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To study the effects of tea components on ionotropic y-aminobutyric acid (GABA) receptor response,
ionotropic GABA receptors (GABAA receptors) were expressed in Xenopus oocytes by injecting cRNAs
synthesized from cloned cDNAs of the o, and 1 subunits of the bovine receptors, and their electrical
responses were measured by a voltage clamping method. Extracts of green tea, black tea, and oolong
tea in an aqueous solution induced the GABA-elicited response, which showed that these teas contain
GABA, whereas coffee does not. Caffeine weakly inhibited the response in a competitive manner (K;
= 15 mM), and (+)-catechin inhibited it in a noncompetitive one (K = 1.7 mM). Especially, two catechin
derivatives, (—)-epicatechin gallate and (—)-epigallocatechin gallate, inhibited the response strongly.
Alcohols such as leaf alcohol or linalool potentiated the response, possibly because their binding to
the potentiation site enhances the GABA-binding affinity to GABA, receptors when they bind. Extracts
of green tea made with ethyl ether, which must contain lipophilic components of green tea, inhibited
the response elicited by GABA, possibly because the amounts of caffeine and catechin derivatives
were much larger than fragrant alcohols in such extracts of tea.
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INTRODUCTION activated ion channels (warm receptorB), (whereas menthol
in spearmint opens cold receptors (9). Caffeine in tea or coffee

Tea is one of the major beverages consumed by humans. .
Enormous amounts of te€4mellia sinensjsprocessed to green 1S known to work as a central nervous system stimul@nt{o
tea, black tea, or oolong tea are consumed all over the world, @ccount for the effects of caffeine on neurons, the following
because drinking tea relieves drowsiness, stress, or neuralgign€0ries have been proposed (10): (a) inhibition of cellular
in humans. Chemical analyses of tea components have reveale@hosphodiesterase activity, resulting in an increased concentra-
that it contains healthy compounds: amino acids such as tion of CAMP; (b) |ncr¢ased free @aconc_entratlon inside nerve
y-aminobutyric acid (GABA) or theanine, vitamins such as Cells through ryanodine receptor opening; and (c) antagonism
vitamin C or E, caffeine, catechin, and pigments, @). of adenosine actions on purine receptors. Thus, it is important
Reportedly, various components of tea cause alertness, hearto know whether tea components affect the neural transmission
stimulation, antioxidant, anticancer, or antibiotic effects. It is in the brain and change peoples’ moods or consciousness. It is
also known that some tea components decrease blood pressurgspecially important to clarify their effects on ionotropic GABA
and blood sugar or control the amount of cholesterol in the blood receptor (GABA receptor) responses, because many mood-
(1, 2). defining drugs are thought to target GARAeceptors in the

It has been reported that components of foods or drinks act brain.
on receptors, channels, or enzymes in the brain and modulate The various ionotropic neurotransmitter receptors are known
human consciousnes3) (For example, nicotine in tobacco binds  to have been evolved from one common ancestral géhg (
to nicotinic acetylcholine receptors in the brain and modulates These receptors have competitive inhibitors, known as antago-
human consciousness. Ethanol in liquors potentiates the responsgists, which bind to the same site as the agonist does and also
of GABA, receptors 4), whereas it inhibits that of NMDA  share a common noncompetitive inhibition site that interacts
receptors). It also opens G-protein-coupled inwardly rectifying  with various lipid-dependent hydrophobic compounds, probably
K* channels (67). Capsaicin in hot chilli peppers opens heat- at the interface between the receptors and membrane lig)is (
although the inhibition by these compounds is not strd®).(
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tranquilizers, for the barbiturate central nervous system depres-according to standard procedures. The cloned cDNAs were gifts from
sants, for both synthetic and endogenous steroldg, (for Prof. Eric A. Barnard of the MRC Center, U.K.

general anestheticd ), and for ethanoK). These structurally Adult female frogs Xenopus laeig) were purchased from Hamamat-
diverse compounds enhance the response of GAR&eptors su Seibutsu Kyozai, Co., Hamamatsu, Japan. The oocytes were dissected
in the presence of low concentrations of GABA. In previous 0M the ovaries of adult female frogs that had been kept in ice for 1
papers (17—20), we reported expressing GAR&ceptors in h. They were manually detached from the inner ovarian epithelium

o ? and follicular envelope after incubation in a collagenase (type I, 1 mg/
Xenopuocytes by injecting rat whole brain mRNAS or cRNAs mL; Sigma) solution for 1 h according to the procedure of Kusano et

prepared from cDNAs of bovine GAB#Areceptor subunits and 5 (22). The oocytes were microinjected with cRNAs in sterilized water
showed the inhibition or the potentiation of the responses of and then incubated in a modified Barth’s solution [88 mM NaCl, 1
these receptors caused by various compounds such as alcoholsM KCl, 2.4 mM NaHCQ, 0.33 mM Ca(NQ),, and 0.41 mM CaGl
and phenol derivatives, which are present in food additives or in 5 mM Tris at pH 7.6] containing 25 mg/L of penicillin and 50 mg/L
essential oils. A simple kinetic model for the potentiation of of streptomycin at 1518 °C for 2—7 days before the electrophysi-
GABA, receptor responses was proposed previougly).(  ological measurements.

Because&Xenopuocytes, which are round and have a diameter ~ Electrophysiological MeasurementsThe membrane current of the
of >1 mm, are larger, more stable, and simpler in shape than"eceptors evoked by GABA was measured by the voltage clamping
neurons, electrophysiological measurements of the responsed'éthod with a voltage clamp amplifier (CEZ-1100; Nihon Kohden

of the receptors expressed in oocytes can be made easily and o2 " Tokyo, Japan). An oocyte was placed on the net of a small
" P xp ~a | y ny %hamber (~0.3 mL) and impaled with two microelectrodes filled with
repetitively for a long period.

) ) 3 M KCl, one for monitoring the membrane potential and the other for
In this StU_d}’y we expressed the GAE,ﬁeceptors irXenopus passing current for clamping the membrane potential, usuahy4at
oocytes by injecting cRNAs synthesized from cloned cDNA of mvV. The oocyte placed on the net was continuously perfused from the
oy and 31 subunits of the bovine GABAreceptors, because  bottom with frog normal Ringer solution by using a gravity feed system,
addition of they, subunit to the injected cRNAs did not cause usually at a flow rate of~2 mL/min (23).
any differences in the potentiation or the inhibition of the Measurement of the Receptor ResponsésABA was dissolved
GABA, receptor response caused by many compounds. Thein frog normal Ringer solution. To examine the effect of the extract or
effects of tea extracts and the components of the extracts ontéa components on the GABA-elicited response, each test compound
the responses of the GAB/Areceptors were examined electro- was added to the solutions. One or the other of the solutions was
- - - L selected by switching a cock in the flow system. The control response
physiologically. Tea extract in aqueous solution induced Fhe was obtained by perfusing GABA solution without any compound and
response of GABA receptors, probably because tea contains

g - P was taken as 100%. The effect of a given compound on the response
GABA. The tea components caffeine and catechin inhibited the of the receptors was measured by using a mixture of GABA and the

response of GABA receptors, whereas other components of compound; in some cases, the compound was added for 1 min before
tea, the fragrant higher alcohols, potentiated the response. Thusgoapplication with GABA when desensitization of the receptors was
tea contains various components that potentiate or inhibit the significantly induced before equilibrium of the compound binding was

responses of GABA receptors. attained (24). The measurement was repeated several times with the
same oocyte, and control values were measured after every two or three
MATERIALS AND METHODS measyrements. Vglu_es of data v_v.ere.usually the means from four
experiments. To eliminate desensitization of the receptors, the oocyte

Materials. y-Aminobutyric acid (GABA), linalool, benzyl alcohol, was washed for 10 min in frog normal Ringer solution before the

phenylethyl alcohol, and dimethyl sulfide were purchased from Nacalai next measurement, because desensitization of the ionotropic GABA

Tesque, Kyoto, Japan. (3Z)-Hexen-1-ol (leaf alcohol) was purchased receptors is a reversible process and the receptors usually recover after

from Sigma Chemical Co., St. Louis, MO. Nerolidol was purchased ~10 min of washing 25). Student'st test was used to evaluate the

from Tokyokasei, Tokyo, Japan. Caffeine was purchased from Kataya- significance in the mean values, compared with the control.

ma Chemical Co., Ltd. Tokyo, Japant-)-Catechin, (—)-epicatechin

(EC), (—)-epigallocatechin (EGC)+)-epicatechin gallate (ECg), and  ResULTS

(—)-epigallocatechin gallate (EGCg) were supplied from Tokyo Food

Techno Co. Ltd., Tokyo, Japan. All chemicals were of guaranteed = GABAA, receptors expressed Xenopusocytes by injecting

reagent quality. Green tea was a gift from the foundation of Kyoto cRNAs of theo; and3; subunits of bovine GABA receptors

Green Tea. Black tea (Nittoh, Tokyo, Japan), oolong tea (Kotanikoku- were used to examine the effects of the compounds on the

hunn, Kochi, Japan), and coffee (AGF, Tokyo, Japan) were purchased(_;AL:,AA receptor response. Only cRNAs of thg and j1

frogn?a ;Z?]L %ﬁgngc@i&e was extracted in 20 mL of hot frog normal subunits were injected because addition ofitheubunit cCRNA

Ringer solution (115 mM NaCl, 1 mM KCI, and 1.8 mM Ca@h 5 fjo the InJeCFedal and ﬁl. SL.Jbumt.CR.N.AS did not cause any
ifferences in the potentiation or inhibition of the responses by

mM Tris at pH 7.2) for 3 min. After filtration, the extract was diluted h ds. A f black
10-fold with the normal Ringer solution and applied to oocytes the compounds. Aqueous extracts of green tea, black tea, or

expressing they and A subunits of the bovine GABAreceptors. ~ 00long tea induced the response, indicating the presence of
The responses elicited by the diluted extract in the GAB&ceptor- GABA'“k_e Compo_Und(S) in these teas, whereas the eXtr_aCt of
expressed oocyte were compared to those elicited hyM@GABA. coffee did not Figure 1a). The response of GABA-like

Twenty grams of green tea was shaken (speedl0 times/min) in compound(s) increased with the extraction time and reached a
200 mL of distilled water for 60 min at room temperature. One hundred plateau in 10 min. About 70% of the maximum response was
millliliters of ethyl ether was added to the tea extract, and the mixture gbserved after 1 min of extraction (data not showt)) (
was shaken vigorously for 2 min. Then the upper ethyl ether phase Figure 1b shows a typical example of the potentiation and
was separated from the aqueous phase, and ethyl ether was removeﬂ]hibition of the GABA, receptor response by tea components
by evaporation. The tea extract was dissolved in 20f ethanol leaf alcohol and catechitfrigure 2 shows the effect of various ,
The effect of this tea extract on the GABA-elicited response of the ’

tea components at 1 mM on the response of GAB&ceptors

bovine GABA receptors was examined by addition of the extractto "= . AT
GABA solution used to treat oocytes. elicited by 1uM GABA. Caffeine and catechin inhibited the

Preparation of cRNA and XenopusOocytes.The cRNAs of the GABA_A receptor response, _Whereas frggrant higher alcohols
a; and ;1 subunits of the bovine GABAreceptors were synthesized ~ potentiated the response. Dimethyl sulfide had little effect on
from cloned cDNAs of bovine brain receptors using RNA polymerase the GABA receptor-mediated response.
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Figure 1. (a) GABA, receptor responses elicited by an aqueous extract € 601 T {) © / T
of green tea and black tea. GABA, receptors were expressed in Xenopus 5 //
oocytes by injecting cRNAs of the ay and S, subunits of the bovine 40 /0
receptors. All traces were obtained with a voltage clamp at =40 mV. An ) /fg
inward current is shown as a downward curve. The upper bars indicate 20+ ﬁ,
the application of the samples. All responses were obtained from the
same injected oocyte. (b) Examples of the potentiation or the inhibition of
GABA-elicited current by leaf alcohol or catechin. The concentrations of 2501 001 o1 g 1 10

GABA, leaf alcohol, and catechin were 1 uM, 1 mM, and 1 mM,
respectively. Each pair of the responses was obtained from the same
injected oocyte, but the responses of different pairs were from different
injected oocytes.

[GABA] (mM)

Figure 3. (a) Dose-response of inhibition of caffeine (O) and catechin
(O). The effects of caffeine were measured in the presence of 10 uM
GABA, and the theoretical curve was drawn by using the competitive
inhibition constant of 15 mM. The effects of catechin were measured in
the presence of 1 uM GABA, and the theoretical curve was drawn by

Benzyl alcohol

Phenylethyl alcohol
Nerolidol

Geraniol

Linalool

Leaf alcohol
Dimethyl sulfide
D-(+)-Catechin

Caffeine

using the noncompetitive inhibition constant of 1.7 mM. p < 0.05 between
the control value and the value in the presence of the component, by
Student’s t test. (b) Effects of GABA concentration on the inhibition of
GABA, receptor response in the presence of 20 mM caffeine (O) and 1
mM catechin (O). The theoretical curve for caffeine was drawn by using
the competitive inhibition constant of 15 mM and the dissociation constant
(Ky) of 59 uM between GABA and the receptor, and that for catechin
was drawn by using the noncompetitive inhibition constant of 1.7 mM. p
< 0.05 between the control value and the value in the presence of the
component, by Student's t test.

shows that the inhibition by caffeine depended on the GABA
concentration, indicating competitive inhibition. The competitive
inhibition constant of caffeine was estimated to be 15 mM on
the basis of the minimal model proposed befd6)( On the
other hand, the inhibition by catechin was independent of the
GABA concentration, indicating a noncompetitive inhibition
without any tea component was taken to be 100%. p < 0.05 between the mechanism. The noncompetitive inhibition constant of catechin
control value and the value in the presence of the component, by Student's were estimated to be 1.7 mM. Because ECg and EGCg, the
t test. major tea polyphenols with a triphenol structure, generally have
stronger biological activities than catechiy 27), their effects

To clarify the mechanisms of inhibition by caffeine and on the GABA\ receptor-elicited response were examined by
catechin, the responses of GARBAeceptors were measured at varying the concentrations of both GABA and the compounds.
various concentrations of both GABA and the inhibitor. As Because the inhibition of the GABA receptor-mediated response
expected, the inhibition of the responses by both inhibitors by catechin derivatives was almost independent of the GABA
increased with their concentrations (Figure 3d&jigure 3b concentration (Figure 4a), these derivatives inhibited the

Control

o] 100 200 300 400 500 600
Current (%)

Figure 2. Effect of tea components at 1 mM on the response of GABAa
receptors elicited by 1 «uM GABA. The response elicited by 1 uM GABA
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Figure 4. (a) Effects of GABA concentration on the inhibition of GABAa
receptor response in the presence of 10 uM ECg (O), 10 uM EGCqg (2),
1 mM EC (@), or 1 mM EGC (a). p < 0.05 between the control value
and the value in the presence of the component, by Student's t test. (b)
Dose-response of inhibition of ECg (O) and EGCg (A) in the presence
of 1 uM GABA. The ICs, values of ECg and EGCg were estimated to be
5.5 and 16 uM, respectively. p < 0.05 between the control value and the
value in the presence of the component, by Student's t test.

Table 1. Inhibition Constants (K;) of Catechin Derivatives for GABA,
Receptors When the Noncompetitive Inhibition Mechanism Is
Assumed?

compound Ki (mM) compound Ki (mM)
catechin 1.7 ECg 0.019
EC 2.4 EGCg 0.062
EGC 0.65

@ Inhibition constants were calculated from the results in Figure 4a. However,
data in the presence of 1 M GABA were omitted when the inhibition constants
for ECg and EGCg were calculated.
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Figure 5. (a) Dose—potentiation of linalool (O), geraniol (A), and leaf
alcohol (O0). The responses of GABA, receptors were measured in the
presence of 5 uM GABA. The theoretical curves were drawn by using
the following constants: K; = 59 uM; K, = 0.32 mM, Vi, = 296%, and
Kip = 31 uM for linalool (—); K, = 0.34 mM, V,, = 332%, and Ky, =
29 uM for geraniol (smaller triangles); and K, = 0.78 mM, Vi, = 258%,
and Ky, = 34 uM for leaf alcohol (smaller boxes). p < 0.05 between the
control value and the value in the presence of the component, by Student’s
t test. (b) Effects of GABA concentration on the potentiation of GABAA
receptor response in the presence of 0.28 mM linalool (O) and 0.29 mM
geraniol (a). Theoretical curves were calculated by using the values in
(@), but only the curve for linalool is shown here because both curves
were very similar. The maximum response elicited by a high concentration
of GABA without any compound was taken as 1.

Ki values estimated above. Moreover, inhibition by these
compounds showed much variation, depending on both the frogs
used and the oocytes used from a given frog.

To clarify the mechanism of potentiation by fragrant alcohols,
the responses of GABAreceptors were measured at different
concentrations of both GABA and the alcohols. The potentiation

response in a noncompetitive manner. Their noncompetitive by alcohols increased gradually with their concentrations and

inhibition constants are summarizedTiable 1. As expected,

finally reached a saturation levetigure 5a). The dissociation

ECg and EGCg inhibited the response more strongly than otherconstant (k) and the maximum potentiation (¥ when the
derivatives. However, ECg and EGCg inhibited the response potentiation site of all receptors was occupied by the alcohol

slightly more strongly at *M GABA concentration than at
higher GABA concentrations Fgure 4a). Therefore, we
measured the dosénhibition relationship in the presence of 1
uM GABA (Figure 4b) and thereby estimated the concentra-

tions for half-maximal inhibition (IG) to be 5.5uM for ECg

and 16uM for EGCg. These g values were smaller than the

were estimated from the results shown kigure 5a. The
dissociation constant of GABAK(,) when the potentiation site

of the receptors was occupied by the alcohol was also estimated
as shown inFigure 5a (21). Figure 5b shows the effect of
GABA concentration on the alcohol-elicited potentiation and
reveals a shift of the GABA dose—response curve to a lower
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Table 2. Comparison of the Effects of Leaf Alcohol, Caffeine, special types of tea that contain large amounts of GABA
Catechin, and ECg on 1 M GABA-Elicited Response with the Effect decreased the blood pressure of rats and humans when they
of a Mixture of Leaf Alcohol and the Other Compound drank this tea every day for a few monthk).(It is unlikely
that GABA goes into the brain directly and activates GABA
compound(s) response (%) receptors, because GABA, which is soluble in aqueous solutions,
control 100 is selectively taken into the brain through the bledmtain
MR L 223.1£120 barrier by GABA transporters. However, a high concentration
+ 1 mM caffeine 729+6.3 of GABA in the blood may lead to an increase of the GABA
+ 1 mM leaf alcohol and 1 mM caffeine 149.6 £6.9 concentration in the brain.
+ 1 mM catechin 61.8+9.5 Caffeine is known to have a stimulating effect on the central
+1 mM leaf alcohol and 1 mM catechin 125267 nervous system through effects on phosphodiesterase, ryanodine
+0.02 mM ECg 26.5+8.1 receptor, and purine receptofs 10). Our experiments showed
+ 1 mM leaf alcohol and 0.02 mM ECg 798+ 6.4 that caffeine also inhibited the responses of GABAceptors
competitively. Catechin, which acts as an antioxidant and is
#The response elicited by 1 «M GABA was taken as the control (100%). p < effective in preventing cancer or aging)( also inhibited the
0.01 by Student's t test for all data. GABA, receptor response noncompetitively. ECg and EGCg

especially caused strong but variable inhibition of the response,

concentration, indicating the enhancement of GABA binding perhaps because their binding site in the receptors is located at
to GABAA, receptors (2829). the interface between the receptors and the membrane lipids

Because green tea includes compounds that both potentiatg11) or because these compounds also bind to the lipid bilayers
and inhibit the response of GAB&receptors, we examined the  with high affinity and may perturb the membrane struct®@).(
effect of an aqueous extract of green tea on the response. OnéVloreover, they inhibited the response slightly more strongly at
gram of dry green tea was extracted in 20 mL of hot frog normal 1 uM GABA concentration than at higher GABA concentra-
Ringer solution for 3 min. Addition of this extract to 100/ tions. Therefore, these compounds may not only bind strongly
GABA solution inhibited the response of GABAreceptors to a noncompetitive inhibition site but also bind weakly to
[addition of 0.1% (v/v) extract; 71.Z 11.0% ( = 4), addition GABA binding sites. Although polyphenols can be absorbed
of 0.5% (v/v) extract; 57.2- 7.8% (n= 3), p < 0.01 by to some extent through the intestinal epithelium and are
Student’st test]. Although addition of the extract perturbs the detectable in various organs, the concentration of polyphenols

GABA concentration slightly Figure 1a), it is negligible, in the blood plasma and organs is low. Nakagawa et3l) (
because 10@M GABA induces almost maximum current in  have reported that the plasma polyphenol concentration after
GABA dose—response curve. the ingestion of a normal amount of tea (375 mg of EGCg

Although hydrophilic compounds are selectively taken into intake) was 4.3(M, which is slightly lower than thé; or I1Csg
the brain through the blood—brain barrier by transporters, values. Because GABAreceptors are the main inhibitory
lipophilic compounds go through the bloebrain barrier easily neurotransmitter receptors in the brain, the stimulating effect
to the brain and thus may modulate the responses of GABA of tea may result in part from the inhibition of the GARA
receptors. Therefore, we extracted lipophilic tea components receptor responses by these compounds. It is noteworthy that
from tea aqueous solution with ethyl ether and dissolved the phenol derivatives change their effect on the GAB#ceptor
components in ethanol to examine their effects on the GABA responses from potentiation to inhibition as the number of their
receptor responses. This tea extract did not induce any GABA hydroxyl or phenyl groups is increase#0], although most

receptor responses but inhibited the A0 GABA-elicited monophenol compounds potentiate the response (32).
response of the receptors dose dependentlyJO/@L extract; Some fragrant tea components such as higher alcohols
89.5+ 6.7% (n=5), luL/mL extract; 72.7+ 14.2% (n= 4), potentiate the responses of GARAeceptors. These compounds

2 uL/mL extract; 64.9+ 7.2% (n= 4), p < 0.03 by Student's  may pind to the potentiation site of the receptdt (33) and

t test]. increase the GABA-binding affinity to the receptor as general

To examine the effect of fragrant tea components on the gnesthetics do2@, 29). The dissociation constari4) of the
GABAA receptor response in the presence of caffeine, catechin,complex between GABA and the receptor decreased from 59
or ECg, the GABA-elicited responses in the presence of the ,\ to about half of that value in the presence of a saturating
mixture of leaf alcohol and caffeine, catechin, or ECg were amount of these fragrant compounds. However, some fragrant
compared with those in the presence of only each compoundcompounds such as dimethyl sulfide caused little effect on the
alone (Table 2). As expected, addition of leaf alcohol decreased response of GABA receptors. The accumulation of essential
the inhibition of the GABA\ receptor response by caffeine, components in the mouse brain when they were given by

catechin, or ECg. means of percutaneous or vapor exposure absorption was
reported recently 34, 35). The direct effects of fragrant
DISCUSSION compounds on GABA receptors were suggested by a study

As expected, agueous extracts of green tea, black tea, anchowing that the inhalation of chamomile and lemon oil vapor
oolong tea induced the response of GAB#eceptors that had decreased restriction-stress-induced increases in the plasma
been expressed iMenopusoocytes by injecting cRNAs afi; adrenocorticotropic hormone (ACTH) levels in ovariectomized
and f1 subunits of the bovine GABA receptors, probably  rats, as did diazepam, a benzodiazepine derivative (36). It has
because of the presence of GABA-like compound(s) in the tea. also been reported that anticonflict effects of rose oil and its
Because an aqueous extract of green tea also contained a higfomponents were observed in a mouse behavior 3&58@).
amount of inhibitors of the receptors such as caffeine or catechin Because tea includes compounds that both potentiate and
derivatives, the amount of GABA-like compound(s) in the inhibit the response of GABAreceptors, a tea extract in hot
extract must be more than that estimated from the comparisonfrog normal Ringer solution was applied to the receptors. Even
of the electrical response with the control. Reportedly, some a small amount (0.1%) of this extract inhibited the response of
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the receptors. However, hydrophilic compounds are selectively
taken into the brain through the blood—brain barrier by the
transporters. Therefore, a tea extract made with ethyl ether,
which thus included lipophilic compounds and could easily pass
the blood-brain barrier, was also applied to the receptors. This

J. Agric. Food Chem., Vol. 50, No. 14, 2002 3959

(9) McKemy, D. D.; Neuhausser, W. M.; Julius, D. Identification
of a cold receptor reveals a general role for TRP channels in
thermosensatiorNature 2002,416, 52-58.

(10) Cardinali, D. P. Methylxanthines: possible mechanisms of action
in brain. Trends Pharmacol. Scil980,1, 405—407.

tea extract also inhibited the response of the receptor, possibly (11) Nicholls, D. G Proteins, Transmitters and SynapsBtackwell

because of the presence of large amounts of inhibitory com-
pounds in the tea extract made using ethyl ether. Thus, if one
drinks tea, the lipophilic compounds extracted with ethyl ether
will be taken into the brain, inhibit the GABA receptor

response on the whole, and stimulate the human mind. However,

fragrant compounds such as higher alcohols will help to prevent
the overly stimulating effects of caffeine and catechin, which
have other important activities described befdrg2). In fact,
inhibition of the GABA. receptor response of caffeine or
catechin was prevented in part by the addition of leaf alcohol,
although the concentration of higher alcohols must be much
lower than that of caffeine or catechin under physiological
conditions. Thus, drinking tea will induce complex effects on
the human body which are different from those of drugs that
induce the strong but simple effects on the body and which
may also cause harmful secondary effects. In the future, it is
necessary to clarify how high of a concentration of these

compounds reaches the synapses of the brain, which possibly

depends on both the amount of uptake through the bboain
barrier and their stability in the body.

ABBREVIATIONS USED

EC, (—)-epicatechin; ECg,<)-epicatechin gallate; EGC)-
epigallocatechin; EGCg, (—)-epigallocatechin gallate; GABA,
y-aminobutyric acid; NMDA N-methylp-aspartate.
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