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gdeperrdrentes e Bl 1o v e 3o, FOoS 1 lemerte refreserntaredo wrs
sistema 1hEact1vador [ 23 [ETS - TE R S S S N

Tamoaaer Fia demostrachks la W ér‘-‘ ezpaciTica [=1= 3H-':=QBH a

membe aomecd [ W Dhe 00 Qe Creztas ainEular ees L= 1= ~allas

wria

& [ABA (107 .

SLIQLIF 1D la PrEEsrella ChE U

E o per 2 st E L= R T (s Dl A - 9 = Bl (Y=Yl S SV W F=Tn }
Farec-i10o0a &id ez 1 T ibadio [=1-1 ol lc
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al rtnvestigaar la 1rmuncorreactavadad a la GAL sSla s

encoarntro er la= celulas Fi1losas 4 153 ) - Er el maismc

estudic se dJemo=tr e 1rmuricrreact 1 vidad Fositava & la
GABA-Tranzaminasa ( &nZima de dearsdacli S del GABA) Tart.cr e las
termirnales aftoerartaez Coms &N laz Ccelulxz del [are3l 1 vestaibuwlar.
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Termitia i LAI=3 S W = Voo laz= celulas e
SCE S T (191 ) L M1yt T Sude =t =1 VES T L D b S =101 Ty e ha
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Ex12tean Sv1oernzlas Quse &=oc1arn a la furcirdrn del GABA P=L=1 ) la

imsrva-ion efsrernte del oldx 1rmteroc o




Asi, se hars Eerncorntradc aranulos radiactivos er la

terminales eferentes de la COC leas, cuardo ez=ta se 2CuUE cor
3 - - .

H-GAEBA 3% ia cCaptacion (=11 GAEA se Na laocalaizado
Freferentemaente entre las termitrales e las Tabr&s eterentes

(125> o

Estudics e 10murioc: toegul ma al GREA v a 1
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arafta ( S¥,en.1497 ) .
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estaimulacidn efaerents &m la Ccooleas
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apoyen come €l (10s) neurctramsmisores son escasoes ( 138 ).

ALETILLOLINA (Acrd)

Existenr consaiderables eVvV1AsErnClas QqQue indican que la
acetilcolimna = uwuran de loas= trarcsmisaresz efaererntes e el vestibulo
de los vertebrados.

Antibros y preECes
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ey NE T E me.x far i Carerhiilla . =R 2 v
rat=3 (£Y e Tt
L=y

Se tia Jdetescteaas act . 1D

- HE e =t [T & =
COHClea <= cuy ( De 2y se ha demostrado B LEMDLICHT 1 TOeRUIA L Sas Jue
1la CAT e e~ luzSlvamesrte =1 la= TteErminale=s
rnervicsaz efaetraentes et ia Padtgy 9 Y ez ezt a di=mlrndy = Fiazta
e apar ec-aet despues e e laz= =R - Y f=y ) ST C 1 OMact&as v
deQerezrats (D ). P Pl Stoceqiuimiloa S baig SO E T &I la e zerazaa de
p =1 (=] S Pedb g (17 e S & & l& F=} i bie . =11 lLa=
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coexistirenrdo carn otros nmeurotransmilsaores e la neurctramnsmis: o
eferente, PUss nc E=2-3 tha encontrado una furciom clara en la
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111 MUODELDO ¥ ENFUWRUE EXFERIMENTAL

For ¥ armter 1or , es evidente Quie salo exi1ster Aato=
1ncompPletos que apcoyer al GABA yv a la acetilcolirmna coma FPraooabl es
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L-glutamato l~carcoxi-liasa E (. 4.1.1.1% ) ¥ la colina

acetiriltramsferasa ( CAT : acetail-Con: calina-o acetiltranmsferasa
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Que la simtesis del GRBAC A4 ), lo Cual nos dice ue la GAL
oFera a una fracciorn de su CarFracidad. AurnqQue sSe han sSuger ado
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(W] si1stema ae

CaFprtacion actaiveo, que se [aT-Y gemostr ado €en
sinartosomas, retanadas ge cerebro, tracciones Qliales v e 1a
retamna. El GAEBRA liber add al ESRFaC1O Si1MmaFtioo es Ccaprtado =14
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La puraficacidd de l1a CAT ha FPermatido p =1 Produccion e
anticuerpos especi filcos vy atwra €= gposible llevar a cabo e=ztudios
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NEURONA COLINOCEPTIVA

NEURONA COLINERGICA
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cafra Qe Cael g ) de L] ] los valores erncantradas Por otros

INvesStl19adur &= ers el SN . El =H OSET 2N (7.2 se azem=3a al
enccrtrads Fara la misma enzima e ctras Frepatraiones del SNU
(lue&) .
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TS Cod SERtrestoamlcliha, feZi1= e LalcercZiatura ). Tambti: er S
ta & 3 v 1 dend = 1l& tafsle =18 Pl 12 3 i = CEtinas v &

(=10 Follas ratas v Cuyes

o

mas=1ma &

celwular

~aa

£l QUL im 1 SO (eSEiat Ol

4
CcCaptaciots de T H-GrBEes en

e Na+ v Erer 3 &, et Fuglera (== =N~ Y s M &l S Che
tnactivasiorn para &1 lkaAbA. Tamoizer == emo=st D a1 Sy e BH—L:(—H:“—\
ert Lmna FreERar o1 on membor Ssmal Y OEsCoerae ]l &aas O crecstas
vestibwilare = T SR =S N (1) . Sw31r1etids estD S exlstaerpIla O i
[ g =Tunt =7~k ol ¥ S R Gl W~} Dol B

Farae la <riZima O It == ) e le Ao = (SR AR T W St o] S loara=
Ae SuUS FF R leOsodiE=S Sty S0 Fled 4Ty ia Fara. e DS T S Qra= Ia&
actividgad d= la LA era setisaitle a i 1T fosfartaoa ¥ St lerto=
gel 1cor Cloro,. O mamnera similar & 1a gescratas rata la Al L=T ]
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estudic el etecta del g#H sobre la actavaidad de la UAT mostrardo wes

FPH O OSptimc de oS iluon) . Taodaz esha&z FPopledades TP o S1Mmliares &
laz descritas e SI12tama NErvioss O laz espraellaes eztudladas.

Loz 13awad forma ze 133 1ea =Tk 3 WS Yo F s [=1=3 la cAaT e

ST IE Ty & il el 1CHeEE Satudr arntes Th sustrata e

Follos. FaEras y Cwy QL ot Zed 2T s el g,

Saz = haa e T AL e & L& ST ifna Che 0= 3 &daT 1 Oy O ia Ak,
la acetir1lcolinsstasraza ALk ) e TratCl1ocre== mamnmbranals=s Crwdas de
FPOllic vy raria y =e g1 S Tk Eed T 1S [ST=N ZEer 1a Cred 2ty Ao

especl flco O la Kbk Cluenr, e ) .

T

Fa&tramet o=y 1= QL= Justatarcan U =€ (2 W= ]

P

utrlizar a la tséane > la Al =) Crirteric [ah Radlo [RR N £ e ud) maa

n

LmMEeSr Tante e 0 SE = la paains a la 31) Fpara decir gue wra

celula == RAMARer I1ca O llrtier 3y sa., Fermitirercon desarrocllar

€l enfoaus Broguimico-bBEvoluutave.

-

ENF O
For Ult i termlarado e ia laocalizaci oS
celular de laz emnzlmas 02 Sirtesls puede corrselacirornarse bastart.e
[~ =T 1& farioloer Z21&FT 2T a ezl IOt SrEml S0l . S utzlaz=e @l
ST CePaE LA sIeZ 2 TSeRdl Ml 23, Ne=l &iTes =l Cliad Coarr da utilizaca S Qe
[V s B W WIFLN N cCortr & RAHA, Coantr & & [ET2Y & v =u SNz ima e
degradacion la GAEs-Tranmzamimnmaza ( GABEA-T ). contra la colama



acetiltramnzfaeraza (CATH 1% la techilca hlistolaimica (=1 la
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AchE) =se 1agemtarficaron los taifpcs celulares e dorde =e ubrz cCars
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otoxacaity.-En Aminocalycoside cototoxaicity, Edirtcado [Sl=1g Lerner.S,

Mat=,G ¥y Hawhims,J.E.Little,Browrn and Comprany Boston.pp 409-3435) .

Iv BREVE DESURIFC TN LDEL I INTERNL B LUS ANIMALES DE

EXPERIMENTALIUON.

Fara el Frimer enfoque se utrlizarorn los respectivos
vestibulos de la rara (amnfaibio), de-1 Folla (tave) % de dos
roedores: la rata y el cuy ( mamifercos), moidelos gque somrn de faciil
accesc para €ztuwli1cos b1oquUimicos. A Ccarnt 1ias 1S se describe l&

amatomia d=sl vestibwlco e esto= arnimalie= o

Kamrma : el aparato vestibular de la rarna =z=ta comnstltulaos [=g=1
umnm labtwerinto membrancoss 1 cuwal se encuserntra usperndids derntra de
una capszJula d=ea ot te)i1do Cornectlvaoa. Esta cCafpsula Staica s

separa de la cavaidad qQue contaiene al tallo cerebral par wunma lamina

delgada For la cual atraviesan la rama amter 1cr v Posteri1or del
octavoe nerviol(veztibular). El labtberainto esta cornstitul go [=l=0 ados
POrClrLOrNeEs: la veztaibular y la awditava, la Pramera esta formada

POor tres camales semicilrculares, utriculo , saculo v la lagena. la

segunda par la pafFpil1la anmfibilarmna v la paFrila auuditaiva( Figura 14A).

El eFi1telic senzarilial vestibular de la rarmna POSeEs [ 1) sSla
tipo de celula Fi1losa sernsitiva 8 1a tipo Iz > rodeada eor
celulas [= 1= SECRPor te (=] 1nervada basalmernte (== o termirnales
rerviccaz aferemntezs v eferentez e la parte basal > Eroaovernlentes
O= 1z LRR=R (TN NS A O <R N W ez ] Gt @ P v 1T Cratp=ad . l'e =T e
moede= 1 O == wraila=< =1 VSTl EWlo ComE l et [=1=00 Ciaal se
elimirme &1 otolito o

Follo 20 &1 olao atersic =1 ol lo esta irmcluido [=14] tres

W e 1 e 1St 2o Sz SO




egquivalentes a la POrcilon Petrea del hueso temporal enr los
mamiferos.

El labierant MM &rcoso es T a fotrmacic (=T tres carnales

1 watrLcwlo v (=) saculo, cCuyas Cavidades

Ld

semicitrcularses.

CornsEctar: & traves del duitus reurlens corn €l conducta coclear vy la

lagera qQue sSorn eqQuavalentes a la coclea de los mami feros - Las
estructuras sensdorlales escar localizadas., como [=Ta] otros
vertebrados. € las creztazs [=1= la amFrcolla de los carnales
semiclircul ares b e la= maculas e los Srganc=s
otolitaicos ( wutriculo. saculo, lagerna ). el Sr I&no sensorial
del conducto coclear sSe llama rarixla basilar, En
las aves el latberimtoc S e =1 qgue la foarma gde 1 laberinta

membrancso (fig 14R) .

El erFitelioco sensorial vestibular consiste en ceéelulas Pilosas
sensitivas tipco 1 vy Ix Arervadas o la rama vestaibular g=1
octavo pPar cratieal.

De este modelo se uta1lizds el veztibulo camepleto , al cual s

le eli1mind &1 otolrto, ge la ma-ula de la lagena.

Rata yv cuy = Al 1g9ual Que €]l oldo anterno de la rara Y el

FPollo, ern la rata v el cuy €l arparata veztibular esta constrtuido

PCGr W laberi1omts membrancsc. &1 cual sSse ercuernitra lacalirzado et
urma Porclorn dsea. edquivalente a1l huesac temparal [=1a1 1 Fiuemea e
derncomitiads brila taimeanica. en la cual se erncustntr & inmersc.E1

rabo=r 3 mo Joacoe Tl b @ r pale = 00 =R e et e Pt Foor oo X el 5 =%

fTormada eor Lres canales

vestaibtwalar v la auditiva, la

R AN W W W) I =1 2AIIIC . la selauwda por 1&
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canal anterior (B)
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Cresta cresta lateral //,an erior
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coeformar &l ot oo i = a rarna (A, el pollo(B)cuy vy rata(C).



V PARAME TROS ESTUDLIADLOS

o ~PROCEDIMIENTO Di DISECCION DEL VESTIBLLO DE LOS ANIMALES
DE EXPERIMENTACION.

Fara reallizar 10s Studlos D1oA3uiIimIca

I}
m

1nmuUrnoclrtoquimicos
se tuvieror Que desarerollar tecnlica=z especliales para la disecci G
de cada wuro de lo= Srgancs del araratoa vestaibwlar de las animales

Oe expar 1lmeritaci1St. Fara la Cloquimica era e Cesat 10 extraer el
€& 11 1 mas [R-Y =25 W L=l Foe=1bid e [l o} b Jeto e

OEeETEr MINacIl @ E SNZ1Imatlicas. Fara 1a& 1rmur

1toquimicas,

ezt éar =N T ) 10 T1ja.

- =ra Tamtl et
R =T mas= [ -0 % =) structura vzztibilar Eara
lograr la farjacai1dr campleta o2 todo 1 epr1teliloa. pasc lmpartante
e el Cazo de la utirlizacion Ode e te material Fara el estudic

AFHNLIF O 2 T Ol i1 T ST 1CeEr Eos arntil1-RAB&. ( Articuwlo 110
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los canales semicairculares que contarerne a las crestas ampulares se

colocaror €mn amIrtiliauadcr de foasfatos de sodica( .01 M, =H 7.4) (=]
de potaszic ( U, M, pH 7.3) €t Friela. E1l tiemso de [= 5 B A=l =1
Para Ccada Carnal e (=13 SFrOs1madaments 1% Se3IUNdos . Se
extrajercr: Srgarios Oe= ambos Ll W TalR= de = & << arnimales., rara

cada determlnac1orn enTimatica.

Rara : Fara este estudico se wutilizaromn ranas adultas (Rana
moctezuma) de SL-100 gramc:s de peso a las cuales se les extrajlo el

labb=ranto.

El &rmamal decaprlitads vy la cabvera se recibe en wnma cajla de
Fetra Sk [ N SUTIN Qe T 1 e amnor T Fudador (=1 =
scodic(li. Ll M, gkl F.4) para la C&aT y e ta=1o pFrara la AL [ Iy
PH 7.32). pPpara evaitasr = =1 oOr &t & 1S = 1 o= 31 O - Bajao el
M1CrOSCOE 1 C ST LS DS TSR T A [T 11 Srtarises & remaver 1la
mardi bl a PULE S0 ol WY od e la make s Y =% lowzal r e 1a ooz 1 S0
L= T8 B S T TOL ToeZepngEeer 204 o Do ==Y A% B Sl Che 4 Cliad b= = idE Tt & =1 [ o= P28 o )
vestitbuilar =< PN e e
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morvegicus)de ambos sexos de 10u-150

S » V¥V cuyves de ambos
sexos ( Cavia cobaya) de 1S0-Z00 g , los: cuales se sacratfticaronm
PO decapilitacidtr .

Se atbrice el CF arveo Sagrtalmente v se removio el
cerebiro. Se SERararar las bulas awulitivas de la POrcl
temFProral de Ccraned vy s€ colocaron & una cajla de Fetri scobytre hielo
Ca)l)o €1l MICrOSCcoOP 1o @SteradsSodRlacd. romplshndose =n Oos partes, [t o)
othyeto ez FemoaveaEr la mEmi ara TifmRar1ca v lo= uesecilloas
de 1 LS W D) mead ) e s a Ot 1tndS =1 D B S=Farde 1a COC lea Y Se
RN - 1e 1o EEMICIrCUlares Y (=Y gt ricwlc -
El laoerimto Jd1z SN T 1 DuaaEchont fu 123 Tazfara de=
Sodio (B UuIM. o gH 709 2o 3 potazio (Bo2M. BFHOT703) 0 EL T2 Eempc de
dilsecc1drn Fat a CEuda lateriimte T ue e 1 madamerit.e =
MIUTGE. De extirajer arn los S @mate de= &L= arnimales Fara cada

determinac1lor enzilmat 1o&

DETERMINAL 1N B LA ACTIVIDADY DE LA GAD

Y LA CAT.

Lo= met Fara la determinasion de 1a actividad
de la GAL vy o da LAl e ey V=S S =T ) P 150 la= ChiE e especies de
vertethiradogs == Oz orlber detalladansente e el articulo (1 ) vy er
la Faditha 27 O= Materlilales vy metodos.

.

pe LOC A AT T0rd INMUNCGC I T ImIcs el SISTEMA DEL [ET2) =72 Y LA
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localizacion de la CAT yv la Acth se descr ther g=talladamente en

el
articulc (1V) y en la razina SO de mat,ev:xales Yy Metados.

Er el tracasco 11 (W] Wad—Y=gp WL o} cetular L= =0} GABA, sSe
utailaz=o el

MmerT. O indirecto

visualilzando
la resco 1l on STl QATOC T ant 1 CLeEr Pl (== la téecrica de
la avidlria Bi1otima-geros1dasat ol ), er te=)y1da 1ncluilda e
resinrna & mivel Tz Il CrOsSCOElia GRFtlca.
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AremuUriot 1 ric 1 Se Qe P ocdhuacers es=t.os art 1 Cuer Pos Son

consistentes corn los datos biroquimicos de distribucison del GABA er
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Fara

€l articulo 1 se utilizaron los sigulentes reactavos:

beterminacidorn de la GALDL

1.- AmMortl1guaaor Oe r-\Hzr-'u AMRC), tU.zm pH 7.3, 1.361 @/5S0ml.

Ze- Fostatco de Faitra1do=al (FLEF) (SIG), V.1leM (fairnal) 0.11 s /
S ml.

3. - Mercaptcetaral (51G). 10 mMm (fimnmal 0U.1755 ml/7Z2Z5 ml) o

4.- FAClOoC t-glutamico (S1Gry. 10 mMm (fimal) pH 7.3 (UL Zedé a/
S ml) .

Sie - fAC1a Li-L (1141_) Sleat samic (iNew Eralardad NS lear , Chircaqo.
USA) U.ue uLirttarnaly . w_ul mlsu. = mil. actilvidad szrecy fica =24
mli/ mmold .

Co—Lrguiflusr 250 ml (1 @ Jde dafernnlocrsazcol(Slar, Ol 0l1esS p=1 de
1,94 bi1s 2= femnadoazazscolarll) erc 2SS0 ml de toldustise (A T.MOEB. D) .

.- H;,f:l_"q CI.ToMoBo ). FoeN. 7o ml/71000 ml O H»,U.

.- Hi1iarc: 13D O bl Im AamER) .

Clawve e 1la Tusolse oIliz. - Provenlente Jde la
camPafSia S13mnma. Sar bl se MieScedt 1. [ I A S .1, BE.Mm.-3.7. Baker .,
Mexi1co: MR- - Mazrcr. Me-l1oo y AMER. - amsrsham.

Dietermimaziarn O la AT

1.- Amortiauador de NaHb_,F'CI_,‘ (mHL'.). L. 30M, pH 7.9, Z. 626 a/s/S0ag
mi.

Za— Nzl C Mallaivibrodgt ,Mexioco) H.6&6 M, Z1 a/100m) o

FHe- ELTRASIG? V.66 M, Z2.457 /7100 ml ajustadd & eH 7.4 cor
NatiH G.Sm.

F. - Sulfato g eserrira (SIG) 1 mm. 3.2 ma 7/ Sml de EDTA, eH
7.4 .

S.- Clorura de colimna (SIGY G.o M. .46 3/ 10 ml .

a4

MATERIALES Y METOPOS



.- Traton <-louu (SIiw) 11U 2 e agua destilada deziomizada.

Z.- Tetrafemnilboroeo (SI1G) SUUu ma en 100 ml de acetcocitrilo
(J.T-M.B. .

.- Lrguirflucer Suu mil (a3 e 2,5 daferirlos-azcal (S1G) u.uzs g

de 1,494 bas - femi1loazomlal) [I=Y S T=2 = TN H P F-terl lerna bas

(S-feriloxazol (21lG?), e SUU m)l de toluenco (J.T.M.E.O .
Y- H-acetirii-Loerizima A (51t uoe M, 1 .21@a/1ml de H O

10. - CLoaencima-A. acetil l'jH—acet 11 {N=w Ervalarnd Nwcl

USA) L. U milx, U.0% miZlx, Q.05 ma 7/ D omt. actividad e=pg

M2/ mMod . ey SO0l adr acuucoT e B S oo
Las Claves Jde 1oz reactivozs = las miSmaz Qe las O la AL .
Fara los articulas 11.111 vy 1V =& wurtrlizaron las S1gaulaentes

reactivos =
.- Farastcrmal dernl do et FCilve (Folv=zcirences,

Warrangtoan.Flrlaosel fira. UsAz FWFUSA) .

= O soadro (FFWUSA) -
SBe— Lddo O proEl lera FFWLIsA) .
4.~ Glutagraldehyads. o loez i or al Sl 4 Electron Microscopy

SCrerses. Fort Waztnmatorn. Fr1ladelfia. USA: EMS ) .

S.-Tetro:xaas d= o=mio (EMS) L

. ~Res e Eare T lris oy, EMbesd — 1 L rel K1t ( Juegc) contemne
Cuatra =wustarciliass: [esa (a1l ar 1 cho ChiodeTeriz 1 SUCCIN1ICO) resirnas
NMA (artr20r 2ac met 1] sl oo Erpldr s e, mE-—-30 (Z2,4,6.-tr2
(daime=ti1l amitwodnmet 1 1) Tercdl)aceleragot » EM ted-Sl1TZ(resitna) .

T o Faratatiesrer a8 CE R o s o

Tle ~FaTai 0= T ilda:lfie (B
H.-FResite Far & M T &y b Ol et O 0w . Foly ~Maurt, mcouanting

medla (Wi LSk o



10. —Alcorcl etilaico abscluto(d,.l.Baker,~alaztoc,Mexi1ca) .

HB)YReactaivos Fpara la 1omuncocltoguimicas

1. —ANt1ICcUsr /o Framar 1c artl1 ~LGAabBa.prolaclonal . dornaao [ == o el

Dr. Robert Wasmithiold del NiIiH.bBethiesda. Marylarmnd. UsAArcicuale 1) .

e —ANML1ICUSEr B antili-alutamat o ez = (It -GAL) ,
Fpolaclornal, v art. 1 Cuetr Ero amrt 1 —mEAaBA-Tranzaminacsa (antl ~-GABA-T)
Foliclornal o dornado Por a1 Lrr . Harrma - v Wy = 1las Ui v de
Karmsas. Lawrernc:s UsSA (articulo= 110 v 1V) .

FHa —FArit 1 et o st —colairna ateti1ltranzfterasa S arti1-CAT )

Ppolicloral . Oormaoshd galr

brrr. Lovailz H. Herste ch= la Uil vy cde Texas,

USAC artcudta 1v) .

4. —Jrz=ac (b1t ) ARC., e B .Este ka2t contiene 3

4. 1l.S5u2rs aormal e Ccaba s
G e AL T L= s armtl - Cotie )0, producacdoa ernn Cabira

G. 2 Avidlrirma (re

q4.d.Birotarniee—fFer

rformia,. USA) .,
Py 2 TR RS WU T8 Y =] 5 TRl e ud} 2 T3 K} FPr aducido ey
Catera mEr o aod e (=T o= coloidal de 15
FIarcmetr G ke 11 AmeT SC1ernces Proaucts, Olers,

G4, 3.3 Daramincbrznzidlna (FRFLISA ) .

e TPPET.EEEr A Td&aTo de S0g01G (0 Si1ama,. St bouls Missouri. W4 S A =

ECo=Tritdr .-l (S Miibia) .

HammE —am 1D hedt i r T (RaBA T (SSLMuSa) o

ai ZJULIiMsrck.Mewwica).

l.-Hi1drowilas de =odirs{d. T, Barer, Kalostoc.Mexaca: ITMBXM) .«




Z2.-Clorurc de scdio(Jimp.m) .

Je~Fosfats ax sodico mMonobasico,. monobndratado (ITME>M) .

q.~Fo=tato dr =odl1a dibasi1co, heptahldratadoe

Solucaiormes

1. ~EtS-1 0 Lo 1= Sad1 o

ol 1S E=aturada (=123 hidroxido de
BOA10 €N alcobhiol etilico abzoluta. Freparar 1% dias antes, o usar
Fasta Que 1a =13 Terala [¥1) oo ambar . Se utiliza cdiluida

ers alcoresl e&ti liao

cluatee (1210 .

Ze mMEet el 1Cdat o O £=Gd1o &l 14 (1 9. diluido e 100 ml e

azlua Jdesti lada.dssl1ornlzada) .

He ~mlnzate s=alama rsotdmica (SS1) (U. 9 g de Nall en 100 ml

Chez & Rda 2=l )lada. deioanizadal .
L I - L% O o FOU e Y ) s TR al (Sl aon StocCk) (SU 3 e
ar et or mad Ost ez S &t P RRURN] milalitros de aqaua destilads,

desi1crilTada’ .

Matier & O U eRral 8rSE: Ss adlcloraes S 3 Je paratormal et o &

=t

Dt mi (= I geztalada desSictilTada, Ereviamente Ccalermtada a

€l 12T 1O v T A - & (=0T R 3 WATR Vg WYY Se= &2 1 Tar

aFroximadamste 9 ml e una e 1 ar G2 oo (=253 sodac

3 molar.hasta gue la scluciom P = a-lara.Se dea ertriar v Se
friltera . Freparar i MisSmo Gla. o W Ji6 antes.

= .~ r Tl guser Oe CTacodr iatos Jde sodila, do M. Jod40 (420 =343 a=n

1000 ml o aguse destilada desiomlIiada.fAJustands (=N ~H o [T

SCIWT IO O & T1O0 S EDr a1 o G 1M L

L TR R Tzl s H €= e oer mec larado Selr iz o=

R A R - P e 3N & e O RERI (TN T SOt 1 Ddact oe

ErL a3 Do) 4y @D 2O Edde % ml == Qilutarslosetdo al

Taie o - Ll Sar & TSN A ¥ P 3= fijaoora. &l B (=10



Praraformaloetiy 9o > u. z Qlutaraldenido er amcr tiauador cde

caccodilato U.1M . Ezta sclwzicorn fil)adora se ajusta a pH 7.2-7.3.

TZ.-Amoartiguador de =solucish salairma vy fosfatos (FERS) . 0. 1M, pH

Z.4.5e prefparar Oos lrtros(Cloruro de sodirao les.Fosfato de sodico

moNoiDiasl1co Mmool dr atado L.333. y fostatoa o sadila dibasi1co,

heptatmidratads =73 )

. —FbBo <ot Tr it

1w &l u. RFES-T2:a 10U wml de FRS,se le

asdrcicerars w..3 mi che lrataw

-1l

s Mmal O Cabrra &1 1 e FBos-T.
T, —ompe bz 3o Avidina-Blonimna-bFeron1dasa (AELC ) H a =

milarlitr o

FEHS—-1 =& 12 &ad1c1l1cran D0 mrcraliteros del reactivo A
del kit g= Vector v S omaicroliztros del reactiaivo B(C =e FreFara

medla Piora smnbas Os WEar

11.-bi1rluziones (=15 los

(para diluair estas

&t 1cusre

filtro Millex-GS, corn para

de U.Z2 micrasz (Milaiapare.bedforo

1. -l luticorems 0 1os &t 2o CLrederioz. Se realizar O

la misma Marr=ra Qs

=l ErmTl1CuEr RS ErImari1io =Olo Quise se wutaliza

1R2.—ATud O toluldina(=olilnzion acLssa

il
~
<
.

o
N

et Dot ato O
.
14. -lnaamrabenzidarnas(DRE) . Se preprara la DAER disalvierdas U ma

Che Fastifrltraraadclo) v &gl ol onaEred

=riEedas al 3I0 A

9

rET A& EM bex-ElozEMm

milz  IWaEr -0, 1 &m]l.AJICICmXE WD POl s




Armrmales H Se WUEar G

Rbwode lslend(Gallus

Domesticus)de wurn dia de edad. rarnas adultas

(Rara Mactezuma) (=13
SG-1ul aramos de FESEC. ratas pramentadas ( Rattus PO vVeg1 cCuUs ) (=15
Su-1u0u a de Fres e tarticulc 1) ¥ cuyes machios Sancos
P1Imerit. & (Lavia cCob@amvya)l) COe JUU-1%0 3. (artyicuilos I-1V) ,de aerE
coloara Ut l Cades Ut ot Sl Ol ma ca de1
drnstaituto ae F1rs1ao aNAM Me 1 Co -
™M E I a iv 0w
el artlicula 1 se procedis O la si13auvlientse forma @

LOS a&mnlmaless para 1a determlirenlidn O la actividad Lalr v la CAT

PR D&l T &I O . Trayerndosa | == =1 vestibwla
complaeto | o et &S am/dlare=s. WDl oud oy da&nesEraa e ol o))l como
S€ Ge=CribeE 2= dla FA3ILIthE F3F. Bl la&per it d1r EeCasda S Colooo =
SN L1 EaEc G e e soedac Frict 4AT0) L Ll 1M . BH 7.9 ( para
el ernsays e e LRty & ey =10 Dl i BE= FAE =" uly o L =1 =
Uoobt I B 7.0 20 et & 1 erzays de la Geer? . B el Ccaso g la rarna -
EETA =2 OECARE1ITCS Yy S FEClhlc la Caln:Ia & WhE Cala hE Fetra Qe
CoOIT.Erla 1M mMmi O T 4SO O FOS T &ato O Falt.aS ol e M 3 [EYAYKD]
S 11U o mi g ST A S0 T F-="Yod DL [ Oe Soedla o ulif, o pH 7.9 [4 [N
FPara&a Eravetilt e ddestildrat.o1dr Sl t.-;—_)'1~:ln:~. Faras =1 SISV de: 1a
CaTl =z adicicrd &d=mae&s 1mM de sultatoa e =R 1 & Pt ] obijeto de
iz L& (= B2Vl Yo' S (=18
== 1le=ve =iy ) ez oA s =1~ 1
-} tamlo. 2 Le X A B =] i i& [ETE VY s=e
(=1 NN (P R ai=] [0 e d Mes T oty r [= TR T Swln Do 1= Glretr s £ Erady
o et al Srtlcusis i Doal] 2% algaurias [ Y= B U B WOaf Dl Wl T - Toadas las



deter mirmsclares = reallxcarory [=]=1 traplicado < U.dm3 [= 1=

protelirma Fara €l Fpollc v o la rana v . 0S~-0.07 ma el cuy
Y la rata’de FomoQeradas (=13 los oraaticos vestibulares de Cada
armnamal . tos Cuales =< & e Mzl o U Catritezrid &
[§ CornCert i aC 1O mi1laimolar mivi ) B A1 aa L—-23lutamico 1us
E-mercapto-etarcd F ] fosfato [=1=) Frarigo~xal 0.1 fosfato de
sodrio o, B 7. A B rEoIC1IOr S 11T 31a &l EX B Wl Sl o/ P- S wl (==
j ] ll—14l;1 RLLIT AT (R 0 g2 ) S L (1—141;1 &z 2 o3 Aluwtamico
L) KD QU T U ] CiE &C T 1vidadd ta ez h QKRN o Seet miZ 32 /mmol
& S s eams.s & HuT L 4 e & rarm&d?r oy oa 570 dgara
tratas) st -t 14t =T a o= [SE=Y e o la
Dz DIURPY 15 § e 128 Y—i“l:\‘41~1 b - m - (=3NS [ '_‘h. d1Ci=ra = CaFT WS
€ery U. lml GO tadr O- e Fslalfnd Vs 1 CCritersl da (=Y 0] L M1Crotubho
COm&cT.add T dtaa IMErAussr & & i masrutates Que =1 med 1 o e
reaccadrn Ura ol vadd wamner Se tl1lizae Cone tutias
al t =) - o= Ut s ==
(=3 37 = X) R N TR Fat & e se
epillibirara la reacclidrm. La actividad dee la tadu = [SRS ==~} Tz
EI& i 0= A Tlad3n /7 Fer /o m3 O protelica.
(B) Ersayos Fara la LAT H Estea == [=r=14 =1
& ioequil m T Oz F ataroaam . 3 et ar 1) coir

moda T 2o a&ET 1St Las et e miin&E s 1o ess

0]

Wl drTaEr e e . s

Oe vestiteslo L=l 110§

B =
7 Tats
Qe =YY e 33 &0T 2 Th

Clorura o= S Reus 11 -CoerTima -~



C.0(U. .26 ull) Ccorn una activadad especifica de i=3=0 1} mCai/mmol.Este

medic de reacclSn Se

€ ajusta a wur pH faimnal Oe Y.4a. £1 tiemec [=1-3
rrncubascaer fue de 159 mirnuwtos = 3u“e < Fara ia rartria) < 27
(Frollo, rata v Cliy). La resccilon == Faroc &1 o1 S (== iuml
ae amortiQuiadr de faztato O Sl 1u mM & Cada milorotubo
Ccalocaa e s vial. ~ il Lhaden s 1 O == @311 CSEe < ml de
tettraterd ey D =t St orlt el veim3/ml 2 & Cadas vial FrEra SeEarar

A
& la | Hiacetir1locolina

[w)

it
-

[ T=CH i LNl W vC) g Sk g

Y = i =123 tiaiaac T

Pararom 8 L1Enple CEra. La actividad as la LAl

FPmclez de &Tet 21

e wury
esEpeCtrOinet o Oe st FaZraroa Traicargo o
() Derterminasl On La <o L=1=3 Froteinas
g Ccada N W AT e =1 de LoOwry v cal
€ reT articiaia 1) LwEartdls &lodmitias =€eriCTa Dhovita [onaal]  { D} estardar Y
lixvar BrAl1T1E &1 i ez marca Bz=ckmam
mde Lo Dii—e
Fara lose articuloz 11,111 y 1V SsSe eraocedls h= ia si1auiente
forma: -
Ferfusi1drn v fijaciornm del te3ico:
&) Se anrnestecsidc al amaimal cor wrma Soluci Srm e hirdrato e

cloral (Xuo o ma

“ Faraformal3ett O

LS, EFeTe R 1 Tl TS e Cacodz lates.eH 7.4, 001M) 0



Tecrica O= di1se te 330> 2 terminada la FPer tus 1S s
decarits al armimal. s= abric el crames samitalmerte vy se removie
1 cerctbiyca. 5e Eerararcts las bulaz @uctitivas, lx=s cuales Se
abrrercr v s sumera1ercrn e la misma SOolucCidn fiiadortra, 1'% Dha 3c
el Mi1CrGO=SCoE 1o S LU @A JEr lo= tr es camrnales
SemiCcCit iitlare=s v A el tej1oo FE AN R 3 Ch ©r) 1
cscluwiorn fijyadoras FOr tres res a 4 © o« (s=murda Friacidom) .

Fro-ezamlernto e las mue=tras hazsta = 1z lu=Ea de er
res1ri&E (my o Fla Sptica y slectrdiaca) (artiocwla 11 =

& ITerimirmada l1la Litcta T 13&ez 1S, == lavsd =1 teyi1do L= ]
SmMcit T 1 Qiaaes aa P==3 Jr lato=s., L. 1 M. g4 VA ) Tz VET e P 20
H1rnat o= (S &delarnte 402 lave s S& 11 Ccatr &y 0. &= Do ToDnd B S
s1-ar1tica. Sue == laved tres vese [SD) SRS R (P W TR L A -

=) [ T e prEallasd ZdmMmeErOlsEmrede =] TeE 310D 1 & vandioe S
[® 121 E-Auy N P Tul T4 (=14 L) = N W D =11 == | O W) &l e 1% (P epar ado er
SMc t 1 Rds o e Cad 1 M./ 7.9) it arite & Feor &.

= i ltave =m [l 2 WD = Yo FalY S 727 caaclllatosc0.1

Lt R B =TT A S B S T PP Wiy |

M. 7.4) o
[=DJ

etilrceo,

minrnutos a 4% cor aloohiol =R} p R RRR DS k] i3 10
miredt. Y S tram=firise fairmalimerite & L= 1= o2 1 erno al
TOU (e Mt o) .

=) te 31 do et rFeElina z el tejido Se
trarmsf & Larr e meTZia e rFez 1ties 2 (=25 W Tt I
[ SR S G N 1 H 1 THEET Pl asE . FE=E5 K= I}
D= Frosileno B3 1 Ourante ToOE i resns
Lt & Rt Chea T o LT as.

o



) 1lrnclu=z=i1cr: adel tejido e resirna = € et as CONndlociornes s&

1rncubd gurante A4S boras a eu © C . Farsa sUu FolimeriTaclon.

upterncion Jde cortes semifaimos: Se reall1zarcor cortes semitincs

de .5 a 1 micras de espescor de las Dlocuss e (=2 W T} Cor el
telridas bt e Foaler” =1 2=t S TeEr 10 . Lrrchos cortes
fuercor realilrsadcs GOt W ultramioeratcrns: marca LB, o Sarval mi7-=

semiagutomat rco.

&= O Vv 1Jr 1.

Lo CoOrtez Sw recibhilercan & Sarigas Foar U ge wvidr1cs
[=d=Ct o) & ey T ezt 1l adda v = Fozio iy oy < = @Jdbe== 10m =3
eztos. 1 =L O 9oz teoras.

Fata =abe=t =1 el To= 3 XD [SRcl S % w2 [ocl 2O W—1 s =" ery 1é& POS1C1ODM

T Tranzverzal de laz crezta ampalar o o =1 utricule) .

s t1ferar) 108 Cortes

Oe toluwldlnag . adloclanarndo urna acta

ge la =oluoiorn de o aTiil o oae tolurdglma vy Calentarsdo a 1o

lx
n
0
b
a
7
0

MLrudtases e 3 &t et triar el Ot a — ot Jet o=

o

Szti1lada. Qe 1Cal ZTads

§

s Ve

]
L

=01 & reEElLIZar 4a 1 rdnan

RAUImi1cCa .

Fara (2= B R W 1é Fatoz a2 O G los anmtlousrEsE &l tejlda
era reEcezar 1o 1& y ademas Eliminar el testrdodxi1do de
SISm0, Tl ernMmMa=Cara Fir-1 =& 1 O

C1toguuimica. 1 cual =

reslizs de 1 =

al) Frocedr

= adhnheridoas

ol ettt taico

1 =& ot tees
T a1 a s o mitradt.os . s Sy
T Cwl et de IXT=3 Frermaitar la

o
W



deshidratacidrn gdel teji1da.

) Elxamimacidrn Ol tetrde»x1900 O asmaio(Hleachirna):s

Dresfpuzs del procedimliento de

lavaoow del FPasc ariter1or ., se
Trarmstlriaror J 1 FoOrta-oh 3stos & L& S luac i drm acuco=a ge
metassr 1OGdat. o der Sondlo &l 1 T, S o mlirnuto . feI3dico dsE ot lavadao
Cods &3uea destllada,. deZilornrsada.s ot it mareat o 4 =

y T MINUItOSE Mmas e

TEEa e et aksr 1ordat o g

sCeed1c al 1k (e ==te (=]

Fat a Tzt ez b L= 1l
CoOnt.rar 1o, la= Celulas (=13} erFatel 1o == cabis=trvariar
Clapzadas) oA Ccotit 1EaEC 1S Se realizaran tres lavados Cte a3ua
COEsStl lada Az 132 Tadas Erlor Soomlred -

Fr EXPE=T 2% ) e 1a= Mzt ras hasta =u 1tilusa Se er
FParatinnma—-Fparaglazt o ey Traci{articualoz 111 vy IV) H

&) Termiriada 1la S guareda fi1ixci1om, E=¥=2 lavse =1

COre
EmMrot 1 aE

TR . Li.1M. & 7.4

S 24 mlrutos
Y oSE Eracedlss & asztadratar e alcotules azcerddent.es AT
tissta 10U v e arcluayd 2 paratime —FaraFrlazt (previamsnte =1 1
Ssolicdlfilocassor e 1 & Fatraft tia == i1 et =1 o= 3 1O eae 30 =1
MICrGEooREl O SSLerenscodE1cn) @ Fozter 1orments = CDTUV I Er G Cortes
dgde X micraz y e [R] Fortaon et A= V1l - Se
de=sar ot et la (N S ) st a = 0% S Frocedld =
remnaver la paratirma para poeder 1rncubisr 2l &t 1 Cuier g A matr 1Ci.

Loy s =t las zr1aurerntes
(=R W Rl ¥ H L1z 1004 e [N 3 mieri) .
2% et P S, L1 Ml . @Olde GeErtillacs ascziomizaos (FomIrrpdtos ), FES
€0 M1 dT 2 ) - F oo ST S mia i P 1= CEatvra-Te 3T -] 10, K, A% (30

mlrelat .=

S



IrnmuriocitoAuimica & mivel ge MICroscorla Ooprtica

a) Los corte=s tratados corn los Frocedaimientos
anmteriores., Se 1ncubtiarconr &N SUuer S ormal de cabra al 3 e
PES-T, Por 33U mirmutozs a temearat.uur a ambilent e % err aalartas1e o

) S lavaracn Er e Vet e e dos MINUto=s e agdua

destilada. desirnoilzada.

(=] Se arlice (=3 LN S Waly =Y o ~wl] arnt1 -GEABA (drlurdo
T, 12%0u, 1:10000) 0 amtitadls 1 oSt 1 s S 1 10U > amt1-GAEA-T
€1: 1500 ) & &t -—LAT 1z luun-1:z 000) v =2 [= 1= =) Ancutiangda [Ty 2=
hara=. a < = [ Sy a T amatr a hhumsda .

9?2 ALl Tarmalt O & d1resuabiac 100 lavada=s cors

Pl CEer e {art ] Do 3o roducado e
Y OB IrnTubad wrma b a a temp=t-atura

T) Se lavd s PRS2 0 14 marnagtozE) .

[) e aplilce el complela ABC (Avaidima-Baotinma-Feroxaidasa) Por
ME P oy D 1 rpludbed & LIpeEt atudr & amb 1l entes Tt &SIl a1 (este
camElelo = EtasprEe i ariE antes=s (=T USarse - adicic Ly =1=]
S50 microlatros el reactivo A a Soml de FERS-T v So microlitros

del reactaiveoe B 12D

) se lavd cCorr FhEo. 5 60 ZU mirat.os o
12 S©e aarciotia la AR Fecl et Erne T FPreperadas S0 a iTau
microlicras v 1 DR v =1 desarrol 1o Del
b =3 S —Taallh B <G Uh 3o Iul} oz 10 &g O 12 B 1w @uwumEritoE (100 (dQurante
' .
Q) meE SETUv la P Ee&aCTION PO D31 ateTiorr e la LeiE, Sametr Z1 S nddc
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VI1iI RESULTADOS Y DISCUSION
ENFUGUE BIlOOUIMICOU-EVOLUTIVO

Actividada (=127 la GAL &

=13 =1 vestitbtwlo de las cuatro
esPpecles de verteirad .

La tabhla 1 vsi articulo (S § ), [RT=13-2 mueEstra la actividad
de la GADL ey homooQerszl Tado=s e vestibialo ez rara . Cuy . rata v
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de la misma maamnitud( 9S8 ).
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evolutiva erntrae alguos rasgos estructurales de1l vestibulo v
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botornes eferentes [ue Coritactar a lo= cCalices Grae TriEer var
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Estas fibiraz. Cogarndd S DY A HOF SRV N S & Mmay aumerit O carreseonden
& las terminales atererntes calicilformes Qi tiacen cont.acto
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Abstract ¢

17 May

Vestbular pultative neurctransmitiers GABA and accivicholine synihesuning =

1905) $50-5215)
198%)

were

Quanlificd in faur verichrate speciwes 10 find a correlation between all-veriebrate vestibalar hair ceil 11
(HC11) and synapti contacts and appearance of hair ceil 1 tHC]) and related synapses in terrestral

26K 17 7k and 9 44 450
rats and chcks

: Giutamate decarboxylase (GAD) and choline acetyltransferase (ChAT) values were 3 76, 15.38.
720. 970 niprcoImol/mg protein hr (imin) . respectively. frogs. guinea pags.

3 GAD and ChAT omnipresence may indicate constant GABAergic HCIH and 1ts cholinergic efferent

svnapacs their raysed tontent
higher cricbrates

INTRODLU € TION

Scarcely modified In the coursc of evolution the main
features of the inner car can be recogmzed in all
veriebrates {Vinnikos 1982 1 consists of a membra-
nous labyrinth encased n o honsy analogue located
generaliy 10 the petrous part of the temporal bone or
1is analogue In amphians birds and mammais the
membranous labsrinth shows the toliowing charac
tenistics  three well dehned semicircular canals cach
wrth its own sensory surfacc (cristae). twao or three
disunct otolithic organs with separated sensory per-
1phery arcas (maculac) and one to threc other organs
lacking calaferous masscs. the papitlae, including the
papilla ncglecta and the organ of Cortt The apparent
homologies among these organs in different speces
have led anatormists to assess a common name to cach
type of organ across species. even though there are
substanuial morphological and functional vanations
The membranous labvninth s generally divided into
a supenor and ar nferior division The supenor
drvision which exhibits fewer evolutionary changes
than the infenor anc includes the semacircular canal.
the utnicule and the papiila neglecta. which often

shares a labyrinthine casiis with one of the other
organs Funcuionalls  the argans of the supernior
diviston tend 1o be sestibular e equilibrial. with

some exceptions The infeniaor divisian. which changes
dramatically 1in both farm and funcuon in the course
of evolunion Includes the saccule and its appendages
the lagena. the cochlea and the recesses containing
the basilar and the amphibian papilae (Lewts er al
198RS

The labyrinthine wall i« hined with a layer of
epnthehal cells which are specialized in the end organs
to form (he sen<ory epithcha  Each sensory epa-
theltum in the inncr car of vericbrates contains
two basic cell tvpes (hair celis or sensory cells and

*Authar 10 whom correspondence should be addressed

appcarancae of GABA <containing HC1 and reiated cholinerpc boutons in

supporung cells) as well as the nerve fibres mner-
vating the bair cells (Lewis er al/.. 1985)

The hair cell 1s the mechano-electne transducer
element which is vital to all functuional properties of
vestibular end organs (Wersall. 1956). This type of
sensory celt 1s found exciusively 1n vertebrates and
has been described as a secondary ceH of epethebel
ongin (Lowenstein. 1974} The hair cells are very
similar in the macuia of the utricule and of the
sacute and in the cnstae There 1s. however, a greal
difference 1n the structure of the covernng matenial
{Engstrom and Engstrom. 1981)

Wersall (1956) described 1wo different kinds of
sensory elements: type 1 and type I1 cells. Type 1 cells
are flask-shaped with a rounded lower end. These
cells are surrounded to a greal exient by a oerve
chalice which continues as an afferent nerve fibre
through the basement membrane The type Il cell is
more cvhndncal but it also has a rounded lower end
The type I cell has contacts with many nerve endings
which form afferent (centnpetal) synapses along the
piasma membrane at diffcrent levels both below and
above the nucleus This kind of cell 1s thought to be
phylogenetically the oldest. 1.¢ 1t exisis in the sensory
periphery of all vertebrate classes whereas type
appears in terrestnal vertebrates (Werséll. 1956) The
presence of svnaptic endings filled with vesicies at the
base of a tvpe 11 hair cell and outside the calix of the
tvpe | hatr cell of higher vertebrates supports the idea
that hair celis are also contacted by terminals of
eflerent {ceninfugal) ongin (Lowenstein, 1974)

There s ample evidence that communication. both
centnpetai and centrifugal, 1s chemical in nature
(Furukawa. 1978, Schessel and Highsiein, 1981). The
identity of the neurotransmitters involved is presentiy
3 matter of controversy. although gamma-amino-
butync acid (GABA) and acetyicholine (Ach) have

been implicated as afferent and efferent neuro-
mediators. respectively (Gisselsson, 1960; Flock
and Lam. 1974; Rossi er al., 1977, 1980; Felix and
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Ehrenberger. 1982 Meza era. 19K |9nd Meza and
Hinoyosa 1987 Bernard er af 1983 L sama o af
1987a.b. Lopezr and Meza 198%; Size  proportions

and cytolowical compiexity of the sertebrate (nnet ear
are well lusirated o g iarge number o studees on ils

rauve anatoms CWersall erow Be s Barrd
1974, Lowenstein 1973 Lewis o oo PR Less
Aumerous dare the MAyESLZALONS S by pRvSIcoE Y
companng 1t dmony the man sortebrate 2rious
tLowenstein 1974 (Goigtere o w MRS B speciasiy

noteworihy v the
neurochemisir
1S 1t 0 the audilory pait s the
comparative neurochemical approaschk  tas
useful .n  understanding wome  probliems

chemistry especialis those concerning how structuras
changes 10 the caurse Of evaiulion are acvarn parnicd
by a vaned regional choemaca!l opecitioits M ontier
1981 19K2) 11 c the aim of thes paper @
3OMe neuracherneal Parameters the  oyoiatian ot
NEUroiransMission ol the vestihular sensurs peniphers
D representative amimidals of thice vertebrare groups

Sumplete ack

inohe

ter e onor

St .
mner cars

inalsse woth

amphibians hirds and mammals (0 he avpe 'o nng
3 correlation petween the constancy ot (vpe 11 har
cells in all vertebrates and the Pearance e L

cells 1n terrestrial animals (hirdgs und mammais: with
the presence and muagnituae ot AT 1Chivaties
reiative 10 putative vesuibular neurotransmitier sy n-
thes's For that purpuase glutamic acid aecarboxylase
(GAD. v-glutamate | varboxy-ivase, E ¢ 4 | 15,
the enzvme involved in the synthesis at gamma
amunobutync acid (GABAL and choline acels lirans-
ferase, the cnzyme responsible 1or the synthesis of
acetyicholine (Ach) (ChAT acetyi-CoA choline-
o-acetyitraniferase. E.C 231 6) asctivities were
measured 1n homogenates of the compilete labyrinth
of frogs (Rana moctezuma). chicks (Gallus domesii -
cus}), Long-Evans (pigmented) rats « Rarrws norvegi
cus) and guinea pigs (Cattd cobavar (3AD and
ChAT were chosen as suitable critena since they have
been  considered  good markers 5 GABAergic
(Roberts and Kunyama 1968, Roberts. 19781 and
cholinergic xfls (Hebb and Morns. 1960 Raossier
1977 Levey er af 1983

The expenmenis carmed  out
obtained arc descnbed below

e

and the results

MATERIALS AND METHOODS

Materiats

oL{l-*ClGlutamk acd 100 MU mmoil and <ocnzyme
A. Acctyl-{’Hlacety( (850 mC - mmoly were btained from
MNew England Nuciear. Bosion. MA  USA  and L)
Blutamic acd (50 mCimmotr and ['Hlacetyl-coensyvme A
{950 mCy, mmol) from Amersham int UK hysmine
hydroxsde was from Amertham 1L | S 4 Esenne su'phate
wtraphenylbaron. S.acetylcoenzyme-A  cthylenediamine-
tetra-acerate (EDTA), choline chlorde. Triton X [0G, 2.5
diphenyloxazole (PPQO). | 4-bis2-S.phenyioraroiviibenzene
(POPOP). bovine serum albumin. pyndoxal phosphate.
2-mercaptocthanol and L-glutamic acid were from Sigma,
St. Lows, MO. USA NaCl was from Maiinkrodt, Mexco,
wluene and H.SO, were [rom JTM Baker México, acetoni-
tnle, potassium and sxlrum phosphate were from Merck
Méxco
Experwnaniai procedure

All animals were kilied by decapitation One-day-old male
tRhode isiand Red) chicks were used for this study and the

whote vostibuic (Cristae sacule and lagena) was remmoved as
slready soscribed i Meza ef a0 1982 In the case of the two
rodents studred (LLong Evans pigmented mts and pagmented
Futnca negst the Sramium was opencd sagaltally, exiracung
the whowe bBeain mass and separating the auditive bullac of
the tempmoral Done These awditive buliae were then broken
nowe parts te weparate the owhaear from ihe vesubular
PEFl e memDancds ~estibuie waa eatiacied with a mero-
foreeps unaer . IBSTULING MICTOSCOpe At
ComaEniticatie e was placed In
Lust sfioschate CUBA T assdays pH T 4 or polasssum
ter 7 3G AD aeterminanon)
after devaprtauon the

phosphate

ot E Reine M feIwm -
AL A us eactu foa FEiT deh contatiing cither 10 ml of
ZtatmANt R H o, nutferew o pH T V(G ALS assay) or 10 mi

s NG Nab P, pH T 40 ChAT micasurement i order

drauon of the ussue For ChAT

preaem vt
W N tecnitic sulpbhate wa< added to the medium to
nmbn the s hion vichonnestersse (Ach inacuvating
ensemes S te nersed an the respective buffer, the

froin the head and the bony
eMPeTAl pOrtion the vestibular apparatus was
sedaied fromm the surfounding part ol the skuil and the
Rrarnstem and the o Japsuls was opened lo expose the
apsrinth The compiete cestubuiz was exiracted wath a
Tactaloriers ang Slaced o othe UAD or ChAT medium In

olenor  aw o aas emoved

b Cases Romopenization 4as carned out in a4 Teflon-glass
i A0 TS TRLAl T kB P owas used 48 the source
sWeither ensvme  The o.erai! dissevnion time never exceeded

s

e GADY assay

GAD was gquannficd by the raabowhermical method de-
wribed By Aipers ¢4nd Brady 1959 with minor modifi-
catnens Tripiscate sampies (0 Y mg protein for chrcken and
trog, wod ca H 05 Q07 mg ior guinez pigs and rats of a
homogenate of the puuled vestibuiar organs of all animals
were placed 1 a mediumn contaiming oo mM) L-glutamac
acid 10, I-mercaptocthanot i pyridoxal phosphawe 0 1
potassium phusphate 20U, pH 7 3 The reaction was started
by addrtion of St giof el *CClrlutamic acd (0 24 uCi) or
Lt UTRIutamic acid G i2 uCi) with a specific activity of
LG e SO mC s mmoi respectively  Afler incubation was
pertormed at MY ¢ Lfrogs apd 3T C orchick. rat and guinea
Mgl for M min the reaction was stopped by inpchion of
G 2mi oot i XM LSO, The ‘C°O. reicased was caplured
S ml ool hsamone nsdroxde contained in a8 muicrotube
whith was _onpccted with a huse 10 another microtube
contaning the fcaction mixlure ¢ uli lubes whose remc-
LOR was stopred 0 2ero Ume were used as blanks  All tubes
were turther .noukbaled 4t erther 36 or 37 C for 60 min for
sguilibrason (1A activity was expressed as nmobes of
AlUtamic aaid devirboxyialed mg protenhr

a decarhoni

riutarm

(Chodine g etvitrancterase «CAAT Y actisty

This  was  Jdetesrmined by a  radiochenucal method
ihonnun. 175 with stight moedificauons (Mceza e al.,
19%4)  Triphcale samples were used cach conwmmng
approximateiy 03 0O 007 or 04 mg protein of &
homogenate of the poolcd compicte vestibular organs of
ChiCks. rats, guinea Pigs ot itogs. respevlively. in a medium
of the foilewrmg composibon (in mM)  so<hium phosphate
100, choiine 10, cserine sulphate 0 1. ethylenedi-
am.ontetra-acetaie (R T A [0, sodium chonde 300, Triton
N0 730 L PHjacetyl—oenzyme- A 0.06 (0 26 uCi) with
4 specific avlvity  of XS0 mC: mmotl. this muxiure was
buferec to give 3 fnal pH of 74 The incubation ume was
15 min at either 30 C ifrogr or 37 C foehick, rat and guinea
pig) The (caclon was siopped by addition of 10 m) of a cold
tomAM Nalti, PO, bufar to each microtube which was
contansd i a viat Afrt=maands 2 ml of tetraphenviboron in
acetonmitnic 12 mg mi) were added to cach vial to scparate
['H]acetykchoiine from wunreacted [‘Hijacetylcoenzyme-A




GAD and ChAT in vestibule

“Fabic | Vestibular GAD acivity as compared with reported enzyme
values of vanous areas of nervuous system of four different vertebrate

I

Tabke 2 Vesubulsr ChAT activity es compared with
enzyme vahses of varinus srems of the nervous mystem of four

specres® different vertebryic species®

Nervous Nervous

Vesnibule Retinat tinsuct Vestubule Retinat ussuet

3% - 01020 091 200 Frog 44 201 (211 30 %0 16 00

15 38 + O V6 (4} 21«0 40 s0° Guinca pig 45000 ~ 20017 924 00 570 00

' 21602 1 7004 12 60° 24 #et Rat T2000 2 2514 680 00" #70 00

Chok 2T ML b e 16 S0} uy Chick 90 00 2 30 (4) 3135 00" 470 00"
*Expressed in nmaolimg protemshr = SEM for the number of exper *Expressed 10 pmol mg peowin mun « SEM for the aumher of

iments (triphcate samples) indicated 10 parentheses

tNumbens indicate sources of valuer reporied | Suarr 11973) 2
Léper and Mcra (unpuobinhed resubts) U Lam (197<) & Mid
bramn (Yates and Tabener. 1975) & Whaok hrain bomogenate
iLoper and Mcza. unpubihished datsdr 6 lnleror cribculus
(Fusher and [davies, 1976). Values (or | and 4 were recake uated
assuming 10%. protein, 0% waler content in the limoe

and Bmi of a scinullanon hquid (PPC POPOP tolucne)
were added  Blanks were stopped at zocro hime ChAT
activily was expressed as pmuoles of acetyicholine synthe
sized/mg prolein/min

Radioactivity for both methods wa< esuimated In a
Packard Tricarb Sanuillation Spectrameter

Prorein measurement

Protein was dectermmined by the method of L.owry €7 al
(1951). using bovine scrum albumin ac standard

RESULTS

G AD activity in the vestibule of four vertebrate specier

Table 1 gives data of GAITY activity 1n vestibular
homogenates of frogs. guines pigs. rals and chicks
Glutamalte decarboxviase s present an the vestibules
of all four amimal species studied wath approximartely
the same order of magnitude However, some differ-
ences were noticed the lowest enzvime  activity
wits found in the whole vestibule of the frog
(2 76 nmol.mg proteinchriy wherca« the highest one
was cncountercd an the chick (27 7R nmol mg
protein hr)

Guinea pig and riat vestibular GGAD showed mter-
mediate values (15 38 and 21 .60 nmaol mg protein’hr
respectively). These data are 1in the same range of
GAD reported in the central nersous svstem
reutna  of these four wvertebrates (Starr, 1973
L.am, 1975, Yatcs and Taberner. 1975, Fisher and
Dawvies. 1976, Lopc? and Mceza. unpublished results)
(Table 1)

and

ChAT activity an he vesribule of rhe four vertebrate
species studied

Table 2 shows that ChAT
strated in the whole
specics studied

activity can be demon-
vestibule of the four animal
In contrast to GAD. ChAT showed
some  stniking interspecies differences As  with
GAD. the lowest acuvity was found 1n the frog
(9.44 pmol'mg protcin min) and the highest one
was cncountered in  the vesttbule of the chick
(970.00 pmol/mg protein ‘min). with intermediate val-
ues in gurmnea pigs and rats (450 and 720 pmol.mg
protein min respectirelyy When compared with s
homologous, enzyme tound 1n nervous tissue and
retina of the same specics ChAT activity in the frog
vestibule is of the same order a< that found in {rog
nervous tissue and retina (l.am. 1975, Waichder,
1981). The same was observed with the values of
ChAT activity in the rat vesubulc. whose rangec was

experments (iriphcate samples) ind Lated 1n parentheses

tNumbers Indiate wurces of values reported 1 Lam (1975}
2 Graham (1974; 1 Teiencephalon (M achtker 1981) 4 Whole
brun homogrnate (Lopez. Acufa mnd Mecra  unpubhished
results) & Whole Bran bomogenate (Sugden and Newshotme.
1977) Values for : and S were recakulsied azsuming 0%
protein, W%, water content i the tssue

simiar to that in rat nervous tissue (Hoover er al.,
1978) and retina (lLam 1975). However. although
vestibular ChAT 1n the guinca pig and chick was of
the same magnitude when compared to ChAT 1n the
rctina of the same spectes (Graham, 1974, Lam, 1975)
that found 1n nervous tssue was 4.5 and 8.5 umes
higher than that »f the respective vestibule (Marchi
et ul . 1980, Lopes. Acufa and Meza, unpublished
resulis) (Table 2)

DISCUSSION

GAD and ChAT were measured in vestibular
homogenates of four different animals representative
ot three different vertebrate groups As can be seen
from Tables | and 2 GAD and ChAT activities are
prescent in the four animals <tudied and, in peneral,
therr speaific activities are of the same order of
magnitude (in the nanomolur range) as their homolo-
gous enzymes 1o nervous nissue and retina Vestibular
GAD activity vualues were lowest in the frog and
tighest 1n the chick Intermediate values were found
for guinca prgs and rats Ailthough this corresponds
to a ratio of 9 1 from highest to lowest activity it can
be said that vesubular GAD activity doees not differ
stokingly from one species to the other This finding
is n agreement swath reports of GAID activity in
nervous ussue and reuna of different vertcbrate
species (Lam. 1975 Sugden and Newsholme. 1977).
Further. the activiuies of GAD in the retinas amongst
species are of the same order of magmtude. In
contrast, vestibulur ChAT was again lowest in the
frog and highest 1n the chick. the rauo being 1001
from highest to lowest actuivity. the second highest
value was that of the rat, differing 80 1| from the
lowest value The intermediate values (guinca pig)
differed by 1 50 from the frog These results suggest
a species diversity of ChAT activity, although a
certiin phylogencuc trend can be observed This
finding 1s in agrcement wiath reports an which the
largest vanation ot ChAT activity in nervous tissue
within verteheates studied was approximately 50-fold
(Sugden and Newsholme, 19771, and in retina where
ChAT acuvity vanied about 30-fold (Lam, 1975), in
brth cases fish having the highest and amphihians the
lowest values

The objective of our study was to try to find an
evolutionary correlation between some  vestibular
structural feature and our biochemical findings. In
that respect. onc can say that in the phylogenesis of
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vertebrites, the receptar epithehium of the maculae
and cristac of the Ilabyrinth rescals extraordinary
organizational permanency G e the presence of har
cell type H and rolated  synapue contscts anall
sertebrates) as well s several evolutronary  trans-
termatiins (the appearance of haor ool tope Fand sts
mnersvations in toerestrial amimals)  The presence of
the GABA svntheuzing ensvme an LH ol the aroups
studied 1s an cxample of wh organational pers
maneney, thus GABA can be postulated as a hare vl
type H oneurotansmatter The €5A0D
served from the freg e acirostoigd o aly
aftrrbuted 1o the acquisition ab a nea ty e ol
cell whiv b also uses GABA 1o communnste with s
afferent synapse (hair ol tvpe BV Recents foand
GABA bRe mmunorcactiaaty g th el type
supporis this notton (1 sasm e /. 19RTa by

On the other hand  the observed quantitative
ChAT fitfcrence hetween the froes and the higher
veriebrutes can be accounted lor by postulating a
notable ncrease of clerent ~ynaptie - ontacts (both
txpe I and 1T harr cell 1y pes) from sguatic to terres-
trial speaies or, alternatischys a nise in the content of
ChAT presentan type H-conticting cticrent endines
and a idforent neurotransmutter ased by ctferent
synapse- on hinr cell type 1 Nerther of these possis
btlities « 1. at present. be documented

The duta presented ain this work shiow that our
biochemic il Andings mumic anastonuca! and phssio-
logical winularmties in the vesububar svatem of yver-
tebrates. making 1t passible 1o extrapolate the resuits
coming fram various vertebrate eypenmental models
to the understanding of human vestibular function
and disihibues

SUMMARY

1 The vesubulur organs of vertebrates show ex-
traordina: phylogenetic permanencs  although its
sensory areas present some evolutionary trends. In
order to tind a brochemical correlation between the
constancy of hair cell type 11 and ts related nerve
endings in all vertebrates and the appeanrance of the
type | hair cell and its synuptic contacts in terrestrial
vertebrates, the presence and magnitude of glutamate
decarboxylase (GAD) and choline acetyltransferase
(ChAT). enzymes of synthesis of GABA and acetyl-
choline, putative vestibular neurotransmitters. were
investigated 1n four differcnt vertebrate specics

2 Vestibular homogenates of frogs presented
GAD and ChAT specific activities which were e
tremely low as compared with the oncs encountered
in chicks, rats and guinea pigs, whose GAD and
ChAT were of approximatcly the same order of
magnitude.

3. When GAD and ChAT specific activities of the
four species studied were compared with their related
retina and nervous system contents, they were found
to he in the same range as those enzymatic activities
found in vesubular homogcnates.

4. The rise in GAD content from (rogs to terres-
trial species can be attributed to the appearance in
higher vertcbrates of hair cell type I, which has
increasingly been proven to be GABAergic.

5. The increase 1n ChAT specific activity in terres-
trial species with respect to frogs could be ascribed to

as Lorez and Graciria Meza

a nse 1n the number of Ach-contamning cfferent
cadings. long proven to be cholinergic

6. These results <how that vesnbular constancy
and evoluuonary trendsan scerichrates can be studied
brochemicalty i vertebrate amimi:) modeis with the
arm of evtrapolatinge these results o understand
human vestibular funcuon and dystunchion

i fnacie deemenrs Fhanks are due to Miss Yolands Diaz
e astro whe hindis provided secretaril asasiance Con-
seje Sactonal de Crer Tecnologaa ¢ ONACYTI Mexico
Forraty aupported tne stk thres t wholirship to
{ Loper and Cirantl POSACNAOSIS ] 160 G M
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Distribution of GABA-like immunorreactivity in guinea pig vestibular
cristae ampullaris
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Post-embedding wmmunocytochenucsi techniques were Yo assess distnibunon of srarmunobutynie aced (GABA) D the guines g cnistae
ampultans. GABA-hhe immunorcactingty 1OABACLTR G was tound o the ovtaplasm of both tope TOHCOT) and type T e cells (HCH L n the
afferent calvx (ACYT contactine HOT and ~omo machnuied tihers an the sabgacont sooma Ho'p
GABA-LIR. suggesting different popuiations in HOCE and AC L hesc
HC and 4 posuble depradation site o GoAB A an Al

and 11s cabve

al contacts showed yananon ain
vlransmiticr 1okl o UABA n

Tesulis cupport

ative alicrent ne

Several hnes of evidence sugpost o putatise aticrent to vestibular hair cell oyvtoplasm. while GABA-T (the
neurotransmitter role tor s-amunobunric aod (GARB A GABA degrading ensyme) was found around hair cells
in the vestibular sensory pariphory s since GARBA sy nithe- and along nerve fibers runnmyg through the sesnibular

sis has been shoswnan most vertebrate grougps vestibalar stroma’ L In orher esponiments. GABA-like immuno-

homogenates O ¢ ~hate amd bulltrog™ ereen frog’, stinming wis tound i fibers and bouton-ty po tenmimalst

chwk” ™0 rat” and gumes prg’) Some ospornndiial

or calveeal nerve endings surrounding tvpe bohuar cells”
maunipulations syppest thit GARA svnithesss takes place

In order to contmibuie to the corredt focahizanon of the

in _syesubnloar haor eckls Cltamine acid decarboss s GABA ~yvstoem an vestbular soensory periphers . in the

the Key onrsmce o ssnthesis o GeARA L - pProsent report o swe owell doesoribe s our post-embedding
present in the vestibular peniphory bat does not dectease GABA-BRhe mmmunorcacttaty (GARBACLIRY findings an
after trog cighith nerve abdeinon Druning developmoent of puimea pPrg vostituiar ompullary cristae Cat the tight
chicka™ rats’ and gumca pags o vestibualar GADY parals microscopic level by using o GABA antiserum whose

fels the maturation of hoor ool and s ot moditied By the properties hasve been desonibed extensnely™ . Parts of the
arrival of the efterent annervation Barthermere . strep- prescnt work have been presented m abstract torm®
tomycmn treatment o the  ganos g swhich Causes Fuove healthy tboth ~ovesivoung pigmented guimea pigs
degeneration of sosubuiar o colls and has no action on CCavia cobava) (2o 30 ¢ waipht) were used e this

nerve ternnnals resalbts an A vestibuiar depletion® ~tudy . They

were oneranesthetized with chloral hvdrate
Electrophysiologmcat ovproenments have  shown that 1 2 ¢ hpy waightn exsanwmnated transcardiadly with S0 mi

iontophorctcally apphoed GARA indrciases spontancous of phystological sabine solunon . and porfuscd with 730 ml

Tesponses 1n the solated cat labyninth and that prorotosan of o finative contamne 4070 paratormaldehy de (Poly-
and bicucutline anhibir this aonen’ Thic supeests the saitencest and 0 200 chiraralde by de CERlectron Nicroscopy
presence of GARBA (recepiors i seriebrate statoacoustio Saences. ENMS)y o 0r b N ~odiam cacodylate butfer
Organs. 4 nelion suppetted by othe Rrochenmical and CENISH e miOwm s b T S debivered onver a4 TR-miin sume
pharmacoiogicad charsdteniiation of COrARB A 10 potiod A tho end e the ~ion. the auditony bullace
chich vestibular mcmibranes . O the contrary . Gaa R A mere opencd. and the argans wore remoned
pertusion of amiphabean f sorriciteular cancts nad andammersed e tho same nvatne Tor 3k Tho frssue was
no cifect on the tireng rate of attoeroent nibers L Some Postfined o asnnany totresade CENMS 0 100 sodium

pro-emboddine ammunocy tochenncal Laporiments gl
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the embuodded tissuc were then made with an ultram-
crotome (Rowhter Utltracut o F KB Ultratome) and
mounted onto plass oucroscope shdos . Resim swas 1e-
moved by anvubating thom wath saturated seduam eth-
oxide solutvon diduted 1 wath absolute othanol The
sections were segquentially washed i cthanol ¢ = 1 mna.
and distlled water (3 -3 punt Then, thesy woere sub-
moerped mto 170 agqueons sodium mctaeponiodate for ®
min alternated by o brict distiled woaer wash Bollowing
additional deetilled warer rnses (3 -5 it the shdes
b serum

were incubated sogquentadiy m ol 37 pormiad
(Vedtor Labaoan phosphste-buttered sahmne (PBSy o 1M
pH T 4. tor 30 min gt room tomporature, (2) rabbn
anti-CGrAB A worums e i
1Ot n PBS tor 3~ h at 3 C 03 the avidhi-hiotms bated

e ftwr } 2S5 1 Sown o

porosidase Brideo mictnog was used 1o visuadize the
mmmubtohistochenucal rescten Biotimvdared goat ants-
rubbit Ppls N octor Tabs o 1 by avidin-rronina Lated-
horseradish porosadase corples (N cctastinn Roagent
-dramaneboensidine (1) AH-

Necrnor Labey tar 1 h and

H.Oo tor 322 nun. accordmyg to provioushy desenibed
methoeds’

The <poaitiaity o the mimunostiomng  was  tested
tollowing the abosve protocol bur o u~ing the primary
antiserum proeabsorbed with an excess ot GARB A conju-

Tataraldehy de 1o bovine serwm albunman, iy

gated with ¢

replaving the GiaAR A ontiserum by PRS0 00 addmy 1o
MANT GABA (hinal concentratnoa an the GABRA antise-
1~ Latter ctrom

rum suspoensien Entreroent dridutione of 1
oo o §olekwy decreased background acoordimuty There-
fore the results abtained usme T 10000 are desenbed below

GABA-T IR was
tvpe Fand tape T haar cotls and to siame myehmated fibers

ter the eyvroplasm ot both

N the subyacent stzoma cbig 1A Noamimunorcactnany
Was encountered orther when ta) the tevhmigue was
foHowed using pramncabated GAB A antiserum  with
GABA comugated 1o BSA (Fig TR or (b by replacing
the GABA annscrum with PBN (not showno Further-
maore. premncubation wirth tree G ARA did not decreiase
spectfic immunostinmng (results not shownt Type §Joand
1 hair colls. howeser, staaned diiterentls Whitke 1vpe 11

cells woere mtenschy imimunorcactine and thar stammng

did not vary waith the locanon of the colls wathan the
st ampatlons (0 A0 nvpe bocelis shaewed graded
oAb A IR

others mods

[TREESIe

[EERTSESENSTIN

A Coden
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tely unstamed cbag 2o Thes dist
observed at the upper pornon ot the € The Jower part
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vpe D and H hair cells Some nenve

Ao~ aTniviy 1 the

sensery epathebam woere abse nmmoencreactine (g 32

Tent endm
Sy I the

Theso fibers Correspond 1o the calvooa
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ranging tromoantense o abaent (b

reaion. the staanng of both Beise tiboersin the stroma and
the calyees was constant and intensy Binallhv ) no pmmue
norcactivty was tound an suppornmyg cells

The prosent study s the tirss g the Bterature 1o study
GABA-T TR in the vestibule with post-cmiboeddimge vnmuo-
nocvtochemical technrgques 11 pronades cvodence that
GABA-LIR s found both in hair cobls and an afferent

fiber~ of the pumes prg C A howesers the immunosiain-

me showed vanous potterns we observed that staimng

mniensitics of 1vpe I haor ol ssere homaogoneoas, while

B EEE ] Hcnsity ol the
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ihorcactive and (o) non-

sty them tentabively ante

norTCactinve L Eh g moderateds g

N A~ e the nonve tiber~ slthough

mmunoreactive oF

at dow magnitication they weore homogoncous. when

abscerved gt haghar power. the same Glassttication apphies

Carstromngh nmmunercacty o ey mmosdorate o corabsepoe
of GARACTIR Accoadinehy . 3 tvpes of situations can
oot GARBACTTR i Botis tvpe Fandd tipe T haar cells,
but noetan the calsy s GARAN-TIR e nvpe D ooclh and s

aftcrent valvy and Co AR AT TR e the calyy but notan the

cell
The prosence of oAb AT TR i urcetis.

o the O andd
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e Cr AN -
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i somo fibers of the st o the chick
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contacting o GARAT IR poviine b ool Toresemibles o
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e resulte sy

T oabone or

recent study in the
GABA-TIR was foand

Alth H
mportant rode ot GAR A gn the vesubule. thes prosade

uh takoen i

. Suest oan

no direct evidence tar thoen tunctional cagminioance:
therotore only spoeculations can b made . GABA-LIR
mederately teoantenscly positee ity pae Fand B hoor cells
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s 1t was shown m o the chick s an o complo
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i tho he
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Fig 1 lmmunocvtochemcal localizaton of GAHRA mm the sestibulbar crista of the guimeas g A cnista ampullans of pasterior semictrcular canal. GABA-hke timmunoreactivity is confined

to the evtoplism of the bl cells

Nerve tibers either reachim the epatheliam 8 G wathen the stroma (Ney are heavily stained

as n A shows noaammunorcc vty AL the trase, sotie michatnn contasmny colbs are obsorved w03

R: pre-absorbed control section of the same cristac ampullaris

ul



Fig. 2. GABA-LIR 1 the uppor portion of €A of the postenor seomcircstar canat
moderately reactive (M) of non reactive (Nry #3100

Difterent patterns of GABA-LIR-containing cells or calyces

are marked as follows: strongly reactive (Sr).

€Ll
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degraded in the calyvceal element by GABA-transaminase
1o termunate 1ty acton’”. Eaperiments demonstranng
GAD-LIR and GABA-T-LIR 1 progress in our labora-
tory may clucrdate this notion

As to the GABA-LIR only bemng ain some cabyeeal
afferents. recent resubts reported starmng an all cabyces
but failed 1o encounter GARA-LIR an har colls”
Although the former mas postulute o modalatory -meta-
bohic role for GABA L vt 1o be demonstrated, the Tatter

can be attributed to difterences in the techngues used or
the source of antisera apphed In this respoect it would be
very uscfulb it all studhies were done wath the same hind ot
techniques and the <ame animal specres

In conciusmion. this GABA-LIR in both huarr cell T and
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The 1Moy tockeEmlcal daistribadtion o f EHABA synthesizing

enzyme: L - qlutamate Lo It o TP

yviase (GAL) el dearadat. 1o enTyme s

GABA trarnsamira=s= (aABAa—-T) 1 Ches il rees 2103 vest.ibuular E=rpdor gans

and the vestibnslar Qareal 1z o wazs investiaated. HAL-li1ke

AOMUNCEs2actilivity waere comtinad Lo e Sensotry bhaar cell oytorlasm,

suggae=T.1Mm3 cHia [TV} Syttt ioes [ETSY-T2Y 18 e bhar e c=11

1ridrnsr el tivity 1 medloatlve oF EHARA Tereqy andat 1 o, W

i}

Fowrud ataunid halr cells.merve calices .aloma naerve fibers FLICi 1 el

T h oue-an Tohees EON & el Y- &g wi1lthi1es = Qa3 Ll Lo (=70 O T

i

Sz

Tt ey L bremical tamdilras 1rndicate that. ttie

lHABAer g1 c =y S to=m
exlet. a1 e SuareEa &3 vestiaiboalar aermdoraarns atand thiat. [ET2Y 7Y

fturnctiorn as an afferent meuwrobtramsmitter at the level of the s

cells.



INTROLDUCT TON

F-aminobhutiric acrd (GABRA) tias beer suspPected as a
vestibular tiaar cel1 meEuratransmltter - GABA svnthesis froam
glutamic aci1d was first reportaed 1 thie ftirst ve«s.t-].t-ul—:—_d ara

more
recemntly in the vestibedle aof otbeer verteorate SFRecles St eer
frc-gb" = -:f’ulu;r~6' ‘:’. r aLl - & aric QAL Pl e1a™ . AME Ly 1rva the
Presencs of e ImABA-SVRItiEeS 1 T 1 LT Y e RALV .. Vestilibular biair
cell localilzat ot [ET2Y KN has [u=Y=Ta S Iees tod e aus e 1t
becames= avallatsle VT Y Ear ly e ez wve= 1l et 1 Thp= = fferent

termimal —deviold vesTibusl &

Fest i ey,

matiare il Cells o c:hx.:k:—,lh' SFed Al ticea Pl":lE,L:. = St Eraevalls
1 ez (== gl W =} M= SV aft ter Troea SR T v ariatrorn., witi ik

=T f et termirmal deEQerie - Furtihermors
ST et Oyl T reast nert 18 e P=TWEW S T--V0 (335 Wr=1 wihrrab Causes
L T2 =3 YT RN N Y SR § VeSS 1l & [T DR N St has Fs =Dl o ' ') oy

ruErve terminals razalts an AL veztilbeslar

Frirv iz
SUREE tor b KABA FowpEatbiess e Fias e Trcuan thie
W (=3 § Falaac arct Etar itz Qe , thiat
Lo OLONtORRcretl o aFrfFlicaticn wt [ETaT=T2Y increased e
SPOrT aneaus activity o f i3l LIl TS i Tz —at IDECLIl &
-3 .
saccull . thye Pressroe ot L:Af:ﬁ!-\” recaestor ire
verteorate DBar=, & by tihe
1 ccctizmical aria Fharmacolaogarcal cChatracterizatichm ot SAEBRA
_ . o _ . _ o 11
receptors 1 Chilchk vestibular memte anes -
TtHie Frecirse (=% Thie GHaesA symrithesils
i vestilbudar 1SS as (=115 recently described by
_ 14
Tmmancocycochemistry 1, T = Tl C K - In a recent report we



suggestad Tat. [ET2¥=T= (1cerntitied immunaocytochiemi sl ly)

could be u=ea as a FEUrotrarnsmitoer 1 the QUL Ea Flg
cristae ampullar:s/. in Contraver sy GABA-like 1mpurnsreactivity
was fournd 1 tabDe=er s aSrrd CoodtCr— Ly e termlnaxslb L) o calyc-eal
nerve endilrras [ g R =T o T B T type= 1L haar cellsé -

L=y o To4r = P easorn Wit T hie &1 T characterize the
PosSsEible (=R B4 2757 T =1 GABAZr 1= TYyStem 1 tha
SULILNEea 139 ve=ztiboeil ar Sy =tem (=1milavr o T
GABAsEra1o System Hesor 1 bhed (ST =T A i G 1 the chH1ek)
we decidec .o A NF = b 1LmuUrn Iy CoeShieemica l locaxlirrxaticr
of EAD L Sarnce GAL 1t has &= [=1=2 -1 mar ker o
GABAEr Q1T e oms than iRAEA et redirstribute
or [ =7 M=t ol 1 e Loi TIPS Sl W T | T Tissida.

Additiornat iy 1 et Lt = o f
HARA 1 st vz tib=rs (223
de= 1 de=dd o Staady h < ST [ETEY=T21 STy ine

GARABA—LTransamilrnase (HABB - T oy otz

=3 Saln=
of these enZynes rm SEEr O 1 ate
addit.aan Dl o e HAabBA- 11 ke LIIOLIFIGEr 2SS0 T.1v 1 Ly firrmdinas wogld
stramatheErs e tiyPpothesls that [ET2Y=TAY 1= s e=a as Els] afferemnt
mEeuUrcotrarnisml tter 1 k= T UL P& (=3 %=1 vestiboular

Eerndor [3atrs.

MATERIALS ANDE METHOL

Eaiaght healthy (both sexses) youna Pl amsnted F[Urresx PIgs

(Cavia cotaya) (20250 g, werght) were used i thas =tudy. They

were over anesthetized withs chiloral hyorastse 1.2 33/k3 weligaht) »



exsanguinated Trarnscatrdially Witk 150 ml (=% 1sotonic salina
sclutior. followed by 4% paratormadebhyde / .1 p4 lutaraldetivde

i 0.1 M. Sodlium Ccacodylate oufter (pH /7.3)

d2llveraed Cover a 15
Min trme eet1oa S5 mi) . AT t e i or e PErtusion T
SBuclltory bl las wer e a&rnd b= vazEhaibhular o emaris arod b
vest il ar Bear 3 d 1t wWel e [T ATV R } at v EolrES T — T 1 seeEd 1 The =ame
Fixative at a4~ T or - b=, 1 ey wer e T Flaced i 1u P
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ChAT and AchE localizatiom in vestibule
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1ncubatea 1 T Foil locwirrz sclut 1corm=s: S trosrmal aoat
SErum . (Vector Late)r 1 . 30 Tratcocer s-FHES Tor 30 mits anrntisera



o

against CHAT 2 FEes for Y hrs at 4" 3 byctimnilayted
Qoat antl-rabbiat la(vector Latve . iAnc) for &en mirms
Vectastair reaqasnt (Vector Lath=., 1rwec) foor [=31) mirs l.Jo’-\bl/H‘,__Cl2 for
S min. After the FPrercsl1dase reactlon the sections were @i
ar 1ed Overmigatt a&end eamired [P W T~] a 1i1gkt mil1cCroscoge -
Framary armtilzsera ad3alinzt LHAT was rai1sed 16 rabiba t arct wused at
dilwutice: ot Tz:oeuu o

Camitrcal Ssect1Orns wesre proezced 10 exactly thre sSame wWaY ,
@ E T thiat teliet e d ratitilt Z = um e Frrel mure Seruum was
substirtuteq T et T e Ft 1Mary atmt 1 bendy .

Rk izt outtezmiztry 3 Saerne Cri1=tas amewl laras were
for (S L=t 5] - 4= 303 Tte baelle arvd Friedemwald
=) Wt f3= 1) mogrfroat oz Fa-1rcs (& ard Watsor

)odri Eraet T.hee Wil & cristae wer e 1mcubated 1 a
ma -t e Lastodd A% =W W W ) 3 mmMm a-etylthaoachl ire, 1w mivi
glyZirne arvg < mmM Lel =) ==Y o culfate i S m SSd1um
sc=tate bt fer (pH eou) L g=0 1 too Ethopropras e (u. .z M
S 1GMA . S MU ) was 1l iides bW o] e substrate masrhur e to
arduaba oz 1 f 1.0 = . reacti1om
we e ag=vel aped rTmmer =1 b Crilstase 1t 4 mM sScedium
sul filde (pH 7. T 1 M. L1 1tv was Fitise aQE 2t
Four times T tive mirnutes e 1 SCrvI 1 Lirn Cacodylate
tustfer. prH 7.9 e 1M, ety d- ated ey T Qracdded alocobtiol=, treatasd
wa t.by vy 1l erie &g 1riclindedg 2y Faraplast-paraffin
Ml ST RSO 10NE wWette Ohitaitied arnd leE S o withy

o Court.er 2t a1 mes Witk Cresyl violet .

(=



RESULTS

Localizatir1om of CHAT-LIR ar the vestibular end-organs:
CHAT-LIK efferent rnerve endirnas s the vestibular end organs
were seen b ¥ g} t i maZula utricula arnd oocazi1omally 1 the
cristae amgullaris. Mary of them were located 1 the cormrective
tissue layver D ati the TEISOrY eri1ttezl1um, SCme of
which entered t he EEIS O Y eathe=lia layer (Faig 1.).At
Righer maamirticatacey CHAT LI R waz= Tougred &t thee bex ot L ialt
cells 8 at b bran o or L= atftocrent calirs)arnd S ome t 1 brer
rurne e Ther a3ty L= St rcrna Fi3 PUp R | el A MM D & T 1 Ve
staxrnxng wWe = seer Lo~ o (oSSR I — Sl W { (R (TR Y= Ser wuin WA= usea
amnm=teact o f tr= Er2mary amrmti1z=zarwm ( Figa 30 .

ACkHE distratbuatacer: The Achie 1ooTal 2zat 3oy T e e emeloayed
re=l e b N o} & Dar b Cer Crmits FrecrEertate + L Wiy o= | T thie
bazs of thex stiroma & T b= e s t.he ez e c=11l=. Witk
the =SuprFrcortirnes Celil=s (Faia S0 0. Whesrn e rreact roeen wWa s developed
T e tiaar L res mirugtes Ssoine et ve Fabeer o een thr ouegbs thie
sStrcma wWetrs ZCained , Eadt b2t D& @t St SR Er ir t e base
of the straoama( Mot show)d .

.
DISCUSSTION

The results of thas study sShiow CHhAT-LIR ar the efferent
termirmals 1 ttie gulrnea SR R~1 vzt atbedl & erd S Oans. Sinmce CHAT
1S & sFEec 1o matr ket Fcr eIl 1 s r A SR Y il A RN ST A Fardairg=
are stroma evidarnse thst Aoty 1= & tr&amEmltter i T efferent.
system., e Thie Qe al distrabagt 2o arnd anter=sity oF AchE
=t a3 rned 1 t.e vestiteslar erndoir Qar or e QLI Peea [ - e e

ks



obser ved to e ar Qocct aqreement with Previous
mapPing studres . Furthesrmore, the localaizatiorn of
CrAl-LIR i efterents matches wel1l withy the AChE
darsterabaat 2 cr ars adiacent EeCtT10Ns . It 1s Possable
hoawsver that there are et terent tibers and terminals
that stain for AchE but o et use Ach as &
meuratrarismitter 1 thire respect AcChiE hhas breer:
demornistrated T Hiave & pPeptidazse actavity ard T
gegradat 1 omn [=hg & Cime et 21 oes e T e et tersmt syetem
miabit D =0l WD WAVE= T | [ =239 tte (S NT-R < [ ST oY g HioaI33gs o arng Whilte.,
19&0 3 ULhatee =t &1 1223 ).

Iy comnclusacerr cadr TaeeIarmazs ar Chim) ~LdIR ar thre efrerert

EysStem add Sv1aeinle= SUHERECR L Ol Breaev1oidsE D1 cchieEml sl trirmdira=s =%

reuraotransml toer

acetylchaliaire &= thse gutatlve erterent

i the vestiliboilar Setis oy (=R W = T It LaY=0 may [a=) thie Sl oy
preuratrati=Smittaer OTF tPEEs eystem sEi1trese ite tias [ =T reecernt 1y
SFowit T e ClafFe — 11 ke 1 M, 1wvailty 1t =11
Dodies &Srd et T\ e (=T T B W T~ > ZLpaxasstirea & Fossibile
ez 1l ETE TS Ty it rarmsmlitters. Fhhiysi1cloazcal
&g FEharmacologlcal studres are rieCessary h =] e t.ermi e b
&trnd oo CiaRr oy Gtiber . Pert 1= frarict 1o as

cotrariemitters 1 the effsrent system .
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Fl1GURES

Figure 1A CHAT-LIK 1 the gulnes P19 wutracul ar macula

Light-field Phiotamicrogar aghs shicwilng Tt Presetice [=% 2 CHAT-LIK

in some efferert merve ernding at the base of the iy cells
k¥ gl T Criztas ampidl faras. b 400 ) . Bar = = wum. (B) Highier
magmirficatace (=} 4 thie = e s=ect 1an SHCwlrna the fibers
efteranrt Loluitors 1rre be=lcw Lihes bialr cCells tyRpe 1 arnd Il (arrow
head) C ~ 10w JbBar = 31U wm .

Figure =2 A. CHAT-LIR i the gulinea P19 Utricular macula at
hiaigher magriitticatiorn shiowleos téiee efferaent Evca gt like stroarngaly
Ammurncorreactive ( Ssriaial sectaior Ffrom T1g 1A) (= 1000) cBar =10 um.

Firoure = Coritrrced sSectaarn forcan thae S &M urtricular
macula as rs & demanstrates (3= AT —L IR ( Seraal sectican

from fag 1A ) ( X 400) .Bar =< um.

Figure 4A AchE stainirna 1 the aulnea paa cristase ampullares.
AChE-Fozitive Stai1rren 1S Towrnd at the bhase (=24 te bia c=lls
[ Q- 100 . Bar = pegu] wm - iErH1gteer maarmi1fricactiron (= Theez same
Sect1ons sShowarea Tz Freci1pxtate &t T Ca=a T hiay
cells ( x 100) _Bar 100 wm.
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