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Beer induced the response of the ionotropic y-aminobutyric acid receptors (GABAa receptors)
expressed in Xenopus oocytes, indicating the presence of y-aminobutyric acid (GABA)-like activity.
Furthermore, the pentane extract of the beer, hop (Humulus lupulus L.) oil, and myrcenol potentiated
the GABAA receptor response elicited by GABA. The GABA, receptor responses were also potentiated
by the addition of aliphatic esters, most of which are reported to be present in beer flavor. Aliphatic
esters showed the tendency to decrease in the potentiation of the GABA, receptor response with an
increase in their carbon chain length. When myrcenol was injected to mice prior to intraperitoneal
administration of pentobarbital, the pentobarbital-induced sleeping time of mice increased additionally.
Therefore, the beer contained not only GABA-like activity but also the modulator(s) of the GABAa
receptor response.
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INTRODUCTION nobutyric acid (GABA)-like activity and compounds that have

Most fragrant components in whiskey potentiated the responsethe ab|I|_ty o potentiate the _GABAreceptor response ).
Beer is a popular alcoholic beverage that is produced from

gilorgztsrgglci:g(-:r?glnggoli)té/rl'[cezc;ds rgceoprtt(;:js i(nGaA an(ra(\a/(i:sféori er malted barley, water, and hops)(Hops fumulus lupulu..)
(1)p Whiske itsell? also yotentiateg the GABPE)ece tor Ee-p are added to the beer to give the characteristic bitter taste to it.
: y P P this paper, the effects of beer, extract of beer with pentane
sponse more than ethanol at the same concentration as that o .
EXT), hop oils, and some beer fragrant components on the

the whiskey R). Inhalation of whiskey in mice increased the GABA, receptor response were examined by uskenopus

fiiespallrr]r?etlcrgr?cglrilrj;t?gntgs E)ﬁ;tg??gglﬁrl“rsnk%re _trhhaen ittgiggltig;oocyte expression system and an electrophysiological method.
Y. P At the beginning, GABA receptors expressed in the oocyte

of the GABA, receptor response increased with the aging of by injecting rat whole brain mMRNA were used for the measure-

the whiskey in oak barrels. These results suggest that not only but h d similar eff h

ethanol but also minor fragrant components in whiskey play an e (9, but fragrances showed similar effects on the response

important role in the potentiation of the GABAreceptor re- of the receptors to those expressed by injecting cRNAs of the
b P P oy and S subunits of bovine GABA receptors. So, GABA

sponse and possibly the sedative effect of whiskey. During ; A
aging, the sharp or raw odor typical of fresh whiskey distillates ree)(c;)ee[?;[r(:]rgn(iomposed of the andf, subunits were used in this

is modified to a rounded, soft, and mellow one, suggesting
changes and the production of flavor in whisk&y, (vhich pos- MATERIALS AND METHODS
sibly (_:al_Jses the pote_ntlatlon_of the GARAeceptor requnse. . Materials. Beer (5.5% ethanol) and red wine (14% ethanol) were
Thg S|m|Iar changes in red wines are also expected during thelrsupplied from Suntory Ltd. (Osaka, Japan). Shokoshu (8% ethanol),
aging in wood barrels. sake (8% ethanol), shochyu (25% ethanol), and awamori (15% ethanol)
Recently, we also found that a yellow Chinese medicinal were supplied from Takara Co. (Kyoto, Japan). Shokoshu and sake
liquor called He Jiu (or Chinese wine) in China, which is were brews produced from glutinous rice in China and nonglutinous
composed of a liquor fermented from rice, honey, and seeds office in Japan, respectively. Shochyu and awamori were popular distilled

Lycium barbarum, a traditional Chinese medicine, lyaami- liquors produced from plant starches in Japan. Varietal hop oils (Perle
' ' and Hallertauer Magnum) were purchased from T. Hasegawa Co., Ltd.

(Tokyo, Japan). Myrcenol was purchased from Taiyokoryo Co., Ltd.

*To Whor_r|1l correhs_pondence shourid be addressed. Tel/F&2-83-933- (Osaka, Japan). Myrcene anchumulene ¢-caryophyllene) were pur-
57?%{.61!?‘;2916}1?%?i\lg;as%yamaguc l-u.ac.p. chased from Tokyo Kasei Kogyo, Co., Ltd. (Tokyo, Japan). Bicuculline,
i Present address: Khulna University, Khulna 9208, Bangladesh. a competitive antagonist of GABAreceptor, was purchased from

§ Suntory Limited. Sigma-Aldrich (Tokyo, Japan).
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For preparation of the EXT, a mixture of 150 mL of beer and 50 a) b) c)
mL of pentane was shaken vigorously in a separating funnel for a few gaga Beer

. EXT
minutes and 30 mL of the upper pentane phase was taken to a round — —_ *

+EB

o C
flask. Pentane was evaporated by an evaporator, and the solid was -
dissolved in 20QuL of ethanol. The effect of the beer extract on the
GABA, receptor response was examined by the addition of EXT to
GABA solution to treat oocytes expressing GABAeceptors. All
chemicals were of guaranteed reagent quality.

Preparation of cRNA and Xenopus OocytesThe cRNAs of the
oy andf: subunits of the bovine GABAreceptors were synthesized
from cloned cDNAs of bovine brain receptors with RNA polymerase
(Promega, Madison, WI) according to standard procedufgsThe
cloned cDNAs were provided by Prof. Eric A. Barnard in the Medical
Research Council Center (London, United Kingdom).

Adult female frogs Xenopus laeis) were purchased from Hamamat-
su Seibutsu Kyozai Co. (Hamamatsu, Japan). The oocytes were
dissected from adult frog ovaries that had been kept in ice for 1 h.

They were manually detached from the inner ovarian epithelium and _. - 0
follicular envelope after incubation in collagenase (type |, 1 mg/mL; Figure 1. (a) GABA, receptor response elicited by 0.1% (v/v) beer as

Sigma) solution for 1 h according to the procedure of Kusano et al. F:ompared with that by 0'2_5_”'\/_' GABA, GABAA receptors were exprgssed
(8). The oocytes were microinjected with cRNAs in sterilized water 1N X€nopus oocytes by injecting cRNAs of the ay and 5, subunits of
and then incubated in modified Barth’s solution [88 mM NaCl, 1 mM bovine GABA, receptors. The currents were measured with a voltage
KClI, 2.4 mM NaHCQ, 0.33 mM Ca(NQ),, and 0.41 mM CaGlin 5 clamp at —40 mV. An inward current is shown as a downward curve. The
mM Tris at pH 7.6] containing 25 mg/L penicillin and 50 mg/L  upper bars show when 0.25 uM GABA or 0.1% (v/v) beer was applied.
streptomycin at 1518 °C for 2—7 days before electrophysiological  (b) Potentiation of GABA, receptor response by EXT. The preparation of
measurements (9). the beer extract was described in detail in the Materials and Methods.

Electrophysiological Measurements of the Receptor Response. Key: C,0.25 uM GABA; +EXT, 0.25 M GABA + 0.25% (viv) beer extract.
The membrane curre_nt of the receptors evoked by GABA was measured(c) Potentiation of GABA, receptor response by EB. Key: C, 1 M GABA;
by the voltage clamping method with a voltage clamp amplifier (CEZ- +EB, 1 uM GABA + 1 mM EB. Each pair of the responses was obtained

1100; Nihon Kohden Kogyo, Tokyo, Japan) according to the procedure o . .
described in a previous paper (10). To examine the effect of liquors from the same injected oocyte, but the responses of different pairs were

on the GABA, receptors, the liquors diluted by frog normal Ringer Tom a different injected oocyte.

solution (115 mM NaCl, 1 mM KCI, and 1.8 mM Cagh 5 mM Tris

at pH 7.2) were applied to the oocyte expressing the GAB&eptors. Application of 0.1% (V/V) beer also induced a clear electrical

The induced electrical responses were compared with the responsg’esponse (Figure 1a). This response induced by beer was

caused by 0.2xM GABA. To examine the effect of EXT, hop oils,  inhibited by bicuculline, a competitive inhibitor of GABA

and some fragrant components on the GABA-elicited response, they receptors (data not shown). This result indicated the presence

were added to 0.25 or AM GABA solutions. One or the other of the  of GABA-like activity in the beer. The concentration of GABA

solutions was selected by .switching a vglve in the flow systgm. The in the beer was estimated to be about 0.8 mM equivalents from

Without he extact or compounds and was jaken a6 100%. T effect.6 COMParison of the response with the control, when it was
P > assumed that GABA-like activity came from GABA itself. For

of the extract or compounds on the response of the receptors was . . . L .
measured by using a mixture of GABA and the extract or the comparison, we examined the GABA-like activity of various

compounds. The measurement was repeated several times with the sam@/P€S Of liquors and found that brewed liquors such as wine,
oocyte, and control values were measured after every two or three Shokoshu, and sake had the GABA-like activity, while distilled

measurements. Values of data were expressed as the means of fouliquors such as shochyu and awamori did rigig@re 2). The
experiments. A Studentstest was used to evaluate the significance current caused by the GABAreceptors showed the variation

of differences between the mean values of the sample and those of then the size on each oocyte, but the ratios of the currents between
control. the sample and the control were similar.

Measurement of Pentobarbital-Induced Sleep in MiceMale ddY The potentiation of the GABAreceptor response by whiskey

mice at the age of 28 days (Japan SLC Co., Shizuoka, Japan) Weresould be measured by adding whiskev itself to the GABA
housed five per cage under a standardized tiglatrk cycle condition y g Y

(lights on at 7:00 a.m., off at 7:00 p.m.) at 2&€ and 60% humidity solution before (2 since whiskey contained no GABA.

with food and water ad libitum. All animals received care in accordance HOWEVer, beer, brewed liquor, caused a high GABA-like activity
with Guiding Principles for the Care and Use of Laboratory Animals @S Shown above. So, the EXT was prepared as described in the

approved by The Japanese Pharmacology Society. Materials and Methods to examine the presence of the modula-
Pentobarbital-induced sleep of mice was measured as previouslytors of GABAs receptors in beer. Although beer itself contained
reported by Matsumoto et all{). Myrcenol at various amounts and  the GABA-like activity, EXT induced no electrical response in
sodium pentobarbital (50 mg/kg) were administered to mice intraperi- the GABAa receptor-expressed oocyte, indicating the absence
toneally (ip). The sleeping time was measured as the time between theof GABA-like activity in EXT. However, the addition of this
reflex. Five measurements were dqne for each sample. A Student's gjicited by 0.25¢M GABA (Figure 1b). Figure 3 shows the
eqgzmifugegft&sgﬂﬁ;gﬁ ds[[%rgzga;c;gfgrf]fter;?nces between theyge dependency of the potentiation in the GAB#&ceptor-

' elicited response by EXT. Because EXT contained ethanol, the
potentiation by ethanol was subtracted from that by EXT in
Figure 3. The dissociation constankKg) and the maximum

To examine the effect of beer on GARAeceptors expressed  potentiation of the receptoWf,) when all potentiation sites of
in Xenopusoocytes by injecting cRNAs of they; and j; the receptors were occupied by the compounds were estimated
subunits of bovine GABA receptors, their expression was to be 12.5 mL/L and 555%, respectively, with the assumption
confirmed by application of 0.2xM GABA (Figure l1a). of a simple equilibrium between the receptors and the com-

10 nA

L
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Figure 2. GABA:-like activity of various liquors. Various liquors diluted in
frog normal Ringer’s solution were applied to GABA4 receptors expressed
in Xenopus oocytes. The response elicited by 0.25 4M GABA was taken
as a standard (100%). Data are means + SD (bars) values from three
experiments. Beer, red wine, shokoshu, and sake are brewed liquors,
and shochyu and awamori are distilled ones. The concentrations of distilled
liquors were higher than those of brewed ones, just to show that distilled
liquors do not contain GABA-like activity. P < 0.01 for the difference

Aoshima et al.
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Figure 4. Effect of beer extract, hop oils, and various compounds present
in the beer on the GABA, receptor response. The response elicited by

between the control and the brewed liquors by Student’s ttest. 0.25 uM GABA was taken as a control (100%). EXT; 0.25% (v/v), hop oil

(1); 0.05% (v/v), hop oil Perle, hop oil (2); 0.05% (v/v) hop oil Hallertauer

350 Magnum, 1.2 mM myrcene, 1.1 mM mycenol, and 0.87 mM o-humulene.
~ 300 . 8 P < 0.05 for the difference between the control and the sample by
& 250 ¢ e Student's ttest. The data about 1 mM linalool, 1 mM geraniol, and 0.5
B 200 e mM 1-octen-3-ol were taken from our previous papers (14, 15).
150 .
g 100 ¢ L] 350
] 50 . 300 i ....... { —
0 e 250 S -t
0 2 4 6 8 10 12 E’ 200 ) t
Beer extract] m L/A) ﬁ 150 -
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Figure 3. Dose potentiation of the EXT in the presence of 0.25 uM GABA. U
The EXT was prepared as described in the Materials and Methods. A 50
theoretical curve (a small triangle one) was drawn by assuming a simple 0
equilibrium between the compound and the receptor (12) and using the 0 05 1 15

following constants: K, = 12.5 mL/L and Vi, = 555%.

- I wTeno M
pounds (12). The similar potentiation of the GABAeceptor . o My .:u M)
response by ethyl butanoate (EB) was also observed as showrf!9ue 5 Dose potentiation of myrcenol in the presence _of 0.25 uM
in Figure 1c. The potentiation of the GABAreceptor response GABA. A theoretical curve (dotted line) was drawn by assuming a simple
by EXT or EB was reversible: We obtained almost the same equilibrium between the myrcenol and the receptor (12) and using the
response as the control response after washing the oocytes witfollowing constants: K, = 0.35 mM and Vi, = 353%.

normal frog Ringer solution for several minutes (data not  As we found inFigures 4 and5 that myrcenol potentiated
shown). the GABA receptor response potently, we examined whether
Because beer is produced from malted barley, water, and hopst acted on the GABA receptor in vivo. It is known that
(5), we examined hop oilsx-humulene, myrcene, and mycenol pentobarbital induces sleep by potentiating the GABéceptor
on the GABA. receptor response (Figure 4). The potentiation responsekigure 6 shows the effect of myrcenol on the sleeping
of the GABAx receptor response by linalool, geraniol, and time of mice induced by the injection of pentobarbital. Injection
1-octen-3-ol present in beer fragrance (13) has already beenof myrcenol prolonged the sleeping time in mice induced by
observed (10,14). o-Humulene and myrcene are typical pentobarbital, as compared to the control (only pentobarbital
hydrocarbons present in hog),(and mycenol is produced from  injection). This finding suggests that myrcenol potentiates the
myrcene during boiling wort with hops. Mycenol as well as GABAA receptor response in vivo as well.
linalool, geraniol, and 1-octen-3-ol potentiated the GABA Since the 1960s, many efforts have been made to clarify the
receptor response significantly, and hop oils caused a smallflavor of beer by instrumental and sensory analySislg, 15,
potentiation of the response induced by GABA. However, these 16). Beer contains various types of alcohols, esters, organic
compounds did not induce the response of the GABécep- acids, aldehydes, ketones, hydrocarbons, and sdpnn a
tors; that is, they did not work as an agoniSigure 5 shows previous paperl2), we found that both alcohols and aliphatic
the dose dependency of the potentiation in the GAB&ceptor esters potentiated the GABAreceptor response and that
response by myrcenol, from which the dissociation constant andaliphatic alcohols increased the potentiation of the GABA
the maximum potentiation of the receptd2] were estimated  receptor response with the increase of their carbon chain length.
to be 0.35 mM and 353%, respectively. So, we examined the effect of various aliphatic esters on the
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Figure 6. Effect of myrcenol on sleeping time induced by pentobarbital
in mice. Sodium pentobarbital (50 mg/kg) was injected intraperitoneally Response (%)
30 min after injection of myrcenol at 150 and 300 mg/kg. Data are means
+ SD (bars) values from five experiments. P < 0.05 for the difference
between the control value and the values injected with myrcenol by Ethylacetate
Student's ttest.
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GABA receptor response and found that the esters showed the gmyibutancate
tendency to decrease in the potentiation of the GAB&ceptor
response with an increase in their carbon chain lerfgigu¢e
7ab). The potentiation of the GABAreceptor response by the E thylpentancate

esters increased with their concentration and reached the

saturation (Figure 8). Both propyl acetate) and ethyl E thylhexanoate

propanoate (M) showed similar dose dependency. We also E thyl hepatnoate

examined the effect of GABA concentration on the potentiation . .
by the esters and found that the potentiation increased with the
decrease of GABA concentration (data not shown) as observed
in other fragrant compounds (12).
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Figure 7. (a) Potentiation of the GABA, receptor response by various
aliphatic esters with an acetyl group. The response elicited by 1 M GABA
was taken as a standard (100%), and the concentration of the esters
Beer induced the response of GARAeceptors expressed  was 1 mM. P < 0.05 for the difference between the control and the sample
in Xenopusoocytes, indicating the presence of GABA-like by Student's ttest. (b) Potentiation of the GABA, receptor response by
activity in the beer. Because brewed liquors usually have a various esters with an ethyl group. The response elicited by 1 «M GABA
GABA-like activity, GABA-like activity possibly comes from  was taken as a standard (100%), and the concentration of esters was 1
GABA in the germ of grains such as barley or rice, used for mMm. P < 0.05 for the difference between the control and the sample by
fermentation {7). However, no GABA-like activity was Student's t-test.
observed in distilled liquors such as whiske),(shochyu, or
awamori. It has been reported that GABA-rich foods such as
Gabaron tea (18) or yogurt decrease the blood pressure in rats 344
and human hypertensives when taken for a few months, possibly *

DISCUSSION

350

because GABA acts on metabotropic GABA receptor (GABA 250
receptor), inhibiting noradrenaline release from sympathetic &
nerves (19). It is necessary to clarify in the future how GABA %

causes these effects and to what extent GABA in foods induces§ 1so - -
such effects in human subjects. However, it is unlikely that 3 . .
GABA in foods or beverages acts on GABA receptors in the ~ °° kB
brain, since GABA is selectively incorporated into the brain 50
through the blood—brain barrier by GABA transporters.
In previous papersl( 2), we found that both whiskey itself 0 ' ' ‘
and fragrant compounds in whiskey potentiated the GABA 0 0.2 0.4 0.6 0.8 1 1.2

receptor response. In this paper, the beer extract by pentane
also potentiated the response, although we could not measur

the potentiaiton of the response by beer itself as observed by(l). A theoretical curve (dotted line) was drawn by assuming a simple

Wh|skey, since beer itself co_ntame_d a high GABA-like activity. equilibrium between the compound and the receptor (12) and using the
It is reported that beer contains various fragrant compounds sucth”OWing constants: K. = 0.55 mM and V. — 330%
. p — Y. m — .

as alcohols, esters, aldehydes, hydrocarbons, and so on (5).
Brewers’ yeast produces not only ethanol but also fusel alcoholsknown that hops include 1-octen-3-ol and terpenoids such as
such as various butanol and pentanol derivatives (5), which geraniol or linalool (13), which before potentiated the GABA
potentiated the GABA receptor response (12). The potentiation receptor response strongly (145). In fact, hop oil potentiated

by EXT is possibly caused at least in part by hops, which are the response of the GABAreceptors. Moreover, hop cones
boiled with sweet wort during the production process. It is have been used in folk medicine as a tranquilisrguggesting

Concentraton mM)
%igure 8. Dose potentiation of propyl acetate (a) and ethyl propanate
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the potentiation of the GABAreceptor response. Reportedly,
hop (Humulus lupulus )..CO, extract caused a pentobarbital
sleep-enhancing property and an antidepressant act@y: (
However, Schellenberg et al2X) reported that the fixed

Aoshima et al.

in humans. So, we can develop new beers by adding various
herbs with much fragrance, and such a trial has already been
done in European countries. Such effects are induced in both
Chinese medicinal liquor, He Jiu, by adding seed&.yfium

combination of valerian and hops acts via a central adenosinebarbarum, a traditional Chinese medicing,(and whiskey, by

mechanism, which is possibly the reason for its sleep-inducing
and -maintaining activity. So, further studies are necessary to
clarify how the hop modulates mood.

In a previous paper (12), we examined the effect of carbon
chain length of alcohols on the potentiation of GABEeceptor

aging it in oak barrels for a long perio@)( Japanese liquors
such as sake and shochyu are sometimes stored in wooden
barrels for aging, which may also cause the effect in the liquors.

ABBREVIATIONS USED

response and found that the potentiation of the receptors by EB, ethyl butanoate; EXT, extract of beer with pentane;

alcohols increased with the increase of alcohol carbon chain
length. Aliphatic esters are thought to be very important flavor-
active compounds in beer. Reportedly, they are derived from

GABA, y-aminobutyric acid; GABA receptor, ionotropic
y-aminobutyric acid receptor; NMDA, N-methghaspartate.

the most abundant alcohol, ethanol, and various aliphatic acidSACKNOWLEDGMENT

or the most abundant acid, acetic acid, and various aliphatic
alcohols during fermentation5). It is very interesting that

We thank Prof. Eric A. Barnard of the Medical Research Council

aliphatic esters decreased the potentiation with the increase ofCenter in the United Kingdom for the gift of cDNAs of the

the carbon chain length, indicating that the lower esters such
as ethyl acetate are important in the potentiation of the GABA

receptor response. However, esters with higher alcohols may

induce the strong potentiation of the receptor respob®exhen

they are hydrolyzed by an esterase after absorption into the body.

Hydrocarbons such as myrceneashumulene in beer caused
little effect on the GABA\ receptor response. However, if a
hydrocarbon is oxidized to alcohol when boiling hops with wort,
it will potentiate the response strongly as shown by myrcenol.
The additive effect of myrcenol on the mouse sleeping time
induced by pentobarbital was observed, which is well-known
to induce sleep by potentiationg the GARB#£eceptor response.
This result suggests that myrcenol also potentiates the GABA
receptor response as did 1-octen-3ed;jasmone, and methyl
jasmonate (1422) and modulates mood, although another
possibility that cannot be excluded is that myrcenol inhibits the
decomposition of pentobarbital in the liver and increases the
mouse sleeping time.

It is reported that ethanol acts on GARAeceptors (2324),
N-methylD-aspartate (NMDA) receptor2%), and G-protein-
coupled inwardly rectifying K channels 26, 27). Although
ethanol, the main component of liquors, modulates our mood

or consciousness, fragrant compounds in beer may also modulate

our mood in part through the potentiation of the GABA
receptor response. The hydrophobic fragrant compounds will
be carried to the brain through the bloetlrain barrier and
condensed in the membrane lipid of the brain. There, they might
potentiate the GABA receptor response in the brain, as we
proposed in previous papers about whiskgy2). The direct
effect of fragrant compounds on GARBAreceptors was sug-
gested by a study showing that inhaling chamomile, lemon, and
lavender oil or linalool decreased restriction stress-induced
increases in the plasma adrenocorticotropic hormone (ACTH)

level of ovariectomized rats, as did diazepam, a benzodiazepine

derivative (28,29). It was also reported that rose oil and its
components showed anticonflict effects in a mouse behavior
test (30,31). The accumulation of essential oil components in
the mouse brain was found when they were given by means of
percutaneous or vapor exposure absorpt8h 3). It has also
been reported that the fragrance in whisk&#)(and wine 85)

has effects on human brain function, altering moods and
consciousness.

Hops are added to the wort of barley malt possibly in order
to give a bitter taste and good flavor to beer. However, the
addition of hops will also give the potentiation of the GABA

receptor response to beer, which may be useful for mental health

GABA, receptor subunits from bovine brain.
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