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Director of (linical Rest.arch. Ea_Iern Penn,)Ivania P_,ychiatric ln>litule, l'hila,h'll,hm, I'a

l. our descendants should cvcr look back at the present era

in ps.vchiatry, the) would probabl)- call it rhc age _}f

ps)chopharmacoh_g)-. Scientific intcrcst in drugs withmental actions has bccn mounting rapidl) in the last five
e,_a to ten )cars. \lcctings. conferences and symposia have
mt,ltiplicd in parallel. ()n the ph;mnacoh,g) of a single drug chhw-
promazinc. :it least 26z t_apcrs have appeared between 1954 ?.nd 1956.

Aldmt,_,h_ 1 am not runnin,,_ for election, l proposc nevertheless t,} take
the high road tonight. The material to be presented includes the au-
thor's clinical experience, research and the consensus _f the literature.
_Vc shall consider some of the ncxvcr agents, specifically the tranquili_-

crs and hallucinogens.
Practically every drug in the i_harmacot_cia may exert a mental

action under certain c, mditiuns, in a broad ;rod mm-spccitic sense. Spe-
cific ps)chupharln;wol_,gical agents arc fewer in nt,,nbcr. Spcciticity is
&fined clinically hcrc t,, imlicatc that the qt,alitativc action of the agent
is characteristic and :lift,cars rc,..,ularh.. at rclativch low dma,,c._ in m_}st

* I'v,l,,o,,l i,4 1,1, _iil,l]lelll (),T,,I,tl I, ]q" ill Iht "HI, _,I_t,HLI Ill i,_ll t_t I,,Itlll. l_ ,'I i I , \',V
_l,_r; _,,t,l, lJl) ,,I _],,[l_lll_
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subjects. The tranquilizers and hallucinogens are specific agents in
this sense.

First of all. a few words about mescaline and LSD. These two agents

bchmg to the group of hallucinogens or psycllotomimetics. Single dosage
of one of these dru_ elicits symptoms in normal subjects which are
clinically similar to symptoms in patients with a naturally _ccurring
mental disorder. The reactions include autonomic effects, hallucinations

and other perceptual ctisturbances, emotiona| aberrations, depersona|iza-
tion, and disturbances of the thought processes. The effects of a single
dose last six to twelve hours. They have been useful as research instru-

ments in experimental psychiatry and are also claimed to produce thera-
peutic effect in some individuals.

Attempts have been made to explain their actions in terms of bio-
logically occurring substances. Mescaline is a primary amine with some

resemblance to epinephrine and norepinephrine. However, its pharum-
cological actions as a whole cannot be classified as typical of those of
these sympathomimetic amines. For example, mescaline il.itiates reflexes
by chcmorcccptor stimulation in heart and lungs, stimulates autonomic
ganglia and lowers arterial blood pressure on intravenous injection in
cats and dogs. LSI) is lyscr_ic acid diethvlamide. Structurally it is a

member of thc crgot alkaloid group, with a lysergic acid nucicus and a
side-chain similar to that in the ergonovine series. As with n,cscaline,

most of the pharmacological effects of LSD provide little infmnation
on its ps.vchotomimctic action. Information is beginning to appear on
the disturbances of central neurophysio!og)- produced by both drugs
but their rclationship to the hallucinatory state is obscure.

The most challenging pharmacological action of LSD noted to dare

is its capacity to antagonize the effects of serotonin. Serotonin, or 5-
hydroxytryptanfinc, occurs naturally in various tissues of a number of
species. In the brain, it is present in highest concentrations in the brain

stem, particularly the hypothalamus-the same areas in which norepine-
phrine is concentrated, its physiological functions are not fully estab-
lished as vet. With respect to brain, there is initial evidence that it may

function as anct, rohumoral transmitter. LSD exerts a specific and potent
antagonism to various effects of serotonin. This has been mostly demon-

stratcd in peripheral smooth nmscle, such as the rat uterus, cat pul-
monary vessels and other test objects. According to one concept, the
mechanistu of this antagonism betaveen LSD and serotonin is a corn-
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pet;tire inhihitim_ <,i_ ;in antiuletah(l|ite basis. I.SI) and Slillle ill the lither

known hallucinogens c_mtain an indole nucleus in their structure. ;is
does ser_mmin.

()n accmmt _f these facts, speculati_ms have arisen that tilt mental

actions of LSI) and some q_ther indole-containing hallucinogens are
mediated by antagonism to tile action of serotonin norn,allv present in
brain. Stated in another way, this would mean that the semtonin in _)ur

brain may help keep us sane. If s(i, it w(mld follow that certain naturally
occurring mental disorders may I)e due to a metabolicalh- induced
serotonin distt, rl)ance.

There is evidence for and against this particular mode of origin of
some experinlental psychoses and the isstie is far from resolved. Sem-

tonin disturbance in naturally occurring mental disorders is a more
far-reaching concept and consequently a much more tenuous specula-
tion. ttmvever, these ideas have and are generating nluch research and
may have made some penetrati_m into normal brain mechanism. %%'e

shall pick up the thread again in the discussion of reserpine.
_lVe turn nmv to the major tranquilizers. -l'ranquilization is an ex-

pression which has recently been introduced into pharmacology and

clinical psychiatry. The tranquilizer group has also been designated I)v
the names ataraxics, phreimtmpics and others. Chlorpromazine and
reserpine are the two best known and most effective; nleprobamate
(.%liltown, icquanil) is just ah(lut as p(ipular but is less effective thera-
peutically in highly disturbed states.

Tranquilization is a descriptive term. It is intended to indicate a
general reduction of nmtor activity, emotional calming, redilced hostil-
ity, anxiety and general excitability to external stinmli, quiemess and

some drmvsine._s. It is implied that these effects occur without trtic
hypnosis or anesthesia, since the subject is easih" roused to alert contact
with the environment. As ])r. Paul ]]och* In:iv tell win, it is usually

claimed that the tranquilizers are qualitatively supcrior to the barbitu-

rates on the I)asis of producing less dr(m'sincss, less nlcntal clouding and
inlpairnlent (if nlentation. This qualitative distinction liiav ultimately
prove m lie SOlllcwhat lessclear than nmv SeelllS apparcllt. Ileserpine
tranquilization, for exanlple, is quite siniil;Ir clhlicalh' m that produced

Ip, lnorphine and liv snlall doses _)f the I_lng-acring liarliitur:itcs, ill addi-

fi_m, tilt're is a need f(Ir ill(ire qll!iiitirarive data t() evahi:itc the alll()llnl lit

II_icll. I'alil I{. N_',+, d_tila llll'Tlll, _" III D-)'l'lli;llr}: I.'lillit';ll I1-_'- :lli_l allll._. III lllllll.II dl-_>l,!,'l-
I'rv-vnt,',l at lhl- l'l{t, I,rarhlalt- I:,,riui_hl and 1,_ I,,. i,uhh.h,.,I iii a lai,'r numl,,,r I,f I1_,' Ilull,.lm
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dlcrapcuficacfit,nperunitof hypnoticeffectfi_rthemmquilizcrsas

o,.ii_arcd _ ith filesedatives.

In addition to being a descriptiveterm. mmquiIizafi,,n has hnplk'd
fumlamcmal differences in the mode of _ction of the nearer drugs as

o,mpared _ith standard sedatives.
(3dorpmmazine and reserpine have very. dissimilar chmnical stoic-

Hires. (;hl,,rpr.mazine is a synthetic phenothiazhle derivative with about
,,,,,,, or s,, c.ngcncrs, its structure is similar to that of certain potent
antihistaminic agents but chlorpromazine itself has unh weak antihista-
minic activity. Reserpine is a complex alkahfid of the Rauwollia species;
iFalso has a large number of congeners and is quite similar to vohimlfine
in structure and pharmacological actions. Both chlorpromazine and
reserpine may bc said to have no effects, merely side-effects. There may

bc some truth in this quip because their properties are so numerous and
complex. In spite .f their chemical dissimilarities, the two drugs have
certain common properties in addition to the tranquilizing action. These
may be summarized briefly as follmrs: depressh,n of dicncephalic ac-
tivity; disturbance of the temperature regulation mechanism; hypo-
tensivc acri,m; the pn,duction of parldns,,,fis,n-lil_e syndromes; local
anesthetic action; and various hormonal dysregulathms.

(_hh,rpr.mazine has effects not exhibited by reserpine. "l'hese in-

chide: potentiation of the effects of analgesics, hypnotics and 1_arcotics;
weak adrcnergic bh)cking and symparholytie actiun; weak antihistaminic
activit.v; liver toxicity; and a strong antiemetic action. l'he significant

p.int is that tramluilizing action is not correlated with or easih explained
Iw any _f these properties s_ far.

The t.vpc of action on the autonomic system differs. Rcscrpinc
srr, mgly reduces sympathetic outf]ovc to rhc pcriphcr)" by virtt,c of its

diencephalic depressant activity. The resulting picture is therefore _mc
,,f relative parasymtmthctic dominance.._lanv clinical effects of reserpine
arc cxt_lainabh' _m this basis: tile hypotcnsivc action, bradycardia, facial

llush, n:ls:d stuf_ness, miusis, and increased gastrointestinal activity with
diarrhea. (_hl.rlmmmzinc has signilicant autovlOlllic actions I)ut these

are more diversified and tl. not prodt,cc a shift in general autonomic
b:ll:ltlCc.

lhcre is a omsideralde amount of informati.n availalde on the iltltO-

n,mfic acfi, ms particularly with reference to I)r. Page's _ territory, tile

• 1',¢,. I_,t, II \ k IIIIIt i] t_ tllllll_,ll .*t ;tlMIh)p,l?,tl-?_, ,Jill=. I'll.,l:r,. _, ,_ {' ' (,T;p!_ ',

I, 1,11i i_ T_,! 1,, !, [,it _ {i-Ii,,] Tn ;t ll_tl lllllll!,q I ,,f ET ,. [{11;, _lt
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cardiovascular system. I shall remove myself from that territ.rv with

the simt)lc statement that the autonomic effects of both drugs tl- not

show a i:l correspondence with their tranquilizing action. This state-
mcnt is truc for practically all di'ugs which have autonomic and mental

effects because of the complicated interrelationships between rhcsc two
sets of actions. There is some interesting indirect evidence that the

depression of central sympathetic centers by rescr|finc is a mechanism
which is separate and discrete from its tranquilizing action.

This leads us to a possible explanation of the tranquilizing action on
the basis of other known central mechanisms.

Neither drug produces the low voltage, fast activity in the I(l':(i
which is so characteristic of small doses of the barbiturates and other

sedatives. With larger doses, chlorpromazinc produces a normal sleep
pattern in the I':1,:(_ whereas the effects of rcscrpinc arc more varied.
Both drugs have bccn reported to exert an action on the brain stem
reticular activating system. There is an impressive amount of evidence
that the actiw_ting system is related to level of consci,,t,sness. Stimulation

of the system produces alert, aroused behavior in animals; lcsi<_nspr_-
duce lowered consciousness and responsiveness. The corresponding clec-
trocorricogram is characteristic for each state. Chlorpromazinc in :mi-

reals depresses the ascending portion of the reticular activating system.
This property in itself would explain the somnolence but not necessarily
the entire tranquilizing effect, since reticular system level of activity
has nor been shown vet to correlate with emotional states. ()nc research

group has also found that rather high doses of chlorpromazinc stimulate

the activating system.
Rather unexpectedly perhaps, reserpine has definite excitant actions

on the central nervous system of animals. The drug stimulates the reticu-
lar activating system; it lowers the threshold for electrical stimulation of
the limbic system and the seizures become more prohmgcd "rod power-
ful; it lowers the threshold for convulsions produced by transcranial

electrical stimulation (electroshock); and incre_scs monosynapric spinal
reflexes.

If reserpine does stinluJate the reticular activating system in man.
the expected effect would be in the direction _f I>chavioral arc_usa], hs
tranquilizing effect would then have to bc explained hv .mother con-

current action, prob:fl)ly depression of the h.vl)othalamus. Bilztreral
hy}_lthalandc lesi_ms in cats :rod tu_mkevs pr_ducc a s4mm,_lent state
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shllilar to that produced [)v reserpine and ehh)rproxllazine in lllan. It is

classic to regard tile hvpothalamus as awl autonomic and somatic motor

coordinating center for the flight-fight reaction. Both drugs probably

depress hypothalamic function. Some of the evidence is as folloxvs: their

suppression of sham rage in decorticate animals; disturbance of temper-

ature regulation; and the various endocrine changes which may lie

initiated at the hypothalamic level. At usual dosages, reserpine is a

weaker hypnotic than ch|orpromazine, pr_,'babl.v because of the com-

uined reticular activating stimulation and hyp(ithalamic depression by
the former drug. There is also evidence that chlorpromazine depresses
the activity of the limbic system in animals; this system is probabl.v
normally involved in emotional reaction to tile environment.

Both drugs affect the cerebral cortex directly, although tiffs action

is difficult to disentangle from the interaction of cortical-subcortical cir-

cuits. Chlorpromazine suppresses certain conditioned reflexes in doses

which do not affect responses to unconditioned stimuli. The drug also

appears to increase the degree of inhilfition exerted by the cortex on tile

hypothalanms.

Although both drugs produce parkinsonism-like syndromes in some

subjects, conversely they may reduce tremor and other involuntary

movements when administered in cases of extrapyramidal disorders. The

theories for this apparently paradoxical set of actions involve the inter-

relationships between the reticular activating system and extrapyramidal

nuclei, and are of course highly speculative.

The most challenging Ifiochemical aspect of reserpine action is its

relationship to brain scrotonin. According to the research group at the

National Institutes of I lealth, tile central actions of reserpine arc med-
iated through serotonin. Normally, serotonin is considered to exist in a

bound state. After administration of a single dose of reserpine to animals,
a profound drop occurs in the first -'4 hours in the concentration of
brain serotonin which then slowly returns to normal after a six to seven

day period. The amount of decrease in brain scrotonin depends on the
amount of reserpine administered, but a drop is still measurable with

dosages in the range of those tlscd in human therapy. Alon_ with the
decrease in brain serotnnin, there occurs an increase in the urinary ex-

cretion of ._-hydroxyind_,le acetic acid. This latter compound is a break-

down product of serotonin. It arises from action of tile enzyme, amine

oxidasc, on the serotonin which has been released from the I]ound state.

Bull.N.Y.Acad.Med.
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Serotonin levels in the intestinal tract and blood platelets als_ fall after

a single dose of reserpine. The drug xwmld therefore appear tu he a

general.releaser of serotonin fr.m the hound state in the budv depots.
Certain findings appear to indicate that the level of serotonin in the

brain is correlated with behavior. When rabbits are given reserpine

ahme, they are sedated. The free form ofbrain serotonin is presumably

at a low level. When reserpine plus amine oxidase inhibitor (Marsalid)
are given together, the animals become hyperactive, have dilated pt|pils

and uther signs (which are also present after independent administration
of LSI)). Because destruction by amine oxidase is inhibited, it is dcdt,ccd
that free brain serotonin which has been released from the bound state

by reserpine may be at a high level. In concordance, if large amounts
of serotonin precursor (5-hydroxytryptuphane) are administered ahmc,
the animals show the same symptoms that follow administration of
reserpine plus amine oxidase inhibitor.

According to the N.I.]I. grot, p, other therapeutic agents such as

barbiturates and chlorpromazine do not have effects on brain serotonin.
There is some preliminary evidence that reserpine in man causes in-

creased urinary excretion of 5-hydroxyin&fle acetic acid.
The results of the N.I.! I. group, therefore, shiny a provocative rela-

tionship between three substances, all of which contain the indole
nucleus: LSI), serotonin, and reserpine. There are many issues, however,

that need clarification. These include the possible relati{mship of the
N.I.II. findings to the earlier theory of LSI) actium by competitive
inhibition of serotonin on an antimetabolite basis. The iig-saw puzzle
is disturbed by the findings of another group, nameh': that very low
doses of LSD (and mescaline) facilitatc rather rhan antagonizc serotonin

contraction of rat uterus, whereas both rcscrpinc and chlorpromazinc

antagonize this cffcct. It is also possible that thc luwcring of brain scro-
tonin may be coincidental rather than causally related to the therapeutic

effect of reserpine. :\nd even if there shovld i)c a direct relationship, the
actt,al role of brain scrotonin in the ctiology or pathogcncsis of the
mcntal disordcrs still remains an c_pcn qt,cstion.

The central actions of ,||cprobamarc havc received less stt,dv than

those of reserpine _r chhwpromazinc..Xleprol)amatc is a si,nplc carba-
marc structure and is ilot c_wrclated chemic:ally with either chlorl_ro-

mazine or rcserpinc. lhis fact makes any theory about compctiti.n of
thcse three drogs for a single receptor site mmr unlikch..\leproba|||atc

February 1957, Vol. 33, No.2
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als. differs pharnmcoh_gicallyin many respects t'r_ml chh_rpronmzine

and rcscrj)hlc, hs must st)ccitic ncur_@mrmac_dogicalaction is a depres-
sion of p.l.vsynal_tic spinal reflexes. I_arldnsonism-like symptoms have
1mr been dcscrihcd .n adminisrrati_m m man. It does not alltagonizc
stress and anxiety reactions in monkevs or rats. It d_es pruduce signifi-

cant changes in autonomic functions and has a rather pronounced pro-
tective effect on electroshock seizures in animals..Mcprobamate poten-

tiates I_arbituratc sleeping time in micc (as do reserpine and chlorpro-
mazine). It has no effect on serotonin release from the central nervous
sVstenl.

Some other tranquilizers introduccd morc reccnth" are promazinc
and frenqucl. Their clinical cffcctivencss is not fully established as yet.
The ncuropharmacology of frcnqucl is still in the developmental phase
and the most recent clinical evaluations indicate that its therat_eutic

action is quite capricious.
It is apparcnt then that there are discrepancies between the tranquil-

izing capacity and pharnmcodynamic cffccts of thc drugs that have been

discusscd. This discrcpancy is highlightcd by thc fact that both rcscrpinc
and chlorpromazinc have a common, widc spcctrum of clinical indica-

tions. Furthcr obvious difficulties arisc bccausc chlorpromazine and
rcscrpinc may both intcnsifv psychotic statcs in a fair numbcr of paticnts.

_Vhat about the futurc? (2hlorpromazinc and rcscrpinc can each be
rclatcd to largcr groups of known drugs, both in thc chcmical and

pharn|acodynamic scnse. Furthcr cxpcrin|cntation will probably bc
guidcd by this knowlcdgc in clarifying mechanisms and sclccting more
effective compounds for trial. In particular, the rcfincment of thc tran-
quilizing action and its scparation from othcr discrctc mcchanisms is an

immcdiatc goal. This will dcpcnd in part on thc incrcasc in knowlcdgc
about thc undcrlying ncuropla.vsiological and Ifiochemical mcchanisms

of brain function. Work in behavioral laboratorics should provide thc
ncccssarv intcracrional psycholog.v, without which thc total cffccts of
drug administration cannot be explained.

In a word, aftcr scicncc has moved on, our dcsccndants will thcn be

able to dccidc whcthcr the agc of psychopharnmcoh_gy was worth it all!

Bull. N. Y.Acad. Med.


