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ABSTRACT

(;ALLAGER,DoroTHY W. AND GEORGEI{. AGI/AJANIAN: l':ffects of chlorimipramim.
and lysergic acid diethylamide on efflux of i)rcscursor-f,n'med :'ll-s(,rotolfin: ('orre-

lations with serolonergic impulse flow. ,1. l'harmacol. Exp. Th,.r. 193: 7S5-795, "
1975.

The effects of d-lysergie acid diethylamide (LSD) and chlormfipramine (CIMI) on the
firing rate of serotonergic (5-HT) neurons and on the in vivo efltux of 5-HT were in-
vestigated in parallel. A eerebroventricular perfusing technique was used to measure the

efltux of _H-5-IIT formed in vivo from aH-tryptoph'm. Impulse flow in ser()tonergie

neurons was monitored by single unit recording from raphe (5-tIT) ncul'OllS.Doses of
LSD and CIMI, which caused a similar degree of inhibition of raphe cell firing, were

found to affect 5-HT effiux differently. LSD, at both the 75, and 150 _g/kg doses, pro-
duced a similar decrease in sH-5-HT efflux. In contrast, CIMI at a low dose (5 mg/kg)

,lid not reducc 5-HT etflux, despite an inhibition in impulse flow. At a high dose (20
mg/kg), CIMI produced an increase in sH-5-HT effiux. We conclude that 1) LSD :"
decreases alt-5-llT efflux by directly inhibiting impulse flow in 5-HT neurons and/or
by a local effect on 5-HT terminals and 2) a low dose of CIMI produc,'s no net change
in aH-5-HT efltux be(_mse a reduction in impulse flow-dependent 5-1IT rch'ase com-
pen_ttes for blockade by CIMI of 5-tIT reuptake.

The hallucinogenic agent, d-lysergic acid di- a/., 1972). The syswmic :,dinmislr:_it)n of bt)th

ethylamide (LSD), and the lricyelic antidepres- LSI) an(l CIMI uniformly inhibits raphe neu-
sant, chlorinfipraminc (CIM1), have been renal firing. Sine(, reh, ase of serotonin
shown to have similar effects on the firing r',te (5-hydroxytryptamine; 5-1lT) is based at least

of serotonergic neurons Ice',ted in the midbrain in part ca impulse tlow (An(hhl ct al., 1966;

raphe area (Aghajani:n| ct (g., 1968; Sheard ct Sheard and Agh-tjanian, 1968; Ih)lman 'rod

Received for publication September 24, 1974. Vogt, 1970, 1972), both drugs might be
_This work was SUl)l)orted in part by Grants expc('tcd to decrease the release of 5-11T from

M1:I-17871and PHS-NS-05706 and by the State of s(,rotmwrgic nerve terminals. In uiuo studies
Connecticut. suggest lhat LSI) (lecreascs 5-IIT release
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Department of P_ychiatry, Yale Universits' School
of Medicine, CMHC, 34 Park St., New Hav(,n, 1972). Parallel in rive sludies using ('IMI have
Conn. 06508. not b(,en don(', tiowever, c,mlrary I[_ Cxl)ecta-
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lions, in i. mtro experiments ('.IMI h'we been i., rite rele:_se sludie_, lhm'ever, the use of in each

shown to v:mse :m invreased 5-11T "eillux" m' premlrsor-formed indoles hoe nm yet heeu and imp

relense (Farnebo and Ihunl.,rger, 1971). al,ldied to i,_ rive 5-11T release shldies. This al., 1971
of aH-T

Despite these difl'ermwes ill Iheir effecls on labeling leehnique provides major :uh'anln_es: nula for

: rele'lse, l,olh ('IMI and I,S]) have similar 5-IIT formed from lryplolJmn has linen shown ventrieh

effe,'is on 5-11T metabolism. I, vim) 1)i.ehemi- to he speeiii(' for seroloner_ie m, umns (Molt reasons.

col studies have shown |h:ll Iioih drugs inerense a.d l<('('leslon, 196,R: Kulmr et al., 1972; Agha- damage

_ endo_mmus levels of 5-11T and decrease endo- j:lni:lll :rod Asher, 1971: Aglmj:mi:m ct al.. Kopin, I
_enons levels of 5-hy,h'oxyindoh,:welh_ add (5- 19731. In :t,hlition, i. Htro sludies 1,3- Shod- by venl

]IIAA) (l{oseer:ms cI al.. 1967: Freednmn ct zrass and h'erstm (1974) have shmvn lhal Richard,

al., 1970: l|ahtris c,_ a/., 1973). CIMI "m,I LSI) release .f :ql-tryploph:ut (:ql-Tl{P} along wilh presenee

have also l,[,en r('li(,rled to ,':rose :l redu(.ii(m in :_II-5-11T is :lss(winted v<ilh llonsl)ecitie tissue rat eer('}

5-IIT synlhesis (Linct al,, 1969; Schul)erl ct d:mmg(, (,r h, unl,iwsiol._i('al effe,gs. Thus eleeiron
nerve t(

a]., 1970:1,|): An(h';n cl al., 196S: (',,rrodi :rod m(':Niring :qI-TIIP elllux as well as lireeursor-
lesions

Fuxe, 19(19; Shields :rod Evvleslon, 197a; fm'mvd :ql-5-11T ]u'.vides a dwvk on Ihe spee- • 5-HT 1,
lhnn(m el al., 1974). ifMly .f the eft'eels observed. The

]n lhe prespnt sludies, we have invesli_aied sl.ainh,s:
in Imr:dh'l the etteels .f l,S]):rod I'I.MI ,m the Methods g,q II_e II

t:,rin_ rate of 5-1IT neur(ms _llid Ill1 Ihe i'}7 _'_'PO l_]Xlierimeilftt| 8ubjeels aild rerordil*fl sludias, sion of

eltlux of 5-lIT. While it is nol .w'l leHmh'ally M:,h, albino rms (Ch:u'h,s River, 220-280 g) w('re Two nd

I,OSsible II, Ineasllre dh'e,'lly Ihe syn:q,lie rch'asc used in lhesl, i,xlu,rhnpnls. ]+'or p! 'p.s,. of mm lnt,

Of 11 ll'HllSlnill(,r //_ 1,il,o, i[, is l,.s_il,h' Io measure reeordinm animals wen, mms|helized wilh vhhn'al saggit'tl

t ill(, cJJh*x of a lr:msmiller, which is lhe nel hydrah, (.I00 mg/kg i.p.) :rod placed in "/ sh,reo- and vm
restl[t of the eonlplex of even, s: reh'ase reup- taxi(. :lll:lr:llllS Animals w,,,'e kept :m(,slhelized skull m

wilh :.],litional in.ieelions of eidornl hydrate as pprnlall
take 'hid/or nlola}lOhSlll. I'revious i. ci'.o S[lld- ll_,ed_,d lhrou_houi ihe vxperimen(. In previous t,eetion _,

ies on relegl,¢e nnd metabo]isnl hnve ffenernl]y studies, it. 'lain b,'{'ll sh.wn Ilml II., dose of 1,SD nul:< )

n_ed d.ses of I,SI) nml ('IMI (l{oseer:nls ctal., requir,,d l,, inhihiI, rnphe neurons in chloral were :ll

1967; Amldn et at.., I!I(_,R; l,in ctal., 1',169; hy,h':,le-:meslhelized rals (Aghnj:mi:m cl .I., 1970} leen hi

-- ('.rr,,di Mild ]?llxe, 191i9; Sl.]lllhel'I ('l el., w:ls virtu:ally id,,nlical h, the dose in unaneslh,,- cannuh

1970a,1,; l{andh' and l':ldjen, 1971; Tilsml and lized rals (llaigh,r mid A_haj:mi:m, 197-I). Mira'o- c/mine

Sp:irber. 1972; tlalnris et al., 1973) which :ire pil,elt,,s tilh.d wilh 1 M NiiCI s:ttlll':lted wilh fgisl injectel

much higher lh/in lhose 11eeded lo inhil)il, firirl7 KI(,I,il dye (lip dhuneters l-2 ,/till} Wl'ro hiwered m'nl "<e

(A_hlijilnian ct a]., l!16,q: S]ie:ird f't o1., 197 °) inlo ilu, niidln'ain rilldle region with I1 ]iydrnulie ariifld_

nliikillff tile l'elIIliOllshill ])elweell lh'in_ l';l|l, :lilt[ n_il'i'odriv,, sysh,ili. Eh,clrode i>olenli;ils were begun
paSSl'd lhr(/lllrh {, hildl-hupl'dmw_. :unplifim' mid hollr il

ettlux nlll'li,Hl'. 1Vo have _iven low Pllllll_]l dlLiSI'S lilllilihll'l'l] on till .scill.seol.,. hlteKralod [i1'ill I philn i

of |)olh Ill'ilTS II, lll'rniil <il ]e:isl luirlial recov- i':lll, w:is i'l,(>llrdi,d ll}. lileliiis of n rlile meier :is eonsllil

cry frmn hllal inhihilimx of veil th'hl_ dur{n_ d(,scrih.,d previously (Ag.hajilliiHii vl..1., 1DTO). tnhled

tile period (,l' ]lerfllSitlll. |ll ;id(lili()ll, liy ]{al, h,ull.,rgl.lllre was lnollilorcd liv 'rl.l(,-
New

elnploying doses of I,SI) and C,IMI which ('lillsl' Th,,,'l,lol,ivi,,r mid nulinlnined I.,Iweon 36-37<'C. snmph'
eqllivilllgil inhil,iii.n of r:ll)ho ceil firhl.a, we I':iil l'rndcr lh.s,, coiidilioiis, raphl, iinils disphly It 1'_,7- nil lit'

he,hi lil selr.u'ah, hnplllse-l]ow ilepenlielll I.ilar ritylhln _tlid tl l'Hh' of ().5 hi 2.5 sllil.:e_/seeond of i'.l

l'('ll'ilSl' Il'llnl 1,111er i,i,ssihh, ef'l'l'els .f Ihese Its d,,sm'il.,d llrl,villllsiy (Agil:i.i:luian e/ .1,. l!Ri<g), h.,Iwe_
dr, iTs Afh,r .lllsl,rvinla :ilill rl,cm'llilil_ li Imse-liile firing wns I:

,'nip for :ll h,:ls{ ._ n,illlilps, drliKs wei'p _l|l//in{s- llie ll:llel'aliSe elldo_ill,llus 5-lIT etlhlx I'roin sei'olo-
h,rl,iI inlral>iu'ilone:illy..\i I]n, end of e:ich i,Xl.,ri- Iricuhi

ill'rich' nel'Vl' lern/ili:lls is hive (I,'ehllmr_ nnll
lll(,llt. Ih., sil,, (if Ill,, eh,(.lrodl, tip Iv:is nh'u'ked I)3" fused

_lyers, l(iflIi} .ind illicit masked ll,v lhl, lll'eS- illnhlldilll.,Ih, ejcelhui llf I':lsl ffl'l,l,ii (Th_inlns :ilnl inalin.

elil.e ill' lll,ll-lil'llrOllHI 5-lIT {l>lll'li_ and Villi, _,Yi]slln, 1965). I'recisl, hll':ilhlll ill" i,h,clr-lh, lip veer,, .

19691, we li:l_l' used tlrel,urs(ir-tl,rliil,i] :11-5-11'1" w:ls I:ilIT i]l,ll,rniinl,d I,v hisi.l,_m,,al i,x:unhl:ilion, i,hu.i, i
'is :i ni:lrkei' for elldli_l'li_,llS 5-lIT. (]ihi,'h .llid P_,nlrh'llhlr i#lll_#anlallol# fllll# pt.r#llillon, l{:lls io Ih
._|lll,l'l' {1(t7'.11 havi, l'l'll(ll'h-,I lilt lhl, IlSl, ii1 Wpre alil'slhelizl'd :IS iibrp<l, alill I,hwed hi a viIw- 1{i'mila

(!:ill'('htl]s synl]lesized fronl :;|i-lyr(,shll, hi t]ieir ,,olaxic lillllllrnlll_. Twi) (hgllllll];ll' Wt'l'l' ,nil,hulled w.'n,
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$0 of in t_ll('|l rlll: it Dolvethvh'n, CllllBIllll ((.i)llTIrtlcl_,d lah_,h,d trypll)l)t Ill :illll 5-lIT eolh,el_,d in |)i,l'fll_-

boon alld inl|)llllll(,ll ill.l'ordinlg Io dl,ll.llhilill Viq'sirr (q |tit, sanlllll._ w_'r_, (itiile Vitl'illlih_ hl,lwl,l,n illlilllllls.

This al., 1971) fi)r lhl, hllr:lveillricul;ir lidlninislrlilh)n Thorl,l'oi,c, foilr i0-1iiinuh! i)el'fiisal_, ,_lilll|)h,_ Wl,l'l,

age:: of :qI-TIIP :in(I :% (ililhhlni typr llllsh-l)llll olin- colh,_ql,d |)rior 1o I1., :idliiilii:ll'illion of ilrllg,_ _l)

!lOWll nula for l)(,rl'lision ((la(hhiin, 1961). Tiio lal('rlil lhat (,li('h illiililil] could si.rw, li._ lii._ own l.Olilro|.

Moir venlri(de wits (']i(l_l,ll |Is tile ]ll,l'fllSiCqi sit_, for 1WO The (t:illi wei'l, lhl,II (,X/ll'l,_l,(I li.-; it ]l['rl'('nll(g(, (if
rea.son,s. First, lh0 llOssibili y (if (lir(,et lissul_ Ih_, fourth ((.llnlrlll)ll[,i.iod. Sl_ilisli(.al ,_ignifi('lilil._,

lib:l- (lltlllllf_c I)y lhl, ]_lq'fllsil)n clinllllltl (('ll:l,_l, ,'-Illd WilS i_illi.lliill,/)lt li), .'4111(l(,lil's I ir,_l (two-laih,d).

Ill.. Kophl, 191}8; l)(ll'lig lilid VoKl,, 1969) is de<'r_,ilst,d Assay o/ per#lisllle. "l'hl_ i)l'l'fllslih, _lilllll|l,s (0.5

,no(I- I)y venlricular llia(_enienl, Sccoidlv> stlidh,s (If ml/saniph,) were I.vollhil{zrd Io dryni,ss liud rl,dis-

that llichards el ,l. 11973) have delliOlisll'alell lhe solved hi 11}(},_llof S0% ('lhalioL Afler ('rlllrifilgll-

wiih ]lrl_sl'll('O of _('rotolll'l'gi/! ll(,rvo l[,l'lliilii(L_ iiilillg llio l.illll. DO _1 of t,ilC]i :4_iilll/h, Wl,l'l_ `%l)l)[iod to _[i(,a gel

[s_tll, tit (!('r(qlral vlqlti'ich,_. ]ly I)olh flllOri,s(.en(,i, and (Lt761) Lin(,,u'-Qm_r,(lll:lnlllln ]n(histries, ]i'llirfiel(I,

['htl_ ole('iroll niicroscot)y , we ii.qve found lhlil lhl.,_l! N..].) liiin-l:iyer ]llilles. _invl, lhc r:ulioa(,livliy as-

_sol'- ll(,l'Vl! lernlinals lirc al)oli._h(,d by in|all)rain rill)hi! s(wiah,d wihh lrypbo|)han was in gr(,itl; i,x(fe_,% ,%sol

lesious ostablishiug lhis llrl,il |is lhi, origin of lh(,se viqll, sy_lenl in which :(tI-TIIP reliiliilied lielir thoI)eo-
5-HT loriniila|s (Aghajlin{ali lind (i'l|lill(,l', 1975). _wilzin WaS I!]ll)Sl'll IO l)revi'lll, sh'('aking and mask-

Tic(, l)ll._h-pllll ol(nll/iilt w_i_ coiislrll(.l_,d l'rllln ing of lh_, _lnlllhT :'H-5-wr tl_,<<tk,ttow(,v(,r, llll

slainh's,s _l('el iul)ing |he inside fill)l, lli,ing 27 singh, ehroni.llogrlll)hi c sysleni WilS ,<lvllilahhJ in

gauge aild lho outsi(t(_ 20 gliilgo. Opliililil i)rolrll - which I>olh :ql-5-llT qnd :_tI-5-1IIAA w(w_, s_.l)il-

lles. sioli of lhe illllOr tu[)o was 0.5 lill(i (Sz('rh, 1907). i'_ill,d rh'liniy froln :_tl-'rllP. :\llhough all(,nilit(,(I ,

vt're ,- Two ;llljlicont }llll'l' hoh,s were drilled al, 1.5 ali(l 2 lh[, ion i,xciillllg(, liil,llio(t of _cliullerl, (1974) was

of 111111lall,rlil lo lho hlt,t,rsl,clion of llio ellrl)ll:ll lll/_ liOl ,_'/tisfaelory I'o(' sl,]li(l'l(lilllX :'tI-TItP fronl

lJi'lil sitggillll Sllitll'os (llrl,gl_l_<q, zero) :;lid lhl, llllsh-lltll| :_II-5-HIAA iilid :ql-5-ItT in l)l,rfllsi/te _llllll)ll,_.

:'oo- lllid ":(,llli'iclll;ir (.ailnill:l(, Wel't, in,_('rl_'dhi,low lho :ql-'rlll ) W:t_ ili sIwh excess Ihlti ii._ 0.1 h) 0.2%
z0d skull _llrfllCC, 4.2 lind 3.5 nllll r(,sl)[,eliv(dy. Afll,r i)vo('lali wilh :ql-5-1tlAA ll_illl_ lnulliplo, (,xciiallge

,<18 ])l,l'nl:ill(,llt illlli(.hili(,llt Io ih(, ,_kull, I(11 illlll,l' (l)ro - r('silis lii.(sked lhl, _lil:i|l amollllls of Ihl' hilieh,d

Oils te(,tion) styh,l was insi'ri(,d inio lh(, oilier C'lll- :wi(l m(,iahl)lil(,. Thus, atti:lnl)lS 1o qu.llifitat:e

SD ntlla. ,.\fh,r lhl, woun(i was ellis_,(I |he anim.tls lhis in(h)h, Inlqaho]il(, woro :lhiln(Ioned. The Ihiii-

ira| wore aih)w(,(l lo l'C(,()vi,r froln |lie .'iliesiliesi.'l. _ix- ]:lVl,' ]dales wl,r(! cloy(doped hi (,l,hyl llt'l'laio-t/-

70) li'lql to 20 holirs ;Ifli,r file illll)|iilllil,l).oli of I.|ll,_o ])ro|lallo]-10rj , :ilillii(llii_i (-1:3:1) for 1.0 hours 4
lie- ctirllitllRt,, UH-TI/P (02 nw ,_p('eific ae,iivii.v: 4.6 III11t Ihr Rf v:lhles f_)r 5-11IAA, "rRP and 5-lvr
tO- C/liinlol, _('hwlirz-_,llillll. Orarigelillrg, a_'.Y.) wli8 Wl'l'l, {),14, 0,27 alld 0,[15, l'l,,_l)l,t'lit'(,| 5" (Allrl,s (q, _(l.,

ast injo(' i!d via tile lloly(qhl'lellO iqilililllil inlo lh(, llll- 1968). Till, I'eliiiliilill¢ $ ix] fronl i!l/i.]i 8alllrlie w(,ro

•od or:i| ventri('h' ill il vohllllO of 20 p]. Pl,l.fll._i(lli wilh (.()linlo(I ill AiiIl:iS()l (Ni,w Ellgl:llid Nil(,h,ar (}Ol'-

_lic arlificilil c(q'ehi'oSllinaI fluid (M_,rlis, 1940) wits lloi':ilion. ]lo._loii, _,lass,) t d[,ll,rniiil(! lolal

,re llegiili i|li'ough lhl, ,ll|.i:t(_l,lit, 1)ush-lnl|l i_,innili.t | i':ldioaclivilv Shl(.[, r.ldioi(cliviiy was lhnil(,d io

nd hollr liflt,r the ;Idinini_li'lilioli o| llil)(,lt'd lryl_iO- I_O._iiioli,_ cllinvi(ling wiih lhos_, of liddrd liulh_,nlic

ng philil ill lhl, liOil:tlieslhi,lizl,_|, llllri,slr.<liill,d lais. A 5-1ti" lind 'rl/P (|(ll|llir el 01., 1971), tho ||lloros-

•is COll,'-;llll/I ii(,rfills{(lll rftle of 5(} #[/iiliil wa_ lit0.111.- cl_,lll :trlql.8 :l,_,_<wi:ltvdwilh eo|d (.;trr{i,rs i.)f the

))' £,<iin(,d I)y ,t Mliiio_li(l p(,ristalti(. 1)llllil) (_ilillosl_il, i'e.Sl_l_riiw' indoh,,_ w(,re visualiz_,d under llll,l'_/-

!e- New York, ,-NT.Y.). (_onsl,olliVe 10-1niliillO I'lel'fll&lte vi.h,l, lighl, _l!l':illl'l[ into ('Oulililig vials (.onl,,iinilig

O. siinll)]es lvl'l'_' eolh,rl_,d hi i,l,sl. Illhos i.lllil:lillilig 0.1 ArlilliS,.I iiiid (lll:ililil:lll'd I)y ._vinlill:liion COllliiillg.

g- Ill| I)f 1_ evsiohl., 200 _g of ('ohl TRI' iilil.I 190 pg lh'('ovl,rir_ I'rOlii I,;lioWii .'-;l:lll(l_il'(Is rill| SililllII, tlllO-

xd - lli' roid 5-11"I"..\ v:ii'i;lli()li of lllOl'(' lh:ili 10¢)_, OilS|)" Wl'r(, 60% for TRP ,'lll(I S{)_o for 5-HT.
;)" I)('D,W,ell lhe vO|illliO inflis[,d illld llii/l, l'l!ci)Vl'l'l,d _,%|s wero l)r(!ireatx'd for 30 Inillllles will| ]/o 4-

lg 'iv:is llt|-_l,li ll_ evi&'nre of `%fllully l_crfu_ion and 4602, in i_.dost, su|t]cierit 1o loially |)hwk 5-ttT
s- |lie daia were discardod, Al, the (,lid (if i,ach v(,u- synthesis (800 lllg/k_ i.p.; ll{dard (!t ,I., 1971).

'i- Iricul;ir i)orfusiou, l"tl_ W(,l.[, Itliel]l(,{izl,d :|lid |)|,1'- Afior |lie ilijeclion t)f a][-T]lP, llo rlillio:l('livily

Y flis(,(I liirough lh(, holiri wiiii 1{)7, I)ufl'erl,d for- hi ]i(,rfllSlile _iliil)h,s frolli ih(,s(, _iliilli:lls w:is

d nilllin. Sl!rili| fi'(iZl,li seel,ions (50 itinl ill ihirklivs_) folln(t io I)e 'lssi)ci,il(,d wiih lhe :ililhl,nlil. 5-lit

P Wl,l'(, i'll|,, nll)llll|l'd and slliill(,(I h) verify (._lllllll]It i)l,ak. This flll'lli(,l' iiidi(':til,d lhal lli_, ra(lioaclivily

I. |)]il(.i,InOlll. The al'(':i of Ciilinll|illiOll (!orr(,si)ond(.d (.(line|cling wii|l liiilhl,nli(, 5-HT wa._ :IH-5-1tT.

s h) l|le frlnlllt| p|lliies =,\7470 lhrotlgli ,4645(} of li)¢lernllntlliOll oJ #lldoKl, llolill $ilibllllllnfe$,

- KSnig and Klippcl 11970). A|l_hollgh fotlr ,'lliillia[_ Ellltogl,nolls ]'liP, 5-tIT and 5-1ti<\,4 wvre llilli-

7] WOl'O rlln simulllineou._ly, |he .qhsohill, iiliiounls of lyz_,d in lli[, ,_illi( _ li_lll, Salllllh,s hv a ('(linllin`%-
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lion of tile column method of Schubert ct al. firing for al)proximately 1 hour (fig. 1, bottom
(1970a) and the fluorimetric o-phlhalMdehyde con- trace). As previously reported (IIaigler and
densation method of MaickM and Miller (1966). Aghai'mian 1973), llle inhibition of r'qihe
Recoveries for tryptophnn, 5-ItT and 5-IIIAA firing by LSI) was not found hi be a._soeiated
were 100, 71 and 90%, respectively, with a de('re'lse in action potential size. This

Drugs and radioactive materials. Chlariml- was also observed with CIMI indieatit_ tim
pramine hydroddoride (AnMranil. Ciba Pharma-
ceutical Compm_y, Summit, N.J.), Ro 4-4602 ([N- neither drn_ produces its inhibition hy a local
(Dc-seryl)-N-(2,3,4-trihydroxybenzyl) hydrazine], anesflmtie effect.
t[offm:mn-l,a lh)che, Inc., Nuth,y, N.J.) and d- Perfusion studies. We at_empn'd t(i (h'ter-
lysergic acid diMhylamide I)ihn'lrah_ were admin- mine how lhesc drugs, at, closes which have sim-
isU,r(,d i.p., dos(,s of drugs w(,n, expressed in liar effects on ralihe tiring, would affect 5-lIT

terms of their fr(,e bas_,. :ql-tryptol)lmn (4.6 ettlux. LSI) (75 /Lg/kg i.p.) adminisiered at the
c/retool, generally l:d)eh'd) was ohtained from end of the conlr(>l perfusion period produced aSchwarz-Mann. Prior to us[', 1.0 ml of the ethanol-
water solution was evaporah'd 1o dryness and signilieant decrease (P < .025) in the efllux of
redissolved in 100 #l of arlitieial cm.ebrospinal :ql-5-11T (fig. 2). tligher closes of LS]) (150
fluid. Twenty microlil,ers of (his soluii.n wm'e and even 300 /_g/kg, not shmvn) were not able
injected intrav(,nlrieularly in an :q,i)roximat_' ('on- l. redure fm'th('r the eflhlx of :qI-5-1lT (mean
(.[mlr:lti.n of 10,,./#1. of six rats at each dose ± S.E.). :ql-5-IlT

ellhlx did tml r(qurn to base line 1,tl remained I,'
Results deliressed and iiarallel to the eonlrol curve yen

Recording studies. The SI)()II[NIIOOI|S r:lles thr/Hlghollt the lwrfusion 1)cried. In a separate yenpert
of neuron'tl mills tesh'd in Ihe dorsal raphc group of animals. 75 #,g/k_ (i.p.) (if LSD pro- 0.31

ranged from 0.5 to 2.5 spikes/see. ,_dminislra- (lu('ed a lotal inhibition of raphe firing for Tiw
lion of "m intraperil(meal (h_se of 5 mg/kg of :qq)r(iximately 63 minutes (fig. 2, shaded bar). trolas :

(',IMI iiro(hwed a Iol:fl inhibiiion of ralihe (.ell I,SI) did not alter the efllux of alI-TRI' tit any _ sen_
firing for lqir()xim'llelv 1 hour (tlg. I, top time (Inrin_z _the perfusion period (table 1). : of I
lra['('). An i.p. injeeli(m of l_S1) (75 /_/kg) In e.nlra_l, ('IMI al a dose of 5 nlg/kg i.p. sign

also imidu('ed :_ l.ial inhil)ilion of r:qflw e('ll did n.l, ex('elil for one point, signitit"mflv niter" the

(fig
CIMl(Smg/kg ) : inhi

i real

15o ] of 1
a d
illrr
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I I I I I
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1501 duri

inhiI

0 _/ --_°_'_ Selu
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l:m. 1. A conqmris.n .f lhl, I',,sl,OllSl,i_f ..(,lls in 1)., d.rsM raldl(, llll('llqlS lo the sysh,mie administra- ess:ll
lioll of C,IMI a.d l,Sl). "['l., :II'I'IIW ill llolh easvs IIl:ll'ks Ih(, puinl :11 which dl'llgs W('l't' administered 83,111

i.p. In lhe lop tracl,, :l r:lph,, ('.'11is I(ll:llly inhihil,,d I'.v 55 inilllll(,s hy flu, i.p. injection of 5 mg/kg intel
of (qMI. In ihl, Iow_,r lr:u._, anl)lhi,r raid., el,ll is inhihilHI fin' 60 niinuh's by the i.p. injeelion of 75
tig/kg of I,SI). B(ilh l,rm':.s sh.wn ]i,,l'l, "lreinh,grah,(l rail, records, with the oMin'lle in(tieating the repo
tiring rate in spikl,s per nlinllh, ill" ii('tlriills ill lh,, d.l's:d r:lld, ' tlllell'llS, trati.
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Fro. 2. The effects of LSI) (75 and 150 l£g/kK, i,l).) ell lh(' sp<mlatmous t,fllux of aH-5-HT into the
ventrieuhtr perh|sate and on the firing rate of raplm neurons. :qi-'I'RP (200 +c) was injected intr-l-
vvntrJelllarly 1 hour prior _o the s(aPt of perfusiotL I,S[) was luhnmish,r<,d +tfh+rst predrug perfusiot'x
peri_.M.The mean absolute amount of :+II-5-HT recov(,r(,d in the prt'dru_ perfusiot_ period was 0.66 ±
0.31 ,_c/lO rain (75 #g/kg of LSD; N = 6) or 0.49 + 0.09 he/10 rain (150 _g/kg of ],SD; N _ 6).
The ntean absohtte amotult+ of :q|-5-11T re(.ovcred fr.n£ th_ l.'rfus+(h_ of the same p£,riod for con-
trol animals wits 0.25 "+-0.07 no/t0 mill N = 11. oII-5-1IT effiux in sttl)sequent samples was expressed
as a percentage of the respective predrug :unounts of :ql-5-HT. In a SOl)arah_ group of rills, repre-
sonte<l by tim shaded bar, tile response of raph(, coil firing was I'<dh)w<,<laftvr aa i.p. (lost. of 75 gg/kg
of LSD. Dorsal rtq)he cells were totally inhibited fro' 63.3 ± 2.9 minutes (N = 10). *Indic'ties a
significant difference from control levels (P <(.05).

the elttux of :ql-5-1lT from that of e(mtrol rats was negligibh'. T. (.ontirm this in our _ystem, _
(fig. 3), although this dose t)f CIMI tut'tlly we admitUs(ert,d Ill(, :tromatie L-amino aeit{

inhibited raphe netmmal firing for apl)roxi- dee:trl)_lxyl:t_t' inhihimt'. I<u 4-4_i(Y..>, i,t a (It+s(,
ms<rely the same dttratioa :t+ the 75 /_g/kg close sufficient t. hh..k total+.v 5-11T syn_h(.sis (,_l)O
of LgD (fig. 3, sh'tded bar). ]havever, CIM] at mg/kg i.p.: Ih;+l,,|rd ct el., 1971). This synthesis
a dose of 21) mg/kg lm)dt|e('d :t signili(,:mt inhil)it<,' di,I ,,,I signiiic:mtly alter the rate <ff
in_'rt':+._t'P <; 1)5) in :ql-5-11T eflhtx (meatt ut' :_ll-5-IlT ellhlx :is cOral)areal I(i salim,-treated

_ix r:lts at e;u'h dose ± S.E.). This in(.reased anim:ds (me:m .f six r:tls -+- S.F., fig. 4). Thi_
eflhtx of :ql-5-llT tetra'ned to t,ontrul levels indi(,ates that :ql-5-11T synthesis w:_s negligible

al)proxinmtcly 90 minutes after the administra- dm'h+g the perfuA<m l_et'iud stt_geslhlg that the
tioll of CI+MI. ('IM[ did not alter the efllux of eflhtx t)f prefurmt,d :+II-5-11T was the only phe-
:ql-'rllP from _:untro[ vahtes at any time nomt'ntm l)eing mea,,qn'ed it+ these exlmrintents.

([nrillg 111epcrfusion period (table 1 ). Other etmtrol exl)erinu'llts were :dso neeessi-
l++oth LSD and ('IM[ lmve been reported lo t:ttetl I)y the use _+t'preeurst)r-fornwd :'II-5-IVP.

inhibit 5-IIT synthesis (Lin ('t. (+l., 1969; While the intravt,nlrieuhtr :uhninistralion of
S('httbert et al,, 1970a,b; Andt_n ct el., 191;,'/; labeled 'l'l_l' permitted high sl)eciiit' :,t,tivities
Currodi and Fuxe, 1969). Since efllux of 5-1IT <+t'the l+reeursor and product 1o be meastwed in

was llleasttt'ed hy the lwcsencc in +lit+ l)erfusatc the litnited :trea of hr:tin satnpled by t+('r'l't_si(m,
_+l':'II-5-11T l',rmod ft'(mt :'II-TliP, it was nec- it was assmm'd that the fa.te of h_beh'tl 5-tlT

_+ss:+r',"to elimin:_le the possibility tlmt +It-5-ttT reflected that of +he end_)gemn|s amine. It has
synthesis was occurring during the ])erfusion been shown that_ when TIll' is cmpluycd as the
interval. Schubert and 9edvall (1972) have l)reeursor, the l)rudl+('t, 5-1IT, is sl)e('itic t'(+r
reported that 1 hour after ln'ecursor adminis- serotonergic neurons (Muir and l';erlcston,
tration, synthesis of :+l|-5-IIT front :qi:l'l/P 196_; Kuhar ('t al,, 1972; Aghajanian and
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TAIH,E 1 behave similarly. TIH' (100 p.g) given intraven-

Nponh..'ous "_It-lr!Iplopba. _:{lt..r i. control .rot tri(,ularly 1 hollr prior to sacrifice significantly

dr,fl-h'eah,d ral.<' increased endo_etmus tryptolflmn 'rod 5-tllAA

levels in rat, hrain. These data suggest 1hat the

Tinle Tr,'atm,'nt t' I:lb('l did not reprt,sent a "loading dos('" ofafter

injeeti.n Salim' I.SI) ('IMI tl(, i Iq;02 TI¢ I' at the time of perfusion.

.... It has also ll('(,ll l)Osluhlted that certain drugs

,,,_,, vouhl alter TRI' 'wailability (Tagliamonte et

-- 0 l(X) l(_) IOO IOO al., 1971; I_ruinw,ls, 1!1721. Since tiffs couldII) 97 ::i::111 78 _- !l 82 J: 9 9113= .I

20 81 3= 9 87 i. _; 77 _: S 7_; :t: .5 r('sult in ('h:mges of brain 5-I1T as well, :_I]-

31) 6t :t: (i 67 t: .I TIll' (,llhix w:ls measured 'H'l('r ea('h (h'ng. In
40 55 .+_ 4

(16 i: 8 79 t:

(i(i :L: II 61 t: I;2 _=.I :uhlifion, Sn.dgrass and Iverstm (1974) have

50 411 t= .5 .52 :L 9 .57 t: .53 _: 3 shown thai reh,:Ls(, of th(' l)recursor, :ql-Tl{l',

(111 43 :__ 4 .50 :L 9 ,',2 _: .mt: qi iu addition lo :'tl-5-]IT, is assot.i._ied with 11O11-

711 39 _4=6 4(1 :t= 8 4!) 3= .12 :_ [i Sl)('cili(', llon-nellrona[ effe('ls. Since :qI-TRP

80 38 t :1 .18 _ II .19 :t: t7 _: .i eillux was not affected ])y qny drug treatment

90 29 3= :1 411 _ 10 .IS 3= '2 3_ i= .l (table 11, tim dala sug_es( |hat :qI-TRP ac(,u-

leo 30 3= 4 36 3= 10 -I1 3= 35 :L I mul:ltion in tissm's wqs not signifi("mllv altered1 lO 32 3= 2 ;13 _ 7 3!; -t= 3_ :t= .5
l)y tlw,_e (h'u_s and that ch:m_es in :ql-5-11T

efllux w(,re spe('itic drug effects.

" A imlso dose of :ql-'l'lll' (200 wg w.ls injeclml Fv

intraveniricuh.'ly 60 minutes iwior to the siari of Discussion men:
i)(,rfusion. ()he hundred minutes :filer :qI-TRI' or i.p.

I 40 mimlles after lhe start of I_ert'usion, saline, I,SI) ()ill' rt,s fits show that LSD and CIMI, at 5-H'I
-4- 0

(75 gg/kg), (',IMI (5 mg/kg) or lie 4-.Ifi02 iS00 dos(,-: whi(.h (.:ms(, a similar degree of inhibition peril
mg/kg) was administered i.p. of r:ll)he cell firing, alT(,cied 5-IIT efllux differ- in s_

t"l'he mean :d)solute :.llllOllnls of :ql-'l'l{l' re- ently: :1 decrease occnrr(,d qfter LSD but |here In '_
vovei'('d in I)I'(Nli'UK ])(,rflisioit l)eri.ds w('r(,: s:dine moa_
1-1.7 3= 3.8 n('/10 rain, ,\. = ll" I,SI) 111..1 t '-).:1 was Uo ('h:mg(' in ('ttlux with the low dose of 3.6' ('IMI.
nc/l(l rain, N = 6; (3Mi 111.7 t 1.5 n('/l() rain,

A' = fi; I{o -I-1602 13..5 3= 3.0 he/10 rain, ,\' = 6. ]n studies in whi('h LSI) was administ('red 1o

:qi-Tlil'efltux ill Slll),_eqll('iil siililllh's v,:l._ exllressed I)erfllsed r:lts, :it both _rhe "75 nnd 150 ,ag/kg
ii_ Ihe Ilil!llll lil_l'('('lllilg(" of Ilw re_lie('liw' llredi'llt_ 11o71'_.:_ simihlr decro:/so in '_tI-5-IIT oMi1x w<gs

luiiolinl._ of :qI-Tlll' _ S.I,L (ib_lq'xed. Wliile other inve_lil_alors have Sll_-

,,,('_t_'(I lh:ll LS1) ])lo('k,_ release o| ,)-liT (('h:ise

ct a]., 1!i67: learnel)(i and llalnlmrger, 1!i71;

Asher, 1971; Agll'ij_liiali cl a7., l.b.>), llow- Tiislln alid _]l:ii']ler, l!i"7'2), l]i(q'e is ]iitle hirer-
ever, sOVel':il hive._liwitors (Ash(,riffi ct aT., inalion :iilollt, how the halhichlogelli(' :i_ent

1965; Moir lind Ec('l('stoli, l!l(i<_; Ferlislrom :iv('Olilliii_he_ Ihi_. [|:ligh'r 3lid Agll3jilni311
•iiid IVlirlill;ill, 19711 have deinoii._Iratl'd thai (1!1'741 lia'¢e showli lhal LS1) v:ili_l,_ ii direct

"FLIP :iv:iilnliilily Cilll aller hriiin 5-lIT h'vels inhihilhni (if r:ilihe cell firin_. This inhihilion of

:ilid l.iirnliver. "|'o Ill; Slli't' lhat _ll,:idy-_l:lll_ Villi- lirin_ viilild lead Io :l rellllvlioli in imlml._e flow-

tlitions were liot, :iffec.ted by our ]:iheihlg l)riw('- (h'lielidelil 5-1IT l'('leii._e I'l'(llli serol(nlerffic l('r-

(hire, we evlihiilled the effeci_ of lhe x.!i-vg nihiill_ :is Silgge,rted by our (l:ll:l. l]ow(,ver,

dose of labeled Till > on endogeli(lll_ ](.vl,l._ of I,SI) h:i_ :il_o ])een shown Io d(,('rens(, the for-

indoh,s in ]ll'aiii (i:lhh,' 7). I)ne hlliir after niiiliOli (ll" ,)-lit forlnod froln laheled IrYlihi-

mtr:ivenlrh'ular adnlini._lration (if this liul_e llhiin (1,in et a7., 1969; Schubert el (d., 1970,q).

dose (if :ql-Tl{I >, Ill(, i,lilhigeli¢iu_ I_,vd_ of Ih(! I1 is therefore _:ignificanl, lhat :lllhmigh eflhlx of

]ll'eVllr_or (T1H') liroihiiq (5-11T) :ilid llwla- ::II-5-11T w:i_ d(,l're:l._ell |)y LSI), :ql-5-11T after
]lolil(, (5-11IAA) wer(; n(ll :lll('l'l'(I. Nlinhliwh'd s)'iilliesis was negligible (lill'lllg the ll('ri'llSiOll fusiol

'Fill > ill alilir(ixhnaleiy lhe S:lllli' ilos(, (lli i,g) lwril.I. Tlul_ inhihilhin of s)'nlhesis is fief andabsol
:iiSll ]l:id Jill ('fl'cci on ('iidtl_lqiOll_ iildli](, h'vi'ls, _iillh'h'nl Ill eXl)l:iili the reduvlion lif :ql-5-11T N =

sli_geslilig lh:l( l:ibeh'd :lild :liillieliliv 'l']{l' Hthlxlivl,Sl). trol;
as
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Fro. 3. Effects of chlorimipraminc (CIMI, 5 and 20 mg/kg i.p.) on the spontane.us cfflux of :_H-5-HT
measured in vcutricular perfus,_te and on II._ firing r:tt_ of raphe neurons. CIMI was :|dminisl_rcd
i.p. (5 or 20 mg/kg) after a predrug pcrfusion period (N 'I' 6). The mean absolu_ amount of aH-
5-HT recovered in Ihc prcdrug perfusion period is 0.18 - 0,05 nc/10 rain (5 mg/kg of CIMI) or 0.14
± 0.03 he/10 rain (20 mg/kg of CIMI). The me:m :_bsolutc amount of sH-5-HT recovered firm the
perfusate of lhe same period for control animqls was 0.25 ± 0.07 nc/10 min, N _ 11. aH-5-HT cfltux
in subsequent, samples is cxpres_'d as ,x percentage of tim respective predrug amounts of :_H-5-HT.
In a separate group of rats, repre_nted by the shaded bar, the response, of raphe cell firing was
measured aftcr an i.p. dose of 5 mg/kg of CIM[. D.rsal raphc cells wer(, lolally inhibited fi)r 56.2 ±
3.6 minutes (N = 8).
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Fro. 4, A comparison of H_,' ._pont_mcous etflux of aH-5-HT in control rats Io ll_e efltux of 3H-5-HT
aft,er Ro 4-4602. :_It-TRP (200 #c) was injected intraveutricularly 1 hour prior to th() stnrt of per-
fl_sion. At the end of a prcdrug l)erh:sion period, R- 4-4602 (800 mg/kg i.p.) was administered to rals
and venlricular pcrfusion was contbmcd for 11 addiho_ml t!oll_,clion periods of l0 mfimt_,s. Th_ mean
absolute amount, of :q{-5-1lT recover,,d in the prcth'ug pcrfusion period was 028 ± 0.11 he/10 rain;
N = 6. The mean absolute -tmount of :_H-5-IIT r,,covercd from the i)crfusatc of s:t_n_,period for con-
trol animals was 0.25± 0.07 n('/10 mi_; N = 11. sH-5-IIT _,tltux iu ,sul)s,,quent ._:m_pb,s is ,,xpr(,._od
as ,'r l)ercentage of this predrug :_tt-5-HT.

J
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I'AI_&I,]'2 lhe diminished efllu× of :qi-5-ilT during the adminis

(%ncenh'atio.s of Iryploph.., :7-lit ..,t 5-tllAA in period of recovery from Lgl). ehlorim
.,hoh' rat brai. lissucfollo..i.g Ihr i.h'ot,c.h'icuhn" CIMI at :t d,)s[' (5 mg/kg) that totally brane

mhnini._h'alion gfh'!lptopha, inhihite(l ral)he neuronnl tiring for al)l)roxi- blockad
mately 1he same (hu':[tion as LSD did not CIMI _

Trypt,,,,h,.,," ...."'_vp.,ph,,,,_ :,UT ! ,;lll..X:X__ deerense the etttux of :ql-5-HT. Furthermore, of this,r_ -- _./_, ± ._.n ,_;/r,+ ._.n. _r,/, > s.n. CIMI at a dose of 20 mg/kg produced a signif- aH'5-I]

O 1.594-O.17 0.62±O. II i O,27 _O.Ill it':rot in[.rease in :_II-5-HT efllux. Thus, it is after t]
s.,,,, ,-...,i± o._,; o.,_,;± o.os [ o2s ± ..,,[ Whilem 5.o, ± c,.is {u;a ± o.,)i _ o.28 ± ..o:_ ['lear that changes ill firing rate cannot alone

m. i 7.m ±.J;:_, ! ,u;_; ±.¢)7 ] o.,I ±.2:v, ('xpl:un the (l(_se-del_endenl (,tl'et.ls of ('[NII on determI efllux, pramin

" * 'rvptophan was ndminNtered ht a I'{_llsl:tlll VO]lltllt, of 2(1 U{ tissue
,,,, t,,, .','n,,'h'......._......I,,i,,,pt,,,,,,.,_,,,.,.,,_d.,.*,,.,,. ,,,,..,,,d ,,t It h:l_ been l)Ostulated lhnt CIMI inhibits liver II
,t,.n,,n,i,,,,V,.r._U,,,.t ,,r _m71). n,... .,,.,',.i,,,pl,,,,..d :mh,,,,r_ raphe neuron:d firing through an indirect lne(_h- and in
I,ri,)r to [rt,ll[i,Wl,t lind sa,,rilic'ed I hour after the mtrllv,,ntrh'u- :lnislll I)v first blocking 5-lIT ul)take: the
lar hdeelion. Vahws are [he menn of 5 rnls ± ,'41). • rah, (,I

t. This dose of all-Tl{l' (201) #,.I was vtm,l,,itetl |0 r,,pres,'nl resulting ('x('ess of 5-lIT in the synal)tic ('left e0mlnll

s, .,, ,,f ,,,,,,,,,i ........ id. ('ouhl then le:(d to a negative feedb:wk inhibi- aH_5_ll

,p<,,p< m..o,;, lion of raphe neurons (Corrodi "rod Fuxe, could 1
1969). The indir(,et net[on of (_IMI on raphe CIMI.

hn[flher l)ossit)lc' expl:m'flion for the abiliD" cell firin_ is suplmrh_d by the observation that
uf l,gl) to inhil)il 5-11T elllux is based m_ the _he del)res_i[m of rnphe firing by CIMI e:m be The

l)Ol[,nt l)resynal)lie effe('t of lhe hallucinogen 1)lo,'ked 1)y pretretflment with the 5-lIT syn- high [I
i (llnigh'r and Aglmj:mian, 1974). l'resynaptic thesis inhil)itor, l_-ehh)rol)henylal'mine (Sheard from :_

ree,,ptor theory suggests lh:tt, in some systems, ('t al., 1!)72). In terms of the negative feedback of lial:

lhere ore reeel)lm's on tim 1)resyn:_l)li[ ' mere- model, the re(luelion in impulse flow-dependent ous 1('_
l,ran(' which are ,':q):d)le of modulntin_ tr:ms- 5-11], release may entirely compensate for the 5-ILIA
mitter release (Kirl)ekar and 1)wig, 1971" /)leek in 5-IVF uptake 1)y low closes of CIMI. release' 5-lIT :

Stark(', 1971; l,]nero et (tl., 1!172). Thus l,S1) I)resylml)lie ree[,ptor theory has l)een used to and A
_ e,mhl inhilfil lr:msmil,ter release 1)y :u,t,iv:fling ,,xplnin why I)nl['m inhihitm'._ ,ff norel)mel)hrine Kostox

lm,O, nal)lie reeel)tors loealcd on serot,m('rgi('. (NE) nem'tm:d ul)lnlw :u'(' not very effective in :- sislent
t['rmin:ds. In vitro studies by ()hase ct al. in[,r(,:_sing "tr:msmiller overllow" or (,tltux

(1967), K:flz and Kopin (191;9) :rod l,"mmbo (l']nero cl at., 1972). Wh('n neuron:d nl)t'[ke is In (
trod II:md)erger (1971) hove shown thai I,SD iml)nir['d, lm'syiml)lie inhil)itim_ of lr:msmitler and (
,.:_us[,_ :[ r[,du,:li,m m slimulnlion-in(hwed reh':_se is mdum('ed l)eeanse :t higher svnal)tie degree

rph,ns_ of 5-11T in br.fin lissue slie(,s. Sin,'e it is gap rom.(,nlr:_lim_ of NE is nv:dl:d)l[, for 'u,tiv:t- 5-1IT .

mflikely lh:fl inln('l serot(mer_i,. 1)alhw'o'._ exisl tion of Im'syn:qflic re('el)tors (l_:m_er, 1974). A nisms.
in Imm_ sli¢'('s, stwh l)resynal)tir re['eplors could 1)'n'alhq sertflom'rgi(' 1)resYnnl)lie re(',eptor e(mhl ing im

eXld:dn the ell'eels In'oduet'd hy Lgl) in lhese :[Is() :u',,omfl for Ihe l'wk of effort of (',IMI on ItTexperiments where nerve lermin:d :m"_s nre 5-lIT rtllux ns seen in ,mr system. Sim'e (,vi- presy_
S(,l_;_r:fl,,d from lh('ir sotnn, l',[,c':mse Ilw inhil)i- de]we is :.,emntfl:fling tirol 5-lIT is inhil)itory must :
lion [d' imlmlse. II.w I)y 1,S1) nml its 1)ossihh ' m_ Ihe r:_l)he (lm'synnlfli(') syslem (Agh:Lj:mi:m of CI?
ln',,s.WHl_li,' ell'e('ts were n()l St'lint:lied in our /, cl (d., 1972; lltd_h'r nml A_hajani:m, 1974) effhlx
vim, ('xl)erimenls, w(, r:mnot (lislinguish i)(,rlmps the (!I,M1 (,ft'e('_s are suggestive of a Althm
hetwem[ these 1)ossilfiliii('s. 11 is illlel'l'slillg tO im,sYlml)lic h-liT reeel)l(u', lh)w(!ver, elllux of doses
hole th:fl, altlmugh r:q)he [,ell tirin_ was inhil)- :ql-5-11T is in(.r(,as(,(I, m)t de,'rensed, hy n high effiux,

it[,,I I'm' .qg)roxim:[l('ly 1 hour :rod ('onll)h!le dose ('20 nl_/kgl [)t' ('IMI. Thus lm'synmlflic the r,
re,..w,ry ()1" neur, m:d li;'ing Io ['[mlr.I rntes [oh[hilton of h-liT rde,s(, e:mnot expl:dn lifts releas(
r,,quir('d :m :.hlili,m:d 20 t,) 3{) minmes (Agh:t- ('l]'e('l <)f (',IMI. The im're:[se in :_I1-5-11T eltlux efllux.
j:mian rt al., 19liS). (,tlhlx nf :'II-5-11T (lid 1mr nl :[ high dose of ('IMI (20 mg/k_) m:ty 1)e prim'[
rel.rn l,) control l('vds :_t :my lime during this due 1o :[ mm'e ['mnl)lele ]do['k:uh' of 5-1IT take :_
interv:d. These (l:tl:[ suggest tlmt inhibition of reul)tak('. Cnrlss(m (1970) has reported that a pensat

firin,¢ may not h(, n complete exl)l:m:fli(m for dose of 7.5 mg/kg of ('TMI (intrnperitoneal reupt:_
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administration in mice) is the ED50 for the Acknowledgments, We would like It) thauk
elllorimipramine-induccd blockade of the mere- Dr. W. Srott of llcltt'mann-La l_(iche, In(r.,
brazie 1)uml) in 5-liT lleurim_. Thus, upt'lke Nl/llcy, N..). for ._lH)plyillg )lie Ih) 4-4(102;
blockade of 5-[IT is a dose-dependent effect of Ciba /)harniacetlti(':ll ('o., Sumniil, N.,1. for

CIMI which m:ly he cocrelated wilh Ihc effects supplying the chlorimil)rauiine IICI (Anaf-
of this drug on 5-HT efltux. Inc.reased efllux of ran(l); and the Niltional Ins(lute of Meut:lI
aH-5-IIT returns to eonlrol lev('ls 90 minutes Health (tenter for Studies of N;lrct)tics and

after the administration of 20 mg/kg of CIMI. Drug Ah(tsc for providing lhe LS1) used ill
While the me(-iholic fate of CIMI has imt been these exl_t_riments.

determined, a closely related eonipound, imi-
pramine, has a h'llf-life of 0.6 hotlr ill brain Referetlees

tissue (Biekel "lad Weder, 1968). In addition, AClilA.;ANIaN,G. K. aNti Asiu¢iL I.: Histoehelaical
liver niicrosomal studics italic:lie that C1MI fluorescence of raphe neurons: Selective enhance-
and iniipramine are metabolized _tt the same meat by tryptophan. Science (W_lfington)

172: 1159-1161, 1971.
rale (,1, S('hellkm:ln alid 1I. Nyhiick, lier,_(lual :l(m.,_Jar_lar_, (;. K., Foo'_'_, W. ,_No S,_allo, M.:
eomlllullie:ttion). Thus, the time required for Lysergic :_('.id diethylamid(>: Sons(live n(>uron:d
aH-5-11T eflhix to retur/l to centre} levels unils ii_ the midbr_dn rapine. Sriener (Washing-

toll) 161: 71t6--708,14YdS,
could be related to the rate of degrad:tti.n of AtIIIA.IANIAN, G. K., ].?OOTE, W. E. AND SIlE.S.IID, _'til.
CIMI. }1.: Aelion of psyehotogt,liic drugs ou slug, hi

midbraiu rttphe ut!urons. ,l. Pharmacol. _Xl),
The increase in 5-HT cfllux caused by tke "['hcr. 171: 17S-IS7, 1970.

high dose of CIMI (.oul(I (onccivably rt'._ult A,JI._J<XNI._N.(;. 1{. AND (I.%LI,AGI';ll, l}. IIV.: R_tphe .,
i)rit_iu of +(TOl(ill('l'g, ie tt(.rv(+,_ t(,l'lllil(:ltillg ill the

from a direct release of 5-llT. However, d:lta (:<,l'(4,ralv(_ll(ri(dr,+.}trtfi)l Ile_+.,i:: ;;;'c_._,1975.
of ll:ll.iris ('t el. (1973) show thai lhe cndogen- Ac;liaJaNt..,s, (;. 1(.. llal_;Ll,:ll, it. _NI) 13LOO*LI;.:
OUS levels of 5-t/T are increased and levels of l,y_c'rgic arid dicthylamidc :,l,(l _l_rotonin:

Direr, t act,JoltS llli serolonin-elml;_;uillg i_euron_.
5-11IAA are decreased by this treatmcut. Since ],if,, Set. Part I l'hysiol. Ph_l(.(_t:,:ol. 11:
release of 5-HT is associated with a lowering of 615-622, 1(.172.
5-11T :is well :is :in inere,_se iu 5-111AA (Sheard AllltA,IANIaN, (_, ](., I((illAll, _1. ,I. ANll I_orll, I_.

11.: St,rill Ollill-I'oIll llillilig ll('Ul'()llttl li 'Il [,{_ll'_"t
and Agh:tjaniaii, 196S; Gumulka el d,, 1969; aml trruliuals: Differ(_nti:d cff(,cis of i_-ch!(,i'o- 4
Koslowski et o}., 1969), these till|it tire not con- ph(_iiyl;illttiiH(,. |lr_liii R(,s. 53: 85-101, 1973.
sistent with a direct release of 5-IIT 1)y CIMI. A_l)_:._, N.-E., C,lol,)m, 11., I"(_Xl,:,I(. ar_,_ l!iil_-I+F.I,T,T, : Evid('ll('(, for :t er)llr:l] 5-}iy(]ri)xyllvl_-

Ill conclusion, these dala suggest (hat LSD i:unin[_ ree(q)h)r siimulati(m by lysergic ,(.id(ti(,lilylamid_,. V,ril., J. I)hurma(:o|. 34: 1-7, 1::6S.
and C1MI, at closes which cause a similar Am)f:_. N,-E., l,'t:xl.:, K, .._.xi)ii;Tl_').:l,'r, T,: The
degree of inlfibition of raphe cell firing, affect illil)()rhlll(_(, I)f I(i,rvous iml)UlSr fl()w f(ir tll,_

(Irl,letion of thl, iriolioitmilll,s fl'Olll Ciqlll':i| Ill'll-

5-1tT efllux differenlly :ln(l by different /llecIlil- rli(is by semi, ill'illS. ,}'. Phllrlii. l)harlniil'ol. Ill:
nislns. It appe_lrs that LSD, by (lircctly inhibit- 63(i-/132,1966.
ing imliulse flow produces a redaction in :'t1-5- ASIII'ItIiFT, ('l, W., I,](:(:l,I.;s'roN,It. :tNli (!IIAWI,'()I¢I),

T. B.: 5-11y(lro.'_vin_lol , lll(:lliholi._l)l ill rlil
liT off[(iX, ll0wever, :i 1)os,_ible loral }irliiii. A _liiily i)J" illti_rmrililih, liirhiliiili<_ili

presyn/lplie inhibition of 5-11T release by LSI) Ilsilig lhr Irriiiliqul! (if Iryplol)hllll Ioitding--I
mtzst also be eonsi(leri>(I, lit eontrasl, _t low dose Mcth(ids..l. N(,Ul.iich(,lll. 12: 483--492, 1965.

AI;RI.:S, It., ]"I,Eb.IINil, 1{. AND IIAKANSIIN, 11,.: S()I i-

of CIM[ does it(it cause a, decrease iu :'II-5-IIT :(rlilii)ll i(liil ihqi_eli(ui of l)ioKt,uic .liliilil,s !)y
efltux (le_llite :tit iuhihitiou (if r:ilihe liring, lhil(-layer (_hr(itiiatolgralihy..|. (]hrlin'ili)lt, r. _:
Although a block :in 5-I1T reulihtke l)y low 4<_(i-4!)3.19{kg,

II I';liAI(I), 1)., _ S(.,.s.ltl,>'Sl)N, A,, l*'l'XE, K. ANIi LINIJQV-

doses of CIMI ((light lie expel,it'll to iller('.tlSe lST, _l.: (Jr(gill (if 5-hydroxytryl)iiil)hiui null i.-

efthlx, (his is allparently COtlllterbillalicod by (loll,'( ll<'<!llllilillitill 7 ill l)riiil( f()lh)wii(l_ (ll,<'iil'll(ix-
v]li,_u illhiliJtJoll. Nallny/l-Srhili(,(ll,lll,l'l_,_ .%i'('}i.

the reduction in impulse IIow-relaied 5-11T Ph:irl)lak()l,269: I-6, 197],
release, resulting in no net change ill _H-5-IIT BICKI':L,M. II. A_IDWin)Eli, II. J.: "l'li_, i.tld fat(_
eflhix. This is eollsislelit wilh ihe view that lhe of it drug: I'{iur(ic,_ of disirihuiion, (,xi.i'(.lioli

lind formation of 14 mi,tabiilil, es in rlils ll'i'l(ll'(I

primary action of C,IMI is to bl(l('k 5-11T relll)- wilh ilniprnrl(illr. Arch. Int. i)hilrmileodyl(. Tliir.
take and th:lt the iullibitioii of tiriug is a i.(Ull- 17_: 433-46;L 1968.
pensatory res1)onso tit this diminished lteUrollal BItlI(NVI,:LS, ,l.: hihibiii(ni of lit(> hio,_vnihr,_is _)i'

5-hyt_lroxylrylJll niiiie in rltt I)r:lili _ly !,nli|li'_liil-
r(_ul}t'tkc, ilil'. ]_]iil'..I. [)ll;irmae()l. 20:231-2;17 1!)72.

, i! ...... ..........
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