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La 

sint.es1s 

Clrn 1 noác i deis 

1:;t-(,)1í1Cd:.f.;P:Wafía líCfl4ida de .alt.a" res6-rl'.ú::i1!1~~-::·, 
.. : -··.;.,.~o'~---··, ··<. •. : .~, 

L:."'lcJ•:1, c:on el "fin .• :ir~, ób·t:eher: · .. J:h·f;;·~-m~¿.-i'~ir-1 sc•bre' 

de la t.ransrn1s1ón G!~[l1~é1~9~;=a El1:¡ .:¡a. 
el 

FRI-', 
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la 

:El 

la ci:.:ir1i::e-nt.t··c1i.::1•.'.:•t'1 

t:.n el un 

pr··ovc••.:.:c:..•Jd i:;.•01·~ la bi1::1.~i::1...1l 1t·1a. 

, ··.: .. • . ¡ ·., ' 

é\c:et.1l•::c1l.tna, el t1HBf-i, la ·g¡i-i:.::ina Y«::.Gil <:t1·~¡-t.á\mat.1:1··.·p~-r1.:.1c.Lpci.n 1::i:1mi:1 

1· .. 1eUf(.:rt.t-at1s111is•:•t~es er·1 !a F'RP .-Y qi.~e lia ·t.:..rat·1Srnis1ón 13f-1BAév·9ica i:.an 

r· at.21. 



se pret.end1ó 

l::::n la ·::egunda 

materiales y 
. - -. '- ' . 

wét.c1di:i~=.: üt.-1,1--iZadós 2C,ri1C1'-

los trabaJos están y~ publ.~c~dos~ del 

la 

r 1~v 1 '.:;.t.~\ n 1 la 

- . - . ' - . ~ - . -. . ·._-~ 

C.t'1 .la sec1'.:1r:!•r1 f"1r~1cd $e- pn2ser1t.a - •~~na .l/:i.S_¿.-t~S·i~:it1. :_i~et:i~r"a~ 

la ~ue se it1clüyen los 



l i l t!~E:S::~&~·=- §ltJÉi~~Ul.±.~2·2 .L t.!.2!.Q!~~!.i;~2 !;;11~ iª-

t:.•§:.~!.~'dlE!.L.!.. 

La fot-inai:: l i.::11··1 r.;:t. i c:1.11 e:1.
1

1·· ( I" F: J i::s tU"1a .j,¡; las 

11.:.1$ 

Fibras que conec~an a -·e¡sp 11··12l l 

~vr:il IAl.1 V arr11~ni.:.1a rná·:; t• E:C i eht:12s, 'CC1rt1l::/·.~fa 

t::.l térrnin•:• FF\ --~~-~-~c;::G~~-~---~·~~---liha:i:eS-".dél---~.-zigiC1 _ F'.~S2i!:fc1- C1:w1 bc1~.: 
111ot~fol·j~icc. e ~~~i ·1:.il':r~: ·~~;,ebt~al ,··.•:¡ti·~ 

··.J, 
e.n p-:::1rt.,~ 

c8ntral most.ra1ba la p~e!t;.t~1t:iS< .d~i~=~l'lá' rrie;s~ .de ·fibra1s disp1.~est.a1s en 

t.an1aP=ieis -

ella \1). 
.. ' 

La FR ~s '~~n s1st.ii!ma ruult.·~·t"le,L~r.óf"'.'h:d- y- j::;13(i-s~t~1t:t'i=(l::'i1:;1:1 s1t.~~adq et le:• 
- -._._ ·. ·.' 

se. ·ext i 'ende :. ___ -·· --, ,- - - ' 

la t·eo:i1•::1n 1f1á::;. ct:it~dal d1::d.-·1;!i.~ibp: .. J:1i:'i~t.a ed cJ"1~·riCéfe1-·!,:1- ·et·(=- •::für1d~ sf= 

. . . 

c:1::infc•ru1c..r-1 8. la FR se er1C1~~ei--J"t.}:¡;,r·1:.dÍ?P~t~sas edM1 ·1,.~na ··re1~ !=tb'"'.ff .. rdant.1:: di.;;:: 
: __ -{: > .• :: 

d':lt UJ=.'dda~ - en--- r)~~c11:fi:IS ---e;-1;'.lffllj.i·fi ;;:-a-;:i(:,--_;-- -ét:d:.rE: 

12stimulo;;:;. (2). 



En i=f(:.--~~~~-::, ~~l·l:::derij-i:·J.-:~-;-.~f-: ne1..41,·:einas y 
;,--_; ~-.. -

:._ ·,_ >~ _;,-._·· ;, ' .'.· . . ; .:·.·-,- '<':;. ::- .. :· 

et scendent.e y 1:ii~-r a --:\~,=~c~i:1detit.e·_-·-.~1Ae_ Se. 22.rni..-it:-;·i ~E·u·-1 --C_ót~1 

la act.iv~dacl de 

corni:.1 pc1ster1ot~es __ · (Gt.- .-, - -~> " ·· 

La f1.1t1ciC•n dE< · 1a. FR se. ~I;~.~~.; a ·i:6;,;;,::er. a. ¡;,;,~les:~~-·. la ·jécada 

l ''14U c1.i">1-..:k• J~~t'.ll~zLy ··Ma9~.,j~~ d~n1o~Lt;~~1-·:l~ .· gí:i•= ia .• ;;s·hh1~~lao:;ióf·i de 
'. '~-~-

t:: léct.r· i ca __ ·de ·:-l~a----~,~-~--:~:-;~bJ;}4·;~'.l~~~ TI~·;-~;:c(~;-~i-~t;:i viá::i:c:1;-~.;~-d~- _-ifa'. -~E:'-6t~':t:::iZ~i\::'ér1~·i:ii~~~1--

1a a~·~J"~·2i~·;r dél e'si;ad./ de ~\.~{i1~. en •3at.•:•s 
souJtK•l ient-os, rn1 ei-,Ú~.,,,}~G~ T~;le~1;~,1-, d~ :st~: es¿<~~t'.~ira1 -~,;~.~c.~aba 

estado de c;·~·rua, le• :3;Je iliv;~.·a ~rc1pc;t1et· rc.,~:,(i·'.~~ii~.c,1~·· de 
.' <' . . ·, _:~-< .'·: .. <.-.-'< ' -·~: 

·::iue 

un l~n 

~1Stti!lnCl ret.1c1.~lal'" C:l_~·~.i·~-~l'~-~~;~i;." -•~Ü-e ·.inat::i'ti~'f1'e ef :·~s:i.::ad~~;·_·-de '.;a.ie1··-é.~ Y de 

co11c1encia en los -marni:Féf-c,~.<•l,7,8>•. .~i/L~~ .;\: .•..• :._ ·•·••·• 
vi::sdi::: i::nt.i:in•=-=s \;~?:>h~-i~{~<~-:~~:i{~-~~\:¡:;:-·ú1 .. ~a·· ·:il~:~n:_~-~a~-,\i--da~ -.d~:: ·est.1.~di•:•s 

·:.F(- -._-:-.'.- ::< 
SC•b t- e 1 a FR .::¡1_~1:{ - t;iál;'J_: __ ,·,_:rernCíSi::raat.-" i·á\'p·a·t- -1:::f1::--=fRaC l"ót·:1 _.:·.-.j~· ''s1..:ls 

diver-sc•s 

la t'esi=-'.l.t;/i.r.:dri,· í.~ a•~Lv!•Jaij card1c,\,~s~1.Úa1·,; l•:•s·•··:d'l•ajo·=.· · 
--=--~-~-==-----"-~/:~-o---.---·-----

-----=o:-=-:::-=;--- -- - - , ,-- : ' -~--.,: 

v1s•=erale$, ~- -~~-.:--:--\j1~'.·1·.;r~.:;.: lá. tr-ai--1-SrnrS-ié;h e "Írit:1~S.Hwcd::i'.:.6·· d8 dtferet.:it.,es 
>>' ·_·. _· ... "_·._,_)_ 

s1.J~·~ó,,;_vi·~i) ía_~ de 
' . . 

Ei·~t.'í fni.·~ lac l. ót1 .. .:ic:lC· la 

('i/i. 



1. ~~.O •. LA. FORMACION RET ICULí~H f"'(IJH lNi''l <FFff') • 

1. 2. 1. Qr~ª!Ji~.ef;-i20' Sb§J;;;Qwif;E gg: 'l~ t:BE~ 

La f1:.:1rrnac::C.;t:,-·'_~t-'~t:.;tc¿·1c~C-r a n1 vel ·-pi:::irrl:.ini:.-, ~·<r=Fo:F')· eZt~ fcit~ro.s\dCt 

V·~nt:.rc:ll 

dos 

en la 

- -- _-.-_ , ___ .--··. 

E:l r1ucleo r-et1cular cit-al pC1t"{{in,;_.e~i:.G\· 

¡.: .. ~.,-c1ón rna·.:; ant.er-.ic•r.d~i ~ont;:is··' 
.· -· . . . . . 

f' CtS t r~t~l ~, d~-i ~_::~~1~i~~1:·~~;:~;/ri~-'iili~~.:·- Q~:;tt ;t~t;;i'{fr€r-ií i~~~1~2-;" ~ h-a-s--t~ a-- e l 
'_-,.-. :.,,__,-:·>_--: .. -_,.,., 

n(H::l•20 t.1-~i:.:ic:lecit- a n~-ve·l d~-.:i, .;,51i·;~1..-l{¿ __ · ·i·!~~p~r-1.f.:•_r:--.. ~- L_a rnayc1t"ii:\ de ia·s 
-... '···-·;·. - ': ·-

r·1i:.::1..~r..:ina'=:, •.;.on de p8_·=1•-~.e?i-c;~ -t;·~waf.lc1. :<-2.ó_: µt~·) 

1 U 
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Fig. l. 

Brr&ma - 9.3 mm lntruural - l.-' mm 

Localización de las estructuras estugiadas ~n ~ ~~~DJ~~ 
trabajo. Los núcleos reticular oral pontino (PnOl y caudal 
pontino (PnC) se encuentran a lo largo de la porción central 
de la FRP. Tomado del atlas de Paxinos y Watson (10). 

Brr.:m• - 1 lU mm 



1narcaje. ret.t.:.L1o;:i'r·s1.•~1:1 y -~cnt:~:::-1·-,c._·~3t-_a.sJc1, ,_, _asi-_ .. c•:im1:i_ 1;.·,~cn1cas 

.i nrnL.inohl S.t.i.J<:.¡U Í Ín.iCa•.:, y eleét~1·of' .Í~ic•ló·;ficc.is <~ii::.:14): Cá FRP. re•::ib•:. 

1.:ent.ral, 

t-ec:ípri:1Cas. 

Las 

1r1ci:;::rt.a:o 

lat.i=:-t-cujor·=.al, 

todos sus niveles 

Las s1*-1stancic;1.s lás 

el 

--y-

la FRf-' 

de lcis 

·lateral, 

a 1<::1. 

l nc:e1-~t.~'\ y a a los 

1 r 



n1:~c:leo~ late1··cd y_ -5¡~~Pt~arnc1.ioilay- 1;.:k:: __ l h_1pcit:.álam_c1 (-14:i_1:;;:). 

A t:iivel .-d"el""-·i.:.a-t"ló-··~er··2tira1 la _Ff\_R,.P_r.~:1Y!2•::i:.a a _J_a __ -_:~1.~st.an1=ici ·:wis 

medial p-1--eté·c:1~:~.i ;~:~an·-1;e-fd.\.:1r-:·pt-~·t.e-~1~at:i -~-1 

a leo~ nt:idéé;s Ga·:SC<t~i del pwÚ1t.e, .,;l r • .:,c:Í::~o:o~b·;~f~er•l:;, c.:er-ebel1:;:1 

Y a la ~~·-:···_::(~¡·,~·:i·~·~:-:.·;~,}} Lá:. Ff(_P ·_r,1at:.1~a ·pr1::1y~.~-·::-_ion~s>-~~e-~·=e;~1cient.es d. la 

rnéd•.da esp{r.ál ·.ví~ ·l~•s'.híníc:1.1leos lafo=:t·a·.Í, ·v•é1kólat.ef·a1 y vent.r·al 

('.21). 

En 

, ... et.1c1~~lat· cit··al 

Se ·,. :=-_ -: - •. -.',.-.-,· 

::.s:.~.::·~·=-~i.e~p·~~~:~d (~.i~1t.~'.~- :.:ee91 ón- ~ 
-..... -.. -.-. -,_ 

.:::•:w1tt-al at.eral q1..~e en su rnaYor· ía scir-1 e:kc-i t.adc1r--as · .. (·l'l>. -~~2~{::22) _ _. 

par e~ l i:..:is JOC:~lil i f et-os CC.11110 SÓi-'-1--r~ ('.?°~-c1i;;1i::·,.:._.:_:;:f· ·u_)_c1".f:.é1:t_:- ;-. ~:;_·i-~·/\· est.i1t1l4lac1Cir1 
-. .;. 

sensor 1d1, la anal·:ies1a-~ niernória,-,Y~-{el .a~.;~ .. ~~~1~¿fi'.:Za:·}e, 'y el i:.:1,:::10 

su~i'=;o-v1•:.-r1l1c;l .. 
;~'. ·~ -~'.:~ :-. -- . ::, 

E:.n cin1rnales. en ·l ibr~e móVirfil~i~{t:c;·: z.e-··f·;a: a~·1:~'~1stt~·a:;;,::d; ·=p .. ~e i·a t.a$a 

•'11sparc. •:le oJif"'tc•=nt:.ls r,.,;:,_;;,~~:s ,j~ !~)~{ está asoc:iadE1 E< 
'•_,..: -_ .. _ 

_ ___:______, __ ~·-_:_-----'--"--'-·--'-- -;;=--.~~-=-=,--;-o-.,_ 

H1c1v11111 ~~nt.i:.:i:.:; espe•={-fi .::Os de -~--I~{-Catu~:ia; ::·.~1 · 1;::i~el ~C•:o_ lQs c•JC1'~:0 lc1 

len-:i•.<a y lo:•s miembros at'.1t.e~-Yco1~e·;;· <23.-:ie;¡, d·= 'roa1·"=t'a fal 
:-;._,;·_. "-: 

neur··or1c:~ df.2 la FRF' íel·ai::ioriada\. eón-' el móv1rniewd;.1:1 d12 - - . . . 

1 n..: t- en11:arrt:.a 's1~~ ~-·,~:,~-i-\;_i-.:Jad .; ,~·.l~án1~•~• 

1 
.. , 
4 

cabeza:i 

y ni:.1 



'e 
de la.s rn1s~las, .eSt-~t,·si cl?i:11::1a'dó 'pt·.1n1.:!P<alment.e ~ ··i-a_ sa.l ida d1; la 

1'n f 1:1t .. Jl1C~C i Ór'I 
'/ _: :·~ - . ·, . ~ .-· ".' - _: __ . . -

_ '4'-~~i '.?=-~~'._-~/:.~~~-~)(.~ _ ~r,:- _lc~_i .. niovi_r¡¡·¡_,::H·1t.c1S. espC.1nt.ánE::!ciS- -1je los 

anitnales (24) .e 
···: "• - ' - ~ ' - ' . 

Est.L~d11:1s ·_d1.='- -=·~;:{t. 1:ltilJ. 1 ~«~-r-1~.·~-(-Y'_.·. l e~·12;t::1 d~k 1 a i=-Rf-'_ l}at! -·cc~¿·f,i rtnE\di.:1 el 

: '.· - -~o;- •. . -,= - . 
ips11at.erei.l dé: la -,:c~:t.'eZa- h~c·¡~ ~i s1t.io d~ __ es·1.::lrn~_.,_i~·=·Í-ón, ··mienl:.ras 

- ------'-- - ·_' -
ti i l t:1i:.er al es t·_ei:Ji;~~~~ _ ·-:-·=t:.:1~~:-!·0át:i_et~~-~ impo~~-t.ant.e,,_-: 1 ?s<~r;1-ciV-i'.r1l_í ·=~:ft.'os --de la 

cabeza 
-: -~ __ : __ .. - -

F'RF' e 11 ro i nar1 1 i::•s rric•VJrn~_§:t·-~t~;;~ -:.de._. la cab~'.:!za_- :i. p·S i i'ikt.r~r:-.a-l8s-·-a1 - -·· '.5 i. t.i•:.:i -
C e e 

de la les1t•n:o la fase ~~Pi-.~:Ja·~d,Éd-·},{S-t.~~wei· c11=l4la1:~ y .el. -t4 eflejo de 

C e e 

rnc•v1n11'=nt ... ei~ hi:.;ir1zot'fl;.ale:s cie · ... -:~l~_:¡;~t"i}:.-<=ú::·~1.::n~· d~- lá_. Cab·~·za- y lc1s 

rnov1rn1eirit.i:.:1S CtCl4~1ar-·e:s ·-·s-aC'gld'fC:c~-s-=. --1~1~t:1a·- ei Sl t.f;:; 

las lesic•nes. •::•:wí ár.:lci'.J.~iI;~,tit~.1;~c• indcir.:en 

de 12. 

•' e 

' . ' . 

(:~{lj,:Jl). El efe·c·t.•:•' ··d~"1/.:áCi dó '1l:1otéf-i lc·i:· 
' e . ./. . . . .-

1 nten·.5a e:::::c i tac i ór1 het~·r·C:i"~1a·1 ... ·· ~/ f-!.Í · z.e.91~4rii:fi::1 . C:l 

L:J 

rnar1e1~a. ~·1ó1·.izcw1t-C:1.l 



tálamo provéniente -~~ 

neur1::it.et·is1fla:_-er1 .. ;_lc_t.):.·Rf'. La adrn1nisl:.rc\ci1.:::•n·~ de ':eS·t:~ ,::·¿p.e(do ··E:in 
;.· ',.'.-:· 

zona pt-od1..~·.::e ''-~l'"H:t t-e$p1...testa ·r·1c11="i·r:.:•::F.-t.:.1\1a· e·h ~·1a:/ ~.:'~·~'.~~\ .(3::r~.j-4) .. 
-- ~ . -.. ~~?~' .- <-) -

Las neLH .. ot'1C\'.:;.. de la FRP p1..~·~d8r1 r--~~Pc•nd_er.'. ·E\_.¡ ·_d-l'V\:~r~~s·::·inc•dal idades 

cJ~ ta':::. t. i rm.~ l ac: l ón 

induce 

cC\rnb l o·.s •=n 1 a ac: L.t vi dad n'21...ti-i:1n~:i" _-;~~-:·'?i~~-~ -~:~'~;;{~=·(3~;~>36_.>, .:.~·:.-~á_ entt~ ada de 

i nfot·mclc i •:::w1 so111á t.11::a y .aúd i t\ ~~~;~~~-~,{~·t/i.\§·r~::i:.~i'-'¡;,:~i.:.·-~·~~¡·~i,·r~>a :' iá: .'~ ·{r,~c1jenc:i a 

di ·;;,paro de al 91,..w1as ne(H:·ot~1a\~=~)-cle· - :i~ '.~:~:·RE'.:_.'.-:_--('~·4·~-3'7·) ·;. 

U papd d<= la FRF' eri<Rt-~i~:~~s,de 711\8,;;~t~~'~ $ :,F.;e'rídizi\J~ se 
·:.,'-:- ~-;,~.-;;~-- -·--- ~- -- ~"::"~ ~--e~:~ 

~r·, vat· ¡ c·s-·. ~~ t.i_~;~rr .~;~;-~~-"'" Et~r -- f:_.:~~S(d i·3frlEt~-· · dé ~- :cot·1di'1:: 1~,;1n~nnf12nt.c1 
.>. . .. -. ' ' - : :~'·.': -~-- -.·-.-

et·i -1::.orf~_-Jó~_<"·~~,-: t~,-sfc ·~i:.-se_·r~aCfc,-.: 1,.~1 .... 1 ·-~·F;at.t-cirr_:d·= 

de negci t.1 vci 

·~·-~e .rj i ~--·~ i~f:~-;~,~¡_-~~~ ·-:~~·1;_:¡_ ~-e-::.t.·i-r0t4 l ó -'=c1nd i d~i-o~N;~-d¿;-
.. :: . ·,:··: ..... _./"' ·:·.:_.-"· 

(~i:J). E.h rat.as c~;r;-, ... i"i::Sl1:ines" ... e1~¡·- la FRf~· se . - . -. . 

obset·vadci lH1d. 1ji srrun•.Ac1ón en:·el -::-.~~·-t~i::r.-r.:J~·~-~j\~ .. de "-:i-a·.i-

labet .. it·1t.o \:J.9). 

vig1l1a se tr·ata ~n la 
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ha _Cl•:ic•n1st.a 

.la 

de 

han 

ped(~r1c1~~ l i:i 

1 a -F.Rí; s•= hcl 

detE:c:t.aijo la tr~n'~·F~i'as·~···•~úe es la 

i::i!r1zi1ua 
.· . . - . 

.1.t-llfll..tnC1t-11-:::.t.i:.:s•.::..¡UírniC:a$ .S:it.a é1:·~z.i.rf1a t·1s::i sie: ·'hEt-1::lét-"8;_::.{~d1~1 ·.:•::::n )e~~-, S"1:,:11'(1Cl';;,,:, 

-~~ ~~i_::__~o- ~;_~---
1:.:l e l 6$ n~:;t~ro1···¡·as· ere rsr-Fr=<F;-; -f ~~--,=·~(~e. Sü·:i ~.~t· .. ~ , 1·-eg i C1_r1 es. 

' . ,. 
' ' 

co.i 1ni:.•=ept.i vi:\ rnd·:; r11::i col . .í.néí·:·::lit:a :(4t~:i-49)-.• 

<C:;?rnAl en la FF\F', pdnc:1palrne1·i{E; se 1;:iet;1en datos p,j,;¿i;.;;.~;jiioic:C:•s al 

t .. espE!c: to. Cc1n l ~l co111b l na·~:: 'i ·¿,¡.../;:-d.2'/:_::t.J¿n {~a ri; :·. i '1~"~ot~i:~2;hi -~ t:í~í·.~i.i i·r/¡1~:ª s __ ·Y de 
o' ,',' •. ·:~· ' ·'- ~.: :,. • .·, • 

rnat-i=aJe. r12t.t-ó•3radci se·. ha/·;:;b:~'=rV~1j~.{1~·.:_p·1:.i~~et·~1=
1

'i:~ ~~,j6i1 ~-í:~A~_A· de ~t~ 
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d·~ la FRP neu1-onas 

la 

La neu~·ot.ransrnisión medi.adc\ Pc•r amii·""toetc:1d1:.1s e>::c:it.ad1:1res se r·1a 
. ' : . < ·~ .. . -_. ~ ' ' . . - ,' 

e>::pl1:1radi:i en 1_4n e·.st·'~4i:lio pr:1f ·-m~;~1~:~··:de:,;_·_'1~-- ir1yecc1é!r/ ;~.~· ·,,;1~1~4t;~únató- y 

asparta·to en la 

exc1tabil1dad (56). 

La éldm1n1st.ración 

1.1.S 



- le:: ... - rnédt.da 

en 

la FR to1.Hbat· 

Pt~oyect.an 

La 

·ha valcirado 

- '_,_ 
·t.-1s'·t:ei•::¡l~~nfiFª~-·~ ;·.Se_ :_:._h-~r1 de:t.ectacici 

ci:ir11i:1 la presenci~ 1:fe" 

-. . .. 
Lcl presiancia de una Elct.1v1dad Euniné·r.91ca {1~f·i'ib:(d1::1fa en .1a -Fr°'P, . ~ . . 

'=•.:w1 ba-:.1-2 en la ta·.;;.ei de i::J i sparc• - ~-= _l.&\s_ ~~~.e,~ü~·c.·t;,~-~~--de "'i"óS -t·,,~ci .~OS _--del 

t·afe, del lClZ di féren-1.:.•:::s 

inh1t•idora mediada pi:ir eSt.ás arnir·1as en ·lc:1 Fí-\F. 



rnanifiest.a e1~r las espe1.::1e~ 1n~ls·_-evc1!u~::1c1nada·.::.. _de! reino a1"1imc:ll c1:11·1 

pa Lt- cw1es i::: l ect.rc•E!n1:;ef al b•:3rifl f i C:1:.:•s: Y -,::,::it·1cir_~.:: t.1.~~ll éS· cat-a;::i:~et~)-~t: i cci·.=. 

de (63). 

electroencefalográfica~ent~ por 
. ' . ' - ' . ' ·, . . ~ .. ~.-·. ; ·'. ·~. 

·ft~ec1.~enc1a (:3-12 i::ps)- y _-~1aj~1 v6}t:aji;. <<> ~i(.I µ\il --~\.~¡-: .. ;~c·r~íb pcw t~n 

~-' - . -·.- _:- ':~':·:· -·~·. ~-- ·.·-~.--:· -. 

s l nc1··r:•nizad1.:ic o:: 0~i:.::¡1;~l. ~~:.~1:1 ;-:,-=-~Y--

act.i vo, 

Sl.JL se present.a 

<100-2(10 µV! 

'--- ·::_-::-:··,,.'." 

enSCJ{:;aC·i 1::w1es·0• El SP 
· .. :--"-

si ~ropr~:::: Vi:\ pr:e•=ed i ciC1,. POt (.ihc~ · f C\S•= e.JE! SOL -y_ ~t"1 _-,_·e1 >.~h1.~rnanc1. aparece 

se presenta du~ánte la vigilia~ s~r1 eíllbargo ~1 



manifiestan durante ~oda la etapa y los f~sicos, ·~u8 ocurren 

del 

puente, el 

i:.·t~esenta 

St4(:::P:;o-

v i•:ii l i a en 

._, t- i r1<:: i F' a 1 roen t:e en· 1 a~ 98t~bio::T~';-~c~ ~'r ~rr~a1•it~e1YifnTetii0•::c'~,j~1 Sr';~·-

. . . 
Lo·.::; 1··12·:i1s1.:.t~•:)s ,cie:·1·a ac·bivid<:\d 81éc·~.:.t-íc_a de ·1~ls r;.1e1.~ri:1t·1as di:: la 

1 ·;1 



ele la. FRP- présént.~n· •.~~!'ª· may1::1t·. f1·..:e1.::1.t~r·1c1.a ·-·:1·?.:! dísP2tr.i:•:0 ··."r.r1ii=:ht.t:"d'.3 --·;.¡1,.41: 

dttri::\nt.e -el._, ·sOL:o-:.:_:és>t:a es· rnír.!1rna ·~62:o 71 J.·-- ··ke'cierrt.:er~i~=w1té· --se ha. 

invc•lucradas 

responsables -d~ 

lo·s eventos fás1·i::os· del ·E;,F':r s.e _.. . _ ... la 

es t.1r11u1 ac.11.!1t'1 1je 1 a p1:11--ci éirr. ·=·c:~i.tdaÍ -·dffi -'.-1 ~l-·· F:'fff:; ~:~.;~:~;;j¿2~:~)~- -~"-fñqVi1;n'i.er~r1~.1;:1s 
.L ... 

la-:;·.-·ne1~4r6ncl-á" Cú{·· ,,_ia ~::-/=i~)=:~--.- 1.pt7.eSent.an 
._- ·. :·-.. :. \ -_-:_·_,· ._·,:: __ .- ~;~--/.':--- < :' - ·-

é.=tSi:u::i arl ,· écin j:~;:s,~\ P_ot.e1·)cíalles. F;cintc1 .... o. se 
. ; -· ~ ...... · ·. ·.' . .-::· .:.~>-··.-:· '·-:_;- ... -._ ." 

los ~uale~· son_e11·min~dos~~1 . . 

PRP 167, 74). 

d1srn1nuciór1 lle9a a Sltpr:irnirlo. ·Lct adrnit-i1St.ra1,1=i¿1n er1 est.a z•:•nCl de 

. . ' 

inh1bid(.:i1··· .. 2s de li::t Cl•=et.i.lc:C1i ir1est:e'1"c\S.a <enzi111·a que degr·adcl ·a la 
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efei::tr:i indl1ctor de 8P 

1 • 3 • :3 • f'.S!e§l f!sil füjft!j §O §l ~ifilQ _ i¡;!Jsif:íi2.:.!!'.HJ,.hfü 

La part.iciPEtc:1ór·1. 1j~l (:~ABA. ··~r·;. le~.:. (.8;:)(~1'2\l=_ir~1t:1 \d~l c1cl1::i suet-=;1::i·-

v1g1lia se ha ~al~rado 

diferencia de la 

est.ablec1di:•:o el 

esclarecid·~ todavía. 

de la 

a1jro1 r·11st.raci1:Cn -de 

i t·1yecc l ón. 

. ' . -

la adrn1nisi::.r·ac11:'.:.1n ·z:.1st.éi"n:.t·c:a 'de---. L:l.~nz,;d,iac·,;:Ú;;-inai ~12r1 1ji f•i:!rent.es 

especies i nd1~1ce s1~1i:P·;(.:r 

efecto ~e observa 
;_·_ '.:. . . 

se ·fnYecfan en 
·. -. ',· :·. 

pr .. ei:::ipt.ica 1je_ i~~ ..r~~:~'.ci·.;.~ >~~i't~¡.:.:~-~!!t·~~'.'9·~,~·" 

! -=.:is n1~1i:.: l •:::o·.;:; del 

si es i nyer.:: /.:.atjo 

t.anto SUL ccm1c.:i 

·-·~ ~ S.r1~ .i.x1L1Yi:::t·1 "=: l 
~---i- ~~ ::~2 -~--~C.~~~::~~~__::~~~ ----~,_,,-7-~-?--·=· : - . -~- ~--= ~-~"=- -- . 

i r-~Ye~.:1::i ¿;t:., b(i at .. er·a·1:· .. 'i:Je-,'.ni1~1S.1::1rnc•l · ,<ur)":a>·:ior!Lst.a·: del 

en el füpol;.á1a111coant.~t··i~•t~ i=•ro81.iC:eo inso1lw:1c;, · P<E!t-c• 

en 1 a- 1·~e~·i ór.·.~~·.ó;~-1~~-r·i·~,r .de '~":.t.a :e_~_{r,1 .. ú~t'(j,~.-~:; i·r1i:l1~11=e 

<:>P <81J y r-.evi.er;t-e el insomnio. ;t1:.~;d,_j,~-Í.dó pc•t: 
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.... 

Corno se 

i.:J~st.acan la 

ha. ~ér;·a 1 c.ü:lc• ·· a1· .. 1i:-er- i.ót- r08nl:.e, 

irnp~.;\.¡r,~i a de la FRP en .la 
. . . ' 

pr·1:1c:e:sos fisic··ló·;i'ic:oS' .·de -l1;)S -marni fet-,::.s·. Sln en1bar··::io se des•::•::ir·1ocen 
-.-. . -·<-.-:- . . ··-·· ;· .· :-· - .- ; 

la$ •,:;.1~.fz.t.ancias •=!l.fe· aCt.i:-1ar,-~:C1:.:1mé:; ní:t.ft"'C1tt·ansroii•:1r-e:s. en 6:st.a re•311!ir1, 
.':.- .·,,.- '. 

y a e>;:cepci1:.)fl rje-_ :_1'~-;~·_:.~~'-t.ó~~- ~}.'~'.~ft~q_t1_~-;~.-~_psi'i'cos_':y. 
. "' ' 

1 a part.1 e ipa~!-·~_1_r1 :_~~:(~:~l};i_-~:-_~ t·t~:~ri_'5HÍ 1 s1 ,_:,,.-,-· · Ccil ·1 r1érg .t'cá en i-a 

,. .··_, :' 

rE:•:tular::ión del SP-, -r-10 !-~1ay-:-··,ja"t.o·S·- S.ói:w·~ ~l papel 

cit.t-cls s1.-1st.aricias·'-en la: 're:-;31~~r~~~C·j~~ -~~~ _ést._a c1 ·i;i~-- las' ot.ras ·f'iútes_ 

del ·=i•=lo s1-~er::,,::1-vi'31l--1a .·ló:S .. déí;l~l~ .. Pf.Q_C.~$1:•s en io"s ·.que e•;:::t.~ 

1nvol~=rada la FRP. 
··.· 

Lc•s obJet.·1 veis pr incli:•a.les de eSt.e t.1..:.abajci fúer-··:w·1 cei1)1:1c1~r ;< 

' .. -'. ~ . . . - ' .. : :. 

rned!ant.e 12·¿.trat.e9la~ neL~r6·~-,~~írnica~~ dl-·31~t-~a·~;,- d~--·;}as:..Z1_.(s~~~t~1·::ia.S g1_~ 1= 

p1_1eden ac t.1_1ar ·=c•1nc• • ne(ffc•L-~r1sroí sc·r·;~,-, ;et~~ ¿ .. F'~¡::: la ,, 21t.a y 

valcir·ar ~ a t.rav·é~ •:fe··- ,1_.w1.. ·~~·=:.~t;~;;~i'~~·,: --.~f·~~t~rn.ac1~i·=·9i1;:0 y 

ele~trof1s1ológ1co, la ~·-~r:t:·i·~:1pa·i;:·ié•'.t1.: q~,-: t~:i:~i~ ,d,= _esta S. 
-;'o----co'.------'.:-=;, --·~~--·-- - -

··, _. 

Las st~scanc:i C:iS evaltH:ldas- cC•lflO .-t~iéL~!;~c•_t.t-:'ar1~m1-~í:n .. eS. · füer•:1n lcl 

dt:: ella·~ 

. ,"_ - ·", , ____ ,: .. 

·=P-~1:2. ',;;l.~98t-ici.t"J sr_~ PCtJ"t.iClPa•=i•::ir-1 1=01ni:1 t~1eut~i;it-~~~rsuti.'sc1r- .·d.e -ra ~RF·. 



ClABA. Sin 

f1sii:1lói;:11ca 

Pot· tal 

ia rf':P. 

El it-rt;.et·és P•:H· eSt.udiclr ·e1 p~~p~1 :·a~-i~:·.~i·~;~t.~ro'a·~,:..~·-.·y··;-.~~ Ja __ ·::il)•:::_(n_ct 

co111i:1 neun:d~.t·c;tnsrn1s1:q-e$-de 1-a----FRF'· -.súrsii•S -dt~_~_c:1nt;e-~er -dé~'arr1;:1_1i:1 del 

t.r·abaJi::i, 

r·1ivel•2s i:..18 t-iif-it~A> r1;;:vt2l1:!:1 i.~na f.:Ón··=S::htraCi.ór1-·.·_:,::c·,fo-pa·rat.i:Vafué1:..1t.e a1t.a 

sobre t;.Qd•:•, de• ·~li~ ~;·~a, · '"'~ i~ic;~:1.J,j\;;at: a 

•' , ... •,•, 

t·1e•~~rot.r"an·srn1'Scir · <58>·~·-
•·.,,. "ü .. • J•;"'. 

::~~--,,-:,~·c----=~--~~~-_;,--_~_::;;c-~='~;._:~,-i,_.,--:...;. .. ;~ _-:~,.--0----0-c'"" 

sus:t.anc i a 

n~rv1oso, cou10 soh: 
' - - - .-

1~;~~Ca~i~.1_~~~-a:·.~;~1--":t:t~-~-~~,-~:rtti sJ,:w en casi:-
·,: ·.:< '· . :·;__ . ·_· -.. _- .:_.>- '.··-_:·· 
Préf.'.:tu~~c1r inrnedrato ·1=t1 el i::.:as;i:i 

acet1lcolir1a; la liberación del neurotra~smis~r; la ·ac·t1vidad de 



- ' - - __ - -

las er1z1mas •.:iue pa1··t.ii:.:1pEu'1 eJ~1. _s~~~ .rh_e~-~bc1i i~~n·:i .Y la· d.:t.enn1nr;1ciL11·-1 

El papel del l-lABA sLieño~v1gq1c1 se 
: ' --: ,.. :J, ~',' 

valcir-'~ a t.r-avés.' de_ rn'i-:1:;r1::ii·r:1Y.~c~):c1r1'=s '.-.i'je,>-:-ii::-1--~'3S~1·:.1i~-·~;~ª--,\~n·~~~·.:,1mol) y 

de Ut"i ant.é\91:1ri i st.-a_ . ( l:d ·=Ú~=i::~ ~i~l':~) ·'.''·;j~~/:~-~·fe-: .··¡;,E/1_/t(6 l:.r-at-1Síi1 i Sbt~/:;e-r~I <·';.1 a. FliP 

y el t-e·3·i str o_ e _l·~¿ t.::~~-Ó~~~j;•lf_:·á-f:;~;,,3·~~-á:f·f~~c.·:'\j~ ('.-C~f.~(it:~_\~úéf~,1:;1y l sri l.'fEl .'.~ 

E.1'1 la si•;itiii.;,nt~~ rec~i.:.t-1;:~.;;~l:~.1·~.Llio.J¡ F''.~>1' _,l·:~.;> ¿~-t.~0::1.il.:.s, 
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Neuroch<mlca/ Jlnearch, Vol. 16, No. 8, 1991, pp. 8J7-841 

Release of Acetylcholine and GABA, and Activity of Their 
Synthesizing Enzymes in the Rat Pontine Reticular 
Formation 

Ignacio Camacho-Arroyo', Raúl Alvarado2, and Ricardo Tapia 1•3 

(Acupted Febnmy 26, 1991) 

The aim of lhis sludy was 10 ob1ain neurochcmical informalion on lhe possible role of acelylcholine 
(ACh) and -y-aminobu1yric acid (GABA) as neurolransmillers in 1hc ponline relicular formalion 
(PRF). We sludied lhc uplakc of labeled cholinc and GABA, as wcll as lhc relcasc of lhis amino 
acid and of ACh, in PRF slices of lhe ral. In addilion, choline acetyflransfcrasc, acetylcholineslerasc 
and glulamale dccarboxylase ac1ivi1ies were assayed in PRF homogenales. The uplake of GABA 
was slriclly Na•-dependenl, whereas choline uplake was only parlially Na•-dependenl. The release 
of bolh ACh and GADA was slimula1ed by K•-depolarizalion, bul only lhc former was Ca'•­
depcndcnl. Choline acctyitransferase activity in thc PRF was 74% of lhat in lhe striatum, whcrcas 
acelylcholinesterase activity was considcr::ibly Jowcr. Glulamalc dccarboxylasc activity in !he PRF 
was aboul half lhal observed in 1he slrialum. Thesc findings supporl lhe possibility thal bolh ACh 
and GADA may acl as neurolransmillcrs in 1he ral PRF. 

KEY WORDS: Pontinc reticular fonnation; acctylcholinc; cholinc accryltransfcrasc;}aminobutyric acid; glu· ·~ V 
lamalc dccarboxylasc a 

INTRODUCTION 

Severa! studies indicale tita! the pontine reticular 
formalion (PRF) plays an importan! role in a variety of 
physiological processes, including rapid eye movement 
(REM) sleep (1-3), vestibular and oplokinctic head and 
eye~ nyslagmus ( 4,5), orienting eye and hcad movc­
ments (6, 7) and motor aclivity (8,9). 

Thc PRF eslablishcs reciproca! connections with the 
zona inccrta, the fields of Forcl, the superior colliculus, 
the central gray substance, the mesencephalic, pontine 

1 Dcpartamclllo de Neurociencias, Jnstiluto de Fisiologfo Celular, Uni· 
vcrsidad Nacion:il Autónoma de México, Ap:irlado Postal 70-600, 
0451 O-México, D. F., Mcxico. 

1 Unidad de lnvcstigadoucs Cerebrales, lns1i1u10 Nacional de N::urol­
ogfa y Neurocirugía, S. S. A. 

] To whom 10 atldrcss rcprin1 rcquests: Ricardo Tapia, Jnstitulo de 
Fisiología Celular, Universidad Nacional Autónoma de México, 
Apartado Postal 70-600, 04510-México D. F., México, Te! (525) 
550-5215 , 4935, Fax (525) 5(8·0387. 
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and bulbar reticular formation and the spinal cord 
(10,11,12). The PRF also reccives projections from 1hc 
laterodorsal and pcdunculopontine tegmental nuclei (13) 
and scnds information 10 thc thalamus, the anterior pre­
lectal nucleus, !he pontine and abducens nuclei and the 
cerebellum (14-16). 

Physiological and immunohistochemical sludies have 
sugges1ed the exislence of cholinergic transmission in 
the PRF (13,17,18), whercas neurotransmission me­
diated by -y-aminobuiyric acid (GABA) in this region is 
documented only by histochemical obscrvations 
(19,20,21). However, there are no neurochcmical data 
supporting a role of aceiylcholine {ACh) or GABA as 
neuro1ransmillers in !he PRF. The aim of this paper is 
to repon such ncurochcmical evidence. 

EXPERIMENTAL P.ROCEDURE 

Maren·als. Adul! male Wist:ir rats {250.270 g) wcrc uscd in ali 
!he cxpedmenls. fU- 1 ~CJGABA (sp. :ict. 8.8 GDq/mmol), ím~thyPHJ 
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chollnc chlorldc (sp. oct. 3.2 Tllqlmmol) 1nd [l·''CJt.-¡lutomlc 1cld 
(sp. oct. 1. 7 OBqimmol) wcre purchucd lrom NEN·Duponl (Bos1on, 
MA). [Accl)'l·'llJacciylcocnr:ymc A (l«.1 OBq/mmol) wu lrom ICN 
ndiochcmlt1ls (lrvlnc. CA). Ycasl cholinc klnasc, ATP, clhylcncgly· 
col·bls·(P·1mlno-clhyl Clhcr) N,N'·l<ln·lcclic acld (EOTA), ami· 
noaxyacclic acid, escrlnc sutr11c and pyritJoxal phosphalc wcrc ob1ained 
írom Sigma Chcmfcal Co. (SI. Louis, MO). All other chcmicals wcrc 
o( analycical grade. 

lsolatio11 o/ PRF. Aíler dccapiralion, thc braln was quickly re· 
moved and lhe pons was dlsscc1cd on Ice by means or coronal cufs. 
Using lhc allu uf Paxinos and Walson (22) as guidc, lhc PRF o( cach 
sidc was punchcd ou1 with lhc hclp of a Pasrcur pipcr tip (1.2 mm 
in1cmal diamcler). Thc PRF regions wcrc sliccd or homogcnizcd u 
requircd (sec bclow}. In sorne cxperimcnls, lhc dissccled PRF and lhc 
rcmaining pons wcrc fixed in fonnaldchydc and &lained by 1hc Nissl 
lcchniquc. Thc his1ulogical analysis showcd lhal rhc rcgion oí 1hc pons 
UK'd in rhis sludy corresponds lo lhe nucleus relicularis ponlis oralis 
and ponlis caudalis (22). 

Up1ale E.rperiments, For uprake cxpetiments, 1he PRF írom ¡ix 
rars was cu1 inro 300 µ.m·lhick slices with a Mcllwain lissuc chopper. 
Six si ices wcrc poolcd ami prcincuba1ed Cor 1 O min at 37•c in one mi 
oí an oxyccnarcd Krcbs·Tris medium containing (in mM concen1ra· 
lions): Naa llB, Ka 4.7, KH,PO, 1.2, e.a, 2.5, MgSO, 1.2, 
glucose S.6 and Tris-110 25, pll 7.4. In GADA uplakc cxperimcnts 
rhe medium conrained O. J mM aminoo~acetic acid, and in thosc with 
cholinc 0.1 mM cscrine sulíalc. Jn 1he cxpcrimcnls dcsigned lo 1cs1 
the Na •-depcndenec of rhc uptal:e, NaCJ was replaced by an equios· 
molar concenlralion of sucrose. Afler preincuba1ion, (14C]GADA (0.03 
MDq, 1.2 µM final ccnccnlralion) or ['ll]cholinc (0.19 MDq, 1.9 µM) 
was addcd and aflcr JO min the uplakc was slopped by dilution with 
4 mi or rhc mcdium and immedialc fillralion undcr moderate vacuum 
on 0.65 µm ccllulosc acelafe Milliporc rillcrs, which wcrc Wa!ahci.J 
twice wirh 4 mi of lhe medium. Since lhe aim or rhesc cxpcriments 
was cssenlially ro srudy lhc Na•-dcpcndcncc of rhe uplakc, a relarivcly 
long incubation pcríod was used. No kineiic cxpcrimenls werc carried 
out. 

The si ices were digestcd wi1h 0.2 mi NílOJ 1 (2M) and the radio· 
ac1iviry was counrcd by liquid scin1illalion spcclromctiy, 24 h artcr 
!he addirion or JO mi or 1ri1osol (23}. 

Releau E.rMn·ment~. Neurotransmilfcr rclcase was sludied by 1hc 
supcrfusion melhod previously dcscribed (24). PRF slices from 6 rals 
werc incuha1cd in lhe Na• conlaining mcdium under lhe condifions 
dcscribed ahovc. Afler incubalion wilh 1he labeled compounds, lhc 
slices were lransfcrrcd 10 supcrfusion chambers, w25hcd by supcrru­
sion al 1.5 ml/min during 8 min, and lhe spccd was then adjus1cd lo 
J ml/min for 1he collecrion or one·min frac1ions. Supcrfusion mcdium 
was the samc as rhal ust'd far upr:ikc. Ar1cr 5 min or supcrfusion lhc 
mc:dium was quid:ly subs1i1uled by one containing a dcpolarizing K• 
concentration (47 mM, Na• was protK>rtionally reduced lo maintain 
osmolariry) and thc superfusion was conlinued for 8 more minutes. 
When lhe Cah·dcpcndcnce or lhc rclcase was cvaluated, superfusion 
wi1h 1 medium wi1hou1 Ca 2• and con1aining O. J mM EGTA was car· 
ricd our in parallcl wirh lhc conrrol. Al lhc cnd or lhe supcrfusion, lhc 
lissue was digcsled wi1h 0.3 mi oí lissuc solubilizcr (NCS, Amcrsham, 
IL). The radioactiviry in cach collcc1ed fraclion and in the sofuhilizcd 
lissuc was counrcd after !he addi1ion or 7 mi of lrirasol. Resolis are 
cxprcsscd as perccnl or total radioactiviry rclcased pcr minute (tola! 
radioaclivity = rotal rclcased + tha1 rcmaining in rhe tissuc al lhc 
cnd of lhe superfusion). 

Thc idc:n1iry ar lhc radioacli\'c GADA relea.sed undcr lhcse ex· 
perimenral condirions has heen pre,•iously csfabfahcd. More than 80% 
of 1hc radioac1ivity relcascd c.om:sponds lo this amino acid (24). 

C•macho-Arroyo, Alnrado, and Tapl• 

Separvtion of Lab<l<d 0.olin• Gnd Aury/cholin• Rll•as<d. In 
arder lo dc!crmlnc lhc propotlion ol Jobclcd cholinc ond AO. rclcascd 
ancr loodln¡ wirh ['fl]chollnc, In sorne cxperimcnlJ !he poolcd frac· 
lions corTCJponding 10 mlnurcs 3.5 (basal rtlea.sc) and lo mlnu1es 6-8 
(K•-1timul11cd rtlcasc) wcn: used to sepanle labclcd cholinc rrom 
labclcd AO.. For 1hl1 purposc, cholinc was ph01phooyl11cd wllh cho­
line kinase and ACh was subsequcnlly cxtracred inlo a toluenc scin· 
lillarion mixtun: (S g 2.S-diphcnyloxazolc 1nd 100 mg J,4-bisf2-(5 
phcnyloxazolyl)J·benzenc in 1 lilcr of 1olucnc). u prcviously describcd 
(25). Phosphoryl11ion rtacrion in sl1nd1rd solulions of labelcd choline 
was carried oul in parallel and showed 1ha1 86-88~ or rhe 10111 choline 
was phosphoryl:ucd. TI1c actual valuc in cach cxpcrimcnl was uscd lo 
corrccl lhc rcsulls obrained in lhc supcrfusion (rJclions. 

Enzymt As.rays. Oiolinc acctyhransfcrasc (CñA T). 1ccrylcholin· 
cslerasc (AQE) and gfulamatc dccarboxylue (GAD) ac1ivirics were 
measured in wa1cr homogc:nales or PRF and strialum. Thc assays in 
lhc Jaller slruclurc wcrc carricd oul for comparison. 

ChAT ac1iviry was mcasurcd in homogcnates ar poolcd PRF frum 
rwo rars or in onc s1ri:i1um, according 10 1hc radiomclric method ar 
Fonnum (26) wirh some modifica1ions (27). AChE ac1ivi1y wns dercr· 
mincd in homogenalcs or onc PRF or onc slrialum, using rhc speclro­
photomctric me1hod of Ellman el 11 (28). GAD ac1ivily was measurcd 
In homogen111cs of pooled PRF from rhrcc nts or in onc s1ria1um, by 
the nidiomclric mc1hod or Albers and Drady (29), slightly modificd 
(27), in rhe absence and in rhc prescnce or 0.5 mM pyridoxal phos· 
phatc. 

Pro!cin was dclermincd by the melhod of Lowry el al (30). 

RESULTS 

Uptake &perimenrs. ["C]GABA and (3H]choline 
uprake by PRF slices is shown in Table l. In lhe presence 
of Na•, GABA up1ake was 8 times higher lhan lhal of 
choline. In both cases 1he uptake was Na•-dependenl, 
allhough lhis dependence was slricl in !he case of GABA 
(94%) and only partial in !he case of choline (50%). 

Re/case Experiments. ["C]GABA release from PRF 
sliccs in response lo K•-depolariza1ion is shown in Fig­
ure l. The stimulaled rclease of GABA was aboul 7· 
fold in lhe presence of Ca2•. When lhis carien was omil· 
tcd only a slighl, non significan! decrcasc in lhis stim­
ularion was observed. 

K•·depolarization induced a 4-fold srimularion of 

Tablo l. [''CJOADA and ['llJcholinc Upiakc by Ral PRF Sliccs 

["CJOADA 
fJll]Cholinc 

51.1 "' 12.5 
6.4 "' 1.1 

2.8 "' O.B" 
3.2 "' 0.5"" 

The upt:ike of labeled GAUA and cholinc by PRF sliccs was delcr· 
mincd in lhe presencc (118 mM) and abscncc: or Na•. Valucs are 
means of 6 indcpendent expc::rimcnts ~ SEM 11nd are exprcsscd as 
pmol/mg prolcin. •p< .005; • •p< .O."i, as comp:ucd lo 1hc corrcspond· 
ing value in lhc prcscnce of Na• (Sludenf's r les!}. 

Cut Here 



Acelylchollne and GADA In Ponllne Retlculor Fonnallon 839 

>= .... 
> ¡:: 

'<i 
o 
5 
"' c:c 

:! 
~ ... 
o 

r•cJGABA 

-- --·--·--

MIN 
FJ¡:. 1. n:asal and s1imula1ed rclcase or labclcd GADA and ACh from 
PRI: sliccs in 1hc prcscncc (fillcd circlcs) and abscncc (open circlcs) 
or Cah. Aílcr lo:i.ding lhc sliccs lhcy werc washcd and supcrfuscd as 
dcscribcd undcr Malcrials and Mclhods. Al S min (arrow) lhc supcr­
fusiun mcdium was subslilUled by a dcpol:uizing mcdium conlaining 
47 mM KCI. Allhough in thcsc expcrimcnls labcled ACh was nol 
scpara1cd fmm lahcled cholinc, In olhcr cxperiments (scc ICXI) it was 
asscsscd lhar only thc formcr was rclcascd by depolarizalion. Each 
poinl is lhc mean valuc or 6 cxpcrimcnls carricd ouf in duplicatc. Thc 
maximum S.E.M. was 22% or thc corresponding mean, hui for mosr 
poinls il was smaller lhan 10%. 

Table JI. 0.AT, AChE, and GAO Activilies in PRF and in 
Slriatum Homogenales 

GAD 

ChAT A Ch E +PLP -PLP 

PRF 69.7 ~ 1.4 60.4 ::: 4.5 108.8 ::; 2.5 52.3 "= 2.1 
S1ria1um 94.4 ::; 3.8 238.4 ::; 9.4 220.3 ::; 19.2 108.2 ::: 12.1 

ChA T and GAD ac1ivi1ics are cxpresscd as nmoVmg protcin/h and 
AChC acrivity as nmoVmg protein/min. Mean valucs of 6 indcpendcn1 
cxpcrimenls :: SEM. 

radioactiviry relcase from ['H]choline-loaded PRF in the 
presence of Ca" but, in contras! to GABA, this stim­
ulaled release was almost totally Ca'•-dependent (Figure 
1). Such dependence suggesls that the released radio­
active compound was ACh and not choline. This was 
confirmed in thc expcrimcnts in which labeled choline 
and ACh releJsed werc separated. In thesc experimcnrs 
ir was found that the ratio stimulated/basal release was 
0.97 :!: 0.24 for choline and 2.54 :!: 0.18 far ACh 
(means :!: S.E.M. far 4 experiments). 

Enzymc Ac1i1•ities. Table II shows the acliviry of 

ChAT, AOJE and GAD in PRF and striatal homoge­
natcs. Whereas ChAT activiry was only 26% lower in 
the PRF than in the striatum, AChE activity was 4-fold 
higher in the latter. With regard to GAD activity, it was 
2-fold higher in the striatum than in the PRF, and in both 
structures the addition of PLP resulted in an activation 
of about 100%. 

DISCUSSION 

The present results indicare that both ACh and GABA 
may play a role as neurotransmitters in rat PRF. Since 
great care was taken during the dissection procedure to 
ensure that only PRF was removed, we believe that the 
data obtained reflect indeed the neurochemical properties 
of PRF, rathcr than !hose of surrounding tissuc sueh as 
the raphe nuclei. 

AC/I. A variety of histochemical, physiological and 
pharmacological data indicare the exislcnce of cholin­
ergic neurotransmission in the PRF. This regían receives 
cholinergic inputs from the laterodorsal and pedunculo­
pontine tegmental nuclei (13). Carbachol application into 
the PRF, both in vivo (31) and in vitro (17) results in 
modificalions of the neuronal dischargc ratc. Furlhcr­
more, it has bcen shown thal rhe enhanccment of cho­
linergic activiry in the PRF by the adminisrration of 
cholinergic agonists or anticholinesterase agents can in­
duce REM sleep (18,32,33). Our findings give neuro. 
chemical support to thc knowlcdgc of cholinergic 
transmission in thc PRF, and contribute wilh new infor­
mation regarding sorne of its properties. The observalion 
that thc uptake of choline by the PRF is only partially 
Na•-dependent has been previously reported in the gran­
ular layer of cerebellum (24). This rclatively Na•-in­
dependent uptake of choline does not represen! binding 
to the tissue but transport inlo the nerve endings, since 
ACh newly synthesized from exogenous cholinc was rc­
leased from PRF slices in a Ca'*-dependenl manncr. 
The latter observation strongly suppons the neurotrans­
mitter role of ACh in the PRF. 

A cholinergic funclion in the PRF is also demon-
strated by the high ChAT activiry found in this structure. \ / 
In facl, this activity was only 26o/.:(than that in the siria- 1\ ''' 
tum, which is among thc brain regions with highesr ChA T 
acrivily (34), and l1ighcr th:in thal reported in the hip-
pocampus and in lhc fronlal and occipital cortex 
(27,34,35). AChE activiry in the PRF was only aboul 
25% of that in thc striatum, although higher than that in 
the other regions menrioncd (27,35,36). However, it is 
generally accepted lhat the ACh synthesizing enzyme is 
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a more reliable marker for cholinergic synapses !han its 
degrading enzyme. 

With thc use of ChAT antibodies, no immunoreac­
tive cell bodies have bccn obscrved in the PRF of thc 
cal (37) and vciy scarce immunoposilivc cclls havc bcen 
rcported in !he rat (38). Therefore, il may be concluded 
thal ChAT is most probably located in thc nerve cndings, 
a conclusion supportcd by thc resulls of cholinc uptake 
and ACh rclease alrcady discusscd. Thesc tcrminals 
prohably correspond to fibers arriving from the lalero­
dorsal and pcdunculoponline tegmental nuclei (13). In 
agreement with this conclusion, the presence of ChAT 
immunoreaclive fibers and varicosilies in !he PRF, orig­
inating in lhese arcas, has been recently described (39). 

GABA. In contras! to ACh, scarce informalion ex­
ists aboul !he role of GABA in the PRF. The stricl Na+ -
dependence of GABA uptake observed in lhe PRF is 
related 10 a high nffinily synaplic 1ranspor1 (40). We also 
showed thal lhe PRF can synlhesize GABA, since rel­
alively high GAD acliviry was detected. This result agrees 
with !he demonslration of GAD and GABA-like im­
munoreaclive cell bodies presenl in the PRF (19,20,4I), 
which send their projeclions 10 the basilar pontine nuclei 
(41). 

The finding that in the PRF GABA release stimu­
lated by depolarizalion was ea2 •-independenl agrees wilh 
previous observnlions in other cerebral regions, both in 
vilro and in vivo (42-44). In facl, this comparalively 
notable independence of Ca2 • is characteristic of GABA 
release, as compared 10 acerylcholine or other transmit­
lers (42). The site of origin of GABA relcase is un­
known. Allhough a release from neuronnl somas or from 
terminals of inlrinsic GADAergic inlerneurons can nol 
he discarded, ir seems probable thal il occurs from Jer­
minals of axons arising from the zonn incerla, whose 
neurons conrain GADA nnd projec110 lhe PRF (11,45). 
GABAergic lransmission in lhe PRF is also supporled 
by lhe presence of GADA Jransnminase and GADA0 and 
GADA,. receplors, which was reponed in Jhe PRF by 
means of hislochemical, auloradiographic and in silu hy­
bridizalion methods (2I ,46,47). 

In conclusion, our dala suggesl ihal boih ACh and 
GABA may funclion as neurolransmillers in !he PRF of 
the ral. 
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Microinjections of muscimol and bicuculline into the pontine reticular 
formation modify the sleep-waking cycle in the rat 

Ignacio Camacho-Arroyo•.i, Raúl Alvaradc2, Joaquín Manjarrez' and Ricardo Tapia' 
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(Rcceivcd 12 March 1991; Reviscd vcrsion recci\.'cd 25 April l991~Acccpted 25 April 1991) 

Kcy wordt: Pontinc reticular íormation: Slccp-waking cyclc; Muscimol; Bicucullinc; GABAergic transmission 

Thc role of )'-aminobutyric acid (GABA) in thc slccp--waking cyde was c\'aluatcd by mcans of microinjcctions oí muscimol and bicuculline into 
thc rat pontinc reticular formation (PRF). Muscimol (20 ng) produced a marked incrcasc in wakcfulness (70%). a dL-crcasc in slow-wa\'c sleep (SWS) 
(35%) and a remarkablc dclay in thc onset of both SWS and paradoxical slecp, without modifying the pcrccntagc of thc lattcr. Bicucullinc (4 ng) 
shortcncd SWS latcncy by about 70;t. Thc!>c results suggcst that GABAcrgic trnnsmission in the PRF is in\'olvcd in thc rcgulation ofslccp-waking 
cycle in the rat. 

Severa! physiological and lcsion studies have shown 
that lhe ponlinc re1icular fonnation (PRFJ plays an im­
portant role in lhe rcgulation of slcep-waking cyclc [3, 
5]. 01her reporls indicate that cholincrgic transmission 
in this rcgion is involvcd in paradoxical slcep (PSJ 
mechanisms [I, 4, 15]. Howcvcr, little infonnation exists 
on the function of other neurotransmitlers in the PR F 
and their participation in the sleep-waking cycle. 

Recently, we have shown that ¡•-aminobutyric acid 
(GABA) can actas a neurotransmitter in lhe PRF [2] bul 
therc are no data on the role ofGABAergic transmission 
in this rcgion. GABA seems 10 participate in slecp-wak­
ing cyclc rcgulation although its precise role is unclear. 
Changes of sleep pattern after the cnhancement of 
GABAcrgic transmission by thc intracerebral adminis­
tration of benzodiazepines, muscimol or GABA itself 
depend on the si te of injcction. Thus, microinjections of 
lriazolam into the medial prcoptic arca of rals incrcase 
slow wave sleep (SWS), whcrcas injections into the raphc 
nucleus decreasc it [JO]. Muscimol injccled bilaterally 
into the anterior hypothalamus produces insomnia. but 
its injeclion in the posterior hypothalamus induces both 
SWS and PS [8] and reverses the insomnia produced by 
preoptic arca lesions in cats [IJ]. The unilateral local ap­
plication of GABA in thc ventroposterolatcral nucleus 
ofthe thalamus decreases wakefulness (W) and increases 

Correspondt•11n·· R. Tapia. Instituto de: Fisiologia Celular, Uni\'Crsidad 
Nacional Autónoma de MC.xico. Apartad" Postal 70--600. 045IO·Mé>.· 
ico, D.F .• México. Fax: (525) 54~·0387. 

the lota! amounl of sleep, due mainly to an increase in 
PS [7]. 

In view of thc above, the aim of thc prcsent work was 
to sludy whether blocking or enhancing GABAergic 
transmission in the PRF, through the microinjection of 
bicuculline and muscimol. modifies the slecp-waking 
cycle in the ral. 

Adult male Wistar rats (250-270 g) werc uscd. Under 
ketaminc ancsthcsia (80 mg/kg i.p.) stainlcss-sleel elcc­
trodes were implanted in 1hc frontal and parietal cor1cx 
for electroenccphalographic (EEG) recording and in the 
orbital cavity for elcctrooculographic (EOG) recording. 
Elcctrodes werc al so inscrted into the neck muscles to re­
cord thc electromyogram (EMG). Furthcrmorc. a stain­
lcss-stecl guide cannula (21-gaugc) was implanted unila­
lcrally into the PRF (P: 8.0, L: 1.0, V:-8.2) [12]. 

After surgery lhe animals wcre allowed 5 days lo 
rccovcr in their home-cagc. with food and water ad libi­
tum. maintained in a 12:12 h light-dark cyclc. with lights 
on from 07.00 to 19.00 h. During thc following 5 days 
thcy wcrc habitmlled to the recording situation and on 
day 11 the sleep study was Slarted. Muscimol and bicu­
culline methiodidc (Sigma) were dissolved in ohysiologi­
cal salinc. and microinjt:ctiom. wcn: mude unilaterally 
using an injcction nccdle (27-gaugc). inscrtcd into thc 
guide cannulu. that was conncctcd through a polycthy­
lene tube 10 a 5µ1 Hamilton syringc. On day 1 of thc 
cxperimenl a baseline sleep recording was performcd fol­
lowing a sham injection proccdure (insertion of the 
needle but no injection ). On day 2 the animals wcre ran-
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Fig. 1. lnjt.~tion sitcs of rnuscimol (A) and hicucullinl! (8) in the 5 rats 
s1udied in cach group. Coordinalcs indicated .ire from brcgma. 

Schemcs wcre 1akcn from !he atlas of Pellcgrino et al. fl 2J. 

domly assigned to one of two groups: group J received 
physiological saline (0.2 ¡il) or muscimol (20 ng/0.2 ¡il) 
and group 2 received saline or bicuculline (4 ng/0.2 ¡11). 
On day 3 the animals prcviously injccted with salinc 
received muscimol (group 1) or bicucullinc (group 2), 
whilc the animals which had rcceived muscimol or bicu­
culline were injected with saline. lmmediatcly after each 
injection (at 08.00 h approximatcly) a polygraphic 
recording was performed far 6 h. The scoring of thc 
sleep-waking cycle was made by visual analysis of the 
electrical recordings, fallowing established criteria far 
the W phase (mixed-frequency, low voltage EEG, vari­
able eye movements and high ncck EMG), SWS (low­
frequency, high voltage EEG, sleep spindles, scarce eye 
movements and medium muscle tone) and PS (mix.cd­
frequency, Jow voltage EEG, rapid eye movements and 
absencc of ncck EMG). Repeatcd measures analysis of 
variance and post-hoc Student's 1-test were used far sta­
tistical evaluation. 

Al the end of the third recording period, Direct blue 
(Sigma) ( 1.2 µg/0.2 µI) was injected in arder to localize 
the injection si te. When the study was complcted animals 
were injected with a high <lose of sodium pentobarbital 
and transcardially perfused with saline. The injcction 
sites were verified in 80 µm coronal slices. Ali the injec­
tions were localized in the medial PRF, both in the ros­
tral and in the caudal region (nucleus reticularis pontis 
oralis and pontis caudalis, respectively, Fig. 1) [12]. 

Muscimol injected into the PRF produced an imme­
diate increase in EMG activity, as well as masticatory 
and vibrissae movements, which lasted for a few mi-

TABLE! 

EFFECTS OF MUSCIMOL INJECTIONS INTO THE PRF ON 
THE SLEEP-WAKING CYCLE OFTHE RAT 

\'alucs are thc mcans±S.E.M. of S animals during 6 h of recording. 
Perccnt:.igc refers to total recordcd time. Mean duration of each phase 
J.nd lalency are given ín minuh!s . 

IV 

SWS 

PS 

No 
injection 

Pcrcentage 28.6±2.8 
Number 24.6 ± 3.9 
Mean duration 4.7±0.7 

Pcrcentage 
Numbcr 
Mean duration 
Latency 

Percen1age 
Number 
Mean duration 
Latcncy 

62.8±3.7 
49.I ±4.2 
4.9±0.6 

12.2±2.5 

8.5±1.3 
27.I ±3.4 

t.1±0.I 
37.8±6.9 

Saline 
(0.2µ1) 

31.6±2.9 
30.8±4.4 
3.9±0.4 

59.4:!;3,30:: 
63.4±6.6 :;· 
3. 7 ±0.7 .. •~ •. 

12.J±JJ 

8.9±0.9 
35.2±4.9 
0.9±0.t 

36.3±9.7 

Muscimol 
(20 ngi0.2 µt) 

50,9± ·_4.0!~--
2tA± ,j_g . 

~-! .. o±.~ 2:9· 

'··-

39.2±·3.8 ... 
44.4±:6,4 .. 
"3:6± 0.6 
80.6±14.3 .. 

9.8± 2.9 
25.2± 5.2 

1.2± 0.1 
145.4±27.2•• 

• P < 0.005; •• P< 0.001. Significance of diffcrcm:es betwecn muscimol 
injections and the olher manipu/iltions. 

nutes. A turn of the head ipsilateral to the injection site, 
which started 5 min after the injection and !asted for 
about 90 min, was observed in 4 of 5 rats. In ali the ani­
mals muscimol induced a markcd increase (70~1;) in the 
total time of W, that was more evidcnt during the first 
hour, in which no sleep signs were observed (Table 1). 
The W enhancement resulted from an increase in the 
duration of W phases, mainly dueto the large duration 
ofthe first W phase after muscimol injection, rather than 
from an etfect on the number of W phases. This increase 
was independent of the etfect of muscimol on head posi­
tion, since not ali the animals with W enhancement 
showed turning of the head and they had SWS phases 
while their heads were turned. Latency to SWS was 
increased by muscimol about 7-fald and its total 
duration was reduced significantly (35%). PS latency was 
also notably increascd (4-fold} but the total PS time was 
unchanged (Table !). 

The injection of bicuculline into the PRF did not in­
duce changes in head position nor in the total duration 
ofW, SWS or PS. A 70% reduction in the Jatency to SWS 
was observed, although this decrease did not reach sta­
tistical significance (P = 0.08). A tendency towards a 
reduction in PS Jatency (40%) was also observed after the 
injection of bicuculline (Table 11). 

Des pite the A-P variation of the injection si tes in to the 
PRF (Fig. I}, the changes in sleep pattern induced by the 



TABLEll 
EFFECTS OF BICUCULLINE INJECTIONS INTO THE PRF ON 
THE SLEEP-WAKING CYCLE OF THE RAT 
Valucs are thc mcans±S.E.M. of S animals in 6 h of rccording. Per­
ccntage rcfcrs to total rccordcd time. Mean duration ofcach phase and 
latcncy are givcn in minutes. 

No Salinc Bicucullinc 
injection (0.2µ1) (4 ng/0.2 µI) 

w 
Pcrccntage 30.5± 2.2 39.7±7.5 38.3±3.9 
Numbcr 29.0± 2.8 39.0±2.9 41.8±4.4 
Mean duration 3.8± 0.3 3.6±0.7 3.6±0.6 

sws 
Pcrccntage 63.I ± 2.0 55.0± 7.2 54.6±4.3 
Numbcr 42.0± 3.8 54.0±5.1 61.4±4.5 
Mean duration 5.7± 0.6 3.7±0.6 3.3±0.4 
La1cncy 14.4± 2.9 15.5±2.9 4.0±1.I 

PS 
Pcrccntagc 6.2± 1.6 5.3±0.7 6.9±0.7 
Number 18.4± 2.6 19.8±3.0 26.8±3.0 
Mean duration 1.1± 0.4 0.9±0.1 0.9±0.I 
Latency 53.9±11.6 50.8±5.3 31.1±4.7 

drugs used were similar in ali rats, suggesting that phar­
macological manipulation of GABAcrgic transmission 
in both the nucleus reticularis pontis oralis and thc cau­
dalis produces similar cffects on the sleep-waking cycle, 
as has been shown for drugs affccting cholinergic trans­
mission [4]. 

The results ofthc prcscnt study suggcst that GABAer­
gic transmission in the PRF is involvcd in the mecha­
nisms that maintain wakcfulncss in thc rat, sincc the 
injcction of the GABAA agonist muscimol in this rcgion 
increased W, whereas the antagonist bicucullinc facili­
tated SWS. The increase in W produced by muscimol 
has airead y bcen rcported after the injection of this ago­
nist in other brain arcas. such as thc anterior hypolhala­
mus [8]. Although thc slecp promoting effcct of bicucul­
line was relativcly small, since only a tendcncy to a dc­
crease in SWS and PS latcncies was obser.vcd, it should 
be noted thal our sludy was pcrformcd during daytimc. 
when thc baselinc slccp pcriod in control rats is very long 
and therefore a pharmacological enhancement of slcep is 
difficult to obtain [9]. Morcover. thc dose of bicucullinc 
injccted was relatively low. In sorne expcriments a highcr 
dose of bicucullinc (20 ng 10.2 µI) was testcd but it pro· 
duced gcncralizcd tonic-clonic scizurcs. Since PS was not 
affected at ali by muscimol nor by bicucullinc. thc 
involvement of PRF GABAcrgic transmission in slccp­
waking cycle is apparcntly restricted to thc othcr phases. 
Thc participation of PRF in PS is probably dependen! 
on other transmitters, such as acetylcholine [I. 4. 15]. 

The origin of afferent GABAcrgic fibers to the PRF 
is unknown. lt is possiblc that they arise from thc zona 
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incerta, thc laterodorsal tcgmental nuclci or the pedun­
culopontine nuclei, whose neurons contain GABA and 
project to the PRF [6, 11, 14], but the existence of 
GABAergic intemeurons in the PRF can not be ruled 
out. 

In conclusion, our data indicate that GABAergic 
transmission in the PRF probably participates in the 
regulation of the sleep-waking cycle in the rat. 

This work was supporled in part by CoNACyT 
(Project P228CCOX-880370). 

Baghdoyan, H.A., Monaco, A.P .• Rodrigo-Angulo, M.L .. Asscns, 
F .. McCarley, R.W. and Hobson, J.A., Microinjection of neostig­
mine into the pontine reticular formation of cats enhanccs desyn­
chronized sleep signs, J. Phannacol. Exp. Ther., 231 {1984) 
173-180. 

2 Camacho-Arroyo, J., Alvarado, R. and Tapia, R., Rclcasc oí ace· 
tylcholine and GABA, and activity oí thcir synthesiz.ing cnzrmcs 
in the rat pontine reticular formation, Neurochcm. Res., in press. 

3 Friedman, L. und Jones, B.E .. Computcr graphics analysis of 
slcep-wakefulness stalc changcs aftcr pontine lcsions, Brain Res. 
Bull .. 13 (198~) 53-68. 

4 Gnadt, J.W. and Pegram, G.V., Cholinergic brainstem mcchanisms 
of REM slccp in the ral, Brain Res .. 384 (1986) 26-41. 

S Hobson, J.A., McCarley, R.W., Pi\'ik. R.T. and Frccdman, R., Se­
lecti\'c firing by cat pontinc brain stem ncurom in dcsynchronyzcd 
sleep. J. Ncurophysiol .• 37 ( 1974) 497-511. 

6 Jone~. B.E., Rclationship of GABAergic to cholincrgic neurons 
within thc Jaterodorsal and pcdunculopontinc tcgmcntal nuclci. 
Soc. Neurosci. Ahstr., 16 (1990) 300. 

7 Juhász. G .. Emri. Z., Kekcsi. K. and Pungor, K .• Local pcrfusion 
of thc thalamus with GABA incrca!>Cs slccp and induces Jong-last­
ing inhibition of somatoscnsory C\'Cnt-rclatcd potcntials in cats, 
Ncurosci. Lcll., 103 (1989) 219-233. 

8 Lin, J.S .. Sakai, K .. Vanni-Mcrcicr, G. and Jou\'ct, M .. A critica) 
role oí the pos1crior hypothalamus in the mechanisms of w<ikeful­
ncss dctcrminc<l by microinjcction of muscimol in frccly mo\'ing 
cat~. Brain Res., 479 (1989) 225-240. 

9 Mcnddson, W.D .. ~fartin, J.V., Pcrlis, M. and Wagncr, R .• Slccp 
and bcnzodiazcpinc receptor sub-typcs, J. Ncural Transm .• 70 
(1987) 329-336. 

10 Mcndelson, W.B .. Martin, J.V .. Pcrfü. M. and \\'agncr. R .. Enhan­
cerncnl of slcep by microinjt-ction of triazolam into thc medial 
prcoplic area, Ncuropsychopharmacology. 2 ( 1989) 61-{)6. 

11 Ocrtel, W.H .. Tappaz, M.L., Bcrod, A. and Mugnaini. E., Two­
color inununc.lC)ll.x:hcumtry for dopamme and GABA neurons m 
rJI sut>stanti;.i nigra and zona inccrta, Brain Re~. Bull., 9 (19S:!) 
463--174. 

12 Pcllegrino. L.J., Pcllegrino. A.S. and Cushman, AJ .. A S1ercotaxic 
Alias ofthe Rat Brnin. Plcnum. Ncw York, 1979, pp. 123. 

13 Sallanon. M .. Dcnoycr, M .. Kitahama, K .. Aubcrt. C. Gay. N. 
and Jomct. M .. Long-iasting insomnia induced by preoptic ncuron 
Jcsion~ and its tran5icnl reversa! hy muscimol injection into tht.' pos­
terior hypothalarnu~ in the cat, Neuroscicncc, 32 ( J 9891 669--683. 

14 Shammah-Lagnado. S.J .. Ncgrao. N .. Silva, B.A. and Ricardo, 
J.A .. Affcrent connections of thc nuclc1 reticulans ponus oralis and 
C<iUd<J!is: a horscradish pcroxidasc stud) in thc rat, Neuroscicnce. 
20 (19871961-989. 

15 \'cla1qucz- Moclczuma. J .. Shalauta, M.O., Gillm, J.C. and Shiro­
mani. P.J .. Microinjcctions ofnicotinc in thc medial pontine reticu­
lar formation elicits REM slccp. Ncurosci. Lctt., 115 (1990) 265-
268. 



LEl/ELS, UPTAKE AND RELEASE OF GLYCINE ANO GLUlAMATE IN THE RAT 

PONT I 1'1E RET I CUU~f': FOl':M?H I Ol'l 

Iqnacio Camacho--A-t-royo and Ft:icardo Tapia 

Depa..-tamento de NeLtrocienc:ias, Instituto de í-isiologí.CI CelL1lar, 

Univer-:~idad t-Jacional Autónomc\ de Mé~<ico_. 

04510-México, D.F., México 

Co..-respondence should be sent to: 

F:ica1·do Tapia 

Instituto de Fisiología Celular 

Universidad Nacional Autónoma de México 

Aparlado Postal 70-·600 

04510-México D.F., México 

l"e] (525) 5505215 X 4935 

Fa>: (525) 5480387 

Apartado Postal 70-600, 



liBt>TRl'\CT 

In thjs \.>Jor-1~ t.oJe have dr?tc~rminE".-,'d thE.• levels o-f gJycine, 

glutamate arid other amino acids in the rat pontine reticular 

·fo1··mation <PRFl, as t.<Jel l tts sorne propert ies o-f l:he Ltptc:\kEi i;::~ntl 

releas.e o-f labeled glyc:inr? ;~nd 9lut;c~mate in slices. o-f this 

was the 1nost concentrated:amiha-aci-d ,in the 

PRF, although its cont~nt was abciut haH thát o·/ th~ 'sfri,'ltLtm' 

SLwp1· i si ngl y, g 1 ye: i ne lE,vel s in the Pf'!F wer'e :::1.:2-Jo¡~~i'~]rj~~r. thar¡ 

in the st r i.atum, \.'Jhereas GABA content - was····sim'ffl~·Jih Ooth 

qlyc:ine and gll.;fam'at-~ b~•·;·RF sl.ices 
-. . .. 

was stt· itt iy Na+-depencJEmt. -Thei r re 1 e ase was• s·I: i'múl'ated tiy ~:---­:>:>--·-.';" __ ,:--
depolari~o1-t'i'o-..:i_. but _ only the release o-f_ glycine was Ca2 +-

dependent. These -findings suggest that glycine _i• a strong 

candidate -fo~ a neurotransmitter role in the ~PRF and that 

glutamate might also play such a role in this region. 

KEY •imms: Pontine reticular -formation; g l ye i ni;;'; glutamate; 

neurotransmitter amino acids; uptake and release 
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IHTFWDUCTIOl'l 

Since the publication of the classical paper of Apriaon and 

Werrnan glycine t1as been progressively acceptetj as an 

:i.nhi bitory neL1rotransm.ittér in the spín¿d cord and the brain st:em 

(2), and there is sorne evidence that .i.t might also be a 

transmitter in- sorne st1praspinal regions such as the cerebral 

cortex and the cerebellar glomeruli (3,4). - In - med1.lll.:1·-pons, 

glycine is as c:.oni::entt"atecl as in the spi.nal cord (5), and some 

findings suggest that it may be a neurotransmittér in .the pontine 

nuclei (6) • 

In rec:ent studi.es, cm the rat poritine_ reti.culat· f'ormation 

<PRF), a ·-r-e_gion i-_nvolved in diversi• _ physiological processes, 

including rapici eye movement sleeo (7~9)~ head and eye·n1avements 

(10-13) and motot" activity ( 14,.l5), w~ bave shown that 

T-aminobutyric acicl IGABAl i~ synthesized, t~ken up and released 

by depolarization, and that GABAergic transmission in this area 

is probably related to the requlation of the sleep-waking tycle 

C16,17l. However, other putativa amino acid transmitters have not 

been stL1died in this t·egion. Glutamate!, an am~ly disfributed 

excitatory neurotransmitter 118,19>, is the most abundant amino 

acid in medLtlla-pans (20~21) but, C:\~ in thE.1 case cJ-f glyc:ir~-~:~-- _ 

there is no in~ormation regarding its levals and pbssible 

transmitter role in the PRF. There~ore, in the present wark we 

have measured the levels o~ glycine, glutamate, GABA and rrthet" 

amino acids .ir1 tt1e PRF, as well as the upta~ce ar1d release o~ 

labeled glycine and glutamate in slices of this region. 



EXPERirlENTAL PROCEDUf.:E 

all the e>:perimeni:s·. ["'JGlycine (~;p. act. 

purchased from Amf?rshi'\m (8uckinghamshire, 

19. 1 Ci /mmol) v1as 

UJO and (1-["'CJL-

glutamic acid (sp. act. 46 mCi/mmol> was from NEN-Dupont CBoston, 

i'J{.\). Ethyleneglycol-bis-CB-amino-ethvl ether>-N,N'-tctra-acetic 

o-phthaldialdehyde, tetrahydrofuran and the amino 

acids viere.• obtai.ned ·from Si.gm,0< Chem]cal Co. (L;t. [_ouis, l"JCJ). All 

other chemicals were of analytical grade. 

_Lso]._§_t;_:L9JJ g_{ fRF_, l'lftet- dec.;1pilc<i:irm, the bnd.n was qüickl.y 

removed and the por1s was dissected ot1 ice by means o~ corbnal 

cut s. Using the atlas o·F F'a>:inos and Watson -:(22)- as gufde" thé 

PRF of each side was punchad out with the help of a p¿ste~~ ~~pet 

tip <J.2 mm intern21l diume:-~tei-·)~ Thc.~ P~~F reqions wet·e sliced or 

homogeni zed as reqLli r·ed ( see bel ov1) • As prev iously repot-ted ( 1·6) 

tt1e part of thc2 pons us.ed in ·U1is study corresponds to the 

nucleu~ reticularis pontis oralis and pontis caudalis. 

Llr!..:tEJ:~ . . ~:U:LP.g_L~jfil.<;2.D.t.?.!' .. For uptc:\kr~ e}·:pet~ i me~nts, tht:~ PR~~~ t=1 ... om si>~ 

rats was cui: into 300 µm-thick slices with a Mcllwain tissue 

chopper. Si>: slices WE.'l"e pcmled and pndni:ub¿ít•~d for 10 ·min at 

37ºC in one ml of.. '"" o>:ygenated l<rebs-Tris mediLtm containing (in 

n1~I concentrat1ons): 

MgSO,,. 1. 2, glucose 

N<.1Cl 118, l<~l L¡,7_; _f<1:;1;..:,p_Q 4 -,:l,2_,,_:°C_¿\Cl,,, _2.5, 

5.6 and Tris-HCl 25, pH 7.4. In the 

e::per.i.ments designed to test the J\l;~··--dependence .. of the uptake, 

NaCl was replai:ed by an equiosmola~ concent~ation of. sucrose • 

After preincubation,. [ 3 HJgJ.ycine (1'.0 ¡1Ci, ·10.0 µM .¡: i n.;11 

concentration) or c• 4 CJgl.ütamate (0.5 uCi, 0.5 µMI was added and 
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after 10 min the uptaku was stopped by dilution with 4 ml of the 

medium and.immediate filtration under moderate vacuum on 0.65 um 

c<el.lulose acetate t'lillipo1·-e +'ilters, -vihich w12re w<1shed twi.ce with 

4 ml o·F tl1e mediu1n. Since the aim o~ these e>:peri1nents was 

essentially to study the Na·~ciependence of the uptake, a 

long incubation period was Ltsod. No ki net .le 

experimente were carr(ed out~ 

The slices were digested with O.~ ~l NaOH 

radioactivity was counted by liquid scintillation spectrometry, 

24 h after the addition of 10 ~l of tritosol 1231' 

the superfusion method pi-<~viously clesct-itJEHJ l'll. F'RF .sHcefr; --f'rom 

6 rats were incubated in the Na+ containing medium •Gnder- th~ 

conditions described cdJoV~?. A-f"ter incubation with' the labelE>d 

con1poun~s~ _the ~~ic~s were transferred to super~~si~~:~~ch~mberQ 4 

v1ash<~d --.by ÜÜper-fusion at 1.5 ml/min dur:lng 8 ~in,-_ aríd the speed 

was then adJGsted to ml/min for lhe collection 

·fractions. SL1p_erfusiL"ln 

L1ptake. - Af'ter 5 ri1in o.f supet'fusion ·.t.1;e 

subst i tLtt~d. by one C:olltai ning a df:pof;;;r:i z 

(47 

and 

.for 

qLdc"ly 

a 
. ··:· ·.: __ '' .- ., 

medium withoLtt Ca"'+ and ccintair1i.r1g O.l mM .EGTA vio,1s can'ied ollt in 

parallel ·with the contr:ciL At _the ené:f o:f the s1.1per:-fL1s:i.on, the 

tissue was digested ~1i·th 0.3 ·inl. of: t,issué solubi lizer <NCS, 

Arnet-sharn, ILJ. The r.•dioactivít/'in<·each<.coll.~cted ft-a.¿·Uon ;,1nd 
'.· ·- ·: ·. 

i.n the SOlLlbi.lized tissue"WaS coLinteid ,,_-ftew thE~ addi:t.ion of 7 ml 



., 

o-f -et· i toso l. o·F 

radioactivity released per minute !total radioactivity total 

1-e1eased ~ that re1naininq in the tis:.:.L\E? 2\t the €~nd o·F the 

SLlpe1·~fusion). 

the identity o·F tlie t-adipac:tive glyc:i.ne relea~:i.ed wc1s asc:er-tain~-:?d 

by TLC. Pooled fractions correspor1dinq to minutes 3-5 

releas.e) !< 6-8 (peak o-f. stimulated release) and 9-11 ~Jet· e 

desalted by passing t~rough a Dowex AG 50 column IH~· -for-ml, 

eluted with NH.Cl 11 MI, concentráteci by evaporation en a hot 

plate, r-esuspendedfi~ a small volume of' 0.1 N HCl, spotted on TLC 

sheet!:.; o-f sÜic:a gel· and run witii a mi.>:t.Lwe o-f 70/. 

~iere r-un ·in par·all•!l .• The•.Sheets ~Jere. cut iri 1_-ccrn piec_es and 

t·adioacl:ivity w:a,i; 'cbui1'ted :in C?ach piece a-fter·· elutfóri 1~ii:h T- 1ifl 
';-: .. 

o-f tritosol direct.ly, in scintill.<~tion vials. ln thé c.Élse o-f 

glutamate, 

e>:per· i.menta 1 

it has been previously estáblish~di~~~ ~nder the 

cond:itions used more 1:h¿rn 80/. of'. the .; :}<1di~1,ctivi.ty 
released cot"<"esponds to this amino acid 124)'; · 

Free amino acid levels. The levals o-f glyci.ne~ glui:<1m¿1te, 

ser:ine~ glutamine~ tt1reonine~ taurine~ alaníne "::i.nd 

GABr::¡- --wt~re -meusut-ed -in--e~·:tracts- -o+:-- Pl:;:F---and:;sti~--iatum. -T'.he i:\mino 

acids were derivatized with o-phtl1aldial~ehyde, separated by HPLC 

and detected ·Fluor·omett·ically. Tt1e dotet"minations in the str·i.atum 

were carried out with co1nparative purposes. 

Unilateral F'RF~ and striatum were homugenized in ON2 ml and 

0.5 ml oi= ice-cold water·, respectively. An aliquot was taken ~or 
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small volume 01-= 

was immc=ciií~'te~y addf7!d to the homogenc;\tes-. 

by cer1tri~ugation in a Bec~,m~r·1 micro~~q~. 

Pratein was sedim~nted 

;;nd t he sup,en1c\tant 

Wt:lS neutrali¡!ed witl1 ~:~OH and ct?ntrifuged aqain to sr?di1ot?nt 'the 

pt·f~c:ipitatE~cJ pot21ssium pet·ct1lorclte .. 

The amino acids ware derivatized with o-phthaldialdehyde 1251 

ar1d three min later 20 tll o~ tt1e niixture were injected into a 

Beckman Gold System c:J1romatoqt·aph. The. HPLC procedure was as 

cfrescribed by R"ljendt-21 <'.261, which permits a good separalion of 

glycine from threonine. the amino acids were separated 

in a reverse phase ODS column (25 coi x 4 mn1 interr1al dii:;1meter> 

and det<:cted fluoromet.r·ic.'llly in a Beckmo1n ·Fluorome>tE-~r. The 

mobil~ phaae ~as methanol:tetrahydrofuran (97:3l-scidium acetate 

bu·Ffer lpH 7. 2, 0.1 Ml and was run at 1.5 ml/min in a multistep 

gri1dient (65 _mif1!1 10X to 90X mathanol:tetrahydrofuranl. The 

identif'ic.ation and qL1antiti;1ti.on o·F the cht·omatogrc1phic: peaks ~iei--e 

made by comparison of their retention times with those of' 

standard amino acid mixtures i--un under identic:al conditions •. When 

necessary, as in ttie c.;1s-e o·f glyci.ne and ttireonin¡¡J, i nter-na 1 

L1sed to vei--:i-Fy the identity o-f the 

chromatographic peaks. 

F't·otE?in wa,; dHtf.H"mined by the -method n·F __ i_.c-Jl•JC)l_.et 2tL-<27). 

Fd::SULTS 

\Jfl_t§ .. tg •21ill.§'l:..i.l!!§U1 t ;;_,,_ uptake o~ labeled glycine anci 

glutamatre by PRF sl ices is shown in Table I. In tt1e presence oF 

f\la·'-. glutamate upta~e was 18 times higher than that of' glycine. 
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Fc1r both amir10 acid$ the uptake w~G strictly ~1~~-cieµend~nt. since 

in trie i::\bse11ce o·F th'L~5 ce\i:ion it was r·ed1Jc:ecJ by 95--?7/... 

shown ir1 Fig1.1re 1. The am.i no ac id was wel 1 rE?l:ained by the 

tissuc:.i~ sincc the basal relea8e w~s <2% per min~ Pot¿-1.ssiLtm-

depol2\rization resulted in a 2.6---Fold peak stimLtla,tfon o·f the 

r--elE•¿1sE~ in the presenr.:e o·F Ca:::::+;11 and when this c:ation l-'JC:1::; .omi.tted 
,··' ,,' 

the stimulation was completely abolished. Glutamaf~. ·r~lease was 

also stimulated by K+-depolarization, but this stimulation. was 

less notable (1.7-fold peal( stimuL1tion) and more vat<{ab-le tlian 

in the case o~ glyci~e. In élddition, 

independent <Fig; 1), 

The e>(per·iiÍlér\i:s-c_cá1~t:iE01d out to identi-fy the- rad_ioa_ctivity 

released after loading the tissue 0it:h glycine ilio0ed that 71% ± 

2.4 <mean ±-s;e(;iii.l --ó-f t:hebas<.11 rslee1se and_88X ± 3.1 o-f the 

stimL1lated · r_elease corresponded to this amino acid (n ., 3). In 

these expe~iments the rel~~se of glyc-ine was stim~lated 3.3-~old. 

the most cor1centrated an1ino acid4 both in the PRF and in the 

striatum, but its levels in the +orma~ were nearly 50:1. lower than 

in the latter. The cor1tent of aspartate. serine~ alar1ir1e and GABA 

were 1nore concentrated in the striatum. Glycine was the only 

amino acid that was consid8rably more concentrated in the PRF 

than in the striatum (3.2-fald). I1:s cor1tent in tt1e PRF was 

slightly higher than that oF GABA. 

8 
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DI scu,-m I DN 

The results indicata that both glycine and 

g.lLtto:imai:e, ~artic~lá~ly the -former, fulfill sorne o+ the? 

r1eurochemical criteria to be considered.as neurotr~nsmi·tters in 

the Pf':F. 

In the. caseof glycihe, its tonceni:ratiori in the PRF was mora 

than 3-fo.ld higher than in the striatum. This in general agrees 

with rec:ent reports in which fr0o•e '°<mino acúJs •mre measured by 

HPLC, showing that in mr:?dL11Ia-po11s glyc:in.e l~vels· wc.;,rr~ 2·- to 3-

-fold -t1ighe!t"· thari in the !St:riatwn (20,28). _As in th0o• pionr-,e1· 

st1.1diet; cm glyc:ine c:oncentration in the CNS (see n>P. 2) !I this 

finding suggests that this <1mino e1C:i.d _inciy bE• a n12c.wotransmitter· 

in the PRF .-

The 1·e5ults oi- glycine Ltptake <.1nd. t·elease stt·ongly sl.lpport 

the o:ibove- possibi) ity; In i=act, ~h;~ uptake was prac:ticálly 

abolished wtie_n·Na+ ~ias omitted·:in· .. tht~ mediL1m, arici the t0equi.rement 

of this cat ion is typical Of th-e high af:flnity trc:=\n5pat~t o-F 

--
neurotransmitter amino i.tc:idS (29) •. With 1·espei::t to relea:;e!1 the 

1,;ibeled amino acid i-ias well retained -by f:·RF ;;;I:ices, whic:h is also 

a property of amino acid neurotransmitters, nCJt shat·ecJ by non-

t r•insmi ttet· ones such as leucine or a-afuinoisobutyric acid 

(30, 31). 

stimulai:ed by K+-ciepolarizatiCJn anci this stimulation was strictly 

dopendent on the presence of' Ca2~ in the madium. This f'<ict is 

partic:ularly interosting, ~irstly because it has aleo been 

observed in synaptosomes f'rom spinal cord, meclul.la, 

c:o~tex an~ isolated cerebellar glomeruli c3;4,32l, and st~c:ondl y 

because the strict Ca 2 •-dependence of' glycine release sharply 
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Suc:h 

ca~--depundence is a good indication that t~e radioac:tivity 

released corresponds to qlycine and not to nor1-·trar1smitter 

111<0.'tabol i t.es. This was con-fi rmed in lh€e e:·:periments o-F ·TLC 

separation o~ the compotJnds released, which showed that glycine 

accounted -Far a large proportion 188%1 c-F the radioacti~ity. 

It has been sho1·m i:hat the stimulation o'f the bt.ilbar 'reticL1lar 

-formation can i~hibit the activity o-F soma neurons in the PRF 

(361' but the neurotransmitters involved in this pr~~ess are 

unl<no~1n. In viE'1W o-f the pre~:.;ent ·finclings ancj since neurons in 

the medullary reticular -Formation proje2t to the PRF (37) .• it 

seems. probetbl.e that qlycine is n:.sponsi.ble -Fm' süc:h fnhi.bitory 

action. However~ the e}:istence of glycinergic interneurons inside 

the PRF cannot be discetrcied. 

Di-F·fenmtl.y -from glycim~, the high concentration o·f 

c.;1nnot be considerad as an evider1ce ·for its 

transmitter role. However, the -Findings that this etminoCetcid was 

taken up by PRF slices in a Na--dap~ndent manner ande that its 

relE?;:1se was stimul.ated by K--d•~polariz.;1tion sL1ggest that ·1t m<lY 

pl;,1y a neL\t"C)transm:itter function. Although the ··st:fmülated 

partial or total Ca2 --indepencience o-F glutamate release in other 

cerebr-al rr~gions has been observecJ (34, 35) .. A naurotransmitter 

role ~or tt1is amino acid in tt1e PRF is aleo eL1pported by a recent 

report desc:ribing th~ existence of the three main subtypes of 

exc:itatory amino ac:id receptors in thia region (381. 

10 
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Neuruns ~ron\ the latorodorsal and-pedune~Ibpbn·tlr~e --~~gmental 

nuclei send efferents to the PRF and exhibit glutamate-like 

immunoreactivity ('.:)9,40). PF<F al so 

projections from these nuclei 1391, and it has been reported that 

glutnmate c:\nci acetylcholirtf? cece>:ist in nr~LHRons o-f both stt~uc:tLlt-es 

141.). Therefore, it is cor1ceivable that PRF receives excltatory 

input, mediated bv g.lutamatE>. 01· by acetylchol ine, 

l 1:i.terodorsal and pedunculopontinc~ tegment~11 nuclei. It has al so 

been demonstrated tt1a·t electrical stiniulation o~ the PRF induces 

monosyn.3pt ic postsynaptic potent i ~11 b in the 

contralateral PRF 142). 1-his reticular-reticular e Ne i tatul"Y 

pathway might be also mediated by glutamate. 
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Glvcine 

·¡. 44 :': •).:u., 

0.05 ± 0.01* 

Glutamate 

26 .. (1(1 ± 4 .. J. 3 

1.35 ± 0.24* 

Resul·ts are e)~pressed as rlmol/mg proteir1. ME:.tt::tn vaJ.ur~s 

independent experirnents ± S.E.M. *P < 0.001, as comparad to 

the corresponding value in the pr~senc8 of Na• IStudent's t­

te~;tl. 



PF<:F 

'"~·····--·-----·-~-···~-··--··----

Glutamai:e 40.3 ± 2 .. (l 

Glycine 15 .. 0 :l. 2.6 

GAB!-) 13 .. 5 ± :l.(¡ 

r'.lspartai:e. 17.5 ± L C> 

Ser-ine 10. 8 ± :~ .. o 

Glutamine i3 .. 5 ± o .. 7 

Thn;,onine 4 .. 2 ± 0.6 

Taurine 10. o :t L7 

Alanine 5 .. 3 ± l. 2 

Values _are nmol/mg prot~in. 

experiments ± S.E.M. 

1 e; 

FIGURE LEGEND 

Si:r:i.,~tum 

74 .. ·7 ± 5.t'5 

4.6 ± J..::.; 

1:.'l. 6 :± :l .7 

22 .. 4 ± 1. :.:;; 

'J. ..) ± 0.2 

:;¿·7 .. 8 ± 4,4 

1 1 7 ± 7.'.2. 

24.4 ± :$.9 

7.5 ~t 2. 1 

Mean values of 5 independent 



Fig. 

glutamate From PRF slices in the presence IFilled circlesl and 

Aftar loading the alices they 

wen·, washed and -super·fLt,;ed as desc:'r:ibed und¡,r Exp<o!rimental 

Pr·cicedure. At 5 min the superfttsion medium \Nf\5 

substituted by a depolari;:in(.) merlium contilining 47 mM f<CL Ea ch 

point is tt1e n$an value e~ 5 experiments carried out in 

dLtpl icate. The maxin~unm S.E;M. was 1 BY. o·F t he cor·respondi ng 

but for most. points, pa1·-ticular·J.y -fo1·- qlycine rele<1SE.',, i.t 

was smaller than 10~. 
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::;, DISCUS.l.01\1~ 

8.1.0. DISCUSIO~GENERAL. 

la 

la co:ilina -

enzimas 

despolari~aciór1i-

•::or·1c•:nl:.1··a•::1ón. La 

Acetilcolina. 

de la F.-RF', 

la 

Ca;;.:: ... y una actividad iropo~·tante. de las e~zimas de -síntesis y 



excitabilidad de de 

.-.-- ;. 

'/:.1a•:::nner1t.-al iate't~o,;:ki~~ .. ~;-~i- .Y· :j::.~~d1:~n;::~¿~·lc1 pi:int.fi·ib:o- -así 
- - ..... . "· . - ' ., .. _. ' ' - ·. -. ·:-

la l ncJ·~~1::..: i ó~·1 .y. ma·~~d;·.~n i-r~ .. ~ ~nt.c; ·.-- d~_~::-:_-_8~ .. (~_ti';. :~2 ;:1~· ;.::~·6 :o.-6'i> ~-:· 
Esta r·íét~r.0·4i.~í rn i •::s1 .,-F·é·i,.,iit .t fi2·-

: : '. . : ,,~ ·: ·-. -. ', 

sobt~i::: los 1::ami::;ii:.1s_-~·:-i·J~ ~,-1=ür:re1_::; la 
- :_.. 'e, ' 

-· . . 

l.ª ~c:t.iv ! o;:Jad. de y 

de· 1 a_:: C\-,~--~t_ '.r1·=·:i1-i ;~a :i .di~;-;«at·,:t.e -1 a·s- ~:i_.f··~·t-:8nt~é~ fa·~es 
.· dw··~n ~.i ~;,;s t.ad<:•S ; ~~i~.~ lj,; i ceos .: ceo meo - ~~ ~ . . . -

nan::eoleps1a; <áh i"i~-~~~a-r se Pt'esetc1toan ¿;,;t:fn~fi~~de: ;~::lE;t:as 8f1 

ciclo 

... , .. 
' --,, -·.-: 

s1..~e¡.~ó.:.. Vi ·:i i-i=;t:.~áé~~~ l_C\ 

el 

pat.r··~'n de <s1~~eh•:;·.:-·.·=i·:~e~:-se, cc~t~aét:e,;-_~-~~11:~-- ~-r_:1~;~c_i~.-a-frf1~-1~i-fi2. -- pc•f;. •Ana 
.:.._,:_- ._--;,__ ~-:_· . -: ·:::o·'-

apsu- i 1=iódI-dé-0~)3F,i/ dó-'t-º~~~-:1'·!;~2:~_,-'é {~ ,j í_~- ~l_-ti:= '. F;" .. U~~e ~-p«f.:_,~i-~~~~;-t~;~~~-·--~:ir-1-~il4So ,,-si 1 .. r 

•=iue le ant:~;~dá 1.11~~ ;~se de !3clL; / '. • . . . 

Es PC•Si~UX;i1.1e dÍ:1;·ar'1te el SP •ie .c•bserve ·~in ¡;.,,=t'em~ht~; ... 
1:.rans1~~ si•!•~;~c•i'11.1:~.:i1é"' l;~¡' la 'f:Rf.•ri~;~eÚ~·:· <i;i;I~i,,- c:l:.;:a:¡; /'~~.,;.;; 

-,'_,'<o .. -, .,----»_,-_ ,-· -~ .. -.,.,, - --:::-----:.-~'~--~··,_;'_··. 

st~et=,.~--{~~--i:~~-i\:~--~--~- ~~: .:.~~~-~~>~'-~e :j_·p_~-~~q~:-~~rf~-~~~~:~/~-~-;~~~:¿;:)f~'.º :p~,t:~ .. -- ;~~~J éínF; 1 ó·-~ 
del 

través dei .e 1..~~-;:~~~-:~ri-~~~-~}:o·.,··~¡r~>'.1:·,~- ::;{i:~¡';~¡~-~;c:;1, ¿;¡;, --J~ >-{a·::~~:2~-t:i ·1 ¿',~-1-i'ha·. 

La desc:t· fr·::ión d~ i2 l 1f•~t:~C!ón de '1a a0::J1~1iic.iin~· ¿,'., la FRP 

_en est~ _:es~J.~,~~~/fC~~·~~:é1~rh ít~~~~~~-~fl-i~P :-e'h· --,~~;~~,e-~~-lti1é~1rft.Ci:s 

la . '·' . '. 
las 

' . . " 

FF<P, ·=p •. -1e roat-¡.,_:.~::::rrcJt- i'~ el est.~dei de. ·SOL._ Y ·d~< ·· v .t ·:t l l la 



GiABA. 

t:il-lBl-l 

La 

C'~~a l 

11 in 

la 

•:Jepend18r1t.e _ 
. ._ . -: ~;- , ·. :: 

preipuest.1.:i di:.:.5 rr112•=<=1r·1·1·~rcií.:is c!r: 1 iberclc:l1!.ir1, 1.~r1i:• d1=:pendi:e.n.te'· de t.::c:lz· ... y 
.' ' :>.; , .. :::· ···< ·-<·· 

1:.1t.t~c, indeper1d1er1t.1::: ue éSl:.e" per-1:. d1:::p-~nd-Íen'1~.e -d.~- N~;t.·' .. :, E~·-¡" el s_8.¡:11_~ndc1 

rnec~n i srnr:::i ~ 

Ci.fll l nccé.C l do 

( t'4, :::,-¡) • 

el Ci~bH en 

el ln•::1··erneni;.o en la i::c1t··1·=er·1·1:.f~a.::iót~- .·'11·-~t.t~C\·Ce1l~:1.~"t· d•= - Na"'" 

P>:•r· •.ma despolar·izadón, .·Pi·'<:•v•::<C.at·:la j¡;¡ )_1 i·~.e,,.:ac.i•;t'I dé 

do:: cma reversión eh el mec.a1--11srno".·do.E/ '1:~~ai=·t.i:1i~.a del 

Ct~Ya direccioh~iidad d~pénde:=rj~f 
-=~- ~::.:: _ __::_;_~--~::~ -"--"=-,-o---:---

· -:, ·. <"· j:. ~:.<':.,' - ;:;· . 

fi·~1ol~113it.:~1 de _·.la. t.rctnS.rnisiór1 _-i1..:;~:·iit~·i.·d,~;'~/~:'.·.;~~'d·~-~lda' 
-- '-·· , '·;:~)··-. <: _ ... - ~ .. ,::,_ 
t~l- r~~::i-1.::.~·y_éi·~ ~;~~-~'i=.1 c~_és ·:de 

pc11 ... 

la FRf~ no se ~onocia, p6r haber 

el E::St.udio' r1euri:1.:::p.~írn1có, 'se ·t.·~-,~~·t't~·-_·_: .:-¿;:_:.·t~iór.:e·r·- di.-=J--1b 

l:.n.wés d•= rni•=rc<inyecc:ione·;; de w.;: a.~~;nisf;.a• (r~L;s,::imol ). y 

t"1:=g1st.ro 

del ciclo su8ho-·vigi.lia. 
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la n:::·:i1_4la1::ión de -·12l ;.·v.i·~l l,la p1~t".()- t'll.) er·1 la d1;::l si=·:-. ya ·::11_.¡e_ el 

m1_4scfnlóf- in1.=-ri:arne~;i:.r~1 ¡~;~. :~-1.3-f-(·i"a:r mi-~-nLí.--as ·=iu•2 la b.11::1...11;:1_41 it1a l.:.endir.::1 

Ct tuvo ~n efecto 

i rnp1:11--tant.e 

L•:•s:- ·-,e-st}~ '.t:~db:~-~--:c:~/¡t.~~¡¿-i'~/',;:-e's ;_:·a·,~~:-:~el~i l'riéS .. '= l efrie1:-rr;.i::1s-- --ª i· 'pan-i::ir:ama_. qlJe 
. - - . 

se ~~.L··=·~-i:1 .. ;iue·t~o-:Vi·3i i 1.a. a t''i:t.Vel 

de la F~F':--·-~- -e~/-:j ~ :'._:~j=L~~~-~ '. c:S~-- ¿'.~11·-;~Si 1j•=.l-- clbc~ t::á~í1::a-if1:::t;.,~;e· -1 á,-_'·i:·a~;,{ :L,.:ii:·~~::i ón 
;:..: ·:-'.">-/_:_.:::.:.· : .. .-;.::· :_~·::·· " 

ele d•:•s · _ •::c1niF·c·6~1·~;-~-~·~-~::'.· ¿f{C, . _f¡.--¡1;.eg1·· 2ld1:1 p1::1r .l'~ :· >t:Í~:·~,-~~-rn i·~ i 6;~1'-, #(1r1 i r·1\ér9 i·csl 
:· .· ....... 

F·ié:;Ver-i1 étt:_11::é-': di2.~:.:16;z -, ¡~.:¡·óc:-f 41:.:is ·de 1 
,._._,_ 

. . ~-:- _- . , . : ''. . . ·: ' - . . . ' ' 
·es.'-1:.ar· ;¡,-a~~,·,· :'.i.t)V~i~~-i'Eú.~1~0··_:-.. a del qu~ 

, , .· ·.' 

potdac i c•1-~1és"----d~- · ta'.· 1.:·1~f.'.• ·:-v: r0¿1¡-~, i:.i::-t.~1dt·-:t at'I i:~n: ~St.E\·~:f,~; 
:.: .. · 

'·:--.: '·.--;.:, .· 
V:i.3~-1 :ta'·, ó- d;~ ·:·soL 

. ,., - :- -. •; ---;-, 

y cit.r-c• fot~1oc\do- .F·óF ,:-ra :\::-í;.a1--1~ré1{~-ié1_n_·-,::C:.-r:i~1--1é'¡;~3-:(;~~\ ~dé;-~{~ .. _-'_l~~'f~-if·.;'.~ ~f¿~-; ,-Ci.:úá1 

se increnlentaria. 

1~~Ht1?=1~t-·=r1cci en 

t .. ~ci l 1 za1..:. ! c•r1 

etapas del 



t;llA 

SALIR 
lt~I~ 

DE U 

Se poi:1t"icn-I' ev·a·li.~ar t«af1:1biét"i lii\s ~r'ri: .. éú-a-i::c1'1:1n~::s de.2 lc•s d1 h2t-ent~·..:; 

s1st.e1nc1:=: de r1e"tu-;;br
0

~r1$rríísf~;'., kn' Ja fRR inecli~r1t.e el 0111élls1·_¡, d,d 
:- :;._.. <· ·-

PClPE!l de1 ~~.Á~~-{~~fL~::í ~~:o_·~~l "i-_~-;~r~-~·.::1_·~~i .'}t~i ··1 ~ -~a 1::'2t;.11 i::1:11.1n¿1 en r· el:.:•anadas 

E•e · 1:r6i'.~·i<¿·ó'-, ·--~·:¡1..~e 
. ·\ .. ep 1 ~l-- Fl~F' ni:.:i 

··-. . 

si:dam~t;1··1.:.e · · i~:;.t;.~:t:vi.~ne 

; - •'. ; , - •' • ,'.'. e~ ~~ 

lo·.=. at~'--~-f~_a_l_ ~P- ~_t)Ye_.::;(adó_~.:~ ;=s•n:._ ~;)·~~'?;;:fr11•:i;~;: :~~t:~:~~-~~-r:~~~;r~-~~}f:~·,:~y;~· º:.f l eá~ i .::,·n _ d~ 
·,.· ··, .. _.-, ____ -

'de -~--~;~;·j_: r~¡·~~'.~-~i-·ó-;1, ~ -~ 
,e -- ;---:·.-- -

ap t" •.:i::< i mad.a111ent.e 
' .. . . -

-p·¿\t~-~t. 1·,:;tp-~1~-i 1ií1:~1- ·d12 l 
• -- -_ - • -·- ·.- ,•, ·-.-~.. • : _, ___ - - • ._ • • '> - • : .:~»- :~-;·_· 

·det.::t:&~: ~}~-~.: ~-· 'ª·~)~\~~:.:l i_E1_da __ méS: u;r-r·1,_~i::~1 o~~on~n·1~·:e .. .·-01:.r .. i:.:.-· 
.. -, -· 

C1:1nC;~:::et~,-;~ú( .~y ¡~¡t.{~~;· cl8 _i::ii·";l·¡:¡i~n_ 1j~~--~!'~-=. -~-:¡<~r-~nc:~c.ts c.¡¡P1B~1ér- 1:f1cets (fi 

J. C< F RI"', 

doble 1í112d i a1 .. 1t.1;:: 

p1··c.1ye..:t.an a let FRF-' y 1:.:i:in '-~na '·t.1nc1ón-: lf'1lntw1i:.:ic1 t.c1•:.:¡1_~in1ii:.:a:i 

las 

Glut.arnato. 



1··ea! .Lzar i:::>:'.l--:•".=ir .Lm.et·rl~~óE ·::i.17~~ .pe1·rn1 t_.ci_n la c:ar·act._i:r; i~a_c.:1'órl- de lci'.::. 

di ferent:.es···- r;.é,::i:Pi:.1:1r·es ___ a.-1 ·3lut:Elma1:.i:t 1:::r·1 est . .:l t-·.=·:Jí1:1t""1,·· pa1-a po1Jer 

Unc1 de 

independencl~ de r::: 1 

1 1_n 1dament.é\ 1 

L..a 

apciyada 

pr·1roeri.:is 

E.n 

que el glutan1ato es 

1n1~ni.:.r·a·=-- •4ue ·~n n1:1..Ho1··1clS:. '.:.:¡1.~e P1-~c1yect.an Cl el 

a·;¿par·t.at.Q i:s rncis pc1t.erit.•2 (~:,e.>· .. E.s-1;.(.,s da·~:.o':5 &pr::1Yan .. ~·~;··.f;t~·~iet~·,.:i~\ de 

los d.Lferen·~es tipos de rec~ptores a aminoác1doi ~x~itad6res e11 

:3 o 



la FFIF". 

fiiio!ógico del 

glutan1ato en la FRP. ~s probable que est~~ 

participan e1··1 

l •:is qi_~e está 

Glicina. rnecl i ad(;¡l 

por gl ii.:1na 

e'n otras zi:•nas 

t.a l l 1.) c:i::::t·etira-1 ;--o=-soTarri"é!t"l-.~~e- Fia\i :.~~~-t--1-~~~st~~~-.j_T~~---sc~-~1-1-~·e- 0-éSt~a-- et··.=-- la FRP 
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:"· ,' '·;· --~ . ;- -;; .. - -.. ;,' ·- . 

~2st-e arninc1_ac;~_9ó _1::ci1n1:i _.cli:a>iu _·'~nt .. a9C1r-1isidct:.:~st.-r~iCf"út~;á y-_--1a ·v-alorcn:ii.:1n 

e: :i.c:l C• 
,·.·--. - . 

Sl..tE:P:;i:;i-vii;:ii Í·ia'~' ~'~~~/r¡/f;._¿r~~-~ln -!=Ol·~.·~'.a1~ .•=·~~,t~l~-:'.'~lt'J i?~lr)c1r-aiÍ1C\. it1éi$ clat-ei 
- ' .;·;!;.: 

la impQt-t:á-;:~1-C-'i~~ -~~-·:i·¡ __ ~ .. ·'.:_~_t:~f!frni-:S1·6t~,1 ';311C.iné~9ir.:a-: er~. 

Ur-i c:is~.~~~~:;S-,:~-~{~~~-~:k··~-.:~-~ht.e~--;:.Pqr e'St.1~diar Si:·b~e la t:rct~·.:is1oisiéin 
·:;;-~::.:·:_.::._;: :.~<~·;:··:',_. -.... .- .. " 

91 J.cÚ·J1ét-·.;:i1~-.~~ --~.::::j~t-t' ;-::::1;~¡~:~;'_.~~¡::;.:-:·-~S ·--~V~·i_\~~1:- e-¡- p~p-~:¡ de .::1<:\ -·; 1~_¡:.~;~i.ría· -

new·,:¡t.r~~i1X~f:\1~f {r-,:t~lib1d~•1; a :1;.t·avés de .1 a ifrl:.eirc1ó::ión 

t. t" ansrn i sí Ón . e'.¿cff:ad'.'.:~:~i 'rn~::1~ ~¡,ja i='.~"" 
meti 1-ri·:·a#;a;i::e.t·~~; 

··--· ,;-, 

.l C•S r_1;1;:6'.p"/:.t::i r-E:~ 

de 1 t.-1 

N-

Er·i ·_ ~s-t:~~~ ~,~·r1·{~:f:tj1:./;_s~h~, :fio~~-~,t~t-ant.~· i·sl_E:t)·t.i :i~:i~c;:~~e~-~( ~-1-ó~i ~ ;_-t~i=:Ceptó1·:es 
;._;c.~~--~-:.-:-.·.~,'. '~:C- :_, ·: ·~.~. 

911C1na --set·1~(:lb1és· --.~ 

presént.es el 

insens.ibl es· 

En conclusiór1~ los 

el 

neurotrans1t1isores 

tt·ansrn1 s1ón 

modt~J. ~1cfc1r·es 

a i\l,-m:t.1'1-D¿1sp2.i-1~;;1t.•:> . •:i(ie 



- ... _- . - ~ -. ,· - .· --

apc1 r t.a -in·fc•r:roac:1ón t"elevar1t.e pat-a el· i:::c:irióc:irr;1-ent1S' .. de-:'es{.a 

del tallo cerebral. 
. . 

La car:aCt.er-izclCión ,d_e. ~l·::u~~ni:is·;~e 19s ·r1e1_~t"ot._r··?\n~ín1sore:s ·:qe la 

.· . -

_de_·~. ¡·~-.V~S1:.~g·_~c{~:1n·.~1:ibt".G.·--_1a r1i:ii~rc1t.rar1SinisÍ•::'.iri" en ,la f-Rl.::':i 

;'. ::·-~ --::--~-: -~ ··:-~~--- ·.-: ·.\:·_. _,--r.-· -· ~--·": . : .::--_- .. _.· .--~:_:: .. -.. - .. -_. . -, -
se··.r=:·-L4ed~t-i:_·_·(e~·i i'Z.~·r. e>=:_f)/~n~ ~m~t~~·º:S q~~~e __ l_lever1 aL c•:1n1::11=71·rnient.o di:~ 

las i.-in-

vivóº est.cis 

los 

de 

mane t~ C\ 

FRI·' 

se 

FRP 

empezar a estudiar el papei gluta1natérgica y 

o;:il1c::1né1-gi1.:a .:;:n la FRF'. 



E.n 1··i=::st~met·1 :o l i::1s t~_ésu l:t.ctdos 1:1bt.~.:!t.1l dc1-:;. i2t""t est.12 t.rC:::ltiaj •:1 d.t:lt·1 un.c:l 

Liase nE:tH"O•=ft~írnic~l pcú:-c1· la· 'r-ea1 iz.a1=i•:Jn de d1 f12r12nt12;:. •2st.ud1• .. )-~ 
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