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SU3IMARY

1. Under certain conditions D-lysergie acid dicthylamide (LSD),

l()-'a-10-_ g/ml., exerted an immediate, prolonged and slowly reversible
inhibitory (qt'e(;t upon the, post-ganglionic motor tralzsmissioi_ in deshcathcd

, guinea-pig vas def('rens pret)arations.
'2. The most critical factor iafluencin_ this action of LSI) appeared to

1)e the t rafit length. With short trains of less tha_l -Ior 5 pulses the twitch
inhibifio_t t)roduced by LSI) was of'te:_ tobal. Witk longer trains (5-20

lmlses), the dc,gr('e of inhibition declined with increase in train length.

, Tl,'se re,suits suggest the existence of two eom!_onents lit the motor

r(,spoitse to l_ost-ganglioltic stimulation, dist_h_guishcd by their suscepti-

bility to LSD.
3. The inhibition of the LSD-suseeptible component was r,_qated to the

dose, of LSI) iJt the rang_,_ 10-9-10 -G g/ml., reaclting a maximum at 0"5-

1× 10-n g/ml. The resl)onse rcnmants elicited by trains of more than

5 pulses raM(q" these conditions could not be reduced further by a ten- to
tw(,nty-fold i|tc|'ease hi LSD coixcentratio_t to 10-s g/ml. and were in fact

slightly l)Ot('_d iated.
4. The inhil)iti(m of t)o.-_-ganglionic motor transmissiun b.v LS1) was not

ext)li(:able on the basis of an a-ad|'enoceptor blockade be('ause it, was not
associated with any reductioa ia motor responses to nora(h'eaaline.

5. The use of propral_olol excluded mediatioil of the LSD-h_hibition by

fi-adr(,nocei)l ors.
1;. The LSI) effect was llotdue to a 1ion-specific smooth muscle de-

])ressi(m because it was not, assc)('iat('d with any rcductiol_ ill- motor
responses to a(:('t \h:holi,tc ATP ()r bradvkiltht.

7. The i_diihitory effect of L,%D (m 1)ost-g;mg!io>Ae tra_smission re,-
scmbied that of _loradremfli_e il_ that ib was a_ztago_zed b5"i)hcntolamktm ;
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another ct-a(h,enocei)lor blocking avent , i)henoxybenzaniine, was less
exl)orill).(_nl &[

effective than phcnlolamino in this rcs]_ect,, l,_vo been Kv
S. The I,Sl)-inhilfition was obtained ill preparations taken from re- referred to Ih_

serpinized guinea-pigs, ti,,n with a 1,)
' _ _ 800 nu'k, and

9. I he inhibit ion of motor transmission in tile vas deferens by LSD was of a ganglion
conilrmed in rats, 31e,riones aha,,;i and rabbits, le_)_t_gangla,,

1!). The inhibition ofpost-gan_lionic transmission by LNI) was unrelated nlittenco and

tO its ability to antagonize 5-hydroxytryptamine (5-HT), to wlfieil the width, at t).l,
vohage, _t _

longitudinal mus(:le of the xuinea-pig vas deferens is insensil ire. The more d,o ent,i.vly t
potent 5-IIT antagonists, meihysergide a,M BOL 148 were either virtuMly tetrodotoxi)i ,

inactive or considerably weaker than LSD. longitudinM

sensitivity, it

pr,'paratioa _c

INTRODUCTION Toavoidm
• ofpulses,in._,

l_easons have been given hi our earlier ]mblications (Amlmehe & Zar, ,1-D pulses, ai,

1971; Ambache, Dmd% Verney'& Zar, 1972(t, b) for believing that tile leeaerpb,iZa_
adrenc, rgic fibres in the vas defe, re,ns subserve _not a motor but an inhibitory solution (5 m_:

role and that l_ost-gallglionie motor tl'altsmission in this organ is lnediated 5 times gr,,,t,
by dll 1_111],2110_,V11neurotransmitter. (h,pletion of n,

])uring these and sul)sequellt investigations we ]lave}wen puzzled by ]<rusz (!972)
a ([iserepancv in t he ('fleet upoll this transmission of some dn,_<s commonly us.S % d,:pZ.ti

• _ inc:'ea.sedthe

us(:d as 5-lIT antag_,nists. Tryi,taminerxic motor *ransmissi(m eould be /)rug,,.. \Viii
excluded because the longitudinal muscle of the guinet_-]_i,_vas (lefcrells to the rcspwel
was iasmIsitive to a-liT and because the lilotor transmission was not di..odmm sah

(IK)L 14b}, diJantagonized by two of the most powerful 5-] [T blot'ldng a'_,ents available,
• ' ('ergonovii,e l

methysergide and 2-bronl_olysergio acid (tiethvlanfi(ie (B()L J4S). 011 tim amine ercad/
other hand, we }lave now made the unexpected o})servation that, unlike nlMeate, L-n,>

lnethysergide and BOL 14_;, lyser,gie aoid dietn\ lamido (LSI)) in low con- a:nino lnctl_<m
SUlqJlied by I3

eentrMions exerts a l)rofouml inhibitory effect upon },ost-g,x_alionic motor chloride.
transmission in lhe vas deferens of several species and reveals the existence " \Vo are m,.lc

of tWO eel ipollellts ill the motor tramsmission, dist,inguishable by their ,.rgometrme (_

susceptibility to I.SI). line D-lyscrgic

A 1)harnm(_olo-ical analysis of t,he effeots of LSI) on motor transmission

in the vas (teferens has t)een carried out and is now des(mib(,d. A preliminary The coml,:.'is<
account of some of l,ho results has appeared elsewhere (Ambaehe, Dunk, ,,<,re <iva_l;abic
Miall & Zar, 1971). easier if t}:c "t

of lysergic d_'3I ETI{O DS

Mosl of lhe oxi)_,rime_na were pr'rformt,d (,n _'Ulp.O_-[)i_ \-a_>, dr,fc, r(,ns prci,arat ions;

the .nimal.ls, chi,,tl 5" Ml,in,,s w_'i;zliiNg 0-3 1 kg, uere kilh'd by e,*_cus-4,m. A few

(!XI)_'I'ill/('lllS \Vt'I'C ibiS,)CfNIIhlcI('d OIIIV}LS>II* fI'()lll D.[})illO \Vi,-,I;/.,I" 1"_11--;,.li(:Fit)//e,v .%']t(I/Ft'I_

_ln.[ ra, bl_its.. The ln(qiiod for ,:icsb.c,:;iMn 7 _.uid s_',ttii_g_ 'Lip l}lc is<,l,.t,,<l x-aa d-feri,ns

1)ret,_lratioiis i*_ uitro m a 2 nil. organ-bath at 35 ° C and a, full description of essential ]
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• twitchesinitiated

,, II,ESULTS (Ambache&Zar,

Effect of LSD on guinea-pig vas deferens Ambache & Zar's

Ill the absence of electrical stimulation LSI), in doses rangiug fl'om J ganglionic fibres:
lO .9 to lO .5 g/ml., (lid not produce any visible Mteration in the resting 0.4 msec, the othe:

tension of the preparations. In most of the f
pulse widths of 1

• 0-6 additional, duplica

0"4 100 A
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width
0.1 msec 0.2 80
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20
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Fig. 2. Irdtuenc
ganglionic moto_

0 i
desheathed prep_
withtrainsof1-

LSD 40Hz (0--0).
Sx 10-_ g/ml. in both cases all

) tensionwhichxv_

:Fig. 1. Prolonged inhibition of pnst-ganglionic motor transmission by LSD exposed to LSD
in guinea-pig vas defi_rens. Parallel preparations frnm the same animal, were obtained. Ir

both stimulated at 1 min intervals with trains of 4 pulses delivered at 10 Hz ; produced by LSI
pulse width, 0.1 msee in the upper and 1 msec in the lower preparation ; See tx_xf_.
voltage kept constant for each preparation. Between the arrows, LSD,
5 x 10 -v g/ml., was administered for 3 rain. Note the pronounced inhibition
and slow recovery in both experiments. Isometric tension calibrations in was also used, in el

g; the zero level represents a basal resting tension of ca. 0.3 g (see MethodsL post-ganglionic nlo

Furtherexplanationin text. LSD of the respore

_"-, Fig.i showsthe

i Inhibition of electrically evoked twitches by LSD an experiment col
Desheathing of the guinea-pig vas deferens is know-n to render it animal. The two pl

ganglion-free; the effect of field stimulation with pulses of 0-1-2 msee is 4 pulses delivered

then confined to excitation of post-ganglionic nerve fibres, resulthtg irl one preparation, so





256 N. AMBACHE AND OTHERS

nerve fibres, and at 1 msec for the other preparation, in order to bring into suspended in se
play both sets of post-ganglionic fibres. The responses elicited at both I rain intervals

pulse widths were susceptible to inhibitiol_ by LSD. voltage and fre_
The inhibitory action of LSD appeared within 0.5-1-5 rain ofadministra- hand panel of

tion, and was fully developed within 2-8 mill higher doses requiring shorter 1-5 pulses an a t

exposures. Recovery of the twitches from this inhibitioI1 was slow; even was produced e
after exposures lasti_lg only 2-3 min, recovery took nearly 1 hr. The effect each rise in LS

could be repeated by re-administration of LSD. After longer exposures aIld inhibition and

}ligher doses of LSD (> 10-Tg/ml.) recovery was evell slower and was. right until a m
incomplete for several hours.

.Factors influencing the degree of inhibition produced by LSD
4-

Pulse width. As showal in Figs. 1 and 2, the filtensity of inhibition pro-

duced by LSD was more prollounced with 0.1 mscc thar_ with 1 msec

pulses.

Train length. Fig. 2 also illustrates the effect of varyhlg the trahl length 3
upon the i_xhibitory action of LSD, 5 × 10-_ g/ml. Irrespective of h'equency
a_ld pulse width, the degree of inhibition was most marked with single

pulses and short trains of 2-4 pulses, and declined progressively as the ,_
train length was increased. Thus, at train lellgths of up to 4 pulses LSD =o2
brought about a total exti_mtiort of the twitches, but when trains of '__
5-14 pulses were used, the LSD inhibition of motor transmission was only

partial and diminished gradually as the number of pulses was increased.
.Frequency. When the inhibitory action of LSD was examined at

5-100 Hz an interesting influence of frequency was observed. To illustrate 1

this, two frequencies sufficiently wide apart were selected, namely 10 and
40 Hz. It can be seen from Fig. 2 that, in the absence of LSD, the motor

response to a fixed number of pulses was greater at 10 Hz than at 40 Hz
if the train length was less than six 0.1 msec or eight 1 msec pulses; when 0

the train length exceeded these limits, the reverse was true. This Figure 1
also shows that the larger motor responses elicited by trains of less than

6 or 8 pulses at 10 Hz were inhibited by LSD to a greater extent titan the Fig. 3.1Reh
smaller responses elicited by the same number of pulses at 40 Hz ; a similar of the LSD

tho same
result can be seen in the middle panel of Fig. 7. The differential effect of number of

LSD was more marked at a pulse width of 0.1 msec (Fig. 2). vas was sti

Depending upon the train length and frequency, LSD affected the motor 6-20 pulse,.

transmission in one of the following three ways: (l)drastic inhibition, with it "' LSD a preltho prepare
5 pulses at 10 Hz ; (2) only slight depression, with 20 pulses at 40 Hz ; or (3) ][ increasing
sometimes, a slight potentiation, with 20 lmlses at 10 Hz. 1 further dee

Concentration of LSD. The relationship between the degree of inhibition _ resistant c

and tile concentration of LSD was examined, first at short train lengths ,1 < 5 pulse.,Withoul

and then with longer trains of pulses. Two vasa from the same animal were j A--A 10"
XI
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:do suspended in suparate organ-baths; both l.,.lmrations were stimut'ttrd at

_th I rain intervals witll a varying numb('r of 1 msee },ulscs of constant
voltage and frequency fixed at 10 llz. The rrsults illu.btrated in tile left.-

ra- hand p_mel of Fig. 3 show that in the preparation stilntdat.cd witA,
ter 1-,5 pulses an apprecia_ble inhibition of post-ganglionic motor transmission

.'en was produced even by the lowest concentration of LSD, 10-u g/mI. With
bet rach rise in LSD concentration there was an increase in the degree of

tlld inhibition a_!d the response curve was progressively shifted towards the

,ras right until a nlaximum of inhibition was reached al, 10_s g/ml., beyond.

Leftvas Right vas

_FO-  e oro/¢ //?
,see LS

F ///gth
3 Before " --3

.., /2

.S g 2 '// oi " -2

o / ;,
nly _- x
.d. / Io-'

a13 / ' ' lO-S

'at(; 1 --x/x," /f -I

,tel ." / /-._
A"" /.'xZ/A - I0 -7 " '__.._Hz __" f_,-'" ,,/./10 -_

lied 0 _"- '_w"'""-; -- "'/_'_"" 10- °' I l J I I I l I I l

_ure 1 2 3 4 S 6 7 8 9 10 20

i[all Number of pulses per train (10 Hz; log scale)

the Fig. 3. l(_,h_tiol_sldp between the dose of LSD and the dv;zree of iniJbition
¢

ilar of the LSD-suseet_tihlo component in the lliOl. Of I'c'ApOllSC. P_rallel x-as_ from
t.ho stone guinea-pig. })()tit excited _'_t1 rain intervals with o. v_rying

B of mmibur of 1 msec pulses ofeonst_mt voltuge, delivered at 10 Ilz: the left

va.,_wa_s stimub_ted with 1 5 pulses and tJte right v_s with longer t/'_dns of

)top J 6 <20 imls(,s; before obttmfing tlio response curve tit ('&oh concentration of

:ith I' LSD a preli,,ti,,g_ry 8 Ini,, period of drug eont_,ct_ ,v&s allowed dul'inK which)
the I)r,pamd, ious wtwe stimulated wida 2-pulse trains _t 1 mh, intervals. Note

"( iucreasing i/thibilion in the concentration rangu 10-9-1U 6g/ml., wilh ate

further deepe,iil, g of inhibition _t 10 -s g/ml. ']'tie contribution of the LSD-

!lOll r(.,sist_mt comp(m.nt to tho moron response is inMgnitic:_mt with trmns of

<t}ts < 5 pulses but grows speetacul_u'ly between 5 _md 20 pulses.
Without LSI): @--O; with LS1): (23--@ 10 -gg/ml., x--x 10 -SgriM.,

:ere A--A 10-' g/rot., KZ--._ 10 -_ g/ml., _--II 10-s g/ml.
II P It Y 23I
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which there was no further shift of the curve to the right. The response to i

2-pulse trains virtually disappeared at a concentration of 10-s g/mI., and :_ Phar_
that to 3-pulse trains, at 10-_ g/ml. At a concentration of 10-G g/ml. tlle _

response to 4-pulse trains had also virtually disappeared (< 0.6 _,), but Exclusion of fl-_

there ,vas still a 3.5 2/o remnant of the response to 5-I)ulse trains. The next In the guine

tenfold rise in the concentration of LSD, to 10-5 g/ml., failed to reduce prenaline result
this renmant any further. These results showed clearly that there was an 1965). Ambaeh

LSD-susccptible process in the motor transmission of short trains, which depression of tl
was suppressed in proportion to the concentration of LSD; and another, both these eric

LSD-resistant proccss, beginning to manifest itself at a train length of blockade with
5 pulses, which remained virtually unaflbcted on raising the concentration inhibition of m,

of LSD fl'om 10-G to 10-5 g/ml. It would appear that up to 4 pulses this of isoprenaline

LSD-resistant process normally contributed little or nothing to the motor shown in :Fig. 5
responses; and with 5 pulses, only 3.5 %. mediation of th

The right hand panel of Fig. 3 illustrates tile results obtained with longer

trains of 6-20 pulses on the contralateral vas. Again, LSD progressively The motor rest
shifted tlle response curve to tile right, revealing the contribution of the unaffected duriz

LSD-resistant eoml)onent to the total motor response. Some idea of the _ The inhibitic
extent of this contribution eau be gained from tile response curve obtained :" depressant aeti,

after the elimination of the LSl)-susceptible component at the maximally not associated

inhibiting concentration of LSD, 10-s g/ml., beyond which there was no directly acting
further shift of the response curve to the right. In :Fig. 3 the contribution ATP, bradykhl
of this LSD-resistant but tctrodotoxin-susceptible component to the total in the presence

motor response is seen to grow with train length. _ The hlteract
The LSD-resistant coml)onent elicited by long trains of lmlses was not _ strates two exI:

due to noradrenaline release because it persisted in preparations pre- I prol)erties. Th

treated for 10 min with phenoxybenzamine, 10-6 g/ml., and because it was ! sensitivity of
obtained in vasa from reserpinized animals (see below). It was therefore ; i_ljected durin_

quite distinct from an adrenergic, 'slow' component which has been de- _ was high i_1the
scribed by Swedin (1971) in guinea-pig and rat vasa, using longer trains second (10-20
of 120-240 pulses. The mechanical responses in his experiments were same ill both c:

biphasic, consisting of a fast twitch followed by a second, slow contraction; exposure to th:
the latter was abolished by phentolamine and by pretreatment of the elicited at 33 s(

animals with reserpine. In the present experiments, records obtained at affecting t!m 1

a high paper speed (240 mm/min) showed that even with 20 pulses the during the last
mechanical responses were always monophasic, and that phentolamine, . I11 the secon

2 x 10-G g/ml., (lid not reduce tile height or duration of these responses; by trains of fo_
in fact there was some increase, both in height and in duration, for 3 rain prod

off scale, of th

, oftheexposur,
dose of noradr

with the 10/_g
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I n further ext)eriments lhe (;fleet of I,SD on the muscle response to other

sl)_sm()gelm w_s tested. In the ext)eriment illustrated in Fig..5 the inhibi-

t,ion of the twi|ehes by LSD, 5× 10-Vg/ml., was accompanied by a

p(_tentintion of the motor response t() A'J'P, 5/(g/,nl. Similar r_'sults were

obtained when bradbkinin was used, in preparations taken both from

normal and from reserpinized guinea-pigs (Fig. 7). Conlractim_s elicited

by acetylcholine were also potentia_d by LSD.

A B C D E F
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phentolamine,
Antagonism of theLSD inhibition by phentolamine centration of ]

Phentolamine markedly reduced the degree of inhibition produced by 5 x 10-_ g/ml. ;
LSD. The experiment illustrated in Fig. (i shows the protective effect of between phent

phcntolamine. In this experiment tile two vasa from the same guinea-pig i As reported
were suspended ill separate organ-baths and were treated identically _ 10-dg/ml., oft(
throughout, exeept that phentolamine was administered only to prepara- can be seen ir

! fivefold increa,
lion B. In,order to produce an inhibition comparable to that seen before :_

further augme_

Prep. A . In other ex
(control) , duced into thc

"i partiallyrever

[ inhibition deer
1 'i Phenoxyben

' phentolamine i

Persi.stence t,

of
LSD _ In the guine

50ng/ml. xl ¼ xl # xl0_ x20÷ xl00* upon post-gan
can be preven

tyramine and

ability to relea

1972b). The p(
, examined ; but

transmission w

pigs (Fig. 7).'
absence of tw

LSD _ _ : _ 4rxI_00 stered (first p50ng/ml, xl lr xl xlO _ x20 inhibited by L
To prep. B only: train lengths, t
Phentolamine and there was

10-* g/ml. [ contacts with
I

5 x I0-' g/ml: Fig. 7 shows tl

Fig. 6. Phentohmd,m antagonizes the inhibitory effect of LSD. ParMIol vas , . by reserpinizat
deferens l)rel)arations from the same guinea-pig. ]_31eetrieal stimulation at

The inhibitory
1 rain intervals by trains of two 1 mace pulses of constant voltage, delivered

at l0 Hz. Between the arrows, LSD administered to both preparations in N-methyl subst
identical (losagos, 51)ng/ml. or m_fltiI)les therec)f, as indicated. Preparation Inhibition ot
A: control, without phentohmdne. Preparation B: phent olamine, 10 -6 g/ml.,

administered 30 rain 1)efiw(; lho middle panel and increased to 5 x 10 -e g/ml., alkMoid molec
43 rain before the last panel, unsubstituted,

I
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_)henlohmfine, lhe (l()se.f l._l) had to 1)(, rai._('(t 10 ii,',w_ when the con-

(x"nlralioia of ]_]wiltolamhl(; w;t,s l l_-(;_/tn[., alid. lot) limes v,'hell it was

5 × 10-_g/ml. ' lhis su_,_,(,_ts ilw possibility of a COlnpetitive antagonibm

between }_h('m olamine aJl([ 1..V;l).
As rcporu.d earlier (Anll)aclte & Zar, 1!)71) piieltoim_in(, 1-2×

10-6 x/nil., often },reduced an augmentation of the twitch hei_aht, whioh

can he seen in Figs. 6 and 7. The. last panel of Fig. 6 shows that, the
fivefold increase in l)hetltohunin(; concentration did not bring a.bouto any

further augnmntal ion o["the twil(.hes.

In other expcrim(nis, wh('n l_l_entoh_lnim ., 2× 10 --c'g/ml., was intro-
duced into tile organ-balh after th. induction of inhil)ition by 1.S1), it

partially reversed tile inhibition; for instance, in oue pret)aration the
inhibition decreased from S!) to (il o,, within 1 rain./ O

Phenoxybenztmfine, 1(I-_ v/ml., was considerably less effectAve tt).ap.

phentolamine in antagonizing the LSI) inhibition.

Perside,zce of the iMdbilor?l q/.'/?cl of LSI) _{fier reserpi,_izatio_

In the guinea-lfig vas defc'rens noradrcnaline exerts an inhibitory eff_,ct
upon post-ganglionic mot,or transmission" the noradrenaline inhibition

can be ])reventc([ by })hentolamine (e_,mbaehe & Zar, 1!)71). Similarl.v,

t3u'amine and other i_dircclly syml)atltomimetie drugs whicli_have the
ability to release en(hGonous n(wa(t.renaline in the vas also inhibito motor

transmission; tiffs inhibitory ctt'ecl, of tyramine is abolished by ph('ntol-

amino or by })re-l_reating the animals witk reserpine (Ambache _t a}.

1972b). Tim possibility lhat, l.Sl) might, a(-t. like tyramine was thcr(,fore
examined; but, it was fou,ld that, the inhibitory action of LSI) on motor

transmission was not abolished by previous reserpinization of th_ 5zuinca-

pigs (Fig. 7). The ('tY_,(divmlcs._ of ros(q'pinization was indicated by tlle : ,:_*

absence of twit('lt-inhilfiti_m wlt_n tyramine, 1-10.g/ml., was admini .... .,' ,:";!
st,ered (first })alml). Neverlh(doss, mot,or transmission was profoundly

inhibited hv LSl), 5 x 10 s _/I,_l., and, as flmnd in normal vasa al_ certain

trah_ lengths, the (h'_ree of inhibition was greater at 10 ilz than al: 40 ilz
and there was no d('lwession by I.SI-) of cont.ractions elicited by 1 mi,i

contacts with l,,'ads'kinin, 0.:25,2/,nl. (middle Imncl). The last l_anc'l (,f

Fig. 7 shows t}mt ;,.Ithou@t Ill(, inhibit(wv tq'fl:cg of LSD was not. al)<flishcd
by reserpinization, it was still &lltagolliZ(X]. aS llStl&l b v phentolamine. ':2

7'he i*d_ibiloq/ _tclic'il,q of ll,e L,'_'D ..dccuie is affected by 2-b,'omo a*.[ ,'
.V-methql ,sM_,stil.lbm iJ_ the; i.dole ri_q7

lnhil)iii()n ()f i,ost-ganxliolfie m()l()r tra_i._mi_sion could tie ol)tainod with
alkaloid m()h.cuh,s in whi(,h lhe in(h)le ri_ g of the 1.vs<,rgic'acid moi('tv is

unsubstituted, e.g. with ergocristine, ergotamine or dihydrocrL4otami_,e ,

:i

'I
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Bradykinin ($) • _' • _ tions of 7
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Fig. 7.Va_ deferens preparation from a reserpinizedguinea-pig; unlike the Other I

tyramine iahibition, the LSD inhibition is present as usual. The twitches ; ofDHE v
were elicited by electrical stimulation at 1 rain intervals with trains of five

1 msec pulses of constant voltage, delivered alternately at, 40 ]Hz (A) or at as great
10 Hz (B) ; the responses were bigger at 10Hz than at 40 Hz. At T, tyramine, presence

1, I0 or 50 Fg/ml., for 4 rain. The middle panel shows the pronounced twitch- adrcnoee]
inhibition produced by LSD, 5 x 10-8 g/ml. ; note the much greater reduction reversed
of the larger responses elicited by 10 ttz than of the smaller responses

elicited by 40 Hz. Phentolamine, 2 x 10 -e g/ml., introduced into thereservoir that DH]
26 rain before the last panel, abolishes the inhibitory effect of LSD, be expect
5x 10 -8 g/ml.; the pllcntolamino antagonism is partriMly overcome by a Other

tenfold increase in the (lose of LSD. At the dots, bra(lykinin contractions , 10-_ g/ml
(1 min contacts) before and during exposure t,o LSD, showing the absence
of smooth-muscle depression during the LSD inhibition. Explanation in i twitches

text. ' _ The eft
10-_ g/ml
by n five

I
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properties i
LSD-inhibilion in vasa from other species mission by

LSD, 10-9-10 -5 g/ml., inhibited contractions of clectrically stimulated pharmacolo
vasa fl'om the rat, rabbit and Merion_.s shawii. In rat vasa, which were of the LS]:

investig:tted in greater detail, this inhibitory effect of LSD was similar to mission. It

that observed in the guinea-pig in that it was most marked for single 5-HT block

stimuli or for short trains of 2-5 pulses (10 Hz) and that it was antagonized introductio_
by phent_lamine, 10-6g/ml; noradrenaline-indueed contractions were ' excluded in

sligl_tly potentiated by LSI) (5 x 10-_ g/ml.). The inhibition of the LSD- one of whi
susceptible component reached a maximum at a concentration of LSD of several tim(

10-_ g/ml. In the rat vas, unlike the guinea-pig, the contraction elicited longitudinal

by single pulses or by short trains was never completely abolished by LSD. present fin(
Similar results were obtained with DHE, except that noradrenaline con- clusion; bol
tractionswereabolished. LSDas5-H

We have already considered (p. 263) whether LSD releases endogenous 1961), yet t
noradrenaline. In the rat vas, because the muscle fibres are more sensitive motor tram,

to the motor action of noradrenaline than they are in the guinea-pig, one The selcc

of the effects of endogenous noradrcnaline released by tyramine is to cause rive of lyscl
a rescrpine-susccptible contraction (Ambache et al. 1972b). But LSD, bypasses tl
unlike tyramine, never produced a contraction in normal rat vasa, in : ergotamine

concentrations of 10-9-10 -5 g/ml. LSD, posse

Some differences between the rat and guinea-pig vas deferens were deferens (B
reported previously (Ambache et al. 1972 b) ; several other differences were been gener_

noted during the present investigation. The first was that, at supramaximal property. _]
voltage, there was much less growth in the tension response of rat vasa ments by tl

as the pulse width was increased from 0.1 to 1 mscc, suggesting that, the of ergotami

motor nerve fibres are of more uniform excitability in the rat than in the , vas, but dc
guinea-pig vas dcfcrens. Tim second was the much greater effectiveness in muscle. Th,
rat vasa of single pulses, which elicited 20-30 _'o of the maximum tension ergotamine

recorded with long trains at 10 Hz, as against 0-7 _/o in guinea-pig vasa. similarity

A third difference was the virtual inscnsitivity of rat vasa to ATP, competitive
10-50/_g/ml. ; this would seem to exclude ATP as a possible motor trans- suggested 1

mittcrhere. raisingthe
The use (

D_scvss_o_ in the mon_

The inhibitory action of LSD described in this paper is remarkable for with 1-20 p

its high potcacy and prolonged duration. This ability to inhibit a corn- by LSD. W
ponent in the post-ganglionic transmission to the vas deferens is shared to this selecti

a lesser extent by other lysergic acid derivatives in u'hich the indole ring transmissio:
is unsubstituted. Lyscrgic deriva1:ivcs are cndowc(1 with multiple pharma- that descril
cological 1)rol)(,rtics, such as the ability to block _-adrenoceptors or to 120-240 ptf
antagonize 5-HT. The present results indicate that neither of these two abolished b

D"
..
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])rol)erlies is rcsponsibl(_ fin' the inhibiti(m of t)()>:',-/:m/lionic motor trans-

mission by I.SI) and that. n now arm }fith(q't(, unrcc()/niz(.d t vl)e of
pharmaooh,/ical activity has to be invoked to a('coup.t ft)r the sui)prc_sion

of the Lgl)-sus(_'l)tibh' ('olnl)one.nt i.,: the p()st-_:tnglionic molor lrans-

mi._sion. It. is abundantly oh.at that this activity is quite unr(,l',tted to ,,_(
b-liT blocking property of 1.81) and its dorivativcs. As mentioned in the

introduction, tryl)tamimwgic motor transmission ill the vas (it.forths was
exohMcd in our ]!revious })al)or (Amba.che & Zar, 1!)71) on sovcral co,rots,

one of which was the observation, which we have contiimcd again
se.v('ral limes during this investigation (not reported in Rc_ults), that llte

lon/itudinal smooth mus(..h- in this organ is insensitive to 5-11'12. The
proscnt thMing.s with mcthys_.r/ide and 330L 14S corroborate this con-

clusion both these dru/s are known to be 4-5 timos more powerful than
r_ r " r, tLSD as 5-11 [ antag()msts in scvct'al s nootn muscle ]n'el)arations (v:,Fer.nvk,

1961), yet. they usually produce little or no inhibition of 1)ost-ganglionic
motor transmission in the vas dcf'orens.

The selection, for the present investi/ation, of the biethyl_m_id_. (h.riva-
five of ly_(,rgic acid, which is devoid of adrcnoct,ptor-bloc'king 1)r(,l,('rti('s,

byl)aSSeS tilt, ]fit falls which aro encounter(:d if crgotamine or dihvdro-

ergotamine is used. The fact, that these t,wo drugs, though wcak('r than
LSI), 1)oss_'ss the ability to inhibit, the motor transmi:-sh)n in tlw van

([(.t)i'(!115 (B%d, Chang & ]rand, 1!)60; Birmingham & \Vils(m, 1!)t;3)has
b(,t,n g(mcndly at.tribut_'d to their well known cz-a(h'enoc('ptor bl(>cking

lw()l)ertv... Tiffs misconccl)ti(m has been remov(,d in the pr(,scnt CXl),,ri- '!!
monts by tho use of LSI), which exerts an inhibitor/action similar to that, _'
of cr/otamille and dihy(h'ocr'_,otamine on the motor transmission in the i!

w_s, but does so without ])roduciu/ any block of :,_-adrenoceplors iI_ the

muscle'. The finding that lh(: inhibitory offccts of LSD and of dihv(Iro-
ergotamino are b:)th antagonized by 1)hentolamine emt>hasizcs th(,ir

similarity all(], su/gosts an identical sito for this common action. The

comi)otitive nature ()f the antagonism b_%ween l)hcntolamino and I.SI) is

' sug/t,stcd by the ol)s_,rvation tha'_ this antagonism was overcome on
rzdsing the dose of l.Sl) (Fig. 6).

The use ()f I.SI) has r(:vcalcd the exist(.nce of two distinct coml>on(.ats il !
in the mon(>ldmsie mot(_r req>()nso evokod b\" i>ost-gahgli<mio ._tim,_]ati(m

with 1 20 i)ulsos; only one (_f thc.-.'c,con:i)oncnt.> is succl,t iblc to it,t:il,it i_m

by LSD. \\'hen we ]mvc a 1)(,tior understandin/of ils precise nl(!cllaliisn:, ,i
this scleclive bh)ck sh()uh[ ihr(nv further light on the i,h/si(_h,.,_.y ()f !:

Irans,nissi:m pr()cess(,s in this tngan. Xeither component (orrcs I, rds l_) !
th:tt, d('scril>('d t)y Swc([in (1!)71), wh_, found that. with hmg trai;:s <,f 51
i21t _-,0°'}>ulacs cad: Iwilct_ was f,,Ihnvcd t)v a sh)w cow,traction which was

ab:)lishcd by a-adrcnocel)tor blocking drugs and by previous rcscrl)iniz:_-
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" tion of the animals. The LSD-susceptible and the LSD-resistant corn- illustrated i
ponents found in the present investigation are both unaffected by phenoxy- at 40 Hz _

benzamine and by rcserpinization. For a more detailed discussion of 40 Hz: if w

Swcdin's (1971) results the reader is referred to an earlicr paper (Ambache o interval bet
et al. 1972b). at 40 Hz cc

As to the site of action of LSD, the rcsults are at present open to several put produc,
interprctations. ]f we assume the operation, in the longitudinal muscle than at exc

coat of thq guinea-pig vas deferens, of only a single non-adrenergic motor _ The seco:
transmitter then a presynaptic mechanism for the action of LSD would _' processes, i

seem likely, t or, if the LSD inhibition were due to a specific post-synaptie LSD_suscet _

blockade of the motor transmitter at its receptors in the smooth muscle, ' 5 impulses
the effect of LSD should not have ceased to be dose-dependent as the into play at
concentration of LSD was raised from 10-6 to 10-5 g/ml." and the antagon-' :, thenature
ism, already manifest at 10-9 g/ml. with short trains, should not have . which woul,
spared the responses elicited by longer trains, at the final concentration of

10-5 g/ml. Another observation which would be inconsistent with a post- : There al;betweenth,
synaptic receptor-blocking action of LSD was the fact that the degree of vas defcren

LSD inhibition was influenced by the frequency of stimulation. In all . deferens pr,
our experiments on the guinea-pig vas the responses to 5-pulse trains were ' (hallucinog(
larger at 10 Hz than at 40 Hz before LSD, but this difference was obliter- 2-bromo-LS

ated or reversed on exposure to LSD. The bigger initial response to therefore, tl
5-pulse trains at 10 Hz would indicate the availability to the muscle substitutior

receptors of a larger quantity of the motor transmitter than at 40 Hz; Shillito & V
if the LSD were acting post-synaptieally at the receptors, there is no reason in chicks c(

why it should have antagonized preferentially the larger amount of trans- dihydroergc

mitter released by stimulation at 10 Hz. Although at the moment,the D ring, witl:

balance of evidence would seem to point to a prcsynal)tic site of action for in any subs
LSD, this question cannot be settled until the identity of the motor The vas

transmitter in the vas is established, study of th
On a presynaptic theory two possibilities come to mind. The first is that isolated pre

the effect of LSI) might be due to a partial lowering of transmitter release central acti

at all train lengths. This could well result in the greater degree of inhibition amine on w
observed with short than with long trains: With short trains, the total used as an

transmittcr output is so low that, when reduced by LSD, it could easily ccivable th_
fall below the threshold level required for receptor excitation. On the other which is am
hand, with long trains there is good evidcnce for an excessive output of and that it
transmitter, because the tension response elicited by 20 pulses at 10 Hz is been demor

usually no greater than that elieitcd by 10 or 15 pulses. The paralytic action on tl
effect of the reduction in transmitter output by LSD would therefore be
cushioned to a considerable extent by the transmitter excess; this would We are in

criticism in tt

result in a lower degree of inhibition than is recorded with short trains, and P. D. S_r
Such a hyt)othesis could provide a satisfactory ext)lanation for the finding,
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