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frequency reaches tile brain, hut tho respon:e patterns of 1 mln. The nunlber of time_ tlmt tim rab tm'lu'd its head
higher neurones may be infltzen(.,-i t 0- inhibitory truer- to the right was o)tmted. Next the rat was l)laeed in a
actions between various auditory i_s 9. shallow translucent plastic box for l rain. The number

This work was sut)ported by tt_, . ;_ti-L()('ust Research of times that the rat l)i\',_t(xl ilta :emi(.irele or in a full

Centre, Lomhm. the Cm'lsberg l:_)_lmlaliolt and Statens eirelc (m its hind feet ,n" walked backwards was noted.
ahnindelige Videnskal)sfond. Each rat was then placed _br up to 1 rain or_ the surfa('e

AXEL _IICtlI'H.SEN of a drum rot sting at ! r.p.m, to test for disc,_or(linat i(m%

Zoophysiologieal L,_borat.ry B. From comparison with ('otmts f,n" untreated eontr(d
University of Cope/flmgen, animals, the ti_llowing eritcria were used to (tetermine a
])era)lark. positive effect: (1) a ral turning its head to the maht

twenty t/rues or more m ,, ntilKl(e; (2) a rat pivoting itt
Received J fly 29: revised August 23, 1968. a sonlieire]e twice at moz.' in a llaillllte" (3) n Y_dt wal]g.i]l,.._

backwards (mec or re.re m a mitotic. Tim pereeutage of

_tlorridge, tl. A., Nature, 185,623 (1960). rats showing each of these effects was calculated and the
z tl'orrhlge, C..A., Prec. l,'o,f. Xo:.,155, o I '_(1961). mean del el'l nine(t.3lh)pov, A. Y., J. Erol. l;b)clicm. Physiol.,l, 239 (1965).

*3Iichelsen, A., ,1. Itlsect l']olsial.,12, 1119 {1966). Table 1. BIZAgREBEHAV10UIIALEI'FEtTSCAESEDBTSOMEIlRI-(;SINTHERAT
5Gray, E. G., Phil. Tra_,_.]:.::. ,%c., B..243.75 (19601. D_:sc Per eent effect Per eent
" Miehelsen, A., J. In_,'ct t'h;/_,iol, to b. submitt_,d for Dubli'::ttion). Drug (mg/kg disco-
_POl)OV, A. ",'., n. l_2c./.ti.mtrg .\-el_roldty_iob_fly aml .\cltrocl_endsl:y. 54 S.C,) }I3I P WB 3Icon ordinated

(Nauka, Lc_tingrad, 19(;7L
Adam, L.-J., and Sehwartzkopff, J., Z. l'e,,/I l'bvsiol , 54, 246 (1967). Cyclazocine 2.5 20 33 50 34 335.0 _0 93 80 84, 80
Yamtgisawa, 1-2.,Hashimoto, T., amt Kats,tki, \., ,I. l.sect 1)hysial., 13,635 Levallorplmn 20 20 20 40 27 20

(1967L 40 100 40 100 80 100
Nalorphine 320 0 0 20 7 20
Pentazocine 20 0 0 0 0 0

40 0 0 40 13 70
6O 0 0 8O 27 100

Morphine 160 0 0 0 0 100
Profadol 80 0 0 0 0 1O0

Behavioural Effects of some Morphine ._,.p_,,ta,._ne _o a00 _o _o s7 ]o0Atropine 320 60 20 20 33 40

Antagonists and Hallucinogens in the )_,,_a_.... _0 40 _0 0 s0 e0Phencycl din0 0"6 20 20 0 13 0
_-5 S0 lO0 40 73 100

Rat Psiloeybin 80 20 0 20 13 40
12o 60 60 40 5a 80

Carrie and ])iekering _ found a good cot'rela_ion bet'weetl. Saline * 0 0 0 0 0

activity in inducting a behavioural response (head twiteht.s) Doses are expr,,ssed as m_ I,ase/10 ml./kg body weight, l(espollses were ;
in mice and t]le }mllueinogenic activity in man of several observed 20-_'21rain after subcutaneous administr:_tion of (lruff. IIM indi-

drugs, which included at.repine. }::o_('i_w. lvser_ide (L,SI)) Gates the percentage of rats maki_g twenty or more turns of the head to the..... rfgi_t during Infin: P indieaWs the v're0n/a."e of rats that pivoted in a
mescaline, .V,,\'-dilxlethyltryptalnh_e. pl>,neyeliditw, psi- s,,mieircte twice ,)r more (htrine 1 olin; WB indieat,.s tiw perem_tage of rats
latin and psiloex bin. Drugs that (lid n,)t_ ealtso head that walkc,i backwards, when plaecd for 1 rain in an obs,.rvation box. 'l'tw

score is [hi, nip[in of the per0entage of rats sho_ ing head lllOV£_IlleIlIs,pivotb
twitches ill n_.ie_ ineludex] tile iI-torphitle alltagonists and walkin" backwards. Tiv, pcre('ntage discoordinated i_ the percentage
eyelazocine (pers,mal eotrllllunieatioll tixHll N. J. (.'orne) of rats that ff.ll from the surlaco r_fa drum rotating ;at l r.lLm, duringl rain.

and nalorphine, both of which m'e knOX_Tt to cause hal- * 10 ml/kg of0.9 p,,re,'nt (w/v)NaCI solution.
lueinations in rmau "-,a. The morphiue antagonist_, cyelazoeine and levatlorphan,

While working on morphine antaeonists in this labors- as well as amphetamine, pheneyelidine and psiloeybin,
tory, 1 lmLiced that large (loses of cyelazoeine induced induced tnarke(l ataxia and the bizarre behavi(mr eharae-
bizarre behaviour in the rat. inehuling side t<, side ltead torized by the; three effeets described here. The effects all
movements, pivoting on tile hind feet anti walki_ back- doetH'red in doses large enough lo cause the rats to fall
wards, l,Valking baekwards has been observed before in wititm a few seconds from the surface of the rotating drum.
the rat after hallucinogenic amptmtamine derivatives. Detaded results in the rat are given in Tabh' l, in which the

mesealine _ and pheneyelidine, and so [ tin\-(, studied several doses listed for each druff inehtde those causing the _nax-
morphine antagon/sts and oth(,r reference (.h'lvzs for their imum effects. Table 1 shows that for each of the drugs

bizarre behavioural effeets in this spceies, in the hope of active m this test. the percentage of rats showing bizarre
obtaining aeorrelntionwithhalhtein,)genieaetivi_v, inman, behaviour was similar t.o thag discoordinated, whereas

The experimental procedure anti nletl"tod of reeo,'ding tile a,mlgesies, mozphine mid profadol [m-(1-mothvl-3-

result, s were as follows. Drugs were administered sub- propvl-3-pyn'_lidinyl) phenolIL at, the doses shown, dis-
cutaneously in a (lose volume ,at 10 ml./kg body" weight coordinated all rats, but eaused little or no bizarre

to groups of five male wemding _.Vistar rats weighing behaviour. Ft}mnol, toe,. in 40 per cent (v/v) aqueous
40-80 g. Twenty ntinutes afu'r tit{, drug had been given, solution given orally in a dose of 1o ml./kg diseotwdinat,-d
eaeh raL was observed in an empty metal food hopper t'<,I' 80 per t.ent of rats without causing bizarr0 behaviour.

The morphitm al_ta_ollist pentazoeine, in _ dose of

....... "_, . .:-,__,, _?_>-¢'g._'_e'.-_ ,"_.,. 60 mg/kg, caused head end body shakes, walking back-
_a[;_ ............ _'_;,:_::.. _ wards and di,_eoordimttion in mos_ rats. The weak

activity of nalorphine is consisteng with lhe fintlinff that,
¢ .. unlike other hallueino_oniedru_s in these tests, it (lid 11Ot

_" cause hyperthermia in *he raMiP. It. was surprising
" _ " " that doses of mtl_rphine as Iar_e as 320 m_/kg dis-

_ eoordhmted only 20 per cent of rats. The behaxioural" reactions of rats lo }mHueinogcnic drugs described here

were consistent with subjective effects of the drugs itt

_:. Unexpectedly, LSD in doses of 0'3 to 20 mg/kg sub-
S _ _ cutaneously dht not causeatl the types of bizarre behaviour

i { :'_ " _ described here, 1,tt_ it eaused some wa/km_ baekwards

. ., _ was fighting, similar but not identieal to that, observed

after the administi'ati, m of 2-5 mg/kg of apcmmrphine
Fig. 1. Photograldi of rats fight[lift 20 olin after they had been g/ven stl|)eutal-teous[\" (Fi_. 1). Apolnorphille caused lnLleh Ittore2-5 mg/kg of ;tpOlln)rl)hino subelltallOOllSiv. I,Sl) -, lng k_) stlbCilt:ln-

eonsly caused silnflar t.tfi,cts aggressive be}_aviour than did LSD.

i
i
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Ill t.hese experiments large doses of drugs known to be alcohol, differiug only in the effective concentration range
hallucinogenic in man, inehtding cyclazoeine and le\al- and the extent of the line broadening. Triehlorethanol
lorphan, caused bizarre behaviour in the rat. characterized also shows similarities, but the insensitivity of the tcch-

by side to side movement of the head, pivoting on the nique (lid not permil us to extend the measurements to
hind feet or walking backwards. A test based on these low concentrations.
behavioural effects may be useful in predicting the hallu- The results show that the characteristic changes in the

einogenie activity of new drugs in man. relaxation of benzyl alcohol induced by erythrocyte
I thank Dr H. O. J. Collier for advice and encourage- me.mhranes are confined neither to this type of membrane

meat and the Sterling-\Vinthrop Research Institute for

eyclazoeine and pentazoeine.
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2.0 ___My_lin1"5

Relaxation of Anaesthetics in the -_.0 _ ' ' ' ' ' ' ' '
Presence of Cyto-membranes

WE recently showed that. the lmelear magnetic relaxation _ f- "_
rate of bcnzyl alcohol is increased in the presence of erythro- 1.5
cyte membranes and we concluded that this is caused by _ , _ -vagus
restriction of the molecular motion of the alcohol molecules ].0

imposed by the membrane strueturC. \Vith changes in I I I I I I I I
alcohol concentration the relaxation rate altered in a 20 40 60 80 100 1°5 150 200
characteristic way (Fig. 1), and it was suggested that ruMBA
alterations ill lneInbrane structure were induced by the Fig. 1. lane widths (&v.',) of the aromatic protons of benz:¢l alcohol in
alcohol which might be correlated with the physiological the presence of various membranes at 1"0 per cent w/v. H=O buffer

changes foulld in anaesthetic action, rontaining 100 mM NaCh 40 mM Na acetate; l0 m)I Na phosphates,ptI 7"2. Measurements at 25° C.
We have now examined this effect with preparations of

myelin, synaptosomes and membranes from a largely
unmyelinated nerve, the rabbit vagus. Myelin and syn-

aptosomes were prepared by the method of _,Vhittaker :. 12
Vagus nerves from the rabbit, were desheathed and homo-
genized in 0.32 M sucrose. Tile large particles were

/\removed by slow speed eentrifugation, and the melnl)rane l0
fraction was centrifuged at 20,0t)0g for 15 rain and then
resuspended in buffer. The measurements of the aromatic s

line of benzyl alcohol were carried out in a Varian A60A
NMR spectrometer at, 25 ° C as described previously. The _ 6
results are presented in Fig. 1 as line widths (or relaxation i

rate), where an increase in line width corresponds to a _.....,decrease in molecular motion. The general form of the 4 _
curves was similar for all membranes and showed an _-_--___ _--

upswing in line width at a concentration above 100 raM. o

We have previously shox_n that this corresponds to the " _x-x.._
concentration at which benzyl alcohol haemolyses intact x x x x__X_x_
erythrocytcs. Membrane preparations other titan cry- () , _ , J ,

throcytes gave unstable suspensions, and line width 10 20 50 100 co0 300
measurements were correspondingly variable; tiler(', mini
were also slow changes with time especially at high Fig. 2. Line widths of N31I¢signals from various anaesthetics in the
alcohol concentrations, presence of 1.0 per cent erythroeyte membranes. Proton signals

measured are underlined. DzO buffer containing 45 ln._[ XaCI: 30 mJl
\Ve have also examined the behaviour of two other xa acetate; 10 mJl" phosphates, pl-[ 7-2. Measurements at 42 _ 1:

alcohols, neopentanol and triehlorethanol, as well as
lignoeaine, a cationic ]oeal anaesthetic, in erythroeyte @,ClaC.Ctt'aOIt; @,C,HaCH.Ott;

membranes (Fig. 2). Neopentyl alcohol shows a similar _t1[,
upswing at high concentration to that found with bcnzyl " /C,tt_

.alcohol, but at a low concentration the relaxation ratc A, < -NH--OC--CH..N" .----:
was essentially independent of concentration. The ligno- "--- ( " _c II ; x, [I'ttala('.'.CHoOH.\\ ._ ;

eaine curve bears a close resemblance in form to benzyl ('H_


