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l)r,)itch t,) oblailiiilff further kilo\_ lrd_e (d: tile' il_e('hai_isll/ (if action of
l,ql) wa_ to (,'..;;lll/htl' t!l<' elh'<_ts ot other :.;tlblltailoe '-: xxliose a(tions

!liJ_lli also })(' _,,l;lt<,,l t,, an illttT;t.(2ll()li \\it]t 5qlT. ()lit' Stlch ot)violls

>.iilll'('t" is ill(' ('l.i.',S {)t; Mlllctlir;t] C()ll/Y,t'llel:4 ()t: ,_-}lY, and ti/eref0ro a

s(-)-i(,,_ {){ (,Xlil.i-ll!/(,iits -o,d_; sfdlt(,d wilt) a small _l()il l) ()t tryptamine

;llid I,SI) dciix;lti\('_,. It x_a> lit(' pUli)(J_;t' of these expt'rhli(qits to Ilt)-

Lli!i hitolniatiou COli(!('lllill_ the (lc_r('(' to x:hich anai_itF31rs of 5-_rlT

nludh{ pro(hict' nt,liropharlnilc(i!o_it!al efle('ts whiotl oorri;si)oli(|ed to

ttl<_se <if the I£D. Th,' flr:4 5-I1"1' COll,l_(!l]er \vhich w(, slit(lied was

t_llt_Jt<'nint'. Ill<' N-dimcthvl (liTi\<itixl' (>f 5-lIT. I;igure :2 shows the

_;tlll('tui('.'> of ]nlfoteliiilt'. ,%1IT (_,'r{q!)nin) all(] LSI). Th<' inveMiga-

lion<; of 0i(' aclillns of l>lll,>t(q,hll, \,erl > llll(i"l't31ktql OI1 the t)_t_is of tile

tli_,oreticai (.oi>dd('l,ltlolJ_ :flirt tl,, ill(' i-(,Nilli el Sfr(iniber_+s (;$7) dis-

eO_ely tiial }_ilf()t<'nJlic iS tilt princip:ll alk,lloid _>t (_',,)holni (::t:z;),whieli

IEll(_ ildtiVt'S (if |{aiti ilS(';l ;IS ;_i Milnlilathl_ _,lilllJ. "['hc l)os_ihility that

})ilt'()[tq_illC \V;tS, tilt' ',t('ti\c' a_(>lll ill (,oho],<l. all(l, literl,tl,ie, tl psycho-

t,.illlilfll,tic :.t_(!lit, ln:i(l(' the studies ()t [t_ iit'lilCilJhtillli3.('ol_i'di('d] actioi:N

of particular intcrcM.
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Fig. 2. Structure,v ot_ I!l._m_ic acid dicl] !llamidc (I.SD), ]m[uleid_lc, lind
seroton hi.

EXPEI{IMI,]NTS ()N M()NKEYS:

Initial studies el tl_e ellects of lndotenim' on the gross behavior of

monkeys revealed th:lt buR>tci_ilie ii,diiced a syndrome which was re-

lnark:llJlx siillil:,,r t_ llir >vlldroilie iltthlc'ed tlv I,SI) (11, 12). Following

iiltravt'u(Jus a(ll;lhlist!ation ot: I)lit:,)ttqlinc (_-2niilligranis per kilogram
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body weight) and I_SD (] milh_ra,n p¢,r kil;_r:m; lodv xsci_zht,

m<mkeys shinned a gross ]mt v,,,'lativelv s¢'h'ctivc alt¢,vatio_l of bo

havior: diminished or absent respc_six¢'ness to vis_ml stimuli im

pai:rmeut of respons¢,s to s¢",¢'ral tcwm> of som¢'sthetic _tmudi. but n,-

tention of responsiveness to ttl!_titOl"V stimuli. |;ig1_r¢,s !. 3, .i, 5. !i, 7

Fig. 3. The effects of lm{otuninu on position. This fi__.qm,s},m_ d.' p,J_it;_,_

assumed immedialcly following intravenous injcctiolJ c)f t_ll{ot¢-nin¢' I ln_. k_

Heprodlwed u'ith lwrmi,ssion [r.m A.M.A. Ar('hit ¢_ of Nc.rol.,:'!t and t',qt-
chi_ar!/, 75:4,9, t956.

illustrate some aspects ot: the e,ross di,:order ,ff behavior ,,_hich tol-
lowed intravenous -Mministration o{ I,SI) and bufoh'nine. \Vithin less

than a minute of the administration of these drugs, monkeys assumed

a prone position (Figs. 1, 3) which they de;idly mainlaincd in spit,'

of attempts by the experimenter to place them in s(}mc oth_,r p<>>iti_m.

In resisting attempts to move them ah<mt, the arJim',{ls (]<'rn_n_lratcd

good muscular power. \V}lctj m(mk(')'s _vcr(, _'h'vated and m,M_. to

grasp the experimentcr'.s fiT_ger, they would susptmd themsclv,,s (Figs.

4, 5) for considerable periods. \Vilhin about twenty minutes (,t the

administration of the ¢lr_gs, tl," monkeys I)o_tn t_ movc _]_out i,_ _,_

ataxic manner. As the ataxia dimiuislmd, the anim:ds xvo_ld _u,_ ztb_vtt

the floor with ;_gility, lint wo_hl l_ump il_t,_ objects interposed iH l!..i:

path, Finall,,, within sli_htl.x more thau ai_ h,nu" of the iutr,tvc_;:lus

injection of LSD or bufotcni_,e, tlu. <mix _ros_;l'., .lppare_l rc:ddum,_

.......... [.....
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Fi_. 4. E[_ects of LSI) o_ motor })uu:_'r. This tigure demonstrates the abil-

ity of the subject to supp_rl its own xxei_ht immediately following admin-
istration of LSI).

[lcl_roduc_:d f, ith p_'rmissioTI fr_m_ A.AI.A. Archives of Nt'ur,lo_y anti Psy-
chiatr!1, 75..'_9, 19,5(_.
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i

Fig. 5. Effects of bufotenine on motor pow('r. This fiK, n_! d¢,nloustratcs tht,
ability of the subject to support its o\_u w_,ight inmu,cliat_'ly f_,llo\vin_ _.!
ministration of bufot(miue.

Reprotlu_:ed with lwrmi._,_ion Jrom A.M.,L Ar(:hircs _f N_'tir_[_:!l and I',s'{/-
<fiiatry, 75:49, 1956.
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,)t |l_edru_-imh_c('d (lis<,'del (,f h(,h_vi_w w_Ls m_rked t_meness and

&,cr(.a,,;ed !_,('_wt'al _,cti_ity (Fig_, 6, 7). After that, the mo)ikeys con-

ti._((,(I t(, slJow _t _l,,(,_-(,_is_,()f _¢ n('ra} activity for NI) to another one
l

t;'iF. B. Tamin_ effects of LSD. Tiffs figure sllovcs tameness of the subject
t))_(,h(mr folh>wiag admildsU_ti()n of I_SI).

R_'l)v(,duced with l)('rmi._si_n jrom AM A. Arct_it:e._' of ,\'('uroloF!l a)_d P,_!I-

chiatl!t, 75..19, 19,%'.

Fig. 7. Tami)(_ vff_<'t._ v[ hu[(,te))i,('. 'Ibis fi!sure sl,o\vs ia)u(,ness ¢_f the
sui>jec!t one })our [oll_,.vmg_, _<Iminist)_tio;) of l>_ifotemm,.

Rcl)r<>du_ed !vii!, i;<';niis.,i<)_ tryst) A.M.'L Archives (ff Ncuml(,_! and P,_Ij-

('!l_(Hr!i TS:tL 1,95(_
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which resuhe_{ from [,S1) anJ l_,d_)t,'lii!_,'

As the figures arid "]ab]e I sh<)\v, I,SI) =_I_d})ll_{)f;,'l/il!C, (1111t&:.'.i_"

doses, p"odu(cd stnkin>{ly simi{ir ar(_ss !_(.]_;txi_w,__l{_(,l,!_,!s. Simi},r-
ities })(,evve_,tl tile aCtfOIL'; _i{ t}l(' {t'_()_[l'Ia_< v,t'rc ;ll'_! _q-,i/ar( H{ v, it}l

smaller doses o{ tho a._('uts, lu sm_liler d<_sc_, b_t}_ ,.b_,:. c:tl,vc,1 it

decrease in the h.vel ()f _ener;d actixitv ,)f 0.. ,,xpcrm,>_,t,i ,mimal_.

t:ol]owing I.SI) in intzav('uo_s dosvs (,t ().(_3 miJl/:mmls p_'r kilo'_:_am

]_ody weight, for cxamph., re(takers shox_,'d <i J<>whlg _)t resp(m:.(. 5,,
t)('rform;mce nil tests _t: visl)al dis('rhuJ_>a_th)t_(t}/o,,V)_ if,' ;wcurat:. {_]

CIIoic{_s, \V]K'I) lll[|(]t', X%';ISIt{It inq;airt'_l_ Tho c{tccts <ff th** v_'r\' 1:t1_4('

doses (if I.SI) aud }mf</tcnine have h('en prcscnted in _!_-t<tilL,'_,tli_;c

of the uniqn(mess ()f the sx.,Mromc lind the :,.))lmreutlv _<h'c ti.'c ¢!i>-

turbance of various p,'rccptual processes _xhich tlwsc ¢[o,;es induced.

Scvei'al recent studies resulted in clear, ohiccti.,,, ,ilcasures f;_ th,'
behavioral effects .f milch sm,dh,r _t_,s,'s ,d: l.Sl). These '<ludi( v ttav_.

demonstrlited seh,ctive &,fccts of _,'mc aspc(t_ ot _isual pcrct'ption

following administrati,m of I.SI). P,h,igli (2) Ires shown that l,Sl) Jn

oral doses of 0.1 to 0.3 milliff,rams per kilo_*,r,ml bodx w_qzht c.:u_scs

in pigeons an elevation of tile threshohl <f h_i_ht_,css causilis, r il_ in-

crease, in the accuracy of performance on a vi,sua]-discriminati(m prol)-
lem in which discriminanda were i!Imniuat,'d :tt .mpraliminal i,Itcn-

sities (:3). Fustcr (IS) rece_dlv showed that it, m,mkcvs I.SI) ilt _h,:,_'!_

as lov," its 0.005 milligrams per kilo e,ram hodv x_eight causes inq air

ment of performance on a task involviu_ tacliistoscopic form ([is-

criminations. The clear defects il_ porfiirmance folh,whle, very small
doses of LS1), as demonstrate.<{ hv lqtster, c|,|plinsi._e the itilp(ll'lit,lC,:

of the nature of test c(n,diti(ms in <u<N,'s which seek to elicit Id,<hly
selective disorders of behavior.

The author's expcrimcr,ts in mouk(,vs failed t<) dom,mstratc ;_ux

impairment (n tit(' accuracy o[: visual disc'rinihiali<ius f_li_m,iil< ],SI)
a(ltililiistratl()ll ii<! (]i>_,f.sC'[ ;)0 iiiicio_ralPis per kll_>k_ralel 1,o,h x_,'i<sl,l.
Tho (]Jfferonee ])etweell ill(, alltll+)r _;reslllts _!11(]those +)P}'llstl,; lltax

be explained by I.}i(' ];,ricf {'\TIt)_-:!ill ' tJ[' t]}t' (]i',;('l'JlliJllil.')fiit 71i I _-h'rs

experiments. In the autl_¢,r's c_p_'rinicnts, s,llO'vts xxcry. ',dh,,,<d _ip t,,
thirty seconds to lll{ik(' {1 ¢li_m'c l_etw_'cl_ the t\','c) I I_lllilill_ni<t[', \ isibh'

(lis(?r[iililUtll(ltt, ttlu'r(';l<_ ill l:llstt'r,_ ,",'])(Tillll'tit <, \\ {{il I,,_,1)_,l _'\l)ci'41ll" '

+,t tit<' disc'rhnhiauda \v;t_ i)cl'i!!ittc<_ [,,',r <_li]\ t\'_ if\ _,_;]li','<,,,i<l<
Boc'au:.' +if the apparent dlsttlrl)t'd I't'b,]tOll<.(' tit ', {$11:.tf_.tilill li X'tiiCl,
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occurred as one element in the syndrome that followed intravenous

administration of bufntenine and I,SD, it seemed possible to ass,me

that the drugs alter some function in the primary ascending visual

system. It is not necessary to point out that the disturbance of respon-

siveness to visual stimuli need not have indicated a specific alteration

of function within the visual system, since it is well known that an-

imals may show marked disturbances of visual reactions without any

defect whatever in the primary visual pathways (24). One explanation

for the pharmacologically induced disturbance of visually mediated

behavior, however, was that administration of the drugs caused a dis-

turbanee of function at some point between tile retina and the striate
cortex• A series of studies in eats showed that I,SD and bufotmfine

did, indeed, alter activity within this system (151. It was found that

both of these drugs caused a reduction in the amplitude of the post-

synaptic lateral geniculate response to electrical stimulation of the

• optic nerve. Whereas the amplitude of the lateral geniculate post-

synaptic response was reduced by LSD, aetMty at the other p_fints

in the visual system was highly resistant to depression by I,SD and

bufotenine. As in the case of the monkey, I,SD and bufotenine showed

striking similarity in their effects on the activity of the primary visual

system.

ELECTROPHYSIOLOGICAL EXPERIMENTS:

The electrophysiologica] experiments were filst carried out in cats

anesthetized with sodium pentobarbital. In these experiments, intra-

carotid administration of I,SI) in doses of thirty microt_rams per kilo-

gram body weight caused a mean decrease of ei_zhty p,'rcen_ in the

a|nplitude, of the postsynaptic lateral _eniculate rcspo|_se to a single

near-maximal optic nerve volley. This sensitivity of the lateral gen-

ieulate postsynaptic response to 1,SI) is of the same order of magni-

tude as the sensitivity of the transcallosal response to I,SI) il_ the

experiments of Marrazzi a|l(t Itart (28). Bufotenine in intrac, rolid

doses of 0.2 milligrams per kilogram body weight had effects which

were similar to those of LSI). Figures S and 9 illustrate the effects of

LSD and bufotenine on the lateral Keniculate postsynaptic respolp;e
in the anesthetized cat.

Whereas LSD adn_inist_wed i|flracarotidlx in doses of :30 micro-

grams per kilogram hody weight caused marked reduction of the post-

............. __ ......... =.......................................................
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Fig. 8. Effect of I,SD on geniculate. ]{csponse recorded in left lateral gen-
iculate body to a InLin o[: fi\'c shot'ks at frequency 250 sec. applied to right
optic nerve before (A) ai_d after (B) (),()IS ing. kg. LSD via left carotid.

Asphyxia, starting inlmvdiately after (B) alld continued for °0 sec., caused
an increase in amplitude of postsyiiaptie potentials (C). T = tract spike;
S = postsynaptic spike. Positive is tip.

llelJr+utucrxl ivith pvrmivvi_m fn,l#l t/tc ,'Itmcrica_l J+llirn_d (ff Phgaiolog!#.

synaptie gcniculate response in cats anesthetized with sodiunl pento-

barbital, eoi/siclerablv larger doses of I,S1), administered intravenous-

ly or intraperitol,'ally, to intact uilailesthetized preparations with

chronically implanted electrodes, xxcre required to produce similar

effects (13). It xx as foluld that sodilllit pt'ntobarl)ital anesthesia caused

all increase ill the sensitivity ot: the latcH] geliieu]ate to depression by"
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Fig. 9. Effect of bufo&mine on getliculatc, BespoJ_se recorded in ]e[t lateral
geniculate body to a train of 6 shocks at fiequeney of 295/sec. applied to
right optic nerve before (A) and after (B) 0.2 rag. kg. bufotenine via left
carotid. T = tract spike; S = postsynaptie spike. Positiw' is up.

Reproduced tcitll permission from the American ]ourtml of Phys'iol_g_¢.

LSD. Figure 10 shows the eft'cots of LSI) on the geniculate response

to optic tract stimulation in an intact preparation with chronically im-

planted electrodes. In this extwriment in unanesthetized cats, one mil-

ligram per kilogram bodv wt,i_ht (intral)criton(,ally) of [_SI) was re-

quired t() produce geniculat(" d_'i)rt'ssion of the d('gicc that rc's_dted from

0.03 milligrams per kilogram bo(lv weigh_ administ('red intracarotidlv

in anestheti/_ed cats. The dosage ()[ LSD whi('h doI)resscd th(' post-

synaptic response to optic tract stimulation in th(' it_tact cat preparati()n

corr_'sponds t+_thv dose which catlsos tlw gross disorder of behavior in

monkeys. In cats with implanted electrod(,s, tho rc(h3ction of the gen-

iculatc postsynaptic response was ass()ciat('(l with 'a failme of lx'havior-

al responsiveness t() visual stimuli. While failing t() r('spond to visual
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stimuli, cats that had received large doses of LSD showed brisk and

at times violent reactions to auditory stimuli, often jumping up, show-

ing piloerection, hissing and orienting to the source of the auditory
stimulus. This "rage" reaction in cats was in sl|arp contrast to the tam-

ing eJfect of LSD in monkeys. The preservation of responsiveness to
auditory stimuli in association with a gross disturbance of responsive-

ness to visual stimuli was seen in both cats and monkeys.

CONSCIOUS CAT 8-2-55

CONTROL LSD I MG/KG IR

Fi_. 10. Effec& of LSD on Lateral Ceni('_date liespon,_'e to Optic Tract
Stim_dation. The traces show the lateral geniculate responses to two shocks
:q)plied t() the optic tract at an interval of 4 msec. LSD (1 mg./kg, intra-
pcritoneally) _caused a reduction in the alnplitude of the postsynaptic re-
sponse (S) to the first shock. There was recruitment, and the postsynap-
tic response to the second shock was not depressed. The presynaptie tract
response (T) was not altered. This preparation, which was an unanesthe-
tizcd intact cat with chronically implanted electrodes, showed an absence of
responsiveness to visual stimuli in association with this alteration of the
lateral genieulatc resp(mse. Positive is up.

l_cproduccd frith permission from the Association for Research in Nert2ous
and Mental Disease.

Compared with the postsynaptic lateral geniculate response to optic

nerve stinmlation, the postsynaptic cortical response to stimulation of

the geniculate radiation fibers was highly resistant to depression by

I,SI) and bufotenine. Purpura (28), employing somewhat different

experimental procedures, obserxed a similar resistance ot" the cortieal

response to depression by LSI). Indeed, he act|ially observed facilita-

tion of this response following small doses of LSD (28). In the author's

experiments, dose,_ ot" LSD and bntotenine, many times greater than

those which caused reduction of the lateral geniculate postsynaptic

response, failed to cause such depression of the cortical response to
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_enie_llate radiation stimnlati<m. Figures 11 and 12 illustrate the

taihne ¢)f large intracarotid d<_ses of I,SI) and lmt:uh'ninc t<_ depress

the c¢_rtical response t¢_ _enicuhtte radiation stmmlation in the at.'s-

thetized cat. Ill the e_.pt'linlellt \vi|h I+S[), illttstrate_l in l:i_lue 1 I, the

cortical respow_st, was a¢'t_]allv enltanc¢'<l. This m,hancetnt'nt x+,.s ap-

parent following L,S1) in a dosage lllltllV time's _l¢'M+.'r thmJ was totmd

1;'i+z.11 FiR. I"2

l"i!_, l 1. Effect o[ LSD on cortex. Left visual cortex resp(mse to sim_h, max-
imal shock applied to left optic radiations })ehJtt+ (A) and alter (B) 1.3
n,g. kg+ LSI) via left carotid. Positive is up.

Fig,. 12. EtJect of t)u[otenine on cortex. Left visual c,mt(,x r(,sp<)tls(, to sitigle
maximal shock applied t+) left optic radiations before (A) and alter (B) I0

rag. k_. [mfotenine via left carotid. Positive is ttp.

R+'produccd with permission Crom the American ]_mrnal .t Pht/,s'i+)[,_!/.

t<_ be sufficient to depress the geniculate postsynal)lic re.sl)Onse in the

anesthetized cat. This enhancement of the cortical rt'sl)OnSe was not

observed in tmanesthetize(t intact preparations tollm_in_ a \,i(te range

¢Jf dosages of LS1) (13).
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51r.]i('_ <)f t).* ('th'('ls _)f l,Sl) and })lifoh,niil(, Oil ill(' rl*sl)oilse ()t: the

<,l_ti(' llaCt Ir_ i'(,{iil:!] l)h()li( + h{iflliiliiliOll sh(iw('(t tllat llii_ l'('spol/.qo %'_'_1_

i _1,1) l'l'_.lt.{.lil( |+l (hi' nt'th,n o[ till, t\\ ii drills, It al)l)('ttl,.'(1 that IIiI(t('F

ill(' t'i)li(lililnl_ _)t Ih(' ()l)S('lxnlhni_. iht' K_'nJcqlllll(" l'('lclx' rot3rcst'ntc(|

Ilia{ l)(iilli ill Ill. l'Ji'hlllli')' _,t_;l('ll'i \vlli('ll ',_.tl_ 11]()'4lsensitive to depres-
siol} hv 1,<";I). Ill t_'lnin ()t thoir iit'th_ll_ (ill lilt' thr¢'u forms of ovoked

t'i('('ti'ic'al a(tixit\' ill Ill(' \i$lllil s)'slt'ili, [,S].) _lll(l I)utot(,rline were

._hnii_lr. Tlli._ l)h)',_h)logi('al ._iini]ari/v '_ll_t'_,lt'l] I}IM lll(* hvo slll)staiic¢*s

llli_lit }lay(, ._:iiliilar lli('iit:i} <'tt<'c't,_in ill,ill,

I _---_ _ _'i2CH2 N H ;t _ r dt-12[H_i_l_ OH3 V
H H

_ /CH34 -
II H0 CNzCHINI-'J_. fl _'W"-;TCHiCHaN_CH,_ • I

I.N..N.G_L.N_ OH> Vl
H t4

III /X /Cbl]
CHz CHzm\r. 4.Hi VII

H H

IV /_%----_CH_ CHa N_/CNI CH _O_'Xlx,---_ CH_ Cl4aNQ Ciq_ VIII

_/J CH_ c._ox_ _ OH,
H N

Fig. 13. The .strl_<:tl,'c.v of the lr!lptamim' <[criv_ztii:r._ _th<).se ('fleets' on
gcniczda_, tran.smis.si¢_n wcrc .stt_di('d. 1 (h:,ptamine), ill thufoteniim), and
lV (dimut]lylhyptaniiilu) caused (h'pressiun of genic'_llate transmission.
The r(>mahling cnmpoiin(ls, iuclu(ling II ('7-hydroxytr._ptaniilw), were with-
r)lit eJil,ct i)li it)l, lM_,l';l} gl,iiii..lil;ltl., of tht' uortica] resl)oil_l's re) optic ill'I'Ve

shock.

DEI-_IVATIVES O1: LSI) ANI) 5-lIT:

To obtain flirthcr (|ttta concernin_ thu tlt,_rt_t_' to which the pattern

of elC[ect o| l,Sl) and bnt()t('lfin(" might bc rulntvd to the psychotomi-

nwtic l)rop('rti('s of tlw,se dr_l_s, the, _'l}(,(:ts of suv,,ral additional I,SD

and 5-lIT (h'rix'ativt,s on tilt.> <'h'c'trical _('tivitv ot tii_' visual system

,,_('rc stli(lh'd (14). |;igur('s 1;} illl(l } i Sil(_t ill(" 5{l'll('lllrt's Of the sub-

st;.lllC('_ \VhO_(' _'{t('ct.s \velu iiixt'sti_at('tl. ()t: lht,:.;(' sul)stanec's, only

clilrl_'thyltrvl)t',u_lhl_- (t:i_,. 13-1V) ¢,xt,rtt'(t ('i[('cts similar to those

\\hich had t)('cn [(,llii(1 to I'('_;lllt Jl'(/lil l_Sl) alid hllfotoni_le. Tryptamine

(Fi_. 13-1) had l'fl:ec't._ _vhic'li w,,ru (lli:ditliti\'uly similar to those of
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the other two ('oI_lp(HIll(]s, Hilt J[_ (]llv_tti(Hl ,_ _.icli(Hl \_.;.ls ,'"_tl't'l}tt'lv

brief° Table ll summarizes tl., .ctions of those compo_mtls _)tl the

postsynaptic geniculat(' rvspoi_se to ()ptic n('r\'c stiunllation it, anesthe-
tized cats.

/C2H 5 _.C2H5 u/C2H5

t_O\C2 H5 .,N,, _/,, _,...

_'_/_N/_0 VXN t/xBR
H H H

L $ D 2-OXY-LSD 2- BROM-LSD

C,,N,'CzH5 CzHs"-
"C21_ C"""N"c

I'0 '_"_ 0#1

It H

2-2' BIS LSD DISULFIDE GRAMINE

Fig. ]4. The structur_:s o_ 4 LSI) d_'rivatiL_c._'and f4ramDw. ()f the 4 |,SI)
deriw_tives, (mlv LSD caused depression of genivulate transmissioI_, The
remaining 3 LSI) derivatives were without eft'cot on tho genh'ulate or cor-
tical responses to optic nerve shock. (;ramine did not &,press geniculate
transmission; LSD administered following graminc did ,¢_t blot'k g.cuiculato
transmission.
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T RACT GENICULATE CORTEX
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Fig. 15. A .v_'lwntatic rvpr_'s_'_lt<lti¢m _f t/l_' print.r!/ i;isr.d pat/lwa!ls. In the

acute experimeilts, tile optic llerve x',r_lS stiniulatect hv sqiiare pulses de-

livered l)et\veeii the ¢'ut e(l_e of tilt' sc'leia (+) alltl tile optic fit"rYe (--).

Sileh stim_.il[ e'_,oke<l resl)OilSeS \vilit-h \'_t>rl • iec.or(le(l ill the laterltl geniou-

l_lte llil(-']l.'llS illl(I fi(llil the stl'icite et)ltox. The fill'lit (if tllese resl)onses to It

siri_l_' el)tie i/ervt, slio<'k is illustr:it_,d llii(l_.,i '•_eliit:u]iltt"' ilii(t "cortex" in tile
ti_,iii'e. Ill SOliie exl)eriillt'iil.'.;, stiilitlli \,_t,lt, ;ltJl)iie(i to lateral _eliiOlil;.lte post-

s.x'liltt)tio strllt,tllr('._;, l,v()kilig cl ¢'ol'ti_'ztl l't'sl)l)llso sill/ll;ti ill (2Ol/_i_,ilration to

the ol/e e\'oked I)\ optic; llel\(' sh(|c'k, tiut ];it:king it sx'li_lt)tie di;hl)'. Tests of

the it,tiilill elfeets of LSI) \vere lil_it.le [ix, l_,l,'(llClil/g the optic trltet ]esponse

tel l-(,tilllil i)]l¢>tit ' Stilllllltlii(ll}. Tit(, t(>l-lli ()f tht' tl'ciot l('si)liliSt' to retiual [)hotio

Stilllil]iiti(),i is ilhiestlitl('(t illl(lel "ti'ii¢'t'" ill till' fi_lllt' _l})()\'e.

l_l el,c, ¢,xpt.iiil/t,i_ts ()11 _.,_its _ith c.hrl_l,i<'itll_ iiill_l;lilted electrodes, the oleo-

tlf>tlt':-; we,re t>l,l¢','_lill the lllltit' tl'ti('l, the l;i|t'l_t] _,|lic|ihlte lltleiellS, _l.nd

till, vis_ia] c,llrlex.
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TABI,E 11

THE EFFECTS OF h SEFdES OF" 1N1)O[,ES ON

GENICUIJATE TRANSMISSION

"; Drercase i.

Dose postsynaptic response

Drug (miz/kg) 1 minute follmvhJv inj('ction
I 0.2 70 50-10())
II ().2

III 0,2 60 50-90)

IV 0.4 90 80-100)
V 4.0

VI 0.2

VII 1.0

VIII 3.O

LSD 0.03 S0 30-100t

2-oxy-LSD 0.3
2-brorn-LSD 0.3

LSD-disulfide 1.5

Gramine 15.0

The structures of the (truias which correspond to l-VIII arc shown in l"i_urc 13.

All drugs were given by the intracarotid r_ute in n(,mt_uta[ized cats '['hc pervcn(
decrease is based on the change in the amplitndr tff lhr postsynaptic re_p,m_,' h)

a single near-maximal optic nerve shock. 'l'h(' figur_,s in parcnth(,s ,s il_dita((' thv
range which was observed in the cft't,cts o{ th(, acfixr c()mp(mn({s.

CONCLUSION :

The descriptions of some of the electrot)hysi,_logical effects repr('-

sent merely a very limited segment of the nmn('r(ms iuvcsti%ati(n_s on

• the central electrophysiological a(,tions of LSD aml r(,lat(,d ill(|_)h,s

(1, 4, 5, 7, 8, 9, 21, 23. 25, 27, :28, 29, 31, :32). They do, ].)w('ver. indicate

one approach to demonstrate a pattern of central r]ectroph.x sioh)gical

effect which allows the selection of agents which hay(, psych()tomi-
metic effects.

The Psycholon_inwlic A,,ff,(.,nl._.The similarity ,ff tl." eih'cts x\hi('h

were produced by hufoteni_l.,.' and I,SD s_L_(,st(,d tl_at 1)ul:(,tcui_,.,

might bc an ]mllucinogenic a2cnt. The fact that tlu' ('t}('('ls _)f ¢lim('tl,x I-

tryptamine closely resembled those ,)f I,SI) and b,d()t('_lil.' led 1() *h¢'

prediction that dimethyltryptandn(', too. \_¢,uld ,,xcrt psycl_o(_)m_-

tactic ef[ec.ts when administered t(_ man (!4). Stu(lic,, I)\ sr\vra] i_,-
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,, ,_:_:,_h,rs l_,_x_'c, mtirmcd this prediction. Fa})in_ and ttawkins (16)

,i,'ll_,,!p,ilal¢'_ tJ',tt b_ff,)tenine, in intravenous dosages of from 4 to
lti nl_11i,Zran_s.(a_lSCS hallucinations and alterations of mood in man.

I_i,_.ll , 22) conlirmcd thc,;e ol)scrvati_ms, Both Isbcll (2:2), and Fabing
m_,l llawkin,, (16) to_m(I tlmt tim duration of action (ff bufotenine was

c()llsiderabh sh_)rtcr than tl_at of I,SI), and that the psychological
c{[(,cts (,t lmf()tt.nine xxcre associated with a variety of cardiovascular

chaiJ_('s. 3,h_r_. rcc('n/ studies l)y Sz_ita )mv(' supported the spccula-

lion that dimcthyllryl)tamine, too. is a 1)sychotomimetie agent. Szfira

(39i studi('d the eitects o{ par('ntcwd administration of dimethxltryp-

talnim' in a s('ries ()t normal subj('cts. In th('se experiments, dimethvl-

tryptamin(" pro(h_(:('d a variety ()( psx('h()h)gical et|ect._ similar to those

which folh)w administration of I,SI). Thus. experiments in man have

now established the similarity of action (;t 1£1). tmfotcnine and di-

m('thyltryptamim_ wl)ich was inferrpd on the })asi_ _)t nt,urophlnnla-

c(,logical experiments.

What arc the implications of the LSD-like properties ()f lnd()tenine
and dimethyltryptamine for psychiatric research? The form(dation of

an answer to this question may be facilitated by a consideration of
several additimml data concerning the tryptamine (h.rivativ('s un(ter

discussion. Bumpus and Page (6) have shown that t,utOtenine or
sorer, eonq_ound which t)ears a close structural resemblance to lm-

fotenin(; may occur in the urine of man. Fish and Homing (17) have

pursued this problem furth('r, and have found that tryptamine is

present in human urine and that at h'ast ()ne additional indole base,

possibly 1)uft)tenine, is also present in Imman urine in extremely small

quantities. The oceurrcnc'e of lmfotenine and tr.vptamine in man, and

the possibility that dimethyltryptamine may also be naturally present

in man. would seem to render the psychotomimetie properties which

these drugs possess of co_lsi(lcra|)l(" interest in any program of re-

search which set'ks to lmc_)ver hypotht'tical disorders of metal)olism

that may t)c related to psychotic t)ehavior. To our knowledge, bu-

fotc_im' is the onh' psychotomin)etic a_ent which has been shown to
occur in man. ()f course, the ttac(, :tmotmts in which it appears may

indicate lhat t)ut+)t('l,ine has little il any importance in any physiolog-

ical pr()c('ss. N('_('rtheh'ss. the 1)cli('f that 1)ufotenine, dimethyltryp-

taming', trYl)taminc !Fie,. 13+.1),or s_,mc str_lcturallv rclatc'd substance
tna\ }'_c of si_nili(,m('," in s()mc m('_/al disorders appears sufficiently

plau_it)h, t()warrant tmtl_er in_ cnti<at i,m. Such investigation is also war-
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ranted b.v the ]ar_,e })o(b,' of d;tt+t ieldi<'Minff t}+_d +t]h,ratitms in t}'+e stMus
o|" 5-}IT in the (:entral tiet-x'ous ,;vsteu+ :it,, _t_;,;(_ci;ttt+d\,cit]t ¢,]l_ttI_,,,+;in a

variety of neur<)l¢)gk'al al+d ps+vcht>h+_ic:d pr(w<'sses. The exi>eritnents of

Shore and others (34. 35), t>f \\'<>(>llt'_ al+d Sh.w (40, J.l+ J2). ',rod ot:

many other workers have it+.dic.t<+d that 5+11"1' (serotonin) may have

some ftmction in regttlatin_ central nervous system activity.

Much additional data vni_ht Iw presev_ted in support of futllrt, rt'+

search concerning the stattts of })tffotcnine and dimethyltryl)tamine in

patients with mental disorders. It wo_tld appear that the ah()xe di_etts-

sion has already supplied suflicitmt e_idence to warra_t additional in-

vestigation of the status of :t ntltnher o| ind<+h+s it+ a variety (++fps+v-

ehotic populations,
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