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ABSTRACT

Geyer, Mark A., Lyle R. Petersen, Gary J. session. This pattern of augmented startle sug-
Rose, David D. Horwltt, Roger K. Light, Lynne gests that these drugs increase reactivity. How-
M. Adams, John A. Zook, Richard L. Hawkins ever, none of the indoleamtne hallucinogens
and Arnold J. Mandelh The effects of lysergic increased startle responding. Of the nonhallu-
acid diethylamide and mescaline-derived hallu- cinogenic drugs tested, only apomorphine in-
cmogens on sensory-integrative function: Tac- creased startle responding, while clonidine sig-
tile startle. J. Pharmacol. Exp. Thor. 207: nificantly decreased it, and amphetamine, chlor-
837-847, 1978. imipramine, scopolamine and methysergide had

no effect. In additional studies with LSD, it was
Tactile startle responding by male Sprague- found that LSD increased the response to only
Dawley rats given 60 presentations of air-puff the first stimulus when more intense air-puffs
stimuli (37.5 psi) was measured after the intra- were used (50 psi). Furthermore, when the num-
peritoneal administration of graded doses of ber of stimuli was increased from 60 to 240 (1
hallucinogens and other psychoactive drugs, hr) so that appreciable habituation was evident
Among the drugs tested were the indoleamine- in controls, LSD impaired this habituation.
derived compounds, lysergic acid diethylamide Whereas the response magnitudes of the con-
(LSD), N,N-dimethyltryptamine and psilocin, trol group decreased by 70% across the ses-
and the phenylethylamine-derived compounds, sion, the responses of LSD-treated rats de-
mescaline, 2,5-dimethoxy-4-methylampheta- creased by only 32%. These results suggest
mine and a series of active and inactive conge- that LSD and phenylethylamine-.derived hallu-

ners of 2,5-dimethoxy-4-methylamphetamine. cinogens may differ in their effects on tactile ,...
All of the active phenylethylamines increased startle responding.
startle response magnitudes throughout the test

"o

A number ef behavioral and neurophysioh}gi- their effects on serott}nergic transmission are
cal paradigms have been used to explore the role combined with tasks that are at least partially
of the serotonin systems of the brain in the dependent on the degree of perceptual sensitiv-
modulation of sensory and sensory-integrative ity, Such studies have encomlmssed a variety of

functions in which drugs thought to act through sensory functions, including auditory ew)ked po-
tentials (Key and Bradley, 1960), auditory star-
tle responds (Davis a.d Sheard, 1974a; Carltonlieceivt,dforImhlirati_mFel)ruaryI¢),197H.

=Thisworkw.s.Ulq)orledhy(;ran¢ I)A-Ili|2li.5-tlt;Ic)A.IM. lind Advokat, 1973; Connor et al.. 1970), visual
and Nalicmal ,";CielWi,Fmlllclati,m.gltldt.nlOrieltted St.dy ew)ked petentials (Winters, 1975), h)wer cord
Progral. (;rant SMI-7_i-(_t4:;7t. LIt P.

zMe.dwr ¢)1"Nattmml Science Fc.mdation .Httaten!()ri- reflexes (Meek all(I I_'uxe° 1971), modulation of
e.ted ,Hi.flyreta,arch gnmp. hunger (Myers, 1975; Hoebel, 1977), tempera-

ca7
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htre regulation (Myers. 1975t and tactih, startle The argument has heen developed that some Apparatus
reslumaes (Geyer et al., 1975, 1976h). Character- aspects of the complex human experience in- were used to r
istically the studies have focused on the effects duced by hallucinogenic drugs involve the inhi- limeter consist
of serotonin system mod.lators on stimulus- bit;on of serotonin turnover (Brawley and Dub in diameter an
evoked initial resl_mses and the responses after fiehl, 1972), perhaps resulting from the sudden 12.5 x 25.5 cm
repeated presentations of the stimuli, and the arrest of the slmntaneous discharges ofserotonin cage was sand
paradigms have been used to explicate such cells in the raphe nuclei (Aghajanian et al., two almve m.
psychological construck,_ as arousal (Key and 1970), with resulting "release" of sensory and tran.,_lucer, sa

• • cage aqd tiw I
Bradley, 19601, the orienting reflex (Sokolov, sensory-integrative processes from serotonin stabilimeter w
19601 Izquierdo, 1975), the defensive reflex (So- system inhibition (Purpura, 19561Key and Brad- sound-sttenua_
kolov, 1.¢W',0).reactivity (Miliare_qis and St. Lau- ley, 19601 Mandell and Geyer, 19761 Aghajanian ual observatio
rent, 19741 Geyer et al., 197t;b), sensitization and ltaigler, 19761. Such sensory disinhihition devices were m
(Groves and Thompson, 1970; Davis and Sheard, has been inferred in imrt from studies showing in the en¢losin
1974a) anti habituation (Connor et al., 1970; fi_cilitation ofstarlle responding and retardation Air-ln,ff stit_
Kandel, 197fi). Species studied in this way have of hahituation to repeated sensory stimuli it; rats istered Ihn.lgl
ranged from aplysia (Tremblay et al., 1976; Kan- given hallucinogenic drugs (Miliare_,_is and St. the center of t
del, 1976)to man (Winters, 1975)• I.aurent. 1.{)74; Izquierdo, 1975). Davis and his cage ahmg witlstimulus wouh

Focusing nn taetile startle responses to air- co-workers have reported that lysergic acid di- 2fg) m.,_.cinter
puffs delivered to the backs of rats, we have ethylamide (I.SI)), N N-dimethyltrvptanfine or voltage produc
found that startle magnitudes after one or re- psilocyhin increases acoustic startle in the pres- recorded by a s
pealed stimuli are inversely related to the level ence of background noise (Davis and Sheard, then amplified
of brain serotonin, particularly in such limbic 1974b, c; Davis and Waiters. 1977), an effect they digital conw.rl
forebrain structures as the hippocampus, lnfu- attribute to the inhibition of firing of seroto- magnetic tape
siona of aerotonin into the lateral ventricle nergic neurons. Similarly, we have found that Whil_the aiu
(Geyer et al., 19751 or directly into the hippo- mescaline and 2,5-dimethoxy-4-methylamphet- noi.,_,, the rest,,
camp; (Geyer, 19781 reduce startle. Conversely. amine also increase tactile startle responding directed away I
tactile startle reslmnding is increased by various (Geyer, 1978). the mean aml,I

Behavioral
maniptnlations that reduce limbic serotonin: Taken together, these findings mlggcst that a total {_l'40 or
electrolytic lesions of the median raphe (BS) startle response measures nmy he Us_'fHI in as- utive days. On
nucleus, which projecL,; to the hiplmcampus and se.,_.;ing the effects of hallucinogens in rats. itow- a stahilimeter
septal nuclei (Geyer et al.. 1971ia,h); injections ever. direct comparisons among hallucinogens received 31)air.
of 5 7-dihydroxytrvptamine (either into the yen- are diMcult to make because of the w;riety of int_,rval schcdu
trich.s or directly into the n.,dmn ral)he (I,, I{. p_,radigms and stimulus modalitivs usvd. The resp.nm, h.w.I
lq,lersen and M. A. (;eycr. unl)uJflished obser- present sitndy was designed to determine sig,.,d t..,u.-
vations); or tryptophan-free diets (A. J. Mandell. whether a variety of halhn'in.gens produce sire- on tiw basis ol
P. Markham and M. A. Geyer. unpublished oh- ilar increases in tactile startle responding when am.ng s.bivt'u
servations). In general, functional levels of ser- tested under standardized ('.nditions. "1"oassess each slit)jeer t'u

group received
otonin appear to influence the responses after the sl)ecificity of a change in startle responding nfl/kg) while t
the initial as well as the repeated presentations produced by hallucinogens, we sis{) tested sev- injecti.n of .n{
of stimuli. The role of serotonin in tht, modula- eral other psychoactive drugs in lhv same lmra- ance variability,
lion of slarth, is also SUl)l)orted by studies using (light. 1!)70) the rats
atzditory st ;mull. Acoustic st art h' is increased I)y order as ()it tilt'

nfidbrain ral)he lesions (I)avis and Sheard, Methods testing was sty
1974a) or by del)letiuns of serotonin by the tryp- wen, al| tested

tol)han hydroxylase inhibitor/)-chh)rolthenyht- Animals. The animals wen, 7,_)eXl.,rimenlally 3-n..)lh l.'ri-d
hmine (('arlton and Advokal, 1973; (:onnor _,t naive nlah. SIn'ague-I)awh.v rats 121X)-251)g), | ;I)Ol_ Afh,r the inj_
al.. 197t1) or l)-('bh}roaml)belanfine (l)avis and receipt tr(.n the SUl)l,lier (llillh,p I,al.,rat.ries, cage fiw the I)n

shd)iiimt,ter. A_
Sheard, 1971i). Although Ihe findings SUggt'St Srollsdah'. I'a.), ihl, rills %V('FI' hollSl'd ill gl'(Itl I) (';|gi'S

thllt startle rl..Sllons(. Itrtwhh,s a u._(,ful nliqiSUl'(, ot [ivi. FillY; I'll('h. h.'ah'd ill a {('lll|;l'llthlrl' r{,guhiled wPr(, (leliv,,ri.d,

of the fun(,lional activity of ;isCt.ll(ling st,r()lo- (2r) _ _''(') allhtlal rl)()lli till H 12,. 12 hr lighl/dark cy,.ch, shll)ililnt.lt.rs u,

nergi(" sVSlelns, that ('()n('hlsi(ul does IIOl belie (lights Oll tr()ll! (Hi(N) tl) IHIH) hrL I'lll'ill_) J{_lt ( 'how ;lad twiq.n t(,.,-;ts, A:
• water wen, availahh, ¢111 hhltllln, A|'h,r ,'-) h) 9 days in exl)i.riln(,lllS w(

the fact that oilier neuron_ll s Vslcl|ls art' al,_o lh,, ;lllillliii rOOlll, the rill.,.; wi,r(, transferred hJ the IHillibi'r of slill

inl1x)rtant in the nloduhlth)n of slarth, respond- lab(iratl)ry sl) thl,y c.uhl a(Ij.st t. {|1;11('nVil'()llllIPnl digtn (hll)h, 4).
ins. For exarul)h, , lesions of the nor_l(Ircncrgi(' fl)r t)etw(,(,n I and '2 hr 1.4.re I.,havi.ral t(,stillg. I)rugs. The
locus coerulcuR nmrke(lly reduce shlrtle alul)li- I{(.havil)r In(ql.%llr(.swi,rl, |ll/l(h, h(.Iw(q,IiOT{X!lind 17(x) trale; N,N-dinu
tu(tes (Geyer, 1978). hr. OCili; m('s('alil)l,
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)ed that some Apparatus. "l'w(_ .,.cp;irate ,_lal)ililneter (levh'e_ alnme IICi (I)OM); '),5-dhnethoxy-4-ethyianq)hetanl-
:xperience in- were used t_l tnea_un, nlarth, aznplituden. Each staizi- inc IICI (i)l)l_TI ') (all supplied hy the iie._,areh Tech-
'olve the inhi- lhneler ('onni_ted .f a cylmdrwal l'h,xiglas cage ,%2cni n.lngy llranch, NatP.)lllll Institute (ff Drug Abut?); 2,,q-

vley anti ])uf- m (lhtm,.ter and adjuslabh, in h.ngtl), mlrr.unded i)y a dinn_thoxy-,l-l)ropyhunl_hetanmw |ICI IDOP|I); 2,5-
m the sudden 12.,S× 25.5 c:n l'h,xigla._ frame. Wilhm {hL_ frame the (linu_th,Jxy-.l.n-lnltylanqdwhuume II('I (1)()l_Ul; 2,5.

_'sofseroionin ca[_p w_,s nandwwh,,d hetw,.en four ruld..r ('ylili(h,rn, dmlelln)x.va,nldwtanmw Im_xalate (I)MA); 2,.5-dmw-

ian_an l,t (it., two above and tw,J l.,l.w the ca_e. A nii('rol)h,alic lh,_xy-,i-alnyhnnl)hetalnine II('.I (1)()AM); 2,5-dime-
lran,,_lucer, nali(lwicln'd la,t_,,en the b.th)m of lhe th.xy-4-t.hutyhunldwtamine IlU] (1)OTB) (dnnated

sensory and cage and the tranw, detected cage m.vemeat. Each hy l)r. A. T. ,":,hulghd; d-aznpheten|il|l, S(.)_ (Sigma
)nz seroit)nin shd)ilinwter was h,.ised in a 29,5 x 39.5 x ,$5,11cln ('henm'al Company, St. l.,)uis, M..); al_qlltJrl)hlne
(eyand |ira(|- sm|nd-attenuah,d, ZUuminatrda|ul ventilated4mx. Vis- tiC| lMerck & C,)nqnmy, Itahway. N.,].); chin|dine
!i; Aghajanian ual ohnerv:flions .f :minml._ m lilt, _tarlle re,sp,mse IICI (pr,wided hy l)r, P. Sk.lniek); chlorimipranmu,

disinhihition devices were made lhr,)ugh wl(h,-angh, lenses Inomite(l IICI ((hm:lh,d hy (;eigy l'harmaceutwals, Ardsh,y,

ldie._ showing in lhe ench)nmg clmmlwrs. N,Y.); methym, rgide Inaleate ((l()nated hy _andoz
I(i relardati(m Air-puff stimuli, 20 m._.c in (lurati.n, were adumn- l'harumweutiealn, lhmnver, N.J.); _COlxtlamme llllr

stttntdi hz rats istered through a l l4-inch l)il)e located ll) nlni _iboy(, (Siglna); and nzethylsc,q)olamine HBr (Sigma). l)o_.s

re_'_is and St. the center of the cage. The cylindrical shape of the (tables 1-3) refer to the sail form. l)rug_ were generally

)avis and his cage altmg wit h its adjustable length ensured that the dL_,,solved in isotonic saline immediately he|ore u._ and
._lilnulns would slrike the aninml's hack I)urmg Ihe were injecled i.I). al a volume of I ml/kg.

;ergie acid di-
2rx) luse(' interval altl,r sthzluitls onstq, l|)e niaxilnUlli Anl(|ng |he drugs tested wa,_ a hiJn|oll)gOllS .,_..rien,)f

ryptamine or voltage lwo(hu'ed by lilt' microphonic transducer was I)OM derwalives fnr which relative human Imtencies

,e ill tile l)res- recor(Ivd hy a sanq)h.-and-lndd circuil, This signal wa_ have heen reported (Shulgin and l)ver 19751. This
and Shear(l, thenamplified, diKitized ((I ttJ I,_._,11um an analog-to- m,rius varies only in lhu number .f carhon.s (0--5) m

an effo-_ ,hey digihd converter, and simultaneously recorded .n the alkyl chain ofposition 4 (fig, 11.']'lleir psychoactive
ng ()f . .oto- mal4m_tic tape and printed on iml)er tape. PrUl)ertics in humans (Shulgm and Dyer, 19751 and
'e found that While the air-lnd'fstmndu_ does l)r.duee an audil)le apl)arelztly m raL,_ (Morro (,t at., (19751 are maxinml

ethylaml)het, noise, the resl).nm, s t. thi_ n,,i_, when the air-i)uff in with from I to :I carbons and virtually at_4t.nt with 0 tu

e respnllding direch.d away fr,un lilt, animal range from 0 to I(1% .f .5carbons. Only high dn._s 14 mg/kg) of the le_.s potent
the mean amid|lade of the responses to the air-puff_, pheltylethyhunines (i)MA, I)OAM aud i)OTB) were

Behavioral procedure. F.r a typical exlwrmlent tested heeause these drugs are relatively inaetive in

suggest that a tnhd of 411or ,_1 naive rats were tested on 2 consee- humans (Shulgin and Dyer, 19751 and rats (Morro (,t
useful ill as- utive days, ()It the 1st day each animal w_s placed in al.. 1975),

in rats. How- a stabilimeter for a 5-ram warm-up period and then Statistical analysia. All of the data were stored
hallucinogens received 30 air-puff stimuli (37.5 psi) on a 15-_c fixed initiaUy in digital fnrm on a Kennedy incremental tape
he variety of interval seheduh,, This te,_tl)r.vided a ham,line startle unit. The tapes were read into a Hurruughs 67(x)
es used. The re_ll,)n._ level fnr each anmml, i"acl) ammal was as- COml)uler fur re(lucti.n and analyses of the data. The

() determine signed tnune of t'_mr [o five grnul)s (N = 101 nmt('he(l results were analy_e(t il| several ways. One-way anal-

I)rodu('e sire- on the hasis of |he baseline ,[ata beeause vttriahdity y_ of variance (ANOVAt were done on the mean

_ondirtg when among sui)jecLs was high relative t_ the variability of startle respont_e anll)iitude over all 60 trials, the differ-
,ns. To a_e.,a.s each sul)jeet fr,)nl day to day. On the llext (lay one encea between the mealls nf the 30 hazel|he triaL_ anti

group received all i.p. injectiut_ tff i,,_tt_mic saline (I the means _)f the (_)test trials and the ratio._,between
le resp(inding ml/kg) while lhe oOwr gr,tups eltch received an i.p. the haseline and test nleallfi. Only the first nf these

;o tested sev- injecli.u ol one (I.se of the test drug. '1'o counh,rbal- ANOVAs is IWt,mmtt.d hecau_t, all three ANOVAs

le same para- ante variability due to circadian rhythms (|iorlmgton, yiehled C.mlmrable results. A ._parate one-way AN-

197111the rats were tested m approximately the same OVA was done on the first respond, when appropriate.

order as (el Ihe I)aseiine (h|y, and the average time of

• testing was similar fiw each drug grtatl). The drugs R "

were au tested ill a predetermined sequence within tt ()M_ H H_, ,_H

t,xl)erimenhdly 3-1nonlh period. " DOM CH_ N

'-2511 g)'. Illmn Afler the injection, each ammal wa._ Ith.'ed in single e'_

Laboratories, cage for the pretesl inlerval and then placed il| the DOET C2H5 _CH_
in gr_atp (:ages stahiimn,ter. Afh, rft Isis, fdl-air-iluff stimuli (37..5 psi} DOPR n - C _ H r Cl4_0. _=. _
ttttre-regtl[ated wert' (lelivered tel a 1.5-sec fixed iulerval s,'heduh,. The DOBU n - C 4 H 9

ght/dark cycle stabilinleters were cleaned with s.ap anti water he- 00AM n *C 5 HII 0111.13
Itat l:'.how and tween tests. As I|Oh,(I ill "l{esults." _uue additional DOTB I -C4 H9
.5 to 9 days in exl)erinlellls wert, I)erfornled in which Ihe intensity ()r R

_furred to the number of stimuli differed Ir_ml this standard para- Fig. 1. The gonoral slruclure of the series of Ihe
_t environment dignl (tahle 4). phenylelhylamine hallucinogens iS indicated on lh(;
wion, I tesling. Drugs. The foil.wing drugs were tested: l._,l) tar- righl, wilh lhe specific subslituents on the lell. Only
07(X) and 1700 trate; N.N-dilnethyltryplanline fumarah, (I)MTI; psil- DOM, DOET and DOPR sigmficanliy increased starlle

0tin; mescaline S(),; 2,5-dinwthoxy-4-n)eti_yhmqfllet- responses.
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For an index of m,nsiliz.ation, wt, calculaled the differ- Results 197H). With DaM

end's, hetween the first resl)onm, lind the mean of reRIx)nses were ()1_
real.roses 2 thr(a,gh 10 (of (;eyer et eL, I,qT_;h),This Drug Screening with the Standard Paradigm The lower doses hnu.a._ure wat_generally insensitive to drug trealn,,nls

and will be mentioned only where significant results Hallueinogens. The effects of the hallucino- the higher dose (

were fmmd. llabitt,afion was a_,_t,_ed in a repeated- gens are mmunarized in table !. 'l'lle first five than the (1.5 mg/

measures ANOVA with druR and blocks of 20 trials as dntgs sir,, t he a('l ire hallucinogens timt share the These dose-respo

factors. The trials factor was routinely significant and basic phenylethylamine structure: mescaline, inverted U-shape
only significant drug-by-trials interactions, indicative DOM, I)OET, I)OI'R and I)OBU. Each (with after these fcmr !

of a drug effect ulmn habituation, will be mentioned, the exception of I)OBU, the weakest in man of increased prop(it

In general, specific vompari,,_ms were made between the active compounds in the series) reliably in- ranged from 2,1-:18
each drug do,'_" and the corresponding saline group significantly since
mean according to Dunnett's method (Winer, 1971). creased startle magnitudes. _n the basis (if per-

Linear regre_qion analy_s and testsof the significance cent change from _line controls, mescaline, were highly varial
of differences between slol_s used t tests as described DOM and DOPR produced the largest effects sensitization--the
by Winer t1971). Two-tailed sampling distributions (37-47%). These results confirm our previous response and the

were used for determining significance, findings with the first two of these drugs ((;eyer, 10--significantly t
larly, there were
interact ions aft er

cinogens. While
TABLE 1 creases in startle

Effects of phenylethylemlne hallucinogens on sterile responding tested, the increa

Startle response amplitudes are expressed in arbitrary units as group means. The F values reported refer to a one-way nificant. The highANOVA on the mean response amplitudes over 60 trials.
congeners t,f 1)01

Ounnett's
Dose per kg N Overall Mean _ S.E. ANOVA Percent man (Shulgin an(

t P Change anti l)OAM--had

Expt. 1: Mescaline (pretest interval = 30 mini As shown in tah
0 9 186 ± 10.1 derived haih, cino

5 mg 9 232 _+_16.0 N.S. F :: 3,57 _ 25 resli(inding signifi,
10 mg 9 255 + 23.9 279 <.025 df 3.32 + 37 used were conlpa
20 mg 9 257 __16.5 2.86 <.025 P • : 025 +38

Expt. 2: DOM (35 mini crease at.oust it: st
0 9 163 ._±15,9 once of hackgrol,

0.125 mg 9 158 =+ 12.4 N.S. F :: 5.83 -3 1974b,c;l)avis an(
0.25 mg 9 190 + 13.5 N.S. df _ 4.40 _ 16 nor I)MT had a si
0.5 mg 9 239 _ 19.1 3.77 . .005 P • .01 _ 47 trial bh..k. The I
1.0mg 9 214 , 13.4 2.55 - .025 ,31

Expt. 3. DOET (35 mini nifictmlly reduced
0 9 158 ° 11.3

0.125mg 10 153 _ 19.2 N.S. F 2.66 3 TABLE 2

0.25 mg 9 184 , 8.9 N.S. df 4,42 + 16 Effects of Indoleellr
0.5 mg 10 211 -+-16.5 2.41 .05 P _ .05 _33
1.0 mg 9 192 + 19.2 N.S. + 22 Startle response amp

_. Expt. 4: DOPR (35 mini mean response amplit
0 10 149 ' 16.1

0.125mg 9 156 . 23.4 NS. F 3.08 _5 Doseper kg
0.25 mg 9 184 , 8.9 N.S. df 4.42 _23
0.5 mg 10 205 , 12.6 2.68 025 P- 05 ,37 Expt. I: LSD (prete
1.0 mg 9 198 , 11.4 2.34 - .05 _33 0

Expt. 5: DOBU (35 mini 20 tkg
0 9 193 _ 15.3 40 ttg
0.25mg 9 216 * 13.7 N.S. N.S. _ 12 80t,g
0.5 mg 9 218 , 14.7 N.S. _ 13 Expt. 2. DMT(5 mff
1.0rag 9 217 , 15.2 N.S. ,13 0

Expt. 6. (35 mini 0.25 mg
Saline 10 236 , 14.1 0.Stag
DMA 1.0 mg

4.0 mg 10 228 , 19.1 N.S. N.S. 3 Expt. 3: Psitocin (3_,
DOAM 0

4.0mg 10 226 , 13.0 N.S. -4 2.5rag
DOTB 5.0 mg

4.0 mg 10 267 , 26.5 N.S. r 13 10.0 mg
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1978). With I)OM, I)()ET and lit)i'll maxmml to l)unnett's test, although tile overall ANOVA

responses were obtained at (loses of 0.5 tng/kg, was nonsignifi¢'ant. This dose of psilocm also

iradigm The lower d(),_s ha(| no significant effects, while llr|)duced some llindimlb ataxia similar tl) that

mllucino- the higher dose II.O mg/kg) was le_'4 etfl,cliv_ im)dut'ed by both |lest'aline and I,SI) at dl)ses

first five than the i).,r) mg/kg d_)s,, f|)r all three drugs, higher than those used m the present study (M.

share the 'l'lzvse (hme-rv, slmnse relatimlships mtggest an A. (k'yer and I). ,";. Segal, uzqmhlished observa-

lescaline, inverted ti-shaped curve. "['he first reslmnses Ikms). Further studies exatuinmg this disparity
after these four pimnylc.thylanm|e drugs were between tile effects of indoh,an|ines and pilen-

wh (with

n man of increased I)roi)orli(malely (lnaxinm] et'h,cls ylethylalnines are tleseribed below.

liabiy m- ranged from 24-:1tt'; above control) although not Nonhallucinogens. Of tile n(mhalhicino-
significantly sint'e such singh,reSl)(.Ise nlettstart,s genii' drugs shown i,i hllRe 3, only donitline and

_is of per-

lesealine, were highly varial)h,, in no case was our index (d altonmrl)hine had sig||ifiva||l el|eels on startle
st effc, et.,4 sensitization--the differenve betwven the first response anlplitudes. Low (loses of chin|dine, all

previous response and tile mean of responses '2 ihr(mgh .ll_htz atlrenergic agonisl, reduced startle aZml)li-
:s (Geyer, Ill--significantly affected by these drugs. Him|- ludes in a dose-dependent fashion (/" = 14._4; df

larly, there were no significant drug-by-trials = 3,32; P < .iX)i); specific conqmrisons indicated

interactions after the phenyielhylan|ine halle- that tile effed was most significant at doses of

('inogens. While I)()l_ll i)rodtlCed mean in- 25 itg/kg (t = 2.73; df = 32,4; P < .t)25) and 50

(:reltst_s in startle i-t,si)t)nt|w,g ai ;|ll three tltlst,s /tg/kg (t = 5.5; df= :12,4; l' <.O(ll). ('h)nitline

tested, the increases were trot statist|rally sic- reduved .'.;I;ll'([i! througlmul tht, it.st ses..4km;

a one-way Iti|_cant. The high ([(tses (.t.() lug/kg} tit"the three there wlts lit) interaction with trial Idt)cks, and

• _-- congeners of I)OM reportvd I. be inactive in the effect was significant in tilt, first block of five

Percent man (,Hhulgin and l)yer, l.q75)_I)MA, l)()'l'H trials (P' = 7.3ii; df = 3.32; P <.O(ll). Apomor-

Change anti l)OAM--had no deteclal)le ell'eels, phine increased startle anllflitudes over the first
As shown in lable '2, none of the indoJeanline- 20 trials (/,' = 3. I; df = 3,2|2; P < .05), ;dthough

derived halhtcinogens increased tactile slarlle the efik_ct was nol significant over all (;O trials

_25 responding significanlly, even though Ihe doses (table ;1). In lhe repeated measures ANOVA,
,37 used were cOtnlmral)le lo those reported I. in- al)onmrl)hine prtMuced it significant drug-by-

+38 crease ;icouslw st;in'ill, rl,sponding in the Ira.s- trials (blocks of 20) in|era(lion (/" = 3.26; df = !
ence of background noise (Davis and Sheard, ti,72; P < .0l). This early increase m startle was

-3 1974h,c; i)avis anti Waiters, 1977). Neither I,SI) dose-dependent and was nol followed by a latter

+ 16 nor I)MT had a significant eft'evt ;it any dose or decrease, as has been relmrted for al)omorphine

+47 trial bhwk. The I1) ing/kg dose of psihwin sic- (l)avis aind Aghajanian, 197t;), site| is therefore
4-31

nificantly redui'ed starlle ilnll)liiut|es at'i:lirtiilig visible ill the overall llleitllS shown in table 3.

-3 TABLE 2

÷16 Effects of indolelmine hallucinogens on startle relponding33
Startle response amplitudes are expressed in arbitrary units as group means. One-way ANOVA was performed on the

+ 22 meanresponse amplitudes over 60 trials

Dunnett's Percent
+5 Dose per kg N Overall Mean ,-+SE ANOVA
+23 t P Change

+37 _. Expt. I: LSD (pretest interval = 35 ram)
+33 0 7 152 ± 7.7 N.S.

20 p,g 7 ,. 144 _+9.6 -5
40 #g 7 135 ± 8.2 12

4 12 80/_9 7 149 '_ 17.3 -2
,13 Expt. 2: DMT (5 mini
÷ 13 0 9 157 r 10.6 N.S.

0.25 mg 10 170 ,_ 15.0 * 8
0.5mg 9 161 _ 10.3 r3
1.0rag 10 167 ± 10.6 +7

- 3 Expt. 3."Psilocin (35 mini
0 10 223 * 17.8 N.S.

-4 2.5mg 10 199 ± 19.1 -11
5.0 mg 10 184 ._ 15.5 _ 18

+-13 10.0 mg 10 173 t 10.9 2.39 ....05 -22
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TABLE 3 stimuli (Sokoh

Effects of nonhaliucinogonic psychoactive drugs on startle responding to the, air-I)Uffs

Startle response amplitudes are expressed in arbitrary units as group means. The F value reported refers to a one-way t_pi('ally amot
ANOVA on the mean response amplitudes over 60 trials

sponse over th

Dunnett's Percent if I,SI) were ('(
Doseper kg N Overall Mean , ANOVA

S.E. f p Change it w.uld haw, I

Expt. 1: Amphetamine (pretest interval _, 30 mini TABLE 4
0 10 215 * 9.4 N.S.
0.5 mg 10 245 ..*:19.3 _ 14 EffectI of LSD (
1.0 mg 10 240 ± 18.5 _ 12 Start/erespon_sea
2,0 mg 10 245 ± 11.6 _-14

Expt. 2: Apomorphine (30 rain) Expt, (psi)
0 10 188 _+10.6 N.S. except
0.25 mg 10 186 + 12.2 trials 1-20 -1
0.5 mg 10 218 , 20.3 (see "Results") _ 16

1.0 mg 10 233 * 22.7 _24 1 (37.5)
Expt. 3.' Clonidine (30 mini

0 10 228 , 21.9 F 14.8

12.5ttg 10 232 _ 16.5 N.S. df 3.32 _2
25.0 pg 10 186 , 13.1 2.73 -.025 P..01 18

50.0 pg 10 145, 10.8 5.5 • .001 36 2a (37.5)
Expt. 4: Chlorimipramine (40 mini

0 10 211 _, 16.6 2b(50)
5.0 mg 10 207 _+-12.3 2

10.0 mg 10 200 +_ 10.9 5

20.0 mg 10 236 -+ 20.3 +11 3 (50)
Expt. 5: Methysergide (40 mini

0 9 224 ' 22.9 N.S. --_-P : _0-5; Signl:1.5rag 9 226 , 17.5 _I
3.0 mg 9 263 , 18.8 + 17 "" P < .02.
6.0mg 9 215 t 13.1 4

Expt. 5:(40 mini
Scopolamine

0 10 218 0 22.6 N.S. 5
2.0 10 207 _+ 16.6

Methylscopolamine
2.0 mg 10 246 , 26.2 * 13

'l'he short (h:ration .f the effect ofai:omorid:itu, intensity stimuh,s was nearly d.,i,h,d m the

may lie related to the rapid meiaholism of this I,SI) groul_ (2t4(i ! .11).7 _'s. ,15-1 f I;2.3; I' < .i)5, _'

dopaminergic agonist. Methvsergide anq)heta- t lestL At the standard intensity no such differ- <

mine. chh)rimipranfine, SCOl)olamim' and meth- _,ncq, was obtained (27_ + 7f;.,t vs. 29(1 +_ 56.1; ,.,of.}

ylscol.)lanfine had no sigt|il'icant effect on the N.S.). '1'_ determine whether this strikin_ cqm- zo
overall startle response at any of the doses trast betwe(,n the first and all sul_sequent re-
tested. _l)Ot|s,,s at the hi_her siinluhis if|tensity was a _'

n,liahh, eil'e_'f .f I.,":,I), we n,l.,at,,d the _.Xl.,ri-

Further Experiments with LSD nu.nl with liX) itg/kg and I;lr_er group sizes (to k-..

Time-response and stimulus intensity ,'ompensate f.r the inher,,n! variability of'single- <'_
studies. The results are mmmmrize(t in tahh, 4. rest.ins,, _fieasures). In this insfan,'e, we waited

As indicated in tahle 2 w(, had previously I)egun 9() f() 12() set' aft,,r each _)f the lit'st tv,'u stimuli

the startle test 35 ntis after 20. ,t0 or 8()/lg/kg -f hcf, re I.,ginning a series ,f 3() stimuli with a

!,".;1 ). The first experinu,ni listed in labh, .I shows fixed inierst inunhJs interval _)t 15 sq._'.()=u'e again,

that (h)ses of ,ill, Hi) or l(;il iig/kg I,SI) had no the Iirsl 5(l psi stitntthts I)r,.ht_','d a signili_'mzl
effect 10 rain afier injection. The se('(md exp,,r- difTt,re,we I),,lween the sali,w and I,SI) grc)tll).'.-;

iment summarized in iahh, 4 COal)areal saline (22i; ± 15.3 iv.;. 3ill; ± 55.1); 1) < .()2, t lest). The Flg. 2. The otto

and _) ltg/kg of i,SI) at lw. different slifnuhlS m,xl two respq)nses were similar t¢)r both groups the first trial an(
intensities: our standard :17.5 psi and 50 psi. (2t45 + 34.4 t',s. 2,1H + ';q '_ N.S.); as was the mean rats each. Tesli,

...... " habilualed signi
While nr, differences in the overall starlh, m;,g- ,,f all 30 suhs,,(Ituen! r,.sl,,,uses (table .1, exl,f. 3). injection used it
nitudes w,,re f_)und at either slin,dtlS intensity llal)ituation studies with I,.HI). As is ('her- table'4), indicati

(lahh_, 4, expt. 2), the first response to the higher ach,risiic _)t" "defensive rea,'ti¢)ns" Io noxi=)us than corresponc
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silinmli (Sokoiov, i!)tiO} tilt, rah. of Imi)ituathm without more appreciai)le hal)ituation being av-

ID t_ air-puft_ m contr.i animals is rather slow, ident ht control 0nitnals. Therefore, we tested

o a one-way typically atuountit_g to 15% reduction in re- animals injected with either I00 l=g/kg of LSI)

spotzse over three Idocks of 20 triai._ each. Even or saline with 24(} presentation._ (I hr) of the r_)

Percent it" I.HI) were c.mph,tely preventing hahiiuaiiott psi air-puff, The results are presented in figure
Change it wouhl have beet= difficult In deh'cl IId._ effect 2 in bh.'ks of 30 trials t,_,ch. As t,xiJecled from

TABLE 4

14 Effects of LSD on startle reepondlng
t 2 Startle responseamplitudes are expressed in arbitrary units as group means.

14 Pretest N First Re- Tr_siBlocks Overall Mean ± ANOVA
Expt, (psi) Dose Interval sponse 1 2 3 S,E.

- 1 - _glkg m#n

* 16 blocks of 20
24 1 (37,5) 0 10 9 178 139 123 121 128 +- 11.4 N.S.

40 9 174 133 144 134 137 +--7.8
80 9 164 157 123 126 135 _- 13.5

+2 160 9 148 142 140 135 139 -+ 11.9
-18

-36 2a (37.5) 0 35 10 278 231 185 197 205 ,_ 12.8 N.S.
80 10 290 203 186 195 195 -_ 13.8

2b (50) 0 35 10 280 230 204 222 218 : 5.8 NS.
2 80 10 454' 231 233 242 235 _ 13,7
5 blocks of 10
11 _'- 3 (50) 0 35 20 226 205 204 196 202 +_ 13.4 N.S.

100 20 366" 205 229 220 218 -+ 28,2

_-1 * P < .05; significantly different from control by Student's t test.
'" P < .02,_17

4 A

5 40O
H SALINE

+13 _"_ LSD I00 _g/k9

g
e(t in the 300 _N_---"_._,,.

P" X ""__; l'< ,115, _. "_"_,.. ,It
.:h differ- < _ "_----..__-- --,_...

_() + 56.1; _, _.,.____^_ "" _ =

fling c(m- _ 2oc -'"w.,_ '-'--- _0

.(luelltrt;-

4ty was a

he experi-

l) sizes (to P- 10C
¢ of sinul_

we wu | P-

_o stimuli ""

all with a

,,ce.g.i.. 0 l-i i , i
_ignificant

;I) groups BLOCKS OF 30 TRIALS

test). The Fig. 2. The effects of LSD on the responses to 240 air-pull slimuli (15 sec interstimulus interval) are shown Ior
)th groups the tirst trial and 8 blocks el 30 trials each Each point represents the mean startle amplitude for groups of 13
the mean rats each. Testing began tO rain alter i,p iniections el either saline or 100 _g/kg el d-LSD LSD-treated rats

habituated signilicantly less than did controls (see "Results) Trial blocks 5 and 6 correspond to the time alter
|, expt, 3L injection used in the 60 trial experiments in which 100/_g/kg el LSD had no signilican! eflecl (expt. 2 and 3,
ts is char- table 4), indicaling thai this result is not due simply Io the lime course of action of LSD ' Signiticanlly greater
_) noxious than corresponding control mean (ANOVA), P < .05.
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exl.,rim(,nl.q 2 and 3. table 4, the initial response ImfT stin.,li is consistent with the results fi)und hallucinogen
was somewhat higher in l,,_;I)-treated animals, with acoustic stimuli (l)avis et al., 1977a). It has may not he s
although the difference was not significant due been argued that ohm)dine facilitates the habit- Calil (1975) (]

to tile smaller saml)le size. As in the previous us)ion of acoustic startle (l)avis et ,1., 1977a). hallucinogen:
eXl,,riment.s, no significant differences were However, in our study with tactile stimuli, chin- most similar
found during the first 6(1 trials. However, in the )dine reduced virlually all responses, and nn tested. Cert_

sixth and each subsequent hh)ck of 30 trials, interaction between clonidine and succe._,4ve nergic systen
[,SD significantly increased startle magnitudes trial blocks was fl)und. Our data are more con- a current h)
(/;"s = 5.0-10.2; df = i,24; I ) < .05). Furthermore, sistent with a general decrease in reactivity after chols, 1976; ]

the drug-by-trials interact)tin was significant IF chmidine. Very low doses of clonidine given and Iversen,
= 2.24; df = 7,1tkq; l) < .05). tlahituation was also either systemically (10 /tg/kg) or directly by Most atten

a._qe_qed as the percent reduction in response iontophoresis, inhibit the firing rate of norepi- for hallucinol
amplitude for each suhject from tile first to the nephrine-containing neurons in the Ioc(,s coe- ise that the ,
last trial hlock. As shown in figure 2, control ruh, us (_vennson (,t rtl., 19751. The depressant category of (
animals exhihited 70 ± 5.1'_ hahituation while effect of chin)dine on tactile startle is c(msistent (Silva and C.l+
the response in L,ql)-treated aninmls decreased with ¢lepre_ion of startle anllditutles hy electro- this cla_s has

hy only ;12 ± 6.9q (t = 4.67; df = 24; P < .(XII). lyric locus ¢'oeruleus lesions ((;eyer, 1978). Our live reports ,
A linear regression analysis of tilt, means dis- data with altonlorl)hine paralh,I previous fin)l- rigorous ohse
l)layed in figure 2 demonstrated that hotb ingswith acousticstinmli, i)avisand Aghajanian ']'ht,re is son

groups' cuP,'es llad slopes that were significantly (197B) h)und that al)omorl)hine increased startle ences in the I
le_ than 0 (-28.8 + :LIt t = !#.;11;df = 6; P < amplitudes until 411 rain after i.l). injection; at or phenyletl
.00l and -14.2 ± 1./_5; t = 7.71; (If = 6; I) < .001) hmger l)erio(ls al)omorl)hine had a (h,l)re_sant man (ltoch c
and that the_ slopes differed from each other effect nn startle amplitudes. Our finding that 19731. Simila
(t = 21.7; df = 6 P < .(XII). Virtually identical apt)morphine increased tactile startle only dur- physiolngical
results have recently heen hlun(l with 240 l)re- ing the first 20 trials is consistent with tiles(, tween these

sentations of standard 37.5 psi stimulus an(I with results since our test began 30 rain l)ostinjection, groul).q have I
doses of r_4)or 2IX) ttg/kg of l,,qi) in the 51#psi, but the absence of any lah,r decrease suggests t_r, 1!171; Wit
240 trial l)aradigm (M. A. (;eyer, I{. I,. Itawkins that tile time course of action of al)omorl)hine Freedman el
and 11. I,. Braff, unpuhlished ohserwztions), nmy be quite short, tact)h, starth

Methysergi(ie, d-aml)hetamine, scopolamine genic drug ac

Discussion and chh)rimipramine had no significant effects series anti n)
on tactile startle at any dose tested. It ires heen action_ nf lhi

l)ruR sereeninl_ with the standard para- r,.I.)rled recently that ('hh)rinlil)r'unine also has The al)sen('e
diKm. Ill general, tilt, I)henyh'thyhlntine halhl- ll() sign)fit)lit el'li'ct on ;)colts)i(' starlle (I)avis el ('inoge.s was
cinogens (mescaline, Ill)M, I)OET and I)()lq() ,I., 1!177h). Our results with amldu,tantine are l)avis's gr(m
did reliahly increase startle response amltlitudes consistent with llrevious reports that ampheta- I)MT and p
in the standard {_) trial teat, and tile relalive mine has no effect on startle resltonse ampli- screening st)
potencies of the l)henylethylamines on tactile tulles excel)t at doses al)ove 2.5 mg/kg (Kirkby the startle r(
startle paralleled their hallucinogenic potencies ('t 01., I.(#72; Davis el ,I.. 1.(#75;th)rlington, 1,(170). doses nse(I i
in man rather well. Within the honi(llog(lus se- The doses of amphl,tamine use(l in tilt, Itresent 1974h,c; I)avi
ries of I)OM (h,rivatiw,s, those will) I (Ill)M). 2 study l)r,)du('e striking increases in nmst me)- effects of in(I
(I)OET) or ;I (1)()1'1{) ('arl)ons in tilt, alkyl sill(, sures ofI I)elmvi(iral ;ll'tllislil, surh as locomotor startle, we ul

chain augmente(I startle amltlilu(h,s. 'l'lwse activity (Hegal and Mandell, I!t7,1). if the sym- will) I,_1).
three also exhibit the greatest Itolenries its hal- 1lathe)it systl,m ari)usal ('onu)l,n to hallucino- ilahituati_
lucinogens in man (,'4hulgin anti I)yer, I.(t751. g(,ns were resl)onsihh' fi)r thl.ir effects on startle, of these eXln,
According to Shulgin and i)yer, ill)M, I)()ET lh(,sedost,s of aml)lwlmnine should have also nmy I)e (luali
ittzll i)Ol'l{ are al)llroxintalely eqtlil)oh'nt, whih. ill('r(./tsed starlh, resl.m(linl.. As Ihtrlin_ton fl+('ls Ot'l)hen%
I)()ltll is al)iiroxinlah'ly Olti,-lhir(I ;is l)otent ;Is 11!17(i) di,nl,inslrllti,d, ;irlivily 111(,ll.,4(ir(,s;in(I taclilesllirlh,
the l)revious three, and liMA, Ill)AM iinll rl,li('livilylni,lisliri,ssiil'hasslarlh'rl'l]el'ldiffi'r- ()r liIiM inl'
l)()'rH are essenlially ina('live. The effe('Is of enl ;tn(I dissl)('ial)le ilSl)e_'tsof behavior. Sl)onst: to vi _
I)OBU, while in('rl,asing shirlle rl,sp()ltSl, anil)li- The lillove rlt,su]ts ilt(li(';ll(, lhal our sllln(htr(I response pall
rude, were n(tl statislically siguificanl, llaratlignl nleasuring la('lih' slarlh, ,iver ti() trials in reaclivily.

(if the n()nhalhn'inogenic drugs h,sl(,d, only provides a rl,asonal)ly st,nsilive Ineasure ibr effecl over 61)

clonidine and almmOrllhine had signifi(';tnl of- I)henyh,thylanline-d(,riv(,d hallucinogens lhat When nit)re
feels (in slarlh, rt'sl)onse antl)lihldes. The |';i('l c(irrelales well with lheir i)sychotrol)ic aclivily I,SI) signi|'ic_

that clonidine (leltresses shtrtle resl)onses Io air- in nlan. Thai all()l)t()rl)hine wits lhe only non- of 61) resl)ons
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Its found hallucinogen that increased startle responding plain the uniqlu, ne_,_ of the first response in its
at. It has may not he surprising. In the study by Silva ,'rod sensitivity to I,,";I).
_e habit- Calil (1975) of three itoten, t ial scree,lill,g ,ells for Perhal>S the l,il()st intriguing dit'fereuce he-
, 1977a). hallucinogens, Ihis (lol)aminergh: agonist wlts the tween t he e|'l'eets of I,SI ) and I)()M or ,nesealine

all, chin- mosl similar to the halhlcit,ogens of all the drugs is that I,SI) appears t,_ retard tlw habituation of
and no tested. ('t:rtainly the iliVlflveutent ttl" dt)l)al,tti- start|t! withe,it |)t'ttdtl,t'ittg al,t il,tt'reast, il,I gel,terJ.d

ceessive nergic .systems in tilt, act hit,is of halhtcint)gel,ls is reactivity, liabittttatioll is defined Ill t' th:t'relllent

tire con- a cl,rren( hypothesis with shine Sl,lllmrt (Ni- in response Inag,litude that act'rues as the stiln-
ityafter chols, 1976; Fog, 19t19; iqeri et ai., 1974; Kelly uJl.lS is presented rel)eatedl.v, lit the case of
e given and (versen, 1975; Trulson et al.. 1977). IteM, for instance, startle is increased ill tile

_ctly by Most at,eat|try, to develop a screening tneav, ure first block of 20 trials, long bel'_re habituation is
norepi- for hallucinogens have been based on the ilrenl - evident ill controls. Since it is difficu, h tit inter-

:us toe- ise that the class of halluchmgens is a distinct IIret ally chauge in the rate of resl)ttllse redu,etion
ire.,k,4ant category of drugs sharing some conlnlon el'lecl when the initial values are different, we have

nsistent (Silva and Calil, 1975). IIowever, membership irl not yet attenqlted to agsess tilt, rates of hahitu-
electro- this clas.,, has largely heen defined hy the suhjec- alien alter IteM or nlesealine in the 240-trial
'8). Our live reports itf hunlans, ,)|'lUll with little or no imradigm. However, I,SD has no detectable el-
is find- rigorous observation (Mandell and Geyer, 1976). fect on startle during the first block of 30 trials
ajanian There iN some evidence for qualitative differ- (fig. 2) and no significant effect over 60 trials
[startle ences in the i)sychohogical effects ofindoieanfine (tahle 4). Yet ily the sixth bhwk of ;It) trials,
:ion; at or phenylethylanline-hased hallucinogens ill l_;I)-treated rills are significantly Inore resllon-
res,sant man (Iioch el el., 11.t52;Naranjo, 1975; Shulgin, sive than controls (fig. 2). While tile mean re-
Ig that 1973). Similarly. in animals, behavioral, electro- sponse magnitude in controls decreased 70%

ly dut _ physiological anti biochemical differences be- from the first to the eighth trial block, the re-
these tween these two structurally distinct drug sponse of I,Sl)-treated rats decreased only 32%.

cotton, groups have been relalrted (Scheehter and Will- This impairment of habituatitul was not com-
lggesta ter, 11)7I; Winters, I.q75; Aghajanian et al., 1970; pie,e; the responses of the i,SI) animals ,luring
rphine Freednl,an et al., 1971)). Our studies suggest that the eighth trial bhoek were significantly lower

tactile startle is usefiti in predicting hallueino- than those during tile fi_t block (depeudent t
[amine genie drug activity within the phenylethylamine test, t[ (2] = 4.45; P < .OOl). That this accruing

effects series and may also di._riminate between the effect is not simply due to the time course of the
s been actions of this family and the indolethylamines, distribution or action of I.SI) is indicated by its
8o has The absence of effects with indoleanline haihl,- significant effect on the initial response and by
tivis et cinogens wan unexllected in light of the work of the lack of any el'feet of I,SI) over the first rio

le are Davis's group who have reported that LSI), trials when the interval between injection and
Jheta- DMT and pm[ocin, relatively inactive in our testing wan :i5 rain (table 2.;expt. 2 and 3, table
mlpli- screening study, augnlented the anq)litude of 4), a time corresponding tt) trial hh)cks 5 and 6
'Arkby the startle response to acoustic stitnuli at the of figure 2. This result is reminiscent of the
1970). doses used ill our stu(ly (Davis and Sheard, imlmirment ofhahituatitmoftheelectroenceph-
•esent 1974h,c; l)avisand Waiters, 1977). To clarify the ah)graphic arousal response denlonstrated by
mea- effects ,if' indoleamine hallucinogens till tactile Key and Bradley (1960) and Key (19fill. More
no,or startle, we undertook several additional studies recently, Miliare_sis and St. I.aurent (1974) sug-
sym- with I.SI). gested that LSI) impaired habituation of acous-
,cino- Habituation studies with LSD. The results tie startle and Izquierdo (1975) presented data
artle, of the,_ experiments further _ndicate that there l,m orienting responses indicative of similar phe-

also may be qualitative differences between the el- nomena. However, ill their reports it in not clear
tgton feels of phenylethyiamine drugs and [2ql) on the that the early responses were not als_ increased

and tactile startle response, l)rugssuch asmeacaline by LSI), as discussed by Davis and Sheard
iffer- or DOM increased startle magnitudes in re- (I.q75).

sponse to virtually every air-puff stimulus, a ANdescribed by Pavlov (1941) and Groves and
dard response pattern indicative of a general increase 'l'iltmqlson (1970), unc,mditilmed re_,_ponses to
_rials in reactivity. In contrast, L,'ql) hail no significant repeated presentatiol,m of startling stimuli ap-

for effect over it0 trials with the standard paradigm, pear to be affected by two distinct processes:
that When more intense tactile stimuli were used, hahituation and sensitization. Althot,gh it is gen-
ivity I,SI) signdficantly augmented only the first ,tile erally bebeved that sensitizatil,m is most evident

son- of t_) responses. Further study is needed to ex- during the initial trials ((;roves and 'l'homlmon,






