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Abstract. To elucidate the anti-obesity effects of three major
components of green tea, catechins, caffeine and theanine,
female ICR mice were fed on diets containing 2% green tea
powder and diets containing 0.3% catechins, 0.05% caffeine
and 0.03% theanine, which correspond, respectively, to their
concentrations in a 2% green tea powder diet, singly and in
combination for 16 weeks. Body weight and food intake were
determined monthly during this period, kidneys, adrenals, liver,
spleen, brain, pituitary and intraperitoneal adipose tissues
(IPAT) were weighed and lipid levels in the serum and liver
were measured at the end of this period. The body weight
increase and weight of IPAT were significantly reduced by the
diets containing green tea, caffeine, theanine, caffeine +
catechins, caffeine + theanine and caffeine + catechins +
theanine. Noticeably, the IPAT weight decreased by 76.8% in
the caffeine + catechins compared to the control group. Serum
concentrations of triglycerides (TG) and non-esterified fatty
acids (NEFA) were decreased by green tea, catechins and
theanine. Moreover, caffeine + catechins, caffeine + theanine
and caffeine + catechins + theanine also decreased NEFA in
the serum. The TG level in the liver was significantly reduced
by catechins and catechins + theanine in comparison with the
control. These results indicated that at least caffeine and
theanine were responsible for the suppressive effect of green tea
powder (GTP) on body weight increase and fat accumulation.
Moreover, it was shown that catechins and caffeine were
synergistic in anti-obesity activities.
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Green tea is one of the most popular beverages consumed
worldwide. It has been reported that green tea and its
components have many biological and biochemical effects
such as anti-mutation (1), anti-carcinogenesis (2-4), anti-
oxidation (5), apoptosis-inducing (6) and anti-angiogenesis
(7). Moreover, epidemiological studies have implied that
green tea drinking reduces blood cholesterol in Japanese (8).
Recently, we reported that the addition of 2% green tea
powder (GTP) to the diet suppressed fat accumulation and
body weight increase without reduction of food intake in mice
(9). However, it is not clear what components of green tea
are responsible for its anti-obesity activities.

Green tea has many components such as catechins,
caffeine, theanine and vitamins (10). Catechins are present
from 15% to 20% by weight in green tea. Green tea catechins
have a hypocholesterolemic effect (11,12) and suppress the
intestinal absorption of cholesterol (11,13). Moreover, it was
reported that epigallocatechin gallate (EGCG), a kind of
catechin, had an inhibitory effect on acetyl-CoA carboxylase
which is essential for fatty acid biosynthesis in vitro (14) and
anti-obesity effects at high doses in rats (15,16). Caffeine is
the most effective anti-obesity component in oolong tea
(17,18). It was shown that caffeine decreased food intake (19)
and increased thermogenesis and that the thermogenic effect
induced the body weight reduction (20). Moreover, it was
clarified that the thermogenesis by caffeine was synergistically
enhanced with catechins in rat adipose tissues (21). Theanine
(v-glutamylethylamide) is a main amino acid peculiar to
green tea and has physiological effects such as relaxation
activity (22), activation of dopamine metabolism and release
in the brain (23). Moreover, it was reported that theanine
suppressed excitation by caffeine (24). Therefore, we
supposed that the physiological effects of catechins, caffeine
and theanine might be concerned with the anti-obesity effect
of green tea.

Thus, to clarify what components of green tea are
responsible for the anti-obesity effects of a 2% green tea
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Figure 1. Effects of green tea powder (GTP) and its components on the body weight increase of mice. The means and SE for 10 mice are plotted.
*: Significant difference at p<0.05 compared to the control.
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Figure 2. Effects of combinations of green tea components on the body weight increase of mice. The means and SE for 10 mice are plotted.
*: Significant difference at p<0.05 compared to the control.
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Table L. Effects of green tea powder (GTP) and its components on weights of organs and intraperitoneal adipose tissues (IPAT) in mice.

Control GTP Caffeine Catechins Theanine
Liver (g) 1.62+0.062 1.52+0.07 1.71+0.09 1.62+0.06 1.51+0.06
Kidneys (mg) 491.9+13.9 491.6%10.0 526.8+15.7 499.8+13.0 503.1+15.2
Spleen (mg) 161.8+8.4 159.0£8.6 162.0+8.8 132.0%6.10 142.0+10.4
Brain (mg) 538.5+8.1 516.8=5.3 531.1%£6.3 524.0=6.0 520.9+14.9
Adrenals (mg) 11.89+1.57 12.57+0.49 14.81+0.73b 12.75+0.75 11.56+0.79
Pituitary (mg) 3.04+0.13 3.10+0.10 2.98+0.22 2.83%=0.24 2.71+0.17
IPAT(g) 6.59+0.83 3.16x0.39b 3.47+0.74b 6.01=0.67 3.84+0.53b
a: Values are means+SE for 10 mice.
b: A significant difference at p<0.05 compared to the control.
Table 1I. Combinational effects of green tea components on weight of organs and intraperitoneal adipose tissues (IPAT) in mice.
Caffeine
Control Caffeine Caffeine Catechins + theanine
+ catechins + theanine + theanine + catechins
Liver (g) 1.71%0.052 1.59+0.08 1.75%0.05 1.68+0.05 1.72+0.10
Kidneys (mg) 549.1x16.5 479.2+10.9° 550.4=12.1 540.0x23.4 535.4x18.8
Spleen (mg) 184.5+26.0 157.0+13.7 176.5+£12.8 156.5+10.0 163.5+6.5
Brain (mg) 530.8+4.2 530.5+3.4 538.9+7.0 536.6+5.9 543.0+7.1
Adrenals (mg) 13.79£1.06 13.60+0.42 12.71x0.27 12.54+0.54 12.42+0.54
Pituitary (mg) 3.13=0.14 3.09%0.15 3.39%0.15 3.18%=0.09 2.93x0.11
IPAT (g) 5.12+0.62 1.19+0.26> 2.44+0.49b 5.96+0.74 2.75+0.66°

a: Values are means=SE for 10 mice.
b: A significant difference at p<0.05 compared to the control.

diet, we investigated the effects of three major components
of green tea, caffeine, catechism and thiamine, alone or in
combination on the weights of body and several organs,
food intake and lipid levels in mice.

Materials and Methods

Animals and diets. Four-week-old female ICR mice, weighing
approximately 18g, were purchased from an animal breeder (Japan
SLC Co., Hamamatsu, Japan) and used in this study. Green tea
powder (Camellia sinensis, Yabukita Cha in Japanese) and crude
catechins and theanine extracted from green tea were gifted by
Kisaku-en Co. (Shizuoka, Japan) and Taiyo Kagaku Co.
(Yokkaichi, Japan), respectively. Caffeine was purchased from
Wako Pure Chemical Industries (Osaka, Japan).

Green tea powder (GTP) was mixed with a commercial powder
diet for mice (Oriental Yeast Co., Tokyo, Japan) at a concentration
of 2%. Catechins, caffeine and theanine were mixed with the
powder diet at concentrations of 0.3%, 0.05% and 0.03%,
respectively, singly and in combination. These concentrations
correspond to those of catechins, caffeine and theanine in a 2%
green tea powder diet, respectively. One hundred mice were divided
at random into 10 groups of 10 mice each and fed on the mixed or
non-mixed diets and tap water ad libitum for 16 weeks. During this
feeding period, the body weight of each mouse was measured every
month. At the end of this period, all mice were fasted for 12 h prior

to sacrifice for the determination of lipids in the serum and liver.
After the fasting, each mouse was deeply anesthetized by an
overdose of chloroform and the blood was drawn from the heart.
Serum was isolated from the clotted blood by centrifugation at
825xg for 20 min at 4°C. Moreover, kidneys, adrenals, liver, spleen,
brain, pituitary and intraperitoneal adipose tissue were weighed in
individual mice. Sera and livers were all stored at -80°C until use
for determination of the lipid levels.

The food intake was measured as follows: a group of 6 mice
were individually housed in mouse cages and fed on a mixed or
non-mixed diet. The food intake of each mouse was measured
every other day and the amount of food consumed was calculated
every 4 weeks. All mice were kept in an air-conditioned
(temperature: 24=1.0°C, and humidity: 40-60%) and light-
controlled (14L:10D, light on from 06:00 to 20:00) animal room.

Lipid analysis. The serum concentrations of total cholesterols (TC),
TG, phospholipids (PL) and non-esterified fatty acids (NEFA)
were measured enzymatically with test kits (cholesterol C-test,
triglyceride G-test and phospholipid B-test and NEFA C-test,
Wako Co., Japan). The total lipids were extracted from liver by the
method of Folch et al. (25). TC, TG and PL in the extract were
analyzed by the methods of Zak (26), Fletcher (27) and Bartlett
(28), respectively.

Statistical analysis. Student’s t-test was used for statistical evaluation
and the differences were considered significant at p<0.05.

57



in vivo 78: 55-62 (2004)

200
M Control GTP
180 } . .
[ Caffeine Catechins
S 160 1 Theanine
2
£ 140 |
= I
S =17 Za
= 120 | é
7k
10w WNA BNA BN A é
80 it ) ; | A
4 8 12 16

Weeks after start of feeding of GTP and its three components

Figure 3. Effects of green tea powder (GTP) and its components on the food intake of mice. The means and SE for 6 mice are plotted.
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Figure 4. Effects of combinations of green tea components on the food intake of mice. The means and SE for 6 mice are plotted.
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Table 111. Effects of green tea powder (GTP) and its components on the lipids levels in serum and liver in mice.

Control GTP Caffeine Catechins Theanine
Serum lipids
TC (g/) 1.23+0.112 1.21+0.11 1.41x0.11 1.14%0.09 1.09+0.08
TG (g/l) 1.70+0.17 1.21%0.11° 1.58+0.11 1.25+0.05> 1.18%0.11°
PL (g/l) 1.54+0.04 1.67+0.08 1.67+0.12 1.45+0.09 1.53%0.10
NEFA (mEq/l) 1.86+0.08 1.41+0.09° 1.82+0.10 1.31+0.100 1.36+0.100
Liver lipids (umol/g liver weight)
TC 24.61=0.98 23.00+0.94 25.06=0.66 23.23+0.40 24.64x0.76
TG 30.66%0.96 28.59+1.48 30.25+1.25 26.76+1.420 29.00+1.51
PL 26.91x1.27 25.89+0.78 26.39+1.21 26.38+1.14 25.80+0.83
TG: Total cholesterols, TG: Triglycerides, PL: Phospholipids, NEFA: Non-esterified fatty acids.
a: Values are means+SE for 10 mice.
b: A significant difference at p<0.05 compared to the control.
Table IV. Combinational effects of green tea components on the lipids level in serum and liver in mice.

Caftfeine
Control Caffeine Caffeine Catechins + theanine
+ catechins + theanine + theanine + catechins

Serum lipids
TC (g/) 0.91+0.072 0.85+0.06 0.96+0.08 0.91+0.05 0.87+0.04
TG (g/) 1.16%0.11 0.99+0.07 1.10%0.09 1.10+0.11 0.95+0.10
PL (g/) 1.44%0.09 1.54%0.08 1.55+0.10 1.59+0.06 1.45+0.07
NEFA (mEq/l) 2.00=0.12 1.58+0.08P 1.58+0.05> 1.70%0.08 1.33%0.07°
Liver lipids (umol/g liver weight)
TC 35.66+1.64 32.93+1.54 32.28+1.60 32.37x1.60 31.81+1.87
TG 16.40+1.02 14.47+0.62 14.86+0.64 13.22+0.65b 14.00£0.75
PL 39.83+1.32 38.67+0.77 38.90+1.42 39.39+1.17 37.53+0.78

TG: Total cholesterols, TG: Triglycerides, PL: Phospholipids, NEFA: Non-esterified fatty acids.

4: Values are means+SE for 10 mice.
b: A significant difference at p<0.05 compared to the control.

Results

Body and organ weights. The body weights of mice
administered with GTP, catechins, caffeine and theanine
are shown in Figure 1. The body weight gain was
significantly suppressed by GTP, caffeine and theanine
diets from the 4th, 12th and 8th week until the end of
feeding, respectively, but not by the catechins diet. Figure 2
shows the synergistic effects of catechins, caffeine and
theanine on the body weight in mice. The body weight
increase was significantly suppressed by GTP, caffeine +
catechins, caffeine + theanine and caffeine + catechins +
theanine diets from the 4th week until the end of the
experiment. Particularly, the diets containing GTP and
caffeine + catechins remarkably reduced the body weight.
The weights of adrenals, kidneys, liver, spleen, brain,
pituitary and intraperitoneal adipose tissues (IPAT)
determined at the end of feeding of the diets containing

GTP, catechins, caffeine and theanine are presented in
Table I. The weight of IPAT was remarkably reduced by
the diets containing GTP, caffeine and theanine, by 48.0%,
52.7% and 58.3%, respectively, but not influenced by
catechins. The weight of adrenals increased in the caffeine
group and the spleen weight decreased in the catechins
group significantly, but not so remarkably as compared with
the control group. Table II shows the weights of organs and
IPAT in the mice given catechins, caffeine and theanine in
combination. The weight of IPAT was remarkably (23.2%,
47.6% and 53.7%) reduced by the diets containing caffeine
+ catechins, caffeine + theanine and caffeine + catechins
+ theanine, respectively. The kidney weight was
significantly but not so remarkably decreased in the
caffeine + catechins group as compared with the control
group. The results showed that caffeine and theanine had
anti-obesity activities. Moreover, it was indicated that the
combination of caffeine and catechins was the most
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effective among the green tea components in the
suppression of body weight gain and fatty accumulation.

Food intake. Since GTP and its three components had a
significant suppressive effect on the body weight (Figures 1
and 2), the food intake was compared between the group
given them singley and the control group. As shown in
Figure 3, the feeding of GTP, catechins, caffeine and
theanine did not affect the food intake at all. The same
results were obtained when catechins, caffeine and theanine
were mixed with the diet in combination (Figure 4).

Concentrations of lipids in serum and liver. Table III
summarizes the concentrations of lipids in the serum and
liver after administration of GTP and its three components.
The concentrations of triglycerides (TG) and non-esterified
fatty acids (NEFA) in the sera from the mice fed GTP,
catechins and theanine diets were significantly lower than
those in the control. The level of TG in the liver was
remarkably reduced by the catechins diet. The levels of
lipids in the serum and liver after administration of
catechins, caffeine and theanine in combination are
presented in Table IV. The NEFA concentration in the
serum was significantly lower in the groups fed caffeine +
catechins, caffeine + theanine and caffeine + catechins +
theanine diets than the control group. Moreover, the level
of TG in the liver was remarkably reduced by the catechins
+ theanine diet.

Discussion

The present results clearly demonstrated that body weight
increase and fat accumulation in mice were remarkably
reduced by the diets added with caffeine, theanine, caffeine
+ catechins, caffeine + theanine and caffeine + catechins
+ theanine. Particularly, the body weight increase was most
remarkably reduced in the caffeine + catechins group
among all groups and the IPAT weight was decreased by
23.2% in this group compared with the control. These
results indicated that at least caffeine and theanine were
responsible for the suppressive effect of GTP on the body
weight increase and fat accumulation. Moreover, it was
shown that catechins acted synergistically with caffeine in
manifestation of anti-obesity activities.

It has been reported that caffeine ingestion elevated the
metabolic rate and fat oxidation in vivo through lipolysis in
fat cells and the release of catecholamines (29-31).
Moreover, caffeine enhanced noradrenaline- or adrenaline-
induced lipolysis in fat cells (17,32). We also obtained
results which supported the anti-obesity activities of
caffeine. Thus, it seems that the anti-obesity effect of
caffeine in GTP was due to enhancement of thermogenesis
and fat metabolism.
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The diet containing 0.3% catechins did not influence fat
accumulation and body weight increase in mice. However,
it was reported that catechins significantly inhibited TG
accumulation and synthesis in 3T3-L1 cells (14). Murase et
al. (33) clarified that a diet containing tea catechins at 0.2%
showed an anti-obesity action in mice at 27 weeks of feeding
although the body weight was significantly lower in mice
fed a 0.5% tea catechins diet at 12 weeks of feeding.
Moreover, EGCG, a kind of catechins, significantly reduced
or prevented body weight gain with reduction of food intake
in lean and obese rats when it was intraperitoneally injected
at a daily dose of 81 to 92mg/kg for 7 days (15). These
reports indicated that catechins have an anti-obesity
potential. We also showed that the levels of TG and NEFA
in the serum and TG level in the liver were decreased by
catechins and previously reported that GTP had an
anorectic effect and was more effective in reduction of body
weight increase and fat accumulation when added to the
diet at 4% rather than at 2% concentration (9). Thus,
catechins might exhibit anti-obesity action at a higher dose.

Although catechins did not show anti-obesity effects, the
combination of caffeine and catechins induced stronger
suppression of the body weight increase and fat
accumulation than caffeine alone. The suppressive effect of
caffeine and catechins in combination was strongest in all
experimental groups and almost equal to the effect achieved
by GTP addition. Dulloo et al (34) reported that
thermogenesis and fat oxidation were synergically enhanced
by catechins and that both green tea components might be
applied to the management of obesity. Our results
supported the hypothesis strongly and indicated that it
might be possible to prevent obesity by continuous and long-
term administration of caffeine and catechins.

On the other hand, we demonstrated that theanine also had
anti-obesity action. It was reported that theanine could pass
through the blood-brain barrier and induced increase of
dopamine release (22) and reduction of serotonin
concentration in the brain (35, 36). It has been reported that
several neurotransmitters such as dopamine and serotonin are
involved in the regulation of food intake (37). Amphetamine,
a drug that increases brain dopamine concentration, has
anorexigenic effects (38). In this study, the food intake tended
to decrease in the mice given theanine. Moreover,
dopaminergic agonists such as SKF-38393 and bromocriptine
improved body weight gain in genetically obese ob/ob mice by
normalizing the elevated levels of both neuropeptide Y and
corticotrophin-releasing hormone (39). Therefore, the anti-
obesity effect of theanine might be caused by changes of
neurotransmitters in the brain. However, theanine did not
augment the anti-obesity action of caffeine and/or catechins.

Addition of GTP to the diet decreased serum TG and
NEFA levels in mice. TG and NEFA levels in the serum
were also significantly reduced by administration of
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catechins or theanine. It was reported that EGCG
decreased the serum TG level in rats (15). Thus, the
reduction of serum lipid levels by green tea might be caused
by the catechins and theanine contained in green tea.

More extensive studies are in progress to clarify the
mechanism by which GTP and its components suppress lipid
metabolism and fat accumulation.
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