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The lUonoamine sel'otonill (5-hydroxytryplamine, 5-1tT) is presumed to be a

netJrolransnlilter in ille central nervous system _,_'+'+,_r'.Despite Ihe existence of a large

..... ntlnlber ol'lllll;l[_.(Hlisls o['Sel'Olt'_nill li.8.1ll.l+.dlI,JJ` II|OS| o['lhclll h_lvc I|Ol I[lllS fill" gained

;iCCcl_l;tncc :kP,n;tlisl';tClol'y ;tllhLgollintn of scroh_Mn in the brain". 'l+hc plesctH nltldy

attempted to ewduate serotonin antagonism on the pyramidal cells of the hippo-

campus (H PC) which receive serotonin containing all'crests from the raphe nucleila."t.

Cerl_dn serolonin ant_tgonisls which appe_red Io be most effeclive were _lls(> leslctl For

their ell'eels on hippoc_UUl'ml cclhdar responses It) slimtd;llion of Ihc raphe tulclci I".

Nincly-four adult (I 51) 250 g) male Spraguc l)awley rats (obtained fro,u Zivic-

Miller Laboratories, Allison Park, Pa.) were used. The surgical and electrophysiologi-

cal methods employed arc presented elsewhere v_.

The l+ollowing drugs were used Ibr iontophoresis: .'lcetylcholine chloride (ACh,

Merck, 2.5 M); bicuculline (Pierce Chem., 5 mg/ml, pH 4.0); bromlysergic acid

diethylamide bitartrate (BOL-148, I(; mg/ml, DttEW, NIMH); lysel'gic acid diethyl-

amide bitartrate (LSD, I mg/ml in 0.165 M NaCI, NIMH, Bethesda); methysergide

(MS, Sandoz, 10 mg/ml in 0.165 M NaCI); 4',2-isopropylamine-l-hydroxyhnethyl

,uelhane stdplaouanalide (M.II999, Mead Johnson, 0.5 M); I,-norepinephrine HCI

(NE, 1.0 M, Aldrich); picrotoxin (50 ing/ml in 0.165 M NaCI, K and K); methio-

thepin maleate (Hoffman-ka Roche, 10 mg/ml}; cyproheptadine HCI (0.01 M,

Merck); mianserin (0.01 M, Squibb); serotonin creatinine sulphale (5-HT, Aldrich,

-- 0.5 M, pH -- 5); cinnanserin (0.01 M, Organon, Oss, Holland). All drugs were dissolv-

ed in distilled wilier or hi szdine ;+lnd had zl pH rzmge of 4.0--8.0. In some czlses, when

recording was made from a very slow-lil'i,lg cell (less titan 12 spikes/see)continuot, s

leakage of ACh was used in order to maintzfin a stable and faster thing rate (5-10

spikes/sec). This procedure enhanced detection of inhibitory responses, and protected

against pre-selection of spolltaneously rapid-liring cells for study. Care was taken to

exclude the possibility thai sonic drug ell'cots cot, ld be due 1o interactions with ACh

by recording from spontaneously active cells and by comparing drug ell'ects on some

cells in the presence and absence of ACh leakage effects. When drug efl'ects on the
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celhlhu"responsestoseroloninwerelevied,itwin+appliedinpulsesofIO 2I)sccatcon-

slanlinlcrptiIsedurationamlcurrentmagnitudefor._evei'alrepetitionsbefore,during

and aflertheappliculiol_oflhe_mla_omsl.Therewerelhreeor more leslswilheach

cellfora givenantagonist.FurtherinelhodologicaldcUtilsofiontophoresis10stproce-

duresand decisionsconcerningdetectionof antagonisticactionisas presentedelseI
where 7 , 19

When applied iontophorctically with ejection currents of .50--100 hA. serotonin

inhibited spontaneous and acctylcholinc-sustaincd hippocampal pyramidal ccllular

activily (in 207 out of 224 cclls rccordcd l'rom 94 rats), as has bccn prcviously reporl-
cd :_`1:}.This inhibition had a short hUcncy (5 10 sec) and short duration (5 10 scc

aflerlerminalionof ejeclioncurrcnl)and was occ¢_sionallyfolh)wcdby a rebotmd
excitation.

The effects of LSI) '; were tcstcd in 29 cclls in 9 rats. Twenty-seven of thcse were

dircctly slowed by the drug when cicctcd with 50 100 hA. I)espitc this 'local anaes-

thetic" action, which was typically attributed Io a drug when it causcd a rcduction in
spike :nmpliltrdc along wilh slowing ofliring n'_tle+Ihe n'csponscs |o scn'oloflinlof23 oflhc

29 cells tested wcn'e at least partially anl;.lgonisctt by LSI). The anlagonism was dclll-
onstratcd with current range of 10 100 nA and it was in effect within 2 rain from the

onset of LSi) ejection (Fig. I). Thc clTccls of LSD onl n_on'cpir|opbrir_o (NE)-inducctt

inlaibition were tested in 8 cells in 4 rats. No almlgonislic action of LSI) against NE-
induced inhibition was seen in any of the cells tcsled when cquivalcnt (50--100 hA)
Ctln'rclllS werc used.

BOI+'_,.lllwas tcsletl on 9 cells in 3 rals. On 3 of these cells :n rcduclion of spikc

amplihatc xwlsobserved. The responvscs to scrolotvin of 4 el'line 9 cells xv:ls:llvlagotfisc0

_ by 13OI, (Fig. I). The anlagonistic action of BOI, was only partial xxhen c.ieclion
Clln'l'Cil|swhich produced i'tc_m_liccablc 'local almcslhcsia" XXCl'¢al'q'dictl,

Mclhyscrgitlc {MS) _.'_w:ls Icslctl on 32 cells in 9 r:ds, In 14 of Ihcsc :nrcduclion

of spike size was observed when thc drug was adnlinislcrcd with high currents (100
hA}. These 'local anaeslhctic' cll'cc|s wcre in most cases weaker Iharl those of lhe

former compounds (Fig. 2). The v'csponses Io sev'otonin of 19 of lhe 32 cells were at
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Fig. I. Effects of I.SD (A) and BOI. (B) on 2 hippocampal cellular responses to 5-HT applied in
75 (A) or 5ll (B) nanoampercs (hA) pulses an constant intervals. None nhe presence of a potent dircct
;_clion of I.SI) in addilioil Ioils anl:tgonisli¢ ell'col against 5-lIT. B()I+ (Ill has also an antagonislic

ilt'litlll ;lilt( ilx dirccl clrccl is much less I'_rt+ilOtlllCctl, with Ihc CtlllOlll tlsctl Ior cjcclion. Ini this illltl

I\_llowit+g ligurcs abscissa lime aml t+n'dinanc Sl'fikcs/xcc.
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Fig. 2. The ell'eelso1"mclhysergide (MS, A) cyprohcpladh}¢ (B) and BOL ((') on cellular responses
to 5-1tT in 3 dill'erenl cells. MS has:l potent ;Inti|goilJstJc [ICtJonwhichoullaMs Ih¢c|irl'Clll RjC¢IJoll in-
lerval (i.l',, the I'fJspttllSC |o 5-1 IT i'Jgh( il rlL'r |¢llnJll;lliOll of II1c MS (jccI J'4.)11 Ctlllcllls w;is slJll ;llll_.l_OllJ,_cd)

wilh only ;I minor dJrccl ell'col in Ihc ctlrrelll i'allg¢ used.(_'yprohcpladJllehas a potcnl dJl¢C!ell'col
in addition 1o its blocking of 5-HT responses.Nolo, Ihough, Ihc dissociation of the dh¢ct from the
anhlgonJslic aclion. The anlagonislic aclion lakes place earlier and dis.'ll_pe.'u'sI_:l'ore Ihe cell has
recovered from Ihe dirccl action of cyproheptadine. BOL (C) in this caseh_,sno tlircc! aclion, but Jls
amagonistic action is only partial.
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Fig. 3. The absence of 5-HT anlagonJstic aclion by SOllle ptllalive 5-HT anlagonlsts: nlianserhl (A),
melhiothepin (B) and cinnanserin (('). Each of Ihese compounds has a polenl dir¢cl anlagonJslJ¢

action which has a showier time course d_an previous compounds tested (Fig,s. I _.llld 2)0 I_tll linty fli.W¢

IIOnoliceilblc iIlll;,IgOIliSlJ¢ aclion iOWill'tls5-lIT,
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least partially antagonised by MS, even when low (10 50 hA) currents of MS were

used (Fig. 2). The effects of MS on GABA-induced inhibition were tested in 8 cells and
none were affected. A similar lack of effect on NE inhibition were found in 2 cells.

('yproheptadine :_° was testcd on 9 cells in 3 rats. In three of thcse, 'local an-
aesthetic' effects were seen when the drug was administered with medium to high cur-

rents (50.-100 nA), The responses to serolonin of those 3 cells wcre antagonised by

cyproheptadine _Fig. 2). The time courses of the antagonistic action and the local
anaesthetic action were different in that the former preceded the latter in both onset

- andrecovery.
Mianserin"" was tesled on 8 cells in 2 rals. I:otlr o1"Illese ceils were potenlly in- ]

hibited by the drug (Fig, 3). These tJeprcssalll _.lc|ions of mianscn'il_ apl'_earett with '.

slaort latency (5-10 secX for a short dur_ltion after term|tuition of ejection current and i
with little reduction in the action potential height, indicating that mianserin inhibit|tins
were not due to local anaesthetic actions. None of the serotonin responses of cells

tested were signilicantly antagonised by mianserin, even when ctnrrents that produced

potent direct action (50-100 nA) were used.

Melhiothepine was tested on 10cclls in 3 rats. Seven of these cells were inhibited

by the drug in a way similar to that produced by mianserin (Fig. 3/. The inhibitory
action was potent and short lasting: complete recovery from methiotlacpinc effects

look place less Ihan I rain ;.ll'lerthe terminal|on of the ejection ctn'rellt. The responses
to serotonin of only one of the cells were antagonised by methiothepine.

Cinnanserin 17 was tested on 6 ceils in 2 rats. All of these cells were inhibited by

the drug, The inhibitory action was similar to thai of the two previous drugs (Fig. 3)
in II'mt its action had a rapid lime ct_ttrse t_l"onscl anti recovery. I ,owcr Cllrrellls wcrc

ncedetl to gel effects similar to those of mim_serin and methiotbcpinc. The i-cspotlses
to serotonin were not altered by cinnanserin in any of the cells tested, with currents

- (20-60 hA) that produced potent inhibitory action.
Picrotoxin, a presumptive specific GABA arll_lgonisl, was leslet[ on 15 cells in

2 rats. The spike hcighl ,l'ouly Iwo t)l'lllese cells was :ll]'t.'clet] by the tlrllg. Stlrllrisingl,v,

|he responses ol'scrot_nin wcrc at least partially _mtagotlisctl by picrol_xin in 12_fl'lllc
cells leslctl (l:ig. 4) when medium 125 5tl uA) currents wcrc used.

The compounds tested in the present study can be catcgoriscd according to their

effects, into three main groups. The tits| contains those compotmds that exhibited at

,_H'_ ,_0 .... _pICR_OIOX!N 40 .........

PICROTOX IN 50
_HT 75 _ _
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Fig..I.l_icroloxincll'cclso11lhecclltdarrCSlXmScsIo5-11I'i,2dill'crcnlcellsIAandIlLLong cjeclion

periods reduced liring rates only slightly, yet antagonism of 5-ttT responses is evident.
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least some serotonin antagonistic effects. Among Ihese are LSD, BOL cypro-

hepladille ;llld inelhysergidc (MS). All of Ihesc t2Olllll¢llllld?i Ilild SOllle ilddilit)llill h)¢ill

;in:lc,',lhu'lic ellL'cl, which inh..'rlk.'red Io ;1 t't'l'laill cxlelll wilh lhc csliill;.lliOll of lhc

anlagonislic funclion of Ihe drug. It was possible, Ihough, lo disso¢ialc Ihe 'local

anaeslh+lic" tlCliOn from Ihe anl:lgonislic aclion, becau._e Ihe two acliOliS UStlally had

tlillL'l'enl linlc courses; Ihc anlagonislic cllL'cl look place i,Isler and dissip,'lled eal'lier

than tile anaesthetic effect (see Fig. 2). Moreover, there was no apparent correlation

belween the presence of an anaeslhelic ell'eel and an anlagonislic ell'eel.

The s¢¢olld gl'oul_ of ¢Olllpollnds Iesled t'onsisls of Ihos¢ dl'lll?,n _vllich cxhibilcd

:1 Polclll dt'l_l'¢nsalll cl/"ecl alld Iher¢l'or¢ could ll_ll be Icnlcd ,lg_lillnl sci'olonill. AlllOUg

lhcsc drugs arc cilmanscrili, lllclhiolllcpine and inianserJn. These drugs !rod inhibilory
actions al dose levels lhal produced no noliceable anlagonislic ell"eels. There is a

possibility lhal Ihese drugs a¢liwllctl 5-l-IT r¢ceplol's, and furlhcr lesls o1"Ihis possibil-

it)' shotlld be i_¢rforlued.

_ I:inally, picrotoxin, a (]ABA ;.inl;.igOlliSl, blocked lat least parli_lllyl tile responses

1o 5-lit of IllOSl cells lesled. This ell'ecl was i';.llher spccilic hot'arise rlit,'l-olllxJn, ill I
I

previous sludics TM, did nol anlagonise Ihc inhibilion produced P.y NIL This is not Io I

say lhai lhe respolise io 5-HT is nlediaied by a GAliA receptor since anolher (]Alia

aillagonisl, bictlculline, did not all'eel 5-14T responses in several cells iesicd (unpublish-

cd).

()lie of the dilliculties in conlparing restllts obiained in several laboratories is the

tliffcrenl leslinu n_ethods used, as well as the dill'erenl i'eSl_onses Io 5-lIT i'epOl'led.

When al_plied ioiilol)hllielically 5-lIT t'ilher inhibits or c\ciics ill" nl:iilllains bllih

acliolin, dcl_Clldillg lilt Ihe bl'ilill ale;i leMed lllitl eli Iht' pll o1' Ihe 5-1 IT sohlliOli I i,iii.

('onlparisons between ionlophorcsis i.llld oilier lcsling nleihods lii'e even more compli-

caled s,ill,l',l, II is nol stirprising, therefore, thai since the original suggeslion thai LSI)is

a 5-lit alllagoilisl, ii was folind Io block excil:llory i'esponses Io 5-lIT ;',16, Io block

inhil_ilory aciitm of dot'._al raphe sliululation _, not Io affect i'esponsl2s Io 5-1t"I" in

laiei';ll geniculale cells ir_, Io slimulale presunled 5-tIT fuilclioils ill and to inhibit

aclivily of serolonin containing cells I. lecenlly, I.SI) appeal'ed io have 5-FIT recepIor

biilding prol_erlie._, which ;.l_l-i.,eswilh oilr suggcslion Ihal ii has 5-lIT anlagonislic

funcliOllS in the fol'ebrahl 2. The discl-epancies anlong varying resulls can be altribl.lled

- to inherent differences alnong preparalions. There mighl exist al leasl two types oF

5-tit receplOlS ;.is hldic'alcd for some invcrlebl'_ile Ill2LII'IiIlC'S 1I. Morcovel', dil|12rellCeS

hi densities of 5-lIT I'eCeplOl'S all/Ollg dill'el'tilt test systems illl, iy directly affect the

efficacy of aillagonisnl at Ihe receptor by a certain druT. Therefore, the inability to

tlenlonsirale alllagOlliSnl i'ly _i cerlahl drtig title io iCloleni local ailaeslhelil." ell'eels of

Ihe drug Ill;.ly Ille;.lll lhai lhe ,'lnlagoni.Mic aclion c_lnnol be lcsled, and it should nol be

inferred lhat the particular dl'tlg has or has ilol ;.111ailt_igonistic aciivily agaiilst 5-HT.

I lhank i)r. I:. E. I]looln for his helpful COlllnlenls and suggestions. The following

conlpanies are acknowledged for the supply of several of the tested compounds:

Squibb (mianserin, SQI0631 I), Lloll"man LaRoche Inaelhiolhepin), and Organon

Oss, tlolland (cinnallserill).



166

I A(;IIAJ^NIAN, G. K., H^ml,er, J..I., aNn BIoc)m,F. E., Lysergic acid dielllylamide and serot(min:
6,_.direct actions on scrolonin c(mlaining neurons in rat brain, L_fe Sci., I I 11972)615 _

2 Bl_Nnl':rt, J. L., ann Ac;HaJaNI^N,G. K., D-LSD binding to brain honlogenales: possiblerelation-
ship to serotonin receptors, L,i/bSri., 15 (1975) 1935-1944.

3 BIscoF,,T..1., ^n1_STRau_;I_aN,D. W., Micro:lectrophoretic studies of neuron_ in the eat hippo-
C',lrnl)U_...I.Ph.r,s'iol.(L_m:l.), 183(1966) 341 359.

4 I_l ()I)M, I:. I:,., HI)I:I:EI_, I]..I., SI(;[;IN_;, (-I. R., I{ARKI!R, J. [,., ANt) NI('OI.I,, R. A., [Sffccls oF sel-o-

tonin Oll cenlral IleLll'OllS: nlicroiontophorelic adlllinislration, Fed. Pro_'., 31 (1972) 97 106.

5 I]I)AKI'31. R. J., I|RAI)I,EY, I). B., I:IRI(;t]S, I., ANI) I)RAY, A., Anlagnnisnl of 5HT by LS!)-25 in the

cellh'al nervous system: a possible basis for the action of LSI)-25, Brit..I. I'/ulrm_t_'oL, 40 11970)
202 218.

6 G^onum, J. H., Antagonism between lysergic acid diethylamide and 5-hydroxytryptamine. J.
Physiol. (Loml.), 121 (1953) 15.

7 (_1!|.1,E1_',, I I. m., AN1) W(}()II_VARI"J, I). J., All iml'wtwcd COllS(_1111 ¢tll"rclll SOtll"Ce I'of n'ticroic_nto-

phorclic drug appli¢_llion sludics, I'Sh'rtroent'eph. eli,. Nem'oph.rsiol., 33 11972) 430 432.
8 (]tlllJIAUI), ('_,, BI:,SSON, J. m., OI.IVI-RAS, J. L., AND LII:ItI-SKINI), .I.C., Suppression by LSD of lhe

inhibitory effect exerted by dorsal raphe stimulation on certain spinal cord interncurons in the cat,
Brain Research, 61 (1973) 417 422.

9 tlAl(;l,l!r, tl..I., ^hi) AGtlAJANIAN, G. K., Peripheral serolonin antagonists: failure to antagonize
serotonin in brain areas receiving a prominent serotonergic inr_ut. J. Nt'llroL Trolls., 35 11974)
257 273.

10 ,JAl.l,rl!, M., RIr('II-M()NA('II()N, M. A.. ANI) 1 hFH, IY, W., Mclhods for assessing IIle inlcraclion of

ag_2nls wilh 5-hydroxylryptanlinc ilOtlrons and reeeplors ill Ihe. I_rain. Ii1 L:. ('OSI_A ANt) P. (IRI,I_N-

(;ArD (Eds.), ,4dvam'es in Biochemical Ps)'chr_pharmrwoh_:r, Vol. IO, Raven Press, New York,
1974, pp. 121 -134.

J J JORDAN, L. M., FREI)RICKSON, R. C. A., PIIII,I,IS, ,1. W., ANI) I,AKL N., Mier(_iolllOl_horesis of 5-

hy(Jrl'_Xyllylll;llnill.,2: a cJalili¢lllitH1 or ils ^(,'lion on t,'t,'reJ"_ral COlIleal netll't.)llS, Ill'tlill Rt',_'¢tlrc'h, 40

11972) 552 558.
12 KIIIIAN, M. S., ACnlAIANIAN, (;. K., ANI) RI)I'II, r. I1., Tryplol_han hyth'oxylase activity ;,llld

synaptosomal uptake of serolonin in discrete brain rel_ions afler midbrain raphe lesions. (?orrela-
: lions with serotonin levels and histochemical ttuorescence, Brai, Research, 44 11972) 165_-176.

13 MI_EK,,I., Fux_, K., ^NI) AND(N, N. E., Effects of anlidepressant dl'ngs of the imil'_ramine type on
eenlral 5-hydroxylryptamir_c r_trtlrolransnlission, IOtrop..I. I'hro'mrt('rd., 9 (1971))325 332.

14 I'_AIII'AIII)IN-'rI,III','e,('II ANI) (;FI,_S('III,:NI,HII0 II. m,, Nenro11;ll responses 11_5-hyth'oxylryphlnlil|e
rc'_ullhlg I'rt_nlmcmbr_me pcrmc:ll'_ilily decreases, Natm'r (I,_,ld.), 244 (1973) 171 173.

- 15 Pl|ll IJS, J. W., Tl,:mi('ls,A. K., AN_)YorK, I). I1., The inhibitory aclion of monoan_incs on lateral
geniculate neurones, J. Physiol. (L,,d.), 190 (1967) 563 581.

16 Ron_rTs, M. H. T., aND STraOC;H^N, D. W., Excitation and depression of cortical neurones by
5-hydroxytryptamine. J. Phj'siol. (Lomt.), 193 (1967) 269-294.

17 rllnlN. FI., I)IAI A, J..I.. I:h_rKF, ,I. C., aNn (_I,IAVI!R, n. N., A Ile_, ,' I'_Olc111 anti specili¢ serOlollin

inhibilor (N(.)IOI',.I I) (2',l'-dinlclhyhlmintw_rol'_!,hhi ',) ¢i _ _;_ I; nil t c hydtouhh,rid¢; ;inli'..t'loh.'_nin

:lt'livily on lilt'IllS ;ll|tl Oll gilSllohlleslhlilJ Vil_.t-'lllilf _llltJ I¢Sl'_HitlOl'y syslelllS o1" allitllills, ,-|r_.h. ill/.

I'hm'marmlrn. 152 (191i4) 132 143.
|8 SI:t;At, M., aNI) I;_II)I_M,I:. 1;..,The action of nolcpil_ephrille ill tile rat laipl_ocampus. I. Iot/(o-

i'd_l't'li¢ nlutlit's, Ih'_/i, I¢_'.s'rm'_'h, 72 (1_7.11 7 t) _)7.

I _') SllIAI, I_'|., Nt.'l'(_lt'HIt'rgi¢ illl_tll Io Ih¢ hil_l"_t)U';ll|ll"_tls: _1 t.'o1111"_illctl i_hysioh_gifal alltl phallll_lLro-

logical study, Brain Resrurch, 94 11975) 115 131.
21) STon_, C. A., W_N(;H_, tt. ('., [,uDm, n, C. T., Sr^w,_s_u J. M., ^nn Ross. C. A., Anliscrotonin

antihistaminic properties of cyproheptadine, J. Pharnltlcol. ¢.vp. Tiler., 131 (1961) 73 84.
21 S I'1)l_tM-m AI'I nSFN..I., ANI'I (]111 I_III,R( ;. I I. ( "., 5-1 lydro\yl rvpl;inl Ill" _111_,1llol':ldlt,n;llilw ill lilt" hil_l_-

_.';Itllp,II I't')_lOII, ,I. N_'IIro_'II_'IH., )2 t I_11.1)7 t) l, ._AII,.

22 VAr¢iAI I1_;, I|. I1., ('_l(iNI I', ,I. I,., I)I'Vos, ('. ,I., (h_l.lSl N, I1., AND Ih_N_^, I. L., Mianscrin hydro-

chloride : peripheral and central ellcots in relation to antagonism against 5-hydroxytryptamine and
tryptamine, Europ. J. Pharola_'ol., 16 ( 1971) 336-346.


