 
brain atrophy cannot be fully observed in these animals.
   Senescence-accelerated mice (SAMs), that were devel-
oped by a group at Kyoto University in Japan, are inbred 
mice that exhibit a short-lifespan and various senescence 
symptoms26,27). A clone of the SAMP10 mouse exhibits 
brain atrophy in the frontal region and cognitive dysfunc-
tion with aging12,13,28,29), showing characteristics similar 
to human physiological brain aging30). The level of su-
peroxide, a form of ROS, was measured in the brain of 
SAMP10 mice, and compared with the level in SAMR1, 
a normal mouse31). The results showed that ROS genera-
tion was higher in the brain of aged mice than in young 
mice. ROS generation increased with aging in SAMP10 
mice. Increased ROS generation is considered to acceler-
ate senescence, suggesting that ingestion of antioxidants 
may suppress brain aging.

Green tea catechins

   Green tea has 20-30 times higher antioxidative activ-
ity than that of blueberries and strawberries32). Catechin, 

a tannin and astringent peculiar to green tea, has potent 
antioxidative activity. The level of catechin in tea leaves 
ranges between 8 and 20% depending on cultivation and 
harvest conditions such as season, amount of sunshine, 
type of tea plant, and geography. A catechin is not a 
single component, but a family encompassing a variety of 
molecular forms. Epigallocatechin gallate (EGCG) is the 
most abundant catechin found in tea leaves with a com-
position of 5-10%. Other catechins in tea leaves include 
epigallocatechin (EGC) 1-5%, epicatechin gallate (ECG) 
1-2%, and epicatechin (EC) 0.5-1.5% (Fig. 1). The con-
centration of catechins is about 60 mg/dL when green tea 
is eluted with hot water. In commercially available bottles 
of green tea, the concentration is about 50 mg/dL. Some 
commercial beverages have increased levels of catechins. 

Anti-aging effect of GTCs

   The learning and memory abilities of SAMP10 mice 
that had ingested GTCs in drinking water were inves-
tigated12). Control mice drank water without catechins. 
Learning ability was examined by exploring how well 
mice could remember taught behavior. Mice were initially 
placed into a lighted room. After a while, the entrance to a 

OH

OH

OH
OOH

O

O
OH

OH

OH

OH

EGCG OH

OH

OH
OOH

OH

OH

EGC

OH

OH

OOH

O

O
OH

OH

OH

OH

ECG OH

OH

OOH

OH

OH

EC

Fig. 1 Structures of GTCs
 EGCG: epigallocatechin gallate, EGC: epigallocatechin, ECG: epicatechin gallate, EC: epicatechin.
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dark room was opened. The mice immediately entered the 
dark room. A weak electric shock was delivered to mice 
to teach them not to enter the dark room. At that point, 
mice returned to the lighted room. Mice were repeatedly 
tested (max. 5 times) until they learned not to enter the 
dark room. The time for learning this task was measured. 
Longer learning time represented a lower learning abil-
ity. One month later, mice were tested as to whether their 
memory had been retained.
   A decrease in learning and memory ability was sup-
pressed in aged mice that had ingested GTCs12). Brain 
atrophy was suppressed and DNA oxidative damage 
in the brain was lower in mice that had ingested GTCs 
than in control mice13). The increased level of carbonyl 
proteins, a marker of oxidative damage in proteins, was 
also significantly reduced in aged mice that had ingested 
GTCs33). One possible beneficial effect of green tea cat-
echins is prevention of a decline in the activity of gluta-
thione peroxidase, an essential enzyme for the reduction 
of hydrogen and lipid peroxides. A decline in glutathione 
peroxidase, was prevented in aged mice that had ingested 
GTCs33). These results suggested that brain atrophy and 
cognitive dysfunction were suppressed by a reduction in 
oxidative stress as a result of the consumption of GTCs.

Psychosocial stress and aging

   Modern life creates stress, and thus many people are 
stressed. Moderate stress sometimes exerts a positive ef-
fect, but long-term stress can trigger depression34) and 
cardiovascular diseases35,36), and also accelerate senes-
cence. Psychosocial stress was applied to mice and the 
effect examined19). Two mice were separately housed in 
a cage with a partition for establishing territory (Fig. 2). 
Then, the mice were housed confrontationally in a cage 
without this partition. Mice were subjected to psychoso-
cial stress caused when an intruding mouse co-existed in 
its territory. On the other hand, group-housed mice have 
no territorial disputes because they recognize each other 
as fellow mice. The results of that study demonstrated 
that the lifespan of mice housed confrontationally was 
significantly shorter than that of group-housed mice be-
cause brain atrophy and cognitive decline had been accel-
erated18). These results indicate that brain senescence can 
be accelerated by chronic stress. However, a shortened 
lifespan and cognitive decline were suppressed in stressed 
mice that had ingested theanine, an amino acid in tea (Fig. 
3). Theanine suppresses aging by reducing psychosocial 
stress. 
   Theanine has been reported to influence the level of 
glutamic acid (Glu), an excitatory neurotransmitter in the 
brain, by acting on glutamine (Gln) receptors and inhibit-
ing the incorporation of extracellular Gln into neurons, 
which suppresses the conversion of Gln to Glu by glu-
taminase37,38). Glu can be decarboxylated into γ-amino 
butyric acid (GABA). In the hippocampus of mice that in-

gested theanine in drinking water for 2 weeks, the levels 
of Glu and pyroglutamic acid were significantly reduced; 
and, conversely, the level of GABA increased39), indicat-
ing that theanine modulates GABA production from Glu. 
Glu is the main excitatory neurotransmitter while GABA 
is the main inhibitory neurotransmitter in the brain. 
Changes in Glu and GABA metabolism may play impor-
tant roles in the control of neuronal excitation. 
   Since the anti-stress effect of theanine is, in part, weak-
ened by catechins and caffeine, major components of 
green tea19), the ingestion of theanine-rich or lowered-caf-
feine green teas would have an effective anti-stress effect. 
Epidemiologically, consumption of green tea has been 
reported to be inversely associated with psychological 
stress40). Moreover, the elderly who consumed capsules 
of theanine-rich green tea powder reportedly showed im-
proved cognitive function38).

Fig. 2 Confrontational housing and psychosocial stress of mice
 After the two mice were housed separately in a cage 

with a partition, they were housed confrontationally by 
removing the partition. 

Fig. 3   Structure of theanine
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Exercise and green tea

   Lack of physical activity is an important cause of most 
chronic diseases10). A physical performance scale showed 
a significant association with cognitive decline, whereas 
skeletal muscle mass showed no significant association 
with cognitive decline41). Individuals with sarcopenia had 
both cognitive and physical impairments, and the effect 
of sarcopenia on cognition was related to low muscle 
strength rather than low muscle mass42). The combination 
of exercise and green tea catechin supplementation had 
a beneficial effect on physical function and muscle mass 
in women (> 75 years old, n = 128)43). Epidemiological 
studies suggest that exercise and dietary antioxidants are 
beneficial in reducing age-dependent neurodegenerative 
disorders44,45). EGCG ingestion and voluntary exercise, 
separately and in combination, were able to attenuate 
cognitive dysfunction in a transgenic mouse model of Al-
zheimer’s disease46). On the other hand, exercise, but not 
a diet containing EGCG, was reported to enhanced cogni-
tion in young and aged BALB/c mice47,48). The effects of 
green tea components on cognitive function and physical 
activity require further research. Study of sarcopenia, 
senescence-accelerated (SAMP8) mice, may be useful 
for investigating the relationship between sarcopenia and 
cognitive function49).

Healthy life expectancy, dementia and green tea

   The healthy life expectancy of Japanese, i.e., the years 
that people can live independently without requiring care 
on a daily basis, was reported in 2013 by the Japanese 
Ministry of Health, Labour and Welfare to be 71.2 years 
in men and 74.2 years of age in women. The average life 
span in Japan for men is 80.2 years and for women is 
86.6 years of age (2013, the Ministry of Health, Labour 
and Welfare). Japan has become a super-aged society. It 
is important to try and extend the healthy life expectancy 
to match the average life span. A model for “suppressing 
aging” would significantly contribute to extension of the 
healthy life expectancy.
   A report from the Japanese Ministry of Health, Labour 
and Welfare estimated that the number of elderly with de-
mentia worldwide exceeded 460 million people in 2012. 
In addition, this number is expected to exceed 700 million 
people by 2025. This number is much higher than previ-
ous estimates, and thus a more effective strategy to reduce 
dementia has become an urgent national health necessity. 
   The association between green tea consumption and 
cognitive function was examined in humans44,50). The re-
sults of those studies showed that a higher consumption 
of green tea was associated with a lower prevalence of 
cognitive impairment in humans. Furthermore, a popu-
lation-based prospective study (Nakajima Project) was 
carried out on Japanese residents greater than 60 years of 
age51). The multiple-adjusted odds ratio for the incidence 

of dementia was significantly lower in individuals who 
consumed green tea every day compared to those who 
did not consume green tea at all during about 5 years of 
a follow-up period. Consumption of coffee or black tea 
showed no association with the incidence of dementia. A 
pilot study also suggested that green tea consumption is 
considered to be significantly associated with a reduced 
risk of cognitive decline52). Results demonstrating that 
green tea consumption is effective in improving cogni-
tive function or reducing the progression of cognitive 
dysfunction have accumulated. Green tea extract may 
modulate brain activity in the prefrontal cortex, a key area 
that mediates working memory processing in the human 
brain53). However, further studies are needed to clarify the 
specific mechanisms caused by green tea.

Conclusions

   The accumulation of oxidative damage is considered 
to be a major cause of aging. Catechins in green tea 
have powerful antioxidative activity. Oxidative damage, 
brain atrophy and cognitive decline were suppressed in 
aged mice that ingested green tea catechins. In addition, 
chronic psychosocial stress has been demonstrated to in-
duce a shortened lifespan and accelerated brain aging in 
experimental animals. However, theanine, an amino acid 
in green tea, suppresses stress-induced aging. Drinking 
several cups of green tea daily is considered to suppress 
brain aging. In addition, theanine-rich or lowered-caffeine 
green tea is expected to suppress stress and stress-induced 
aging.
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