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without effect.The time of onsetwas 1-3 minutes: the effectslastedlwtween 3° and

6o minutes, when complete recovery was usuallyobtained.

The blocking actionof LSD on thesereflexeswas accompanied by an effectof

the drug on tile arterial pressure which varied between moderate rise and pronounced

fall. "fhe latter was not prevented by vagotomy and atropinisation, and apl_,ared

tl,.r+-fore {a direct vasodilator effect of I.SD being excluded} to det_'nd on at diminution
+)f !:,.ntral vas+)m+)t+)r tone.

"fh,: fact that l+._l) induced changes in systemic pressure made it difficult to assess

th+. mcchani,m l)v which it rcduct,d tilt. carotid pressor reflex whosc atctuall size is

partly r,'lated t<) the t)rt.ssur, . level at the time. Any influence, chemical ,w physical.

which lowers the l)h)+)d pressurt, within a certain range will of necessity reducc tilt.

rc_,l)_)llSc to carotid occlusion.

"fhi_ r,'sl)<)nst' i, a composite phenomenon consisting of tilt. dt,cn,asc .f tilt.

im..,sun.-d,.pcndcnt I)arorrcel)tor inhibitor tone atn(I the initiati,m of chcnlt)rcccl)tt,r

di,chargt.s thu. It) tilt. hyl*)xia omdition, developi,tg within the car,)tid b,.Iv during

clanlphl R {V()N EI+I.I.R AND ].II+JI-slR\NI)2; I.ANI),;REN AND NI<II.IN}. Ih*lh t+x'cnl ,,

in,'r,.as,, th,' a,'tivitv (+f th,' mrdtlllarv vasomotor centre resultin_ in tilt + prc-.',lllc I'i',t'.

"l'+,t.lucidat,, this l)<)int further, tilt' two contp, mcnts of tilt. rrlh.x xv,.t,, ..,'l)arat,.,I

I_x"alh P_','_.+[llR t h_ + :{Ililllatl t( ) I lrq'at h,' air and purc oxyRt'n alternatclv. [ "ll(hT _)%_,'R_'ll llq)

Iivp_xia can ,h,v,.I-I_; then'fore, only the bart_recept,)r rt'sptmse is h'ft. Tim difft+r,.l|C, .

ruth,, height ,d" thc lWt.ss.r reth'x during air and <lxygvn breathing, r,.vcalin_ th,. part
plax'_'d by th,. clu.nl,_n.ceptors at the time, was ab<_lishcd by I.%!) indh'ating an int,.r-
ruplhm ,_f the clwmorvceptt_r pathway. The remaining I>ar, m'cept.r rvlh.x, h.wt.v_.r,

_;l', frc<iU,,lltly rcdllced _Dr al_olished as well, but this i_,rmitt,,d ll,) t:l)llchl.,i+)n as tl,

_vhcth,'r the Imroreo'pt,w pathway itself was also bhmked or wh,.th,.r th,. rt.du,'ti.n

,w,urr,+d simply as at cl)nse<lllcnce ()[ at fall in systemic pressurv. Th,. al),)lititm <)f Ill,.

,.ht,nl,_rcccl_tor COllliX)llent ()[ tht + occlusion reflex was always atcconll_anicd IJr the

di,al_l_.arancc t,( th,. prc_.qtrr rise elicited by close arterial injt.cti<m ,,f ni,',,tin,. ,,r
i_ta_._[llnl cvanidc to tilt' carotid chcm<)recel)tors.

SIIch till ,'Xl_'rimrnt is shown in Fig. x. The carotid <)_clusitm rt._l)_m,,, wa, ill that

t'.t-C prt.dolllinalltly dut. t4l tilt +stimulation of tilt' chcnlorccel)tor_ I)v llXVgl.ll la,k ,in+',.
it dwindlcd to at small rest during oxygen breathing. Aftcr an i,|j,.<:tion .f _,oo _,g ,,I

I.SI) intoth,' lat,.ral vcntrich.-f the brain the large cht'mor,.o.t_t,,r COml)on,.nt o| th,.

rcth, x and. all the same time. the rrsl)onse to nicotinc xverc block,.d.

A deprt'ssor rt,s|_.)nse to t.h,ctrical stimulation of ont. carotid sinu., n,.rv,, mv<,lv+._

nt't,rones arising from baroreccptt)rs (rely. This resl)_m._, wa_ not _Ulq_r,._,-,I I,v I.Sll

ill at tlo-e which ab,,li-hed tilt' prt.-<,,r n._l_)n<e to carotid ,,c,:lu.i,,n. In ,.xl,irim+.l_t,

x_herc rh'ctrical -timulati, m ,,f ,mc .inu_ nerve was follow,.d bv a blood l,r,.-.ur,, r,.,-,
1.SD cau_,t,d a con'_cr-ai*,It o[ thi- prv>>or into a dqm-_,,)r r,--t,on,,.. "1h,+ ,l,,.t,,,,-

rctt.ptor imlmlx,s which pr_.don_inatt.d t_.fi)rt, l.sl) was tgivt.n, _,:r,. bl,,,k,.,t, and lhul.

in_pul_.'- t.licitvd m baror_'ct't_tt)r- fit)rc- during ,timulation ,l,-t,-rmin,+,l th,- ,Jr,, t t,,vv
ob_.rvt.d ttI1NZI-I la..

Injection ot 1.._1) into tht. car,,tid ,inu, did not dimini-h th .... x,:itabilitv ,,t th,.

rt.crptors situatt.d th_.rv, m ittwr dnd LSD affect the peripheral part ,,f tL,- ,.tf,.r°.nt

path_ay of the tvflt.x. 1.5I) _va. _t*ll t.ffcctive in blockina th, + ch,-m,,r,-,,+t,t,,r r, tt+-x

_ hen the brain >tim _as _.vert-d at intercollicular level. The ,:ff,:ct. D,_,-'_,-r al,t, ar*.d

Iht.n to b,: dt.l,.nd_ nt un thv pro-x-nee of chloralose.



II:_ I t .tl .. I k_ ( h[,,l.ll_,_c ,Ilhlc_.thc_lll II,,th _u'.U _ ul \tlIl:, l,d l,'-Iul,_!: m II,p', tl,,;j- , u, }, ,i
tl_ L,I nl<,,tln_" ._I N, lllI_, ri_hl _-arlltitl _.lllll_ rc_l,_n thr,,ll_}l _l q,tnlltl],t 1.1_._]lIll,, Jln'.'ll_tJ ;lil_.i'.

I¢_'t'otd- Item al_o_ c are: I{h_od pres._tlre ifent-ral ¢lrtcr_ Ill mm 1t,_ In;irk, lwhc ;_tln_ p-n,,,l-,d ,,x-

_gt'n I_tc,lthlng injection marks: and while bar_ lndi_iitinl_ the ¢lilnllun_ ,,t both _ll_ll_,,l] , ar,,tld

.trlern'_ |or |j_ _t'cl Illtlt" ill :Io _;eC. White dot mark_ injcctv,n .f 2_o/_l_ I.SI_ rot,, lat_.ral _,.ntrv I,-

,,t bt.un I'he rcspon_.s, bh_cked by J..'41"l. are fully rt*st.red al_,,ut half an h,,ur aft_-r th,. ml,._ tv,n

1:112. 2. (;lllIIt'iI-pl._ ilellnl preparation suspended in 50 nil Tvr,,de _ohm,,n "lh*. ilpp*:rtr;tllnl/-

rt.prt._.t,nt tilt, _'t_tlllges ill intestinal volume, rect_rded by mean_ ,,i a piston rec,,rd*-r ,-ach do_ n_ard

_lt,jectlon slgnlties tillin,_ t,f tile lumen, each upward dejection expnl_i,,n ,,f tile fluid "lh,. l,,'._.r

record shoxx.., the contractions of the longitudinal nltl_,dc. The perl,taiti_ refl_:x x_a_ _.hcit,.d I,'.

r.ll_Itlg tilt. lntr.lhlnllnill pressure to 2. 5 cm. Each _,f tile f,,ur ,ectv,n, ,,I the" tra_ Inl_ ¢.ontam- ;:

t'ontro] rettcx ilntl tile rellt, x ill tile pre.-,.erlce of a I)lockint[ o,mp, mnd i.?4II in a c_*n¢ _-ntratlon ,,4
to t. |_;O1_-14_ 5.1o _'. 5-HT ,_.lo :. I_lt_-namine lJIll 1o *
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The above evidence suggested a specific central interruption by L._D ot the
carotid chemoreceptors -- medullary vasomotor centre(s) -- sympathetic v&¢oconstric-
tot fibres-reflex.

BOL-I48 exhibited a similar blocking action when injected into the lateral
ventricle, but wa._ about half as potent as LSD. Lysergic acid pyrrolidide, PLD-S24
which is also devoid of mental effects, was equipotent with LSD. Of the two psycho°
logically active derivatives tested, the lysergic acid monoethvlamide, LAE-32.
possessing only a tenth of the psychotropic potency of LSD, surpassed the reflex block-
ing effects of the latter by 2-5 times whereas the i-acetyl-lysergic acid diethylamide,
ALD-52, failed to exert any of the demribed blocking actions. Thus correlation was
lacking not only between the mental and the reflex blocking effects of the._ _sul_tances
but also as regards their anti-5-HT properties (Table I).

TABI.E I

I's),ck*_wop_ 4_I _-HT Biodti,_ tflect Blocki_g fffec!
acttoa at, _ ompat_ala_

aaw. fmt .t_l) _t_w.r** m/A,,

I._I )-z.,_ 4+ i " t i

• l
l_)l..u4_ o n.5 -- :

,-x,

1.._1__3_ -+ { I ) I .

I t
I.l'l I-S.' 4 u. 1

2o

I
.%1.1)-5, 2" o (5oo FI) Io

I I

.Ml.I)+41 3.7" to -5

I
Ergtitamine o 5

ihhyt|rtwrgotamine o __1§ 0 (lO0/lg) -I
4 5

liii_namtne + n- I § n

t'hlorptxlmaline + I t to i4

1
5-HT ÷ o(I rag} to

tO

The figures exprt_*t the relative putency of the $ul3_iaa¢_. referring to that of LSD aq J.

• I_o_| communication.
• (.'iILITTI AND Ko._zIt'r |

GAt_t_t'l rt _ I

Vos Et'LEa ._.XDSCHmtEItL(_W3 have sho_tat that ergotamine inhibited selectively
the carotid baroreceptot reflex. Confirming this. it was _-ed that the remaining
part of the carotid occlusion response alter a ante_ of LSD which blocked the chemo-
Rtttirli,+es p. 5o.
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receptor reflex, disappeared promptly when ergotamine was injected. Also the baro-
receptor depressor reflex could then no longer be elicited. Thus two alkaloids of the
same family, both containing lysergic acid as basic building stone in their chemic.a/

structure, appear to have a specific blocking effect on either a chemo- or a baroreceptor
reflex pathway.

5-HT was administered to the ventricle in doses up to I mg but neither influenced

the reflex responses as such nor prevented or counteracted their inhibition by LSD.

5-HT has, however, been reported to stimulate carotid chemoreceptors (GISZEL A._D

KOTrEGoDAlS; MCCUBBIN, GREEN, SALMOIRAGHI AND PAGEI*). This peripheral

stimulant action was abolished by local injection of LSD which left the chemo-

receptors otherwise sensitive towards nicotine and the psychological stimulus of
oxygen lack (GINZELIt).

Chlorpromazine, which had been shown before to interfere with vasomotor

responses (DAsGUPTA AND WERNER4), Was found equally effective as LSD in blocking
the vasomotor component of the carotid chemoreceptor reflex when the intraventricular
route was used. No such action, however, could be observed after intravenous in-

jections of doses (up to 2 mg/kg) which did not yet affect the efferent limb of the
reflex.

RESPIRATORYREFLEXES

Respiratory responses arising from the carotid chemoreceptors were not selectively
blocked by LSD. An overall depression of respiration occurred after LSD which still

permitted distinct although correspondingly lowered responses to intracarotid in-

jection of nicotine or potassium cyanide and the breathing of 5 °o carbon dioxide.

It is interesting to note that LSD thus distinguished between pathways origin-

ating in the _ame peripheral receptor organ, leading to two differeot central autonomic

relay stations, the respiratory and the vasomotor centre.

PERISTALTIC REFLEX

Two considerations determined the choice of this particular preparation. Since the

demonstration of the blocking action of morphine and all strong analgesics on the

peristaltic reflex of the guinea-pig ileum (SCHAUMANN, GIOVANNI ANI) J(N;HUMst)
experimental evidence has been accumulating that the nervous system of the gut
reacts in some respects similarly to the central nervous system, and may thus serve -

with due limitation--as a less complicated model of the latter. It seemed therefore

worth investigating whether a compound so highly active on the brain &s LSD would

influence the neuronal network underlying the peristaltic reflex.

The second suggestion came from a different directioh of thought. We are still
puzzled by the high amounts of 5-HT in the intestine and do not know whether this

substance plays a role in the physiological function of the gut or not. If 5-HT is

e_sential for the intestinal'function, an effect of it on the peristaltic reflex might be

expected: the mine should then apply also to antagonists to 5-HT, and there we

cross the path of LSD again.
Piect_ of the guinea-pig's lower ileum were removed from the freshly killed

animal and mounted in a 5o ml tyrode bath at 37: according to the method of

Re/e_cnces p. 56.
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TRENDELENBURGu. The bath _cs aerated _'ith a ul_xture of 95 °o oxygen and 5 °o

carbon dioxide. The peristaltic reflex was elicited by raising the intraluminal pressure
from o to 2 or 3 cm HsO.

The first response to intraluminal pressure rise is a shortening of the longitudinal

muscle fibres termed by TRE._DELE._BUR6 as the preparatory phase. When a threshold
value of about L5 cm is reached rhythmic contractions of the ci'rcular muscle layer

ensue, spreading as peristaltic waves from the oral to the aboral end of the gut. This

second phase was called the emptying phase.
It was found (GI_ZEL l*) that LSD abolished this emptying phase of the reflex.

while the preparatory phase remained unimpaired (Fig. 2). The effective concentrations

ranged between zo 4 and 5.xo-*. BOL-t48 blocked the peristaltic waves in even lower
concentrations (5.zo -7 to 2.IO4). LAE-32 had about the same potency as LSD. whih,
the methyl- and acetyl-derivative of LSD (MLD-4z and ALD-52 rt_pectively) were
less consistent and generally weaker active on the reflex. Ergotamine and di-hydro-

ergotamine inhibited the emptying phase in concentrations of about xo-t (Tabh' I).
In order to find out whether the blocking effect of these compounds was related

to their chemical configuration or to their anti-5-HT action, other potent 5-HF

antagonists of different structure were tt_ted. Dibenamine. which is a potent antag-
onist of 5-HT ((;ADDUM. HAMEED, H.XTHW?,YAND STEPHENSt), blocked the emptying
pha.,a, of the reflex in similar concentrations as LSD (Fig. 2). Chlorpromazme, which

po_m.'.'.'x_esaim considerable 5-HT antagonistic effects (GYERMEK, I9552 BI';._DITT ._,_l,
RoWI.EY, l(}Sbl, exerted a powerful blocking action: concentrations as low as zo it
were sometimes suf_cient to inhibit the reflex; sometimes, however, concentration,,

of to a to to 4 were rtaluired. No explanation could yet he found for this great
variability in m,nsitivity. Chlorpromazine also impaired the preparatory pha._,, some-
timt,_ even at an earlier stage than the emptying phase.

I.'sually the paralysing action of these compounds on the peristaltic reflex de-
crt,_ed during the course of an experiment, which made it difficult to d_,termine d(_'-

rt.,sponse curves for them. substanct_. A further dif_culty in comparing the._, blocking
compounds quantitively resulted from cro_s-to|erance which seemed to develop. The

figures in the table must therefore Ix"regarded as approximate values.
Cocaine and tubocurarine IFELtree R6 .',S D L Is4) and hexamethoniu m (P._,Tc_s .*,Ni,

ZAIMIS Ira) block the emptying pha,_, of the peristaltic reflex and abolish at the same
tinge the responm of the longitudinal muscle to nicotine and barium chloride ;theeff_.cts
of the latter substanct.',_ on the guinea-pig ileum are mainly of ganglionic origin

(FEIDIIERt;t), All the blocking substances investigated here inhibited al._J the ore-
tractions produced by nicotine and barium chloride in concentrations which paraly_.d
the peristaltic wavt_. They did not reduce or only slightly reduced the contraction

elicited by acetylcholine; chiorpromazine, however, frequently antagom_d the action
of at't,tvkholine as well.

LSD and PK3L-148 were then applkx[ bv close arterial injection to the superior
cervical ganglion of the cat. No block of transmission in this gat_lion was obse_'ed

and neither substance diminishett the depressor effect of perip_ vagus stimulati-m.

_ne has likewise been shown to lack a peripheral ganglionic blocking
action (Hol.z_t'Ei_ A._D Vt_Tm_. These findingssuggestthat the similarity between
_x_methonium and LSD as to their effects on the guinea-pig ileum is not based on a
similar mechanL, ma of action.

Itr_,-**r _e.
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All 5-HT antagonists so far tested were found to block the peristaltic nix. This
finding thus raised the question whether they do so by interfering with a medmaism
dependent on 5-HT.

An effect which is produced or mediated by $-HT is also counteracted by $-HT,
when applied in larger doses. For example, the contraction of the gulnea-l_g ileum
elicited by 5-HT in a small dose disappears after large doses of $-HT or tryptamine
(GADDUMa).Responses of the smooth muscle to other stimulant substanc_ howard.
remain unaffected; this led to the postulation of special "tryptamine receptors" and to
the idea that saturation of these recept0rs by 5-HT or tryptamine abdisl_ the action
of either substance. If the above consideration is valid, excess of $-HT should then
interfere with the reflex in a similar way as 5-HT antagonists did.

Indeed, it was found that 5-HT blocked the emptying phase of the reflex (Fig. a).
The concentrations varied over a wide range (from xo-7 to xo-_) in ditterent prepara-
tions and tolerance developed easily with repeated exposures of the organ to the drug.
The initial shortening of the muscle remained unchanged as with all $-HT antagonists
apart from chlor_omazine. In contrast to LSD, however, the nicotine contractions
were not suppressed when the peristaltic reflex was paralysed in the presence of 5-HT.

The blockade of the reflex by $-HT developed regardless of whether the blocking
dose of 5-HT caused a contraction on addition to the bath, or failed to do so owing
to the desensitization of the preparation by the preceding doses of 5-HT.

The findings that 5-HT did not interfere with the preparatory phase agrees with
an earlier observation by KOSTEI_LITZANDRomssos tT, who studied the mechanism
of the longitudinal contraction elicited by raising the pressure in the lumen. During
the preparation of this manuscript an article by these authors appeared (KoS_aLtTZ
ANDROBINSON17)which contains results on a blocking effect of 5-HT on the emptying
phase of the peristaltic reflex.

LSD blocks the reflex in a dose which does not abolish the contraction due to
added 5-HT. 5-HT, in a certain dose range, can block its own effect without yet
inhibiting the reflex. BOL-148 suppresses both at the same time. If thus the $-HT
antagonists should exert the reflex blocking effect through their anti-5-HT action,
two different receptors of $-HT in the gut must be assumed: one of them may play a
part in the peristaltic reflex and be blocked by large doses of $-HT.

CONCLUSIONS

LSD has been shown to block vasomotor reflexes by a central action, probably heiow
the intercollicular level, and to inhibit the emptying phase of the peristaltic reflex
in the isolated guinea-pig ileum.

Both actions, however, are unlikely to have any beanng on the effects of LSD in
man, including those on automatic functions, or to involve a mechanism similar to
that underlyinqgthe mental effects of the compound. The reasons for this are as follows:

The concentrations, of LSD required to cause impairment of these reflexes are
cousiderably higher than those that can he expected to occur at the respective sites
in man after ingestion of so little as 5o-loo/_g of the substance. In contrast, the con-
centration of morphine that blocks the peristaltic reflex agrees well with the value
calculated for human tissues alter administration of the drug.
Re/ereNcesp. ._6.
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Furthermore, the obse_-ed blocking actions were not limited to LSD but could
al_ be obtained with derivatives of LSD which do not produce mental changcs'.

However di,,appointing these conclus/ons may be. the lack of pos/ti,'e information
towards the initial aim 0t this investigations a'as well compen_ted for bv the rid-
lowing two findings:

z. The action of LSD on the carotid occlusion reflex constitutt_ a specific action
on tile chemoreceptor comDonent of the reflex; ergotamine, however, though deriving
fr, m the _ame chemical structure, predominantly affects the baroreceptor coml_)nent
o{ the reflex.

Thus it appears possible to differentiate by pharmacological means between
pathways connecting either two different types of peripheral receptors to one central
neuronal pool as it were : the bare,- and chemoreceptors to the vasomotor centre
or. with regard to the lacking effect of LSD on the respirator, chemoreceptor reflex.
,,he s*.t of peripheral receptors-the carotid chemoreceptors--_4th h,,o different
central sites, the re_,piratoryand the vasomotor centres of the medulla.

2. i.SD blocked the pemtaitic reflex and so did other 5-HT antagonists with or
without chemical relationship to I..'::,D.The blocking effect resemhbd that o( hexa-
methonium but noganglionic blocking action was revealed when tested on the superior
cervical ganglion.

5-HT. which can counteract its own actions by desensitizing the respective re-
ceptors, also hlocked the emptying phase of the reflex.

Thus a new group of substances can be postulated which act on those neuronal
circuits of the guinea-pig ileum that underlie the rhythmic contractions of the circular-
mu_le resulting in peristaltic waves.

The evidence would tempt one to speculate on the possibility of 5-HT playing
a latrt in the peristaltic reflex.
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SUMMARY

The etl_-t o1[ I.SIL:5 has been testes1 on ._ dtflet't_t _ of autOmml_, rt-flexe_ va_,,m,,t,,f
rmptrat_w 3" and mtvstm&l

V_3tqr_kw I_qooo_e_ such as to/lowml sumulaUoe o4 al atJelm,e_t rlmrve, amphyxla, catr,,tw!
•_."_tm Lw car_1 chem_srt,_1_tor excllala_m w¢_ su_ by 1oo-zc_ jag I_Mj-,c_ m)_.t_l

UIIO the httt't_l] s'csl_k _ oi[the C'AI'S_ .kn JUII.,iJ)'SIS O_ the _ O0 _ II_L'_l_l_-,_ thr.,uKh

the cmx_tld sinus aerie led tu the coocl_ that the _ pathway apt:_trt t_ I__
aetectt,_h- blocked by I_gD-;_ centraJh bekm the mte.nxdllx'_ k-veL ]'ha tt ah,, tru¢ after
|latrlt_.lto_s a_bot; of the dr_g

Rr!e_em-rs p
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N,, Sl_ihc interruptu,n of a chemoreceptor pathway could be detected _lth realmmtor_.."

resw,nses arising from the chemoreceptors An overall depression of respiration occum.d after

I.%l)-z5, which still permitted distinct, although corresp_mdingly lowered responses to intraeatx_tid
injection of nicotine or potassium cyanide and breathing of 5 °o COt.

The lmristaltlc reflex constitutes an autonomic neuronal circuit m'hich may in several rcspt_ts
_.rve as a comparatively simple model of neuronal networks of the brain. Employing the technique

,,f "l kENDELENBt:I_G, the Ix'ristaltic reflex was elicited in the guinea-pig ileum by raising the inteR-

luminal pressure. I.SI)-25 was found to inhibit the emptying phase of the reflex, and supp_ the

reslw,ns_ tJf the intestinal muscle to nicotine at the same time. Though this action resembled
t Iosch" that of ganglionic blocking drugs, I.SD-25 had no ganglionic blocking effect when tt_ted

,m the superifw cervical ganglion.

The reflex I,hmking effects of I.SI)-25 as described alcove were al_ pr, sluced by other derixqt-

ttvrs of ly_'rglc acid. independent of whether they have any psychological action or not. More_ver,
_ hl,npromaztne was found to have the same reflex blocking effects as I.SD-25.
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