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Primary inborn errors of the metaboilsm or of the membrane transport of

amino acids are known to be responsible for some mental disorders. Mental

_etJrdation is the most prominent symptom of the e£fecta of the aminoactdo-

pathies on the central nervous system, but disturbances resembling psychoses

sometimes occur. The symptoms og Hartnup disease, got example, are some-

times so similar to those og schizophrenia that the two conditions have been

congas@d, as Greet (1965) and Herzov and aodnight (1960) have shown. It is

therefore conceivable that some of the psychotomimetic effects o£ hallucino-

genic drugs might be produced by disturbances of amino acid metabolism.

Pour st_ructurally dissimilar hallucinogenic druKs , pheucyclidine, Ditran,

lyserSic acid diethylamide (LSD) and mescaline, have been shown to alter the

_entrations og 5-hydroxytryptamine (5-HT) and noradrenaline (NA) in the

brains og rats (Tonge and Leonard, 1969; Leonard and Tonge, 1969). However,

the dose of each drug required to affect the levels of these mouoamtnes was

¢@aatderably greater than the minimum dose required for the production of a

fecoL_isable pattern of behavioural e_gects. This observation suggested the
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posslbillty that the changes in brain monoamine concentration might be

secondary• to effects on the precursors of these neurohumours. Changes in

the levels of tryptophan and tyrosine:in whole brain and in plasma from rats

treated with small doses of hallucinogenic drugs were therefore measured over

the perlod durlng which behavlouraleffects-could be observed.

METHODS

All drugs were adm!nlstere!d t¢,_ats of-the:,W_starstrsin (inbred over

several generations) _y the intraperltoneal route,

In the absence of-a sat_sfactovy_spec_flc test.forhalluclnogenlc activity

in_ra.ts, the gross behaviour pattern_as used as an approximate guide to the

course of action of the drugs. Animals were killed by decapitation _t

Int_rvals_f,ter _lleadministrat£on of each drug to see whether anyrelat,ion-

_hlp between _eurochemical chan_e_andbehavlour could_be Observed. Mixed

venous and .arterial blood was collected from the :neck vessels immediately

after the decaplta_ion of the animals. It was centrifuged, and the plasma

diluted l:10,wl_h 0.4N perchlori_ acid and centrifuged at 3,000g for I0

mi_u_es_ Whoile brai_s were rapidly removed, homogenised (Potter-Elvehjem

homo_enls_r) in 10-12 nil of 0.4N perchlor_c acid and centrifuged for I0

mln_tes at 3,000 g. Tryptophan was measured by the spectro photo fluorlme_rlc

method of Hess and Udenfrlend (1'959) and tyroslne by that of Waalkes and

Udenfr!end (1962)o

RESULTS

Th._ behav_otreel changes observed fOllowlng the adm_nlstratlon of these

halluc!Dogens have been described elsewhere (Tonge and Leonard, 1969; and

Leonard and Tonge, 1969 and 1970).

The effects of the hallucinogens on brain tryptophan levels are shown in

Table I,
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TABLE 1

The effect of phencyclldlne (3mg/kg), Ditran (2mg/kg), Mescaline (Smg/kg) and

LSD (I00 mlcrog/kg) on brain tryptophan concentrations.

TIME AFTER INJECTION (MINUTES)
, ,.,

i Drug 0 I0 20 40 60 I00 180Phency- 35.6_+0.8 29.0__1.9 27.6_+0.6 29.5__1.9 35.8_2.0 35.1_2.5 37.0_1.4

clidlneDitran 41.8_3.4 44.1_i0.4 39.4_+6.5 38.04Z_5.6 29.2_3.8 25.9_+8.7 44.3_+6.3

Mesca- _ _ _ _-_ _w
line 32.9_3.1 33.1_2.9 27.8_2.1 27.7_3.5 25.1_1.9 27.4_I.I 27.0__I.I

LSD 31.I_2.1 J33.0__1.3 37.2_+4.4 35.9_2.5 41.9_2.9 37.3__1.8 35.8_2.4

TABLE 2

.The effects of phencyclldlne (3mg/kg), Dltran (2mg/kg). mescaline (5m_/kg) and

LSD (lOOmicrog/kg) on plasma tryptophan concentrations.

TIME AFTER INJECTION _INUTES)

Dru_ 0 I0 20 40 60 I00 180

LaD 79._7.2 79._5.3 70.St3.172.S_.7 77.4_.0 S3.1_+4.679.7±3.2

Phency- 77.9_+6.5 80.8_+6.6 76.9_+4.0 63.7_+4.5 73.9_12.4 78.6_16._ 81.8+6.6
clidlne

Ditran 85.7+9.0 86.2+14.9 74.7+9.7 66.1+10.2 77.4+7.4 66.0+6.7 70.0+R.I

Mescal- 66.9_+4.6 68.0+_2.2 59.3+--2.0 60.7_i0.6 65.1_3.1 60.6_1.9 65.5!-_3.7
Ine

It Isapparent that, with the exception of LSD, thehallucinogens caused

a depletion of tryptophan from the brains of rats. Changes in plasma levels

of the amino acid at corresponding times after the injection of drugs are

shown in Table 2.

Tables 3 and 4 show the effects of the hallucinogens on brain and plasma

levels of tyroslne respectively.
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Table 3

The effects of phencyclldlne (3mg/kg)t Ditran (2mK/kg), mescaline (5mg/kg)

and LSD (100microg/ks) on brain tyrosine concentrations:.

TIME AFTER INJECTION (MINUTES)
T

D_ug O I0 20 40 60 I00 180

Phency- [36.I+_12.1 167.8+-7.7 176,6+_19.5 199.8+_2I.8 _166.0+_28.3 145.7+_19.2 57.0+-R.7
clldlne ..

Ditran 78.8+_11.6 89.9±17.6 95.2+_10.3 72.6+_13.9 83.6+_16.8 107.5+-6_.5i02.9_6_.7

Mescal- t02.2+_I0.3 91.2+-12.0 110.6+-5.2 105.9_+0.6 114.1+_3.7 101.1+9.3 91_9+_4.5
ine

LSl) 94,8+_i0.6 93.0+-8_.4109.8+_14.5 98.4+-8.7 104.1+-8.3 96.7+-4.8 95.6+-ILI

Table 4

The effects of _hencyclldln e (3mg/kg)1Dltran (2mg/kg), mescaline _5mg/kg)

_ LSD (100miBr0glkg) on plasma tyroslne concentrations.

TIME AFTER INJECTION (MINUTES)

Drug b 0 tO 20 40 60 i00 180

Phency- 65.8+IL3 79.5+.8.2 q0_i+-6.2 61.3+-5.0 52.2+-4.5 62.6+_4.1 60.2+-2.9
;lidine

Ditran 56.,6_2.9 :5_.8+6.7 47.1_5,9 32.1_+4.1 37.2_+6.9 42,0+-2.2 51.4_1.6
.... _ _ _ _ _ _

Mescat- 58.9+-2.2 45.9+-1.7 54.1+0.9 52.8+_2.1 48.1_5.1 50.5+1.5 44.8+_1.8
'Ine

_SD: 56.:Y_1.6 63.8+_2.1 40.9+_1.4 39.6+_1.8 30.3_L0 35.0+-1.5 40.8+_1.7

Values in each table• are the means of determinations from five animals,

expresse_ as milllmlcromoles per grar_ne +_ standard deviation.

P values are represented as _0.05_ _0.01, _-_0.001:

• I
4
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The general pattern of changes is summarised in Table 5. In this table

+ ffiincreased concentration

- = decreased concentration

Table 5

Summary table of chan_es in brain and plasma con.centratlons O f,tryptophan %nd

_yroslne.

Maximum changeln Hallucinogen

concentration of:- Phencyclidine Ditran Mescaline LSD.

(3mg/kg) (2mg/kg) (5mg/kg) (100mlcrog/_

Tryptophan

Brain - - +_

Plasma ....
, , • ....

T_rosine

Brain + +- +, +

Plasma - -. -.

Discussion

An •adequate supply of amino acids to the CNS is essentlal if the biosyn-

thesis of neurohumours is to proceed normally, There is general agreement

that amino acldscross the blood-braln barrier by way of actlve transport

mechanisms (Gu=off, King andUdenfriend, 1961) specific for particular groups

(Chirigos, Greengard and Udenfriend_.1960). Disturbances of amino acid

i metabolism or transport are known_.tobe responsible for a number of mental

I disorders (Allanand Holt, 1965; Ef_on_,1965;. Stanbury, Wyngaarden and

Frederickson, 1966). The most characteristic feature of these aminoacldo-

pathles in which cerebral dysfunctions (mental retardatlon, neurological

defects and psychotic traits) occur is an elevation of the levels of

particular amino acids in the plasma.
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Imbalances in the concentr_ti.o_s Of amino acids ,in _theplasma may result

in changes not only in the amino act_s, :but also in the amine levels of the

brain. Changes may be brought about.as e result of:comI_tition between the

amino acid present in excess in the _/asma and 'the precursors .of the mouo-

amines for the sametransport system, ,p_oduciug a depletion of the_o_oamines.

This situat_on is thought to occur in phenylketouuria,'where the elevation _f

plasma phenylalanineis assumed to be at learnt psrtlyreaponsihlefor the

changes in cerebral mouoamine levels (Zellweger, _961). It has not yet been

established whether _ny of the disorders of _he CNS that occur in aminoacid-

opathies such as phenylketonurla, histldlnemis, "maple sugar urine" disease

and_ranched:chaln aminoacidurla canoe attributed :to effects on the monoamlnes

of brain, but it is clear-that ami_o _cid end amine metabolism are closely

interrelated.

Phencyclidine, _itran end mescaline all caused dep_etion of endogenous

tryptophan from brain tissue and from plasma in rats. The doses required to

produce sign_ficant changes in -the levels o_ this amino acid were lower then

those required to produce an elevation of 5-HT or a depletion of NA (Tonga and

Leonard, 1969; Leonard and Tonga, 196_). The period _or whinh dep_etion

persisted after the injection of the ha_lu_i_ogen fn each case correspunded

well with the period during which behavioural ef_ects were most intense. The

fact that doses of hallucinogens _:at do not alter monoamine concentrations do

affect behaviour and _ryptophan levels :suggests some interesting possibilities.

The decreased concentrations of tryptophan found _n 'bo,ththe cerebral tissues

and £n the blood plasma m_ght reflect an increased conversion of the amino

acid to 5-_ _i,th a _onseq_ent iT,crease in the amount of the monoamlne

available for storage _In the brain. Jequier, Lovenberg and Sjoerdsma (1967)

have demonstrated that tryptophan hydroxylase may not be fully saturated with

substrata under normal conditions and that the rate of 5-HT synthesis may be

partially dependent on the availability of the _uostrate. Thus, the hallucin-

ogens might produce elevations of 5-HT concentrations in the brain by making
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tryptophan more accessible to the action of tryptophan hydroxylase. Experi-

ments carried out by other investigators have shown that it is necessary to

use large doses of tryptophan to produce a detectable change in cerebral 5-HT

concentrations (McKean, Schanberg and Giarman, 1967_ Neberp 1966)o

Therefore, if the effects of the hallucinogens on 5-HT levels have their

origin in effects on the availability of tryptophan it is not surprising that

relatively large doses of the drugs are required to produce detectable

I elevations in 5-HT concentrations•
An alternative explanation of the effects of phencyclldlne, Ditran and

mescaline on the concentrations of tryptophan and 5-HT might be that decreased

levels of tryptophan inhibit the release of 5-HT. A decreased availability

of tryptophan might lead to increased retention of 5-HT in the bound form.

This situation might arise if the hallucinogens increased the metabolism of

tryptophan through some other metabolic pathway, e.g. via the tryptophan

pyrrollase system of the liver.

The finding that LSD produced an elevation of brain tryptophan levels

whilst its other effects (elevatlon of brain 5-HT, depletion of brain NA and

depletion of plasma tryptophan) were the same as those of the other three

hallucinogens is difficult to explain. It can only be assumed that LSD either

has a slightly different mode of action to the other hallucinogens t_sted, that

it possesses some additional "tryptophan-releaslng" activity, or that it

decreases the turnover of tryptophan.

All four hallucinogens produced elevations of brain tyroslne concentrat-

ions_ accompanied by decreased plasma levels of the amino acid. The elevated

cerebral concentrations of tyroslne might arise from a feed-back inhibition of

tyroslne hydroxylase by free NA, as the depletion of NA produced by hallucino-

gens appears to result from an increased release of the monoamlne within the

neurone (Leonard and Tonge, 1969). $t_arne, Lisha_ko and Roth (1967) have

shown that very low concentrations of NA can cause an 857. inhibition of NA

synthesis in a fraction from a homogenate of bovine sple_ic nerves.
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Inhibition occurs at both tyrosine hydroxylatlon and the dopamlne-_lhydroxy -

latiou atages. Thus, if the hallucinogens release NA in an active form

within the neurones, the free amine might inhibit its own synthesis with a

consequent build-up of the precursor tyrosine. Alternatively, both the

Increased cerebral levels and the decreased plasma levels of tyroslne might be

interpreted as reflecting an increased turnover of NA in response to the

hallucinogens, with increased uptake of tyrosine from the blood into the

brain.

Further experiments are clearly required before it can be suggested which,

if any t of these possibilities is cozrect. The most immediately relevant

result of this investigation is the demonstration that four different hallucin-

ogenic drugs produce both behavioural and biochemical effects in doses which

do not affect the monoamine levels.
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