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PHYSIOLOGY

, ° A Central Action of 5-Hydroxytryptamine --__
and Noradrenaline

Tm_ experiments reported here were basod on the

?observation that an intra-carotid o1" intravenous _i,_ E ,_ bl
_[r_jcction of d-lysergic acid (liethylamido (LSD-25) !_1
depresses the transmission of orthodromic impulses _ "_'_'_?k ,,_'_"
through the lateral geniculate nucletts of the cat 1 _.taa.,,._u._uut_,_._

The nature of t,hi_ depression suggests that LSD.25 C F I
can compete with the excitatory transnfitter for '_ '_

_est-synaptic receptor sites. Consequently the
lmm_ antagonism between LSD-25 and 5-hy_droxy-
tryptamine (5-HT) at receptors of smooth muscle2
indicates the possibility that the as yet unlmown Fig. 1. Spike rc_ponscs ofa single neurone in the lateral geniculatenucleus responding monosynaptieally to a contralateral optic
e_trai excitatory transmitter might be related to nerve volley (A, D, G), antidromically to a stimulus to the ipsl-
5.tlT. It is probable that the failure to demonstrate lateral optic radiation (B, E, H) and repetitively to L-glutamie

acid (C, F, I) which was applied from one barrel of a five-barrel
an action of 5-HT on these neurones _ was due to the electrode using an anionic current of 100 mzamp. After the con-
blood-brain barrier, which is relatively impermeable trolresponsesA andB, acurrentof20mt*amp, passed cations from

an aqueous solution of 5-lit ereatinine sulphat_ (pIt 3-3) for 12 see.
to this substance s. The responses D and E were recorded 5-7 sec. after the current

In the present investigation, 5-HT and a series of started and O and H, 5-7 sec. after it terminated. C, /_, I were
recorded with lower amplification (all spikes are approximately

sta-ucturally similar compounds, including some o.5 my. in amplitude) in another series: C, control; F, gl see.
catecholmnines, have been applied electrophoretically after a current of 20 m_amp, passed 5-]tT creatinine sulphateinto the environment of the ceil. At this time orthodromic
to single neurones in the lateral geniculate nucleus of responses were suppressed. I, 2 rain. after the 5-ltT application
a cat anaesthetized _vith pentobarbital. The direct ceased, the orthodromie responses having recovered fully.
extracelhflar application of drugs circumvents the Time, msee. for A, B, D, E, G,beneathHbeneath1H; 10 msec. for C, F, I
blood-brain barrier and the actions of four different

compounds could be compared on single cells by the determined by the magnitude of the electrophoretic

use of five-barrel electrodes _. The spike responses, current necessary to block the excitation of single
0.2-1-0 inV. in amplitude and of negative-positive cells within a given time. The other agents were less

voltage sequence, were recorded by means of the effective, the descending order of potency being
central barrel of the electrode, which contained 4 2ki tryptamine; bufotenine; LSD-25, psilocin and
_dium chloride.. Most substances were passed an psilocybin; 3-hydroxytyramine; noradrenaline and
cations from saturated aqueous solutions ofpH 3-4. adrenaline; BOL-148. The latter compound had a

These included 5-HT crcatinine sulphate, tryptamine, very weak action. Several experiments were carried
bufotenine, LSD-25, 2-bromo-LSD(BOL-148), psilo- out to test whether BOL-148 interfered with the
eL16, noradrenaline bitartrate, adrenaline bitartrate effect produced by 5-HT and no antagonism could be
and 3-hyclroxylyramine. _.-Glutamie acid and ])silo- detected. In addition to being less effective than
oybin z were applied as anions from solutions of the 5-HT, some of the other active compounds were
sodium salt at pit 8. more prolonged in their action after the applying

When an electrophoretie current was used to apply current was terminated. Thus the recovery fl-om an
cations from a saturated aqueous solution of 5-HT application of LSD-25 using an electrophoretic

oreat inlno sulphate, there wa_ suppressiol_ of the CUrl, Ont, which produ(,f'd depression in _0-40 ._e,
orthodromic responses of neurones which respnnded often took 10-15 rain.
monos}maptleally, and occasionally repetitively, to Several conclusions can be draws fi'om these
an optic nerve volley. Such was not the case when observations.
the electrode contahled creatinine sulphate instead The failure of 5-HT to affect either the "mtidromie
of the 5-t{T creatinine sulphate complex, hence it is fn.ing of these neuronos or the firblg evoked by
reasonable to assmne that the depresskm observed L-glutamic acid indicates that 5-HT does not si_ific-
with the complex was due to 5-1LIT. Tiie latency of antly modify the membrane conductance of the eells.
this effect was reeipl'oeally related to the magnitude Thus it is very unlikely that it was combining with
of _he electrophoretie current aud for eurrcuts of the sub-synaptic receptors of inhibitory s.vaapses and
20-100 m uarnp, was about 10-2 see, Following the activating, the associated receptor membrane, or tha_
termination of t.he current flow the spike responses it was depressing the electrically excitable membrane
recovered in 5-20 see. \Vhen z_-glutamate was of the ceils in som_ other fashion. It is probable thal

applied from another barrel, the excilation of f,he the depression of the orthodromie responses was due
nem'ones, measured by the frequency of th,_' flu'ing to a reversible interaction between 5-ttT and the
evoked by the :maino-aeidL was m_dter(_d by 5-HT. receptors at exeitatory synapses which are specialized
Furthermore, the antidromie spike respons,'s of these for the transmitter released from the optic trae_

neurones, evoked by stimulation of the optic radiation terminals. }towevcr, the possibility that 5-HT was
baneath the ipsilateral gyrus marginalis of the cerebral dopressi_g the release of this transmitter cannot be
cortex, were unaffected by 5-HT. These actions of excluded until the transmitter is identified and applied
5-ttT are illustrated in _Fig.1. to the synapses.

All the substances mentioned here, except creatin- The antagonism which is exhibited between 5-HT
ine and L-glutamic acid, bad actions identical with and the other compounds, when tested on smooth
_l_Oso of 5-HT. Although it is difficult to compare muscle, was not apparent at these central synapses.
various substances quantitatively by these electro- Indeed these 'antimetabolites 's had actions similar
pl_retic techniques _, an approximate estimate of the to that of 5-HT. Presumably all these depressants
potency of the compounds can be given. 5-HT was interacted with the same receptors, the potency snd
4_he most effective depressant of these cells, as the duration of action of a particular compound
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t-:: " t0eing determined by the stability of the drug-receptor arginino and lysine vasopressin (Titressin'), infused
I _' complex, at the rate of 12 millitmits/min., had two types
]i The possible interaction of these substances with of effect. At urine flows lower than 1 ml./min.
i]: _ _post-synaptie transmitter receptors suggests that the there was an increase of water, sodium, potassium

i excitatory tronsmitter acting on the lateral genie- and chloride excretion per unit of time (Fig. la).

• ulate neurones might, be related structurally to At flows greater than 2 ml./min, there was a rcduc-
them. Experiments are proceeding with a largo lion of flow of m'ine and inerea.aed output of
number of indoles and catecholmnines in order to electrolyte. The osmolar excrotion-r-_to incre_ed at

i determine those strueturM features necessary for a both high and low levels of urine flow under thecompound to interac_ with the transmitter receptors, influence of vasopressin. This occurred both in the
Grateful aelmowledgment is made for the following field (the tropics at 21 ° S. latitude) and in the

gifts. 5-HT ereatinine sulphate, c,'eatinine sulphate laboratory. Durinv diuresis the osmolarity of urine
and bufotenine (Dr. 5f. E. Specter. The Upjohn Co., wa_ 100-200 m.osmol./1., and at low flows it was
Miehlgan), LSD-25 and 13OL-148 (Sandoz, Ltd., 1,400-1,800 re.camel. Vasopressin produced urine
Basle), psiloein and psilocybin (Dr. Hofmann, between 500 a.nd !,700 m.osmol./1, ahvays more
Sandoz. Ltd.). concentrated th_,,n plasma.

D. 1{. Cur_mIS Lysinc vasol)rossin gave identical results. Although
i{. Davis vasoprcssin does not produce the changes of m'ine

Department of Physiology, flow found in a, hot enviromnent, it. could contribute
Australian National University, to the sodium excretion which can occur in such

Canberra. circumst_mees. A_tboth high and low rates of urine
' Evarts, JR. V., A_n. N.Y. Aead. SoL, 66, 479 (1956). Bishop, P. 0., flOW, vt,.sopr,,ssbi incro_sod glomorular filtration

Burke, W., Davis, 1L, and }Xayhow, W. It., Trans. Oplghal. (me_,surod by ere_,_tinine eleararteo)so that. differences

See.Austral.,20, 50 (1961). in rein'el dvnmrtics do not aecotmt for the phenomena.: Gaddum, S. H., lIamced, K. A.. tIathway, D. E., and Stephens,
t,'. F., Quart. J. Exp. Physiol., 49, 49 (1955). It ,qppeavs that the effect of the polypeptide is on

3 Woollcy, D. W., in Hormones, Brain Function and Behaviour, edit. electrolyte movements (mainly potassium) in the
by lIoagland, H. (Academic :Press, 1957). tubule.

* Curtis, D. It., and Eccles, tl. 5[., J. Physiol., 141, _435 (1958}.
Curtis, D. R., and Watkins, J. C., J. A'eurochem., 6, 117 (1960). Infusion of adrenaline at a rate of 15 !.gm/rain.

lIofmann, A., TIeim, 1_., ;Braek. A., KobeI, 1=[., Fray, A., Ott. ]t.; into sheep with urbm flows of 0"4-1 ml./min. (Fig. lb)
l'etrziika, Th., aud Troxler, F., Helv. Chim. Acts, 42, 1557 (1959). led to excretion of 3-6 ml./min, of water with no

increase of e!ectrolyto output. In partially de-

Hormones and Electrolyte'Exeretlon hydrated animals there was little effect on water
- flow. Noradrenaline infllsod at a rate of 5 _xgnn./min.

in Sheep increased water, sodium and potassinm excretion.i
ME,rive sheep in hot environments effectively The afflict of adrenaline in increasing water excretion.

reduce the rate of excretion of water but that of i_ tlm oppo_it, nf thn,t_ found during dehydration,
s0dltm_ altd. potassium may not change, and often Aldosterone increased the re-absorptlon of sodium in
increases during periods of dehydration _. Renal sheep given salt supplements (Fig. lc) but it did not.
hmmod)mamics may be coneenled in this adjustment increase potassium excretion as in carnivores or
of kidney flmction but endocrine activity has been man-*. There was no change in pH and little in
examined in the search for possible mechanisms, water output under the influence of an infusion of

Merino ewes were accustomed to life in metabolic 10-300 lzg_n, d,/-aldosterono in the course of an
cages on a fixed feeding regime at room temperatures hour.
between 22 °aud 24 ° C. Electro-

lyte excretiou was followed [throughout periods of 36 hr. using VASOPRESSIN ADRENALtN ALDOSTERONE

Ioneookp ;.......
mens at ½hr. intervals. There 70o I..'_ ,i ,,-';,,, ] ,,[',..... ,
was considerablevariation in ex- [
cretion, mainly following morning see
feeding which produced a rise in soo [ '''-_E/MIN r.K_.!

sodium and potassium output by doe I ! c,' ...... "" :clay and a low rate of excretion 30o .'" i -._ i "" '-_'! •
at night. Sheep were therefore :-: : :==.+,-; :'r' _"
trained to take lucerne chaff dur- 20o --i i[[l :.i r_:'__ i-,.E.... _.r':{ "-
ing a period of 3 hr. between ,co __..: _, "_ ...... _' ...... _i: ....
10 a.m. and, 1 p.m. It was

observed that within 20-30 min. _ ':_t': " ...aft/.- --_
of beginning to feed, normally_ us,._ il/[ /

alkaline (pH 8.2-8.6) urine became _/_*" __Iv .....

acid (pH 5.2-6.6) for about I hr. " ......... rk

_,Vhilo /'ootthtb_ conthmed (Fig. h,.) * J[[YCt,heurino,'eturnedtoapHof8"2. ,........... ' i _ ...... _ , I, , ,
Productionof salivawith a high a b e
bicarbonate content could leave
the blood depleted of alkMi and. Fig. 1. Infusion of hormones intravenously in sheep resulted tn urine excretory changes,those for potassium, chlorine and sodium being shown in tim.upper panel while water
an acid urine could result, and osmolar excretion are simwn below, a, Lysine vasopressin (12 milliunits/miu.)

Infusion of small alnoullts of increased low urine flow and decreased high urine llow, but osmolar aud electrolyte
flow increased in both. b, Adrenalin (15 /*gm./min.) caused water to be excreted, but

}torn/ono intravenously over an electrolytes were lost at a slower rate. c, l)uriug feedillg, urine pH fell, but, rttpi, lly
hour WaS llndertakon. Six hor- returned to the normal S.2-8.5. Ingestion of sodium chloride in 2-gin. aliquots increased

sodium excretion and this was reversed for 4 hr. by 0.5 #gm./min. d,l-ahtosteroue.

lIIones were exmnined. Mixed Excretion of potassium was not increased by this substancei


