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Gamma-aminobutyric acid (GABA) is known as an
inhibitory neurotransmitter in the neurons of the central
nervous system. However, its detailed action mechanisms in
the rostral gustatory zone of the nucleus tractus solitarius
(rNTS) have not been established. The present study was
aimed to investigate the distribution, role and action
mechanisms of GABA in rNTS. Membrane potentials were
recorded by whole cell recordings in isolated brain slices of
the rat medulla. Superfusion of GABA resulted in a
concentration-dependent reduction in input resistance in
the neurons in rNTS. The change in input resistance ws
accompanied by response to a depolarizing pulse were
diminished by GABA. Superfusion of the slices with either
GABA, agonist, muscimol, GABA, agonist, baclofen or
GABA_ agonist, TACA, decreased input resistance and
reduced the nerve activity in association with membrane
hyperpolarization. It is suggested that inhibitory signals
play a role in sensory processing by the rNTS, in that GABA
actions occur through activation of GABA,, GABA; and
GABA_ receptor. These results suggest that GABA has an
inhibitory effect on the rNTS through an activation of
GABA,, GABA; and GABA_ receptors and that the
GABAergic inhibition probably plays an important role in
sensory processing by the rNTS.
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M B

7] (taste buds)ZFH AsiA w]AAE= kAL, A
A7, mIFAlZe 7RI IA S Sl 4
(nucleus tractus solitarius) w7 o g  Folzlr}
(Whitehead, 1988). o1& 74X A== geniculate, petrosal,
nodose ganglias A} 1-(medulla)® 7}4 n&3 =
(solitary tractys Ak AAAFE2 umsalol =l
gellA 2aF mZpAlA A 2o} AlAAAE
2 AAAFEY FAHprojectionys SAHEZ shAIuk
ol Frke AlAA A} e wAE aLE o
Fol2th & 3 At Ao SJAg w|EE A
o oAl AREe wZugdl 2o s £ (rostral
portion)o- 2 Fo7lct, 9] Fule) Q= n|EE AulEh
T AAAARES oA iR mdgo] o
7h 50 (epiglottisill e mIEE Ak w4l
73 AFEE o wlHE EFolflrf(Mistretta and Hill,
1994).

3.~kA1 74 (chorda  tympani)} vl A 541 A1 7 (greater
superficial ‘petrosal nerve)2 248 &A1 obdAl7Ae] &
FAREA S ALl A wlAAdf-(gustatory  fiber)E
Axlch, AQAA Y T mlzAeb Al AL
(somatosensory fiber)& Z o] glv}, e} AdelAlz-e Bt
= v[EE Auslr] wigell Al FAlellA mlzhA-
obdAlA Al o] F Ao® AlEE) b
Siallol] Fbsle 7p & Al olx]ut vhx] 3L

s
bl
2|8l ARSF-A17d (superior laryngeal nerve)e] Artd<=¢]

|

3 -LN 1o 7
ol
rlo

sleh7h 74 f-(chemosensory  fiber)5  ZF=T}(Hamilton,
1984: Bradley, 1995).

a4 wE 2he] 7]5d(functional zone)®. vt
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& v|Z4A 2 Pedsle 5 (rostral zone)et <3}, &
5, AE, AEH L 59 ofy] 7wl wsd ]é
H(caudal zone)o|tt. o] F 7|5l =24 B4 W Al
73 EAo 46]] T, 3l ]7L°ﬂ° < 9=

== H

F(lateral)2t WE5F-(medial) & AEsted el WESE
< B A A Y50 AN o 2
L5 ke glom 37k F89] AAAMES)
o}, A1 744 Z (elongated neuron)e *?53%4]&_24](&51
form cell body)ys 7Fx=] AZA|e] ofFollA 7|25l
s "l wEa F5eR ¥XE ‘ﬂ{— 2] olxk
G457 (primary dendriteys 7} St o5 Al744)
¥ (multipolar neuron)= & pyram1da1 somag 7FA|H o
‘:H Ho]'sok—oi 1/}’7}{‘ 3‘47H9] U=z ‘To =2 ]a 7;%'1? . X‘”
HAl -l Al7AE(ovoid cellye= 370 oAk F
FAEZE 2 AL AXAE 7R, gAY A
+%49] gamma-aminobutyric acid (GABAYE -3t 7i
A A 74 A Z (interneuron)2 A 2 ok (Bradley, 1994; Du
and Bradley, 1996).
a5 AARA ] A7 e AR 715w
(extracellular recording)®] )& FZ o] Fo]x Sl
n)ZlEgolo 7 HE sk Eob ndsl u|zhAl
A Zolla] Alze] 71Eoz ARt Ao ol AAAZ
7b w2 AlAERge] BAS adlE vkedsislch Fo
AAZAoll HE 7 &bl A=Al NaCl, HCl,
sucroseq|dl &S mARAA Faledele] o]zl Al7dA)
2 (second order neuronplA%E NaCl#} HCle] 714 &
Il AFAGt. UEAT ARl olAF AlZAZolA
71538 ubg-e] Apele o|AAIAA TS} LA fRY o
U2 A 24 (spontaneous activity)?h HFSHlE 2 7
%4 (receptive field)®] A}=roll vFEde Zolr}h. 3} o]
b ol ZAAAA LY Zhedd e FAA w|7RA R A
ok ol W Aeg dEA dck(Doetsch, 1970: Vogt
and Mistretta, 1990).
<ellol] A= HAH FE(in vitro brain slice preparation)
+ o243 Az 715 (intracellular recording)e] 7}
Al Eof e 443 *ﬂi-/] 3 2 AR
3k drEe] A= et el w|ZtAAA Fol| o
whole-cell recordings &3F d7oll4 A7 Qe|skA o
E ] 73 AFAEI} gl BaEgid. &
Axel whe IEEAZ] F EESAT A e
E s Al A4S BolAV(IY), A WA EA
A7E AA= o] ehdAY E5A9 Alele] A A 71
Aol 2 A(Y), o] A 74 4ol W oJTS ulx]
A BAVIIE), FEAe] Aolrl 7 FF(IVIE 1
Qlth(Bradley 9F Sweazey, 1992).
3Hel S5 GABAYE A4 AdAEA
2 ALspe, 7 7Y AlaASS AAlshs Fagk
A5 b= B st 9k (King 5 1993). GABAE 3

S 32T

r«Oll r J Oll

oﬁ

7He] GABA receptor 5 GABA,, GABA,, GABA.
receptors TAFA|A QA EIFE Ho|lw AoE o
%] 2AeH(Chebib 5, 1997: Euler2} Wassle, 1998: Gaspary
o, 1998). GABA, receptor= ligand-gated CI' channel
o] alkaloid?l bicucullineoll 98 <A h(Johnston,
1996a). GABA, receptor= second messenger system}
G-proteind %3+ Ca’’, K' channel?} #eis]o] glc}. o]
receptor = bicucullineol] 9Js] A== %3 baclofenol
o #A3kEl= baclofen FAF A<l phaclofen 2t
sclofenol] 28l A}, ©]% receptor+ metabotropic
glutamate receptor9} 2% -FAHS 2=t (Kerr and
Ong, 1995). GABA, receptor= bicucullineoll = H‘l-%—g
Holx| ko A7EFol disl] oA &I-F 2= cis-
4-aminocrotonic acid (CACA)5-9] Fu|lH oz Agkx
CABA A7} # 9] iﬂ“L(cerebellar membrane ol A1
[H](-)-baclofen AF-sle] HskE Relx W& sle.
ZHe AL d=Fct (Drew &, 1984). GABA. receptor
= vz w3l ligand-gated Cl' channelZ o372 1
At} (Johnston, 1996b)

olabzl 22 FFAIAY el wutelld GABAS
3} 7T glont 3153 n|ZAlAAZoAE GABA
o Al 2grlRle] A delA oAl eow, GABA
receptor °FF-39 A& m3l wkx|®] oo ek, A=;
a&al w|zhedodoll o] GABA #-&71HE welaxt
el n]zhedo] Al7AELollA] GABA, receptor agonist
9] muscimol, GABAj receptor agonist?] baclofen,
GABA_ receptor agonist?l trans-4-aminocrotonic acid
(TACA)E- Foldlm] o]of whdl A7|zskdel W85
7Hd3ol4] whole cell patch recording WP o2 A48}

et

H r1r

HdENE A Yy
Ay A=

A% 10-17¥9] Sprague-Dawley &F (100-200 gy5
Abg3te] Hzke] AaS uHEith(Bradley ©F Sweazey,
1992) Pentobarbital (50 mg/kgys 574U A8l 52
< AL ] TS el B 95% O, 5%
CO, 712} Fof=an Qe 4C4 Qg Hz ol
287 = —7— 225 Adlo] ELAHAAE AHESle] 2

225 300 um FAZ 353 vlzhedejo] 2
HujAslollA] sz AHulsllrt. Axky
AfollA 95% 0, 5% CO, E37lert Fois]
HA Gl Sof] Ao 147} ol4F P & 2AAAS
Fo] Yl F pipette s AF&-3}o] recording chamber
2 %7|% nylon mesh £7to 2 nAX|Hch 22 4dH-E

?N 2
ok
wl
g
o ok o

rir
(o3
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|
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Ao fA417]2, 95% 0, 5% CO, &3lart &
5= QlF HHFNE 1520 m/mine] $52 5=
SHglet. ole HAgale) 4¥-2- NaCl 124, KCI 5, CaCl,
2.5, MgSO, 1.3, NaHCO, 26, KH,PO, 1.25, glucose
25 mMolr] 95% Ak} 5% EAEAE Fo] pH 745
A A H

A7 A2 4 uhy

Blanton 5= (1989)°] 7|53} whole cell recording®}™
= ARESISiT). Petri disholl H7tz=AAHE T3 95%
0,, 5% CO, &37t2rl Folge olg HAHFolo] &
2A sivt. Micromanipulatorol] electrode holder®
ZAska =AAH ool fiber optic illuminatorE
F4] patch electrodes 22 A o] m&al Ao
A|A1% e} (Fig. 1). Electrode holderol polyethylene tube
2 23 10 cc FAE 483819 recording pipette 2
off ke FHA] electrode pipette tips )75kl A
micromanipulatorg- AR&-5ke] Z2W & AFIskac}. -100
pA9] A5 AFE FA 2N ASS ARlEk)
Aol At HolAw AZ solold FAE E3)
w3 25 5 Alzek AS pipette Abolol gigaohm
seater Ao Hoh, 18l ohg 89k 23 t] Fo

membrane patchs rupture 4713 whole-cell recording

=

e,

Fig. 1. Schematic diagram of the locations of neurons of rostral
NTS studied in this study (AP, area postrema; 4V, fourth ventricle;
NTS, nucleus tractus solitarii; TS, tractus solitarius; VCn, Ventral
cochlear nucleus).

= ARl

Patch electrode= 2%H] electrode puller (Narishige
PP83)E o]83led £17do] 1.5 mm<l borosilicate filament
glassZ25-6] w9t} electrodet tip resistance”} 5-
8 MQ (bubble number 5.8~6.2)31 A& A3
electrodeol] -9+ &9 A5 K-gluconate 130,
HEPES 10, EGTA 10, MgCl, 1, CaCl, 1, ATP 2mM
olwd AlAe gAg ARSIl pH 74%F 27| Sl9l
KOHE ©]£3}3ch. Reference electrode™ Ag-AgCl
wire® A|F2]llol] A et

A8 +4

Gigaohm seale] &4=" Axoclamp 2B amplifier2]
current clamp mode & ©]-&3td AFX=E Tt 100
ms 7+ == -100 pA2] hyperpolarizing current pulse
T AETITEseE A AEAIA AAAEZY input
resistances RAFSFIL pen recordere] 7|53tk Al
Az Az EAS sy S8 -100 pA -
B 125 pA2| depolarizing current pulseZFA 25 pA2] 7k
Aoz 104 AR AFE 150ms MY FUsA
A7 e A7z 542 pCLAMP  software
(Axon Instrumentys ©]&3tod 7|Fsllet. 7|2l sk
5402 qbAJut A9 (resting membrane potential), input
resistance, membrane time constant, 2529 =], &
A A7, SeAiefe A9 Y S8 AA=s, d5A
Ho] Wl 55 et B AY7F 45 mvRc)
o SHE i, 5= overshoote]w  input
resistance= -100 pAoll thdled 100 MQ o]Akel A7 AN
o] AmE o833

Al mjzkede] AlA ZAA R4 AR
e Trrgshy] Sl QlgHAglE AHESle] muscimol
(10" M), baclofen (10*M) trans-4-aminocrotonic acid
(TACA, 10°MYE mHEa AkES Foldlgict(Zang 5,
1997; Akasu 5, 1999; Kim %, 1990). Al73A1322] |}
= AR Sal Fwlel Sl 22 Aslel NTSel
3027F Fodstar A7Igh whak 7o) -100 pAFE 125
pAZIAIS A5 A= 25pAg] ZHACE 150ms 4 F

SIShgich, 2l ST Foldk Aok A4 W &
B4 BAE FUL wle) AR A7l By
2 lmsle] AL hgEe] WHE BHHS
2 o

A7 A2t kg

2H 1smRleRe 15748 HdAHS vRea 15749 2
<3l m)zk A7 A 2ol A whole cell recordings A% 35H34
ot AR AREH AAZE R 97 -40mV o
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Aoz olA=le] 9lom spike overshoote] Hol= 10 mV
olael Aoz . it ok AL -50mV e
] EAe] A7)E 50~90mV HYPw FEAe =
712 Anlol] o|2r7kx] AHel= AIZRe- i 1.4 msecdd
t}. -100 pAY] I Aol HiEE 100 ms we] wkg-o g
7153} input resistancer 60~150 MQ 9] %It} (Fig. 2).

GABAoS] A3 Zhyt-§

a2l n)2k AAA 2] 10°M GABAS Foiglg
input resistance 7} ET AIZBAEZY 80%elA 7HaE S
o} 10°-10°M $=2] GABAS Foi3t A3} =hdet 74
4y 2] FAEFE doZinh -100 pAFE 125 pATt
A 25 pA¥ 105HA419] AF-5 GABA Fo] A3} Fof n
0 2] uEE-E el Qlvh(Fig. 3). 3 GABAE
3 A AtiE Fwol oFEsted Yepdt) (Fig.
- AlZBAIEZe] GABAE gk ahxjgke] zhiol digl &
T4k 34l (concentration-resporise curve) Fig. 5oi|
ARt (n=15). 2P &> GABA o] 3~5% Foj

o3
S

N
N’

GABA 423 € 2] agonist$} antagonistol] o g =huk-&-
GABAZ} S5AI7AANA EA8i)7]E Aoz oduia

SImY e

gk

% REDUCTION OF RESPONSES

20 msec

Fig. 2. Membrane responsens of gustatory NTS neuron to a series
of hyperpolrizing and depolrizing currents from -100 to 125 pA.

CONTROL 10°M GABA

R _g0mY =

T
\/ ] 1omy

20 msec

Fig. 3. Whole cell recording from a NST neuron to a series of
hyperpolarizing and depolarizing currents before and after applica-
tion of 10° M GABA.

GABA,, GABA,, GABA. 5 3719 487} <l
ulztodelold] AAERAS 2T A dolr] Sl 7

O

= [UN

4849 agonistE Tt YA FUHE -100 pA
of 5 AFAEel digh wkgel wakE 71Eeigich

GABA, receptor agonist?] muscimol (10°M)# GABA,
receptor agonistQl baclofen (10°M) ¥ GABA.
receptor gaonistd] TACA (10*M)y& ZH7 Foldl As}

10°M GABA

L s},\\

100 mV

1 min

Fig. 4. Membrane responses of gustatory NTS neuron to constant
current hyperpolarizing (-100 pA) pulses applied through the patch
electrode during susperfusion of different concentration of GABA.

100 ~

Qe
<

)]
(e}
!

b
fw]
!

N
[}
1

10° 107 10°
CONCENTRATIONS OF GABA (M)

Fig. 5. Concentration-response curve of % reduction in input resis-
tance to concentrations of GABA.
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el A E M A e ol whe) 3 ES
JdoZct (Fig. 6). Muscimol 3} baclofen % TACA®]
A3k 2o WS aRle g ¥A38IE (Fig. 7,8,9). o

F-re] 313 w149l muscimol® TACA] o)

10°M GABA

Lk

100 mV

1 min

Fig. 6. Rostral NTS neuronal responses to a constant current -100
PA hyperpolarizing pulses applied through the patch electrode with
superfusion of GABA and GABA receptor agonists.

CONTROL MUSCIMOL

S

e
j ! ,‘x [
\/\/\/ (AN
R —
-52mV K _58mV == f—

| P
\ |

\
- 10 my
50 msec

Fig. 7. Membrane responses of a neuron in rNTS to a depolarizing
and a hyperpolarlzmg current pulse before and after the application
of 10° M GABA, receptor agonist, muscimol.

CONTROL BACLOFEN

e
B —\ o \/

50 msec
Fig. 8. Membrane responses of a neuron in rNTS to a depolarizing
and a hyperpolarlzmg current pulse before and after the application
of 10 M GABA, receptor agonist, baclofen.

CONTROL TACA

L
S~ -

0 mv

50 msec

Fig. 9. Membrane responses of a neuron in rNTS to a depolarizing
and a hyperpolarlzmg current pulse before and after the application
of 10" M GABA,. receptor agonist, TACA.

100

80

60 —

I
40 7

sl Nl

BACLOFEN TACA

% REDUCTION OF RESPONSES

MUSCIMOL

GABA RECEPTOR AGONISTS

Fig. 10. Reduction in input resistance of a neuron in rNTS to
GABA receptor agonists.

Hhgo g whx|el zhi gl whe) #E-FS oozlon}
173%4_011AL baclofenol] Tthal vIE-S wo|x] ¢glo

3]

Al ©
o] -2 muscimol} TACAel gk k59| 7hie= 3
o] uby baclofenoﬂ gk v 7k wlekstsich(Fig.
10).

n #

&) m]7he] o FFofAle] AW wZAA Zelrt
(Bradley 5 1985; Hamilton and Norgren, 1984). 1950
Lﬂuﬂ Zolo]l Pfaffmann (1961 *-g-o2 31430 u
zZiedodol| A A7 jEE el Whe-S- 7)E3lgir). Halpern
Erickson (1965)% 3% w|Ztxl=5= zl=dl= 5t
0|4 multiunit?} single unit recordings sFict. ©|
Z7] Aol oA} AlZAE2} 1/‘\‘1]_/(1__7(:)]-——ETE:|/1
13- 715 Aolell -FARAdo] ¥arE|giet, 3148 wlzhodo
29 S 715 Aolel SALE ozl H o

. Doetsch®} Erickson (1970y a3l AlZe oy
15t Apol dlgh 7eAl wels) mARAAGe) o
}5—}‘:}# ko, Travers 5 (1987)= 53] /ﬂﬁ
zo] gt Al 7 ATl AR w2Al

r&iﬁi_l

iy

19

*°"—\1—Yir

=P
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734l Az misssiokal SRict. o5 AlEe] kg 7]
9o A= wztReM A HA AlEdAE Sk
sket == dlgh ubgol= processinge] A9 §lo i
<3l w]zbodd (gustatory NTS) %H#| relay neuronc]&t
3 AR}, 2 348 w)zledode] Altkst synaptic
processinge & F ke FAEC] e et s
A, A7 2 AR TS o]dde] sl
ujztededo] Fejstz oz y|5H oz Beh|elo] wbAsE
I 3tk Lasiter?} Kachele (1988)= Neural tracing 4
3t sl wodzAskst QAN o] dsle] 1
3 u]zkA|7d 9] ovoid neuron®] GABAergic interneuron
A& Husiglet. o]#jdt Ruw GABAZE &8 w7t
oﬂoﬂoﬂ/q n}7l.x]§;ﬂ1;l-7];qoﬂ O{EQOF O:]‘O‘]-.__ 0}_,__ Q}IM
S AAgE} AAR 748 vz A 2ol GABAS &
3l input resistance 7} Fxoll &JEdle] 7RAE Hol
uko] RS spd-Loh(Lasiter, 1988). - oi-ollA]
FA|7AAA A A AlAAL E2e] GABAE 153l
b o] FEEo v AABAZANA IEFE Yo
U% 2Exgh(input resistanceys 7HAIZAEE. E3F Manis
5 (2003)8] A7 olA synaptic transmlsswrr— et
*lﬂt Ao oAl TTX 849 Fol & GABAZ}
u|ZHAAA 2| A ARgehe Aoz AlsH
B ool AlZdAIES] oF 80%l4] GABAY HH&
b vebtst, 49 dTATdEE £ oW 2E AA
i7]- =5 GABAoﬂ HEG-31HA] %L‘C 73 A 2ol THeke =
e =olth o]+ GABAC| st HAlEr} el
"L XJEO] gk oF9 GABA7L l7§/‘]5ﬁ of =esl|
S als O]Tr Wﬂ‘ﬁv—oa T Aok =3 A 259 AAA
] FEHT 2 Fhol A &
agawa 5, 1991) o]& 4H 01
/K]7ﬂ/<ﬂ ¥ 2 uptake Fojof T
t} recording sitecl 4] FE+ Eﬂ ”

dilﬂ I“JOFON

GABA7} % _‘:T—_—a]_o
A Foddt

7] wjEo g nolcl E T GABAo| ¥RS3l Al
AR E vESSER] e AlZAET) 2T 22 o)A

Rlszek Zlololl glolen® GABAS oHEt TH&%—E— GABA
receptor®] Ao 5 AAElE Zlow Alssich

AAA AlZRALEA] GABAT FTFAIZANA o
A5 FA437IE. GABA 342 F 7HA 3
o] 2 oA 9lth. GABA, receptor= Cl channel
of coupledl] GABA, receptor= K' channelell couple
Het, & Al i 847 9l=d o] GABA. receptor
2 w|ard kel ligand-gated Cl channelo]w, 2f2]sh
A2 2 bicuculline-sensitive GABA,, receptor-} baclofen-
sensitive GABA; receptor= 22| olF <FEo] 23|
F37} A=kElA] o=t (Johnston, 1996; Bormann and
Feigenspan, 1995).

2 o= GABA, agonistt] muscimols Fo33]
= W vz} AAIZE Y] BREEE doglon] b

S
Sl

Fi ApeHl A= BE
ARl = ﬁ%ﬁ—ﬂt HEA s R] odok
0|7 A 5 GABA, receptors ZiL
gk, =3 GABA. agonist 3] TCACE
<3l n|7ZRA7 A2+ GABA, agonistol]
S5HA =] B, RRAEe] AR
2 Mo GABA( receptor= 7HAlEZ &8
t}. GABA, agonistdl baclofencl] @3l Al74 AL
= Ul—gl _\‘7,]__‘?_; tﬂ—z{éﬂ— ) XL‘HA Lﬁ:%‘ A
GABA, Y} GABA " ixl eroket. wheba nsal o
7rede]  AlAA|EZelE  GABA, receptor?t  GABAg
receptor 12l GABA 7} tF EAlgh= Aoz Alas
. olg Az GABAZE nE&A m| 7Rl A Zofl4]
GABA,, GABA,;, GABA. 484 255 %3 A%
0] ofa)7Alo] ot 2 AEE GABA,>GABAC>
GABA, &4 a7|¢Az 2E3he BT
P AREEE HE AFshe AL 017 AREA of
A AN F o] AEA EE(spontaneous activityye A
A7l 89lo] ®vhe ®ago] Auk vz A=4) o
HEol A= ZHo|drH(Ogawa 5 1984; Travers &
1987). Zrefv} a&al] wjzked oA b me] A7t
23k A4S 3ol dig lFHarEe] Ut Halpemjr
Nelson (1965)> 3¢ Auka}t fule} u|z-gAlof] 4
sl AR 745} Al o 2 el inputd ‘%t aL
%) v]zedodold] WSS Flssch FanAE A
g3to] A7) inputs GlolH e Fwke] mlzh =}
ol gk Hkee] A7|7F FTLE T ol A4 input
< AAYY] dEoz sl4ssict. Sodium channel Fet
A4] amiloridet 241739 NaCloll wigh Al73x1A42} vh
o A173AF2] 18-S AJA|ZIch(DeSimone and Ferrell,
1985; Formaker and Hill, 1988). Amiloride® & -+
offF Fol sl wlAgedol ol AAAES W
71838k A W n&s AAAES firing ratee] S7F
=gith. o]+ amiloride sensitive afferent input®] A|AE
o] 5 AAAEI} BoA S-S ofnRieh -] Al
ZAAEZ7E GABAS] HESokE® A|7h 343 w7k ode
el B Alzol BT ABE T Ao vl
B E3kebd 7k vjztadao] oAl AlAA
gE2xle] GABAZ) EAlsp] oAIZ-8-2 GABA, receptor,
GABA; receptor, GABA, receptor E-55 &3l ol
2 ARt wheba] gl o)7edodold GABAC] 9
& A} vl Alwe] Boje Ao AEE)

TR
%

o o

o rir
L
A
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‘1‘“ 0
i
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