DEFMETHYLATION, MOCTHYLATION & SCHIZOPHRENIAS

A PHARMACOGEWETIC STUDY

A THESIS
submitted for the Degree of
Doctor of fedicine
of the

University of London

by

JOHN PRICE #.8., B.S. (London),

1970



CONTENTS
Preface
fAcknowledgenonts
LITCRATURE SURVEY : Introcuction

A detailed consideration of cvidence relating to the
‘Taulty transmethylation" hypothesis of schizophrenia.

a) tiethylated compounds as hallucinogens.
b) The effects of Teeding mothyl donurs to schizophrenics.
c) The effects of reducing dietary methioning,

4
d) The metabolism of C*' labelled methionine in

schizophrenics.

€) The effects of methionine sulfoximino on schizophrenic
and none-schizophrenic subjects.

f) The effects of penicillamine in schizophrenia.
g) hethyl acceptors as trasatment for schizophrenia.
h) Homocystinuria and schizophrenia.

i) Catechol-O-methyl transferase administration to
schizophronics,

j) The *Pink Spot' controversy.

Studies of urinzry D.0.F.2. in FZ twinships
discordant for schizophrenia.

DaliePetls and Homocystinuria.

A note on the pharmacolagical propertics of O.0.P.t.
The catabolism of U.li.F.C.

Urinary D.0i.F.A.A.

k) hethylation by schizophrenics and non-schizephrenics
in vivg and in vitrc.

1) Faulty transmcthylation and tryptophzn metabrlisni.

1l

13

14

16

18

21

26

27

37

a8

39

40

41

48



Concluding cbservations on the faulty transmethylation
hypothesis.

Genctics and 2o biochemical basis for schizophronia.
(1) The genstic basis oi schizophrenia.

(ii) The mode of inharitance of schizophronia with a
note on a polygenic hypothesis.

(iii) Schizophrenia and genetic polymcrphisme

EAFCRINENTAL  SECTICN
Introduction to Sections 1 and 2.
The gemetthylation hypothesis to be tested.

A revieu of data relating directly or indirectly to the
demgthylation hypothosis.

1. GStudies of 0-wamathylation in vitro,

The standard enzyms experiment.

an cvaluation of tho technigue used For measuring
formaldehyde, using thc parallel lings exporiment.

A note on the 't' test prodedure applied to tho
parallel lines experiment and to in vitro exporiments

generally.

Choice of substrate used in tho assay of demathylation
enzymic activity.

Uifficultics in the experimuental evaluation of the
demethylation hypothesis, in vitro.

Sumnary of in vitro experimants using human tissucs.

L. The demsthylation of p-mcthoxybenzaldehyde and D.M.P.E.
using appropriate cecnircls, by humzn liver

2. Tho dependence of human liver dawcthylating enzyne
on various cofactors.

54

56

56

56

61

66

67

67

67

74

74

78

83

84

86

88

89

96



2.

3¢ The identification of the products of demcthylation
of D.f.F.Es using human liver.

4, Tha inhibition of the demethylation of p-methoxy-
acetanilide (mcthacetin) by D.IL.1P.E,

Concluding cbservations on O~demothylation exporimonts

Studies ef O-demnthylation in vivg.

Introductien : The pharmecoaenctic approach.
ficthacetin Testing & Introduction,

Preliminery experiments to determine the validity of
the various laboratory procedurcs employed in

nethacetin testing.

The muthod of determinzticn of total (vrec and
con jucated) paracotamol.

The parallel lines experiment.

Calcuiation of the amount ofwethacetin from which
metabolites had  beesn derived.

Interference from substences in the urine contributing
tu the colour weasured,

A limitation in the value of the methacetin tost as
shoun by studies of the excretion of msthacetin and
paracctamnal mclabolites.

A detailed ccnsideration of the subjects and methods
used in methacetin testing.

results for control sunjocts ano acute schizephrenics.

Sumnary of correlation datz within the group of nornal
sub jects.

Summzry of courrelation data within the group of zcute
schizophronic subj=cts.

The eficcts of phenothiezines on the metazbolism of
methacetin.

89

184

112

113

113

118

120

123

126

127

128

137

144

146

149

150



3.

The selection of chronic mental hospital paticnts
for testing.

summary of data tor chronic schizophrenics and non-
schizophrenic mental hospital patients.

Differences betusen the vour oroups studied.

fi commcnt on the significently lower test rasults
Tound in female wental hospital petients.

The methacetin test in paticnts ill with non-
psychiatric disorders.,

The replicability of tho tect.

Dirficulties cincountered during mothacastin testing,

i single pase having unusual methacetin tost rosults
(P.B.)

hethylation in vive ¢  Introduction.

A route for the formation of false nceurctrzcnsmitisrs
in man.

i note on the pharmacology of protocatechuic zcid (RFCA)

# cocmparative study of the motabeolism of proteocatechuic

acid in normal and schizgphrenic subjectu.

inaterizls
ethods

l. The identification of the urinary metabolites af BCA

2, (uantitative measurcmentse.

(a) tstimation of FCn and VA (vanillic zecid) in urine.

(b) The procedurc for estimasting free vanillic acid.
(c) The parallel iines experiment.

(d) Interference by substances in urine other than
PCA metabolites.,

152

1583

154

158

155

162

164

166

184

185

188

150

150

150

150

198

198

205

206

212



(c) The method used for the estimztion of the ratio
vi/iVn in stendards and urine extracts (IVA =
isovanillic acid).

)
|

3. Studies on veratric acid (VRA) as a possible
Hldt::DL}lit‘J Of « Ciie

n nots on thz absence of Z-hydrosybanzoic acid zs o
metabolite of BLCA in man.

The protocatechuic acid tast.
feasuremznts made on urine atter PCA testing.

The method of calculating rcsults, including a nota
LN S neccssary approximstien.

wesults.

l. Tlicans, standard devistions end t-test compariscns
D2tuwsen groups.

2. Correlations within the groups of control and
schizophranic subjects,

~» systemetic discussiun of the obssrved correlaticns.
1 pH vgorsus volume.
2. VA(total)/PCA ;. versus body wt.
3. VA(total)/PCA ;. versus IVA(total fCh ¥
&, VYa(total)/PCA ; varsus VA{total)/IVA(total)
5. IVA(total Y°CA ¥ versus VA(total)/Ivi(total)
6. IVA(total)/PCA V- versus body ut.
7. Urinzry pH versus LoglU VAC/UA(free)
8. fpe versus IVA(tobal)/oCA 3
3. f&ecovery of motzholites,

4. Tho z2ffects of phznothiazines on tha matabolism
of PCA.

217

225

235

236
242
242

245
245

250

260
260
265
263
263

267

268



5. The replicability of the PCA test.
6., [LCreatinine valuos.
Discussign of the studies of in vivo methylation,
A note on tho content and conclusions of this thosis.
Some practical implications of the pharmacegenetic approach.
FINAL  SU-laRY.
ARPPENCICCE,
1, lethzeetin test results.
2. PCA test results.
3. PCA test : instructions for maeking up the test solution.

4, grief clinical deteils of the =zcute schizophrenics
methacetin tested and of all schizophrenics PCA tested.

REFERENCES.

269

271

284

285

293

319

334



PREFACE
The work to be describzd investicates the hypothesis that
"faulty transmathylation' occurs in schizephrenia. This hypo-
thesis hae been used to explain a varicty of bicchemical and
psychopharmaccloaical observaticns in that conditicn. #An altcre-
native hypotitesis of fauity wcemethylation in cchizophrenia is
also subjected to investigaticn. The criginal impetus for the
experimental work was a claim by Friedhoff and Van winkle (1962),
that they hatd discoversd an aming, 3:4 dimcthoxyphaznylethylamine
(DelMeP.Es) in urine from schizophrenics but not in urine from
control suojscte, a claim which many wculd now regerd as discredited.
The expcrimental secction is divided into threc parts.
1. Preliminary studies of the demcthylaticn hypothesis were carried
cut in vitro. The domethylating enzymz system in human liver uas
shoun to be:=-
a) Depundent on the cofacters T.P.N. and nicotinamide.
b) Vore readily able to demethylate U.4.P.E. in the &4-0 position.
(vhich demethylation can be rogarded as a detoxification
PTOCCSE J.

c) Capatlz of demethylating thc drug BETHACLTIN. Evidence

w

ugpesting that GL,M.P.E. and Pfethacatin are demcthylated
by the same engyme is presented.

fin initial intention tc compere the ability of liver from



nun-schizophrenics with thut of liver from schizophrenics to
demetnylate a suitable substrate wzs found to be ispracticable,
because of ciificulty in cobtaining liver from schizophrenics.
2. Thu use of a pharmacogenetic approach (pharmacoganetics can be
defined as a study af genetically wetermined veristicns in animal
specive uhich are revealed by the effects of drugs) suggested
itselfi as 2z way of circunventing the need to gbtain liver from
c.chizophrenics. Using such an approach, the 4-0 dewncthylation ef
mzthacetin by two control groups and two schiz.ophronic groups has
bezn compared in vivo,

The first control group comprised university technicians and
students; the first schizocphrenic group compriscd acute schizo-
phrenics. O4f the first schizophrenic group, one subject shawed

abnormal resulte which varicus further investigations did not

satisfacturily explain.

The second control group was of older non-schizephrenic
mental hospital patients and the second schizophrenic group one
of older chronic schizophrenics. fAesults gave no support to the
demethylation hypothesis.
3. The faulty transmethylation hypotnesis was subjected to
investigation in vivo, using pharmacogenctic technique,
The substance chosen for the mathylation study was 3:4 dihydroxy
benzoic acid (pretocatechuic acid, PCA) and measurements were made of

the urinary metabolites of this compound.



victhylation of #Cs occurs predominantly in the 3 pousition
(yiclding venillic acid, V&), bul methylation in the ¢ position
also cccurs (yie-diny isovanillic acid, IVA). Since 4-0-
methylated cumpounds generally have niore psychaopharmzcologicel
activity thzn thoe goroesponding 3-0-methylated cowmpounus, the ratio
Va/IVA wes considered to be particularly uorthy ot study.

In grder to have some assessmcent of the 'rate of methylation,?
the ratio betwecn the total (i.e. unconjugated plus conjugateo) VA
gxcretion and the cxerztion of ¢4 was derivod.

Tuo turther investigyations were carriod out;-

a) into urinary creatinine centent,

3) intc tne production ot 3:4 dimethoxybenzoic avid s a

matabolite of PCA ( o limited study, with nzgative findings).

A statisticel analysis is prosented, showing that-

a)'rate ol methylatien' and VA/IVA ratios diz not differ
significantly betuecn eontrol subjects and schizephrsnic cubjects.

b) The urinary excrction of unconju,ated vanillic acid was
pH dependent.

c) Tho 'rate of wmethylation' index vas related significantly

in
to body ucight/femalss, both in normals and schizophrenics, but
not in males (both sexes recciving an identical docawe schadulao).
It is supgested oun this and other evidence that vanillic acid may

penctrate bouy fate

e
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d) There wos a dircet relationship beotueen 'rate of
mathylation' and TVA/VA ratios : hoth may reflect the leovel of
availability of methyl groups needed for transmethylztion to cecur.

g¢) There was high correiation bstwean the amounts of VA and

IVA excrcted .

Thore was more scatter in creatininge valuss in schizophrenics
than in centrol subjects. This may rslate in part to their clinical
state, acitated and friohteoned patisnts having high values, zpathetic
and incrt pationts low values.

Theoe results are discussed in the contuxt of previous work
and their implicetions considered.

The advantages and disadvantages of a pharmacogsnatic method
of approach to & problem such as that of schizophronia (whers

cthical difficulties, including that of ‘'‘valid conscnt,' limit

raseerch) ars considerad.



ACKNOULEDGEMENTS

The author is most happy to ackncwledge the help of the
followings=-
Professor H. Harris, F.fl.5., of the University of London, for
his advice and encouragement at the initiation of the research
contained in this thesis,
Professors C. A, Clarke and G. A. Price tvans, for their support,
encuuragement and advice throughout the investigations presented here;
Dr. A, P, Ridges for 'pink spot! estimations; Mr, T. A. Khite for
technical advice; lir. M. C. K. Tussdie for statistical help and
(ire Po Reiter, firs. T. Wiliiams and Piss J. Deversux for technical
assistance : all of (or lately of) the furfield Unit of ledical
Genetics, of the Department of lMedicirg, University of Liverpool.
The United Liverpool Hospitals, from mhﬁm a grant was received fior
the seruices of a research nurse, Miss P, H. Baxter, to whom the
author is also considerably indeited,
The Uarden and fellows, All Souls Cellege, Oxford, who, by inviting
the author to become a visiting fellow of that College afforded
him the opportunity to work, with the kind permission of Sir Ewart
Jones, at the Dyson-Perrin lLaboratories, University of Oxford.
The consultant psychistrists at Rainhill Hospital and Dr. Dennis
fiiller of St. Catherine's Hospital, Birkenhead, for permitting

tests to be carried out on patients under thelr carz;



Ors. M. H., Abenson and B. K. Brooker for assessing and rating
patients; the junior hospital staff who looked out for suitable
patients; and the nursing staff who assisted with ths tests,
The Fental Health Researeh Fund and the Schizouphrenia Research

fund for generous financial support.

The students, nurses, laboratory techniecians and University
personnel who volunteered their services as 'controls'! (in return
for a vory modest reward) and the patients, whose co-operation
with testing frequently surpassed all reasonable expectation.

And finally, firs. &. Tavrigar for her invaluable secretarial
assistance znd Fr. Leonard Sanders for his help in the preparation

of the figures.



LITCRATURE  SULUEY

Introducticn.

A _roat dusl hoo now boeon published on biolugical aspects of

schizoshreniso, but in recent yoars thero has boon sore cencantration

husas then had proviously bzen thez case. litherto,

o

cn gspeciiic hypo
as now tcochniques for the study of psychuolegienl, physiclogical or
hiochanicsl Tunction had bucome available, they were incvitably
apnlied to tha unsolved preblem of schizephreniae Inevitably,

hecause for meny ycars schizophrenics formed a (literally) captive
population an which a large study could quickly bo acunted when a

new tochnicue arrived; Turtherimore any unsolvoc problem may aluays
vield te investigation from a previcusly uniricd approach, houcver
empirical this may be. In such a situzation spuriously ‘rositive!
results must just as incvitasbly appear, eithar by chance or for
reasons some of which can be undorstood as being the results of

the incarceraticn of patients uithin =z mental heospital. fAmong

such reasons one might instance the effects of a custudiel atmosphers,

the effTects of lack of exercice, the effects of drucs, ond the

offocts of the gut bacterie and of diet.
It would bz uncreasonable to discount this earlier work as

being invalid or irrelevant to the essential bicchemical lesion if such



there be. For example, the impaired ability of the chronic shhizo-
phrenic to conjugate glycine with hippuric acid has been found by a
number of workers (see Kichter, 1957) and a satisfactory explansticn
of their observations has yet tu be found.
Recontly there has been a focussing by biological psychiatrists,
psycho-pharmacologists and biochemists from a number of centrss on
a specific hypothesis; moreover, this specific hypothesis is not
empirically derived but relates to the resemblance that exists
betwzen schizophreniaz and mescaline intoxication. This hypothesis
which has becomz known as the 'Faul£y transmethylation' hypothesis
originated in a paper produced by Usmond, Harley-Mason and Smythies
(1952) under the title “Schizophrenia : a new approach." After
comparing the detailed symptomatoulogy of acute schizephrenia with
that of intoxication with the methylated ccmpound mescaline and
finding much in common betwsen the two conditions, the authors
considered the possibility that aberrant O-methylation of nor-
adrenaline (which is normally conuerted to adrenaline by N-methylation)
might produce either:
4-methoxy 3-hydroxy phenylethanolamine or
3y4-dimethoxy phenylethanolamine.
Usmond, Harley-flason and Smythies went on to discuss the mechanism
of such changes with special reference to the adrenal glands and

made the suggestion that “the process of methylation becomes



disturbed and highly toxic substances are produced.”

Since that time a considerable amount of work (uwhich will be
dealt with belouw) has been devoted to this "faulty transmethylation
hypothesis® and fifteen ysars later Seymour Kety (13967) urote-

"That hypothesis has by no means been proved nor is it
likely to be proved very easily. It remains, however, a remsrkably
parsimonious explcnation for a mass of otheruise disparate inform-
ation and for that reason appears to be worth entertaining and
testing."”

A detailed consideration of evidence relating to thes "faulty

transmethylation” hypothesis of schizophrenia.

fvidence relating to this hypothesis degrives from a number of
separate lines of investigation.

a) iethylated compounds as hallucinaogens.

It has already been mentioned that the methylated compound
mescaline (3,4,5 trimethoxyphenylethylamine) induces an abnormal
state in normal subjects not without resemblance to the clinical
situation in acute schizophrenia. Compounds having similar
properties to mescaline are some of the N-dimethyl and N-diethyl
derivatives of tryptamine., These include dimethyltryptamine,
psilocyn, psilocybin and lysergic aeid diethylamide (L.S.D.). In
the latter there is a psilocybin-like part and a nicotinamide-like

part. These are hallucinogens capable of producing hallucinations

cd



in a setting of clear consciousnsss (or "true" hallucinogens, to
use a descriptive label sometimes applied to drugs possessing this
property)s. In this they diffar from a number of other drugs, e.g.
those belonging to the atreopine group (the "deliriants®) in which
hallucinations are accompanied by clouding of consciousness.
Hollister (1962) criticised the claim that ths hallucinogenic
drugs produce a schizophrenia-like state although his own descrip-
tions to some extent belie his objections, since he noted many
similarities betwesn the drugs states and acute schizophrenia. He
commented that patients with a drug induced state showed delusions
rarely; that their hallucinations often occurred in the non-
auditory sensory modalities; that they did not show catatonic
features; and that (unlike the schizophrenics) they showed concern
at their failure to communicate. Hollister's experimental
technigue used "blind% ratings of taped interviews of schizophrenics
anc of normal subjects experiencing a drug induced state. His
conclusions that the raters could distinguish the two conditions
are open to question (as he himself admitted) since clues of tense,
accent and diction interfered with complete rater "blindness."®
That points of differsnce exist betwsen the clinical findings
in schizophrenia and thoss in drug induced states is, nevertheless,
generally conceded even by those who appear most impressed by their

similaritiss (Delay, 1962). Soms have drauwn attention to the



likelihood that differcnces may be expscted between a time limited
drug experience in an experimental setting and a continuing
schizophrenic illness; others to the fact that the drug subject,

. unlike the schizophrenic, knouws that changes are likely to take
place and that their sxperiences are, to this extent, not
comparable.

Studies of the clinical states induced bx‘the hallucinogens
would seem to afford some support to the hypothesis that there may
be an endugenous psychotogen in schizophrenia. It must be admitted,
however, that no drug or combination of drugs has yet been found
which mimic schizephrenia precisely. However, esven if such a
hypothesis were proved and a psychotogen isolated and administered,
other factors (such as those mentioned above) might prevent perfect
mimicry.

It is of interest that although mescaline has a very different
chemical constitution from psilocybin and L.5,U0., there is evidence
that the drugs all act by a similar mechanism : not only do they
produce the same type of symutoms but they show a pronounced crosse-
tolerance (Isbell et al., 1961; Wolbach et al., 1962). The placing
of the methylated ccmpounds mescaline, L.5.0. and psilocybin in a
special group (of “true hallucinogens") on symptomatological grounds
is therefore consistent with pharmacological cbservations.

Smythies (1968) in a discussion of this tepic, has suggested

e



that it is surely significant that ths hallucinocans are all
either O-methyl or N-methyl derivatives of the cerebral neurg-
humore, noradrenalino, dopamine and § hydraoxytryptamine.®

b) The effects of feedinc mzthyl donors to schizophrenics.

A number of reports have beon published (Pollin et al., 1961;
Brune end Himwich, 1862; Alaxandzr et al., 1S63; Berlst et al.,
1965a; Haydu ot al., 196%; Park et al., 1365 and Kakimoto et al,,
1567) cn the affects of feeding methyl donors to schizophrenics,
Usually the mcthyl donor has bosn msthionine (cccasionally betaine)
and (except in the work of Haydu st al., 1965), a mono-amine
uxidase inhibitor (M.A.i.I.) has been given in order than any amincs
formed would not be broken down so readily by monczmine oxidasc.

A vide range of symptoms and signs has bean noted to cceur as
a rosult of this medicatiocn; some authors have claimed the symptoms
to be largely 'toxic,' and mention such changes as "delirium, visual
hallucinations, ataxia, speaech disturbance, increcased salivation
and hyperhidrosis" fKakimuto et al., 1967), flushing and tremors
(Alexander et al,, 1963), orthostatic hypotension and cardiac
arrhythmie (8erlet et al., 1965a) and impaired memory span (Park et
al., 1%65). Thase symptoms hsve tended to occur when higher doses
of either methionine or K,A.ii.I, (or both) have becn given; schizo-
phrenics on lowsr dosage have frequently shoun no toxic symptums

but mznifested a clinicel state in which existing symptoms of
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schizophrenia have been intensified or nsw symptoms have developed,
e.gs the appearance of word salad, and an 'upsurgs of hallucin-
atory activity' (Pollin et al,, 1961), increased delusions and
hallucinations (Park et al., 18565) and increased withdrawal and
increased disorganisation of thought (Berlet et al., 1965a).

A number of objsctions can be raised to the work so far carried
out in this field. First, there has been a paucity of studies
on non—schizophreﬁic sub jects, although Rlexandeéf?lQGE) reported
studies on two such subjects (both psychoneurotics) and stated that
behavioural changes similar to those in the schizophrenic group
were produced. Howsever,this report menticned no symptoms which one
would regard as specifically schizophrenic. Secondly, sums workers
have administered le-methionine; scome dl-methionine while others
have not specified the type of methionine used, thus hindering a
direction comparison betwesn the different studies, It must be
admitted, however, that perusal of theAvarious reports does not
suggest that the type of methionine used makes any considtent
difference to the results cbteined. Thirdly, in ssveral series the
period during which tranguilliser therapy was withdrawn prior to
the onset of maethionine/M.A.0.1. administration has been undesirably
short. fussbaum {1964) has peinted out that withdrawal of
tranquilliser therapy may lead to a “pseudostimulation effect®

characterised by increase of agitation and psychotic ideation;



Follin et al. (i961) produced incrraced anryiety with an increasing

gt

flcod of ascecistions with methionine and ©.5.0.1. Indiczting that
the misinterpretation of drug withdrawal ettects is more than a
thoceretical pitfall,

Minally, too fow studics such as that of vollin et al. (1961)
have boecen carried out with amino acids obther than mothlionine.  aAn
exception is the study by Spazide et al. (1967). who fed cysteins
and f.h.0.1. Lo schizophrenlics ang who claimed exacerbation to have
rosulted. This at once ccomplicates the issue, for cysteine is not
a mauthyl donor slthouwgh it docs supply a thicl group wuhich probably
has an importznt pert to picy at the reesptor sile for the methyle-
ating cnzyime catechol O-mcthyl transferase (Axelrod, 1966).

it has bzen sugcested by Spaide et al. (1967, that “the rise
in creatinine excretion (i.e. during cysteine administration) may
indicate towt muscle protein was catabolised thus recloasing a variety
of aminoacids including methionine.” Ancther possibility sugcasted
by these zulnors is thzat, as mothionine is normally metabolised to
cysteinc, cystuince adminisiration may lead to a "build up in
mocthioninz.®  wusc end Uixom (1955) have shoun in this connection
thot cystinz has @ sparing effect on the human requiremsnt for
scthivnine. It will bo seen from Fige 1 that the norinal pathuay
frem methicnine to cystine hss cystathionine as an intermedizry.

Cystathicnine fourmation (from serine and nomocysteine) is catalysed



by the cnzyms cystathionine synthotase; its breakdown (to homo-
cerine and cysteine) is catalysed by the enzyme cystethionase,

Kato ct al. (1964a) have shown that cystinc (uwhich can be produced
from cysteine) has an inhibitory effect on cystathionine synthetase
activity, in vivo, in rats; and that both cysteine and cystine
competitively inhibit cystathionase (Kato et al., 1566). It would
appear likely, thecrefore, that cystéine administration in man may
have a considerable effect on the methionine tc cysteinc pathuway.

Sprince (1967) has suggested a further alternative mode of
action for methionine. As a result of feeding eXcess methionine
(or cysteine) to rats he found evidence of an inhibition of the
tryptophan § kyneurenine ¥ Nl-methylnicotinamide pathway, and
gvidence of an increase in the tryptophan ¥ tryptamine pathuay.

He suggested that this may favour the formaticn of Nemethyl
derivatives of tryptamine, some of which (as has already bean
mentioned) are psychotomimetic.

It is important to note that the administration of the
combinations methionine/f.A.U.I. or cysteine/M.A,G.1. increeses the
urinary excretion of non-methylated amines (and presumably increases
tissue levels also) more than does M.A.05.1. alone. This holds for
the non-methylated indolzamine tryptamine both with the methionine/
M.A.C.I. combination (Sprinceet al., 1963) and with the cysteine/

fleA.Usl. combination (Spaide et al., 1267). Kekimato and co-workers



(1967) studied the elevation in urinary emine levels(using a
methionine/iM.4.0.1, combinatiun)of four amines, one non-methylated
(noradrenaline), one N-methylated (adrenaline), one O-methylated
(normetanephring) and one both D= and Nemethylated (matanephrine).
A methionine/M.A.0,I., combinaticn administered to eight longestay
hospital female schizophrenics led to the excretion of larger
amounts of all four amines than did the M.A.0,I. alone, again
shouing that the effect of methionine is not limited to an increase
in the production of methylated amines.

It may be noted that there is good evidence that M.,AR.0.1.
therapy alone may exacerbate (particularly during the acute phase)
or even precipitate schizophrenia. Price and Hopkinson (1968) in
a revieu of this topic drew attention to tte fact that, as far as
chronic patients are concerned, M.A.u.ls. {used as “psychic
energizers") seem to do little harm. Reports of exacarbation
vcecurring with a methionine/MA.0.I. combination given to chronic
patients therefore sugyast that methionine makes a significant
contribution to such exacerbations. That the contribution of
methionine is important recaeives further suppert from the work of
Pollin et al, (1961) whou used a variety of amino acids but only
induced symptoms of exacerbation with methionine (and M.A.G.I.)
and from the experimental designs used by Brunc and Himuwich (1963)

and Park et al. (1965) which included a period in which T.A.0.1.
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was adwinistered alone, this therapy failing to exacerbate schizo-
phrenia in patients in whom the methionine/i%.0.1. combination
lster succeeded,

To summzarise : there is evidence that a methionine/M.A.C.I.
combinction causes a greater rise in urinary amines (and presumably
in tissue amines) than does M.A.C.I. alone; this effect is not
limited to methylated amines for it occurs also with non-mothylated
amines {e.q. noradrenaline : Kakimcto et al., 1967 and tryptamine,
Sprince et al., 1963). There is evidence that methionine (plus
MeA.U.1.) can exacerbate the specific psychopathclogy of schizo-
phrenia; this micht be due to the excessive formation of a
methylated emine or to the axcessive formation of a non-methylated
amine or to soms other property of M.s.0.Is.3(which can inhibit a
ccnsiderable number of snzymes in addition to moneamine oxidase,
Gey et al., 1963); ths precise mode of action of methionine in
this situaticn is obscure. As far as the faulty transmethylation
hypothasis is concerned, the evidence of the M,A.0.1./a8minc acid
feeding studies is not inconsistent with the hypothesis, but affords
it little decisive support.

c) The effects of reducing dietary methicnine.

Berlet et al. (1965b) have examined the effect of reducing
both dietary methionine and, simultanecusly, dietary tryptophan

on schizophrenic symptomatology. Their patients were nine malse
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chronic schizophrenics whowsre maintainaed on the usually guotad
‘minimum daily requirement' of Lemethionine (1.,10G.) for four
weeks, followed by an eight week period on about a third eof this
amount (0.35 « 0.40G., per day). During the whole of this twelvs
week period diatary tryptophan was cut to about the minimum daily
requirement (0,25 - 0,35 G/day). No consistent clinical changes
ware produced by this regime : worsening that took place in three
patients was not clearly related in time to any particular dietary
regime. However, there was biochemical evidence that a significant
reduction of methyl groups was not induced by the restricted diet,
Thus, although the urinary levels of Nl-mathyl nicotinamide (which
is formed by the methylation of nicotinamide) were reduced, these
were brought back nearly to normal levels by nicotinamide administe-
ration. 0On this pieca of information one can base a criticism of
Berlet's worke. ilormally nicotinamide can be derived from dietary
Letryptophan. Nicotinamide is a methyl acceptor, and any situation
iﬁ which levels of this cempound fall balow normal will tend to
cancel out the effect of dietary methyl donor restriction by
blocking ene route for elimination of methyl groups from the body.
It would, therefore, have been better to zllow adeguate dietary
tryptophan whilst methionine reduction was in forece and to study

tryptophan withdrawal as a separaste experiment.,
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d) The matabolism of Cl4 labelled methionine in schizophrenics.

israglstam et al. (1967, 1970) reportod a difference betueen
normals and schizophrenics in ths mstabulism of mcthyl-cla-labelled
methioning. After they administered this substance, they collected
expired air and from this derived the ratio of Cldﬁz to unlabelled

co In normal subjocts they found that this ratic reached a peak

2°
in about 20 minutes thoreafter falling slowly; in acutely disturbed
schizophrenics the pecak was absent, a plateau which lastod for
sgveral hours occurting. The datawers considered consistent with a)
a rate-limiting enzymetically based step delaying the conversion
of CMH3 (the labelled mathyl group) to 01402, or b) & larger
wethionine or transmethylating pool in schizophrenics than in normals,
Israclstam vt al. (197C) reported an abnormal result for the
test (although the abnormality was of a different type) in patients
with depression, suggesting that the explénation for the findings
relating to schizophrenics may nct lies specifically in disordered
transmocthylation,
It is ncteworthy that the total recovery of ldc as 14002 was
of low order (in normals and schizophrenics about 2 in a &4<hour
period) and also that studies were not extended to other biologically
important compounds which may be predicted to have been labelled
(e.g. choline, bataine, crecatine, creatinine, Nl-methyl nicotinamide
and the methylated catecholamines, to neme but a feu).

The studies are therafore open to the criticism that they

give an incomplete picture of the situation.



el) The effects of methionine sulfoximide on schizophrenic and

non-schizophrenic sub jects,

Krakoff (1961) administered methionine sulphoximine to seven
patients (non-schizophrenic) with advanced malignancy and showed
thet it was capeble of inducing a psychosis characterised by
hallucinations, discrientation and agitation. Syaptoms such as
those mentioned occurred within 3 = 5 days of starting o;al
methioning sulphoximine in a daily dose of 200 - 400 mgm. In one

patient co-administration of a methicnine : msthiunine sulphoximine

mixture in a ratio of 19:1 produced no abnormality but administration

of methionine sulphoximine in lower doses praduded the psychotic
symptoms, suggesting that methionine afforded some protection
against the action of mzthioninc sulphoXimineg.

Heath et al. (1666) fed methionine sulphoximina to nine
prisoner voluntesars and noted "autism, thought deprivaticn,
disturbances of affect, blocking anq association defects,”
Catatoniﬁ sympteoms, delusion and suditory hszllucinazations also
occurred in some of these subjects. Heath found, however, that
methionine suiphoximine had quite a different offoct on ten chronic
schizophrenic subjects (who had boon off maedication far at least
six months), They actually improved on the drug, as shoun by their
scoras on several different rating secales, with most marked

improvement in the effective sphere. This was exemplified by a
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mute catatonic patient who "began to converse pleasantly with ward
personnel and sven danced ths Charleston on onc occasion,® Inly
in memory testing did both schizophrenics and non-schizophranics
show the same response to the drug : deterioration. [lemory,
howsver, is characteristically unaffected hy a séhizophrenic illness.
Heath listed the ways in which hs thought methionine sulphoximine
might have been acting-
(§) as an antimetabolite to methionine (inhibiting the
incorporation of methionine into protein).
(ii) as an inhibitor of enzyme systems involved in the
synthesis of glutamine and the production of bound
acstyl choline, 2nd
(iii) possibly by interfering with brain transmcthylation,

0f these modes of action, the third can only be described as highly
speculetive. Heath's findings micght support the transmethylation
hypothesis if methionine sulphoximine could be shown to act by
depriving an over-active methylating system of the methyl donor
methionine, in the schizophrenic. Such an explanation, howzver,
would not readily explain the mimicry of schizophrenia cbserved
with methionine sulphoximine in the normal subject, Further
clinical experimentation carried out on an entirely double-blind
basis {which Heath's work was not) coupled with in vitro or in vivo

studies an the effects, if any, of methionine sulphoximine on



transmcthiylation (either in brain or elscwicre) sre cloarl
reoguireds. IV would be alse of interest to sec whethoer mebthionine
culnbo.dluine i1s metabelised sianilarly by cuntrool subjects anc

schizophranics,

f) The cfiects of penicillaminc in schilzophrania.

it seens unlikely, on the available ovidence, lhat the effects
in schizuephronia of the substance ponicillemine aliord suppurt for
the “Taulty trensmelthylation® hypoctihusis.

Nigclsoen et al. (1S00) tuuk ten maele chrunic schizophrunics
(v were maintained un long=-slanding phencthlezine regiuns
throughout) ang fed Tive of these putlienis on 1,200 ngm. of Le
punicillamine daily for si. perlous oi sl. days, the other Five
receiving plucobo. o lou copper diet (oppresimaevcly 1 omgi./day)
ves aduinistersd throughout to all ten patients,

They vound striking clinical laprovéisent i the iive patilents
trcoced wilh peniclllamine, bub no change in clinical state vccurred
in four pzlients recuivine placebu, while z 'slight chenge!' was
rictsd in ths Tifths  Their couiples hypothesis bas boen suli.Tisad
as toliuus Nicolson et al, 1966 ) --

Gowdni, Looa congenitol geiect in Lhe enzyume systzos of thoe
pincal glanc (pussibly e cefect of U-wethyl tiansferwse) there is
zi ebnoraciity in thoe metabslism of serctunin.  Cunuégusni.y, the

production o salatoiin is rczduced or absocni wikh the formation of

v :1(5



Penicillamine and Methionine Sulphoximine.
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an abnormal pathway leading to the production of a psychotoienic
cubstance (probably chemically similar to harmaline). #As a result
of tho docrease in melatonin formation there is increasad melano-
genesis; and due to the production ef harmala alkaloids, there are
hallucinations and delusions.®
1t has been suggested (as an 2lternative) thet penicillamine might
act by interfering with bilochemical transformations involving
trénsmethyiation (smythies, 196t), a sugoestian basad on the
chemical similarity betuwesn penicillaminc and methionine (sec Fig. 2).

This is speculative, and furthsr biochemical studies will be
required to cvaluate the mode of action of penicillamine on trans-
methylation, As far as clinical sfiects are considered, mention
may be made of a “preliminary" report by Hulmchen et al. (1967)
that d-peniciliamine was of value in five schizephrenics, improving
their affective and volitional status.

¢n the opther hand there havo bezen reports that penicillamine
is of no valuaz in acute schizophrenia (Affleck et al., 1969) or in
chronic schizophrenia (Affleck ot al., 1969; Breoker et al., 1563;
Hollister et al., 1966 and ualshe, 1967). In all these studies,
unlite that of Hicelson et al. (1966), dietary copper vas not
regstricted. That this is unliksly to be importent is suggested by
the fact that beneficial effects noted in dicolson's study cccourred

toc quickly (within a matter of days) to be dependent on dietary
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Figure 3. Methyl ascceptance by Nicotinamide.
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copper uithdrawal,

) fethyl acceptors as treatmznt for schizoohrenia.

In introducing this topic, one wight, perhaps, draw attention
tu an histurical aspect of the cubject ¢ Hoffer ( who has worked
with tUemond, an criginator vith Smythies in 1952 of -the trans-
methylation hypothosis) wrote (1967) - PAt our first internal
roscarch meeting early in 1952 we determined to use sufficicent
nicotinic acid (or amide) tu decrease the transmethylation of
noradrenaline to adrenalinc....." Thus the raticnale for the use
of nicotinamide in schizophrenla was a conseguence of the faulty
trensmethylation hypothcsis.

lethyl acceptance takes place as shown in Figure 3,

Hoffer (i967) summcrised the positive results of his earlier
vork and concluded that "uhen nicotinamide or nicctinic acid at a
dose of 3 G/day is included in a trcatment progran for schizophrenia
paticnts of the kind normally admitted to psychiatric wards of
general hospitals, the therapeutic results are bettzr than when it
is not given.™ His results appearad to be the samc uvhzthar
nicotinamide or nicotinic acid was used; the latter producce a
marked flush uvhilch makes *hlind" evaluation of the effect of the
drug impossible. Hoffer's earlicr work, in which sithear
nicotinamide (which docs not produce a flush) or placebo were given

(allocation to 2 30 day course of therapy being at randem) is more



acceptable from the experimentzl point of vicw then his later
reports. In his earlier study,clinical comparison of the nicotin-
emide orocup with the ploesbe group  showoed that the vitamin
treated groun had donz batter than the placebe greup (p= 0.039

by & Fisher Irwin test : author's celculation).

Hoff=r has claimed improvement to occur more often in the
acute than in the more chronic type of patient.

There has recently boen a resurcence of intercst in medication
with nicotinic acid, nicotinemids and other vitamins in schizo-
phranis nnd in other psychiatric conditions. fegavitzein therapy
has boen widely acclaimcd, perticularly in the United states (and
has recelved some support from a most eminegnt bioschemist - Linus
Fauling, 1969). liaslouwski (1967) reported improvoment in 17 of
30 male drug refactory schizophrenics given nicotinic acidsy werd
(1967) renorted improvement on either nicotinic acid or nicotin-
amide (cousled with conventional therapy and often with vitamin c)
in both schizophrenic and nun-schizophrenic psychiatric pationts;
Har janic et al. (1837) reported that a series of schizuphrenic
vutpatients i © tter on nicotinic acid than did a contrel group
not so treated bk that chronic hospitalised schizophrenics did
not improve on this treatment relative to a control group.

Hoffer's claim that nicotinamide adenine dinucleotids



(H.A.U, otheruise known as D.P.N,) is an effective troatment for
acute and chronic schizophrenic doss nat seem to have been
substantiated. Kline et al., (1967) in a carofully controlled
study found no difference in effect betwesen the administration of
D.P.d, and the administration of placebo on the cliniczl state of
chronic schizophrenics, nor did Gallant et al. (19658). Hoffer

and Dsmond (1968) criticised Klina's work on the gqrounds that
Kline's patients were more chronic than theirs; that Kline's N.A.D.
was less active than theirs and that Kline's statistics did shou
some improvement to have occurred.

It is known by in vitro studies in animals thet the adminis-
tration of nicotinamide csuses an =levation in N.A.G. levels, 1If,
and the evidence is far from convincing, nicctinamide is of bencfit
in schizophrenia, the mode of action of the nicotinamids cannot
(because of the disagreement of the efficacy of N.A.D.), be taken
as proven to lie in its propertyfgeing an N.,A.D, precursor,

In summerising the present situation it would seem reascnable
to agree with Mayer (1969), that thure is a need (in assessing the
efficacy of nicotinamide in schizophrenia) for systemic
experimentation using “tight diagnostic criteria and well definad
methodological precautions such as double blind technigues." As
has already basen pointed out this is scarcely possible when

nicotinic acid is administered, bccagse of the flush it produces.
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RN Homocystinuria and Schizophrenia,

Homocystinuria is an inborn error of methiocnine metabolism
controlled by an autosomal gene havino a recsssive character.
Methionine can be converted in the body to homocysteine; thence,
in the normal subject, cystathionine synthetase converts haomo-
cysteine to cystathionine and from this amino acid cysteine,
cystine, taurine and ultimately inorganic sulphate are produced.
In homocystinuria, the enzyme cystathionine synthetase is deficient
and the methionins-cystine pathway is blocked at this point
(see Fig. 1, p 8 ).

Homocystinuria is characterised by the excretion of excessive
quantities of homecystine in the urine and by elevation of homg-
cystine and methienins levels in the blood. The methionine pool
is increased (Brenton and Cusworth, 1966). Patients suffaring
from this condition have a general appearance reminiscent of
Marfan's Syndrome but show mental retardation and thrombotic
phenomena, manifestaticns not encountered in the latter.

The interest of homocystinuria to the investigator into

schizophrenic biochemistry lies in cobservations of schizophrania

in the families of homocystinurics by Carscon ct al. (1963), white
et af .

et al. (1964) and Carey ot al., (1968). Schimke/(1965) reported

mental illness (the nature of which was unspecified) and suicice

te be increased in homocystinurics' families. Spire ot al. (1565)



describsd 2 24 yzar old wowman vno had both homccystinura aenc
schnizcphrunda; her mother vas conciderced to be an ¥umoulatory
schizophranic.® fFrice et al. (1968) have draun attention to an
ebnermal toriuosity in the nail fole capilieries togelher witih an
increase in the sudpapiliery plexus in e homocystinuric sna also
in his mcn-nomecystinuric non-schizephrenic father. 5imilar changes
have been cecceribad in a number of papuere by f. L. saricg zs
occcurring in the nail folus of sconizephrenics (see raricyg, 19G35),
such shizophranics having & relatively tiigh family inc.dence of
the disease.

uné could reasonably forimulate tne hypotnesis thal the pre-
disposition co schizeophrenis is increasad in individuals uho aro
homacystinuria heterozygotes : such a nypotnesis would bo censistent
with those cdigrees published to date in which buth homocystinuria
ano schizophrenia occur.

giochemicel studics on haoterozygotes (parents of homnocystine
uric ouirspring) have bsen limited but Srentun, Cusworth ano Gaull
(1965) fouund, aiter giving an orai dose of methicnine to the father
of & homocystinuric thet the sorum mothionine level hazd not
returned to a basal locvel ailer 24 hours, as normailly occurs. Carson
el al. (1963) coministered L-mzthicninc oraily to the mother (a
parancic schizophrenic) of twc homocystinuric children and founa

hat urinzry methionine rose to higher levels thein sccurred withn



normal subjects (consistent with the presence in this individual
alsu of above normal serum methionine lsvels). OUn thsoretical
grounds (bzcause methionine can be metabolised in other ways than
via the cystine pathway - for example by incorporation into protein,
and because the heterozygote should have cystathionine synthetass
activity of a substantial degres, i.e. 503 of normal), one would
Jjudoge methionine feedinyg likely to prove too crude a method to
detect the homocystinuria heterozygote roliably and it is not
surprising that some presumzd heterozygotes have given normal
results using such methods.

If one were to take indivicduals A and 8 carrying a gene (or
genes) for schizophrenia and specify that one of thess (A) was in
addition & homocystinuric heterozygote, then individual A would
tend to maintain the higher serum methionine levels; this, from
what has been said concerning the exaccrbation of schizophrenia by
methicnine (and M.A.0.1.), should tend to make A likely to show
more schizophrenic disturbance than that shcun by B, other things
being equal. 1In genetic terminclogy, homocystinuria hetereczygosity
could tend to increase the expressivity of the ‘shizophrenic’gens(s).

As far as the transmethylation hypothesis is concerned, doubt
as to the precise mode of action of the methionine/F.A.0.I. cumbin-
ation in the feeding sthdies alrecady discussed applies hsre also

(see p 11).



The affspring of schizoshrenic couples. une might anticipate that

a study of the offspring of marriages bztween two schizephrenics
would readily support or refute the hypothcsis that some schizo-
phrenics arc homoeystinuric heterozygotes, because cuch marriages
should lcad to hemocystinuric among offspring at a fraguency
highor than that in thoe general population.

further considaration shous that this is not the case. Thus
if 1 in t schizophrenics is & homoeystinuria hceterozygote then,
with random mating, 1 in N2 marriages betwsen schizephrenic couples
will bring two homocystinuria heterozygotes Logether. (This value
for Nz will be higher than the true figure because of consanguin-
gous marriage). One in 4N2 of the children of such marriages will
be homocystinuric. Thus 1 in 4H2 such marriages will be expected
to yiecld anly 2 - 3 homocystinurics (assuming average fertility
for such marriages); if # = 10 (which represcnts a substantiasl
genetic contributicn to schizophreniz {rom the azbnermal gene in
question), it will require 400 such marrisges to produce this
numbcr of homocystinurie children,

ficsenthal (1966) in a study of the offspring of schizophrenic
couples points cut that the schizeophronic in his patients wes
atypical in that the average age of onsct was a decade later than
the average age of onset of schizophrenia : these individuals vere
ahle to marry, congeive and bear children before the onset of their

illness,
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However, Erlenmeyer-Kimling (1968) has suggested that the
"late onset" in schizophrenic matings may be an artefact, early
onset schizophrenia predispaosinu to family disruption and difficulty
in ascertainment, particularly where both parents are affected.

If it is shown that homocystinuria heterozygosity pre-
dispases to sarly onset rather then late onset schizophrenia (and
one would expect that a genetic loading, if relevant, would act
in this dircction) the chance of a homocystinuria heterozygote
schizophranic marrying could ba lowar than ths averags for all
schizophrenics.

The published data from five sources summarised by Rosenthal
(1966) give information on only 67 schizophrenic couples. HMany
of their offspring died in infancy and early childhood ( as many
homocystinurics do), but houmccystinuria had not been described
when these seriss were collected; furthermore, the various authors
were looking primarily at the incidence of schizaphrenia in middle
aged offspring. &ven if homocystinurics had been present in the
families, such individuals would not have been presented for study,
for homocystinuria does not appear to carry much chance of survival
beyond the age of 25.

To summarise: the present situation is one in which there is
insufficient data on which to draw valid conclusions, far a

sufficiently large survey of homocystinuriec pedigrees has not



yet been assembled. The co-existence in pedigrees(pf homag-
cystinuria and schizophrenia)so far reported may be coincidental
and spuricusly impressive because pedigrees lacking such an
association may not have been published. If such an associatiacn
vere established, the bivchemiczl sbnormzlity in the homo-
cystinuria heterozygote would be worthy of very datailed study.
The nature of this abnormelity might support a "fauly transmethyl-
ation" hypcthesis. Alternatively it might suggest new avenues of
approach to the problem of the biocchemical lesion in schizophrenia.
Studies to date on schizophrenic couples have not reported
any increase of homocystinuris among their offspring. For a host
of reasons this is not surprising., It certainly does not
invalidete the hypothesis}gge homocystinuria heterozygote may carry
an increased risk of developing schizophrenia.

1) Catechol-O-Fiethyltransferase (C.C.M.T.) administration to

Schizophrenics.

Hall et al, (1969) reported the results of administering
intramuscular injections of C.Q.0.T. (obtained from etiolated peas)
to four moderately disturbed schizophrenics wha had not been trecated
with eithar phencthiazines or €.C.T. immediately prior to the

injections which were given daily for 1 = 2 weeks.

All patients appeared to worsen on this therapy although in one

case the symptoms recorded (dizziness, headache, insomnia and
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depression) were not those of exacerbated schizophrenia. Clinical
ratings were not carried gut blind and no control subjzcts wsre
studied; morecver the patients may have had some knowledge of what
the investigators considered might happen since they gave “fully
informed consent."

In one patient cessation of injections lead to improvement, a

further course of injections then leading to further worsening of

symptoms (and transiently to the appearance of a urinary pink spot').

This report, although of a preliminary nature, is of
considerable interest, If the effects obtained zre confirmed and
shown to be specific to schizophrenics, they would provide evidence
suggesting not only that a significant abnormal pathway in the
schizophrenic may contain a methylation step, but also perhaps,
that it is not this step that is abnormal. If it were, it is
difficult to see why this particular enzyme should produce an
advarse sffect for by compsting with the pathological anzyme for
substrate and cofactors, it might not unreasonably be predicted to
have, if anything, a bencficial effsct,.

J) The 'Pink Spot!' Controversy.

In 1562 Friedhoff and Van uinkle reported the excretion of the
compound 3:4 dimethoxyphenylethylamine (D.lf.P.C.) in the urine of
15 out of 19 schizophrenics but in ncne of 14 normal subjects;

their paper chromatographic end staining methods gave rise to a
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‘pink spot.' Since this time a largs number of articles on this
topic representing many different shades of opinion have appeared.

The present position is that there is more agrcement about
the presence of 'pink spot' material in the urine of schizophrenics
than about its identity. The most likely reasons for the uide
disagreements that exist in this field are:-

a) that not all scuries are concerned with the same type
of schizophrenics (somec concentrating on acute patients,
others on chronic).

b) that techniques differ widely from series to serics :
all reported pink spots may not be produced from the
same substance.

c) that some investigators may not satisfacterily have
pvercomg the difficulties imposed by the presence of
drug metabolites in urine obtained from schizophranics.

d) that if 'pink spot' is not D.M.P.E. then studies
designad to estimate the latter substance are likely
toc be irrelevant to the pink spot phenomencn.

As far as the excretion of D.#.P.E. iteelf is concerned, there
is little general agreement. Sen and flcGeer (1964) and Kuehl et
al. (1964) wews claimed to have demonstrated this compound in the
urine of schizophrenics using gas chromatography and thin layer

chromatography, respectively. Takesada et al. (1963) claimed that



it was present in the urine not only of their schizephrenics but
also in 45% of their controuls. Studnitz and Nyman (1965) and
Vogel et al. (1967b) found D.M.P.E. to be excreted both by normals
and schizophrenics vhile Barbeau et al. (1963) reported it in the
urine of patients with Parkinson's disease (although this finding
has bean disputed by others).

Sn the other hand, Perry et al. (1964, 1966) failed to find
D.lM.P.E. in the urine of either ascute or chronic schizophrenics,
while williams et al. (1966) and Jones et al., (1969) failed to find
it in the urine of any of a number of acute schizophrenics.

Friedhoff and Van uinkle (1967) have continued to assert that
the compound they have been studyino is B.l.P.E, and thin layer and
gas chromatography and melting point estimations have been used to
back up this assertion. Creveling and Dely (1567) produced mass
spectroscopic avidence that part of the paper chromatographic
phenomenon of Friedhoff and Van winkle is D.(.P.Z. although they
considered this compound to be only a minor constituent of the
'pink spot.' They subjected the pink spot area of unstained paper
chromatograms to clution and then ran the eluate on T.L.C. with
the production of 7 spots, in one of which they identified D.M.P.E.
by preparing dansylamine derivatives which were then subjocted to
further chromatography and finally to mass spectroscopy analysis.

Jther workers would accept that a chromatoqraphic pink spot
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ived from the urinz of cehizecphrenics but would not agree

that this iz groducsd by JWE. Pind and Faursye {16656) came
to this conclusion, ss cid Sell and Zomcorvillc (1550) and Soulton
ond felten (19G6G).
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a) p=tyrawins. Soulton ot el. (15067) sugcoctsd thot the pink spot
msy derive from p-tyraminc. Vagel et al. (0%967z) cxanincd snd
rcjected Lois poesibility on tho ,rounds thal p-tyrz.ine use
&ooralud by wll the rebjsctes Lhoy tosted, a group of schizeophranics
excrzling womsvhat loss, on avarage, than a contral qroup.  fFurther-
mora, Tasoccwda ob el (1923) shoucd thet p-tyraming ano L.itec oD
hove cictinoctly difforant S0 on the cutanol @ zcetic zeid @ . ster
sclvent systen using uhich ricdhof ano Van cinkle (1962)

wrizinglly reported CW0LE.D. 2nd ths subst ace yiclding ¢ pink spot

D) a chlvrigumazine netebolite. Closs b ad, (1G6G7) mede tha

.

tentutive cocgustion that pink spot might be produced from nor
chlorprema-ine soiphexide (o chlorpromazine mataboliite) but
Steinbery one wolocon (1860) in & study of this ;cssibility

cuncluded (o chemical vvidonce) thot this substance could not be

Lhe moterial feclated Sy Mricchoff and Yan dinklcoc. The fingings
6t fildnze o . (1968) of 2 group of pink spot positive casss in
vhich druys had on no occasion been given also arques ageinst the
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drug metabolite theory. Ridges and Harper (196B) could find no
corpelation betwsen pink spot and the administration of one
particular drug. Bourdillon et al. (1965) found that the relatiuvn-
ship between schizophrenia and pink spot was at least as marked

in those who have been off drugs for two vecks or more as in

those who had not, but this is not entirely conclusive since pheno=-
thiazines and their metabolites may be excreted for many months
after cessation of therapy (Goodman anc Gilman, 1965),

c) tryptaming. Kuehl ot al, (1968) argued that tryptemine is
responsible for the 'pink spot' phenomencn, and in this connecticn
it is of interest to note that Berlet et al. (1964) found puosks of
tryptamine excretion to precede the peak of worsening of schizo-
phrenic symptoms during exacerbations of this disease. However,
Bourdillon and Ridges (1978, in press) have chromatographic
evidence that the pink speot which they have been studying cannot

be produced from tryptamine,.

d) monopropsicnyl cadaverine. Perry et al. (1967) sugoested that

monopropmionyl cadaverins produced the pink spot and that this
arosgc eglther as the product of intwstinal flora peculiar to life

in an institution, or as a result of constipaticn. lHowever, the

technique used by several other workers was such that monopropeiocnyl

cadaverine would have bgen discarded and could not have explained

their pink spots (Uatt et al., 1965). Perry‘'s suggestions are
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also contrary to those of Bourdillon et al. (1965) who examined
urine samples from 296 psychiatric inpatients, including many
chronic patients. It was noted first, that the pink spot uas

found significantly more often in the schizophrenic than in tha
non-schizophrenic (p€0.001) notwithstanding the fact that both
types of patient were living on the same ‘chronic' wards, and
second, that the incidence of pink spot in the chronic group was
lower than in a group of patients newly adwmitted (and often acutely
disturbed) also examined in this study. Furthermore, Ridges et al.,
(1968) found that pink spot production was unaffected by a S-day
course of neomycin which would considerably alter gut flora. All
these points argue against the intestinal flora theory of pink

spot origin.

dther suquestions as to the origin of the pink spot. Perry et al,

(1967) suggested that their failure to find U.#M.P.E. in the urine
of schizophrenics may have been duza to the fact that many amines
in urine are derived from dietary plant sources. They examined
urine obtained from patients maintained for five days on a diet
froe of all fruit, vegetables and flavouring agents, but failed to
find D.FM.P,E, . Von Studnitz and Nyman (1965) alsoc considerad

D lMi.P.E. to be of dietary origin because it disappegared from the
urine after several days on a glucose diet both in schizophrenics

and normal subjects (as is mentioned above these uworkers claimed
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to find D.M.P,E. in urine from schizophrenics and from mentally
healthy controls).

Frisdhoff and Coupet (1967} pointed out that urinary homo-
vanillic acid (H.V.A., a metabolite of dopamine) decreased sharply
when a glucose diet was given although this acid is thought to be
of endogenous origin. Thay suggested that this indicates thet
the arqument that 'since D.M.P.E. disappears from the urine on a
glucose free diet, therefore it derives from the diet' is a non
sequitir. The objections put forward by Friedhoff and Coupet to
the work of Von Studnitz and fyman seems to the present writer to
be illogical. uhat Friedhoff and Coupet showed was that urinary
H.V.A, was likely to be derived in part from dietary sources (as
well as from dopamine metabolism) and this is as far as their
argument should have taken them. A more satisfactory question for
them to have asked would be ‘urinary OU.[.P.E. might be derived
from a dietary constituent but uwhy only in schizophrenics?!
Furthermore, a Far more fundamental point of differencze exists :
that Von Studnitz has described D.[1.P.L. a@s occurring in the urine
of mentally normal subjects whersas Friedhoff and his co-workers
have not (except in a twin study described on p 37).

This has relevance to the praoblem of pink spot and schizo-
phrenia only if pink spot is D.M.P.E. and there is a substantial

body of evidence that it is not, as has been indicated.



In this connection one might mention that Bourdillon et al.
(1965) included non-schizophrenic patients from the same wards
who had been offerad the sams dist as had the schizophrenics,
suggesting that dietary factors alons afford an incomplete
explanation of the pink spot phonomenon,

funn and Wheelsr (1966) suggested that pink spot may result
from brain dasmage. They described a leucotomized 69 year-old
schizophrenic (previously trcated with massive doses of phenc-
thizzines) who showed considerable dyskinesia and whose urine
yielded a pink spot. It is, houwever, clear from other studies
that phenothiazine thsrapy, brain surgery and dyskinesia are not
prerequisites for pink spot production,

Other considerations concernina the pink spot phenomenon.

The phase of sriginal optimism concerning the pink spot
phenomenon was followed by scepticism and highly criticsl attacks
exemplified by a leading article in the British Medical Jcurnal
(1967), which seemed determined once and for all tc cismiss the
pink spot as yet enother red herring. But a specific explanation
of the phenomenon as being due to dietary or gut flora effects or
to differences in bodily activity or to drug metabolites must
account for such facts as the most methodologically acceptable
experiments have established., It doecs not secm to the present

author that such ex#planations as have been forward to date have
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been successful in doing this,

The most carcefully controlled experimzntation to date vas
presented by Dourdillon ot al. (1965) vho found (in & serivs of
experiments in which biochamical and clinical data uvere collected
by independent workers) a highly significant correlation beotween
schizophronia and pink spot. This applied particularly for none
paranoid schizophrenics and for schizophrenics with Schneider-
positive symptoms. (These are symptoms thoucht by Schneider, 1959,
to be indicative of schizophrenis.) Substantial control groups of
mentally normzl individuals end non-schizophrenic mzsntal hospital
inpatients wsre provided. The depreo of probzbility of zan
associaticn betuwsen a diasgnesis of schizeophrenia and pink spot can
be judied from the following table.

TABLE 1: Compzarison of Incidence of PFink Spot between Classes.

( from Bourdillon st al. 1905)

P
Schneider positive (4G) with control (149) =2.5 x 10727
schneider negative (23%) with control (149) =3,1 X 1[3“'7
schneider positive (46) with Schneider negative (23) <0.001
Hon-paranoid schizophrenic (69) with non-schizophrenic (77) «¢0,001
Hon=iarancid schizephrenic (52) with control (14Y) =8,06 x 10“32

(The first membuer of cach pair contains thz highsr preporticn cf
pink spot positive subjects 3 p is the probabitity cocfficicnt. The

figures in bruckets are the numbers in each class).



A satisfactory explanation of these findings in biochemical
terms has yet to be given, since Bourdillon did not attempt to
aquate D.M.P.E. and pink spot,

Pradesce et al. (1968) carried out a similar study to that
of Jourdillon ot al. {1965) (although not on a double blind basis)
using the technique of friedhoff and Van Winkle. They derived 23
pink spots from the urine of 51 schizophrenics (who had all been
of f treatment for at least thres uweeks). Urine from 170 non-
schizophrenic subjects (55 mental hospital patients, 88 subjects
i1l uith physical illness and 27 healthy subjects) yielded only
one pink spot.

To summarise, the pink spot phenomenon would appear to stand
up fairly uell to critical cxamination as a phenumenon psculiar
to schizophrenia, Explanations of pink spot as being some form
of artefact have as yet failed satisfactorily to account for the
kriown facts. OD.,0M.P.L. seems very unlikely to be wholly responsible
for the pink spot. An alternative identity has yet to bs
gstablishad; more than one compound may be responsible for the
phenomancn in any given instanca,

The relationship between the transmethylatlion hypothesis and the

pink spot phencmenon. Until the substance(s) responsible for the

pink spot phenomenon has boen idontiiied this relationship remains

conjecturzl. The phenomonun may yet prove to afford an important
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scurco of support for such a hypothesis., 1t is Lo be hoped that
further mesc spuclroscepy sbuedieg similer to that or Creveling

and Cely (1927) (see p29 ) will be serried out,

Studios 0l Urinarty S.rer.t. in WZ tuinships discourdant {or

. ¢

cchizophronia. It is of interast that Friedhoii has rocently

claimed Lo Havc §oUnG weiverreie in Lhe urine ol non-schizophronic
co-twins of several mornozygotic twin pairs discordant for schizo-
phrenis (se:z Stabenau et al., 1969), Since vricchudf (1967) hed
provicusly vound GlWl.3.0. unly in schizophrenic indivicuals, this
fincing raisus scveral important ilssues which will require further

¢lucidation among which 1s the hypothesis that S.ie-.i. Gacretion

1)

s related primorily to 2 certain genztic constitutiion. o further

o
pe
8]
&
o}
<

aoint of conscider intercst is chether schizephranis will
cevelpp in Lie ¢ (cut oi a total of ©) non-schizophrenia co-tuing
in which Usiiei’els was found (znc not in the others).

This assumcs thabt D.heP.E. is what rricdhofi has cctimated
in the urino samples, an assumption opon to dispute. I the above
finudings con bo substantiated, those non-schizupbrenic co-twins who
are excreting a 'pink spot!' producing substance wcuwld be an
gxcellenl saurce of wring for Turthor anzlysis, sincc they do not
regulire ghonothiazines as .chizophrenics do. Thesc drugs can
both docrunse and mask pink spot productien (Bidges and dourdillon,
1967; Zourdillon ot al., 1965).

GoMePJE. and Homogystinuria. welch ct al., (1959) could find no

0.M,P.t. in urine from homocystinurics or homocystinuria hoctero-

zygates,



A note on the pharmacological propertiss of G.i.P.E.

1t would be out of place to devote much space to an account
of the pharmacclogical propertiss of D.M.P.L., since there 1is
little support for the assertion that it is the compound chiefly
responsible Fogrbink spot phenamenon,

D.M.P.E. has not proved to be a psychotomimetic when given
to human volunteers (Shulgin et al., 19663 Hollister and Friedhoff,
1966; Charalampous and Tansey, 1967) in doses of up toc 1 gram
(except that Brown et al., 1968, described cne nurmal subject
who responded to an oral dose of S mgm./Kg. with a typical
mgscaline like response lasting three hours which €ould not bas
reproduced subseguantly even when a much higher dcsage was used;
the euthors tavoured the initial positive reponse as representing
a “chanca placebo occurence™).

Administraticn to humans has been by the oral route, This
exposss the compound to gut and liver amine oxidase. In studiss

on the compound in experimsntal animals larger doses, by a

parenteral routs have usually bsun used. Vogel (1968) has suggested

that further experiments with U.FM.P.E. in human volunteers need
to be carried out in which plasma levels should be measured to
establish whether or not it is likely that brain levels found
critical in animals (i.e. for a behavicural response) can be

achieved in man,
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Figure 4. The Catabolism of administered D.M.,P.E,

1. | | 2.

CH.O / CH .CH NH

3 D : CH2.COOH
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¥ . |
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acid

Compounds 1,2 &4 are urinary metabolites of D.M.P.E. in man.
( Charalampous & Tansey , 1967 )



The Catabolism of D.M.B.E.

Absorption of oral D.M.P.E. in man appears toc be both rapid
and virtually complete (Charalampous and Tansey, 1967).

Studies of O.M.P.E. catabolism are in general agrezment
that 3:4 dimethoxyphenylacetic acid (D.M.P.A.A.) is the main
metabolite of D.M.F.E. in man (Ffriedhoff and Hollister, 19663
Schweitzer and friedhoff, 1968 and Charalampous and Tansey, 1967).
The 4-0 demethylated derivative of 3:4 dimethuxyphenylacetic acid,
4=-hydroxy 3-methoxy phenylacetic acid (H.M.P.A.A.) was shoun to
be a U.M.P.E. metabolite by Chaoralampous and Tansey (1967). These
authors found the following percentages for the various metabolites
in a 12 hour urine collection after an oral dose of 600 mgm. of
DeflePole 3 DellaPiAsAe 90465 HellaPeAaAs lad; DaiiePsEes 0.2, Thare
were a further seven unidentified metabolites. In this study (in
uhich the 600 mgm. dose carried a small amount of cté D.H.PLEL)
Neacetyl derivatives and the demasthylated amine 4-~hydroxy 3J-methoxy
phenylethylamine were sought unsuccessfully,

HeliePoA.A. might derive from 0.i1.P.E. via one or both of the
two routes shown in Fig., 4 . Charalampous and Tansey (1967)
established the existence of tha pathuay via D.f.P.A.A. in man,
by showing H.F.P.A.A. to be a metabolite of administered 0.0i.P.A.A.
(having also shoun that D.1.P.A.A., could be darived from U.l.P.E.,

as mentioned above).
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Urinary OJi.P.R.fe

The chief metabolite of administered D.M.P.,E., 334 dimethoxy-
phenylacetic acid (D.i.l".A.A.) has been reported to be a normal
urinary constituent both by {uehl et al. (1966) and Friedhoff
and Furiya (1967). HNeither Kuehl st al, (1966) nor Vogel et al,
(1567b) found any significant difference in the excretion of
D.M.P.A.A. between schizophrenics and nermal subjects. The

interpretation put by Xuehl et al, (1966) on this finding is

that either urinary U.li.P.E, is not characteristic of schizophrenia

or that the amount of D.M.P.AA, is not a true reflection of the
amount of DO.0,P.,E. being excreted. That the latter is not un=-
likely is supported by work done by the author (Price, 1969) who
has shiown that the homologue of D.M.P.A.6., 3:4 dimethoxybenzoic
acid (veratric acid, V.HA.A.) is a minor metabolite of vanillic
acid uwhich is itself s metabolite of caffeic acid present in
coffees, cocoa and some fruit. In other words, a pathway exists
whereby dietary phenolic acids can be converted to 3:4 dimethoxye
phenolic acids; the small amounts of Dl.b.PA.A. found in urine
(Friedhoff and Furiya found 25 - 500):5/2& hours) may derive, in
part, frowm dietary phenolic acids. Alternatively, methylaticn

of endogenous phenolic acids (for example of homovanillic acid to

yield D.l.P.4.A.) may occur.

40



]

k) Fethylation by Schizophrenics and Non=S5chizophrenics in vivo

and in vitro,

The assertion that D.M.P.E. was present in the urina of
schizophrenics provided the stimulus for ssveral studies on the
methylation of dopamine, both in vitro and in vivo. There is a
good reason why deopamine is not a good substrate for studies of
methylation processes ¢ it has too many metabolites. Thus Goodall
and Alton (1968) in a study of labelled dopamine given intra-
venously to human subjects listed data on 11 unconjugated metabolites,
S conjugates and 7 unknoun motabolites. Amine oxidation, 0=
methylation, conversion to noradrenalino (and its mstabolites)
and cocnversion to ethanolic and glycelic metabolites were all
noted to occur. In such a complex situation the wisdom of attempt-
ing to assess O-methylation using dopamine as substrate would
seem open to quostion.

Friedhoff and Van uinkle (1963) administerod H° 1labelled
dopamine intravenously to five hospitalised schizophreniecs whom
they had previously considered to be excreting 0.M.RP.E. in the
urine, The urine subsequently collected was claimed to contain
labelled O.f.P,A.A, In a further experiment liver biopsy material
was obtained from one of these schizophrenics; a homogenate of
this was incubated with tritiated dopamine (H3), magnesium

chloride and C14 methyl labelled S-adenosyle-methionine. [aterial



subsequently eluted from a part of the chromatogram corresponding
to 3:4 dimethoxyphenylacetic acid had a CM/H3 ratio of very nearly
2, suggesting that a labelled methyl group had attached itself
to both 3: and 4: positions. 1In these studies no control
sub jects were studied.

wagner et al. (1966) reported that two chronic schizophrenics
given labellsd dihydroxyphenylalanine (D.0.P.A,) failed to
convert it either to D.M.P.E. or to D.f.P.A.A.

Faurbyse and Pind (1967) follouwed the metabolism of labelled
‘ dopamine in vivo in one normal subject and four chronic schizo-
phrenics. They subsequently sxamined urine for a number of
possible metabolitas = D.M.P.E., D.F.P.ALA, and five other
metabolites (these only accounted in all for about 20j of the
radicactivity in the urine, indicating an incomplets analysis of
the situation). They were unable to detect D.M.P.E. in urine
from any of their five subjects or te find any significant
differencas betwssn the normal subject and the schizophrenics in
the axcretién of those dopamine metabolites which they measured.
fiinute amounts of radioactivity were found in the D.M.P.A.A. spots
(unlabsilled carrier D.M.P.A.A. had besn added to the urine at
the beqginning of the analysis). This was present in urine from
the normal subject and thfee of the four schizophrenicsj it was

suggested that it arose from 4-~O0-mothylation of H.V,.A.



Mono-methylation in the 4- position was not considered separately
in this study.

Kuzhl (1967) carried out studies on the formation of
D.[.P.E. from labelled dopamine. His experiments ware 'in vitro,!
and employed human autopsy material,

Estimates of the labelled mono-O-methyldopamine {a mixture
of 3 methoxy-4-hydroxy- and 4 methoxy-3-hydroxy-phenylethylamine)
and of 0.F.P.t. were subsequently mada. Kuehl's results are shouwn
in Tables ITand IIT.

Table IT. Results of in vitro studies with human liver (from Kuehl,

1967).
Human Liver Death- Relative D.i.P,E,
. ) autopsy CoeDelieTe (Cepeme)
Diagnosis Ags  Sex intarval activity+
N 2 - 5 hr 1.00 844
N 26 F 4 hr 0.48 498
N - - 3 hr 8.91 81
5 - - 0.005 41
5 - - U'DOS 0
5 7 F 40 hr 0.39 38
s 7 F 8.5 hr 0.05 36
5 % M 6 days 0.01 7
s 89 F 3 days 0.25 21
N = {ormal S = Schizophrenic

* darived from c.p.ms of Fono=0=-methyldopamine
(I‘anga 3,269 - 1,057,820)0
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of
Table III: Results/in vitro studies with human brain (From Kuehl,

1967).
Human Brain.
Death- Relative
Diagnosis Age Sex autopsy ColisllaTe DeitaPoE,
interval activity (Cepems)
S 34 M 6 -8 hrs 2.06 24
Iy 72 M " 1.00 11
S 74 M n 0.1% 2]
k51 - M " 3.02 36
S 48 il " 0.50 17
N = Normal S = Schizophrenic.

Kuehl evidently regarded the counts for U.lM.P.E. to be so low as
toc be “negative,“ but further considsration of the data reveals
that a correlation doss exist betueen the yields of men-U-ngthyl
dapamine and D.li.F.l,

Results for Liver: 1If laogs are taken of the figurus given in

Table II??élative asctivity of C.3.F.T. (multiplied by 103 for
convenience) and the counts por minute Tor U.f.0.C. (increasing the
valus of the D.f.¥,0, count for liver S from O to 1 so as to avoid
the weighting of minus infinity for LongD), then the values

obtained are those sat out in Table IV,



Teblo IV: OData from Table II treated logarithmically.

Relaotive

C.luliaT, DolieFata

cctivity

3.0000 2.9263
246812 2.6572
2.,9590 i.9088
00,6990 1,6128
0,4771 0.0000
2.5911 145798
1,6950 1.55863
1.0G00 0.8451
2.3978 1.3222

The carrelation coefficient for thoss two sets of fiqures
is r = +0.7696 vith t = 3.1885 and 0,01>p; 0,001,

lesults for Hrain: A diroct compariscn butwien Relative C.i.i.T.

activity and D.ilsiele (Capeme) vives r = 0,9359, t = 4,6426 and
0.01ypy0.001. |

Thus a relationship botwgen C.o.l.T,. activity and O.0.P.0.
pruducticn can be seen to exist in this data. Cumparison botuwear
the atselute rates of production of msthylated derivates of
dopasine using the data from liver cannot be mads becausc ths
interval botueen post mortem end autopsy averaged {four hours for

the threz normals, whareas the intervals for tho four schizophronics

Fans
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about whom this information was given were 8.5 hours, 40 hours,
3 days and 6 days. The intorvals between death and autopsy for
schizophrenics are so long that the value of experiments carried
out on such ngcrotic material must surely be highly questionable.

In the data obtained from brain, the interval between death
and autopsy was 6=8 hours in each case. 1t is to be noted that
there is a 16-fold difference in C.C.M.T, activity between two of
the schizophrenics studied and this suggests that direct
comparisons between the activities obtained from the five brains
should not be mads. Thus the most important factor determining
such a major differcnce in enzyme activity would seem likely to
have been the amount of post-mortem change occurring in the brains
of the various individuals during the considerable interval
betwecn death and autopsy.

In Table V, the results of the various experiments on the
synthesis of D.l.P.L. and D.M.P,A.A. from dcpamine and 0.0.F.A.

are summarised.
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THBLE V:

Dopamine and D.0.P.A. fietabolism in Noneschizophrenic and Schizoe

nhrenic Sub jects,

Substrate Tissue Non=schizophrenics Schizophrenics
UMPE DRBAA OFPE DMPAA
In vitro
Frladﬁoff & Bopamine Liver
Ven Uinkle (biopsy) o Q + .
(1963) psy
Kuehl Livar '
(1567) " (autopsy) +%* 0 +7¥ 0
Brain
(autopsy) +7* 0 +7% 0
In vivo
friedhoff &
Van tinkle Dopamine 0 0 + +
(1963)
Faurbye & .
Pind (13867) u - +? - +7
Uagner et 81, 0,0.P.A,. 4] 0 - -
(1966)
Key: O = not sought +7 = presence in doubt
» = present ~ = absent

* Kuehl (1967) deduced that .his recsults showed
that D.M.P.E. was not formed from dopamine.

This deduction is open to question (see p 4s )e
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Ta surmarise: from none of this experimental evidence can one
deduce that schizophrenics can synthesize 0,0.P.E. from dopamine

and cantrols cannot.

1) Faulty transmethylation and tryptophan metsbolism.

The particular topic to bz discussed here is the occurrence
of an K-mcthylated tryptamine derivotive, Bufctenin, in the urine
of schizcphrenics. 5Since abnormalities of the metabolism of
tryptaning itsclf have been described in schizophrenia, & brief

discussion of this subjoct will also be included hore.

© UL, o ~——} o, N (W),
N N/“ N)

Tryptamine Jufotenin

A pathuay exists in mammatisn tissue whereby methylated
indoleanines can be produced (Axelrod, 1961), rabbit lung contain-
ing an enzyms capable of the following transformations:i-

Serotin ——» Hemethylserotonin —— Bufotenin

Tryptamine —» i-methyltryptamine — Dimsthyltryptamine
axelrod found S-adsnosyl mathicnine (uwhich derives from msthionine)
to be a cofactor for this rabbit-lung enzyme,

a) Bufotenin in urine. Oufotenin is 5 hydroxy Wil dimethyl
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tryptamine. wimethyl tryptaminme (U.F.T.) is @ trus hallucinogen
but the S5-hydroxy derivative produces far more autonomic
disturbance than 0.0%.T. does.

fischaer et al. (1961) reported bufotenin in urine from 25
out of 26 schizophrenics and ffonnone of 15 non-psychotic patients.
Among others, Rodnight (1961) ond Sprince st a2l. (1963) ware
unable to confirm these findings.

A controversy has developed which more recent work hss done
little to resolve. Gross and Franken (1964) claimed to have
found bufotenin in urine from pormal subjects in amounts of
62.75 + 7.2;:8/24 hr., while éerry et al, (1962) reported that
small amounts of bufatenin were present in the urine of normal
children. Un the cther hand, Takesada et al. (1965) using a method
claimed to ho able to detect 20}48 aof bufotenin in a 24 hour
cclluction failed to find it in the urine of normal subjccts or
of schizophrenics (the latter having "5 = 7 ycar courses of the
disease™).

Siegel (1965) describued a msthod which was sensitiva “to at
lesst 1 .G of bufotenin por litre® and failed to find this amount
in urine from any of five normal subjocts and 21 schizophrenics,
four of uwhnom were hallucinating at the time of urine collection.
Giegel regarded fischer's papcr chromatography method as crude,

insensitive and incapable of producing gquantitative results. Hae
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suggested that Fischer's findings (of 40D 4G/L of bufotenin in

the urine of schozphrenics) resulted from those methodological
inadequocies and from the fact that interfering substances

diffused inte the bufotenin area of the chromatogram when Fischer3s
methods were used. Siegel also regarded Gross and franken's
methods (196G4) as suspect.

Runge et al. (1966) failed to find bufotenin in the urine
of any of 22 chronic schizophrenics; they found that phenothiazines
producad a blue spot in the bufotenin zons of their paper chromato-
grams and sungested that diffarcncss between their findinns and
those of Fischer may have beoen due to the fact that Fischor's
paticnts were pot only off drucs, but were elsc actively hallucin-
ating at the time that thoeir urine was exanmined.

Fischor and Spatz (1967),still using methods which seem
rszlatively crude, ruported bufotenin in 26 of 45 schizophrasnics
many of whom were early cases on no trestment. Their 49 controls
included patients with epilepsy, oligophrania, alccholism and
nysteria, All these controls failed to show urinary bufotenin,
Houwpver, a more recent publication by the samc authors (Fischer
and Spatz, 1968) described a quantitative method using which non-
schizophrenics wero estimated to excrets 1,2 - 8.9 LG (mean 3.6},Gﬁ)
and nouly admitted schizophrenics to excrete usually worc than

ID!AGﬁ (maximum 37.5 4G, mean 17.2/uGﬁ). It will be noted that

HU



when these values are scalad up to correspond to 24 hour collect-
ions they reprosent amounts considorably grzater than those
describad by most other workers who have claimed to have found
bufotenin in urine.

Tanimukai et al, (1967b), employinc sensitive mecthods,
report conjuyated bufotenin in four out of four mental defectives
and six out of six chronic schizophranics (all off tresatment for
at least seven vecks); free bufotenin was present in urine from all
six schizophrenics but in urine from only one of the four mantal
defoctives, this patient developing 'a psychotic rsaction with
ideas of referenco' when he was transferrsd from the open ward to
a closed ward for the investigaticn. Total bufotenin was
estimated as bsing less thun 1 40 per 24 hours., Faurbye and
Pind (1968) found six normal gubjects to excrete 0 - ZS,JG of
bufotenin/24 hours and seven chronic schizophrenics with active
symytums to excrete 0 - 3.7,‘8 of bufotenin/Z4 hours,

Brune (1965) and Tanimukai. et al. (1967a) all working with
Himwich, have repcatedly found bufotenin in the urine ef schizo-
phrenics. Their more recont work employs the more scnsitive
mathods of thin laycr and cas-liquid chromatography. They have
Tound psychotic symptoms te vorsen about tuo weeks afier an
incre. se in urinary bufotenin, with the persistence of a clinicael

exacerbation as long as increased ucinzry bufotanin has continued.
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For these experiments urine from chronic schizothrenics has

beon examined with or without the prior administration to the
patients either of an M.A.0.I. or of large amounts of an amino=-
acid (one of the following: methionine, betainc or cysteins), or
of an M.A.0.I./amino acid combination. Bufotenin has basn found
in amounts of 4-10 pﬁ/?& hours when a combination of therapy,
including an M.A.i.I. has besn administerad.

Heller (1966) found that an M.A.0.I. given to chronic schizo-
phrenics exacerbated symptoms and led tec a bufctenin-like spot
appearing on paper chromatogrems. Acgbal and Spatz (1967), on
the other hand, claimed to have dotected urinary bufotenin in
saven out of 10 schizophrercs and showed that trifluperidol led
both to a marked clinical improvemsnt and to the disappearance of
urinary bufotenin.

To summarise: There are so many discrepancics in these findings

that no definite conclusicn can yet he drawn. If Fischer is
correct in his claims concerning the amounts of bufotenin
excreted by schizophrenic and normal subjects, it is very strange
that such large amounts should have eluded other investigators

so consistently. The abandonment of relatively unsophisticated
and insensitive methods of searching for bufotenin is clearly
nceded,  Tanimukai's suggestion (1967b) of a correl.:tion betwecen

psychotic symptoms and free bufotznin in the urine deserves
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independent confirmsticon using mothed
wiilch he hess developed.

b) Tryptamin:z in urinz2. Derlet ot al. (1954) found a dircct

relationship botween urinary tryptamine and tho degros of
peychotic activity in a numbor of mzle chronic schizophrenics

off treztmont; thus scusrely psychetic patients had higher

urinary tryptaming levels than pelicnts in a less psychotic phaso.
when tryptanine is acted upon by monvamine oxidase,3-indoleacctic
acid is pruduced. In Serletts studies rising urinory tryptamine
was parallzled by 2 rise in urinery 3-indoleacstic zcid, indicating
that the incrcasocd tryptaminuria was not the rosult of lowcred
monoaming ouxidase activity.

Increass in the emount of urinary tryptamine is not specific-
211y related to schizephreniz, the urinary lsvel of this amine
rising sixfolo when M.A.0.1. therapy is zdministerszd to non-
schizophrenic subjscts (S joerdsma ot z2l., 1960). However Hi.AWC.les
teng to vorsen schizophrenia, particularly in the zcute phase, and
may even precipitete the psychosis (Price and Hopkinscn, 1988,
hzve éumm:rised the evidence relating to this subject). This is
@ drug-jireduced situation in vhich increased tryptaminuria and
cxacarbated schizophrenia may coexist.

The phonomenon of increased tryptaminuria during sxacerbations

of schizuphrenia requires much more attenticn  (but net in a



discussion of the faulty transmethylation hypothesis since
tryptamine is not & methylated amine). It has been introduced
at tho present stage because bufotenin can derive from trypohine
(by hydruxylation and mothylation), and it could ba speculated
that such increases in urinary bufotenin as may cccur reflect a
primery increzse in tryptamine formation {or might result from
the causc of that increase) rather then indicate overactivity in
the mothylation pathuays described by Axelrod (1961).

Concluding vbservations on the faulty transmethylation nypothesis.

In geoneral, the faulty transmethylaticn hypothesis receivas
support frem svidence which is either disputed, uncontirmzd or
capable of an alternative expl.onation., This statement is not
intended as a criticism of the aypethesis but rather to drau
attention to the present neced Tor further studies desiared to
resolve disputes (whether of a biochemical or nhencinanological
niture), te confirm interesting bul unsubstantiated obeervations
(such as the studies on methionine sulphoximine, on tha effects of
C.iefi,Te and on the metabolism of tegged methioninc) and to
eglucidate the mechanism by which effects are produced (as in the
aminozacid fecding studies).

Throughout this field there is a dearth ol quentitive studics
in which ccntrol subjacts and schizophrenics have been cocmpared

in sizeable numburs in an unbiased way and in which proper



allowance has boen wmadc for complications introduced by the use
ot psychatropic drugs.

Simythics (1963) urote "the transmsthylation proczsscs of
schizophrenics nsed to be explored by any mcans which zuggest
themsclves; ¥ this rightly smpohasiscs the nood for Purtheor research
inte an eppruach, which, if%pitu of dispute, continuzs to appear

nromising.
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Genctics and a Biochemical Basis for Schizophrenia.

Thé bicchomical appruech te schizophreonia adupted here would
bu attacked by somz as being entircly unreascnable, for Lhere are
many thoorius of schizophrenia in which environmuntal factors arno
rogarded as paranount.

In any disuase uwnich is to some extent genetically determined,
a biuchemical abnormality may bu presumsed to be prasent (although
techniquus in present use may be much too unsophisticated to
demonstrate it). Jhcre there is ¢ meltifactorial inheritance, a
bicchemical abnormality may be detesctzable even though eadh individual

gone involved contributas only a emall, and at praesent undetectable,

€]

cifoet (dizb:tes mellitus may exemplify this situation). ilhcruise
the concept originated by Garrod cen be expected to ezpply ¢ that
an abnormal gene determines the occurrence of an imperfeoctly
functioning our non=-tunctivning enzyme, hence thoe nischomical
abnormzality.

It ie, therefurs, relevent to the biochemical approach to
summarise the present views un the genetics of schizophirenia and
to indicatz tiac iniluence that genetic principles have had on the
expirimencal approach adepied in the pressnt work,

(i) Ihz ccnetic basis of schizophircnia. That schizophreniz has a

genstic basis seems to be generally acceptsd, in spite of Ticrinarit's
assertion (19G3) thzt 16 pairs of monozycotic twins in Finland

were all discordant for the disease. Prior to the publication of
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Tienari's work, the earlier work (e.g. that of Kallmann and S5later)
vas widely accepted as indicating a genetic basis for schizophrenia i
since Tienari's publication, both Shield's (1965) and Slater (1967)
have attacked Tienari's work on methodoiogical and diagnhustic
grounds. Furthermore, Gottesman and Shields (1966), Kringlen (1967)
and Fischer et a1(1969) have published reports showing higher
concordance rates for schizophrenia in monozygotic (MZ) than in
dizygotic (DZ) twins, although concordance rates for MZ twins in
more recent studies have been somewhat lower than the figures of

60 - 70% published earlier. There are a number of possible reasons
for this but the most liksly would seem to be that the earlier
studies were heavily weighted with severe or chronic cases, there
being a direct relationship betwsen ssverity and concordance rate
(5hields, 1966, discussos this topic fully).

Haston (1966) has cogpared the incidence of schizophrenia in
two groups of children adopted in early life. f{lembers of the first
greup of 47 children were born to.schizophrenic mothers between
1915 and 1945 end of these five beecame schizophrenic; in the sceond
group of children born to non-schizophrenic mothers none bacame
schizophrenic.

Kety ot l. (1968) report a study in which the biological
families of children adopted in ecarly life were ccmpared in a

seriss where half the children subsequently had developod
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schizophrenia and half had not. In the former group schizophrenia
was found significantly more often among members of the biological
family.

Both these studies argue in favour of a genetic factor in
schizophrenia.

To summarise the present positiony it does not seem unreason-
able to agrece with the conclusion of Rosental (1968), who wrote in
summarising the papers presented at & conference dsvotsed entirely
to the transmission of schizophrenia (and which was attended by
gencticists and environmentalists),

“the casa for heredity has held up convincingly.”

The studies of metabolic transformation to be presented in
the present thesis (in particular of methylation and of demethyle-
ation) are developed from the concept of schizophrenia as a disease
vhich is genetically determined to a greater or lesser extent but
these studies do not depend entirely on such a concept nor would
a difference bztween the activities of enzymes in schizophrenics
and nonwschizcphrenics amount to verificaticn of a genetic
hypothesis for schizophrenia. For any such difference to be
designated as due tu genstic variability, family studies would
need to be presented.

(ii) The mode of inheritance of schizophrenia, with a note on a

polygenic hypothesis. The present position has been summerised by
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Slater (1967):

uThe deta at present available can readily bs reconciled

with more than cns genetic hypothesis.”
Slater himself has favoured the existance of a'duminant'gane with
incumplate penetrance; Kallmann favoured the opesration of?becessivd
gene. Other theories have suggested the operaticn of two genes
simultaneously while yet others have suggested that a gene with
dominant effact may operate to produce a mild form of the illness,
while a diffsrent gens with a recessive effect may operats (in the
homozygote) to bring about a more severe form of illnesse.

Gottesman and Shields (1967) arcue in favour of polygenic
determination for a large proportion of cases of schizophrenia,.
Polygenic inheritance would certainly explain uwhat has been known
and agreed upon for a long time, that classical Mendelian ratios
are not found among ths relatives of schizophrenic probahds. It
would also obviate the need to find hsterozygote or other
“Yadvantage™ which is implied by the view that schizophrenia is a
genetic polymorphism (v.i.). Schizophrenia, on polygenic theory,
would be regarded as "part of the genstic load, tha price paid for
conserving genetic diversity ¥ (Gottesmann & Shields, 1967).
According to this theory, genetic loading plus environmental loading
could summate, leading to the cpossing of a "threshold" so that

clinical symptoms would result.



Known and as yet unknown polymorphic systems could, on such
a theory, still remain relevant to the problem of schizophrenia
just as blood group and secretor status remain relevant to the
problem of peptic ulcer without contributing 2 great deal to the
variance (i.c. to the genetic differences between those who have
peptic ulcers and those who do not). Furthermore, rare recessive
abnormalities (e.g. homocystinuria) could meke a contribution to
the total genetic variance bstween schizophrenics and non-schizo-
phrenics of a significant, though minor, nature. This point can
perhaps be illustrated best by a numerical example. Assume

homocystinuria to occur in 1:100,000 of the population. Using the

Hardy-Ueinberg equation this would give the appreximate frequencies

for the abnormal gene of 0,003 and for the individual heterozygoto

of
for this gene; 0.006. Of a population of one million, 6,000 would

be homocystinuria hcterozygotes. If one were to postulate that
these individuals are, by reason of the specified genotype, ten
times as likely to develop a schizophrenic illness than the 0.9%
morbidity risk for schizophrenia, thon 95 or 540 such individuals
in a population of one million would be homocystinuria hetero-
zygote schizophrenics ocut of 9,000 who daveloped symptoms of
schizophrenia during their lifetime, i.e. 6%, This would make a
significant but minor contribution to the genetic loading in

schizophrenia. The individual contribution of such effects tc the

GO



total genetic load in schizophreniae may be small : yet so large
is the number of possible abnormalitics that the total contribution
may be considorable

A pclygenic theory draws attention to the nesd to study the
activities of single enzymes in large rather than in small qroups
of subjects. 1If biochemical findinos sugnest that a certain
enzyme is wotthy of study, then, on a polygenic theory, the
difference betucen schizephrenic and non~schizophrenic subjects
will not be of an entirely cleer cut nature and may be expscted to
emerce (if at all) only on statistical treatment of the data.

(iii) Schizophrenia and nenstic polymorphism. ford (1940) defined

palymprphism as the coccurrence in the same hzbitat of tuc or more
discontinuous forns of the samc species in such proportions that
the rarcst of them cannot be maintained by mutation.

The mzintenance in such a situation is brought about by a
gene conferring sometimes fauourableifMﬁgﬁ?auourabla characteristics
on the vericus forms wossessing it. The best knoun oxample of this
in homo sgpiens is the "sickle c¢ell® gene, a single dose ol uhich
confers relative raistance to falcipzarum malaria while a double
dose produces a haemolytic anaemia which carrics a very high

murtality befors the reproductive ane is reached. This situztion



has besen in bzlzance bacause gene loss from sicidle cell enasmia
in the hcrozygote has becn counterkbalanced by gens proscrvation
in the hetorozycote due to lewer mertelity fros maloria,

Huxley ct al. (i964) have summorised evidenec which would
support the ccncept of schizophrznia as constituting an ciample of
genstic polysorphisn,  fAs Tar as bilological odvantane is concerned,
they cited cvidence (much of which ic muthodologicelly suspzet)

purporting to show thatl schizophrenics are relatively rasistant to

surgical and wound shoclky to visceral perforation, to histaming,

to insulip, to thyroxine, bo pain, to wany allergics and “probably

to many iniccticns.® 17 gbhizophrenies uwcre due to the agtiun of -

single dominant gene with low penctrance, thesc advantoges would
raisc tho biclogical fitness of the non-schizophrenic carriers abuove
that of non-carriers. This uwould be balanced against tho lower
repreductivity of those affected with schizophreniz and a goenetic
polymorphism could thus result. (It may be noted that ford, 1965,
statos that "a unifactorial‘character must be polymorphic if found
even in 1y of a considerable pojulation," and B#dk, 1960, considered
the incidence of schizophrenia to bz at least 1% in all racial and
ethnic groups).

€rlonueyer Kimling (1968) has recently produced data showing

that the offspring of schizephrenics enjoy increased survival in

the first year of life and that femele offspring are more likely to



survive to ths baginning of the reproductive period than the off-
spring of non-schizophrenics,

This needs confirmation, since earlicr studies did not give
evidence of a survival advantagse in the children of schizophrenics.
Furthermore, findings of this sort would achisve greater significance
if it could also ba shown that tha children of non-schizophrenic
first degree relatives of schizophrenics also had an increased
chance of survival,

Moran has suggested (1965a) that the 'advantage' in schizo-
phrenia might lie in a different mechanism from anything mentioned
sp far. Thus there is a tendency for schizophrsnics to move down
the social scale, and this may mesan that they, or their offspring,
adopt the increased fertility of the class to which they descend.
Since, however, an inverse relationship between fertility and social
class is not a general rule in all cultures, such an explanation of
the stability of the polymorphism (if such there be) would not be
entirely satisfactory. Foran (1965b) has alsc suggested that a
biological advantage might lie in an increased probability of
fertilisation resulting in productive pregnancy, similar to the
effect by which ABO incompatability protects against Rh incompat-

ability. Both the offects suggasted by foran would have to ba shown

to operate in the families of schizophrenics (since thz schizophrenics

themselves are manifestly laess fertile than normal).



The acceptance of schizephrenia as an cxainple of a goenetic
polymorphism cannot be resyarded as by any means established for
thae evidence is incompletse and contradictory, as Baldessarini
and Snyder (1965) have indicated.

It is worth pointing out that any advantage that a non-
schizophrenic trait ecarrier might possess in the way of increased
resistance to infectivus disease would be moro easily understood
if the result of any gene fault were not limited to the brain
alone. Thus, increased resistance to infecticn would mean more
than just an increased resistance of that part of the brain which
was affected by the schizophrenic proceés ¢ it would imply a much
more general increase in resistance. Incrcased resistance of a
part of the brain to toxins could, nonetheless, cxert a profound
and widsspread metabolic effect, if that part of the brain includsd
the hypothalmus, and if effects were mediated via the pitudtary-
adrenal axis.

~ metabolic abnormality lying wholly or partially gutside the
brain itself uwhich confers scme biological advantage but also
favours the ocecurrencs of a schizophrenic illness could satisfactorily
fulfil the conditions which the cancept of schizophrenia as
constituting and exampls of ganetic polymorphism wauld requirc.
Such a concept of schizophrenia is not at variance with the

principles of biochemical genetics nor with what is known of other
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psychiatric disorders. If one wished to hypothesize that schizo=-
phrenia might be a disorder of brain function secondary to an
egnzyme abnormality outsids the nervous system, one could instance
acute intermittent porphyriz as an sxample of a condition in which
profound psychic disturbances can thus rosult (in that instance
the enzyme defect is in the liver). Alternatively one could
point to the possibility that a variant brain enzyme might be
complemented by a similar variant in some other organ or organs
(just as the enzymes responsible for the acetylation pulym;rphism
occur (polymorphically) both in liver and jojunum; Jenne, 1963).
It might be not cn the vrain variant but on the variant in the
other organ or organs that the biclogical advantage depended.

To summarise, the concept of schizophrenia as an example of
genotic polymorphism although not substentiated appears to be
feasible and is worth further consideration., The situation of a
primary metzbolic abnormzlity in schizophrenia to some extent
outside the central nervous system ic consistent with such a
concapt and not incensistent uvith present-day knowledce of bio-
chemistry and biochemical genetics nor would such a situation be

unprecedented from the psychiatric point of view.
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EAPERIMENTAL SEETION

Sections 1 and 2 ¢ STUDIES OF U-0DEFETHYLATIGN,

The studies are divided into two sections. In the first the
results of ths use of in vitro methods is given. 1In the second an
account of the reasons for abandoning this approach in favour of a
pharmacogenctic one introduces a section concerned with the 4=0-
demegthylation in vivo of the substance methacetin, in controcl and

schizophrenic subjects.

Section 3 ¢ ETHYLATIGN IN VIvO.

This coimprises a comparative study in control and schizophrenic

stbjocts of the metabelism of 3:4 dihydroxybenzoic acid
(protocatechuic acid) with special reference to 3-0, 4-0 and

3,4 di-0 methylation.
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EACLRINENTAL  HECTI N,

Introductien to Soctions 1 and 2.

Trus Tar cvidence has bean prescnted cencorning enp *shnoomal

matinylation hypolhesis' in schizoph

H

ghiz and thic has subszeguently

0

buen shown to be consistent with cvidence indicntine that schizo-
phrenia iz - condition to some extent cencticslly Jctormined.  The
covcupt of cenizophrenia as constituting an exampls of genctic
pulyieorpghizm has beuen censidered; che prosent evidence supporting
such a cencept is inconclucive.

from this ce erzl position the experimoental investis

speeciiic hygolhesos will now b considered.

48]

Tho Genethvislicn Hypothesis To Be Tested.

This may bo stated as fcliocust- that in somz or all of Lnoso

fore

cenditlicne described under the title schizophrenia there is a
deficicney in the demethyletine mechaniss which 2llows mothylated
catipeunds o accunulzto.

A reviocw of dota relgtine directly or indircetly fLo the deomethylaion

hypothosis.,
l. Gencral . _isiu.rstions.

Th

oy

rain must nicessarily have the diiTiculty in dsaling with
circulating methylated comounds which is imposcd by the fact

that it appesars to have no demcthylating enzymes of its oun,



O-demetivylating enzymes appear to be locatsed in liver microsomas,
znd hava not been described cisewhore.

The immsdiate objection which might bo made te the hypothesis
that petients with liver dystunction do not show tho clinical
syndrone oi schizophrenia is met by the fact that tho liver is an
important suurce of methylating cnzymes. Thus, xelrud ano Temchick
(1956) stucied the methylation by catechol O-mzthyl tran;ferase
(CuedeFiaTa) of l=gpincphrine in a numbcr of diiflercont oryans irom
rats and found liver to be over three times as active per 100 G.
of organ than any other organ  studied (kidney, splecn, small
intestine, lung, brain, huart muscle and skeleial muscle). Of
these, kidney had 3050 of the sctivity ci liver; next most active
wes spleen (79). Since the weight of liver is much yreater then
thzi of kidney, the liver (in the rat) must be regardeu as being
the major scurece for this enzyme.

Fatients with liver dysfunction do occasiunally show symptoms
cf a schizophreniform type (Hcad ot al,, 1967), parznoid schizo-
phreniz being the form of schizophronis appoaring most commonly
and onc could hypothesize that Tailurc of the demcthyleting

system {vhich is unigue te the liver; contributes, in these

)]

satients, te the psychosis. As with many hypotheses, however,
plausible zlternative theorics gaen reedily be censtructed,

Hoifuer (1967) has claimed bencfit to oceur in scme cases of
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acute schizophrenia from nicotinemide therapy. licotinamide is
a cofactor Tor the demethylating enzyms and that benctit may
coeur when massive doses of a cefactor for & maltunctioning
onzyime are adiinistered has been shown in another connceticn.
Thus ferroe ot al. (1969) have shoun that som: cases of methylmalonic
aciduria (o condition leacing to failure to thrive, veriasble
mantal rulardation, ketoacidusis and frequently to death in carly
tife) respond to messive doses of vitamin § 12; ths cobamide
torm of this vitamin is cosnzyme fur the enzymo deficient in
methylualonic aciduria, methylualonyl - Ceh  carbonyl mutase.
Jther 'abnormal methylaticon' hypotheses arc btased on the
concept of abnormal methyluated cumpounds being constructoed in
the body i.c. an increase or sxoess of methylation. Such &
concept ie consistent with wedern thinking on ticchemical gencticss
for exampile in acute inlermitiocnt porphyriz the abnormally rapid
formation of porphyrins is cinsequent upcn g defect in an oporator
rene. Genzrally, housvery deficicency of an enzyme hus been a
commoner inding In the inbern errors of metabolise and the
deiethylation hypothesis would be consistent with this gencrel
situcstion,
The hypothesis uvould not be incemsistant with cvidsnce that
methyl donors (methionine and beteine) vere deleterious in

echizophbrenia and that methionine asntagunists were benciicial,
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for any situation in which the fommation of mothylated compounds
tended to lncrease or decrease would tend to accentuwte or
diminish (respectively) the effects of a demethylation impairment.

The demethyletion hypothesis uas formulated tollowing the
publication (eriginally in 1%62) by Friedhofi and Van vinkle, of
the claim thot a substance bchaving like dimethoayphenylethylzmine
( D.laiuL.) on paper chromatography was tu be Tound in the urine
uf some schizephrenic subjects.

At the time that inte;est was focussed on U.0l.F.C., an
apparent ueakness of the demethylation hypothesis was thaet the
U-demethylat:on of this compound constituted only a winor pathuay
I'or its catabolism. However, ths awounts of L.F.P.i. reported as
becing present were small (‘-100,u8/24 hrs), and en investigution
into the pessibility that the activities of the demethylating
znzym. deterained whether a very small aniount of O.t.i.£. or none
at all could be detectad in the urine did not scam unreasonzble.
Furthermore, methylated non-auine precursors of L.i.@.C. (.9
3314 dimethoxyphenylalanine) might also have been substrates for
the O~demethylating cnzyms which could, thereforc, theoretically
act ot more than ocne level.

The raticnale for the work presented here on demethylation
is not dependent on there being L.u.iP.E. in schizophrenic uring.

what has becen investigated is the activity of a demothylating
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enzyme which is responsible for the D-demethylation of a large
number of ccmpounds, for fixelrod (1966) showed that the gnzyma
was active against substrates having a wide varicety of side chain
configurations. The enzyme may reascnably be przsumed to
enter intc the catabolisw of & large number of one ring psycho-
mimetic cowpounds (such as tiwse listed by Shulgin et al., 1YG69),
Some of these will be poor substrates for monoamine cxidase
because of their side chain configuration, and in these O-
demethylation may ettein more imjortance as a degradation process.
The in vitro study wes carried ocut at a time vhen the
presence of D,H,P.E. in the urine of schizophrenics was not
disputed to the extent to which it is now and this work is
presented herc with reference to D.F.P.E. for that reason.
2. Psychopharmacological Consideraticns,
The cleoavage that hes becen studied in vitre is the demethyl-
ation of para-methoxybenzaldehyde and pera-methoxyacetanilide;
in the in vivo studies the substrate used was pares-mothoxy-
acetanilide (Fethacetin)., Thus it has been 4-C-dusethylation
(i.e. demethylation in the para position) that hzs been studisd
(rather then demethylation in the 2-0 or 3-0 positions), throughout.
This is a deliberate choice. Smythies and Levy (1960) chowed
that thc replacement of the 4 mathoxy group of mescaline by &

hydroxy group eliminates activity so that the 4-O-demethylaticn



of mescalinc is g deloxiiicatiuvn procuss (in the sence that a
liss tenic product results).  Incidentally it is a process which
rabbit livcr microscmes are ablc to carry cut (Caly ot al. 1962),
but not one which is importent in thoe metabolicm oi wescaling in
wman (Charalaupous et al., 1968).

thulgin et el, (1906%) in & study uf the eiicets of cne ring
psychuetosinetic compounds (chicefly phenyletnylacincs and phanyl-

igupropylemines) cn human subjects founo that Lhe additicn oi e

para-methoxy group tended to increase the activity of a compound
(i.ee tendcd to lessen the dose required to induce an effect equal
to that of a given dose of mescaline). Furthermore, Smythies st al.
(19067b) showed in a study of all possible phenylethylamines

(using a Skinner box technique) that a para-methoxy group was
ncecessary{but by no means sufficient) to bring about a mcscaline-
like effect in the rat. Fichaux and Verly (1963) reached a

similar conclusion. Smythies et al. (1967a) alsc tested a series

of tri-, di- and mono-methoxy amphetamines (using similar techniques)

and showad that the essential feature of the "hallucinogenic

molecule" in this series of éompuunds wvas the para-methoxy group.
Barbeau et al. (1960) studied the pharmacological activity of

a number of methoxyphenylethylamines on the mouse and found that

a8 4=-mzthoxy group conferred on a ccmpound the ability to produce

aninesia. Thus 4-methoxy phenylethylamine was as active as U.H.P.E.
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in this respect while 3-mothoxyphenylethylamine was inactive.
cfrnst's (1962) findings arc gimilar., Ha suppused “that in human
patients phonomeno of the hypoiiinetic rigid tyoe sre created by
U=mothylztion of dopanipe in tha para-position....”

In & later papar (1965) Lrast rosorted the rosults of the
testing ol a largesr number of suwostituted phenylothylamines; the
hypokinctic rigid syndrome (li.5.3.) deseribed by him censists of
threa cumononts - activs nwgativism, hypokinesia and catatouniag
of nine compounds administered, the Tour with 2 para-methody group
led to an H.3.5.3 thu five conpounds having eithor en H or an UH
in tha para position all failed to show an H.TLG.

‘hile it cennot be claimad that tha states of hypokinctic

inidity such as £rnst produced in experimzntal cnimals by
substituted 4-motnoxyphenylcthylamines ore in any way squivelent
to thz chtatonia of sechizophrenia, tho statwsent that z study aof
4=-0-dzmothylation has morce relevance to the pharuzecological
findinus than a study of 3-0-usiethylation would zppesr te be a
valid onc.

It me, be noted that the O-demethylatino enzymo described by
Aixelrod (19506) O-demothylates more rapidly at the para (i.e. the
4) position. Cud.i.T. methylztes preferentislly in the mota

(i.o. the 3 position., Thus the tws enzymus do not exert dirsct
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EXPERIMENTAL SECTION 1

STUDIES OF O-DEFCTHYLATION IN VITRO.

The basic reaction being studisd uas:-

RUCHS + Oxygen = R.0H + H.CHO
( FOREALDEHYDLE)

Enzymo activity was assayed by trapping the formaldehyde with
semicarbazide and subsequently releasing it to produce a yellow
dye, mcasurable spectrophotometrically.

The standerd enzyme experiment

1, Fiaterials
Tissue ¢ tuo sources of tissue samples were used.,

a) Rabbit Liver. VYoung male rabbits, starved for 24 hours, uwere

killed by stunning, and the livers immediately removed and used

at once, being kept throughout subsequant manipulations at 0 - 3°¢c.
b) Human Liver. Liver was collacted from subjects on whow post-
mortem was possible within three hours of death. It was placed
immediately into a waxed container and kept thereafter ét -20°¢c

in a deep fresze unﬁil used. A note was made of the interval of

" time hetween death gnd post-mortem, and of all medication received
by the patient in the period of two months before death,

Siopsy wmaterial taken during laparotomy for non-hepatic
conditions proved unsuitable because the technigue used here
required more material than could safely be obtainad at biocpsy
(a technique used by Kuntzman et al., 1966, using tagoed substrate

gets over this difficulty).
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Fractionation of tiscue homogenates.
A known weight of liver was homogenized with twice the
vaight of 0,05 1 phosphate buffer, this containing KHZPD4 and

KZHPU4 end having a final pH of 7.4. An Ultra‘Turrax homogenizer
was used for this purpose,. using 6 x 10 second bursts over a
period of two minutes, this procedure keeping the temperaturs of
the homogenate (which was within a boiling tube resting in an ice
bath) belouw 3°¢., The homogenate Lthus produced was divided up into
" conveniently sized equal portions and centrifuged at 9,Dﬁ0 G, in
order to separate off unbroken cells, nuclei and mitochondris.
The supernatant (microsomes and soluble fraction) was drawn off
with a‘broken—tipped pipette in such a way as not to disturb the
deposit resulting from centrifugation; all SUﬁefnatants wers
pooled and kept at 0°¢ until required for use. Lxperiments were
planned so that the period betuween completion of preparation of
the homogenates and their use was reduced to a minimum - usually
less than ten minutes.

This method of preparing homogenates is that described by
Axelrod (1956), and cofactors were added in amounts proportional
to those used by him.

Cofactors and other additions.
Threc cofactors were used in these experiments -

Te.PaN.y nicttinamide and WgClZ.



imounts used were as follousie

1, liicrosames and 'soluble fraction from approximately 2 G.
rabbit liver or up to 4 G. human liver.

2. 16, 'mol substrate.

3. 2,.mol TJR.N,

4, 50 ,mol chlz.

5. 100 Lmol nicotinamids.

6. 400umol semicarbazide (neutralised).

7. 1.6 ml. 0.5 KHZPDa/iizHPD buffer, pH 7.4.

4
B. Uater to a final volume of 24 ml.
The amounts df TePolay mgCl2 and nicotinamide were added in the
form of appropriate amounts of sclutions of thaese substances in
water, Semicarbazide (used ta trap any formaldeﬁyde formed) was
made up as a solution of the hydrochloride, brought to pﬁ?bith
N.KOH and made up to a final exact volume such that 2ml. contained
400/;m01 of semicarbazidse.
2. lethods.

Incubation was carried out in stoppered flasks inserted
into a water bath maintained thermostatically at 37°c. The flasks
contained much more air than enzyme mixture; tnis air provided
the supply of oxygen which was required for the reaction to proceed.

After incubation for 2 - 3 hours, 12 ml. aliguots of flask

contents were removed for formaldehyde estimation and the
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enzymatic recaction terminated by the addition of 4 ml. 205
agueous zinc sulphate and 4 ml. of a satursted solution of barium
hydroxide.

The resulting fluid, uhich contained a thick white precipitate,
was centrifuged at 2,000 G. far ten minutes and the supernatant
pipetted off and filtered through thatmzn Ho.) filter paper.

7 ml. of the resulting filtrate was used in the subsecguent
analysis, this providing enough solution for six estimates af

formaldehyde content as follows (all figures beino in ml.):-

Tube number 1 2 3 4 5 &
7 ml. filtrate 2 2 1 1l 0.5 0.5
Uater 3 3 4 4 4.5 4,5
fiodified Nash's 2 2 2 2 2 2

reagent (v.i.)

Formaldehyde was measured by means of the modification that Cochin
and Axelrod (1959) used of a method described by fash (1953). The

reagent consisted of 150 G. Analar ammonium acetate and 2 ml.

acetyl ascetons diluted to a final volume of 500 ml. with distilled water.

The six tubses esach containing a total of 7 ml. were hzated
in a stirred water bath at 60°C for 30 minutes and the yellouw dye
thus formed was determined immediately in a Unicam 600 spectro-

photometer set at 415 mj.
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An evaluation of tha technicue used for measuring formaldehyde,

using the parsllel lines experiment.

It wvas clearly nocessary to demonstrate that nathing in the
enzyme preparation interfered with the determination of its
formaldehyde content.

The following experiments showed that this was the case.

They also provided a standard line for the lash reagent reaction,
Amounts used in the enzyme experiment were scaled up so as to
provide sufficient material for the analysis,

Experimant:

aterials:

The liver was obtzined at post-mortem from a patient aged 64,
who died from subarachnoid haemorrhage, acute bronchitis and
haenorrhagic cystitis, in whom the liver was macroscaopically normal,
fiedication in the days before death included 5 ce. Il.fi. Paraldehyde
threge days before death and 2 mega units of penicillin and 2 G.
of streptomycin daily for two days before death, The liver had
been in ~20°C cold storage befora use for six months.
fiethods:

48 ml. was removed from at the end of an enzyme experiment
(vess), and 16 nml. Zns0, (20, aqueous solution) and 16 ml.

Ba(OH)2 added in turn. The resulting fluid was centrifuged at

2,000 G. . in a bench centrifuge for ten minutes, and filtered
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through uhatman No.l filter paper. The resulting fluid was
dosignated solution 1. Soluticn 2 consisted of a stock solution
of formaldehyde, freshly mzde up and containing lD‘wmol
formaldehyde end 100 umol neutralised semicarbazide per 100 ml.,
the latter being added to prevent formaldehydo losses due to
gvaporation.

Tubes were made up as follows (20 ml. stoppered exclos)i-

Tube o, 1 2 3 4 5 3] 7 8 9 10
Soln. 1 - - - - - - - - - -
Soln. 2 0.5 0.5 1 1 2 2 3 3 4 4
Uater 4e5 4,5 4 4 3 3 2 2 1 1
Nash.reagent 2 2 2 2 2 2 2 2 2 2
Total 7 7 7 7 ? 7 7 7 7 7
Tube No. 11 12 13 14 15 16 17 18 19 20
Soln. 1 1 1 1 1 1 1 1 1 1 1
Soln. 2 0.5 0.5 1 1 2 2 3 3 4 4
water 3.5 3.5 3 3 2 2 1 1 t] a
Nash reagent 2 2 2 2 2 2 2 2 2 2

Tatal 7 7 7 7 7 7 7 7 7 7




Using the same sulutions 1 and 2 further tubss uwere

constituted as follows:-

Tube No. 21 22 23 24 25 26 27 28 29 30
Soln. 1 0.5 0.5 1 1 2 2 3 3 4 4
scln. 2 - - - - - - - - - -
cater 4.5 445 4 4 3 3 2 2 1 13
Nash Rcagent 2 2 2 2 2 2 2 2 2 2
Total 7 7 7 7 7 7 7 7 7 7
Tuba hao. 31 32 33 34 35 36 37 38 39 40
S¢ln. 1 8.5 (0.5 1 1 2 2 3 3 4 4
Soln. 2 1 1 1 1 1 1 1 1 1 1
water 3.5 3.5 3 3 2 2 1 1 0 g
k-sh Dcacent 2 2 2 2 2 < 2 2 2 2
Total 7 7 7 7 7 7 7 7 7 7

After hoating in the water bath at 66°C for 30 minutes, the
resulting colour was rcad at 415 my. in a Unicam 600 spectrophoto-
metor.

Unicam rcadings corrected for cell crror were as followsie
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Figure 5.
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Results

1.
2,
3.
4.

5.

21.
22,
23.
24,

25,

0,045
0,053
0,201
0,105

0.204

0,041
G.044
D.08s
D.087

0.172

6.
7
8.

9.

0,208
0,310
0,318

0,437

0,489

10,

26,
27,
28.
29.

30.

0,334

0.179

0.260
0,249

0.356

11,

12.

13,

14,

15,

3l.
32

33.

35.

0.137
0.145
0,185
0:154

0.301

0.152
0,147
0.186
0.196

0,280 .

i6. 0,288

17. 0,406
18, 0,390
19.0,515

20.0,458

36. 0,271

37. D.363
38. 0,377
39. 0,440

40. 0,457

From these 40 readings, four lines wore constructed.

Line 1 (tubes 1 - 10), Line 2 (tubes 11 - 20), Line 3 (tubes 2% - 30)

and Line 4 (tubes 31 - 40) as shown in Fig. 5.

If all lines have thoe form y = a + bx, whare X and y are as

shown in Fig. 5, b is the slope of cach line, and a the intercept

on the y axis, then the data obtaincd yield the following values.

Line

Line

Line

Lina

¢ b b/Se ip forb a a/Sa(a) . p for a
s (6) se(b) z O
1 1,062 78 0.001 -0,0036 -0.36 NeSs
2 1.045 58 0.001 0.0865 14,6 0.00L
3 | 0,0858| 49.6 0.001 0.00031 0.073 HeSa
i
4 ' 0.0864; 95 0.001 0.105 45 0.001




se{a); se(b) = Stendard error for a, b respectively.
p is the probability coefficient.
All valucs of p for the slopes, b., are highly significant.

Thz t test for the differsnces between the valuus of b for
Lines 1 and 2 gives a valus for t of 0.6, and this is not
significant. There is a significant intercept (z2) for line 2,
with a value of 0.0865 units (of y).

The t test for the difference betuween the two values of b for
lines 3 and 4 gives a valuc for t of 0.256, and this is nat
significant.

Thure is a significant intercept (z) for linc 4 with a value of
U.205.

Furticr considerations (see Fig. 5 ).

The interccpt (a), for ling 4 represents ths valus of y due
to ths addition of 1 ml., of solution 2, i.e. of U.l/Jmol of
formzluehyde. Ignoring the tiny imtercept, the slope of line 1
is given by the expression y, i.e. b, = Unicam reading (=sy)

P pmol formaldehyde per 7 ml, final
solution.

The value of y vhen the dencminator (x) is 0.1 is b; x 0.1 = 0,1062,
i.e. 0.1 pmol formaldehyde/ 7 wl. yields a Unicam value of
0.1062 from lines 1, and 0,105 from line 3 and 4, a highly satis~

factory agreemsnt.
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Similarly, the intercept for line 2 (0.0865) represents the
raesult of the addition of 1 ml. of soclution 1,
iow tha slope of line 3 is given by the aXpression

by = Unicam rsading , {ignoring the tiny intcrcept).
ml, of solution analysed

mhenlml. of solution analysed is made equal tu 1, the Unicam
reading is 0.0859. Both values (0.0865) and (0.0859) represent
the optical density due to 1 ml. of selution.d, They clcarly shou
very satisfactory agreement.

Ccnclusion,

This experiment shows that interference with the estimation
of formaldchyde by substances included in the final solution
(i.e. aftor ainc sulphate and barium hydroxide additione) is not,
with the liver used here, taking placc.

A note on the 't' test procedure applied to the “paraliel lines®

experiment and to 'in vitro' experiments generally.

Tha statistical nomenclature employed here and elsewhare is that
used by Bailey (1959). The problem is to compare the slopes of two
lines ¥ = ay + blx and ¥y = a, + bzx, bl and b2 bezing the slopes.

The essumption is made that the unknouwn residual varizncc is equal

for the two lines. Bailey gives the following formula for Student's t
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for the difference betueen slopos b, and b,:

1 2°
t = bl - b2
s//' 1 * 1
X=%4\2 . =%
\/Eli 1) Y gz(x x2)
whore s° ={n, =2)s 2, (n, - 2) s 2
1 1 2 =2
nl + n2 -4 |
vhere the numbur of dsgrees of freedom is n, + n, = 4.

In the present experiments, (x = 21)2 = (x = 22)2 because

values for x are fixed beforehand, y being the only independent

2
Hence t = (bl - bz). ‘/S'(x - 5<')2

d/ sl‘ * 52‘

variable. Also nl = Noe

with 2n = 4 degrees of freedom.

'

Choicé of substrate used in the assay of demcthylation cnzynic

activity.

The original intention had beecn to study tha demethylation
of 3 : 4 dimethoxyphenylethylamine (D.li.F.E.) and this indeed was
carried out, as described below. This substrate has certain
disadvantagus.

ls Under the experimsntal conditions used, liver monSEmine
oxidase will attack D.l.P.EL. Therefore a nonoasnine oxidacse
intibitor will be requirod and that this will exert inhibition on

the demethylating enzyme is sugyested by the work of Laly et al,(1562)
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who noted that iproniazid, a monoamnine oxidase inhibitor,
inhibited the demethylation of mescaline.

2, Human liver as collected at post-mortem is of very sluggish
actiuity whan compared with rabbit liver, Ffurthermors, the de-
mcthylation of U.0l.i°.E. procecds siowly reiative to the demethyle
ation of other compounds, as will be shown. Hence furmaidehyde
yields are inconveniently low when D.il.r.£. is ths substrate and
human liver the enzyme source.

fixelrod (1956) listed relative activity of the demethylating
enzymz agsinst a variety of substrates. Using the O-demethylation
of pe-methoxyzcetani.ide as regpresenting 100,: activity, mascaline
(3:4:5:trimathoxyphenylethylamine) was demethylated at 13,. of that
rate; tha pcrcentape for pemethoxybocnzaldshyde, on ths other hand,
wis 185, and this substonce was chosen as tieing convenient for
study, as it was commercially available in pure foro.

Axeirced described the existenco of two ether cleaving systems
havine different responses to the onzyme inhibitor SKF 525A. (This
is the diethylaminoathanol ester of diphanylpropylacstic acid). The
system responsible for the cleavesge of aromatic ethers cuntaining a
benzene ring is more resistant to this inhibitor than tha system
cleaving codeine and morphine, Axelrod sheowed that 2 20-fold excass
of codeine had no effect on the demcthylation of p-cthoxyacctanilide
vhereas a 20-fold oxcess of p=meothoxybenzylamine markedly inhibited |
cleavago, Use of this method of inhibition of cleavage (uf cne substrate

by adding a 20-fcld excess of a second) in experimcnts presently to



be described showed that G.H.P.E. and p-methoxyacetanilide
(fiethacetin) vere cleaved by the same enzyme in human liver
(vei. : Experiment 4). Ilethacetin was used subsequently for in
vivo demethyletion studies.

Pifficulties in the sxperimental evalustion of the demethylation

hypothesis, in vitro.

l, Uifferences batween human and rabbit liver.

Apart from the comperatively sluggish activity obtained fram
human liver compared with rabbit liver, certain othar differcnces
vere detected,

a. If an homogenate of rabbit liver was added to a flask containing
not only cofactors, substrate and semicarbizide, but alsc 20

zinc sulphate so that the enzyme was immediztely inactivated, no
formeldehyde was detoctable in the resulting fluid using the usual
mothod of estimaticn with Nash's reagent. Uith humzn liver,
however, small amounts of formaldshyde wersc apparently detectable
(see £xpt. 1, p 89 ), zs shown by thz observation that the ysllow
colour produced with WNash's reagent hzd & spectruan identical with
that procuced by authentic formaldchyde, vith a peak at 415 my.

By taking portions of liver just bensath the capsule and at much
deeper levels, it was shown that the former contained more formalde-
hyde. This suguested surface contamination of the liver with
formaldehyde within the post-nortem room as?likely and feasible

explanation.,
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b. Habbit liver incubated with cofactors, scimicarbazide and
buffer but no substrate yielded no formezldehyde. Humon liver
gimilarly treated yiclded formaldchyde far in excess of that
extractasble usiny the preincubztion inactivation described above,
(soe Expt. 1, p 95 ).

The explanation of this phenomenon is not clear, but an
origingl theory that it might be due to detoxification of drugs
within the liver at the timz of death scoms, on further consider-
ation, unlikely, thile it is trues that such drugs as morphine
and cecdeine (uwhich are often administered in terminal illness)

. have methyl groups which can be cleaved by demethylating enzymes
and that these drugs might be present in the liver at death, the
amount present in an enzyme sxperiment in uhich only 0.1%: of the
vhole liver was used wbuld be much too small to account fer the

yield of formalochyde obtained.

Thus, if the total cody content of codeimewere 50 wgm. at
deéth, and 5% of this wero in the liver, (thic is the percentage
for liver given by Latham and £11iott(1951) vho studied the tissue
distribution of 614 codeino in rats), 0.1% of the liver would
contain 2,5 u6 or 0.01 qmol. of codeing. The likely yield of
formaldehyde froum such a source during an enzyme experiment would
be much less than this and insignificantly small.

¢. A further difficulty was encountered in casus of sudden death
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in humans, namely that fat caused troublesovme ocpzlescence so
that formaldehyde estimation was interfered with, The usc of
hemoupenates prepared from unstarved rabbits was subject to the
same difficulties, but in this case the situetion could be
rectified by experimenting with liver from starved animals,

it will thus be apparent that there are certain difficulties
in applying a technique wvhich worked eminently well with rabbit
liver to human post-mortem mzterisl. The intention wvas that a
nuaber of livers from none-schizophrenic individuals should be
compared with regard to their activity in demethylating codeine
and their activity in demcthyleting p-methoxybonzaldehyde, each
substance representing a different system of cther-cleaving
enzymess for cach liver a ratio of the ectivity of these tuo

could

systoms/have buen detormined and such ratios would ve likely to be
more or less independant of postemortem change. Ratios for non-
schizophrenic subjocts could then have been compared with ralios
for schizophrenics.

2. The difficulties experienced in obtaining liver from schizophrenics,

In practice, the difficulties elrcady mentioned were slight
compared with the difficulty cxperienced in obtaifrilng post-imortem
material collected within a few hours of death from schizophrenics.
In spite of installing a portable dacp fr.eze unit in & mental

hospital mortuary, and frequent reminders to all concerned -
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sick-ward nursing staff, post-mortem attendants end pathologists,
no material was forthcomingj one reascn appcared to be the long
delay betuzen death and post-murtem, this depending partly on the
fact that the pathologist was not based on the mental hospital
at uhich the schizophrenic had died. Attempts at a number of
different hospitals met uith cgqual lack of success.

Experimaents carried out with postemortem material established
certain facts on uvhich subsequent in vivo procedures vere based,
and are thus rclecvant to subsequent work,

SUNIMTARY  OF IN VITRD EXPERIMENTS USING  HUMAN  TISSUCS,

L. The demsthylation of'a-methcxybunzaldshyde and U.eP.E. using
appropriaste controls, by human livar.

2. The dependence of humzn liver deissthylating enzyme on various
cofactors.

3. The products of cemcthylation of C.M.FPeE.

4. Inhibition of the demethylstion of pemethoxyzcetanilide
(ricthacetin) by D.li.Pel.

1. The desethylation of pemethexybongaldehyde and .h.P.8, usinog

appropriate controls, by human liver.

The purpose of this experiment is to show the ability of
human liver homogenate to demeithylate p-methoxybenzaldchyde
(PeiiaBeiie ), and O.iersEey and alsoc to estimate the rccovery of

formaldehyde. And to compare the formaldehyde yielded by these

89



substrates with that yiclded in the absence of substrates, and
with that yislded by inactivation of the snzyme at the outéut of
the experiment,

laterials: The liver used was the same one used for the parallel
linas experiment.

licthods:

12 G. of the liver was homogenized with 24 cc. 0.05 8.
Sorcnsen's Juffer (pH 7.4). 20 ml. of liver preparation (micro=-
sumes and soluble fraction) were prepared as described abovej it
was calculated that each 4 ml, of this preparation corresponded
to approximately 1.6 6. aof livor.

Ths constituents of the flasks used wore as follouws, all

figures being in ml, &=



(N (23 {3 (& (i’

Liver prepn. 4 4 4 4 4
fticotinanide )
[19[:12 25 )z fﬂDl.)
TePolia 1 'MmOl. 0.2 0.2 0.2 0.2 D.2
Neutralized
semicarh. 0.5 G.5 0.5 0.5 0.5
200 ,)mol.
0.5 mol.
Scrensen's 0.8 0.8 0.8 0.8 0.8
Buffcr pH 7.4
8 umol D.l.P.L. - 1l - - -
1 pmol - - 1 - -
formaldehyde
Water 3¢5 35 3.5 345 4.5
Saturated - - - 4 -
Ba(cm)2

12 12 12 20 12

flote that a monoamine oxidese inhibitor was not used in this

experiment.

The flasks were incubated in a water bath, with shaking, at

37°C for tuoc hours,

At the end of this time additions of 4 ml, of
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205 Ag. Zn5U, and 4 ml. saturated Ba(DH)Z uare mace to all flasks

4
gxcept flack 4.
The resulting suspsnsions were centrifuged at 2,060 G. for

ten minutes, filtercd through whatman Ro.l Tilter paper and for

gach flask a serics of tubes was made upie

) B g 8] E F

Filtrate 8.5 0.5 1 1 2 2

Water 4.5 4,5 4 4 3 3

fiodified lNash's 2 2 2 2 2 2
Reagent

7 7 7 7 7 7

Colour was developed in thc usual way and read at 415 mi. in
a tnicam 600 spectrophotometer.
lesults:
The follouing values Cﬁorrected fur cell crror) were obiained:-
A B c D E F
Flask No. 1 0.052 0.046 g.0u6 0,096 0.156 0,201
2 0.042 5.030 0.073 0.077 0.149 0,147

0.048 G.046 0.107 0.1a5 0.196 g.281

(&)

4 0,011 . 0.007 0.022 . 0.015 0.043 B.046

5 0.027 0.029 0.057 U.0a0 0.123 0,120
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Figure 6.

Lines Obtained in Experiment 1,.

Line 3. Added .
formaldehyde.,

Jdne 1. p-MRBA as
substrate.

2. DMPE as substrate,

5. No substrate,

Line 4. Inactivated
enzyme. '

of filtrate

analysed.



Statistical Evaluaticn.
If the lines given by this data are represented by
y = a + bx
wvhere y = optical density and x = mils. of filtrate analyscd, the

following valucs are obtaincdse

b b/Se(b) g/ggfb) a a/sala) g/ggfg)
1 0.1c01 54.1 <0.001 -0,0022  -0.89 IS,
2 0.0727 37.5 <0.001 +0.0025 0.98 K.S.
3 0.0998 30.4 <0.001 +0.0008 0.183 [.S.
4 0.0240 1.1 <o.o01 -0.004 -1.33 LS.
5 0.0624 53,8 <0.001 ~0.0025  -1.63 HaS.

These lines are shoun on Fige 6
(b = slope of line, a = intercept of line on y axis).
The value for Student's t (ignoring sign) butween pairs of

flasks (with B degrees of freedom), are given by the follouwing matrix:-

1 2 3 4 5
1 -

2 5.8 -

3 0.08 7.1 -

4 26.7 11.0 15.2 -

5 17.2 4e6 10.7 15.6 -



All values for t are significant with p €0.001, except that
between flask 1 and 3 which is not significant (p>0.1)
Further results and conclusions,

. Recovery of formaldchyde,

This can be dearived from the results from flasks 3 and 5,
the composition of which differed only in that flask 3 contzined
1 pmol of formeldehyde. At the level of 1 cc. filtrate analysed
(and ncglecting the small intercopts), flask 3 gives an 0.0. of
0.09%8, and flask § an 8.0. of 0.0624, a difference of B8.0374,

The intercept of 0.105 in standard line 4 (p 81 ) represents
the effect of the addition of D.l,;mol formaldehyde to each exelo
tube.

From this, a difference of 0,0374 in 0.D. reprosents an amount
of formaldshyde equal to 0.0374 x 0.1 = 0.0356 umol formaldshyde.

The original 20 ml. from uhichnaigsl ml. was derived will,
therefore, have contained 20 x 0.356 = 0.712‘pm01, that is to say,
recovery in this experiment is 71.2%. This value is only approx-
imately true, since the 20 ml. contained a preecipitate, and the
v.lume and forinaldehyde content of thiswere not estimated
separately.

B. Formaldehyde production from pemethoxybenzaldehyde.
The fact that lines for flasks 1 and 3 are so similar, yiclds

the information that the amount of formaldchyde yielded from the
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8 nmol substrate in flask 1 is l/Jle (the amount added, in the
absence of any substrate to flask 3),.
C. formaldehyce production from D.(.P.E.

The difference in formaldehyde yielded bztween flasks 2 and

5 is given by the expression 20 x (?.5227 - 0.0624) = 0,196 mol.

Correctinc for losses by multiplication by 100 gives a value
71.2

for yield of 0,28 umol.

From this it appears that compared with p-methoxybenzaldchyds,
only ebout a quarter of the amount of U.M.P.L. is demethylated
under the conditions of this experiment.

D. Fformaloehyde production in the absence of subsirate.

(This phenomenon was discussed in an earlicr section; the
present results illustrate it).

This is shown by the difference betucen flask 5 and flask 4.
The reason for this is not clearj study of wvhat is known about the
mctabolism of the drugs administered before death (penicillin,
stroptomycin and paraldehyds) do not suggest that these could be
responsible, sven if they were prosent in sufficient concentration,

It could be hypothesized that early post-mortem autolysis provided

substrate(s, on which the demethylating enzymes acted when cofactors

were provided and incubation carried cut and that this might
account for the difference noted between post-mortem human liver

and the fresh liver ocbtained for studices on rabbit liver.
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2. The dependence of human liver demethylating enzyme on

various cofactors.

The demethylating system vescribed by Axzlrod (1556) depsnded
on varicus [aectors 3 T.F.id., NgClz anu nicotinamice., Using p-
ethoxyacetanilide as substrate, Axelrod cbtainsd the following
vield of icraaldshyde - Axelrod's figures have heen congerted into

percentages for convenience.

Completu system 100
T.P.N. omitted 265
HgClz cnitted S5
liicotinamide omitted 60;.

The object of the experiment to be descriﬁiglﬁu determine
whether the human liver demethylcating enzymu was also dependent on
these cofactors.
laterials and iothods:

Using the same liver (with identical pre,caration) as for
experiment 1y the follouing flasks were constituted, all figures

representing mls amountss-
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Flask dumbar 1 2 3 4 5

Liver preparation 4 4 4 4 4
liicoctinamide SQymul 1 - 1 1 1
figCl, 25 pmol 1 1 - 1 1
Tebaive 1 gm0l 0.2 0.2 0.2 - 0.2
iteutralized senicarvazide 0.5 0.5 0.5 0.5 0.5
b5 mol Sorcnsen's .8 6.8 0.6 0.8 .8

buffer pH 7.4

8‘,mol p-methoxy- 1 1 1 1 1
benz:zlodehyus

tiater 3.5 445 4.5 3.7 3.5
20, Fg. Zn 504 - - - - 4
Suturated da(UH)z - - - - 4
TUTAL VGL. 12 12 12 12 20,

. . 8]
After incuboticn st 37 C for 2 hrs. further adoitions were mudeie

Hicotinamide S50,m.-1 - 1 - - -
ﬁgClz 25/, mol - . - 1 - -
TelHalis 1 .m0l - - - 0.2 -
Uater 1l - - 0.8 1
20% Aq. anda 4 4 4 4 -
Saturated Ba(UH)2 4 4 4 4 -

21 21 21 21 21

L
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Figure 7.- - THE EFFECT OF COFACTOR OMISSICN On
HUMAN DEMETHYLATING ENZYME.

- Line 1. Complete Sysiem
026 :
o-24f o Line 3. _
' Mg012 omitted.
Q221 :
Q20+
o8+ _
L Line 2. Nicotinamide“
ole} o omitted
oar EE ' Line 4., T.P.N.
' : - omitted
o2t , |
Line 5.Inactivated
o0+ enzyme .
0‘08..
Q06T
Q04
0021
. = , mls of filtrate

o5 ’ ] 2r analysed,o._ » .

Line numbers correspond to those used for flasks.




Tubes wera prepared in the usuzl way , and the ancunt of form-

aldehyde estimated in 2 ml., 1 ml., and 0.5 ml. oy filtrate as
described for experiment 13 5 lines were thus constructed (sec Fig. 7).
fesultss

(Lnicum rcadings at 415 ny;, corrected for cell error)

0.5 cc.filtrate 1 cc. filtrate 2 cc. filtrate
Duplicates Uuplicates Uuplicates

Flasnik 1 0.065 0.052 0.126 0,122 0,247 D.263

2 0,039 0.036 0.076 0.079 0.150 0.150

3 0,058 0,058 0.121 0.112 0.235 0,247

4 0.037 0,032 0,064 0.G6S 0.142 0.131

5 0.028 0.025 0.0060 0,057 0.107 0.117

Statistical Evaluation:
Ueing standard regression correlation statistics on this data
with y = Unicai reading and x = mls. of filtrate analysed, and

y = a + bx.

b a ggrgy 5]
Flask 1 U.129 ~0.0035 32 - p<0.001
2 0.0746 +0.0012 53.3 p<0.001
3 S.122 =0.0043 30,2 p<0.001
4 Ue0683 -0.0C05 21,4 p<0.001
5 045565 -0,0003 15.1 p<0.001

None of the values for &, the intercept, differs significantly from

ZCro.
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‘t! calculated from:

t p (& degrees of
Lata from flasks 1 and 3 1.2 NeSe Freedon).
" " "o 1 and 2 12.4 <o.001
u u " 1 and 4 11.6 <p.col
" " " 4 and S 2.63 <0.05

n " " 2 and 5 5.87 7.01
The results are shouwn araphically in Fige 7

Discussion and Conclusions.

it is evident thet the omission of f‘-igCl2 had no significant
effect on the formaldehyde yield.s T.P.ile and nicotinamide
omission both had a significant effect on yicld, and on this
evidence may be regarded as cofactors for huinan liver demethylating
gnzymo. 1f the yields are compared with base linc i.e. inactivated
enzyme, and referred to the figure of 100w, reprecuenting the
complets system, the umission of nicotinamide reduced yield o
295 of that obtained when nicotinamide was included; similarly
omission of T.P.il. reduced the yisld to 175 of that obteincd when
it was included.

3. The identification of ths products of demethylation of GiHPE

ysing human liver.

Introduction:

In this experiment the intention was to determinc wvhether

3-hydroxy 4-mecthoxyphenylethylamine (3-0H 4-DCH3. FEA) or
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4~nycroxy 3-mothoxyphenylethylamine (4-UH 3-UCH3.PEA) were formed,
or winether both were formed, when GRRE wwas dermctihylated. A monb=-
asine oxidasz inhibitor {phenclzine) wac uscd to provent the
bruckdown of Dii-L by zmins oxidase,

o method of separating the tuwo possible mono-doncthylated

cnoh et el. (1u59) who

[ €]

doerivetes of J.eWle wes ostablished by
were epproaching thé problem from the cpposite directiun, so to
spuak, in o study of the methylation of dopaminc. Their special
mothod (which hs=s been used here) wes developed bucausc of failure
Lo cuparate the two isomers cn @ number of solvont systeme; this
wethod lnwvelvou azo-cou, ling of the amincs vhile in solution

(uwing ciczatized culphanilic acid) prior to chromatograpny. Their
gxtraction procedure hes also been used in the present experimente.

It wes found by preliminary studies that semicarbaozide

interfered with this coupling proccss, and it was therefore cmitted.

jraterials:

The came liver was used for this experiemont as was used for

5]

expuriments 1 and 2.
i‘sthods

The following were incubaled toyether, using stancard
colactor sclutions. Only flask 1 contained substrate (UefiePela)

A1l nuabsrs in columns 1 and 2 represent volumes in ml,
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FLASK KU, 1 2

1 Liver preparation 12.0 12.0

2 MgCl, 75 pmol ;
2 =# 6.0 6.0
icobinamide 150 pmol )

3 T.0.0L 3’Jmol 0.6 G.5
4 0.5 mol, Sorecnscn's phosgshate
buffer pH 7.4 2.4 2.4
5 32 ymol DFLPW.E. 4.0 -
6 Phenelzine 3.6 pmol 1.0 1.0
7 UWater ‘ 1G.0 14,0
36 a6

This gives a final conccntration of phenelzinc of 10-4 mole
The flasks were incubated for three hours ot 37°C. At the end of
tivis timo the reosction was teradnzted in both flasks by adding
S ml, 30 trichloroacctic acid; 32,Jmﬂ.of Lelietel . iﬁ 4 ml. water was added
to Flask 2, and 4 ml. water to Flask l. The precipitate uwas
brought doun in 2 centrifuge st 2,000 r.pems. for tcn minutes and
the supernatant removcd by pipetie. The residuc vas washed tuwics
with 10 cec. 0.1 hydroehloric acid, thesc washings being acded to
the supernatzant,

The pooled supesrnatant enc washings were adjusted to ph 10
with strony alkali and then shaken with 25 ml., of a 3 ¢ 2 mixture

of isoamylalcchcl and toluenz in order to extract the amines,
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after scperation, the upp.r (inhrganic) rhase was shaken
cgain with 25 wl. of the organic solvent mixture. This was
nllowsd to separate, and the ornanic phases containinc tho amines
vere pooled and sheken vith 5 ml., 0.1 & HCl, for 15 minutes.

A sample of zuthentic 3-0H a-uCHS.PEA (the only one aof the
two isomure oveilable commercially at that time) was taken
separately through from this stage onwards, being made up cs a
soluticn of EDU}JG in 5 ml., 8.1 & HCL.

4 ml, of tha acid phase was removed and renderad neutrzl by
the addition aof 0.4 nl. f NaOH; to this were added-

0.6 ml. of 10 NaOH and
0.4 wl. of freshly diazotized sulpnhznilic acid.

The latter was made up using the mzthod of Amcg and Mitchell
(1v52), in which 25 ml. 5/ zquoous socium nitrite is reacted with
5 ml. of gtock sulphanilic acic reagent (sulphanilic zeid 0.9 G;
ccncontratzd hydrochloric acid © wml; and water to 100 ml.), the
reaction mixture being kept chillad.

The solutien containing the azo-couiled smincs wuze cvaporated
to dryncss in vecuo., The residue was taken up in 0.2 ml. of
mcthanol/vater (eoual paris), and 25 pb spots were placed on to
Uhatmen lo.l pepcr which had previously boen soaked in 2.8
acuoous NaztDS and dried. The chrometograms uvera developed
(desecending run) in methznol : benzene : butencl @ .ater it

2 :1:1 : 1 for twuoc hours and werc then dried with a hot zir fan.
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The arce of tho chromatooram derived from Flask 2 remeained
tlenk. The arc:: of the chromaztogrem derived from Flask 1 showed
a single red spot having an Kf of 0,33,

Thz ersas of the chromstogram derived frow suthentic 3-0H
4~DCH3.PCA shoued ¢ single ocrangs spo§ hzving en iif of C.50 (soc

Fige 8 ).

The if values and colours cbtazined by Sench et al. (1889)

e FEN (similerly

for zuthcntic 3-0H 4;GCH3.pEa ond 4~-0H 3-CCH,

chrematographed and stdined) were 0.45, crange; aend 0.31, rosz red
respectively. It would appser likely that thz spot appoaring on
tho chroaatograms derived from Flask 1 resulted from 4-CH S—GCHz.PEA.
Its. pressnece only wvhen UoiePol. was included in the original
enzyme mixture suggested that it was & metavolitc of this compsund.
The colour pruduced sgrecd uith thet found byisénoh gt al. for
authentic 4-CH 3-&CH3.?ER and the HT agrecd fairly weli uith their
figure.

Provided that the two cmincs under considoration extract to
an squal extent under tho conditions of extraction and ;rovided
thel they couple with the szo-reagsnt to ppoduce colours of equal

intensity, then 4-0-domethylztion of L.li.-.L. i1s much greater in

amount than 3-O-demethylation (which, indeecd, was not detocted in
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the present ecxpsriment).

This agreces with what Axelrod (1956) found in his studies
with animel liver - that 4-0-demethylation takes plsce with
greater facility than 3-O-demothylation. As mentiéned glscuwhare
the product of dencthylstion, 4~0H S—QCHB.PCA has less pharmaco-
logicel activity than O.M.P.E. itself,

Sargent et al. (1967) cvxemined the demethylating activity in

intact rats by injecting them with O.f.P.E. which had been ldc

tagged either on the 4-me=thoxy group or the 3-methoxy group; they
found that expiration of laCUé was ‘about 15 timos es great with

the former as with the -lztter compound (by maasuring the percentage
of the administersd dosec excrcted as 14C02 over a two hour period).
Thus O-demethylation by rat liver is predominantly 4-0-demethylztion,
2s in the human.

. 1t is not possible to judge whether amine oxidation (to
D.l.P.B.A.) preceded deafthylation or not in Sargent's experiment,
since monoamine oxidase inhibition was not cmployed .

Conclusion:

Ocmethylation of D.M.P.E. by human liver appearc to occur

predeminantly in the para position (4-G-demcthylation).

4. The inhibiticn of the demncihylztion of pemcthoxyacctanilide

(methacetin) by D.iiP.C.

Introduction,.

This experiment forms a link betwszen the in vitro cxperimantal



work describod sbous and the in vivo work prescently to be described.
The original intention had beon to study the cuencthylation of
Letioi'ers in vitro comparing schizophrenic and non-schizuphrenic
liver, Thc problems encountercd whilc uwsing humen liver, and the
difficully in obtesining ‘schizopnronic' liver have clready boon
discussed,

The use of a chomical substance, the motabolism of which
could be followsd in vivo suggosted itself as an alteurmative
procedure. wcmonstration that this chemicsl substance was
gumothylated by the came cnzyme system as deacethylated Leiie e
was clearly cesirable.

From ihxelrod's work (1lY5G) it scemed likely that substances

of the form

CH30

were substrates for the same demethylating enzyme and that
substrates with z more complex polycyclic structure (such as
codeine) uore demethylated by a second,separate,systom,

In the experiment described here the effect of a 28~fold
‘excess of U.M.FP.E. is compared with the effect of a 20-folg

excess of codeine on the demethylation of methacotin,
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'Figure 9 The Enzymatio & Chemical Breakdown of
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(p-mathoxyacetanilide). Uhat is measured is the yicld of the
demzthylated product of methazacetin according to the equation shouwn
in Fig.9,

The method of estimation of paracctamol is given in
considerebly more detail in & later scction. It involves acid
hydrolysis to pars-amninophcnol, the latter being breminated and
reacted under alkaline conditions to pive a blue celoured dye
vhich can be measured spectrophotomctrically.

The present experimeznt was complicated by a chemicel
sroperty of methacetin uhereby 2 small yield of peaminophsnol or
sanething roecting like p-eminophencl in the colour reaction
resulted from tho acid hydfolysis of a eamnple of methzcsting as
shewn by the dotted line in Fig. 9. The colourcd wye thus
produccd hed thz same spoctrum in the visible range to that
produced when a solution of paracetamol of 7, of the conczntration
of thz solution of methacetin was similarly trcocated. The reason
for this yicld of colour is obscure but it was not cue to
contanination of meclhacetin with p-zminophcncl since it did not
occur until the methacetin had becn scld hydrolysed. Lor was it
vue to contaminction of methacetin with parscctemel sinco
mothacetin failed to yield the purple colcur given by parzcctamol
with 1% acueous ferric chloride, no matter how cencentrated the

methacetin solution uscd. Acid hyurolysis at incrocsced pressure
H
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(15 1lbs/eq. in. for 9C minutes) did not increzse the yicld of
colour. & specimen of phenacatin (kindly supplied by tr. L. F.
Prescott) behaved similarly.

In ctudies on urine prescntly to be dascribed, this phencmenon
does not matter bacausce it can bz shoun that 857 or more of
mothacetin is converted to paracctawmcl: the ermount of coclour
yiclced by vhat is not converted to peracztamol must nicossarily
be smsll. In the present experiment, howsver, cnly z smell acount
of methacetin is demethylated., This meens thot the remainder is
rruscnt unchanged in the enzyma solution in an amount grostly in
excess of any pargcctamol that may be fTormed cnzymzticslly, the
roverse of the situation in urine. No woy of avoiding the
phcnomenon was found, so thet quontities of porascetomol have no
mzening in abeolute terms, but compzrison betucesn flasks would
still secm to bz valid, thc same amount of sethacctin being cdded
to them z11, cxcept tho control flask, flesk 5.

(laterials:

The same human liver was used cs in the previous exgocrimonts.
liethodg:

Flesks were made up as follous, {igures in columns 1 -« 5

representing volume in ml.
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FLASK 1Q. 1 2 3 4 5
! Liver 16 16 16 16 16
preparation
2 MNicotinamide ZUU)Ile) 8 8 8 8 8
figCl, 100 samol )
3 T.p.NQ 4,4!1’101 U.B 0.8 0.8 0.8 0-8
4 Soronscen's phosphate .
buffer pH 7.4 (0.5 mol)  —*2  3+2 3.2 3.2 3.2
5 32/,m01 mcthacetin 4 4 4 4 -
6 0.64 m le U.W.p.E. - 8 - - -
7 0.64 m mol codeine - 8. -
phosphate )
8 Phenclzine 4.8 mol 1 1 1 1 1
9  uater 15 4 7 11 19
0 30%: trichloracetic acid - - - 4 -
TUTAL 48 48 48 48 48

Fhenclzine was added (in a final concentration

order to present destruction of D.0M.P.E.; complete or nsar complete
destructien of this comﬁdund by monoamine oxidase ﬁight,have inter~
fered with the competitive inhibitioﬁ of the demetﬁylating onzyme
(depending on the degree to which the product of amine oxidation

(3: 4 dimethoxyphenylacetic acid, D.F.P.A.A.) is a substraste for

the demethylating enzymo).

of 10-4'molar) in
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After incubation ot 37°C for two hours, 4 ml. of 30, T.C.A.
was acdded to cach flask, except flask 4, thus terminating the
reaction and precipitatihg protein. The following additions were

then made: -

FLASKS
1 2 3 4 5
0.64 m mol JU.ker oL, 8 ml - 8 ml 8 ml B8 ml
D.64 m wol codeine phosphate 8 ml 8 ml - 8 ml 8 ml
Jatar - 8 mi B ml 4 ml -

The final volume in each flask was 68 ml. Tho contents of
each flask were then filtered through Yhatmen RNo.l filter paper.

for zcid hydrolysis of parecetemol to peamino phencl,Brodie
and Axelrod (1949) used a mixture of 1 part concentrated HCl to &
parts ncutral (or slightly alkeline) solution. Thcrefore, in the
noxt stage of ths present experiment 17 ml. of concentrated HCL
was adued to uach flask {and acic hyurolysis cerried out far 30
minutes in a boiling water bathl

The p-aminophenol recsulting fraw this hydrolysis was estimated
by adding duplicate nortions of 2U'ml. from each flask toc a flask

containing 24 G. K HPDQ. This was extracted with 200 ml. ciethyl

2
ether contzining 1.5 V/V iscamyl alcohol. Of this, 60 ml. was
transferred to a flask containing 12 ml. 0.01NHC1, After shaking

. the acid phases wers removed and each used to make up three tubcs



Figure 10.

| The effects of 20fold excesses of codeine & DMPE on
the demethylation of Methacetin. 0.D. is DI'OpOI'thnal
. to the amount of Paraceuamol estimated to be present (see text)

0.p.4 { Methacetin only. |
3 Methacetin & Codeine.
93 +
o2 +
2. Methac_:etin & DMPE.
ol A
"
Methacetin
.inactivated enzyme.
5 No Methacetin.

4 ml analysed

W

Number opposite each line corresponds to the flask number.
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as follows:=-

Tube 1 Tube 2 Tube 3
Acid phase 4 ml 2 ml 2 ml
0.01 I HC1 1l ml 3 ml 3 ml
TOTAL 5 ml 5 ml 5 ml

Further additions to ell threec tubes were 1 ml., of 1i. aqucous
phenol and 1 ml. freshly prepared sodium hypobromite solution (made
up by adding bromine water to 1 N sodium carbonate until the
resulting solution w:s faintly yellow).

The finsl solution was shaken, and allowed to stand for 20
minutes at room temperature, aftor uhibh the colour was read at

620 mps in a Unicam 600 spoctrophotometer.

Results.

Flask 1  Flask 2 Flask 3 Flask 4 Flask 5
Tube 1 . 0,331 0,118 0.317 0.072 © 0.006
Tube 2 0.173 0,058 0.153 0.033 0.005
Tube 3 0.167 0.052 0.159 0,839 0.002

The results, which &s shoun grephically in Fig.10 show fair
agreement with Becr's lau.

Discussion:

Flasks 1 and 3. The additiqn of codeinc in 20-fold excess appears

to havo little or no effect on the yield of paracctamol  from

- methacetin. This can bz seen in the close similarity in the yiclds
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from flasks 1 and 3.

Flasks 1 and 2, A considerable effect is shouwn whepia 20-fold

excess of D.M.P.E. has been added, with a much smafiyyield of
paracetamol.
Flask 4, It was shouwn, by separate experiment, that an amount of
methacatin equal to that used in this experiment (32,1m01), would,
if completely excracted, have yielded morepaminophencl on acid
hydrolysis than that produced in any of these flaks. It would
seem likely that the addition of trichloracetic acid and subsequent
filtration must have removed a good deal of the interference.

Flask 4 was used as a8 check on this; this was identical in
every way to flask 1, except that the 4 ml. of 30% trichloracetic
acid was incorporated initially so that the enzymatic formation of
paracetamol was prevented entirely.

The yicld in flask 4 is lower, but not much lower, than that
in flask 2. This would suggest that most of whet was extracted
as paracetamol snd estimated as pe-aminophenol from flask 2 was not
formed cnzymeticelly, but was derived non-enzymaticszlly from
methacetin by acid hydrolysis. The sama cannot be said of flasks
1 and 3 vhere amounts of paracetamol are greatly in excess of that
in flask 4, suggssting enzymatic paracetamol production on a
larger scale.

Flask 5, was onc to which no methacetin was added. Paracetamocl

Loake
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yields can be seen to be negligible. The liver uas thus not
contaninated with paracetamol to a detectable extent « a situation
vhich might have comes abcut 2s a result of phenacetin or
paracetamol administration prior to death.

Conclusien:

Thp rcsults of this experiment are consistent wi'n the
statement that, uvhile D.in.P.E2. and methacetin appear to be
demethylated by the same enzyme in human liver, ccdeine and
meth=zcetin arg demethylated by different enzymes.

Concludingﬁﬂbseruétions cn O-demethylation experiments.

Although it wes possible to obtain results with the techniques
described above, such techniques have considerzble difficulties
among which a gcneral'sluggishness of activity as indiceted by
low formaldehyde yizlds was the most important. Une.liuer was
found which behaved uell and from which experimental results
were obtained., Uther livers, while not sluggish, yiclded e
troublesomi: opalescence thought to bG.UUD to the presence of fat
in homogenatos,

The greatest obstacle to .progress was, howcver, the difficulty

experienced in obtaining post-mortsm materiazl from schizophrenics.

foede

(e,
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EXPERTIMENTAL SECTION : 2

TULIES  GF Q=DSeETHYLATICH I VIVG.

[33)

Introduction : The pharmacooenctic approach.

It has been mentioned on the section on the preparation of
tissue homagenates that difficulties werc aobtained in obtaining
fresh liver from schizophrenics (hoth at operation and at post-
martem).

One cannot assume that what bave been called the schizo-
phrenizs sre aetiologicslly nomoyencous. Therefore to cbtain. a
sizeable series of livers svemed obligatory since one could not
cxtrapolate from one or two negative or one or Lwo positive
findings. The practicel preblem was thus multiplied.

A pharmacogenetic agproach offered a moans of circuasventing
this difficulty.

Vogel (1859) intrcduced the term pharmacogenctics vhich is
defined as the study of genotically deterimined variations in
animal species which are revealed by the effects of drugs. Thus
an individuz21'cs ylucose=-G-phosphate dehycrogenase ccficiency can
be shown by acministrating primaguine and precipit:ting a haemolytic
anaemiaj; pseusocholinzsterasaz daficiency can be demenstrated by
shouing z2n unuuly prolonged apnoeic responsz to suxariethonium.

A genctic difference can also be <houn to cxist in a less
dramatic way, namely by a study of the mztabolism of administered

substances., Thus, if a standardised dose of isoniazid is given to



) . A PHARMACOGENETIC PHENOMENON.
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subjects and the plasma concentration of isoniazid six hours
later is plotted as a distribution histogram, 2 bimodzl pattern
results (Evens et al., 1960) as shown in Fig. 11,

Subjects with low valucs on this histogram cean be shown
(by in vitro studics) to have a liver enzyme capable of the rapid
acetylation of isoniazid. Subjects with high values (correspond-
ing to the right hand peak) can be shown to have a liver enzyme
capable of =cetylation at =z slower rate.

Furthermore, femily studies show that slow inactivation of
isoniazid is governed by a genc having an autpsomal rccessive
character. Of Curopsans 565 belong to this slow inactivation
catogory which may be designated by the genutype S5 (Y = slow,

R = rapid). Hence 44% of ECuropeans ars either RR or RS and in
either caso they are rapid inactivators of isoniazid.

Evans and Uhite (1964) have shown by locking at a2 series of
patients each of whom was studied bpth in vive (using a drug
agiministration test) end in vitro (py measuring enzyme activity on
a liver biopsy specimen), thst the results of the latter may be
predicted invariably by a study of the former, thus rencering in
vitro testing uninformative in an individuel previously phenotyped
by & drug test.

The suitability of schizophrenio for a pharmacoocnetic approach.

Schizophrenia seemed suitable for study pharmacogenctically using
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in vivo methods for the following reasons:-

a) that it is 2 common condition (so that the already mentioned
need for a sizeable survey cen be met without much difficulty).
k) that biopsy material is not likely to bc available during (nor
post-mortem moterial immedistely after) acute, well documented
schizophrenic illness,

Uisadvantanes of in vivo studics: a) In vivo studics must

nucessarily slur the situation slightly., Thus in Fig. 1l , part
of the observed difference in plasmz level betwecn onz subjoct
and anothar will be duc to slight individuzl voristicns in the
rate of obsorption of the druc from the intestine.

Cubjects at the antimede cannot always be allocated to ones
or othar phenotype even with family studies; they may for exanple,
be rapid inactivotors who abgorb the drug slowly or slouw
inactivators vho absorb the drug rapidly. This example illustratess
absorption zs the important variable but other indivicdual
differences cen zlso be predicted. Thés, cifferences in such
factors zs renal clearance ang extro cellular fluid volume will
occur and these alse will effect the plesma level to some extent.
b) In many instances the in vivo procedure will involve trans-
formations carried out by more than one enzyme. kinor differcnce
in the activities of other enzymes may mask impertant gunctic

variability in the single enzyme that it 1s desired to study.
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c) Figure 11 uwas derived from 267 subjects, and test results
derived from a small number of subjects would simply not have
given conclusive evidence of the phenomznon it illustrates,
i.e. bimodality,.

This is not to say that a conclusively abnormal result could
not be obtainecd in a single subject by an in vivo pharmaconesnctic
test. chether this could happen would depend on the character-
istics of tho histogram obtained in normal subjects for the test

in qusstion.

The possible results of the application of s drua test

administered to two groups, ons of normal subjects, tho othor

of schizophrenics. First, one might cbtain the "nul hypothesis®
result shown in Fig.12 (a). Alternatively, one might find that
the 'patient' qroup fell at one or other end of the distribution
curve for normals (Fig.1l2 (b)). The type of pattern shown in
Fig.12 (b) was found by Harris et al., (1960) when they measured
cholinesterase levels using acetyl cholinc as substrate in
individuels (dosignated by the hatched area) showing sensitivity
to suxamethonium.

Alternatively a bimodzl pattern might occur, with or without
a random distribution of results for shizophrenics throuchout the

histogram. Fig.12 (c) shows a non-random distribution.,



Ain examples of this phenomecnon is seen in work by Harris et
«l. (1949) which has since been confirmed by others. A poly-
morphism exists such that if a histogrem is constructed in which
@ moasurement of tho most dilute solution of phenylthiocarbamide
(F.T.C., @ voitrogen) which a subjeﬁt can taste is plotted for a
rendom sample of tho population as @ histogram, a bimodal type of
distribution curve is producod.

1f a similar histogram is constructed for a2 croup of subjects
with noduler goitre morec ‘non-tasters' of F.T.C. will be found in
this group than would be predicted on ths null hypothesis that
nodular = guitre and P.T.C. status are unrelated. The distinction
is not an absclute one, for certain of the patients with nodular
goitre asre ' tasters ' of P.T.C. and z considerablc ppoportien of
the normal populatiun are ‘*non-tasters.?t

As schizophrenia cannot be assumed to be homogensous one aleo
has the possibility shown in fFig. 12 (d).

This situation can be illustrated by reference to zcztalsia.
In this condition, very rare outside Japan, absence of the enzyme
catalase is essociated with oronasal sepsis. The enzyme is
absent from the tissuas of the oral and nasal cavities and fraom
red cells (Tekshara, 1963). Acatalasics are homozygous for a
gena having a rocessive autosomal character.

If onc wsre to take s Japansse populaticn and estimate red
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cell catalasc activity in 1) nurmals and ii) patients uwith scvere
oronasal uepsis, and make & plcot cf enzyme activity agyainst
numbers of subjecte, & graphical rosult similar to that shoun in
ig. 12 (¢) could result., Tinis chows normal enzyme lovels in
peth roups except for onc of the group ii (an acatzlasic) who
would, in tnis instance, have zerc enzyme activity., This subjoct
alone amony subjects designated ss having “ssavere oronasal sepsis”
would be acatalasic, inoicating the hetsrogeneous nature of the

group. It woulc not be unreascnable to anticipsate similar hetero-

cene:ty in thet group of condition: now dasignated as 'schizophreunia.!

This argurent can be extended in a uvirferent cvirection, namcly
that if deficiency of demcthylztlion or excess cf methylation cxist
os biuchemicsl 2ntities then @ s:a2rch for such abnormalities anmong
schizophronics is, on the cvidonce discussed in the literature
survey, perticularly worthwhilc cven it those catitios hive no direct

cunneection with the abnormzlities causative of schiz phrenia.

i THAGETIN TOSTILING

:ntreducticn.  The substance melhezcetin was chosen as being suitable

Tur use :n 2 pharmecogonetic investijat:on into the aunethylaticn
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SOME FORMULAE OF RELEVANCE TO THE METHAQETIN STUDY.
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Fig. KS(C). The_acid_hydrolysis of paracetamol &_its qdn;ugates.:

NH.COCH51 | NH2
Acid Hydrolysis
L.
0 ' 0
R H
R=H, or sulphate or glucuronide p-AMINOPHENOL



hypothesis.

iethacetin is the methyl analoguc of phenacetin (sez Fig 13 a)e
Srodie anu ixelrod (19435) éxamined the urine collucted for 24
hours froo huuegn subjects after an oral dose of 1 - 2 G. of
shenacetin and found that it contained 785 of the administered
substance converted to free or conjugated iv-acetyl p-aminophenol
(peracetamol) ; of this 78 an average of 3.6%: wvas freeo and
7444 conjugated; G.27;. of tﬁc drug was excreted unchanced, and
0.1;. in the form of pepheneticvin (see Fig., 13 b).

ficre recently Jagénburg and Toczkc (1954) have isolated a
nocw metatbolite of phenacetin, s-(l-zcetamido-4~hydroxyphznyl
cysteine). In aduition an acetyl derivative of this ncw metzbolite
may also be forined in lou.yiaid. These two mutebolites account
for on;y 2, approximately of the administered docge,

tiethacutin, a substance with the same antipyretic and
. enalgsesic prcpeftias as phcnzcctin (fHay, 1921; Pharmaceutical
Journal, 15689), is uecalkylated at the séme rate as phenacetin by
the cealkylating enzyme system studied by Axelrcu (1956). it
sociad reasoneble to suppose that thez metabolism of both
substances would be similar, that is tﬁat initial dencthylation
of methacetin (yieloing paracetamol) would bz followed by
conjupation with glucurenide and ihorganic sulphate (and possibly

alsc uith the formation of small quantitics of the recently
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identified conjugates mentioned in the last paragraph).

i detailed estimztion of the amounts of sulphate and
nlucuronide formed in the mztabolism of methacetin does not appear
to hzve buen carried out, but this information is avzilable for
peracetamol (Cummings et al., 1967), the demethylated derivative

of mcthacctin,

Frelininary experincnts to determing the validity of various

lasboratory procedurcs employed in mothacetin testing.

In the present study what has been msasured is the total
excretion of demethylated mctabolites i.e. of free and conjugated
paracetamol, in a precisely timed collectien of urine, after an
oral dose of methacetin.

The method of determination of totz) (frec and conjugated)

paracetamol. The method closely followed the method of 3rodie and
Axelrod (1948). Uhcre a specimen of urine containing a particularly
high concentration of metabolitcs required analysiz, only 1 mi.
of urine (or very rarely cven less) was used insteed of 2 mle,
with an additional 1 ml. of wster.

In this way the Unicam valuecs were kept within the range for
which the parallel lines had been calculated as having validity (v.i).

uith very dilute urine samples as much as 6 ml. of urine was
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used with a reduction in the amount of water added from 13 to
10 ml. 1In over 707 of cases, howcver, 2 ml. of urine was used
for the enalysis, as in the following account.

liethod:

To 2 ml. of urine were added 13 ml. wvzter and 3 ml.
concentrated HCl, in a2 universal container. ODuplicatcs were set
up in ell cascs. The containers were firmly stoppered and
subjectod to autoclaving at 15 lbs/sq. in. for 14 hours. No loss
of volumec occurred during this procedure.

% ml, of the hyurolysate was added to 5 G. KZHPO4 in a
stoppered flask, which was coeled in.an ice bath,

50 ml. of diethyl ether (containing 1.5, V/V isoamyl élcohol)
was added and tho flask uas shaken on a shaking apparatus for 10
minas. Exactly 20 ml. of the ether phase was then pipetted into a
flask conteining 3 ml. 0.01 N HCl.

Tho ethzer phase and ths acid were shaken together for 10 mins
and most of the ether decanted, the fluid rcmaining being
transfered into a small centrifuge tube. Any ether remaining uwas
then removed with a Posteur pipette.

"1 ml. of the acid phase was placed in a centrifuge tube, and
4 ml, 0.01 N hydrochloric acid was added bringing tho volume up
to 5 ml.

To this were added in turn (a) 1 ml. of freshly prepared



15 squeous phenol and (b) 1 ml. of freshly prepared sodium
hypobromite solution. This latter solution was preparod by
adding bromine water to normel sodium carbonate wuntil the shaken
sulution was slightly yellou,

The finzl solution was mixud, zllowzd to stand for 20 minutes
at room tespereturc and reac at 620 muy in 2 Unicem 600 spectro-
pholometer,
fiotcs on this procedurc:

1, Acid hydrolysis. This not only splits conjugates, but removes

the acetyl side chain (sce Fig. 13¢), yiclding p-zminophencl,
It is the p-aminophcnol that is estimazted.

2. GStandard sclutions of p-zminophenol had tc be made up in acid

conditions for in neutral or alkalinc solution this substance is
unstable, Uith the addition of acid to KZHPD4 as occurred prior
to the adding of ethur in the procedure described above a wmaximum
pH of 7.5 was produced, and heat uvas evolvad., It was thought
prudent to carry out this addition with ths filesk rusting in an
ice~bath,

Standard solutions of p-aminophenol kept for severel wecks
without ceterioration (as judoged by their behavicur in thz colour
reaction) if kept at -20°% (frozen) and allowcd to thow only
briefly uhan required for usc.

3. GShaking. Experiment chowed that prolongistion of the two



10 winute shoeking pericds failled to incraasrqe the yicld,

4., The coluur reacticn. s far ze the colorimztric side of the

BISCIOuUTs vy concerned, only o vesry smell csicunt of brovins was
requireg fur the production of maxinum cclour. (Broming wster
wes kept in @ botile in uhich free bromine woes pressnt; the bottle
was shaken apc alleucd to settle bafore use).

The period of 20 minutes fur ovelopmont of cclour w:s more
than adoguete; oftoer 15 minutcs reglicgible furthsr increasc in
colour wensity occurrzde The cpticcel cunsity of the final solution

c.nstunbt Mor &n hour or twdo but 2 foll wuas readily

+
I3
i
e
o
=
e
&

detectacle in solutions kept overnight,

5. Limite of error. The parallel linss experimeont was carricd out

at 2n carly staue and agroocment of duplicatos within 109 was
permitced in bthis wxporisent.  <chen practics had been ohcoainods
with the procadure syrecmneni within 37 was usuzlly found ond
duplicatos fFziling to zorce by a marcin of mors than 5.0 were
repcziaed,

The porall=l lines experiment. Ths cexperiment o~ dzsicned to

show that no constitusnt of urinc interfercd with the dethod of
cstimztion of paracestamol.

fsaterizls:

1. Urine w:.s colleeted from z subject who haod rceeived an ora

goses of 1 G of wmithocetin and vhs hao thereoftor colloctod =211

1

~
-

¢
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Figure 14, v
PARALLEL ‘lLINES BXPERIMENT FOR TOTAL PARACETANOL
BETIMATION IN URINE. o
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urine (540 ml.) for four hours.

2. The standsrd sclution of p-aminophenol contained 250},5 per
0.5 ml. 0.G1 i HCL.

fethod:

The method used for estimating paracetamol and its conjugates
hzs been describad ahove.

A total of 32 universsl containers were prepared, eight for
each of four lines, the meterizl used for each line bzing as follous:i-
Line 1. Serial dilutions of urine.

Line 2. " " " " with esdcition of a constant
amount of authentic p-aminophenol (250 uG).
Line 3. Serial dilutions of a2 stock salution of p-aminophenol.
Line 4, " " v " " u "
with the addition of a constant amount of urine (1/3 ml.)
Hesults:

An account af this method of evaluating interference hos been
given in some detail elsczuwhere in connection with formaldehyde
estimation,.

The valuss obtained in the present expzriment are depicted in
Fig. 14,

In order to sveic repetition, suffice it to su mzrise the
results of the statistical calculationsi=-

1. All lines have slopes differing significantly from zero with
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p<03i001 in all cases,.

2. The slope of linz 1 (L.529) did not differ significantly

frun the slope of line 2 (0.528) (t = G.019).
3. The slope of line 3 (1.000) cic not differ significently
from the slups of line 4 (1.126) (t = 1.05).

4. The intercepts of lines 1 and 3 2icd not differ significantly
fron zero.
5. The intcrecpt of line 2 (0.268) and af line ¢ (8.165)
differed significencly from zero, with p¢0.0C1 in bath cascs.
6. The intereept for line 4 (£.165) correspondad to the adaition
of 1/3 wl. of urinz to all tub.s. The oxpucted intercept from
Y1 ml, of urine vould therefore have been 3 x 0.165 = 0.455,
This asgreoed satisfactorily with the veluc cbtzined {rom line 1
for the v.U. due to 1 mes. of urine & 0,507,
7. The intercept for linc 2 (C.268) corrcspunded to the audition
of 250 pG. peaminuphenol to ali tubes. This oyrcod satisfactorily
with the velue cbteined from line 3 for 250 ulG. p-auinophenol
(0.266).
Liscussiun:

It was considercd sn impracticsble proposition to repeat this
perallcl lines proceoure on urine from cach schizophrenic; yzt
strictly Lhis would nsed {o be conc if interference from drug

melsbolites were to bz cxecluded., Uhat hazs been denz is to
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demonstrate that pretest urines frow schizophrenics yielded very
iow Unicam reacings when taken through the same gprocedurc as
test samples; and that prior adoinistiation of cne cr othoer of
varicus .hcnothiazine crugs had no cbuarsable tandoncy to
influznce rosults (veid)s
Cunclusiun;:

Thz parallel lipes exp-riment denconstrates thut no

the

consbituecac _./lena interfirsd with tha colour rozcticon.

vecovery of se-camincphonol, This wvas estimated by cumpzring the

P

rusults in line 3 uith results obtainzc when standard amounts of
p-zmincphenol in C.01 § HCY uvere used in the finaol stages of the
procedure only = i.c. the part in which to a total of 5 ml. of
UeBl iv ACY were adced the reagents describod above; the porcentags
recovery was found to Do 87.6,..  drodic end mxelroo (1948) give
the partition of peaminophencl batue.n tﬁa cther anc ncutral
phzse (R2H¥04) ss being 85, in favour of the ether phasc : in the
present procedure the size of thesc phasas ond their comsosition
is identical to that used by Grodie and hAxelrod. The figure
abtained hcore suggests that extraction bzack iInto acid from ether
must b“ virtually complete ang tnat losses during scic nydrolysis
must be very smzll.

-~

Calculation of the amount of methocstin from which wolatolitcs

had bcen derived. From line 3, derived from standard solutions




of p~:minophenol, an original smcunt of SDD pl of pe-awminoghenol
(in the Universsl conteincr) yielded 2 Unicom reading of $,E33.
This vould hove been derived frem an anount of szthzeootin

cqual te 756.8 p6 f.e. 500 X 165.2 ,G, 16%.2 being the molecular
109,15

szight of wethagetin, and 105.15 that of p-aminecphcnol.

Suppose a sample of urine, totel volume V ml. contains
melebolites devived frow X mgn. methecetin anu that thuso are
solely respunsitble for the final colour producticn then -

concentration of metauolites = X mgm/ul,
v

If 1 mL. of urine conteining metabolites derived from 756.8 4G
methacttin gives a2 finzal Unicam reading of 0,533, then 1 ml. of

urine containing metabolites derived from X x 1000 G of
v

mzthacotin gives a finzl Unicam reading (U) = 0.533 x () x 1000

(V) x 756.6

vhance (X) = U x U x 756,88 = U x VU x 1.42, in mgms.
1000

whore 2 mle urine is analysed, tihdis formula bzcoumes
X=Ux VU x 0,71 mgus.

Interfercneca from substancos in Lhe urine contriguling to the

colour nuasured. Urines were taken from six normal ano 2ll schizo-

porenic subjects ptior to adaministretion of methaceting tho

urines were processed in sxactly the same way as tosi sauslus,
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anu Unicam readings were compared oith those cbtained uéing

urinz collzcted for four hours after methococetin sdministration.
Unicam reaecings were very low - of the order of D.O0Y and D.002.
Correctione for urine bianks were not made in normal subjocts or

in schizuphronics (except in & cumulotive cxcretion study presently
to be described).

n

A limitotion in the value of the mcthecetin test as shouvn by

studies of tho excretion of mcthzacetin and paracetamol.mutabolites.

Experiment 1. A Z4-hour collcection of urine was made by z hzalthy

male subjsct, who then corricd cut the methzacetin test orocadure
? T

(vei.) in the usual way, consuaing the dessz of mcocthacetin

H]

acprooriate to his body weight:- 542 monis.

¢

Cellections were made inte a serics cof containsre, (uhich
contained 1 ml, 3 eodium ezide as a prescrvative) as follous:=

1, 0

- 1 hr. 8. & - 10 hrs.
2. 1 - 2 hrs. 7. i0 - 24 hrs,
3, 2 - 3 hrs, 8. 24 « 30 hrs.
4, 3 - 4 hre. S. 30 ~ 4B hrs.
5. & = 6 hrs,. 10, 43 -~ 5S4 hrs.

f.erimol incals uere teken, except for a pretest fat fres
breakfast, An aliquot, tazken from the 24~-hour "pro-mocthzcztin®
celluction of 975 wl. wss sstimzted to contain 1,65 mans.

mothacetin/L., (1.62 moms. in 2ll). This servsd zc & "urine blank,"
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=nd illustrates the low interference from substances in normnal
urino.,

yalucs for cusuwlative total paracetamol excration (expressed
in the farm of methacetin from which the motabolites were derived)
wera corrected for this "blank" valus by using ths formulas-

Corrocted Total = Actuzl total - 1.62 x accumulsted time.
24

esults (expressed as mgie. methacetin).

Taull VI : The Cumulative <sicretion of hicthaecetin fctabolitos.

Time 0-1 1-2 2-3 Fedh 4G Gel0 10-24
in Nrse.
Vol

. 59 38
Urine 43 127 103 167 680
liethacstin .

29,5 56. . ]

in mau. 6.2 60,1 47.7  92.0  BG.B  92.5

Cumulative
total 29.5 85.7 145.8 193.5 285.5 372.3 464.8

Corrected ] = -
total 290(' Uaoﬁ 145.6 19-302 285.1 371.6 463-2

24-30 30-48 4¢8-54
Vol. 310 745 485
Urine

Fithoeetin 35,9 4.0 c

in mgm. )

Cumulative 49

total 78 4618 e
Corrected s75,5 £78.6

total




The total for 48 hrs., 478.6 mgm., represents 88.37 recovery;
5.5 of the administcred dose was cxcretsd in the first 24 hours.
This ccnclusion is important because it demonstrates that

whot ic bBeing studied is by fer the most importent metabolic
trensformsztion, Other metcholites, for example unaltered
wethocetin and penethetidin must necessarily only be present in
grnall omounts.

Exneriment 2. #n experiment similzr to that described above was

corricd out on the same subject using zn equimoleculer amount of
naracetemol (486 moms. ), two wecks efter methacetin had becn
conguizd.

The results were corrected for urine ‘blenk' by the method
¢oscribad for methaccetin 3 on this occasion a pretest 24<hour
speeimun ‘yielded' the eguivalent of 0.64 mom/L of paracetamcl
in a szmple of 1100 nl - 0.7 mgm/24 hours.

Epsults (exprescsed as moms. of pcracetamol).
TABLE VIL: The Bumulative Excretion of Paracetamol fietabolites.,

zimi“c 0-1 1-2  2-3  3-4 4eb 610 10-21 21-29 29-48 46=54

Vol. 40 5
Urine

s

68 87 114 275 620 750 1100 285

g?gi° 46,2 66,8 G60.6 44.5 62.2 64.0 74.0 28.7 3.7 D

Egg:is. 4.2 113.0 173.6 218,1 280,3 340.3 414.,3 441,00 444,7  444,7

Corrctde4g,2  112.9 173.5 218. 80 =4 ‘
totals D 260.1 340.0 413.7 440.1 443,3

This gives a recovery of 85.4% in 48 hrs.
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ioconpnriseon of ths results of experiments 1 and 2. In Teble VIII

tho sethoentin figures hove been converted into ncms. of parae-

gouomel by rultinzlying thew by tho relic:-
.ole wb. jaracctang {(=C.318)
" " mzthacetin

TABLE VIII : A4 Comparison of the Cumulztive EIxcretion of

tquimolecular Amounts of Paracetamol and {ethzcetin,

Time 0-1 0=2 -3 G-4 G-6 0-10 0=48
{hrs)

victhacetdin 26.9 73,3 13%.0 176.E6 260.1 340.0 436,3

Varacetanad 462 112.8 173,5 218.0 280.1 3443.0 463,3

if fusis the amount of paracetsmol plus parzcetamol metabcoclites
wnich are ultimately excreted, and the cumulative amount excreted
at time t is [y then
-Kt

e - U = K, e
Uax 1

whore Kl and K arc constants (Cummings et al., 1967).

. . ~it
Hence [weo - fid = Kl

Sl oo g oo
i i - i = {100 N - v - TF
iog, lueg o= {log, Ky - logg fuee) - It

g oc
Thic theoratical relationkhip is linear, but ths graphs
obtained are only linzar over that period of time uhich follouws
the momsnt of maximum excretion, This will clearly not be the
to

moment of ingestion of paracetamol (because it has/be zbsorbed),

nor the moment of ingestion of methacetin (because it hes to be
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Figure 15.

Cumulative Excretion oyMETHACETIN (M) and

PARACETAMOL ({P) METABOLITES in the same
The other abbreviations are

subject.
given in the text.
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both =zbsorbed and demethylated).
Fig. 15 shous the data of Table VIII plotted by the
5igma minus method used by Fartin (1967).

Loge fiu-- = Pu is plotted against t.
fiu-v

The values from which Fige. 15 is constructed were derived

by estimzting the ratio fiu~ = iy from Table VIII and are as

["]u o
follows:=
Cumulative Time 1l 2 . 3 4 6 10
(in hrs.)
fatio

:che(ratio) -0.065 =0.198 ~0.364 <0.519 -0.906 <1,510

baracetamol : 0.895 0.745 0.609 0.509 D.368 0,238
Ratio .

. -0.,111 «(,2894 -0,496 =0.675 -1,00 -1,435
iLog, (ratio) _

The graphs obtained for methacetin snd paracetamol shows
satisfactory lineerity (see Fig. 15 ).

It is to be noted that the lines obtained on the Ysigma minus!
plot are parallel, (with methacetin in the higher position (of
iater metabolite excretion). The parallelism is not fortuitous :
it represents the total rate at which the free pa;acetamol,‘the
paracatamol sulphate and the paracetamol glucuronide are being

excreted from the body, these heinp metabolites common to both drugs.



Experiment 3. The finding of a more rapid excrection of

paracetamol than of methzcetin was confirmed in a study of 13
adult subjects : tha subject described above, 9 hcalthy male
voluntecrs and 3 healthy femole volunteers.

flethods

Tha subjects first consumed a doss of methacetin under

conditions vhich are specified in a later section, dosage (also
specified lator) being in proportion to mctabolic active masse.
The subjects collected urine for exactly four houss thercafter.
A few weeks later the same subjects consumed sn equimolecular

dose of peracetamol under similar conditions, again collccﬁing

urine for exactly four hours.
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Results:

Test Subject Excretion in 4 hr. Sign*
collection as & of
administered dose of

P -0
Paracetamol fethacetin
fiales: Subject in the 44,0 35.7 +
above study

Control No. 1 46.5 48,3 -
llo. 8 35.7 21,3 o+
9 39.6 30.5 +
10 39.7 40.5 : ;-
17 45,3 39.1 +
28 44,3 39.1 +
31 62,5 50,8 +
38 39.4 40.7 -
39 47.4 46,1 +
fFemales: 1 35.3 27.7 +
3 37.3 32.1 +
6 48.0 40,5 +

feans .4_3-3 -5'-?-.3

—

* .
fiote : Paracetamol result greater than methacetin result score +;
otiheruise =,
Statistical E£valuzstion,

Usinc & one tailed sign test, the probability that P will
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exceed [ in 10 cases out of 13 is 0,046, i.e. the findings achicva
statistical significence at the 0.05 level. The mean difference
(P-f1), 5.6 is somcuwhat lower in the whole group than in the
sub ject who undertoock cumulctive collections (in whom P«li = B.3).
Discussion of the 3 experiments cdescribed above:

The distanee betwean‘thc lines of Fig. 15 can be accorded
a value t (0.7 hrs. approximastely). 8, K. Grant, in a personal
communication te ths zuthor has suggested that the value of t
dopends upon at least tuwo factors - the relative rates of
absorption of methacetin and paracetamol which could act to
increase or uecrcase t (e.g. if methacetin is absorbed more slowly
than paracetamol, t will be increased) and the time taken for
dermothylation which can only act to increase t; there is, unfortun-
ately, no means of separating these two factors by experimentation
on the human subject. If t consisted only of time needed for
demsthylation, the methacetin test could be judged to be a
reasonably sensitive indicstor of demethylating activity in the
subjeoct describad above. Thus, an increase of t from 0.7 to 2.6 hrs.
corrosponding to a 4-fold reduction in the rate of demethylation
would shift the mesthacetin line to thec position shown by the
dotted line in Fig. 1D It can be calculated that this line
would give a methacetin test result of 20.0,: which would place it

outside the normal range.
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MeAn
Gn the whole, the|difference bztucen methacetin and

parzcetanol test results being less for other subjects than in
thz subject uvho made cumulative collections, the methacetin test

should be juoged as an insensitive one. In the three subjects

handling methacetin more rapidly (in each case by a small margin)
than parecetamol ong must assume either thet the latter drug uvas
the more slowly absorbed; or that some incidental variation in
sbsorption, metabolism or excretion was responsible for the
result; or that an error was made at some stage in the test
procedure,.

It would seem from the data preschted here that O~dcocmethyle
ation is not the rate limiting factor determining the excraetion
of methacetin mctabolites in normal subjzcts, 1If it wsrs, the
lines of Fig. 15 would not be parallel but would diverge uwith
increasing time.

The lack of U~-demethylation as the rate limiting step is
an undesrable property of methacsetin as the test substence,
although this property might not be present in thz hypothetical
sub ject uwith low enzyme activity. 1In the extreme case of a
subjsct entirely lacking the enzymz, demethylation must nscessarily

be rate limiting and this abnormazlity would necessarily be shoun

up by the test. -

In discussing the applications of phzrmacoyenetics to studies
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of the type that are described here, s limitation af this method
of approach to a process such as O-demethylation is appareht : if
the substrate is one against which the demethylating enzyme is
gquick to act, then subseguent conjugation (e.ge with glucurcnide
or sulphate) =t the free UH group is likely to occur for &
considerable varisty of such substrates, introducing unavoidable
complication.

A detsiled consideration of the subjects and methods used in

methacetin testing.

1, Selection of normal subjucts for methacetin testing. Volunteers

wore sought among University students and laboratory technicians,

a method which attracted more male than foemale applicants; it

also attracted subjects within the nz2rrow age range 18 - 22.

Older subjects werc found not only to bs less likely to voluntesr,
but also more likely to default. Subjects were mostly University
students who would be unlikely to be sufforing from gross physical
discase, since routine medical examination (including urine testing)
is carried out before acceptence into University.

2. Selection of acutc schizophrenics for methacetin testing. In

their paper in 1965, Bourdillon et al, refer to the fact that
there wes zn excellent correlation bctween the diagnosis of
Schneidcr positive non-paranoid schizophrehia and the excretion

af pink spot materizl in the urine. Schneider positive synptoms
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are symptoms stoted by Schneider (1959) to he of first rank in
setermining the diacnosis of schizophrenia.

vhen methacetin testing was starbed, these results were

availablc and the psychiatrist under vhoss care most of the

cases uwore admittes undsrtook to look gut for patients where

the cdisgnosis uas non-paranoid schizophrenia, with Schnesider
positive symptoms. 1In occasianal cases vhere there vas doubt
sbout the diagnosis of schizephrenia, the methacetin test was
tarried out ano the result discarded if the di.gnasis of schizo-
phrenia was subsequontly abendoncd, such ceses being excluded from

the prescnt scries.

In all other cases, patients were selected (by a psychiatrist
who had countributed to the paper by Cou;dillun), in vhom no
ather diagnosis than that of schizophrenia had at any time been
put forward.

Although some of these patients had bsen ill for a number
of years, they wvere all in a shifting phase of their illnass

(ana to this extent not chronic) end were usually tested within

three days of admiscion to hospital (except for patients 1 = 6
who were taken off cdrugs while in hespital and then testec).

3. Uusage. oosage was calculated according to the method of
Cvans et al. (1961), uwhich is based on the concept of mztabolic

ective mass, i.e. cosc = k x (body Lut‘.)'}7 . All normal subjects
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Fig. 16 PARACETAMLL or HETHACETIN TEST

1.

3.

4.

9,

Subjects shauld on no account have taken any preparaticn containing
psracetamol (PANADLL) or phenacetin (e.g. tabs. A.P.C., tabs. Codis
Co.) in the 72 hours prior to the test. Plsase let us know tha nanes
of any drugs you have taken aver the last month.

Subjects should consume a fat fres breakfast on the morning of the

teste-
Grapefruit (optional). Toast with marmalade but no butter.
2 cups of tea or coffoa(normal smount of milk allowed).

Sub jects should fast for 3 hours thareafter. Smoking is not alloucd
during this period (nor during tha test). uwater is allowad during
this 3 hour periocd, to auench thirst.

It is desirable (but not essential)} that the subject emptins his
bladder just prior to starting the test. This gpecimen is ngt, of
course, passed into th=s container,

Thrze hours (¢r wore) aftar breocakfzat the powder will be ~daoinistarn
in hot tea (which has been straimed to remove tea lvaves. S5TIR THIS
THORUUGHLY until no pouder romainzs on tha surface of the tea. Add
milk and sugar to taste.

The subject should consums all the contents of ths cup which will be
inspectad to mek: sure it is empty. Tho cup can ba washad out, Dy
taking a socond cup of tea, but this is optional,

Hothing is allowsd by mouth for 13 hours after the test. A normal
lunch may be taken after this interval and Tluid should, af'ter the
first 1) hours be taken freely,

All urins shoulo be ccllected from the mcment the drug is taken until
gxactly 4 hours alter adeinistraticn. At tho Lime correspeonding o

4 hours after administration the subject should empty the bladder
fully, and includa this seswmple in thz container provided. This
cencludes the test.

The ¢ontainer should ba kzpt in the coolest place available and
hancded in as soon as ~vusible after the test is completed.



were weighed in everyday clothes, without shoecs, with a subtraction

for clothzs of § 1lb.

for men and 3 1lb.

for women.

For a patient

of either sex waaring pyjamas and a dressing gown, a subtraction

of 2 1lb.

was mada.

following dosage schedule was constructedi-

Body tieicht
(st./1t.)

5.1
G.7
6.13
745
7.11
B.4
8,10
9.3
9,10
10,3

4.

The

6.6

.12

7.4

7.10

8.3

8.9

9.2

8.8

10.2

10.8

Dose of
riethacetin (mgm)

367
385
402
420
437
455
472
490
507

525

Bady ieinht
(St./1b.)
10.9 = 11,1
1.2 - 11,8
11,9 = 12.2
12.3 - 12.9
12,10 = 13.4
13.5 = 13,12
13.13 = 14,3
14,4 = 14,11
l4.12 = 15.4
15.5 - 15.13

methacetin test procodure (sce Fig. 16).

the test procedure was permitted in any case.

From the weipghts thus obteined and the above formulas, the

Dose of

liethacetin (mgm)

542

860

577

630

647

665

682

700, atc. -

No departure from

Daviations of uwhich

the investioator was unauare(for example the comsumption of a break-

fast containing fat which might have lead to delayed methacetin

absorption) cannot be guarded against but one advantage of using
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University students as controls should be their better than
average intelligence, This should have made thom zware that the
rules laid doun were purposeful and that departure frowm them wes
likely to prejudico the investigation. fethacetin was consumad
in the form of a solution as in this form it will most rapidly
be zbsorbad.

Paragraph 4, which requests the subjoct to empty the bladder
prior to the test was not enforced rigidly; this was an unfortunate
cinission, boceause information could not subsequently be derived
by studying the pH of the test urinc or its creatinine content
orT its volume bocause some urine collected during the test wes
secroted bofore the test period started.

Collections were mado into polythene contziners, wide mouthed

containers being mede available tu femszle volunteers. HNo

proservative wvas used, but urine was prepared for acid hydrolysis
immediately the test had been completed, an aliquot being put
aside for future use, this being stored st -20°¢c.

3. Observations made on cach subject and cach urine collection.

For each subject a note was made of sex, age and body wcight. On
sach urinc specimen the volune was measured and the total content
of demethylated metabolites determined.

The data obtained is given in Tables XXIV - XXVb, p. 303 - 310

Age was taken as the age at the time of test (without
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refercnce to the ncarest birthday).

The dose was weighed out accurate to the nsarest nigme,
allouying an additional 1.5 mgme., this bzing the amcunt which
renained acherent to thz foil in vhich the methacetin was wrapped
after as much as possible of the powder has been dislodged,

Volumes of urine uere estimzated to the nesrest 10 ml. in
mzasuring cylinders, at room temperature. Volumes falling on
the half-way line between increments of 10 e.g. 385, 015, are
recorded a5 such.

The methzacetin test result:

This was expressed as the amount of methacetin from which
the paracetamol and its conjugates recovered in the four hour
collection were derived, this beiny expressed as @ percentape of
the cuministered dose.

6. Pink spot testing of the urine of acute schizophrenics (zs

described by Bourdillon et al., 1965, iethod 2), was carried out
on a urine collection made on the day before the methacetin test,
For example, if a patient was admitted on Tuasday afternoon, a
collection for pink spot testing was made on WYednesday and the
nethacetin tast cafried out on Thursday morning.

7, The methacetin testing of acute schizophrenics (end chronic

mental hospital patients (v.i.)). The tecchniciss used for testing

valunteers were transferred without modification to acute
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schizoﬁhrenics except that paticnts were instructed to empty

the bladder just prior to the aedministration of the test
substance, a procedure which enabled estimations of urinary
creatinine, urinary pH end urinary volume to refer cnly to the
four hour test period. The procedure reduced the number of times
that the patient hzd to micturate during the four hour period
(each act of micturition during the test period being an
opportunity for somsthing to go wrong).

Close supervision of patients during testing was carried out
in all cases. This wvas dong either by the suthor, or by a research
nurse who had been trained in the test procedure, or by the staff
of an observation side ward.

At the end of the four hour period all patients were
instructed to empty the bladder as complectely as possible. This
wzs the stage at wvhich co~operation was most necessary. PFatients
uho exprescsed a desire to pass urine shortly before the end of
the four hour period werc asked to wait until the four hour period
was completed and2luays succeeded in éoing this.

Orugs and the methacetin test: liote wes taken of medication prior

to testing and of the probeble length of time betuwsen cossation
af madication ant testing. In this connsction one is forced to
speak in terms of probsble length of timessince thaz pstient was

not always able (and miiling) to say when hg had last tasken tablets.

Ty
A
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Preparations containing phenacetin or paracetamsl in any
furm were withdrawn foom the wards where tests wsre carried out.
A protest urine specimen was routinely sxamincd for paracetamol
by ths usual m=thods always uwith negative rasults.

As far as hypnotics were concerned, thase wers seldom
required. Barbiturates are vell known for their ability to incuce
hezpatic microsomal enzymes, Fsrbital and phenobarbitone have been
particularly studied in this rospcct. Sodium amytal (200 - 400 @mgm)
of which was permitted, though seldom required in ths present study,
has received less attention. Henderson and ifazel (1564) showed in
a study in rats that pretreatment with phenobarbital diu not
affect the demethylation of methacetin. Howevcr dlich ct al. (1965)
did Jemonstrate an in vivo incuction in rats of the snzyme
responsible for the conjugation of paracetamol to paracetamol
ylucuronide, by phencbarbital.

The desirability of avoiding barbiturate administration was
indicated to those clinicians helping with the present investigation.
Sodium amytal does not zppear to interfere chumically uith

peracctamol estimation nor doss it impair the guality of poper
chromatography for pink spot (uhereas phenothiczines do).
rFhenothiazine consumpticon prior to testing is considered separately

-in 8 subsequent section.
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TABLE I4. Results for control subjects and acute Bchizophrenics.

53 control 23 t.EeSt for
. R difference
sub jects Schizophrenics t b
1. Methacetin wean 39,36 36,78
test result o g,10 8.66 1.2387  N.S.
2. Volume of fizan 756.5 478.9 4,2013 <0,001
urine (wl.) 4 o oes.g 311,89
3. ?;SZ §t. liean 154,1 148.1 1.0135 LS.
‘ = Selde 2232 26,94
4. Age (yrs.) fican 21.6 28.8 4,6885 <0,001
S.0 3.95 8.9
5. Sex 47 males 20 males
6 females 3 females
Discussion:

Results are shown in form of histograms in Fig. 17.

The numbering of the paragrephs below corresponds to that in
the Table above.
l. There was no significant dgifference in methacetin test result
between normal and schizophrenic subjects. A single exception to
this statement is treated as a spscial cese in @ later section.
2. The difference in urine velume found in the present study between
sainples from normal subjects ond samples from schizophrenics

attains high statistical significance. There are severzl possible
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rcasons for this finding:-
a) in normal subjects, bladder emptying prior to testing was

doesad “desirable (but not cvscential)." 1In schizophrenics it

vas enforced.

b} fostriction of fluid after breakfést and before testing was
grobably more rigorous in the mental hospitel situztion, All
subjucts werce allowed "uster to quench thirst " (the words used
in the test protococl).

c) Fluid consumption after the consumption of mathacetin may have
been greater in normal subjects, motivated to produce a resgaoctable
volume of urine than in schizophrenics not so motivated.

d) Bladder emptying at the end of the test psriod may have been
incomplete in schizophrenic subjects. Evidence collceted from
the protocatechuic acid test procecdure (v.i.) suggests tnat this
was probably not an important Factar.

3. Tha difference in body uwsight was in the same dirsction as in
the protocatechuic acid test results described below, i.c. of
normel subjects being hsevier. This effect did not attain

statistical significancec.

D

4. The difficulty in rocruiting older voluntezrs for methacetin
testing has already beon commented aon.
5. GCaex differences betwsen the two groups are not significant.

The small numsher af female voluntsars (only 6 out of 53) imﬁased
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the nccessity or studying chiefly male schizophrenics so as to
be able te mske a valid comparison,

Summary of correlation data within the group of normal sub jects,

1. Percentage dencthylsted VS Body Jt. 12; c {;;
- - 0,255 Hada
(see ote 1)
2. " " VS Urine volume -0.374 0.01lypro.poz
(sec Note 2)
" n n
3 vs  Age +0.017 .5,

(see note 3)

fiote l. This is =z sstisfactory state of affairs because with a
suitable dosage schedule the two factors undur consideration here
should not be correlated i.e. an increase in weight should not
increasc, or decrease the excrstion percentage.

Note 2. Incrcaosed urine volume was associated with a decreass in
metebolites rocovered. This first appearcd on graephical trecatment
of data. Subsequent calculstions confirmed it.

If x is the volume of urine, and y the result of the
mzthscgtin tost as a percentage of the dose administared, the
slope b (=y/x) of tho regrossion line is «1.184 x 10-2; that is
thers is & fall in test result of 1,184 for cach additional 100 cc.
of uring; for this effect r, the correlation coefficient is -0.374,

t = «2,861 and 0.01»p» 0.002.
Further analysis on the effect of urine volume en % cexcretion ueas

curried out by =zssuming that, if x = volume in ml. and y = test
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Figure 18, 53 Normal Subjects; the regression line

lias been drawn in.
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result, then-

y = a+ bx + cxz.
i,c. thot the relationship batwcen x and y has a duadratic farm,
not a linzar form; c was found not to diffor significantly from
zero. (This calculation was carried out using standard partial
regression statistics as if x and x2 were independent, as are xl
and X in the equation:

y = a+ byx + b2x2).

One can infer that this lipear relationship cannot hold for
all values of volume znd test»result. If this were to happen,
zero urine volume would bs associated with maximum excretioen,

a ridiculous result. uith very low urine volumes, incompleto

emptying of the bladgder a2t the cnd of the test period will lead

to a considerable error in test result.

For the schizophbrenics in whom_. urine volume was significantly
less than in normals, the urine veolume/tust correlation does not
hold. Although one could correct test results for the effect of
volume using the regression line method for correction, tho
suitshility of this procsdurs must be open tu doubt in the aiven
circumstances.

The anzslytical problem posad hers is illustrated in Fig. 18.

The ax;planation of this phenomenon can be sought by a

considerstion of the conditions of the test and by a consideration
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of various physico-chemical factors ccncerned with
a) the absorption and
b) the urinary excrotion of drugs.

a) Absorption effects: The conditions of the test sllowed tuo

cups of tea at about B8 a.m. , and water thereafter "to quench
thirst.”" 1t may safely be essumed that the amount of fluid
consumed on the day of the test before the test varied consider-
ably from onc subject to another. Those who hac consumed most
fluid would pass the largest quantities of urine during and after
the test period. The intestinal concentration of the drug must
be an important factor in drug absorption (Smyth, 1968) and in
drugs diffusing through the intestinal wall, the rate of absorption
is proportional to the concentration of drug in the intestino,
Uhere the subjeocct had reducod his fluid intake prior to the test,
this concentration would be higher (and thz urinary output of
water likely to bes lowsr) than when fluids had bsen taken froely.

b) Excretion effects : Fraesumably the urinary conjugates of

paracetamol, i.e. the sulphuric and glucuronic acid esters, will
behave as weak acids in solution., Tubular absorption of those
from glemerular filtrate will be facilitated in acid urine
(bucause ionization will be depresscd 5 Peters, 15613 Brodie and
Hogben, 1857) and in concentrated urine (because the gradient

zcross the tubular cell membrane will be raised). A strongly



acid urine is mare likely to be cuncentrated than dilutes;
therefore conditions of diuresis imposing both less acid and
less concentrated urine should fecilitate excretion rather than
delay it.
To summarise, the observed phencmenon would scem likely to
be due to an absarpticn effect, incrcaécd dilution of intestinel
contents leading to delay in absorption (and higher urine volume)e.
The relationship bestween urine volume and test result did
not hold for any of the other three groups exemined (vei.). The
rcascn for this may iie in the fact that, within the ward situation,
restriction of fluid may have been practiced prior to testing
(although this was not a specific instruction in the test protocol)e.
Mote 3. As one would have anticipated from the narrounzss of the
age rangse, there is no correlstion betwsen age and test result
(r = +0.0167). The average age of the test subjects was 21,6
years, thc standard doviation boing only 3.95 years.

Summary of carrelation data witﬁﬂthe;group of schizophrenic subjects.

z £
1. Parcentage demethylated V.S, Body Wt. ~0.1844 NeSe
2, m n ves. urine vol.  +0.0033 N.S.
(sse note)
3. " " V.S. age +0.3794 NeS.

llote. Tho statistically sionificent inverse relaticnship found
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betwa2n urine volumz and test result found with normal subjects
(and discuzsed in detail above) did not hold with this group of

subjocts.

Tha effccte of phenothiszinss on the mebasolism of mathocebin
E

One of the difficultiss with any giochemical investigatisn into

Schjzopnreonia is that phenothiaszines (the most commonly used
psychotropic agents in schizophrenia) have s multitude of effects
and, furthermore, they are clcared only very slowly from the Gady.
teveral types of effect may occur. Une example is induction
of enzymc activity (this occurs when chlorgromazine induces the
enzyme that W-demethylates morvhine in mice; sShuster and Hannezm,
1565). Alternatively, inhibition of cnzyme activity which may be
non-comnpetitive or competitive can take place. An example of the
latter is tu oe found in the uork of Huang and Hiranao (1967) who
showsd that the amount of chlorpromazine which was converted into

chlorpromazine glucuronide was decreased by the administration of
acetanilid. The latter compound is hydroxylated in the body to
paracetamol and parzcetamol glucuronide is subseqgountly formed.

The authors commsnt thst zcetanilid possesses the ability to
corpelte with chlorpromszing in the Tormation of glucuronide.

It mzy be noted that sny sbility that chlorpromazine has to compste
with poracetemol in the formation of glucuronide may achieve

extra importance for the reason that chlorpromazine, unlike some
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Figure 415. Methacetin Test Result plotted
against length of time offdrugs.
KEY.
T = Thicridazine.
S = Trifluoperazine. (°te1azine)
Methacetin C = Chlorpromazine. . v
Test Result F = PFluphenazine.
N = None.,
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other phenothiazines, is édministerad in a dosage of several
hundred mgm./day in schizophrznia., Uhere a low dose phenothiazine
such as triilucperazine (daily average cosc around 15 mgme ) is
edministered, competitive inhibition will be less important.

In order to simplify the treatment of this problem, Fig. 19
has boen provided. In this the methécetin test result is plotced
against lenoth of time off druss in days. The latter is showun on
logarithmic scale in order to cops with the large spread of
values. Tha point has slready besn made that the length of time
off druns must be regarded as speculative in many instances zs
2lso nust the dosage at the time on discontinuation of treatment.
Since different phenothiaiines may exert different offects (as
mant’onead above in thz discussion on glucurcnide formation) the
nzture of the drug consumsd is indicated by a referocnce lotter,

Correlation cosfficients derived by plotting the test result
againet tims for the points corresponding to sach drug shown on
Fig. 19 did not reveal any statistically significant associations.
o method of estimzting tissuz phenothiazine levels was considercd
feasible using available facilities. Tha wethod of cvaluation
presented here is necessarily a crude one; the problem vhich is
buth complex and difficult is best dealt with by carfying out
tests on patients who hed been off drugs for periods of months,

end this was the policy adopted, particularly in the latter part
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uf thu dewethylation cxperinient, a policy which wvas carrisd over
into tha methylstion experiments presently tou be described.

The selection of chronie mental hogspilsl mpetients Tor testing.

aethocectin tosting was applicd to two groups of 31 chronic mental
hospital patients, The first croup consisted of patients disgnosed
as schizophrenia, this diagnosis appsaring on the case sheet and
being confimmed by a psychiatrist of Univarsity lucturer status

uhe interviewed each patient individually.

Tho non=schizophrenic group had diagnoses othsr than schizo=
phreniz and were patients in whom ths diagnosis of schizophrenia
had at no time appeared on the hospital records (which were
carefully porused by the =zuthor).

In both groups no patient with known non-psychiatric disease

was included., All patients had been off all drups for o minimum

st

of :seven months. few patients had never had drugs.
Patients from both groups lived in the same hocpital wards

anc wera testeo on the wards in which thsey livec.
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Sumimary of vata for Chronic Schizephrenics and lion-Schizophrenic

mental Huspital Patients.

(Test result = amcunt of mzthacetin accounted for in the form of

parecctencl pius paracetamncl conjugates in the four hour urine

collection, as @ percentage of the administered dosc).

Total number

fales

Femalcs

Hon=

Schizophrenics 5

31

20

11

Sexes considerad togecher @ ficans + 5.0,

Test result
vedicht (1lbs)

Volume (ml.)

Age (yrs)

Veight/test p:
correlaticn
Volumo/test ps
Agp/test pe

28.6 + 8454
135.5 + 27.2
562.9 + 248.6

57.8 + 10,77

N-So

[{aSe

0.01% £>0.001

sexes considerad separately & fizans + S.0.

fzles ¢ Tost result
Femazles: Tost result
For the difference ts
butueen males and

females p:

fige of males (yrs)
lMean + S.0.

Age of females (yrs)
lican + S.0.

29,6 + 9.11

26,9 + 7.49
0,848
.S

57.85 + 7.59

57.82 + 12.27

chizophrenics
31
20

11

31,5 + 7.52
132,1 + 23.2
5Bl.4 + 27249
57.6 + 6.33

N.5,

h.S,

N.S,

3347 4 6.53

27.6 + 7.91
2,254
0.055p>0.02

57.60 + 5.94

57.73 + 7.28

Soth groups
combined.

62
40

22

N.S.

NaSa

31.6 + 8.00
27.2+ 7.53
2.09

8,05 p>0.02
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Cowparison betuwen orouss (both sexes incluced).

In numbers and sex distribution, the groups of schizuphrenics

and noneschizophrenics wers identical. Therc was no significent
uifference (i.c. at the 0.05 level) butween groups with respact
to woight, sge, volume of vrine or mcthacetin test result,

Differonces betueen test results for schizophreniecs anc
non=schizephrenies were not significant wvhen data from each sex
were considcred separately.

Uiffeorencos bestween the four groups studied {(the two groups of

chronic patients plus the group of acute schizophrenics and the

group of normal subjects).

Far more men were methacztin tested than women (total numbers
men s 107, women : 31). Since « significant difference betusen
test results vas found betuwecn men anoc women in tho chronic none
schizuphrenic group, the statistical treatment of the four groups

which follows has bcen appliev only toc men.



Lesignation flumber in fiean + for lican age + S.0.
group test result

1, Young 47 - 39.02 &+ 7.772 21.40 + 4.047
controls

2. Acute 20 36.64 &+ 8,662 29.55 + 7.735
schizophrenics

3. Schizophrenic 20 33.67 + 6,533 57.60 + 5.940
mental hospital
patients

4. Nen-schizophrenic 20 29.59 # 9.105 57.85 + 10.245

mental hospital
patients

Using the test results, an analysis of variance for the result on

the four groups yields the follouwings=-

Source of Sum of squarcs Degrepos of flean 5q. F. ratio
Variation freedom

Between groups 1362.53 3 454,18 7.097
Residual 6590,.98 103 63.99 -
TOTAL 7953.51 106 : -

Uith 3 and 103 degrees of freedom, the observed value of F (7.097)

is significant at the 0.001 level indicating that differences

between thc groups are highly significant.

v
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Table X A Between Groups Comparison for ths fethacetin Test

Rasults.
Valucs above the oblique lins are values of Student's t;
valussbelow are valucs for p, the probability cosfficicnt. The

nuubsring of the groups is that used on the previous page.

Groups 1 2 3 4

1 1.12 2.5 4,4
2 >0.2 1.17 2.78
3 <0,02 >0.2 l.61
4 <3.,001 <0.01 >0,.1

Discussion:

The prime objucts were comparisons betwsen groups 1 and 23 and
betueen groups 3 and 4(of methacetin test results). In both
instances no significant difference has been demonstrated. The
differcnce between groups 1 and 2 tended to favour the demethylation
hypothesis, but these two groups differed significantly in age and
age would appusar to have an effect on test result (viies)e 1In
groups 3 and 4, the age difference difficulty has been largely
overcunie, «lthough the standard deviation for zge in ths non-

schizophrenic group uwas larger than in the schizophrenic, a fact
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Pigure 20.

METHACETIN TEST RESULT & AGE.
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which prabably accounts far the negative age/test correlation
(r =-0.4577, t = 2.772 and 0,01%py0.001) in the former group.

Urineg volume did not differ significantly batween groups

3 and 4 (as was the case bstwaen groups 1 and 2), nor were test
urine volume and tast result related in either proup 3 or graup 4,
making direct comparison easier. The none-schizoephrenic mental
hospital patients had the lower mean mothacetin test result
although the difference is not significent when this group is
comparcd with the group of chronic schizophrenics,

Such differences ap appear betwoen groups are, with the
gxception of that betusen 2 and 3, statistically significant
betueen the two youngest and the two oldest groups, suggesting an
effect related to aga.

That age is the responsible factor is suggested by the
graphical appearance when results for all 107 male subjects are
plotted by decades (Fig. 20 ). Although a regression linz with
a significant slope could doubtless be obtaincd for this effect,
this has not been worked out,for figure 20 suggests that a
lipcar relationship does not describe what is observed, namely a
relatively rapid fall off in test result from the 7th decade
(60 - 68) onuards.

The effect of ave on methacetin test results is not, of course,
surprising. It is in agresment with findings reviewed by Bender

(1965).

s
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A comment on the sinnificantly lower test results found in female

mental hospital patients. There is a good deal of cuidence that

liver micrcsomal enzymes (including an O-demethylating enzymc :
ato and Gillette, 1965 and an enzyme rosponsible for glucuronide
formation : Inscoe end Axelrod, 196U) =rec, in the rat, more
active in mezles than females. This sex difference is abolished
by starvation. In male rats castration impairs liver microsomal
enzyme activity ; in femalus anabclic steroids enhance it.

Kuntzman et al., (1566) give data for three human livers in
the enzymic de-ethylation of phenacetin. Two livers from femalses
hzd zan activity of B83.3 and 67.0 units; liver from a male subject
had activity of 1108,0 units. This is inconclusive but suggests
that the sex difference may be in the same direction in humans as
in the rat and points to the nead for further study.

One would expect younger subjects, with higher sex hormnone
levels, to demcnstrate an effect dus to such hormones more clearly
than the more aged mental hospital patients. Housver, the six
younger women studied had a highsr mcan methacetin test roesult
than males, although this can h:rdl& be regarded as conclusive,
The explenation for the significantly louwer results obtained in
women may lie elseuheres than in the activity of their liver
microsomzs (for example in their body composition) but further

studies would be required before a conclusion can be reached on



this point. Ffor example, if the observed sex diiference were
abolished when paracetamol was substituted for methacstin, sex
differsnces in activity of the O-demethylating enzyme would
become more likely.

s cemparison betwsen the mean mcthacetin test results for the
two groups of 11 chronic female patients (schizophreonic and non-
schizophrenic) gave a value for t of 00,1355 (p)0.2).

The methacetin test in patients ill with non-psychiatric discrders.

ine disadvantage of uzing methacetin as a teost substance is that
onc cannot compare thc amount of one metabolito excreted with
that of another (see 1. Rate of mzthylation, p 185 ),

For this reascn it seecmed advisaeble to see what effect
cartain torme of parenchymal disszase had an the test results.
Patients were selected with gastrcintestinal disorders (becsuse
the test substance has to be absorbed before catabolism can start);
with liver discase (because the demetnylating enzyma is a liver
enzyme and the enzymss respunsible for ths conjugation of
paracetamol are partly hepatic); with renal disease (bocauss
urinary constiluwiiis were being ostimated) and with myxoedema
because of tho general decreasc in mctabolism associated with
this condition. Only cases vhere the diagrosis was not in

dispute were used.
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TABLE XI liethacetin test results (and other data) on patients
with non-psychiatric disorders.
Age  Sex Diagnosis Cther Vol. of fiethacetin
inform ° urine, ml test
39 F Cirrhosis Uisseminated lupus 940 14,3
of Liver erythenatosus
Varices (confirmed
at F.f.)
51 F Cardiac C.C.F.; tricuspid 410 3.0
cirbhosis incompectence
50# il Cirrhosis #lso hepatic 180 13.5
of liver secondary deposits
from carcinoma of
oesophagus
41 # " Haematemosis a feuw 300 9.5
weeks previously.
Portosystemic
encephalopathy
26. F Infective Serum bilirubin 100 44,46
hepatitis 7.3 monj: at time
of test
39+% F Frimary Serum bilirubin 8 mgm;.
biliary at time of test 270 9.0
cirrhosis
27 gl Chronic Blood ureald3d mgmi 360 8.1
glomerula-
nephritis
25% F " Blood urea 75 mgme% 485 15,5
43 i fialignant Blood urea 165 mgmf 345 8.9
hypertension
61 i Prostatic Blood urea 49 mgm.y: 230 13,7
hypertrophy -
57 gl Pernicious On trecatment 1035 42
anacmia
851+ M Gluten Faccal fat 105 22
induced 8.7 G/24 hr.
cnteropathy

confirmed by

jejunal biopsy
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TABLE X1 cont/d.

Age bex Oiagnosis {ther n Vol.of lfiethacetin
infarm urins test
46+ F Gluten faecal fat 370 17.5
inducad 13 G/24 hr.

antercpathy
cenfired by
jejunal biocpsy

41 F flyxopadema Untruated 275 24,2
41 F " iiter 6/52 210 33,9
treatment

{(L-Thyroxine
0.3 mgm. daily)

Note : Patients in the above Table mariced vith an asterisk had
rzceived treatment with barbiturates prior to testing and this, by
inducino their drug metabolising microsomal enzymses may have led to
higher valuss fur the methacetin test result than would otheruise

have been chbtained (see Levi et al., 1968).

Discussion:

The low results cbtained for paticnts with chreoniec hepatic
and renal discase is shown i Table Xl. The patient with infective
hepatitis gave a normzl result.

As ter s Lha two patients J.u.U. and L.L., who had a biopsy
based diagnosis of gluten induced centeropathy, it is worth noting

thc rather low values obtaincd (17.5 &nc 22;.); whoreas a
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subject with gastric étruphy (i.e. with pernicious eanaemia) had
a naormal test resvlt. These findings suggyest small intestinal
absorption of the drug rather then major absorption through the
stamach and justify insistence on a fat froe breskfast as part
of the test regime, this procedure beino designed to prevent
the delzy in castric emptying which is ossociated with the
presence af fat in the stomach.

The abnormal methacetin test results found in a schizophrenic
described in a subsequent scction required exclusion in this
pativent of chronic renal and hepatic disease and malabsorptiaon,
any of which conditions might have given thc low results obtained

(veid).

The replicability af the test.

One important charzcteristic of any test is that it should
be replicable,

In order to investigate this, the methacetin test was repeated
on twenty male members of the mental hospital population of older
patients.,

Ten patients were chosen at random from each group of twenty
non-schizophrenic male patients and twenty male schizophrenics

(excopt that any pstient chosen for the second test who had been
put back on drugs in the interim periocd (average four wmonths) was

excluded from ths invcstigation).
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Initial & no.
of schizophrenic

1

16

18

19

20

26

Initial & No.
non=schizeophranic

RlleD.

T.p‘i.ml

JOT.

Fele

F.L.

C.F.

G.S,

JOC.C.

3. H.

3.G.

of

1

3

12

16

17

18

19

20

R.G.

TOU.

JIUI

u.G.

First taest

28,0

32.7
29,2
43.7
34.4
30,7
30.2
30.0
32,2

32,2

First test

40,5
46,7
22,7
25.4
36.8
28,5
2043
25.2
47.0

21.4

Second tast

23.1

40,7
32.3
41.5
3l.6
28,8
23.1
29,9
25.9

23.2

Seconr test

34.9
46.6
22.2
28,7
24,7
31.7
25.8
16.0
38.0

35.3
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Statistical Evaluation:
Thesedata give results that can bc set cut as an analysis

of veariance, as follous:-

Source of Degrees of

variation Sums of sq. freedon i"ean 5g. F. ratio
getwesn pairs 1723.14 | 19 90.69 3.864
‘lLithin pairs 469,44 20 23.47

TCTAL 2192,58 38

For 19 and 20 degrees of frecdom F is significant at the 1. level,
i.ge. there is significantly more variatien betusen pairs than
within psirs.

Conclusions

The mcthacotin test shows satisfactory repliczbility.

Difficulties encountered durina mcthacetin testing. The difficulties

experienced with acute schizophrenics and with chronic mental
hospital patients, both schizophrenic and noneschizophrenic, are

summarised overleaf.



Initials Aqe Sex
Juhe 37 F
Jede 19 i
UoFe 57 i
Foliia 60 F
R.Y. 38 F
IS U 65 fil
Jelle 60 i
J.il. 60 {4
G.8. 68 F
J.C. 65 i
Helde 54 h
Note:

Diagnosis

Acute schizophrénia

Chronic "

ldiopathic epilepsy

flental subnorimality

L1 "

Cifficulty

Faticnt ren into #.C. and
pasced urine.

Urine passed after 3 hrs.
but not thercafter.

Uring and facces passed
together during the test

L1 " H " "

Urine passed after 3% hrs.
but not thoreafter.

No uring passed at all.

Urine passed after 3# hrs,
but not thereafter.

Urine spilt by the patient,

celiberately.

Incontinence of urins

i 1} "

All times given refer to the time after methacetin

administration.

It will be noted that difficulty was

never experienced in persuading the subject to consuma

the test substance.

flone of thesé test results has

been incorporated in the calculated results.
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Figure 21, RESULTS OF TESTING IN SUBJECT P.B.
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i sinnle case havino unusual methaéetin test results. Schizophrenic P,B,.

The mzthacetin testing of acute schizophrenics gavé rasults
within the normal range for all patients tested, with onc exception.
The ecxception was a male patisnt of 21, P,B., uho had been

diegnosed as schizophrenic from the age of 18 onuards.

He wes transferred to a psychiztric unit from a ceneral
hospital to vhich he had been taken with mild burns to his chest
which had resulted from him setting fire to his tie, and for which
he received only local treatment. His manner uvas bizarre and he
was reported as showing marked thought discrder. He genied
hallucinations but felt his body and hsad to be out of propertion
to onz another; he reported that neighbours were watching him; and
that the voiccs of psople who talkad bto him seemzd flaty he foelt
depressed in mood.

In the six months prior to admission to the psychiatric unit
hc acmitted that he had taken previcusly prescribec phancthiazines
cnly "nou and again.”" He had be:on taking a normal diet.

From day 3 onuwards the paiient received chlorpromazine 180 mgm.
t.d.s., Fluphenazine hydrochloride, 2 mom. t.d.s. ang Senztropine
metihane sulphonate, 2 mgm. daily, (see Fig. 21  end Table XII, p. 168).
It will be sesen that the first two methacetin tests gave abnormal
results (5.4% and 13.5%). As well as repeated methzcetin tests,

several tests using squivalent amounts of paracetamol wersg
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Fig. 22 The chéngesvexpected in the pattern of urinary
metabolites or Methacetin, if O-demethylation is blocked.
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interspersed as indicated by the dates of testing.

Apart from the abnormal methocetin tests the patient was
remarkable for showing very strongly the urinary pink spot
phenomenon immediately bafore the first and seconcd methacetin
tosts but not subsequently., The other noteworthy aspoct of the
patient has boen his failure to show ?Mélinical rasponse to
phencthizzines. He has spent elmost 2ll the time sincc he was
first tested in hospital whcre his clinicel state is now character-
ised by celusions of persecution, auditory hallucinaticns, motor
restlessnees, and blunting of affect. Insight has cnly been
slightly mzintainsd. Uccasionzlly he shows outbursts of agyressius
behavicur accompanied by emaotionel lability.

Further znalysis ¢ 1. Of i.onedemetnylatad metabolites,

High total valuzs for urinary mcthacetin and/ar p-moethetidin
combined with low values for paracetamol and conjusates would have
provided strong cvidence for‘a block at the dameﬁhylaticn stace
(ses fig. 22 ).

ficthacetin and pemethetidin can be estimated by the method

used by Brouie and Axelrod (1949) for estimating phenacstin and
p-phenatidin (see Fige 13 ).
Fethod:

If phenacetin is oxtracted from alkalinized urine {pH 6.0

or greater) into banzenz end ths benzene is evaporated douwn, the
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TAGLE XIT  GdBulTs O SU33eCT . d.

say fizezthacaetin Test Uncen jugated tion-desethylated Crinse Urin2 Urine Pink spot
pP=caracetanol  resulg ruracctamwcl,. metobolites:, crustininz. pHe voluirne ast

.31 (.03 15¢ 5.7 a5 ++

+ 5 (.2 149
3

liotes L. b, of gabjoct 151 lbs. 2o Looe of wathrigetin = 842 mgus,
3. Couinclicular Jose of porsczbtanel = 490 aigns.
4, o= . of aguinistercd gdose in the 4 hour weine collocbicon.

To caleulate tiicee percantiges for onoonjugotse parcczbamol, the ancunt prosont

(in mgm) was multiplied by 100
4560



resulting sulids will contain a substantial part of the gphenacetin.

This rasicue is teken up in acid end hydrolysed for 45 minse. in

[}

water bath, tho phgnacetin bzing hydrolysed to p-phenatidin,
s procedure of diazzotization can then be carried ocut and ultimctely

= dye is formzad which can be read in a spectrophotometer.

HY

Such a procedure (Froccdure f) carricd out on urinz after
oral phenacetin has been consumed, estimates phanacetin and p-
rphenetidin. If the ocecid hydrolysis is omitted only the p-phznetidin
is estimated (Frocedure B). The phenecetin content of the specimen
can thon be worked out Ly subtrecting the result from Procedure
irom that of Frocedure A.

This method was found to be applicable to methacetin. Uhen
8 pG mcthacetin was added to 5 ml. /2 HCY (as a suitable stendard),
a final gpectrophotomcter recding of 0.45 was obtained (using a
Unicem 600 spectrophotomster).
lesults:

The results obtainsd zre included in Table XITI . Valuss
cbtained in {1 and M2 vere nsither higher nor louwer than values

obtained for the other tests. (procedurc A(v.s.) uced throughout).

This study was complicated by the observation that urine
obtained just before the administration of mzthacetin gave values

which were almost helf as high as those of the test samples



themselves, o finding which sericusly jooperdized the interpret-
ation of results. The two pretest specinuens aveilsble for
tosting, specimens collected prior to F3 and M4, uere obtained
while the patient was on drug therapy (as indeed wero all protest
speceimens except for tha first), but urine cbtained from a normal
subject who had consumzd no drucs for several months gavae a
similarly hiph blank reading.

A1)l figurecs given for non-demcthylated metabolites (belou and
in Table X11) are uncorrected for blank valuass.

In the first test, #l, (carried out prior to the start of
therapy) the total anount of non-demethylated metabolites was 0.09;)
cf the doss; valucs wzre similarly derived for five other schize-
phrenics (patients 8, 13, 14, 16 and 22). These samplos were found
to ccntain 0.08, 0.07, 0.07, QLS and 0.06% of the administered dose
respectively; the resvlt for P.83. fell within this range of values.
(The very low values cbtained thrcuchcut presumably reflect the
efficiency with vhich the renal tubules reabsorb the relatively
lipid soluble cecmpounds methacetin and p-methetidin).

To summarise, the rather unsetisfactory estimzticns of non-
demothylated metabolites did not provide support for the existenca
cf a blegek in the demethylation of methacetin in the patient P.8.
at the time cf tests Ml and 2.

further analysis : 2. Of paracetamol conjugation.

By the time Chmmings et al. (1967) had developec a T.L.C.

e
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inothod for separating paracetamol, paracetamol sulphate and
paracetancl glucurcnide, insufficient urine from tests [l and
"2 was gvailable for analysis using their method,

Cummings et al. found that, after an oral dose of paracetamol,
four subjscts excrcted in the subseguent 43 hours, the amount of
the three mztacolites that are shown in Table XIIg , subjects 1 - 4,
the figures referrinz to the percentage of each matabolite
relative to the total excration (p = free paracetamol, ps =
paracetamol sulphate and pg = paracetamol glucuraonide).

This Table also shows the amount of unconjugated paracotamol
appearing in the urine of P.J. Ko increase in unconjugated
paracetamol is noted for tests Ml and f2 as might have occurred

had the conjugation of paracetamol been faulty.



TABLE XIIa Excretion of frec paracetamol in 4 subjects (1 - 4)
(as noted by Cummings et al, (1907))end by F.B3., as . of total

paracetamol excretion.

Sub ject b bs PO Jotal
1 7 38 54 lo0
2 | 6 36 58 100
3 b 38 55 100
4 7 38 55 100

Ml 5.7 ot | done 100

12 4;4 n " 180

k1l 5.3 " " 100

M3 ' 6.5 v " loao

14 6.9 " " 100

P2 740 " " 100

<] 5.4 " " 100

P3 6.7 " " 100

M6 8.9 " " 100

M7 5.8 " " 100

B 11.6 " " 100

9 8.2 " u 100

Note : Free pzracetamol wvas estimated by the sama method that
was used for total paracetamol but without preliminary acid
hydrolysis. In order to obtain Unicam readings that were not

inconueniéntly louw, 5 to 10 ml, urine was used for the analysis.
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Genersl discussion of the problum presentedc by patient F.8. It

is gvident that the results of tust il and K2 are very louw. This
phenomenon requires explaneations

I1f the explanation lics elsewhere than in a failure of
demzthylaticn, then the most likely cxplanastion is that the test
procedures were incorrectly carried cut. The secon: test was
supervisgd by ¢ responsible senior member of the nursing staff,
and there seems little reason to suppose that it wss incorrectly
carried out. Yet the creatinine velus for this test was lower than
that of any other test on .0, This ereatinine value (149mom/4 hr)
was far lowcr than thzt of any of 55 control suwpjects discussed
1ater (see p 277 ) slthough onc schizophrenic produced e much lower
value.

Urinary creatininc has becn studied more systematicelly in a
study presented later in this thesis, thalt concerned with the
methylation of protocatechuic acid. Cvidence will subsequently be
presented for the view that urinary crestinipa lcvels may be related
to the clinical stete of the patient, the agitated, zpprchensive
subject being wmore likely to have higher valucs than normzl for
urinary crzztinine, the anergic withdrawn patient lowcr valucs
than normsl. Un clinical grounds the patient 1.0. would fit better
into the latter than into the formsr category.

Gn this e@vidcnee it coss not seem logical to discerd Ml as being
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invalid although it must bo admitted thet it was carried out in
the usuel way without any specicsl cbscrvation bsing gpplien zs
was the ceee with 2. Thz 'usuwal way' mzans that, although tha
test substance was administered by a senior membzr of staffi, the
patient was then kept for the remainder of the test period in a
small observation ward having about 10 bods uvhere he was watched
by attencents and, when he wished to pass urine, escorted to a
side room (tut not left there zlone).

1t will be noted that the volumes of [l and F2 are large so
that errors cccuring through incocmplete voiding of urine at the end
of the 4 hr. tust pariod shpuld not do wmore than have a slight
influcnce on the tost result. For both tests Ml end #2 it is
difficult to sec how loss of urine during the test period could have
occurred, ncvesrtheoless this possibility cannot be entirely excluded.

There was, in this patient, no clinical svidence of mal-
absarption; nor was thore any clinical or biochemical evidencs
whatsocver of malabsorption, liver aysfunction or rensl giscase,
such as might have accounted for ths lou results cbtained for [l
and M2. Hed tho patient had such disorders, subsequant normal
results would hzve bsen difficult to explain, unless P.B. bad liver
dissase and phenothiazine therapy had induced liver microsomal

activity.
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Possible explantations of low test rasults [11 and 2. I one

accapts the possibility that = temporazry fault in the demethylaticn
system may hzve cccurred in this patient, what explanaticn might
bo offered?

l. That the fault occurred as part of an inborn error of
metabolism, and that subsequent improvement was due to phence
thiazines causing an ecnzyme induction effect similar to that vhich
has becn described by Shuster and Hannam (1965) for thc enzyme
(a differcnt enzyme) which causes the N-dcméthylation of cudeine
in mice. unfortunately the paticent's condition has not improved
tc a state in vhich the clinician rosponsible for his carc considers
that phanothiazines might rcasonably be discontinued, so that this
axplanaticn cannot be reacily substantiated. It may be noted
that boeth P.8.'s parents gave normal mathacetin tests, although
this woulo be expected if onc was dealing herec with a recussively
inherited zbnormality in dowcgothylation.

In this connection may be mentioned a report by Shehidi
(1967) of a patient thought to bc showing evidence of a partial
failure to de-ethylate phenacetin, who presented with methaemc-
globinaemia and haemolytic anacmia resulting frum phenacetin
consumption. She excrated only 30i. of the total dose of phenacetin
as paracetamol (free and conjugated), compared with a normal
gxcretion of over 70%. A 38 year old sister showed o similar

abnormality but other membors of the Tamily showed no abrnormality
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(this suggesting the possibility of a recessive mode of inheritance).
This patient excreted a variety of 2-hydroxy cerivetives -
2-hydroxyphenetidin glucuronide, 2-iydroxyphenctidin sulphate
and 2-hydroxyphenacotin glucuronide. Uhen her urine was subjected
to zcid hydrolysis, a highly oxidizable compound, hydroxyphaznetidin
was formed, which, if oxyyen was not excluded, turned derk uithin
minutes. Ho such phencmenon was noted when urine from the prescnt
subject was acid hydrolysed. It is difficult to judge from
Shaihidi's detz vhethesr inadequate de-ethylation or aberrant 2=
hydroxylation should be deemed the primary metabolic error. If
the latter were responsible then the explanation of abnormal
methacetin tost results in the present patient is likely to be duc
to a2 different mechanism. Thus, in Shchidit's patient the
abnorinality appeered to be permenent and it was made worse by a
drug incucing enzyme (phenobarbital). In the present case the
zbnormality was only temporary and therapy (phencthiazine
modicaticn) wss associated with improvemsnt in the methacetin tost
rasults not deterioration (although this statement does not imply
a claim for cause and effoct).

2. That a temporary fault occurred in the demethylating
system due to the presanco of amounts of some other substance in
amounts large enough to cause enzyme inhibition by competition.

This seems very unlikely. The capacity of this enzyme systam
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is considerable -nd the amounts of any compoting substance would

have to be v=ry lerge, particularly as the system has a high

affinity for methacetin among a variety of substrates studied
(Axelrod, 1956).

3. That there uas a defi€icncy of some co-factor of a
degree sufficient to impair the functioning of the enzyme. The
most likely factor of those knouwn ({.A.D.P. and nicotinamide)
wvould be nicotinamide which is a consituent of N.A.U.P. (othes-
wise designated as T.P.ii.). There was no clinical evidence of
nicotinamide deficiency (although it secms doubtful whether pure
nicotinamide ceficiency would produce any florid clinical signs)
nor was the diet abnormal bhzfore testing. HNeverthsless, therc is
independent svidence of abnormality in nicotinamide metabolism in
schizophrenia and this possibility appears worthy of further
consideraticn.

Abnormalities of nicotinamide metabolism in schizephrenia.

in the human, a small part of administecred nicotinamide is
excreted unchangedj a substantial portion is excroted as Nl-
methyl nicotinamide (N.fi.N,), the latter yielding an excreted

oxivation product, Nl-methyl-Z-pyridone-S-carboxamide (2 P.Y.).
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Heyman and lerlis (1963) reported that there was no significant
differcnce zfter an orzl dose of 1 G. nicotinamide in the total

amount of nicotinamide excreted in the methylated form betueen
normals snd schizophrenics. In schizophrenics there was a

significantly laower excretion of N.M.K, but a significantly higher

excretion of 2 V.Y, It must bec noted that the excretion of H.FL.N.
and 2 F.Y, was expressed as a ratio, using creatinine excretion
(C) as the denominator, an undesirable manoeuvre, since creatinine
gxcretion would seem to be subject to more variation in schizo-
phronies than in normal subjects.

frolonged daily administration of nicotinamide did not alter
the two ratios, (i.e. the ratios N.M.l. and 2 i'.Y.) suggesting

c C
that it did not ctitically deplete tho methyl stores.

Tranquillizer therapy led to a significant increase in the
formar retio, uhereas psychotomimetic drugs lead to an increase
in the 2 P.Y. ratio.

BrOuﬁ et al. (1960) compared the excretion of 2 P.Y. in eight
normal and nine schizpphrenic subjects (the latter being young,
newly admitted patients who uwere therefore presumsbly acutely

disturbed), bofore and after a dose of L-tryptophan. This amino-

acid is converted in the body into nicotinamide via a number of

intermediaries., They found a significant difference before

tryptophan administration with the schizophrenics exegreting less

=77



2 P.Y. than the normal subjects did.

This difference was not

significant after tryptophan had been administered.

Price et al. (1959) in a rather similar study, also found

less 2 P.Y. in ths urine prior to tryptophan in schizophrenics,

but found that the difference bztween schizophrenics remained

statisticzlly significant after tryptophah administrction. Sane

of the 19 schizophrenics stucied by Price were in their first

psychotic episode; othors were more chronic,

The results of the studies cited are summarised in Table XITb.

Ti3LE XITb Summary of data on nicotinamide metabolitss in

studiss wherse normal and schizophrenic subjccts

Study

have been compared.

Administered agent

[olialia 2 P.Yo fi.i.h.+ 2 P.Y,

Heran & fiarlis
(1963)

Brouwn gt al,
(1960)

" u " n

#rice ct zl.
(1359)

liicotinzmide

il

Tryptophan

Nil

Tryptophan -

*y “# .S,
0 Y 0
o N.S. 0
o J 0
0 \ 0

significantly

less excreted by

schizophrenics

4 = significantly morc cxcreted by schizophrenics

not done

es.imated as a ratio with urinary creatinine as denominator.



The only point of égreament ip this Table is the lower
values for 2 P.Y.(before tryptophan was administered),in
schizophrenics than in normal subjects.

Buscaino et al. (1966) have reported that, if 'de-proteinized
blood® (this presumably means defibrinated blood), betaine (e
mothyl donor) and nicotinamide (a methyl acceptor) are incubated
togetheor, then there is a much higher production of N.M.H. in
schizophrenics than in normal subjscts,.

In schizophrenics they foundg that N.M.N. content was increased
by 30;" or more (cumpared with pre-incubation values) but in
norsal subjects and patients mentally ill with disorders other
than sch:zophrenia the increase was less than 20,.. In a study
carried out blind, (the biochemical studies bzing done in
ignorance of psychiatric diagnosis) in 95 subjects, the following

results were obtaineds:=

Test +ve : Increase of N.li.N. 30, or more 45
Test doubtful : Increase of N.ii.N. less than 20 9
Test evus : Increase of N.iv.N. less than 20;. 41
Acute or r<activated schizophrenia Other diagnoses

off treatment

Test +ve (45) 40 5
Test doubtful 3 6
Test =ve (41) 0 41
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The test would appear on thic evidence to show a clear cut
differcnce bstuween schizophrenics and non-schizophrenic sub jects,
The methylation of nicotinamido can be carried cut by a

liver enzyme (nicotinzmide mcthyltransferase) in many spccies
(Cantuni, 1951). The methyl donor for this enzyme must be either
methionine or a bztaine/hamocysteine combination. Uhether it is
the activity of this enzyme (in serum) that was being measursd

by suscaino and his colleaguas seems very doubtful, since they

were zble to use betaine s the methyl donor.
If this reaction werse taking place at an unusuwally rapid
ratec in schizophrenics one would expect a tendency towards
a) in increase in plasma and urinary W.M.N. + 2 F.Y. provided
nicotinamide (or its precursor, tryptophan) was rcadily
available.
Table XITIb ghous-no evidence of such a tendency.
b) Louer tissue levels of nicotinamide if methyl donors uere
readily available.
Perhans this could lead ultimztely to nicotinamide deptetion and
be res;onsible for the low values shown for 2 P.Y. in Table XIIb.
c) A mopping up of methyl donors when largs doses of nicotinamide
are administercd with a considerable rise in N;H.N. and 2 P.Y.
production. The work of Heyman and ferlis (1963) which has

been quoted sbove does not show such a rise.
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whether the asbnormality that Busczinoc et al. have
described could opsrate at a rate sufficient to convert thess
'tendencies? into important reactions scems uncertain; in any
event, further independsnt studies are rcquired.

whether tho test results [l end (2 on subject P.G. could
relate to effect (b)) in the avove paragraph would also scem
uncertaine  Unfortunately, insufficient urine remained after the
other analyses carried out on this patient had been completed for
rmootinamide sictabolitecs to be cstimated.

The sdministraticon of nicotinemice to {.0. Oecause of rioffer's

reports of successful treatment of schizophrenics with nicotin-
amide, the patient was transferred frow thes more chronic unit to
an scoubte unit some 28 months aftor he was first tested. Uithout
altering his psychotropic drugs he wes assescscd at ueekly intervals
by a psychiatrist familier with the use of rating scales. It uwas
intendecd that this psychiatrist chould be kept in ignorance of

the therapy plenncd but a membor of the staff of the ccute unit
"let the cat out of the bag." AfTter three weekly ratings 3.0 G.
of nicotinamide (1 elatin cepsule containing 0,75 G. nicotinamide
JeteSe) ware given daily for five veews, After three wseks on
this troatment weekly rating was recommenced end continued for
five weeks; threc wecks after the recommzsncement of rating, dummy

capsules {containinu sorbitol) werc substituted for the nicotinawmida,



this substitution being disclosed neither to the w-qrd staff nor
to the psychiatrist vho was rating the patient.

The results of this therapeutic experiment uwsre entirely
negative. There was no change in the paticnt's condition on any
rating scale during or after the period of nicotinamicde
administration,

Hoffer himself does not claim that nicotinamide is of
inmediate benefit in the chronic type of patient, which the
patient described here had become. He suggests that at least six
months' therapy should bs administered to such patients and thet
they then may show some improvement. Tha shortcr period of
nicotinamide administration given here was undertaken lest the
patient had some special disturbance of nicotinamide metabolism
(or utilisation) which might have responded quickly to massive

amogunts of npicotinamide.

The normal results cbtained with patient P.D. on subsequont study.

It will be noted from Table XII  and Fig. 21 that a
considerable number of nermal results cf methzcetin testing were
obtained (I3 - §i%).

It will be recelled that phenotihiazine therepy was instituted
on the day after the first tost, and to the change to normality
in methacetin test result the work of Salvador and Burton (1965)

nay be relevent. They studied the inhibition of the methylcotion
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of nicctinamide by chlurpremazine, in vitro. Their findings
suguest "that the administratiin in vive of chlorprumezine would
be expected to prulong the perivd that nicotinamide serves as

a precurcar for H.a.0. synthesis by inhibiting nicotinamide
methylating enzymss." If, as has beon speculated ahuve, there
was a tempurary disturbance in P.B. due tu his inability fur any
reason to utiiise nicoutinamide, then this might link up with the
excessive methylativn uf nicctinamide described in schizophrenics
by Buscainc and his cilleagues. Chlorprumazine, by inhibiting
this reaction, could allow niectinamide to become available fur
other roles.

It must be omphasised that all this is highly speculative.
Rather than provide eny stimulus for a repetiticn of the uark
presented on mgthacetin, it shuuld perhsps indicate the nszed for
an ;ndepandant assessment of Duscainu's wurk in an attempt to

cenfirm the results uf his blind survey.



EAPERINLNTAL  SECTIUN 3 : FETHYLATI R  IH V1ve,

INTROBUCTIQ.

The purpuse of the work prasented here was to investigate,
using pharimscugenetic technique, the methy:aticn, in vive, of a
suitable substrate vn & cuantitative basis, and tc cuompare
results in schizephrenice and nermzl subjects,

Information on twe independant peints was required,

1. Jhether there existed any difference in the rate of
methylaticn between a ncrmal group of subjects and any
of a greup of schizephrenic subjects.

2. uhether there existed any cvidence of “abnurmal®
methylaticn either in a ncrmal group of subjects or in
any ci a gruoup of schizyphrcnic subjeects,

Attenticn has already been draun to the fact that it is the
4emethoxy greup which has bewn of meost interest tu psychoe
pharmacclogists, and an acccunt has already besn civen of studies
vn the demsthylaticn of a 4-meth. xy compound in maen. d4d-ngthylation
of catechuls has been subjected to much less study than hzs the
mucﬁ decumented process of 3emethylatiovn, It was the wmoasurement
of <=O-mgthylation which furmad wne of the cbjcetives in the
present study. Using the chucen substrate (v.i.) it wili be
shown that this precess is not "abnormal,® cecurrin.: in acrmal

subject and schizuphrenies alike, but (in beoth groups) at a much
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siuwer rate than dues 3-D-mcthyiaticn.

The substance which was used as a substrate fur the
methylation studies presented here is a 3:4 dihydroxybenzoic
ecid (prutucatechuic acid, FCA). The advanta_es and disadvantages
oi’ using this subst.unce are considered in a later ssctiun
(see p285 ). As an intreduction tu the metabuliss of PCA
reference may bs made tu Fiy. 24, which alsu gives tha letters
used as abbreviations fer the compuunds shoune

i, HRate ol methylatiin. In order to pruovide an index of the

rate uf methylaticn, a comparison has been mede butueen the total
zxcreticn of the chief methylated metab.lite, vaniilic scid
(tutal = free and ccnjugated), and of unaltered PCA in the urine.

This is referred tu as Vi{tctal),, a ccnvenient shorthand fur the
PCA

more cumbarscome expressicn 100 x amcunt of free and conjunagted UA exereted.
amount of parent cumpound excreted

(As an alternative the ratic amcunt cf free and conjucatsd VA sxcreted
duse of PCA

could have bwen used, but it seemed‘likely that the latter might be
moere influenced than the furmsr by varisgbility in abscrpticn and
excreticn, such variability being irrelevant tc the cbjsctives of
the study.) Excessively rapid methylaticn would result in a high
valug for this ratic,.

2. 4=0-ngthyiativn. After sfiective acid hydrolysis, a urina

spaciman containing PCA and its metabolites will no lunger contain
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glycine cunjugates, the methylated metabulites present being
simply in the form of vanilliec acid and isuwvanillic acid. Thao
ratic of the amuunts of these that are present will be referred

tc as the v& ratiu. This, more fully is =

o————

IVA

vanillylglycine + wvanillic acid
iscvaniliylglycine + isucvanillic acid

The U4 ratic therefcore represents the relative tutal amounts
IVA
of 3Z-mcthylated to 4e-methylated metabolites excreted. Excessive

4emethylatiocn would result in a low value for this ratio.

n reute for the formation of false neurctransmitters in man.

in urder tou justify a test such as the protucatechuic acid
test (g.v.), which is maxing an overall measurement cf a) the
rate of methylatiun and b) the type of methylatiun (i.e. whether
3-0 ur 4-0), it must be shouwn that pathways exist such that an
examination of the transfcrmaticns being measured could be
relevant tu thoe prcblem cf schizophreniae.

Such pathuways do exist and are made use of therapeutically.
Thus, the drugox methyl D...P.A. (Aldcmet) used in the treztment
af hypertensiun, acts as fullows : it is decarboxylated by D...P.A.
decarboxylase toc o~ methyl dopamine and subsaquently hydruxylated
by dcpamine_l}hydruxylase tco< methyl noradrenaline. This latter
cumpound is than abls to aét as a false naurotransmitter, bluc.ing

the peripheral acticns of noradrenaline; this is nct a unigue
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efiecty for it occurs witha«nothyltyrasine and other similer
cumpounds (Kepin, 1968). Calng et al. (1969) and others have
recently provided cvidence that D.U.P.A. may be of value in
Parkinsanism. It 1s presumzd that D.O.P.A. is converted to
dopamine in order to exert an effect and it is well known that
there is g deficiency of dapemine in ths basal ganglia in
Parkinson's discase.

Jhat is being suggestod is that the abnormal methylation of
DeO.F.A. (or scme other amino acid similar to D.0.P.A.) might
ocecur =2nd that this acid might pass the blood-brain barrier (which
is more permeable to amino acids than to amings) as such; and
that ths normal activity of intransuronal aromatic amino-acid
docarﬁoxylase might precduce an amine which could act as a fulse
nourotransmitter just as such a transimitter derives from.-mecthyl
dopa.

An examination of the metabolism of 0.0.P,A. itself has
the disadvantage of complexity : deogradation involves the inter-
action of a number of enzymes. Decarboxylation, transamination,
Oemsthylation in tho 3- or 4-pousiticn and amine oxidation all
veour as impartant transformaticns, and other minor transfcrmations
seem very probable (Smith, 1967).

An overall increase in the rate at which biological
mathylation is carried ocut in thsz body could alter circulating

aminoscids and pravide a more methylated suostrate from which
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methylated amines could subsequently derive. It is the
possibility cf such an cverall increase in methylaticn which the
PCA test sets out to examine.

fuite apart frum this, ths enzymes contrulling methylaticn
in all its aspects may be the same in brain as in other crgans,
enzyme structure being under thec same genetic cuntrol. In this
situaticvn brain enzyme abnormality would be reflected in a
general abnormality such as a pharmacogenetic test cculd
demunstrate. Thus, @s far as C...M.T. itself is concerned,

Axelrocd (1966) in a review of the pruperties of this enzyme dces

not put foruward any evidence tc suggest that brain C...[l.T. difrers

in its propertics from C...f.T. in other organs. The pussibility
that a counsiderably more complex situaticn exists than has been
thuught hitherto is raised by the ubkrvatiun by Anderson and
D'Ioro (1968) that C.0.09.T. shows multiple bands of activity after

being subjected to polyacrylamide gel elsctrophoresis.

A note on the pharmacclogy of PCA. Because cf the beneficial

effect of 2-hydroxybenzoic (salicylic)acid as a treatment for
rhoumatic fever, Clarke st al. (1958) gave PCA a trial in that
conditivn. PCA uwas given in a dosage of 5.3 to 6 G. per day to
three pztients with recurrent rheumatic fever, twc of whom were
children. The treatment resulted in elevaticn of temperature and

heart rate, increasad rheumztic pains and general discumfort; the
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tuu children werc reported as becuming drousy, physically
inactive, mentally depressed and they complained of headache.
Sedimentation rates showed slightly increased values. The
treatment was discuntinued after an average of sesven days. HNo
persisting tuxic effects wers noted.

Clarke et al. showed that a single duse of PCA as high as
0.3 G/Kg., body weight given to rats did nct procduce any toxic
manifestations.

un the basis of these results, it secmed reascnable tc
suppose that a2 single dose of about 1.0 G. of PCA would nut
pruduce any severs tuxic effects in adult human subjects and
subsequently this suppusition proved to be correct : no side
effects wore roparted.

In connsction with the mental side effectsof PCA it may be
mentioned that Ross and Wootton (1964) found PCA tu be capable
of inhibiting three brain enzymes (which they studied in vitrc
using rat brain homcgenatess) : the enzymss responsible for
succinate uxidetion and anasrchic glycclysis, and alsc the

enzyme glutamic acid decarboxylase. Vanillic acid exerted less

inhibition on these enzymes than did PCA, while venilleylglycine

was virtuelly inactive indicating that, as far as thuese brain
enzymes uers concerned, methylaticn and glyeine conjugation

could be regerded as detoxicatich processes.
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A C.MPHRATIVE STUDY OF THE PETaboLISH OF  PRuTLCATECHUIC
ACID  IN  woRMAL AND  SCHIZ.PHRENIC - SUBJECTS.
fioterieals.

Protocatechuic acid (PCA) was cbtained from Sigma Chemical
Company, being used without further purificaticn, The cumpound
supplied was an off-white powder which never yielded mcre than a
single sput on any chromatographic system on which it was examined.

Vanillic acid and 3:4 dimethoxybenzoic acid (veratric zcid),
were cbtained from the KocheLight Chemical Ccompany. Iscovenillic
acid was prepeared frum iscvaniliin and the preduct purified and
identified as pure by the technigues describad by Price (LlY69).
figthods.

1. The identification of the urinary metabulites aof PCA. It was

anticipated when the project cummenced that the fulluwing might
be expocted to appesr in the uring after an orasl duse of BCA.
1. PCA itself.
2. ©CA glucurocnide.
3. Vanillic scid (va).
4, Vanilly.glycine (V&G).
5. Iswvanillic acid (IVA).
6. Iscvanillylglycine (IVAG).
These expectztions derive frum sevcral earlier studies. Oe Eds

et al. (1957) feund PCA and V4 in the urine of rabbits and rats
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TAgLE AI11 Summary of methods uscd in comparing the authentic

compounds with prasumed PTh, VA and IVi.

ril THGD FEa Vi VA

1. npcr chrocmatography (~scending,
Lhaimon Hoo 1),

a) Chioroform, giacial acetic acid, Yoo Yzs (so2 dote 4)
watary 2 + 1 5 1 (louwer organic
nhoso

AN
note 5J

L’\
<
{0
0
—~
0]
Q
&

iseopropanal, 380 ammonia, wsters Yas
20+ 1 2.

¢) dodium Tormata 10 5, faraic acid Yas Yos (scz note 4)
1 ml., watar to 200 ml.
d) 20, acucous potassiun chlorids Yos Yes (soc noto 4)
) n=" Lzncl, 220 gmacnin, wotor: voe vas oo noto )
3 :1 : 1.
2. Thin layer chromataography (Silica Gel)
a} Janzene, giacial acetic acid, water; Yas Vs Yas
2 + 2 3 1 (upper organic phasc).
le) As above Yos Yos Yoo
Jd. OSHtaining with
a) foiin end Ciocalteuv's phoenol B3lua Jlua Blue
reacant (oyscem 2 (aj only)
b) Sulphanilic acid reagent : 3roun Orange  CGronge
Ail systemns
4o U.V,. spacbrum of matarial eluited from Yos Yas Yeo
T.L.C. plates run on Syustem 2 (a)
Speetral shift on thz addition ai 1, Yas Yos Yas
methonsl L1, (:‘.‘3;43 alia JJU/')
J

loctes ¢ 1. Yos = Sama RT or spoctrum in authentic sad prasumed ccmpounds,

2. Authantic and prosumed cumpoundb nave thes same coulours
(3a and 2n).

3. o case of disagroement was faund.

4. VA obscurad IVA on eystems 1 (a), 1 (B) and 1 (d)

9« [VYA resclved poorly from VA on systoms L (b) and L (e).



after administration of PCA. Bocth et ale (1957) found both

VA and VAG in urine after an oral dose of 1 G. of caffeic acid

(3:4 dihydroxycinnamic acid) tc human volunteers; the quantity

of VA uas estimated as being 10 mgme and of VAG 150 mgm. Hill

et al. (1959) found that methylation of PCA cccurred ot both

hydruxy groups in humans (i.e. that ﬁoth VA and IVA were formed).
The cecurrence cf metabolite 2, proetocatechuic acid

glucuronide is considered soparately in a subsequent section,

wvhere it is suggested that the evidence points tc it being at mast

a minor meotabolita of PCA (see pl96 ).

The methods of idantificatiocn of PCA, VA and IVA used in the

present study. Table XITI sets cut the data on uwhich the

identification of the compuunds PCA, VA and IVA was made in the
present study.

The usual finding when samples cof urine containing PCA and
its metabolites were acid hydrolysed, extracted, the cthyl acetate
extract chromateographed and the chrematogram stained with su:phanilic
acid was of tus large spots nuﬁ prusent whon pretest urine was

similarly treated. Une spot stained light brewm; (as authentic

PCA does)} the other orange,(as authentic VA does). (See Fig, 26, p. 202).,

On a typical paper or plate the following spots would be

applied: -



l. Authentic VA.

2. Test extract.
3. Toest extract + VA.

4., Pretest extrect.

«ne could then show that the test extract yielded a large
spot which had the same Rf as authentic VA; thet adding va to
the test extract increased the size uf this spot; and that e
pretest extract derived from the same subjoct contained no such
spot. This was dune for each compound in each system, as shouwn
in Table XIII by the word 'yes.!

rany sclvent systems failed tu achieve chromatugraphic
separation of Vn and IVA. Tuc systems which succesded were
benzens: glacial acetic acid:water :: 2 : 2 : 1 upper (urganic)
phzse, (Hedin et al., 1967) and n=butancl : 880 ammunia : water s
8 :1 313 (Hill et al., 1959).

tUhen s series of extracts obtained frum urine collected after
PCA administration and subsequently hydrolysed were coumpared
chromatographically with a serius obtained befure PCA administration
using either of the zbove sulivent systems,3 chromztugraphic spots
vere found in the fcrmer which did neot appear in the latter.
Twe of these wers large spets and could be shown Lo be pruduced
by PCiA and VA, The third (which was much smaller) hed the sane

RT as authentic IVA cn both systems; both authentic and presumed
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IVA stained crange with the sulphanilic acid reagent.

Spectral studies. In order to cbtain suflicient presumed IVA

fur spectrel studies, a continuous band of ethyl acetate extract
(prepared from urine collected after PCA administraticn, which
had been acid hydrulysed)was applied along a line parallel with
and 1 cme. in from the edge of a T.L.C. plate incorporating a
fiuuruphor activated by 254 My light.

Authentic PCA, VA and IVA were applied as mariers a short
distance away frum each end of the band.

The plate wvas developed in the benzene/acctic acid/water
systeme. Three dark bands were fcund uvppesite the threc markers
vhen the plato was examined under a 254 mp light scurce (sec Fig.25 )
The three bands were scrapod off separately and the scrapings
wveighed and transferred into three centrifuge tubss. Three ml.
of methancl was added to each and shaken with the silica. The
lztter was brought down by centrifugation. A silice blank fcr
PCA was obtained by scraping an emount of silica frcm a blank
psrt of the plute equal in weight tou that containing presumed
PCA and treating it similarly. GSilica blanks {ur presumed VA and
presumed IVA were similsrly prepazred.

The spectrum of gach test sulutien was obtained in an Uptica
Double bocam spoctrophotometer, which compared the spectra in two

cells, vne a test ceoli, the cther a references cell. In each case
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the referocnce cell contained the blank corresponding to the
solution in the test cell. This manosuvre ensured that
substances in the silica (or the solvents) did not interfere
with results. Ths spectra thus obtained were compared with
the follouing:-

ls those obtained for 0,8001 [ methanolic solutions of
authentic PCA, VA and IVA.

2, the deta given by flakagawz et zl. (1964) for
authentic PCA, VA and IVi.
\iakagawa et al. (i964) described a shift in peak maxima following
the addition of a drop of 1k methanolic aluminium chloride to
the solutions bsing examined. Use of this method allowsd ncw
compsrisuns to be made beoctween spectra obtained from presumncd
metabolites and

3. those obtsined by similar treatment of 0.0001 [ methanolic
solutions of the authentic compounds.

4, the data given by iakagawa et al. (1964).
In all casoes close ggreenont was found for pocak maxima.

The identification of vanillylalyeine. The iderntification of

metabolite 4, vanillylglycine prasented more difficuity as the
~authentic compound was not available commercially.
vanillylglycine appeared on paper chromatograms derived from

unhydrolysed urine as a third spot (see Fig. 26B'} which, using



the chlerefurm : glacizl amcetic acid : water sclvent system
(1(a) Table X1II) had an Rf cn paper chrcomatugrams of 0.14.
This agrecs satisfactorily uwith the value of 0.10 found for
this cumpound by Booth et al. (1957).

The third sput was identified as vanillylglycine by the
methods fur identifying iscvaniliylglycine used by Price (1965).

Three important points necd to be made.
l. That complete acid hydrolysis of vanillylglycine (cerried
out vn & solution centaining 1S5 ml, of urine and 3 ml,.
cencentrated hydrochluric acid) required 15 lb./sqe. in. pressure
for 14 heoursy thus if the abuve soluticn was simply boiled on a
wvater bath for 30 minutes the third spul. continued tu appear
on subsequent chrocmatograms indiccting incomplete hydrolysis,
It wmay be menticned that Hill et al. (1959) hoted that
vanillylglycine was “rathar stable to acid hydrolysis."
2. That the third spot almust certainly contained small amounts
of iscvanillylglycine elso. The author has shown in a study on
the motabolism of iscvanillic acid (Price, 1969) and in the
present studybthat in the chromztographic conditicns specified
above, vanillylglycine and isovanillylglycine behaved identically
with respect to Rf and staining with sulphanilic acid (both
yiclding reddish-pink spcts). fFor both substances the given

cunditions ensured complete acid hydrolysis,
3y Vanillylglycine was estimated quantitatively by subtraction

of free from total VA (see p 198 and 205),.



The conjuostion of FCA (othar than by Gesethylation). UOodoson

and Williams (1949) in a study in rabbitc, found an incresse in
clucuranic aeid and (tu a lesscr oxtent) in ethareal sulphate
cxeretion after 04 had been adeinistored. This led then to
conclude that glucuronide and sulphatc cenjugzticon of 2CA takcs
placa in the rebbit.

Clarke ct al., (1956) found an increase in urinary glucurcnide
excretion of ~bout 0.5 G/day aftesr they had administored 5.32 - 6 G.
of A per day te thrzc subjocts vith rheumatic fever (the sulphate
cxcrotion did not riso suogesting that sulphzte conjugation was
not cccurring)e. If this incrcase were due entirely to PCA
glucurcnice formaticn it would correspond to the conjupation of

mplecular wsioht FCA
"rx.;'l o!r' . "'Uo o " .
approximately 0.4 G. of PCA(D.5 x " - Slucoronic acid)’

or 1/15th of the ingested dose. (Since the amount of conjugation
iiay bo to a considerable extent dose-dependdnt, this figure of
1/15th cannot be transposcd directly to the present study) It
would seam therefurc, that CA glucurcnide, at this dosage of PCA
can be regarded as no more than a minor metabolite of PlA.

In the present study, two cbsorvations were made (neithar
by any means conclusive) which would make it likely that the same
applics vhen a lower dosage of PCA is usedse-

1., PCA spots uwere obtained both from hydrolysed and non=-

hydrolysed urines, (the latter during the mzasurement of



uncon jugated VA, see Fig.26B ). Un c number of occusions
measurenents were mace of spot size when lUIJL spots deriving
from thc same volumcs of thz same test urine were compared, one
spot deriving from hydrolysed, the other from unhydrolyscd urine.
One would have expectod that FCA olucurcnide should yicld to

acid hydrolysis and that the PCA spot would, therciures; be larger
an tha hydrolysed spacimen. This was not noticeable in the
studies made.

2. PCA glucuronide (having a frec OH group) might be expected
to stain with sulphanilic acid. No exires unexplained spot was
found on chromatographs obtezined from unhydrolyced uring, nor was
an cxtra pcak found on the gas chromatograms derived from unhydro-
lysed urino, although it is possible that the extraction
cenditicns mioght not cxtract PCA glucurcnide or might extract it
vary inconpletely.

To sumincrise, the possibility oxists that PCA forms a
plucuronide in man, but this metabmlitu secns unlikely to be moro
thzn a minor one.

This mctabolite has not been further considercd in the prosent
worky and the term PCA is uced, without qualification, to indicate
the amount of PCA which was found  in urine oxtrecte vhich were
ceveloped from hydrolysed urine. It is worth adding that the

studies on methacetin suggest that there is no important
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difference in glucuronide forination botwecon normal and schizo-
phrenic subjects (it will be recalled that pcracetamol glucuronide

is guantitatively much thoe largest methscotin metabolite in man).

The 4-dehydroxylaticn of PCA_in man. Tompsett (1259) suggested

3-hydroxybenzoic acid (formed by 4-dehydroxylation) as an important
metabolite of FCA in man. Hone of the technigques used in the
present study support the occurrence of this metabolite; in
particular the gas chromatographic studies would appear to rule

it out. The svidence for this statement will be more easily
understood in tho context of tihe gas chromatography section and

it has bezn included in that section (p, 235),

Hethods. 2 lwantitative measurements.

2(a) Estimation of PCA and VA in urinc.

l. The procedures was carried out in duplicate throughout.

2. An amount of urine verying boctween 3 ml, and 15 al., (the
former with very small three hour samples (€ 100 ml.) and the
latter with samples of over 350 ml.) was placed in a universal
container. Uwhere less than 15 ml. urine was uscd the volunc was
made up to 15 ml. with distilled water. Standard solutionu
(carried in duplicate routinely through every batcii of gstimations)
contained 10 mgm. PCA and 5 mgme. VA in 15 ml. water.

3. 3 ml. concentrated Analar hydrochloric acid were added end

the universzl container was screwed up tightly and subjected to
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autoclaving for 1.5 hrs. at a pressurs of 15 lbs/eq. in.

4. The entire 18 ml, was transferred to a 50 ml, quiekfit flask
(stoppered with a ground glass stopper). The universal container
uas then rinsed with small amsunts of distilled water to ensure
cemplete transfer.

The pgH was adjusted to lie within the range ..2 tc l.8; this
was donu in two stages - 7.6 inl, of 4 [ {iaUH was {irst added end
then this alkeli or 3 N hydrochloric acicd was added dropuise until
the pit lay within the required range, as decterminod by the use of a
pH meter. 10 G. fnalar so@ium chloride (enough to saturate tha
solution) and 25 ml, Analar ethyl ascetate were adccd and the flask
was stoppersd and shaken mechanically f{or 20 minutes.

5. The ethyl acetate was decanted into a boiling tube znd 15 ml.
pipetted into a flask containing 3 ml, 107 aqueous NnHCDz. This
flask was shaken for five minutes.

6. 2 ml., of the lower (inorganic) phaso uzre then transferrad

intoc @ 10 wl, £xelo tube and 0.5 mle. 5 N HC)l added (cautiously
beczsuse of cffervescence). The tube was shaken until effervescence
entirely ceased., 0.5 ml. /nalar ethyl acetats was added and the
tube stoppered with a ground glass stopper end sheken by hehd for

a total time of about two minutes.

7. As much as could be removed of the ethyl acetatce was taken

off with a Fasteur pipette into & small tube (which could be



fitted tightly with a plastic stopper)., This tube contained
the Y"£thyl acetate extract" used for V., IVUA, PCA and VLA
gstinetions; for VA and CH estimastions the extract was used
ireciately (vei.), since ethyl acetate is volatile and readily
gvaporates cven from a stoppoered tube.

Ge  Une-woey ascending paper chromztography was carried out in

the fclluwing manner.

solvent: The lowcrv(organic) phase of a mixture of hnalasr
cnloroform 2 perts, Analaer glaciscl acetic acid 1 part and distilled
water 1 part, which had been mixed vigourously for several

minutes in a seperating funnel cno then allowed to separete over
niyht, wes the sclvent used.

This solvent, which was uscd once only, was placed in a plastic
tray within a2 glass chromatogrephy tank, the lid of which uwas
grzased with silicone grease and weivhted doun, This wss cone
ebout two hours before the tenk was requireos for use,

Paper: 10" x 10" vhatmen Ho.l squaros werc used,

9. A line parallzl to onc side and 2 cne. from it was ruled and
lD,;L of the ethyl acetate urinz extrzcts were placed at three
psoints on this line, spaced at 4.5 em. intervals, Tuwo applications
including the middle onc werc darived from one spocciwen of uvrines
the third wes from the duplicatoe specimen. Apglication to the

nepur wag made by means of a lGI;L Kirk Type E-inil pipette.
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10. Ascending chromatography was carried out for two hours, the
solvent front ascending to a levsel of 14 - 17 cwm. above the
starting line. The paper was dried at room temperature, without
a fan, in a fume cupboard.
11, The precise positions of ths solvent frent and of the
ceparated constituents of the ethyl acetate extracts wcre thean
obtained by examining the paper in a dark room under a 254 m,. UsV.
light source, Both PCA and VA produced dark spots on the back-
ground flayrescence of tho- paper under these conditions. 1In
addition, the track of ascent of the sxtracts of urine was marked
by faint fluorescence; this was not ths case uwhen aqueous
standards werc used.
12. The track corresponding to the ascent of the middle of tha
threec spots which had been applied was cut out in its entirety
and stained with sulphanilic acid rcagent under the conditions
given by Smith (1960).
This enabled the position of the PCA spot and the VA spot  to
bc localised, the former beina of a light broun, the latter of a
brilliant orange colour. Cvidence of identity of these substances
is presented in a previous section.
Rfs obtained (mean of 10 determinations using different urimes)
trotocatechuic acid s 0.1l

Vanillic acid + 0,92



Figure 26. Drawing of paper chromatograms for PCA & VA
estimation: PCA & total VA (frec¢ & conjugated) were
‘measured from the'upper'and free VA frdm_the-lower
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On most chromatograms a third spot of a brownish yellow colour
vas proesent on the paper, having an fif value of 0.64. This was
aresent as the only sizeable spot on all six chromatograms derived
from the six pretest urines obtained from normal subjects. It
was clearly not a PCA metabolite. Thz clear chromatographic
separation of this spot from the spots of FCA and VA meant that
its prescnce did not interfere with the elution described below.
13, The two unstained stips from each paper wecre cut for elution
in the following manner. Tuwo areas of paper were romoved of

¢ize 5 cr. x 4 cm., with the 5 cm. in the long axis of the strip,
in each and every case. These were always lzrgec enougnh to include
the totzl area corresponding to the FCA and VA on the sulphanilic
acid-stained paper (sce Fig 26 A). A piecc of chromatography
peper through which the solvent had ascended but through uhicﬁ no
urinary extracts had run, served as a blank. This was thres
times as large as the 5 x 4 cm. eluate rectangles and three times
as much water was subsequently sdded to it so as to provide
enounh solution for filling the three cuvettes used for the
spectrophotometric estimation described belouw.

l4, The oblong pieces of chromatography paﬁcr were cut into
s£rips so that they could be placed in 15 ml. stopporsd exelo
tubes,

15, 5 ml. of distilled uwater was added to the tubes containing

™0
=
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the test strips (and 15 ml. to the tube containing the paper
blank).
The tubes uere stoppered, shaken vigorously for one minute,

and the contents filtered through thatman No.l paper into a
socond set of tubsos.
16. The colour used for spectrophotometric estimation was
developed by means of the Emcrson reaction (Emcrson et al., 1943).
The procise conditions were derived from those of Sumere et al.
(1901) who used the followinc combination of reacents:-

0.3 ml. ﬁ.l i NalH

0.2 ml. 1% 4=-swinoantipyrine

0.1 ml. Si K Fe(CN)6
to which thaey added aqueous solution of phenolic acids, to a total
of 10 ml, This method was adapted for the present work as follouss-
a) 3 ml. of the solution obtained from the filtration of the
paper sluates was used, so that a totsl uplume of 3.6 ml,
resulted, a convenient amount for use with standerd 4 ml.
cuvettes.
b) The Emerson reaction is highly sensitive to pH (Ettinger et al.
1951). The chromatograms having been developed in a solvent
system which included ulacial acetic ecid gave an acid solution
when cluted with uvater. Subsequently 0.3 ml. 0.1 N KaOH proved

inadequate as an alkalinizing agent.
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Colour produced by standard amounts of PCA and VA was
ceveloped at a variety of pH values. For PCA hijhest values
were produced at pH 10.1 to 10.8, and for VA at pH 9.4 to 10,2.
Uver thase ran,es, in =zach cese, very little change in values
was noted.

The buffers used uwere:=-
l. For Vanillic acid (pH 10.0)
61,5 ml Fi KHCU3

31,75 ml1 %1 NaOH

wWater to 100 ml.

2. for Protocatechuic acid (pH 10.6)

45,3 ml 1 KH803

35.3 ml 1 NaOH

bater to 100 ml.
Elutions from the paper (3 ml.) when added to 0.3 ml. of those
bu€fers (and to the other rea._ents) were shown repeatedly to have
a final pH within the pH ranyes quoted above as yielding maximum
colour.
c) As the final colour produced on adding the potassium
ferricyanide reagent fades with time, the tollowing procedure
was adopted.

3 ml. of eluate were placed in an txelo tube aznd 8.3 ml,

of the apprepriate buffer and 0.2 ml. of 1% 4-aminoantipyrine
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solution verc added. Just prior to placing the solutions into
cuvettes for reading, 0.1 ml. of 5; KSFe (CN)6 was added. The
tubes were stoppared, shaken and transferred immediately to
cuvottes for reading. [ieximal colour was shown by experiment
to be produced imm.diately on mixing, fading thercafter.
17. Spectrophotometric estimates were carried out on a Unicam
500 spectrophotometer. The colour obtained with standard
solutions of VA gave an abscrption pesak at 490 Mpa 3 the colour
cbtained with BCA gave an absorption peak at 510 Mg o

it wvas decided, as a matter of cocnvenience, to carry out all
roadings at 500 mp. The 'blank' against which cuvettes usre
zeroed was the yellow solution derived by the addition of the
reacents using either buffer to eluates of paper (as described

above). Both bufiers gave the same blank setting.

2(b) The procedure for estimating free Vanillic iAcid.

1, Uuplicate aliquots of 15 ml. of urine ware taken and 10.6 ml.
of water addedjy this corresponds to the 3 ml. of concentrated
HCl and the 7.6 ml., of 4l NaOH added when acid hydrolysis uwas
carried out. (Stages 4 = 7 wers as above).

2. Because so little of the Vanillic acid ic unconjunated,
chromatographing lU,,L of othyl acetate extract was found to
yield very low spectrophotometric readings. Therefore SD’FL

instead of ID/JL vas spotted. OUnly the VA spot uwas eluted, the
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chromatographic strip having thgo appearance shown in Fig. 26 8,
(louwer drawing), The procedure was othorwise identicel with that

deseribed ebove.

2(c) Thi parallel linss experiment. This experiment is similar to

the one employed in paracetamcl estimstion, and has the purpose of
shouwing that the prcscncé of constituents of normal urine does not
interfore with the chemical method of estimation,
fiaterials:
Four lines wvere constructed for VA and four for PCA,; the
urinc used having been collected from a subjgct who had reccived
an oral dose of 1,000 mgms. of PCA and who had thereafter
collected urine for three hours , the conditions of the PCA test (p., 237).

being adhered to throughout.



fizthods:

Th

0]

of VA per 100 ml, distilled water.

Universal containers were mode up es follous,

in mli.

standard sclution contained 180 mgms. of PCA and 1800 mois.

all volumes being

Hottle o, 1 2 3 ! 5 6 7 8
Urine 0 0 0 0 0 0 0 g
Std.lFCA+ 2.5 2.5 5 5 7.5 7.5 10 10
VA

Uater 12.5 12.5 10 10 7.5 75 5 5
Conc. 3 3 3 3 3 3 3 3
HC1.

Total 18 18 18 18 1B 18 18 i8
Bottle No. O 10 11 12 13 14 15 16
Urine 5 5 5 5 5 5 5 5
Std.FCA+ 2.5 2.5 5 5 7.5 Te5 10 10
VA

Uater 7.5 7.5 5 5 2.5 2.5 1] U
Caonc. 3 3 3 3 3 3 3 3
HC1.

Total 18 18 18 18 18 18 18 18
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In the second part of the experiment various amounts of urine

were sgbt up so as to construct a third line for both VA and PCA.

Finally a iourth line was abteined by adding a fixed quanfity of

the same FChA+V~+ standard.

Gottle {lo. 17 18 19 20 21 22 23 24
Urine 2.5 2.5 5 5 7.5 7.5 10 10
Std.lCh+ i 0 0 0 0 o 0 0
VA

Uater 12,5 12.5 10 10 7.5 7.5 5 5
Conc. 3 3 3 3 3 3 3 3
HC1.

Total 18 18 18 .18 18 18 18 18
Bottle fio. 25 26 27 28 29 30 31 32
Urine 2.5 2.5 5 5 7.5 75 1D 10
Std.iPCA+ 5 5 5 5 5 5 5 5

VA

Uatcr 705 7.5 5 5 2-5 2.5 D U

Conc, ] 3 3 3 3 3 3 3

HCl.

Total 18 18 18 18 18 18 18 18

All bottles were stoppered, autoclaved and carried through the

estimation procedure described above (section 2{a)).



fiesults:
S;:ectrophotometric resdingswere obiained es fullous. For

convenicnce, all values have been multiplied by 103.

dottle Line 1 Line A gdottle Line 2 Line B
la. BCA VA HNo. PCA VA
1 52 208 9 266 662
2 58 192 10 248 711
3 99 399 11 306 891
4 109 368 12 333 828
5 160 652 13 367 1076
6 151 580 14 400 1035
7 223 769 15 440 1222
8 2u8 820 16 411 1312

Bottle Line 3 Line:. C Hottle Line 4 Line U
No. PCA VA No. PCA Vi
17 101 239 25 227 635
18 115 258 26 22g 644
19 198 486 27 302 870
20 214 498 28 322 897
21 300 778 29 399 1128
22 321 738 30 432 1178
23 406 979 31 539 13380

24 433 1031 K 520 1324



Pafallel Lines Experiment
(P.C.A.)

Figure 27a.
for Protocatechuic Acid
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Statistical Cvaluation:
Using the data given above, the follcwing calculations uwere
cbtained for lines 1 - 4, 'b' being the slopes of the linesg, and

ta! the y axis intercepts; Fio.27a illustretes the results obtained.

Slopa inter- Se b p 58 a p

of cept= (b)) Se(b) for (a) Sa(a) for

lil‘l'd: a 6 d'r. 6 d.f‘.
Line 1 213.,2 -0.75 8,72 24.4 <0.,001 5,97 0.126 NeS.
Line 2 227.8 204.0 21.64 10.5 40,001 14.82 13.8 +0,001
Line 3 41,56 1,25 1.52 27.27 0.001 13,20 0.08 NeS.
Line 4 40,74 116 1,86 21.9 0.001 12.7 8.1 <0.001

There was no significant difference in the slopes of lines 1 and 2
(t = 0.62, py0.1).
Line 1 dicd not havé a significant intercept on the y axis,
Line 2 had a signitficant intercept on the y axis (of 204.0).

There was neo significant difference batween the slopes of lines
3 and 4 (t = 0.34, pY.l).
Line 3 did not have a significant intercept on the y axis.
Line & had a significant intercept on the y axis (of 116).
This corresponded toc the addition of $ ml. of standerd; cn this
basis 10 ml. of standard would give an intercept of 232; this figure
agreed fairly well with the figures obtained for the slope of

lines 1l and 2, i.e. 213.2 and 227.8.



FPigure 27b.

Parallel Lines Experiment for Vanillic aAcid. (VA).
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Furthermore, the intercept of line 2, uwhich represented the
effect of the addition of S ml. urine is 204.,0; on this basis
10 ml. of urine would give an intercept of 408,0 or 40.8/ml.
This letter figure agreed well with the slope of line 3 (41.56)
end of line 4 (40.74).

Similerly, for linos /A - U (all for Venillic acid :Fig. 27b)

Slope  Intor- _
8 b P

of cept Solb for So a p

line =a (b) o(b) 12 d.f (a) se(a) for

=(b) e 12 d.f.
Line A 801 -5.5 29,8 26,9 <0.001 20.45 0.269 NeSe
Line B 775 483 48.5 16,0 <€0,001 33.2 14,5 <0.001
Line. C 101.4 -8 Z.924 34,67 <0.001 17,97 0.445 N.S.
Line O 96,8 403 3,816 25.39 <0,001 26.13 15.4 <u.001

Stuusent's L for the comperison of slopes for lines £ and B = 0.446
Thus the difference between the slopes of thsse lines wzs not
significant. Lino B had a significant intercept on the y axis := 483.
For the comparison of slopes for lines C and U, t = 1.02.

There was no significant difference between the slopes of linses

C and D,

Lines A and C did not huve a significant intercept on the y axis.
Line U hao a significant intercept on the y axis = 403.

This intercept corresponded to the adsition of 5 ml. of standard



to 211 the bottles from which line D is derived. 10 ml. of
standard would thus correspond to an U.0. of 806. This agrecd
well with ths slope calculated for line A (801) and line B (775),
which represented this amount of standard.

Furthermore tho intercept of linc 8 is 483 and this
represented the effect of awding 5 ml. of urine; on this basis
1 ml. of urine would yiecld an .U, of 56.6. This figure agroed
vell with the slope of line C (101.4) and of line U (96.9).
Conclusicn.

Evidence of interference by substances in the urine with the
chemical estimztion of BCA and VA was not detected in this experisent.

2(d) Interference by substances in urine other than prctS@csatechuic

acid metabolites. Human urine contzins a lzarce numbor of

phenclic zcid cempounts (arimstrong et al., 1956 and #illiams and
Sweeley, 1964).

That a good many of these are of diectary origin is suggested
by the work of Studnitz et al., (1964) whao domonstrated that the
nuambar of urinary phenolic acids falls sharply when subjocts are
placed on to a glucose diet. These authors considered that ten
phenolic acids were derived fros cndogenous scurces.

For the present study it was impracticable to maintain
acutely disturbed schizophrenics on a glucose free diet for

several days before administering protocatechuic zcid.



fooc stuffs knouwn to bahmwrtant sources of phenclic zcids
were cxcluded from the dict on the day beforz the tects A list
of excluded fcudstuffs was prepared from @ paper on plant ghenols
in food (Bate-Smith, 1959), and comprised the followings=-

A1l fruit (AR11 druge)
Spinach, carrots,
teer, Coca Cola, coffee, fruit drinks, coicoa,
Custard, Blancmange, ice creail.
Tea and milk were permitted drinks,

1n drauing up this list, particulaer attention was paid to
tnose fooustuffs containing or yielding ferulic aciu and vanillic
acid. For example, coffes was excluded because vanillic a;id and
feorulic acid zre mstabolites of cuffeic acid, a constituent of
coffee (Booth et al., 1957). VA end ferulic scid run together in
the chloroform/glacial acetic acid/water solvent system used for
chromatography. Furthermore, ferulic acid reacts with the fLmerson
reagent, as one would expect from its phenclic structure.

It must be emphasised thut the dietary restrictions imposed
in the test wsre intended to reduce rather than abolish inter-
ferasnce from cietary phenolic acids, the guantities of uhich
could be anticipated to be rclatively small. Thus uilliams and
Suceley (1964) give a list of the amounts of various phenolic

gcids produced per day on z norial diet. Eipht acids are listed

S
(3]



as being excreted in quantities as high as 20 mgm/day and seven
others in amounts of up io 5 mgm/day. In a three hour collection
the laruer figure will reducs proporiionately fo 1/6th, i.c. 2.5 agn
for cach of the ciyht acids. The anounts of PCA znd vaniliic
aciy excrctaed in the test sample are of the order of 80 - 250
timgs this figure of 2.5 mgm.

Furthernores, not all the chrcmatogram was used for elubtion.
i sizeable arca uhich will contain a nuaber of phenolic acids was
discardod.
fioterials znd licthods.

The only safe weay te evaluate inlerfercnce was by measuring
it. In order to do this, six of the volunteer subjects (chosen
at random) were asked to collect the urino that thoy passed just
prior to the administration of protocatschuic acid. These subjects
were not forewarned in any uvay and thercfore did not have the
gpportunity to adhere to the dietary restrictions more clasely
than they might otherwise have done. Pretest spscimens were
collected from all but one of the schizophrenics tested. They
vers examined for vanillic and prototatechuic acids usino the usual
methods, except Lhat 30,4L was spotted on to the paper instead
af lUl;L, in order to produce larger spectrophotonetric
readings.

From these pretest urines the amount of interfercncoc w=ase

ey



calculated on the basis of how much VA and PCA would have bzen
calculated as boing present in pretest urine contzining an
identicsl cmount of creatinine to thzt found in the test urine
(sec Taeble XIV). Since the dietary restrictions were in force
until the end of the three hour FCA test period, therc is no
reason to suppose that these results should be invalidated by
increased contaminztion with phenolic acids of dietary origin
exérated during this period; the pcriod of continucd fasting
should act in the opposite direction - i.e. towards  dccreased
contamination although this effoct will probably only be slight.
Results:

TABLE XIV. ., Interference by urinary phonolics, calculaled {rom

pretest urine specimens.

Normal Excreted in *Pretest urine *»xf wcreted *Pretest urine
Sub ject test FCA cuntent of BECA  in test content of
hNo. Qe ngm. VA mgm. VA mgm.

13 393 1.7 353 245

14 315 l.2 289 1.4

19 451 2.6 299 2.3

20 580 1.4 310 1.5

39 498 1.6 352 1.5

42 595 1.5 322 1.6



Schizoe- Exereted in *Pretest urine **xixcreted *Pretest urine

phrenig test PCA content of PCA in test content of
Sub ject mQMae mam.e VA @ghi. VA mgm.,

No.

31 551 2.3 2717 1.5
32 274 2.1 209 0.9
33 457 2.6 214 1.2
34 170 0.4 149 l.4
35 493 3.2 209 2.8
36 298 ‘ 642 160 245
37 238 2.8 189 1.5
38 515 447 210 2.5
38 577 5.8 244 4,5
40 437 l.2 294 242
41 471 0.5 184 3.6
42 267 6.0 205 6.2
43 375 : 4,2 172 3.0
44 423 4.9 225 442
45 696 1ll.8 377 8.5
46 585 3.3 410 1.1
47 No specimen : totally uncoocperative bcfore the test staerted.
48 404 7.8 157 3.2
49 491 6,3 347 5.6
50 262 2.9 169 0.7
51 548 13.9 331 3.9

¥*Based on the amount calculated as that which would have been presént
in a sample countaining an egqual amount of creatininz to that in the
3 hour test sample.

% VA is erpressed hore end elscuhare as the amcunt of #C4 from

vhich it deorives. T-is opplies (elscuhere) to VA also.



** These valuzs for VA are pot corracted for the prosence of
1vA,

All results dspicted in the Table have been calculcted by ths
same wethod, i.o. from paper chromctograshy results only without

reference to the VA ratio.

Iva

Statistical Cvaluation. a) {iormel Subjects.

The greatest amount of interferencc in any meazsurenent is
0.77, and the average amount for PCA wstimations is 0.37) and
for VA estimztions 0.56Y:

Statistical cvaluation. b)‘Schizophrenic Sub jucts.

The yreastest zmount of.interrerence is 3, in any one
mcasurenant - the aveorage for ¢CA is l.1% and for VA is 1,3,
Conclusion.,

The emount of interferénca in VA and PChA mesasuremznt is af
low order. It has Laen ignored in subsequent calculations.

2(e) The method used for thé gstimation of the ratio VA/IVA in

standards and urine extracts. The method used involved the

use of thin layer chromatography (7.L.C.) to separate VA from IVA,
The chromztograms uere.stained with the Folin-~Ciccalteu reagent
and the amount of colour was quantified by using a scanning
apparatus.

llaterials.

l. #Precoated T.L.C. platos vere obtained from Herck Limited.



Thase were 20 cm. square with a 0.25 mm, Silica Gel layer
improcnaled with a fluorophor which, when activated by 254 m ps
light, produced a green fluorescence. These plates gave best
separation of VA from IVA without further activation.

2, {cnzene : acetic acid @ water :: : 2 : 1 (upper phase) proved
a satisfactory solvent system. The rezgents (Analar grade) ware
shakan in a separating funnel, left overnight and the lowsr phase
discardzd, Ths solvent thus prepared can be made up in bulk; it
hehaves wzll after storage at room temperasturc for a period of
sevaral vocks.

ﬁethod of Chromatography.

Applications were medec along a starting linc ruled 2 cme up
from the edge of the plate.

It will be recalled that duplicato ethyl acetate extracts
werg made from cach test urine. for the present estimations these
required dilution approximately 3 - 6 fold in order to yicld spots
of suitable size. Preliminary thin-layer chromatography
indicsted the amount of dilution required. Two applications,
one from cech duplicate dilutpd sclution were made; one of 2L,
the other of 1 - 1,5 ul (sce Fig. 28 ). This was done in order
to obtain values for the VA/IVA ratio derived from different
absolute quantities of VA and IVA.

[iins spots were applicd to cach plate ¢ 5 standards and tuwo
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samples from cach of two different test subjects., A1l applicat-
ions were made with 2 4L micropipettes,
Standards were made up 2s follows, thoe figures representing

pMG/2 uL of ethyl acctste (Table XV ).

TapLt XV,  Thz cmounts of VA and IVA used as standards,

(p5/2 pal_ethyl acetate).

Standard No. VA IVA
1 2.0 0.3
2 1,5 0.225
3 | 1.0 0.15
4 0.667 0.1
5 0.5 0,075

fioure 28 showing the arranacment of spots on the thin=layer plate.

4 A 2 B 3 A 5 8 1

%“L %pL %pL l.%hL %PL l.ﬁpL gpL %pL %NL
(approx) (epprox)

. . . . . >

l -« 5=5tandards as in Table XV  above
A, B = diluted sthyl acelate cxtracts derived from urine from

sub jects A ano 8,

The tank used measured 25 cm x 25 ca x S5 cm. Preliminary equi-

libwration of the tanks with solvent was founu to be disadvantageous



(leadiny Lo strozking and poor separation) and wae not used.

The devcloprnent timz of 40 miinutes gave = solvent ascent
of about 15 cais.

nfter devclopment the plates were romoved frow vhoe tank and
dried in an ovan at 120°C in the horizontal position for five
minutcs, followcd vy five minutzas drying in the vortical position,
thz latter facilitating Lhe cvajovration of the lact trece of
selvent.
Staining:

After cooling to rocwa toaperature, plates were sprayed with

10;: r39C03. Spray bottles cepaeble of delivering very fina sprays

were used (throughout), Spraying continuad until the pl=ates vere
Just saturated. Plctes wore then dried for ten minutes st IZDUC;
cooled zand sprayed with a froshly made up mixture of one part of
fFolin anu Ciocalteuw's phensl rcagent (obtaincd as a stock
sclution frow GOritish Oruo Houses) and two paris of vater, again
until tho pleates were just saturated.

The plste was then stood for ten iminutes horizontally on the
bench and for 10 minutes horizontslly in ths oven at 120°c.
Colour :asurement:

The blue spots tihwus obtsined were quantified in a2 Chromoscan
fiark 11 (Joyce, Losbl & Co., Lid.) fitted with a thin layer

attachment, Filters of 595 my woro inserted and slit sizes of
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Figure 29.

The aAppesraonce oi’ a Chromoscen Tracing,

This Tigurec is a full zcale tracing rom one of the records

obtained on a TLC plate deriving from a urine extract.

Base line

IVa peak VA peak




9 x 0.5 mm. in the Cihronoscan and 20 x 1.5 wm. in the T.L.C.
attzchment were founo suitable.

Thic apparatus produced a2 grapnicael recerd of thz2 celoured
spots on the pletese  The slit width used in the T.L.C.
attachmznt was sliuhtly laruer than the width of the VA spot on
the niyhest standard (stanvsre 1).  sppropriate dilution of Va
spots from test spiccimens ensurco that these VA spobts were aluays
smaller than that of vtannasrd 1.

Three tracinos were cbtoinew of wach of the nine chromatograms
un =zach plate, the plate being recentred (thal is, placed in
position co that the micile of the slit pasced ever the midole of
tha spots) bLoebween sach tracing.

Un tha tracings a flat base line with pzake corresponding to
IVA and i vac obusinec. Tho bace linc was drawn in un‘er the
peaits in lino with Lhe base linc on e¢ither side of Lhoe poaks, as
shoun in fia 29 , BParpendiculars were dropped fram tho summit
of each puek to ths base line, and peak height tiws measured.
igcthad of Célculation of ilesults.,

Two graphs uere constructesd, ocne for VA, ths other for IV.is-

Un the ordinate the woight of IVA ar VA in puG; on the abscissa,

the peak height in millimetres. Using the conditions spzcified

[

above the peak height for Vi in Standard 1 (the most concentrated

Standard) was approximately 110 wmiv., a height convenicnt to the

&
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rance of stylus movement available en the Chromoscan,
The graphs do not show a linsar relaticnship batuween peak

heicht and the amount of VA or IVA (see Fiy. 30a and b). Linearity

jat}

was not improved by plotting peak arca zgainst weight of materiasl.

To derive the ratio for urine extracts, peak heights were
nzasured and the amounts of VA and IVA read off from the graphs
and the ratie thus obtained.

Ratios had to be corrected, becausz uhen 15 ml. standard
solutions containing 10 mgm, of VA and 1 mgm. of IVA wore taken
through the entirs extraction procedura (including acid hydrolysis),
a ratio of 10 to 1 for VA to IVA was not ubtained. 5ix such
gstimcticens gave ratios of 9.5, B.7, B.9, 9.3, B.7 and 10.1 (mcan
9,2) i.e. the mothod underestimated the true ratio. Part of the
explanation for this is that the extractiovn of VA (92.5; juas
slightly less thon that of IVA (87.5;.), with the mcthods employed.
Diiferent 15 ml. solutions of standards containing more Vi (15 mgm.
VA and 1 mgm. I¥A) and less VA (5 mgim. VA and 1 mgm. IVA) uwere also
analysed : thz mean of threec ratio estimotions (13.0, 12.8 and
14.,1) using the former was 13.3; the means of threc ratio estimaticns
(4.5, 4.1 and ¢.5) using the latter, 4.4. All valucs given in the
Tcbles of rasults have been correctcd by dividing thoe sricingl
results by the slope of the line shown in Fice 30c overloaf. This
iine has 2 slope of 10 units of y per 11.2 units of x. Its inter=

cept on the y axis doss not differ significantly frocm zerc.
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iscussion.

[}

The method given here had & number of disadventeages, tho
chief of uhich was the difficulty in obteining satisfactory
stand:ors curves, particulerly for VA. 1t was considored that
the cxuplanation for this difficulty usﬁally lay in minor
gifferences in staining; it vas realiced that the spray must be
allouwcd to soak right through the thickness of the silica layer
if the maximum colour is to be produccd (i.e. sll the VA and IVA
nust be zllowcd to react with the staining recagents). This
amount of moisture carried the risk of diffusion of the acids
(end, after staining, of tho dye) zuay from the sitc at which they
should be located, leading to ¢ reductlon in peak height.

f consicerable uastage of plates resulted fron thoese
gifficulties. Agrecment bectucen duplicate extracts wag far from
perfe;t and g difference bctuenn duplicates of 15 had to be
accepted as a permissible upper limit : thus valuecs for the ratio
of 1C and 11.5 on duplicates verc repardsd as satisfactory; values
of 10 =nd 11,6 were not accepted; in such a case two further
valucs were obtainod and subjected to the same procedure. It was
not en uncommon expericnce to Tind thalt the mcan derived from the
second two valucs lay close tou cne of the first tuwo ualuss;

indicating that tho other valuec was the one in error.

D9
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Ain ascesement of interference frommon-PCA motabolites in the cxtracts,

The mothod was satisfactory in one important respect: that
the erca of the chromatogfam to vhich IVA and VA normally
rigrated remained clear wvhen pretost urine extracts were
chrom:tographed (this epplied to all the 26 availeble pretest
urinos). lD;;L of undiluted ethyl acctate extracts of these
prectest urines was chrometographed and stained using identical
techniques. Small peaks in the VA positicn measuring up to about
S mine ware obtained (and might well hzve resulted from small
amounts of urinary venillic acid), but the IVA area of the
chro-oscan tracing remained frec of mecasureable peceks., If one
ascumcs that the contamination by phenolic acids not derived
frcm acdminictered PCA-will not be much greator in test than in
pretest urines (it will nrobzbly be scmewhat less), then the
contribution of thesc substances to 'test' VA peaks must be very
small, This can be deduced frem the following Table which refers
to VA spols only:i=

TABLE XVI Intertcrence bywine phsnolicz, for VA in the VA/IVA

ratio measurement.

PRETEST Test
Dilution of ethyl ot diluted 3 =6 fold
acctate oxtract
Size of application 10 L 2L
Feak hoight S mm, Average 80 mm,
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3. Studies on Veratric Acid (3:4 dimethoxybsnzoic acid ‘¢ VRA) as

a possible metabolite of PCA.

iote ¢ The gas chromatography apparétus was only availsble for'é

imited time (at this time only schizaphrenics 31 = 38 had been
ECA tested). Results of the study being negative (VRA not being
found), it has been decided to include them in this section rather
~than to incorporate them in the quantitative results presented in
a subsequent section,.

a. The extraction of VRA from aqucous solutions into ethyl acetate.

If standard solutionS'df VRA are mado up in watcr, scid hydrolysed
and ccnverted to ethyl scetate cxtracts by the usual ﬁathodé and
the residues evaporated under nitrogen and reconstituted with '
methanol, it wvas shouwn thst recovery of veratric acid by these
procedurecs was close to 100%. This procecdure was conveniently
carried out by examining the spsctrum of the final methanolic
sclution in the Uptica Double Besm Spectrophotometer.

b. The estimation of veratric acid in the presence of excess

amounts of protocatechuic and vanillic acids. Veratric acid has no

phenolic groups and therefore the estimation of this compound
presented more of a problem than did that of VA and PCh, for it is
on the reactivity of the phenclic groups that the methods of

estimetion of VA and PCA depend.

Standard mothods of cstimating urinary arcmutic acids
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(employing gas chromatography) have boen developed by Williams
(1962) and uWilliams (1865). Using these methods uilliems and
Leonard (1963) failed to detect PCA in the urine of children (at
all events the level was below 0.5 pG/mgm crestinine). VA wes
present in two of four urines in amounts of 4.5 end Z.IJUG/mgm of
creztinine. Thése methods employ ciazomethane for methylation of
-phenulic groups and are unsaticsfactary for detecting VRA in the
presence of excess of VA and PCA.

A method has becn developed by Dalgleish et al. (1966), in
which both carboxylic and phenolic groups are convsrted into
trimethylsilyl derivatives. Carter and Gaver (1967) produced an
improved reagent vhich gives a complete reaction within 30 minutes
and which has been used in the present study.

Horii et al. (1965) succassfully separated the trimethylsilyl
egsters and cthers of the three compounds under consideration using
silicone columns, and such a column was chosen for the present
investigation.
fiaterisls and fethod:

The trimethylsilyl reaction was carried out using the following
reagent ¢ tou 2 ml. of dry pyridine (redistilled and stored over
KOH) were added 2.6 ml. of hexamethyldisilazane and 1.6 ml.
trimethylchlorosilang. This admixture was carried out in a 20 ml.

stappered E£xelo which had been alloued to stand ovornight in a
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desicecator, it bzing important to eliminste all traces of muisture.
The solution was then centrifuged. The supernatant was clear and
colourless and this constituted the reagent, 1t yielced
satisfactory cerivatives, knoun samplgg/FCﬂ, VA and VRA sgech forme
ing a single product.

The rcacgent was stored in the cark in a desiccztor at room
tomperature and was used as ruquired.

Stanitards were prepaered either by using solic substances which
wore dried overnight in a vacuum desiccator at a4°c, or by
evaporating knoun standard solutions made up in ethyl acctate and
eveporated unuer a stream of nitrogen.

After adding a2 small amount of the trimethylchlorosilane
reagent (50 - lDD)JL) to the dried residue, thes tubcs were shaken
viccrously znd allousd to stand for 30 minutes et rooem temperazture
in a desiccator., 1 plL of the resulting solutien was then applicd
to the gas chromatography apparatus.

The apparatus usecd was a Perkin tlmer iwodel F 11 gas chromato-
graph. The celumn usvd was a silicone Gum-Rubber € 301 on AJu.
~«lMeLsS. Chrumosorb @ 80 - 100 mesh (13.), 1/8 inch in dizmcter and
2 meters in length. [Nitrogen was used as the carrier yas. The
tempersture of ths column uas l28uC zng the injection temperature
130%.

If the retention of #CAi in such & systen is represented by
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1,00, thet of VRA is 0.50 and of VA is 0.66.
freliminery Findings:

If urine after PCA administration was acid-hydrolysed and an
ethyl acctate extract prepared, cvaporated toc dryness, and the
residue subjected to methylsilylation and injected under these
conditions, the resulting gas chromatograph shoued a characteristic
_appcearance (ses Fige 31 ).

There was an initial peak due to the reagent, followad by a
number of peaks and shoulders dua to the presence of small amounts
of phenolic acids which were not PCA metabolites (because pretest
urine extracts similarly trested yielded similar peaks). No clear

cut sharp peak likely to have resulted from VRA was detected.

Sevaral further peaks derived from non-metabolites appeared and
then an wnormous peak derived from VA, (suthentic VA produced 2 peak
with the same rctentlon time ss this esnormous peak, no such peak
being present when pretest extracts were used as starting material).
After an intorval a sccond large peak dus to the methylsilyl
derivative of PCh appeared (and could be identified as such by
methods similar to those describesd for VAi). The total run took 55
minutes.

IVA peaks and VA peaks did not appear separately using the
conditions described.

G. VRA excretign after VRA administration. ViRA is vary insoluble
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in water. It therefore seemed likely that any excretion of this
compound wowld occur in the form of & VRA conjugate. That this
was so was established by & test Dn-a nourmal male subject who
fasted overnight, collected a pretest urine K then took 500 mgm. of
VHA by mouth. The subjcocct thereafter collectoc urine for thres
hours, remaining fasting throughout this time.

30 mlg.of this urine were divided intu two equal portions,
becth of which wsre subjected to acid hycrolysis under the
conditions usually employed (15 lbs. per sq. inch for 13 hours), and
gxtracted in the usual way.

30 mls, of urine ucre extracted without preliminary hydrolyeis
as a control. Similar extracts uwere derived from hydrolysad and
unhydrolysed pretest urine.

The ethyl acetete extrocts were chromatographed sinultaneocusly
using the same solvent system (benzene, acetic acic, water : organic
phase) and on similar T.L.C. plates tu those used for VA/IVA ratio
estimations. 0On this solvent system ViIA runs distinctly faster
than VA and IVA with clear separation. All applications wsre of
the same cize :=- 2/JL. Authentic ViA was applied to the plate as
a marker.

After chromatoyraphy and drying at room temperaturc, thz plates
were inspected under U.V. lioht (254 m/O, authentic URA showing up

3s a dark area against the fluorescent background of the plate. A
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Figure 32. TLC Plate showing the appearances obtained with
urine extracts before and after the consumption
of VRA.
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small spot on thc chromatcgram of the extract cerived from
unhydrolysed test urine ran opposite authentic VRA, (no such spot
being pfescnt un chruinatograms derived from unhydrolysed pretest
vrine). A very large spot corresponscing in positien to suthentic
VriA was found onthe cxtract derived from hydrclysed test arine
(nc such spot being present en chromatograms dorived from hydrolysed
pretect urine). These results are depicted in Fig. 32.

Using methods identical with those describeg for identifying
IVA, & U.V. spectrum of this naterial was obtained and shown to be
identical with that of authentic URA.

in thin layer chromatcgrams derived from cnhyorolysaed tost
urine, a large spot was secn near the origin (Rf. C.05). This gote
z positive.stain vith the firoylglycine stain caployed for V.A.G.
identification. It seems likely that this spot (which was not
present in chromctograms derived from the pretest unhydrolysed
urine) was the glycine conjugete of URh. The important point is
that this spot had entirely disappeared in chromztograms derived
from hyirolysed urine. Thuse failed to shou any staining with the
arcylglycine rcagent. |

To summazrise, these findings suggest that adninistered VAA is
excreted largely as a glyecine conjugatc and that this conjugszte
breaks doun completely under the conditions of acid hydrolysis

employed routinely for the proparation of ethyl acstate cxtracts.
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This is relevant to obseruations.made on PCA tost samples.

This, the failure to find VRA in the samples excmined was

duc neither to a feilure of suthontic VRA to yicld to the
cxtracticn procedures cmploycq, nor was it likely to have been
iue to faeilure to hydrolyse s VRA conjujate.

nesults. It became clear vhen @ few extrscts had boen run that
cither Vi was not present at all, or that it was present in very
smpll guontity. In order to accept VRA as being prasent, it
scemed rcasonsble to lay doun the following criteria, {(which,
however, do not zmount to proof of thz presence of VRA).

1. That a peak be present on the gas chromatogram having
the sams retention time as authentic VRA.

2. That the audition of the wethylsilyl derivativa of VR:
tu the material applicd to the column for the first run increase
the huight of this peak,

d. Thet no peak fulfilling critaria: 1 and 2 bz prescnt in
chromzatograms derived from pretest urine.

{lormal subjects.

Tuenty-seven spocimens (acid hydrolysed PCA test urine) from
normal suujects warc exemincd, but bscause of limitations of time
only one ethyl extract was prepared for ges chromatugraphy from
each subject.

Uf the gas chromatograms obteined, 5 were teckbnically

unsatisfactary bccause the bsse linc did not descend in a
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satisfactory manner, 11 shoued no trace of a peak in the VRA
position, 5 showed very small peaks in the VRA zree and 6 showed
wore definite peaks in the Vih aroa.  UfF the lest mznticned, 4
peaks became distinetly larger whon the authentic mothylsilyl
derivative of VURA uwas addaed but in nou casc was the pretest urine
available for comperisons. The 6 pretest specimens that were
examincd showad no cloar peaks in thes VRA pusition in any casa.
Schizophrenics.

tight samples cerived from subjocts 31 - 38 wers esxaminoed.
In each cass @ test and & pretost specimen were znalysed.

Cne of tha pretest camples showsd a smcll peak at the Via
position. Thc othor 7 showed no such peaks. Of the 7 that did not
show such peaks, PCA test samples Tziled to show 'URi' poeks in 6,
the other chromztogram having an unsetisfactory contour in the VRA
arez. Thz othsr PCA test sample (deriving from €A test urine
from @ subject (schizephrenic 35) with a peak in the VRA position
in the protect szmple), eleo showed & pocak in the VQa position in
the tost sample. Tho glze of this pezk vas compsred with the size
of adjscent peeks derived from non-metabolites in both test and
proetost spoeimens. This scrutiny did not suggest that the pesk in
the URA position was relatively larger after Ch consumption.

It may be of interest tec asd that cne subject who was a 20 year
old youth uwith homocystinuria {dzscribod in detail elsewhere @ Price

ct al., 1568) clearly met the criteria 1 - 3 stated above for VURA
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iduntification after PCA testing. However, the PFCA test in this
subject gave normal results with respect to VA (totel) opend VA/IVA
PCA

ratios.
2iscussion:

The findings supgest that YRA does not appear to be a
metabolite of FCA in norma) or schizophrsnic subjects; but this
statenent nesds quelification.

l. The mothod wus suitable for the zetection of minute guantities

of VRA but the starting material was not, because of interfersnce

frem other carboxylic acids. (This situation could be improved
upan by preliminary chrometography, @ much purer fraction being
uscd for the gas chromatooraphy z;plication).
2. 1In order to cstimate the limit below uhich VOBA would not be
detected, 2 number of simple expes-iments werc carried out.
Standard solutizns containing YA/VYRA ratios of 50 to 1 and
100 to 1 werue made up in water and acid-hydrolysed under the usual
cunditions. Ethyl zccotate extracte were preparcd and thosc uere
vvaporated to dryness, rcu€ted and subjected to yas chromatography
in tha usual way. Thz chromatogram obtained where the ratio VA/VRA
wvas 100 was compared with chromolograws obteinud frum test hydrolysed
urine. The judgement was made as to whether or not, had tho tecst
extracts contained Vi/URA at a ratioc of 100, the VRA peak uould

have bean expected to be clearly visiblo, using the size of the VA
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puak and the contour of the chromatogrem in the VAA arca as a basis
for judgement (and making allowance for th2 change in the sensitiv-
ity setting illustrated in Fig. 31).

In 211 19 of the control subjocts in whom it was possible to
make this judgement, it saeﬁed likely that VA/VRA wss graatér than
108, This includes all 4 control subjects who showed poeks in ths
VRA position on the test samples. OF the 8 schizophrenics, the
same judgement was made in all excppt Ho.35, in whom the ratio
could have been as low as 1 in 50, but in this subjsct the pretest
urine also showed a sizeable peak in the VRA position.

Conclusion:

l. A method has bcen described for separating PCA, VA and VRA

using gas chromatography.

2, The ethyl acetats extracts used conteined too many other organic
acids to be an idecel starting material for this study.

3o If VitA was a metabolite of PCA, the amount excreted in the 3 hr.
urine collection was small - lzss than 1§ of the VA excroted, i.e.
less than 0.55 of the administered doss of PCA.

This statement (thch is tentative) applius to studics on 19
control subjects and 7 schizophrenics (including one (Ho.31) who
showed the *pink spet® phencmonon at the time of the study, and
one (loe. 36) who had previocusly shown it).

4. 1t seems likely that any VRA that is oxcreted will occur as a
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conjugate, probzbly a glycine conjugate.

A8 nots on the absence of 3-hydroxybenzoic acid as a metabolite

of PCA in men, Tompsett (1959), cn paper chromatography evidence,

stotes that 3-hydroxybenzoic acitd is an important metabolite of PCA
in man. The results of the present study do not support this.
3~hydroxybznzoic acid will be extrééted by the procodures usad in
the preparetion of extracts. It will form a volatile trimethylsilyl
cerivative (Dalgliesh ét al., 1866). Ualgliesh et zl. and Horii
(1965) uécd silicone columns similar to the one used in the present
study and both report that the derivative of authentic 3-hydroxy-
benzcic acid emorged carlier than those of VRA, YA and PCA which
emerged in that order frdm their columns, as theydid in the study
presented here.

In thz precsent study, protest and test samples wsre, On a
number of occasions, compared and by adjustment of the quantity of
urine extract subjccted to the methylsilylation process it was
possible to obtain tracings in which the early pesks (dus to
urinary phenolics which were not PCA motabolites) were of cqual size
in samples verived from hydrolysed pretest and hydrolysad test
urine, obtained from the seme subject., It was often possible to

uparimuose the tracings and to match up test and pretest samples

[ 4]

boecause of the similarity in contour of the early peaks, much as

ong might match finger prints. This could not have been done if
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another metabolite was coming off the column in this carly phase.
The studics of Horii (1965) and Dalgliesh (1966) indicate that
3~hydroxybengoic scid derivative vould not come off the eoclumn so
garly as to invalidete this statement.

To summarise, the2 gas chromatcgrephy study provided no
gvidance to sugoest 3-hydroxybenzoic acid as a matabelite of CA
in man.

The Frotocatechuic Acic Tast.

o

oszces Unlike tha procedure adoptoed for tho methacetin test, the

dosage of PCA waes directly proportional to body weight. # dose of
1 G. was given to 2 person of average weight (137 - 143 lbs.). A
dosaye schedule was constructeo in which, as body w2i_ht increascd,
PCA dosarne increased by increments of 50 moms., so that for each
Jose of Ch there was a eorresponding range of body weights. All

persons falling within this range roceivod thz sams dose.

Body weicht and age: Defined as in the methacetin tzst proccedure (pl38 & 140).

Tha form of administration of PCA: Tho substance was administered

in solution, this solution containing sufficient a2lkali to bring
thz pH tu about G. The solution was rendered more pzlatable by

the addition of glucose, which had the additionzl nroperty of
acting as a reducing agent, protocatechuic seid bzing thus rendcred
less lisble to axidation.

The sclution wyas not unpzlatable to the taste nor offonsive
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'F;S'33 . PROTOCATECHUIC ACID TEST '

de51gned to measure. the rate at whlch methylatlon processes ; O

S are carried out in the body
.7,(2£§t0°aféChﬁi° acid is a harmless .chemical substance which ~,. - =
*has noupharmacoloyical action: it is not classified as a o
o druge - The 'acid!' of the title will be neutrallzed before S
: the substance is admlnlsteredyV ‘ n

:THE DAY BEFORE THE TEST |

Ideally, the follow1ng should NOT be consumed, a'note should bef g
o c*‘-f made of ie necessary exceptlons. IR A

' All rugs, tablets and medlclnes._‘
All frult(except that in Jam)

Splnach, carrots, ice cream, custards blancmange..-r*'

".Coffee, cocoa, beer, coco—cola, fru1t drlnks
(Tea and mllk are permltted drlnks) C

L suBTECTS ShOULD FAST FROM 11 p.m.,,;;”" e
?THE DAI OF IHE TEST o _p-.m,; B T .,” ,i",‘}“'. e

Tgﬁ:‘,l. No breakfast should be taken but water to quench thlrst is "JWV
. Athpf o permltted. o S Co Co )
vwfaﬂZ;i'SubJects should not smoke on the day of the test untll the
_ _Idj_ test has been completed. . o ‘ o
':;ﬁfj,:jSubJects should empty the bladder Just prlor to admlnlstratlon of‘
.ﬂfﬁ;f;'fﬁg'f the substance. Enough of thls urine to £ill a- unlversal
o 'f ‘: contalner should e saved. , '
14;nghe substance used WIll be presented d1ssolved in a solutlon of
riffeﬁj;f' dextrose, and is not unpalatable.v The: entlre contents of
: 2 ’.d." -the. bottle should be seen to be consumed. : - ,
w’;S};fSubJects should fast thereafter for: 17 hrs, but should then take;
I 7: water freely.. ALl urlne passed in the jﬁhrs.'after the test'

O should be - collected in the contalner prov1ded. .
'tf;ft5§f'At 3 hours exactll after the time of consumptlon the subJect
_|:“ o :-'fj‘ should be encouraged to empty the, bladder as completely

. K
v

‘as poss1ble and thls sample 1ncluded 1n the cbntalner whlch
o -~ has been provlded. o p L , -
ﬁJ?:@fThe test should be completed before 1unch 1s taken, thg

contalner should.be kept 1n a cool place(l.e. a refrlgerator)

. untll collected‘




‘\J

to the eye, having the appecsrance of white wine and schizophrenics
could inveriebly be cooxed into teking it. Tha volumez given to a
subject of azverage weioht was 200 ml : about o glossful,

The solution wes fhicde up overnight for use the follouwing cay,
being stored ct 4%, The mckino up of 2 solution climinzted the
error which would ccour if the solid compound vere incemplotely
dissclved in a hot drink, and an uncdissolved residue left zround
the cup after crinking.

The instructions given to the techniciane celled upen to make
up tha test soluticn are given in fAppondix 3 .

The protocatechuic acid test instructions: The precise instructions

given to subjects undergoing this test zre ngiven in the accompanying
figure (Fin. 33 ).

Fasting overnight ensurcd an empty stomach; breakfast was not
parmitted bscause it was deemzd dosirable to aveid differcnces in
absorption attendant upon differenccs in gastric emptying which
would occur with, for example, variation in the amount of fat
consumcd at breakfast time.

In paragraph § of the test proforma, the subjects are
encouraged to refrain from drinking for 1% hours after BCA consumption -
this s.emad a2 ressonable length of tims durimguhich zbsorption
might occur, and during which the addition of 2 larce uater losd

to the intestinal contents with consenuent drop in ©Ch concontration
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vould have bcen undesireatle; afterwerds frze consumpticn of fluig
sgamea adviceble so that the urine volded &t ths end of the three
huurs woull be dilute rether then cencentrated. Any error dus to
incomplets blacoer emptying at thic timz would thus bs kept Lo a
minimuin. This error is an unimportant on?in 2 co-cperative male
subject for Vectergaard znd Leverett (1958) haue zhoun that after
the bladder had becen captied volunterily the amount of urine in
thz bladder on cathzterisstion was "no greater then wvhat could be
czleculated to enter the bladder throuzh th: uretere curing the
time it took to do the cothcterisaztion.V
The urine collecticn.

Thz threc hour period of urine collicction was chosen as

convenicnt, both for 'starved! medical stulenc volunteers and for

n

the supocrvision of difficult schizephrenics. Ouring this three
hour periuvc, zbout three quarters (en zverage) of ths administered
dose vas cxcroted into the urine (unaeltered or in the form of
mztabolites). Collection of urine for a lonyer period would

sxtend the period during which the research nurse would need to
supurvise the schizophrenic patients, without there bzing much
likelihpod that the conclusions crawn at thz end of the study vould
be eltercd. Furthermore, errors cue to extraneous phenolics become

progressively larger as tho collection period lengthens.

The urine collection was maze into a container containing

2
fr
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0.2 ml. of 5% sodium azide. Strong mincral acid was not added
because it vas desired to estimate the pH of the urine lest this
correlated with azny of the measurements that were subsequently
made, In retrospect it woulc have been wise to add a reducing
agent also so as to eliminate tho possibility of any oxidation of
PCA that might otheruwise occur.

At the end of the three hour period the healthy volunteers
handed in their specimens; an aliquot was removed forpHd estimetion
end 5 ml, 3l HCl added to the remaining specimen. Uith schizophrenic
subjects (tested in mental hospitals some miles removed from the
laboratory), the research nurse carried out the samc procedures
immediatoly the three hour test period had been completed. In the
analysis of results the morit of examining urinary pH will be
apparent : the excretion of ongc of the acids (unconjugated vanillic
acid) uas related to urinary pH.

The urine wes processed for acid hydrolysis as soon after
collection as was practicable and slways within the first fow hours,
during which it was kept at éOC.

Storane of urine,

An aliquot of the urine that remained was stored at -20°%
for such further mecasuremsnt or repeat megasurement as should be
required. Repeat estimations on four samples of urine thawed out'

after six months at -20°C showed no evidence of change in VA or
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FCA content or in the VA/IVA ratio.

The roplicability of the test,

The extent to which the various manoeuvres employed wers
successful in achieving a replicable test was put to the test
(and founc to be satisfactory) by a direct method : that of test/
retest comparison (see p 269).

The selection of normal subjects for the PCA test. The method of

obtaining volunteers was cimilar to that used for the methacetin
test series (g.v.) and had the same limitations. A recruiting drive
among nurses (aimed at increasing the proportion of femzles in the
series) achieved only fair success; the final composition of the
nornal subject group was 42 mzles and 13 females.

The selection of acute schizgphrenics for RCA testinn. The

considerations already discussed with referance to methacstin
testing were epplied also to PCA testing. A 64 yezsr old patient
wvho was included was an example of schizophrenia of late and acute
onsets she was known to have a schizophrenic son. In addition, tuo
patients diagnosed (by the late Professor F, J. Fish) as suffering
from schizpophrenia simplex were included.

A note on the reason that PCA testing was not applied to chronic

mental hospitel patients. There is a sizeable literature (vhich is
well reviswed by Sourkes (1962)) debating whethar or not there is a

failure of glycine conjugation in chronic schizophrenia. Glycine
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con jugation hzd been studied by administering benzoic acid and
measuring the excretion of the glycine conjugate of benzoic :cid,
hippuric acid. «o satisfactory explencticon seems to oxist for

a) differences wvhich come describo botuesen chronic schizophrenies

[

and non-schizophrenics and b) other investigators failing to fin
any such differences in similar studies.

Glycine conjugation onters inteo the PCA test. Failure of
alycine conjugation could result in the formation of less VAS end
less IVAG. Sinco VAG accounts for the mejority of the mothylated
excretion, Tailure of glycina conjugation could readily mask any
alteration in methylation and evsluation of results might well
have proved indocisive or difficult in such a situation. It was
considerod thet PCY testing of chronic paticnts would be on i1l
advised uvndertaking until the controversy cbout glycine conjugation
has been settled by = dircct metbod, namoly the adninistration of
benzoic acid, the metabolism of uhich is uncomplicalted and therofore
well suited to pharmacogenstic tectinique.

Giycina conjugation in acute schizophrznics has usually beon
reported as normal although Goorui et al. (1948) described marked
impairmant of hippuric acid excretion in ecrly =cute schizophrunics.
In the oresent study no evidence of impairmont of flycine
conjugation in schizephrenia was found, but the amount of glycine

required for conjugation was about 100 rcm., much less thzn in the
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of
hippuric acid test in which scveral grams/glycine are required.

lMeasuraments madeon urine after PCA testing:

1. The following measuremonts wzre carried out on each urine
specimen {55 normals, 21 schizophrenics):-

a) Volums : meessured in a measuring cylinder =t rcom temporature.

b) pH : on a Pys laboratory pH meter, to the nczrest 0.1 of a
unit.,

c) Creatinine content : using the Folin method based upon tho
production of an orange red colour by the intgr-zction of
creatinine with alksline sodium picrate (Kino & Uodton, 1556).

d) PCA and 'total venillic acid! (= T, see the next page), these
values being desived from paper chromatography (Method 2(a)).

e) VA/IVA ratio (rethod 2(e)).

2. In 30 normal and 21 schizophrenic subjects, the amount of urinary
uncon jugeted vanillic scid was caleulated (Fethed 2(b)).

3. In 27 normzl subjeccts and 8 schizophrenics, an exeminztion fer
the presence of VRA was carried out on the urine extrects, ucing

gas chromatography (Fethod 3). The results of this study are
included with Fethod 3 and will not be further considered hero.

The method of calculeting results, includino = note on a noccessary

anproximation,. l, If the valuzs for vanillic acid ucre caleulsted

entirely from the scction on naper chromatography (Section 22) they

would be inaccurete because the VA measured there included a2 small
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amcunt of IVh,
When solutions of ogual concontration of VA and IVA ars made
up in uwatur, and colour developed using the Cmerson rcaction, the
0.0. at 500 me of the soluticn of IVA is only 60;: of that yielded
by VA (porsonal obscrvation). In section 2{a) the paper chromato-
araphic techinigue used did not attempt to separate the twa compounds,.
If there arec x mgme, VA and y mgm. IVA in a specimsn of acid-
hydrolyzed urine and if T is the 'total VA' derived frocm the method

describod in section 2(a) and if R is the ratioc VA/IVA (section 2a),

then
x+ 0.6y =T
&
£ = R
Y
vhence x = T -1 v &y = T
.,R + UQCJ‘- R+ 0.0
In the table cf results, _x_% = VA(total) & and
PCA PCA
y .= IVA(total) &
PCA PCA
2. No satisfactory method for estimating unconjugated

isgvanillic acid was found, After a 1000 mgm. dose of PCA

the three hour urine colloection seemed likely to contain

about 2 mgm. of unconjugpated IVA. At this lou level

interference from ndmﬂmﬂocumting chenolics baccmes substantial and

accurate moasurement bucomes a considsrable technical problam. fFree
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VA (secticn 2(b) above) presunably contsins small amounts of Trec
IVA but nu data was zvailabls vharchy exact valuss lor the

expere: sien VA and IVaG could b derived.

VA Iva
The ratioc used, LoglU Vi3 is, thgoreforec, an approximation

Vi(free)

uhich'ignorcs the fact that VAG and IVAG may bot bo identical.

it Iva

Howaver, the ratio IVAG was dovived by the cuther (Fricz, 1909)
IVA

for twc normal male subjzets wuhe had consumaed 1va oy mouth,

Valuzs obuained ior Log10 iVl wore Ul.8Y and l.¢6-.  The moan
IVA

value o7V Loy VAG in normal males in the present study
10 w=pm—
Un(freu)

was 0,919 (and their mean urinary pH was 6.0 : sec footnote).
This suggests that the amount of glycins conjugation undcrgune by

IVA is of thc same order as that of VA,

*pH of urine samplcs Gel and .0 ruspectivaly (ses iig. 41, p 265
in which ¢ recletionship betueen chlo VisG/vi(ires) anu urinery pH
is demunstratod graphicellye.e #As a similer relaliunship inay hold

betucen urinary pli ond Log IVai/IVa(free) it is noccossery to
Y P / J Y

=10

SgpeClfy urinory pH il a cumpariscn botuweon roticvs is Lu Do nade).
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Pigure 34.

Histograms of ~—==2=<-== & =eDAlZlEEL
PCA PCA

and schizophrenic male subjects.

9, for normal

Figures on the ordinate represent number of subjects
throughout.,
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Hésults. L.

lizans, Standard Ueviations and tetest comparisons

batween qroups.

TaBLE XVIT , FECA Test, fieans and S.0, for Fales.
N.B. 'total' = tree and conjugated.
Control Schizophrenics 't tast on difference
n = 42 n=11 butween means
t b
Age (yrs) 21.0 28.7 4.02 <0,001
5.0, 3.4 10.7
Body ut(lbs) 154.,9 136.0 2,52 0.02¥p>0.01
$.0. 20.0 29.1
Uﬂl (ml) 414.2 484.4 Dc?? N.S-
S,.D. 252.1 319.4
pH .11 6.57 2.26 0.05»p>0.02
5.0, 0.60 0.71
Creatinine 215.19 238.0 0.84 NeSe
(mgm)
S.D. 43,17 167.0
VA (tote)/ 57.5 52.6 1.08 NeSa.
PCA:.
5.0. 13,12 14,00
Via(tctal)/ 12,67 12,35 0.45 He5,
Ivii(total)
5.0, 2.01 2,28
1va(total)/ 4,70 4,66 0.07 NeSe
RCA;
5.0, 1.36 1.81
n = 24 n=11
Log, ,VAG/VA .
10 (free) 0.819 0.902 0.20 NaSe
5.0, 0.213 0,270
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Figure 35.

3 + ) + 3
Histogrames of JA total) % & Iva(total) v,
PCA PCA

for female subjects,

Figures on the ordinate represent numbér of subjects
throughout,

13 _NORMAL FEMALES 10 SCHIZOPHEENIC FEMALES.

T s ot D G e - T R > W - - W . e D " T - e S — $or D s S T e ik

va(total)y - _VA(tozal) o
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TABLE XVIII PCA test : ficans and S.0. for Females.

N.,3, *ftotal' = free and conjugated.
Controls Schizophrenics 't' test on difference
n =13 n =10 betwesn means
t o
Ane (yrs) 23.8 33.5 5,44 <0,001
S.U. 5.5 12,5
Body ut(lbs) 135.2 1l6.1 2.58 0.02yps0.01
DD 13.7 21,7
Vol (ml) 446.8 482,3 0.3 H.S.
5.0 225.2 337.9
pH 5.98 , 6,50 1.70 a5,
S.D. 0.70 0.76
Cruatinine 180.6 151.9 1.28 NaeSa
(mgm)
S.0. 50.06 8l.47
via(sotal)/ 51.4 55.4 0.60 NeSe
PCAY
Selte 11.94 20.29
VA(total)/ 12.78 11.66 1.1 .S,
IVA(total)
5.0, 2.51 2,31
IVA(total) 4,17 4493 1.05 NeS.
PCA,.
5.0, 1.31 2.14
n=2=5 n =10
Log, YAG/VA 0.921 1,017 0.60 N.5,
10 v
(fres)
5.0, U.239 0.339
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Pigure 3b. HISTCGRAMS of the =i Ratio
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Some of the results appearing in Tables XVII and XVIII
are depicted graphically in Figs. 34 - 37,

There are no statistically significant differences in the

methylation of PCA betueen schizuphronic and normal subjects.

Note on Fig. 35 concerning values of the ratio IVa{total)
PCA

Although values of the ratio for two of the schizophrenics
lie above the normal range, these values (8.94 and 7.43) are not so
high as to suggest that they indicate an important diiference betwoen
these two subjects (Nos. 34 and 37 raspectively) and normal females.

It may be noted from Tables 1718 that the excretion of IVA does
not differ significantly betwecn schizophrenic and norimal subjscts,
gither in males or in females. It is wotth noting in passing that
if the PCA test were applied to subjects with amphetamine psychosis,
results would not be relevant tc the hypothasis of Swmythies et al,
(1967b) who suggested that "the psychosis found in amphetamine
addiction might be associateo with tho production of 4-ma2thoxy-
amphetamine” (a potent hallucinogen in their view). This is because
C.C.M.T. doas not methylate wonohydroxyphenols (e.g. p-hycdroxy-
amphetamine).

Comment on statistically sionificant differences betwzen schizophrenic

and control subjects shown in Tablos YyTIT and XVITIT

1., Age: In both male and femzle subjects, a statistical diffarence



Wigure 37
fhe Glycine Sonjugation of Vanillic aAcid in Normal
Sehizophrenic Subjects. '
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was found in age, the schizophrenics being older than the normals.
This reflects the difficulty already discussed of cbtaining
volunteers outside the age ranoe of university undergraduates and
technicians (only the younger members of the latter group responding
to the inducement of a modest financiel reward).

2. lueight: rerusal of any tables on age and body weight in carly
and middle adult life indicates that, with increasing age, averace
body weight tends to incroase. The findings that the schizophrenics
(who ware significantly older than the controls in this series) were
significantly lighter than control subjects reqdircs comment,

Rees (1943), in a cuomparative study confined to mals subjects
found that schizophrenics had significantly lowsr mzan body waight
than had control subjects. Oetz (1942) reachad a similar ccnclusion
in a study confined to femalesubjects. Thus the present findings
are in keepiny with previous observations.

Differences in mz2an weight may relate to the suggestion
(originated by Kretschmer) that schizophrenics tend to have
leptosomatic body builde. (In the present work no attempt was made
to investigate somatotype and no measurement of a physical character-
istic other than usight was made in the schizophrenic subjects).

The difference might also be dus in part to the tendency of



schizophrenic patients to lose weight as @ result of their illness.

A further factor in tho observed differcnce bstween schizo-
phrenics and normals may bec the above average physique of the
latter. Thus, tHe avorage weight of tha "normal! malc subjects
(average age 21) was 154.9 lbs. In the general ppulation of males
of 20 years of age Documenta Giegy (1959) give the average weight
for persons of average height (5 ft. 8 ins.) and medium build as
1435 1bs. As far as weight is concerned, one would judgo that the
control group (chiefly consisting of medical students) is unlikely
to be a ropresentative sahple of the population.

To summarise, the obscrved difference in weight between normal
and schizophrenics is probably due to a number of factors; previous
studies of physical characteristics in schizophrenia do not make
the observed differcnce a surprising one.

Urinary pH. Schizophrenic males had significantly higher urinary

pH then did normal male subjects (8.055p»0.02). The schizophrenics'
produced more urine than normals which may have contributed te a

small extent to this effect, since dilute urine tends to be more
neutral than concentrated (and more acid) urine. Otheruise the

finding remains unexplained. The. conditions of the BCA test include

a nunber of special requiremzants prior to and after PCA administralion.
sther matapnlic studies on schizophrenics do not contain such
requirements prior to the measurement of urinary pH and are thus

not comparable with the present study.



Results 2. Correlations within the groups of control and schizophrenic
sub jects.,

TABLE XIX Control Group of Subjocts : Correlations within the

Gruupsfor llales and Females Separatelye.

Data above and te the right is for males; below and to the left
for females,.

Aga , Body, Vol. pH, VA(tot)  VA(toct) | IVA(tot) Log, 4 VAG/
Lt BCA % | TUA(tot)| BCAH < VA( free)

Age - %

Body uUt. ) -

UUl. -

pH L 3 LI ®%

vA(tot)/ .
PCA <h

- L3232 3

VA(tot)/
IVA(tot)

! - KKK

IVA(tot )/ rrRK X
PCA -

LOGlD-
VAG/ *K -
VA( free)

«
Eg.3

0,05 p>0.02
0.02>p>ﬂ. 01

0.0D>p>0,001
p<0.001
N.Be Blank spaces in this table indicate that the value of

noun

L2 8 4

L2 223

1]

p exceeded 0,05,

All correlations agginst urinary creatinine content were non=-

significant.
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TABLE XX Schizophrenic group aof subjects ¢ corrclations

within the oroups for Males and Females separately.

Data above and to the right is for males; belaou and to the left

for femalcs.

-08; g VAG/
VA(free)

Age. Body| Vol.| pH (VA(tot,, VA(tot) |IVi(tot)
ut HCA /{ IVA(tet) | FCA %

Rge

Body ut -

Vol. -

pH | -

w"‘t) ¥* - VK% HawhH

BCA 5

VA(tot) ,
IvA(tot) - A

Wa(tot)

PCA o * KEKE -

L.ag
VAG g
Vi{ froe)

Key 3 as in the previous Table.
All corrclations against urinery creatinine cuntent were none

significant.

251



TABLE XTI Sumery of those correlations showun in Tables XIX

and XX in which a significant value of p was

found for one or mcre groups of subjscts.

= positive corre
(+)
(-)

Noe Correlation 42 13 10
male female schize  schizo
controls controls phrenic phrenic

males fomales

1 pH v vol. (+) Th+ (+) +

2  VA(total) v body (=) + (=) +

PCA o ut
3 VUh(total) TVA(total) P P PO ey
PCA v: v PCA b
4 va(total) v VA(total) (-) (<) - (=)
HCA % IVA(total)
5 UAgtDtdl! v UA tDtal - an & - - - (-)
PCA IUAitotal)
€ Body Wt. v IVA(total) (-) (+) (=) +
PCA .
7 Log, VAG - - (=) -
lD——(-
vA frae) (sce Hote B)
8 Age v 1Vi(total) + (~) (+) (=)
PCA ¥
i‘JDte A. Key H 0.05)p>{].02 = 4+ 0O =
0.02>p)0.ﬂl = +4 O =
0.013p>0,001 = 444 Or ew=
0.001%p = 444+ OL w==-=

lation = = negative correlation.,

non-significant positive correlation

non=-significant negative correlation.
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Note B. The ratio VAG/VA(free) was not normaly distributed in any

group studied (the most obvious example was to be found in the
female schizophrenic group whers the following Tigures were cbtained :
9.15, 18.1, 6.29, 4,30, 6.15, 64.6, S.34, 5.44, 11,8 and 12.8).
Conversion of sach ratio to a Logarithm (to base 10), yislded
histograme approximasting more closely to normal di-tributfon {sec
Fig. 37 ).
Valuss of Loy, VAG/VUA were available for all schizophratics

and for 30 control subjects (24 males, 6 females).

A systemztic discussion of thzs observed correiaticns which have

bean summarised in Tablae XYXT

All the shlatisticeally significant cerrelations are summarised
in Taﬁle XXI . 1Inspection of this Table indicates that some
correlaticns cccur across the uwhols Table, whereas others do not.
Some 'significant! correlaticns vwill bo expected bto sccur by chance,
a total of 112 correiaﬂions having been made in Tables XIX and XX

Each ef the eight pairs of wata giving statistically

significant ¢€orrelgtions will now be discussed individually to see
what biological significance (if any) may bc attached to them.

l. pH versus volums. Here & direct relationship was found in

control and schizephrenic females. It probably reflects the fact

that concentrated, small volume specimens of urine were usually
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more acid than were dilute, large volume specimens.

2,  VA(total)/PCA .. versus Body Wt. was a negative correlation

in schizophrenic females with r = - 0.6867 and 0.05yp»0.02, a
very similar state of affairs to that in female controls for whom
r = -0.6333 and 0.05)p»0.02. Taking all females, schizophrenic
and non-schizophrenic, r = =0.6424, and whénce t = =3,841 and
p<0.001.

If the regression line for y (VA(total)/PCA%)on x (uweight in
lbs.) is given By the formula y = a + bx, then ‘b is the slope
of the line and 'a' the intercept on the y axis., These lines are,

for the controls and schizophrenics respectivelys

y = 125,76 - D.551x and

130,02 ~ 0.642 x (see Fig. 38 ).

Y

The uweighted mean of the two gradients is -B.591.
The two lincs do not differ significantly in slope (t = 0.28).
Analysis of variancs of sums of sguares of residuals from the

regressicn lines gave the follow:ng (d.f. = degrees of freedom):e

defa Kesidual sums Mean F ratio
of squaras squares
Line for contrals 11 1018.7552
Line for schizophrenics 8 1958,5181
19 2877.2743 156.6986 2.2552
One line, for both groups 21 2270,48%9
Difference 2 706.7844 353,39

The value of F for 2 and 19 d.f. is not significant at the 0.05 level.
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This, together with the fact that the slopes of the lines
do not differ significantly, indicates that the lines do not
differ in position : the data could fairly be reprecernted by a
single line,

A correction cen be made for the mean valus of x (wt.) which
was significantly greater (135.2 lbs.) in controls than in
schizophrenics (11G.1 lbs.).

This was done by using the formula

j=»y - B(z-%.
vherc % is the woightod maan of thse two gradients and R is the
mean valus of x for all 23 subjects 3 X and ¥ are msan values of
x and y within =ach group.

Using this formula, tha corrocted valus of ¥, ths mean for
Va(total)/PCA,. in controls becomes 56.2; and in schizophrenics
49,15, Student's t test for the difference betwsen the uwsight
correctod means is not significent (pd0.1).

The true difference betwsan the means can be assigned 95%
confidence limits of

(5642 ~ 4ual) + (t) x (s.e. of differance),
where t is obtainasd from a tabulation of t against p(0.05) and the
number of degrees of frasdom (21).

These limits are 17.5 to -3.35.
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first order correlations usinn values of VA(total)/PCAs.

corrected for ueight. Valucs for VA(total)/BLA,. corrected for the

eflect of weight (using the formula y =) y = b (% - X))uwere
obtainsd for all female subjects, and correlated against valuzs

of age, volume, pH, creatinine, VA/IVA, IVA(total)/PCA: and Log, g
VAG/VA(free) similarly corrscted for the effoct of woight with

the following results:

hge Vol. pH  VA(tet) 1Ivi(tot) Log, VAG/

va(tot) #PCA % VA(fres)
13 female NeSe HeSe IWeSs N.S5. p<0.001 *N. 5,
controls
10 schizophrenic H.S. NeSa el HeS. p<0.001 feSe
females
* 6 normal females only. Cr. = Uriﬁary creatinine.

The dapendence of the observed correlation on UA rather than on

BCA excretion. It may be noted that, taking the female subjects as

a whole, the correlation bztween UA(total) and body weight was
' dose

significant (r = =0.4388, t = 2,237, 0,05>p>0,02); that betuween

FCA  and body weight was not (r = 0.2532, t = 1,199, p?0.2).
dose

This suggests that the effect observed related primarily to
vanillic acid, nn£ to protaocatechuic acid.
Discussion.

The reason for the correlation between VA/PCA and body weight

for female subjects is not immediately obviocus. Ones possible

Cre

NeS,

NeSe
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explanation is that Vi hes zn affinity for body fat (=@e Fig. 39),

Fige. 39 Schema for PCA metabolism.

Body Fat
PCA ————— VA » VAG
l (Emd I‘u'lnt) (u."ld IUMG)
Urine Urine Urine

Hence onc would predict that increased body fat would mozn less

urinary VA and VAG and a lower VA(total)/PCA i value.

fvidence supporting such an explanation.

l. VA czn be inferred to be lipid scluble by its bshaviour in the

renal tubule (v.i.).

2. Sex divicrences in khe anount ana more particularly in the

vaeriability of body fat gives somc suppurt to such an explanation,
Thus, Grace and Goldrick (1963) provided formulas whereby body

fat can be derived from height and weight. These were standardised

cn 17 = 45 yzar old subjects of both sexes (separately) (and are

thus appropriate hare). Thoy have the followinu form:

Body fat = Kl X body weight - K2, Kl and K2 being constants,

(Height)*

Complete inforaietion on the heighte of the schizophronics was

unobteinsble (scme teing untraceable), but the furmulae usre applied

to all female centrols end tuwc~thirds of the male controls (those

readily availcble, some of the uriginal group having left
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Figure L4O. HISTOGRAMS OF BODY FAT %
All subjects are control subjects. Percentages
calculated by the method of Grace & Goldrick (4969).

No. of

28 MALY. SUBJECTS
Subjects '

1 L

& o 4 18 22 28 30

Body Fat %

¥

No. of 13 FEMALE SUBJECTS
Subjects

41

3

1

Fody Fat %

S 10 14 18 QE 26 30
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the university at the time that knowledge of their height was
requirad).

The valuas of body fat % thus obtained uere as followsi-

Fican S.D.
28 male control subjects .21 +« 4.71
13 female control subjects 20,68 =  6.25

Student's t test jor the differsence betuween the means gave a value
for t of 2,544; with 39 degrees of fresdom 0,02»pr0.01, indicating
significantly higher body fat in female subjectsf

This is in accordance with the findings of many other
investigators (e.g. Anderson, 19633 Macfillan ot al., 1965). Ulhat
dqgs not seem generally toc have been found by others is the higher
sﬁéndard deviation in females for body fat w. Examinétion of the
data graphicelly indicated that body fat 4. as dctermined in the
13 control female subjects did not approximate to normal distribution
but was as shown in Fig., 40, This is presumably a chance happening
relatedAto the small nﬁmber of subjects examined, and it might be
expected to favour the occurrence of the observed correlaticn,
should the explanation being offered here for this correlation be
the correct one.

It must be admitted that the method used for estimating body
fat is liable to considerable error; this would seem likely to be
more important in males, for the formula used cannot make any

*Wilcoxon's test gave a z score of 2.2835 (0.025?p)0.02).
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distinction betuesen the contribution made to body weight by muscla
and that made by fat. This might oxplain why a statistically
eignificent correlaticon butwacn the calculated valuos of body fat

and VA(total) 3\ was found in females (r = -0,6006, t = 2.492

PCh
0.053p»0.02), but not in mules whaora the correlation was not in the
predicted dircection (r = 0,134, t = 0.6758, p»0.2).

The wigration of choemical substances to bedy fat cesitis not to

fiave received much attention, cxeept in the case of volatile anaosthetics

and pesticides. Oreexception is the drug pentothal, sheun by Brodie
et al. (1951) to be takan up to a substantizl extent by body fat.
Subsequently Zrodie's conclusions have bean quasticned but el
(1963) hes discussed the problem and concluded that “uptake (of
pontothal) by fat is neither the sll-important paramcter we
grrenecusly conceived it toc be originally, nor is it unidportant.®
For pentethal Ferik guotes data indicasting that pentothsl uptake by
budy fat is fairly substential (»38; at 1% hrs.). Houover, it does
not reach an early maxinus, localisation in fat beinn greatest
batueen 1% and 24 hrej if vanillic acid bechavoes similarly, ths
duration of the PCA test (3 hrs.) may {inadvertently) have favoured
the appuarance of thue obszrvsd corzrelaticen.

In tho prescnt utuuy the avicence is not put Teruward as by
any mzans conclusive, yot an zlternative biological oxplanation of

o

the observed recults does not readily suggest itself,
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3. VA{total)/PCA % versus IVA(total)/PCA .. A highly significant

correlation gpearod in all four groups (p¢0.001 throughout). The
most likely reasons for this would seem to be: a) that factors
operating on unmethylated PCA (e.g. PCA absorpticn and PCA oxcretion)
operated identically on both ratiocs and b) that the body handled
VA and IVA once they had been formed in a very similar manner,
(e.g. with respect to tissuas distribution, excretion, glycine
conjugation and the excretion of the glycine conjugate). (VA and
IVA are isomers and hsve many physical and chemical properties in
cuommon). The only factor tendinu to pravent a high degree of
correlation would appear to be the precise way in which methylation
tcok place. This factor did not prove sufficient to prevent highly
significant correlation occcurring.

4, VA(totaly IvA(total) versus VA(total)/ PCA i yields a statistice

ally significant correlation for schizophrenic males (r = -0.7487,
t = -3.388 and 8,C1 »p>0.001.

Correlation coefficients for cther groups of individuals are not
significant.

Because, in females, the ratio VA(total):. correlates with bady
- ‘ PCA
weight, weight corrected valuus of both VA(total);l ahd VA(totel)
PCA IVA(total)
wore dorived for females. In order thet all cata wsre treated

alike, a correction was for weight was made in males, for both ratios.
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bihen correlations were carried cut g weight corrected

valuass, the following data vere ogbtained:-

Eorrected
n T z -
valuss of
z
for 5l males 42 «0,155 ~0,16 ~0.16
NOI‘mal Femalus 13 -0.24‘“ -0025 -0524
Schizophrenic 11 -0.727 -0,92 -0.88
males
schizuphrenic 10 «0,202 =0,20 -0.19
females.
The mcan value of z is Y (n = 3)z = -17.01 = =0,2658
S(n - 3) 64
This has a standsrd error of 1 = 1
AN = 3 8

Testing the hypothesis that € z = 0 by mzans of

t= §0n -3) 2z gives t = 17,01 = 2,126
\é(n - 3) 8

S.t. of
2

0.16

0.316

0.354

0.377

For this, 0.05)p)0.02, j,e. z differs significantly from zero.

The correlation has, therefore, besen sxamined using an analysis

of covariance, as shoun in Table XXIT,



TASLL XXIT snzlysis of Couariznce of the Gorrelation Botwsen VA(tutal j;. and Yi(botal),

Iva FCA

©ll values being weicht correctad (separatoly for wach sex), fer the four orouss.

This is laid out zcczcrding be ths aztbod used by Snedzcor  (LlU5E6).

Line Lescription .7 OSERPN CakYx Lo5Y Suoi S5 nesid. Fomn aGe
. Uui.ibq.
1 “ithin graoup 1 41 7030, -1562.076 156.239 -0.023 |40 152.507
2 H# " 2 12 1023.5 ~57.351 74,232 =0,06G6 |11 59,756
3 " " 3 1Q8 1463.4  -196,458 49,896 «0.135 1| 9 23,589
4 i @ 4 9 19731,3 -57.126 40.464 -0.028 | 8 38.8L9
5 Total resid.
within groups GB 284.601 4.,187)
).
6 Jotwaen intarnal ) 1.270
gradiants 3 15,850 5.317)
7 Coemman® 11453.3 483,041 520,931 71 308,631 4.234)
} 1.223
8 Adj. means 3 15.663 5.201)
9 Total 75 12855.58 =417.911 338,721 75 33u0.721

@ ote: Comnon = Daca on average of the gradiscnbs of thz intornal rbgrassian lines.
Conclusion: leithar valuo of r is significunt; the & regression lines de not diifer

significantly in slope ur positicn.



Commznt on the Analysis of Covarisnce Shown in Table XXII.

It may be noted that the term VA(total) appcars in the
-numerator of both the ratios being correlated., Any tendency which
this has to influénce the correlation should be in the direction
of imposiny a positive correlation. The obscrved rclationship is
in a ncgetive direction, that is to say that there is a positive

correlation betueen VA(totel) ¢ and IUA(total)

PCA VA (total)
Furthermoré, tA(total) ¢, includes a centribution from
RCA
vA‘totall .
IVi(total)
. R -3 = T
If R = _VA(total) then VUA(total)/FCA 4= = T [
TVA(total) R+0.6]0 1+0.6
(see p 243 )
A high value of R would tend to produce a low valus of 0.6, a
R
low value of 1 + B.6, and a high value for VA(total)/PCA %. Hence

R
the inverse relationship found occurs in spite of, not because of,

the use of R in the computation of VA(total)/PCA ..

The relationship must be regarded as tentative for a very large

number of correlaticns have been made, as previous Tables have shoun,

and p is significant at the 0.05 level, not below. Hevertheless,

this particular relationship might be due to a biologically

important phencmenon, and has been znalysed in full for this reason.

Thus, cne explanation that might be applied is that both

ratios are dependent to some extent on the availability of methyl
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groups, co that o relatively high gvailability of methyl groups
leads to a high valua for th‘~ﬂL:ptg_) . and to thz Tormation of
relatively more of tho lsss readily formed iscmer, isovanilliic acid,
The phrase 'evailability of methyl greups' ic not moant to imply
availability f{rom dictary scurces. Had the latter bzen the important
determining factor, the two ratios would have boon unlilkely to

chow tho satisfactory degree of replicability that uwas founo (sce
the replicability studies, p 269). Alternatively, spaoculation can
bc made that themmicht bz tws differcnt enzymes (one concerncd
with 3=0, the cther with 4-0 methylaticn) these having different
kinetic paramoters.

5. Iu¥h(total)/FCh 7 versus VA(totel)/IVa{tctel). This nagative

currelstion probebly doues no more than restate the Tect thet
JA(total )/Tvi(total) (=R, p 243) vas used to computc IVa(iotal)/PLA

6. Body Lt. versus IVA(total)/ICh .. This cerrelation achieved

statistical significance in the group of female schizophrenics only.
It would secm likely thet the body handles VA and IVA similiarly
(ves.d. Therefore tho discussion conczrning the reiotivnship
batwecn Va(toetal)/BCh o and body waight moy have rol.ovance here
(sc2 p 254).

7. A striking correleticn ves noted betucen wurinery pH cne log
V.UA(Frea).

This ic shown by the follouing daotad=
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T t P

24 male controls -0.488 =2.622 0,02y p>0.01
6 female controls -0.887 «3.840 0.02yp70.01
10 schizophrenic =0.652 =2.435 0.05>py0.02
females

11 schizophrenic -0.304 -0.958 N.S.
males

It has braviously been pointed ovut that a2 correlation existed
between pH and urine volume (in both groups of female subjects).
Uata from the threc groups (40 subjects in all) which showed a
statistically significznt corralaticn betueen loglU VAG/VA( free)

and urinary pH were pooled and the following corrclations obtained:-

T t B
Log, , VAG vse pH -0,4726 -3.,3062 0,01>p>0,001
10 —7=—
\Jr\( f'reo)
LoglU VAG vs Urine vol. =0.3244 -2,1144 0.,057?p20.02
VA(free)
Urine vol. VSe PH. +Doa639 3.228 UoUl)p)D.DDl

From this data, partial regression coefficients were workad cut
using the formula given by Tippett (1352).
This yielded the following corrolatiocns:=

a) between Loglg VAG and pH, after adjustment for the effect
VA(free)

of volume,

r = - 0.4588 and 0.01>p 0.001.
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Figure {44. Plot of Log1O —————— against Urinary pH

_ Va(free)
for the 3 subject groups in which a
significant correlation was found.,
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b) batween Log) g VAG and vol., after adjustment for the
VA(free)

effect of pH,
r = =0.,1929 and py0.1
These calculations demonstrate that it 1s on urinary pH rather

than urinary volume that loglU VAG depends.
VAi(free)

Although valuss of logln' VAG could be corrascted for the
VA(fres)

effect of pH by assuming @ linsar relationship, this has not been
done. Such a linsar relationship seems unlikely in view of the
complexity of the physical chemistry uhich determines the efiect,
a complex subject cvhich is of marginal relevance to the present
thesis,

Fig. 43 shous the data graphicslly, and is worth the comment

that pH appears to exart mcre efiect on log10 VAG below pH 6
VA(fres)

thah it does above pH 6.

Since VA(total)/PCA 5 was not pH dependent (total VA cunsﬁ;ing
largely of VAG), it seemed likely that what depended un pH was the
amount of free VA excreted. In order to establish this, the ratios

VAG and VA(frea) ware derived and the correlation co-
total dose total dose

efficients between thase ratios and urinary pH were determined for
the 24 male contruls. The sanme procedures were repeated on the data

for all females (because of the smell numbers all females uwere
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orouped together).

The following results uere cbtained:=-

VAG UA!fres)

total doss Total dose
pH vs pH vs
24 normal males r «0,2089 0.6084
t ~1,0021 3.5962
p >0.1 0.002>p»0.001
16 females T +0,3888 0,5555
t 1.5793 2.773
p >0.1 0.02>py0.01

from this one would conclude that it is the dependence of
unconjugated venillic acid excretion on pH which is responsible for

the significant correlation batwssan logl0 VAG and urinary pH.
vA( free)

The finding that unconjugated venillic acid excretion is
directly related to urinary pH is not surprising. flilne et al.
(1958) drew attention to the phenomencn of the non-ionic diffusion
of weak ccids and bases in a variety of sites in the body, including
the renal tubule. ueiner and fiudge (1964) in a revicw of this
phenomenon point cut that, with a lipid-soluble compound which is
wecakly acidic, renal clearance is t'ar greater in alkaline urine
than in agcid urine. For a pH dependent effect to occur, s sufficient
degree of lipid solubility Egg‘a suitable pKa ara necesszry. Thus,

uhile PCA and VA hzve pKa valuzs which are very similar =
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(448 and 4,52 respectively : uilliéms, 1858) only VA excretion
depends on urinary pH.

{ieither PCA nor vanillylglycine excretion depend on urinary
pH : this is presumably bocause Lthese substancos are less lipid
soluble, a fact uwhich may be reflected in their low Rfs in the
chloroform : glaﬁial acetic zcid : water system used in the
ostimation of VA and PCA, and illustrated in Fig. 26B p 202.

B. Ane versus I1VUA(total)/PCA <.« This appesarcd only in the group

of normal male subjscts, uhzre the standerd deviation for age was
very small (3.4 yrs.). The most likely explanaticn of the finding
(for which 0.05)p)0.02) is that it is a chance occurrence. for the
sake of completeness it may be noted that the correlaticn was a
positive ocne, with r = 0,3321 and t = 2,2271,

flesults 3. Recovery of metabolites.

Reccvery was cbtained by calculeting the total amount of PCA,
VA and IVA present in ihe urinc speciman, and diUiding by the
dose administered. All valuss ere slight overcstimztes, sincs no

correction has beean made for blank valuss.

fean 2 s.0.
1. 42 normal msles ; 74,02 11,28
2. 13 normal fenales _ 79.25 5,13
3. 11 schizophrenic males 73.76 13.95
4, 10 schizophrenic females 78.33 17.06
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For ditTerences botuwsen yroups ail values of Studentc!' t give
o 0.05.,

It will be noted that reccvery for femnales was someuwhat
gruater then tor males. This was not uhot was cxpected, in view
of tho pussible migration of vanillic acid to Tat depots (which
should be yreoater in females). Further analysis showed that the
difference botwusan recoverics was due to there being more PCA in
the uring of females, recovery of mzthylated metabolites beinn
almost exesctly ecuel in the two sexcs.

Fcan values for tha ratio PCA % for the groups ara, respectively-
daose

46,23, Sl.24, 47.03 and 49,99,
Jifferences bztueen the yroups are not significant.
The clos_ agresmsnt betwsen recoveries in control subjects and
in schizophrenics suggests that cooperation by the patient and
viyilance by the nursing staff uwerc both of & good stundard.

Results 4. The affects of phenothiazines on tho matabolism of PCA.

Orugs presented less of a problem in this study than in studics
with methacetin, because the length of time off drugs bofore testing
tended to bo longer and marked effccts duc to thz phenothizzine
medicetion seemed unlikely to occur.

The transformations that have to be considered are those of

methylaticn and glycine conjugation.
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As far as the activity of C.0.M.T. is concerncd, Hertting
et al., (1961) report that *chlorpromazine does not increase ths
activity of C.U.f.T. in vitrc® (and presumably does not decrecase
it, although this is not stated). Ho reference has besn found to

tha effects of phenothiazines on glycine conjupaticn. In Fig. 42

vi (tota) yi, VA and loglU VAG - are plotted against langth
PCA IVA VA(frec)

of time off drugs. No statistically significant correlations were
demaonstrated.

Rosults 5, The replicability of the PCA tost.

Twelve subjocts of the original control study (chosen largsly
from a conveniently available group of male medical students) uere
‘retested after about ten months. The dosage administered to
sub jects on the second occasion was determined from their weights
at the time of the second test.

For cach subjcct a new pair of valucs was cobtained for the

ratios VA(total),. and JVA(total), . The ratio logla UBG y
FCh PCA , Vi(free)

being dependent on urinsry pH, was not derived in the replicebility

studies.



Results,

First Test

Second Tast

Subjoct o Uﬂééztal)ji Iuaééztal ), UAéEzta]}l’- Ivgé:ctal )
2 84,4 4,06 55.6 .81
4 89,2 4445 70.6 4,03
6 39.4 2,42 £1,3 2.81
9 49.8 3.26 51.0 5.57
19 63.2 5.25 §4,1 3,17
20 51,0 3.90 50.0 4,31
22 B5.8 6485 6l.7 7.44
24 45,7 4,16 58,5 5,97
28 3B.3 2,12 45,1 2,84
31 53.4 3.73 52.8 3.02
35 55,7 4,28 64.4 5,90
36 50,7 4,74 54,1 4.87
Recultes can be sat out as sn afalysis of uariancé
a) for Vn(total) I values.
HFCA
Source of Variation Df. Sum of Sguares fiean Sge F ratio
Butuween pairs 11 1871.80 170,16 3.717
Within pairs 12 549,38 45,78

This value for F is significant at the 0.05 level.
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The 95% confidence limits for the ratio of the variance

cumponents (i.e. the additional variance caused by taking members

of different pairs divided by the 'within® pairs variance) are

b) for IVA(total) .,

PCA ”

Source of variation

Betwesn pairs

Yithin pairs

0.0598 and 5.875

f.

11

12

Sum of sguares ilean S5q. F ratio
33.521 3,047 44,17
8.755 0,730

This value for F is significant at the 0.025 level,

The 95% confidance limits for the ratio of the variance

componants (as defined abova) are 0,128 and 6.65.

Comment.,

The results show that there was more variaticn in tha twe ratios

between these subjects than there was between two results obtainsd

from the sams subjsct on different occasions and thase findings

indicate that the PCA test procedure yields a satisfactory degres

of replicability.

Results 6. Creatinine VYalucse.

The moans and standard deviations (5.Ds.) for three hour

urinary creatinine (to the nearest 0.1 mgm.) in control sub jects

and in schizophrenics were as fullowusi-
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Figure 43 » : :
3 dour Urinary Creatinines; Values obtained during PO

Test Collection Periods.
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liean Standard

values deviation.
Contrul subjects 42 males 215,.2 43,2
13 fcmales 180.6 50.1
Schizophrenics 11! males 239.0 167.0
10 females 151.9 81.5

The important observaticn that casn be made zbout this data is
the higher standard daviaticns cobtained for the schizephrenics. Tuo
of the 21 schizophronics had values above and threc had valucs below
the rango for control subjects (see Fig. 43 ).

Factors influencdng urinary crcatinine. Vestergaard and Leverett

(1558) showed that there was considerable variability bstwzen the
creatinino valuss obtained in separate 24 hour collections of urine
in single subjucts, and comment that creatinine excretion should

not ba usad for checking purposes in short urine collection periods.
Values in shortor collocticn periocds (2 hour periods in their study)
shouwed greater variation than in 24 heur collections and they suggest
tubular variabhility as the cause of this wide varizticn.

Doolan ot al. (1962) showed that increasing dietary protein
intaks From.D.S to 2.5 G/Ké. body weight led to a 10 « 157 increase
in urinary creatinine; Bleiler end Schedl (1962) found a éimilar
type of effect.

8leiler and‘Schedl (1962) and Paterson (1967) found that

exercice brought about little change in urinary creatinine. Cn the
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other hand, Doclan et 21. (1962) found that oxercise slightly
increased urinary creatinine.

Pscheidt et al. (1966) have studied creatinine excretion in
schizophrania (and in mental subnormality). They found a positive
correlaticn botuween urinary creatinine and urinery tryptamine and

ccmment that “sudden large clevations in urinary croactinine and

tryptemine are at times, but not always, associated with a transient

psychotic episode, precedzd or accompanied by a refusal to ezt
preffered focd and a modast loss in body weight.”

They agree with Vestergaard and Leversctt (1958), Paterson
(1867) and Bleiler and Schedl (1862) that daily excretion of
creatinine cannot be used as a basis for exprossing metabolié datae.

Gerard (1964), in an extensive study of schizophrenia, found
urinary creatinine levelé in schizophrenics to relate to reaction
time, those with thz faster reaction times having the higher

creatinine lsvelse.

Urinary Creatining in tho present study was estimated to see whethar

any light could be thrown on the low values cbtained for urinary
crestinine on the subject having abnormal methacetin test results,
One subjsct, E.G. (male, patient 31) produced a very inform-
afive result (and was also a '"pink spot' positive patient). This
subject who weighed 10 st. 12 lbs. had a three hour urinsry

creztinine value of 55.4 mgms. This is 3.7 S5.U.s bzlow the mzan
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for 42 hzalthy male subjects. This subject excreted 75.87% of
the administered dose of PCA in the threes hours after the test
(mean for 42 male controls - 74.02%). Clearly no gross omission
in the thres hour urine collection can have occurrcd.

The valuss cbtained for ucinary creatinine in the two four
hour collections which yiclded abnormal methacetin test results
were 156 and 149 mgms. For a three hour collection these scale
down to 117 and 111.75 mgms. respectively, values which are low
when compared with values fo; nornal subjects (2.3 and 2.4 S,.D.s
below the mean) but are ot low when compared with the value for
subjecet £.G. in whom the value for PCA recovery makes gross urins
collection error highly imprcobable. To discard the methacetin
test resulte 171 and M2 (see p 172) on subject P.B, as invalid
bocause of subnormal creatinine content would seem, on this evidence,
unjustifiable.

Urinary creatinine in other pink spot positive subjects. Three

other patients were methacetin tested at the time that they were
pink spot positive (Nos. 14, 16 and 22, p305-6), Four hour urinary
creatinines on these three subjects' urine were 321, 219 and 208 mgm.
respectiveiy; scaled doun to a three hour collecticn the valuses
become 240.75, 164.25 and 156 mgms. respectively. Thus lou urinary
creatinines aro not inua;iable in subjects showing the pink spot

phecnomenon. This is in accordance with cbservations made by
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Dre h. P, Ridoes (personal communicztion),

Hioh values for urinary creatinine in the present study, Two

values from schizophrenics are worthy of comment @ 339 mgm. for
fewale patient 51 (D.K.) and 704 mgm. for male patient 45 (U.G.).
Theso are 3.2 and 11,3 standard deviations respectively zbove tho
mcans for control subjects of the corresponding sox.

Part of the extremely high creatinine found in D.G. may be
related to his considerable size (180 lbs; 6 ft. 1 in.), yet so
creat is the number of standcord deviations of his creatinine level
above tho mean that this seems inadeguate as the total explcenation
of the creatinine value obteinod. Incemplete bladder emptying

priocr to testing might contribute to both high results, and cannot

be excludad, although the routine of asking the paticnt to empty

he bladder prior to PCA consumption was carried cut end a protost
specimen culy cbtained from both C.xX. and 0.G.
Clinic;l Consideratioung.

The first subject (D.i.) was tested at a time when sho wos

reported to be agitated and tanse, deluded that she was going to
be ezaten by crickets, panicky and distractabls., The second subjsct
( 5.G.) uas reported at the time of testing to be anxious and
agitated and to be suffering from severe persecutory delusions.

He showed considerabla fearfulaness .
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It is cvident that both these patisnts were in a state of
considerable agitation (bocause of the threatening nature of their
delusions) at the time of tusting.

Schottstucdt et al. (1956) in a study of the effects of
cmotional stress on creatinine excretion in normal subjects noted
that the combination of one or wmore cof the foilowing ¢ rcetless
bzhaviour, apprehensicn, excitemznt, anxiety, uneasiness, anger
or aggressiveness uwas asscciated with a rise in urimary creatinine

above basal levels (clthough in their subjocts only by about 10:.).

Bugard and ilenry (1961) found a greater riss in urinary creatinine

levels (and in 17 hydroxycorticeids) in airmen flying jet planes
than in those flying other types of aircraft, and suggested that
the former undergc more emotionzl stress.

Barlet et sl. (1964) oescribed a group of schizephrenics who
showed the combinatiocn of high urinary creatinine, hyperactivity
and aggr=zssicn. derlat's subjzcts alsuw shoued high rates of sodium
and water excretiong, and may correspond to schizephrenics describsd
by Gerarc (1964) who had fast reaction times, high urinary

creatinine, incrsecsed urinary sodium and high urinary volume.

The high values for urinary crecatinine in the two schizophrenics

UeKa and U.G. would seem likaly to be due to a metabolic response to a

very threatening situation.
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Low values for urinary crestinine gbtained in three of tho

schizeophrenics tested. Although throe palients gave values for

urinary creatinine which were ocutside the normal range, cnly ung
uf these values, that for the patient No. 31 (E.G.) is remarkable
the other two low valuss were obtained in very small women, patients
34 (U.0.) and 50(D.P.) who weroc 5 st. 10 1lbs, and 7 st. 1 lb.
respcctively,

The weight of male patient 31 (E.G.) was above average for
the aroup, but his urinary crectinine lay 3.7 5.0.s below thz mean
for control wmale subjocts,.

This patient was, at the time of testing, described as dull,
aimless, withdraun, depressed and showiny reducsd activity. He
was admitted in unusual circumstances, his mothor coming doun to
the hospitel with a report that he would not go to work and was
spending his days in bsd; a mental welfare officer then visited the
houss end arranged aumission. The clinical featurcs in this case
were thus very different from Lhe fostures in the two patients
vescribud abuve who had croetinine valuss higher than normal.

Schottstaedt et al. (1956) described a pattern of behaviour
characterised by reduced activity and feelings of depressiuvn or
exhausticn (in non-psychotic subjscts) accompanied by retention of
sadium, water and potassium end urinary creatinine values which

wzra lower by an average of 9.6y than values obtained during
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'‘tranquil' periods. The patient £.G. presented distinct
rasemblances to this 'lou-activity' pattern of behaviour (and also
had a low creatinine value in the three hour urine ccllection).

A sumewhat similar pattern of behaviour could be discerned also

in P.8. (thc subject with thc abnormal methacetin test rosults),

Sumnary of observations on urinary creatinine in schizophronics.

Two exanples of highly agitated apprehensive schizophrenics showing
high creatinings in the threo hour urine collection and one exasple
of a low urinary creatinine in an inert, underactive patient ucre
found in the present szries and these Tindings are in accordance
with (but may rcpresent an exangeration of) thoso described by
Schottstacdt et al. (1956) as occurring with emotional chsnges of
various types in normal subjocts.

There would appear to be a need for further studies here,
particularly over short periocds of time, since it is the variability
of croatinine excretion which is mentioned by several authors
(cege Scrimshaw et al., 1966) as being characteristic during
emotional stress; conventional 24 hour collections may mask important
short term swings in creatinine excrstion in schizophrenics. It
would also bo of interest to know precisely what symptoms in
schizophrenics were important in influencing urinary creatinine
lagvels, for it is clcar that most &f the schizophrenics cxcreted
amounts of creatinine within the range for control subjects, and yet

shoued considserable clinical disturbancs.
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Discussion of the studies of in vivo methylation.

a) Comparison of methodolocy with that of previocus studies. The

present work differs from studies described in a previous section
(p 41 ) in 2 number of important respedts.

l. It did not concern itself with the methylation of amines, these .
being subject to destruction by amine oxidase sc that methylation
frequently beccmees a relatively minor pathuay. For the substrate
used m thylation was the major route of mzstabolism; because of

the complexity of its metabolism, dopamine #s a poor substrate
with which to study methylztion processes.

2. Previous studies have been concerned with the formation of
DefisPe€e and D.MPJALA, from dopamine, Uori. presented elsewhare
by the author (Price, 1969) has shoun thst a pathwzy for the
formation of 3:4 dimethoxy compounds in man does exist, since 3:4
dimethoxybenzoic acid is a metebolite both of venillic and ico-
vanillic acids. Thus the formation of 3:4 dimethoxy compounds can
occur in tuo steps. Of these steps, methylation in the 4 position
is tho more interesting from the psychopharmacological point of
view, and in the present study a separate quantitative assessment
is made of this process, It is to be noted that Shulgin et al.,
(1569) in a study af the psychotomimetic properties of a large
number of methylated one ring compounds in man (phenylethylamines,

phenylethanclainines and phenylisopropylamines) makes the point
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that the conversion of a 3-«0H group to a 3-0CH3 group tends, on
the whole, tc decrease psychotomimetic activity. 1If this is
correct, the study of 4=0-mathylation becomzs of more relevance

to the proposition that the body wight construct a psychotogen
than dogs thue study of 3:4 dimothylation,

3. liethodological objection can bue raised to the work of Kuehl
(1967) uhose in vitro expcriments on the conversion of dopaming

to .M.P.l. wore carried on tissues collected between 3 hours and
6 days after death, The shortest period betuszen dezth and autoppy
for any of the schizophrenies from whoum livers were obtained was
40 hours; most investigatoers would not regard conclusions deawn
frem the use of such necrotic tissue as having validity.

4. In the work of Friedhotf and Van yinkle (1963) only schizo-
phrenic subjocts were examined : Lhere were no controls.

S. The scalc of the present study is largsr than that of previous
comparativs studies of methylation in schizophrenic and normal

subjects, as shoun by the following list:

Control
Sub jects. Schizophrsnics fethod
Prescnt study 55 21 mainly acutse In vivo
Kughl {1967) 4 10 In vitro
Faurbye & Pind (1967) 1 4 chronic In vivo
Friedhoff & Van Winkle 0 5 Yeconfirmed In vivo
(1963) diagnosis”
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The nced for a sizeable survey in schizophrenia where aetiological
homogeneity cannot be assumsd has already besen stressed.

6. Tho prosent study has, compared with that of Kuehl (1567),

'the disadvantage that a separate assessmant of methylation by

brain tissue uas not carried out, nor was the material used to
examing tha dimethylation of the substrate a satisfactory onc

{(see p 233). The present study is also opcn to the general ob ject-
iocns which can be raised to the pharmacogenetic approach (seo p 115
and 287).

,b) Comparison of results between this study and previous stidiss

as far as the faulty transmcthylation hypothesis is concerned.

The present results are not at variance with the conclusicns of
othar direct studies: with 2 catechol as substrats, it has not
bzen shouwn that schizophrenics methylate differently from control
sub jects.

Tha results obtaeined draw attention to the need (uhich arisas
bzcause methylated compounds may bz lipid seluble) to study
paramecters which might easily be neglected. In the present study
it was recognised that knouledge of urinary pH might be important
for full analysis of results and it is worth noting that urinary
pH could have been relevant in ths present study even if analysis
had been confined to an estimation of plasma levels, since the

latter will be influenced (though not necessarily to an important
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extent) by ronal excretion. What was overlooked at the outsat
was that body fat might also prove a significant variable.

c) Implicstions of the present Tindings for future research.

(i) The possibility that vaniliic acid has an affinity for body
fat hes alrcady been discussed, and such an explanation of the
data, if it is correct, is of particular interest because of its
appearance in a study concerned with schizophrenia. This may,
perhaps, best be put in the ferm of the single statementi-

1. that the distribution of a imsthyleted compcund may be related
to budy build.

This completes a series of statements (thz basis for which
has to somz extent already been discussed):-

2. That scme methylated compounds possess hallucincgenic activity.
3. That sume resecmblances exist between hallucinogenic states
induced Ly crugs and schizophrenia.

4, That schizophrenia is related to body somatotype, baing un~
ccmmon in thowm of pyknic build (Slater & koth, 19698).

One ruestion which comes to mind is whether body fat could
contain biclogically important guantities of amines. The
dependence of vanillic acid exer.tion on urinary pH is duz (in
part) to the lipic solubility of vanillic ccid. Ancther cumpound
the urinary excretion of which is pH dependent is tryptanine

(J.n.G. valt, personal communication). Ooes tryptamine (uwhich
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is of particular interest bgcause its excretion has been reported
to increase during exacerbations of schizophrenia) have an
affinity for body fat?. uwhat other amines do? Does sudden fTat
breakdown rclease amines (including tryptamine) and could this
relate to Kallmann's observation (1953) that a drastic reducing
diet tended to have zn adverse efiect on the clinical state in
schizophrenia? 0Does the body fat of the schizophronic contain any
amines not present in fat from noneschizophrenic subjects? Are
any of these causally important in the discase? If tho preduction
of methylatad (and therefore possibly lipid soluble) amines is
related to the occurrence of the symptoms of acute schizophrenia,
the obase subject might be at an advantage in having a largsr
rcsarvoir of fat.  "uhich MZ twin was the fattest?® could be a
relevant question in a study of twin pairs discordant for schizo-
phrenia.

Research directed at answering some of tha questions posed
above vould seem both worthwhile and practicable.
(ii) The present findings of an inverse relationship betwaen

VA(total); and VA _ would be worth re-investigating by in vitro

/

PCA IVA
techniques, uwhare a less tentative result might be anticipated.

(iii) Further expsriments into the correlation betusen creatinine
excretion and clinical symptomatology would appear to be indicated.

The correlations in the present thesis have been made retrospectively
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and are speculative., Thare may be something to be gained by
carrying out short term collections rather than the more cone
ventional 24-hour collcctions (this is discussed above, p278 e

£ note on the content and conclusions of this thesis,

The present regulations of the University of London governing
the degree of Doctor of Fedicine require the cendidatoc to stato
cloarly "what he considers to be the claims to originality of the
thesis as a contribution to the science or practice of medicine®
and to indicate in what way he advences "medical knowledge and
practice."”

The studies presented here are of an original nature : they
do not attempt to replicate carlisr work by others.

They suggest (as far as the cecmpounds studiod are concerned)
that the demsthylation and methylation processes involved do not
generally differ betwesen schizophrenics and non-schizophrenics,
The detailed study of PCA metabolism includes new and rsasunably
satisfactory mzthodology for estimating the various metabolites
studied and throws light on the mechanism of mothylation in man and
on some factors influencing the distribution and excretion of a
methylated ccwpound which may have applications elsewhere.

The thesis also provides an oxample of a relatively nsw

science (pharmacogenetics) being applied to a long-standing clinical

problem.
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SOME  PRACTICAL IMPLICATIONS OF THE PHARMACOGENETIC APPROACH.

A. The choice of chemical substances for pharmacogenetic

gxperimants with particular refercnce to methacetin and

protocatechuic acid.

Certain criteria for the selection of substances for the type
of experimentation which is prgsanted here deserve attention.
Thzse are summarised in Table XXIII (the numbers of which are used
in the discussion which follouws). Some of the information in this
Table is dealt with at length elseuhers (as is indicated by page
referencos).

l. Harmlessncss and 2. Clinical effects. In administering tests

to schizophrenics where no direct benefit in terms of therapsutic
Tasponse or increased clinical understanding cen be claimed to
result from-the tast, any‘procedure which might cause harm is
cthicalily unacceptable. Toxic substances, or substances responsible
for drug reactions of a non=-toxic type or substances with powerful
pharmacoldgical effects which are not beneficial, are thus debarred
from use,

3. Purity. For metabolic studies, a very high degree of chemical
purity is advisable, not anly»bscause of analyticsl difficulties
which may qrisé when mixtures of chemical-substsnces are given,

but also because impurities may have toxic properties.
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TABLE XXIII Summary of the suitability of the methacetin and PCA

1.

2.

3.

7.

B.

9.

10.

1i.

12,

tests for the experiments in which they were used.

Harmlcssness

Clinical
effects

Purity and
availability

Average dose

Cost of average
dose

lietabolism.

Chemical analysis
Suitability as
Judyed by control
group results.

Sensitive to small

chanyes in rates of

demethylation or
methylation.

Replicable

Rate of clearance
from body.

Stability of drug
and metabolites.

tiethacetin

A single dose
probably as
harmless as a
single dose of
phenacetin,

Analgesic and
antipyretic

Ubtainable in

crystallineg form

(British Drug
Housus)

500 mgm.,

1d.

O=~demethylation

Subsequant conjugation

Faracetamol
available to check
the conjugation
stages if tost
abnormality found

Easy

Suitable

Probably insensitive
(see kinetic studies,
p 128 ).

Yas

Rapid

ilo evidence of
instability.

PCA
ilo evidence of
toxicity in the
dosage given

o cbvious efiects
in dosage given

Satisfactory purity
when obtained from
SIGHA Chem. Co.

1000 mgm.

1/2d.

3 & 4~0e-methylation.

Then glycine
cenjucation,

5 metabolites (possibly 6)

(including unaltered
PCH).

Cumbersone

Suitable

No obvious reason
why thz test should
not be scnsitive.

Yos

Vory rapid

lietabolitus of PCA
stable. PCA stable
in the presence of
mineral acid or
reducing agents.,
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4, The amount of chemical substance to be administered. Thers

are distinct advantages in administering substances (unless they
carry a radioactive label) zt a 1 G. level rather than at a

1 mgm, lavel. Interference in chemical estimation is more likely

to be troublesome when uorking a£ low dosage levels, particulerly

in schiz phrenics who will cften have been taking a variety of drugs.

5. Cost. This should not be prohibitively high,

6., [ligtabolism. Here one is on difficult ground because of the
complexity of the subject. Such factors as rate of absorption,
conpleteness of absorption, distribution in body fluids, metabolic
pathways and their kinetics and clearance of metabolic products all
play a part in determining what is excreted and by what route, and
in whét quantity. But sven in this complex situation certain
criteria can be formulated; thus, a drug which has a large number
of mctabolites is generally unsuitable for study. Suppose a drug

A has products Pl, 92, PS P4 etc.

Yo <p 7
fp47pﬁ P, etc.



In this sifuation, to study enzyms 1, by estimation of A and Pl

is likely to be uninformative, (unless A » Pl is the major
pathway) because, if enzyme 1 were reduced to half quantity, the
difference this made to Pl production could well be masked by the
activities of enzymes 2, 3, 4 etc. responsible Tor A « P2, R P:3
A -apa ctc. A simple metabolic transformation, where tho major
pathway for the substance administered is the pathway one wishes
to study is what the investigator should be locking for. Unfortun-
ately, there may be no drug which satisfies ideal requirements.
Thus in a study of O-demethylation, uhatever the initial compound
administercd, one is likely to have not the single reaction

R - DCH3 < R - OH, but a set of reactions =

R - U[:H:3 9 RUH ¢ R=D-sulphate or R-0-glucuronide because the
phenolic group formed by demethylation is frequently dealt with by
the formation of such conjugates, This is the situation which
complicates a study of methacetin metabolism. Here, however,

R-0H squals paracetamol, Thus, suppose that the stage R-0CH., #+ R-0H

3
proceeds normally, but afault occurs thereafter (as may occur in
Gilbert's disease in which paracotamocl conjugation with glucurcnide
is faulty, Axelrod et al., 1957). Then not only will the metabolism
of methacetin be interfered with, but also that of paracetamol,

tn thz other hand, if demethylation only is at fault and

subséquent metabolism (paracetamol conjugation and the excretion of
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con jugates) is normal, such a cituation will bs recognisable by
normal paracetamol metabelism in the preseace of faulty mcthacetin
metabulism. This exemplifies a resource available to the
investiyator who used the pharmacagenatic approach.

Turning now ta the choice of protocatechuic acid, several
important points necd to be made:-
a) The 3 : 4 dihydroxy configuration is a configuration which occurs
in several important neurochemical transmitters namely dopamine,
adrenalinc and noradrenaline. Choosing a substance such as 3 ¢ 4
dihydroxybenzoic acid (PCA) allouws one to study not only the
gxtremely well known process of 3-0-methylation but alsc the lecss
commonly studied process of 4-0-masthylation.
b) By using an acid instead of an amine or an aldehyde, metabulic
transformations which would further complicate analysis are avoided,
& pharmacological effects are kept to a minimum. Thus the amins
wvhich would be ccnverted to PCA by amins oxidasc (and thence to
the othor metabolites which PCA forms) might well itsalf undergo

methylation, so that one could have:

3 : 4 dihydroxyphenyl methylamine -———— corresponding
aldshyde

l

PCA

l

3 methoxy 4 hydroxyphenyl methylamine ——— VA —— VAG

& &
4 methoxy 3 hydroxyphenyl methylaming —————  IVA —> IVAG
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(fiethylation of thé aldehyde is not shown in the diagram, but
introduces a further possible complication).

An analysis of methylation in such circumstances would be
formidable indeed ¢ only a masuchist would relish it,

Blockage of amine oxidation by M.A.G.1, might ease the
anaiytical problem, but to administer a M,A.G.I. to volunteers
and to schizephrenics would bs unethical, beqause of the dangers
of these drugs, which include worsening of the schizophrenic peychosis.
The phariiacological action of the emine (whatever that may be)
would be considerably potentiated by effective amine oxidase
blockade : in short, such a projzct would be potentially dsngerous,
wholly unethical, and would introduce unnueossary cnalytical
complicatians.,

7. Chemical methods, A simple chezmical evstimation is available

for the estimztion of total paracetamul (free and conjugated) (qev.).
Although no method (excopt gas chromatography which was unavailable
at the timg of study) for dotecting protocatechuic acid and its
mectabolites was available, no great difficulty was found in

working a method out, although tnis method is admittedly someuwhat
cambersoma.

8., Suitability as judged by results in normzl subjects., As farp

as the methacetin test is concerned, the histogram appsaring in

fFig. 17 p. 144 illustrates the point that there is space to the
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left of the histogram uwharc an abnormally low test rosult can be
recognised as such (i.s. in the range 0 - 20i).

Similarly, with the PCA test, Figures 3% p 245and 35
p 246 illustrate thea point that there is space to the right of
the histogram for the "rapid methylators," should such exist.
Furthermore, a relative increase of 4-~0-methylation could appear
to the left of the histograms given in Fige 36 p 247,
8., See p 128,
10. Both tests are replicable (see p 162 and p 269).

11, Clearance of the drug. Rapid clearance of thz drug offers

certain advantages:= a) urine specimens will contain relatively
high concentraticns of metabolites; b) the test period can be kept
short, an important ccnsideration when supervising the mentally
disturbed; c) a shorter interval will be possible betuwszen repeated
tests on the same individual.

B The choice of biolooical material to be analysed.

One quastion to which an answer had to be found at an carly
stage was whether to use blood or urine or both to follow the
metabolism of the administered substances. Three guoestiens had to
be ansucred =
1. Uould psychiatrists having clinical ruespensibility for pationts

permit repocated venepuncture on acutely disturbed schizophrenics?
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2. uWould such venepuncture be-ethical in view of the legal
difficulty in defining 'valid conscnt' ior this group of patients?
3. uould the patients themselves permit repeated blood analyses?
The author was advised at the outset that only urine should be
examinzd bocoause a) the ansuer to quastion 1 was generally likely
to be *ne" and b) the answer to question 3, ¥no" at least for

song of the most disturbed patients (although by no means all).
Gluestion 2 bristlos with difficulties. Those uwho comaitted them-
selves to an answar (the minority) all ansuered "md." Advice to
rastrict analysis to urinc samples was accepted, albeit reluctently.
n its acceptance probably depended thes subsequent satisfactory co-
operation which was aﬁhiuved, so that an adequate number of

acutely disturbed patients were presented for testing. If blood
samples had been insisted on, it seems doubtful whether soms of
these patients would have been presented by their psychiatrists

as being suitable for testing and, indeed, uhothar some

psychiatrists would have presented gny patients for testing.
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FINAL SUMHARY,

LITERATURE SURVEY,

l. Thce resemblance of schizophrenia to the clinical state induced
by the methylated hallucinogenic amine mescaline led to the

'faulty transmcthylation' hypothesis of Osmond and Smythies (1552),
which has zcted as a stimulus for much rescarch.

2. Other methylsted compounds such as dimethyltryptawnine and
L.5.0. share with mescaline the ability to induce hallucinations
in a settinp of clear censclousness; these three compounds show
cruss-tolerance.

3. ftiethyl donors (c.c. methionine) particularly when administered
with a monoamine oxidase inhibitor (fi.A.0.I.), can exacerbate
schizophrenia. Symptoms of & toxic ncoture scem more likely to
occur with very large dosss of methyl donors plus M.AL0W.I. .
Cystein: (which is not a methyl donor) plus M.A.03.I. also appears
to exaccrbate schizophrenia, but cysteine may interferec with
methioning metabolism by negative feed-back. fiethyl donors and
MsheCs1. given together clsvate levels of non-methylated amines
more than docs an c.n.U.le given alone, indicating that methyl
donor fesding does not result solely in increased transmethylation,
4, Dietary methyl donor restriction is reported to confer no
benefit in schizephrenia, but the methodology employed is open

to criticism.
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5. An abnormality in the mstabolism of C14 methyl-labelled
methionine in schizophrenia hss been reported. This abnormality
would be consistent with a larger transmathylating pool in schizo-
phrenics than in normal subjccts.

fe A possible antimsztabclite of methionine, methionine sulphox-
imine has bzen rsported to cause a toxic psychosis in non-schizo-
phrenic subjects, but to bring about improvement in chronic
schizophrenics.

7. A report of benefit in schizophrenia frum penicillamine, a
substance structurally not unlike methionine has received littls
support. It has been suggested that penicillamine might acl by

blocking biochemical transformztions involving transmathylation.

8. Claims have bzen made, but not widely accepted, for the aiTicacy

of nicotinamide, a methyl acceptor, as a tresatment for schizo-
phrenia. The methodology employsd to back up such claims can be
regarded zs less than satisfactory.

9. An association between a disorder of msthionine metabolisn,
namely homocystinuria, and schizophrenia has been noted in several
pedigrsss. uuch an associaticn has not yet been established
statisticaily,

10. The methylating enzyme catechcl=0-methyl transferase has been
acdministered parenterally to four moderately disturbed schizo-

phrenic pctionts, with deterioration in their clinical state,
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11, The claim made by friedhoff and Van Uinkle (1962) that
schizophrenics excreted in thz urina tho methylated amine 3:4
dimethoxy phenylethylamine (9.0.F.£.) uvhercas nermal cubjects did
not, has stimulzted much research. Ffew now agrez with Friedhoff's
original assertion. fany investigators have net found D.M.P.E,

in urine from normal or schizephrenic subjects. Soms have found
it in necrmels as well as in schizophrenics. uothers have confirmed
the presence on chromatograms of the pink spot that friechoff
found ana have suggested alternative identificagtions. Bourdillon
et al, (1965) establisted an association batween pink spot and
schizophrenia for uhich no satisfactory explanation in terms of
any form ol artefact has yet been put f{oruard.

12, U.hH.P.C. given orally in dosage of up to 15 mgm/K has no
psychotomimetic propertiss in man.

13. D.fi.F... 15 metabolized chiefly by amine oxidase. &eU~di=
moethylation is a mincr route of matabolisi.

14, & number of studies have been made of D.Fi.F.C. synthesis frem
dopamine. The metabolism of dopamine is tuvo complex for it to

be an ideal vuustrate with which to study transmethylaticn. From
none of these studies can one deduce that schizophrenics can
synthesize 0.M.P.L., from dopamine while controls ceannot.

15. Reports of S-hydroxy W:l dimethyltryptamine (Bufotenin) in

urine of schizophrenice but not of controls are not convincing
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positive reports have frequently been associated with un-
sophisticated methodology.

16, .Genetic studics tend to support a censtic basls {or schizo=
phrenia, but the mode of inheritance of schizophrenia has yct to
be established.

17. ©Schizophrenia may prove to be an exemple of genctic poly-
morphism, but this is conjectursl. The naturc of any bioclogical
advantage conferred on non-schizophrenic carriers of genes for
schizophrania has not been established.

12. The concept of schizophrenia as an example of genetic poly-

morphism would be consistent with a primary biochemical disturbance

extending beyond the brain itself. Knowledge concornino the profound

psychic disturbances which can occur in disorders classified as
inkorn crrors of metabolism is consistent with such 2 concept of

schizophrenis (B.ge acute intormittent porphyria).

EXPoRINCHTAL SECTIGH 1.

18. The hypothesis is put iuvrward that, in soms or 21l schizo-
phrenics, a deficiency in domethylation allouws methylatec compounds
to accumulate.

20, Odemethylating enzymes appear to occur only in liver microusomas.
21. isychopharmacological studizs indicale that the possescion

of a d-nzthoxy yroup is nccessary but nobt sufficient for a

[

phenylethylomine to pjssess a mescaline-iike @ffect. Uamethylation
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by a liver wmicrosomal enzyme occurs mainly in the 4 position.
This can bes ruoarded psychopharmacologically as z detoxicating
process.

22. Human liver demethylating enzyme studiss are presonted.
23. Demethylation lcads to the formztion of formaldehyde for
which a convenient method of estimation siists. This mathod is
validated for human liver.

24+ Human liver is shown to rcquire T.F./.. and nicotinamide as
coiactors; to demethylate D.iw.F.Z. in the 4 position; and tc
deinethylate methacetin,

25, U.leiveics and methacetin appoar to be demethylatod by the
same enzync; a difforent onzyme demethylates codeine.

26. Difficulties ware experienced with human liver using ths
methods described. Contamination with formaldenyde, opalescence
due to fet and sluggish activity are commented on. Liver from
schizophrenics proved clusive for a nuaber of rossons.

EAPERIMUNTAL SCCTIOH 2.

27. The use of pharmacogenetics (which can be defined as the

study of gonctically determined variations in animal species which

as
are revcaled by the effects of drugs) sugcested itselF/a wvay of

circumventing the difficulties mentiuvned above,

28. lethacetin was chosen as s suitable drug for a pharmacogenetic

study of the demethylation hypothesis since 4~-0-demethylation is
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the major route of degradation of this compound. The O-demsthyl-
ated product of methacotin is a femiliar drug : paracetemol.
29, Proliminary experiments established the validity of the
various labaratory procedures employed in the estimation of

maethacetin. Pharmacokinetic studios indicated a drawbacw : that
subsequent metabolic steps (i.e. the formation and oxcreticn of
paracetamol conjugates) ore rate~limiting.

30, Ths procedure for the administration of methacectin is
described; this is the "fiethacetin test.”

31, This tost was applicd to 53 normel subjects, 24 acute schizo-
phrenics and to tuc groups, each of 31 mental hospital patients,
one group comprising schizophrenics, the other comprising non-
schizophrenics.

32. uith one exception, such differsnces as were found ware

attributable to {sctors other than a diagnosis of schizophraenia.
33, Thu effects of prior consumption of phenothiazines on the
methacetin test results appears tu bs unimportant.

34, The methacetin test yielded abrniormal raesults in patients ill
with non-psychiatric disorders including malabsorption, liver
diseasc and renal disease.

35. In mental hospital patients the methacetin test showed
satisfactory replicahility,

364 Difficulties encountered during methacetin testing in
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psychotic patients were infrequent; these are described.

37. Findings in a single schizophrenic showing abnormal methacetin
tust results are discussed; the possibility of error in urine
collection cannot be absoluiely excluded.

EXPERIMENTAL SECTION 3.

38. Transmathylation was studied by tha aduinistration of 3:4
dihydroxybenzoic acid (protocatechdéiic aecid, 77 ). In the dosage
given, HFCA was expetted to produce no subjective effcects;
subsequent findings accorded with this expectation.

39, The matabolicm of this compound invclues mthylation in
egither the 3-0 or the 4-0 position, producing vanillic acid (Va)
and iscvanillic acid (IVA) respectively, DBoth VA and IVA are
conjucated wikh glycine, yielding vanillylolycine (VAG) and iso-
vaniliylglycine (IVAG) respectively. After orel FCA administration
PCA, VAG, VA, IVAG and JVA all appocar in the urine,

40, Thase metabolites were identificd by a varicty of chromatoe-
graphic methods. Amounts ef IVA (i.e. cf unconjugated IVA) were
tco small to bo measured ccnveniently.

4l. PCA glucuronide is considered to be, at most, a minor
matabolite of rCA. Cvidence of 4-dehydroxylation of +#CA was not
found.

42. iiethods for estimating FCA, free and total VA and the ratio

VA/IVi are described. Interference by phenolic acids other than



FCA and its metabolites was measured and found to bo small.

43. A gas chromatographic method of estimating 3:4 dimethoxy=-
benzoic acid (veratric acid, VRA) in extracts from urine

containing FCGA and VA in excess is describcd. In a limited study
URA was prascnt in urine extracts obtained atTter FCh adainistration
in amounts balow the limits of detection by tha method used

fusually Ui (free and conjucated) was »1007%.
URA( n " 1) )

44, A standard method of administering protocatechuic acid (and

subsequently of collecting urine) is described (the BCA test).

The test was administered to 42 normal males, 13 normal females,

11 male schizophranics and 10 female schizophreznics. A&11 the

. schizophrenics were in the “shiiting phase" of their illness. On
gach urine sanple measurements were made of volume, pily creatininc
- and PCA., Tho total amounts of vanillic acid and isovanillic acid
(total = free znc conjugated) were also estimated in all cases.

Un 30 urincs from control subjecte and all urines from cchizophrenics
a measgrcmant of uncon jugated VA uss made. Theis moasuremsnt gives
cnly an gpproximate rcsult, making no allowance for ths proscnce

of small amcunts of unconjugated IVA.

45, Statistical evaluation of results shoued that:-

a) thore were no significant differences botucen schizoe-
=

phrenics and normal subjects in VAGtutal)y or IVA (total) .5 .
PCA

PCA
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b) VA(total)® was dependent on body ueight in females, both in
BCA
schizophrenics and normals. The data vas to some extont consistaent

uith the hypothesis that VA penetratos into body fat.

c) VA(total) i and IVA(total) . ratios showed highly significant
PCA HCA
currelation (p¢0.001l) in all croups studied.

d) VA (total) % was related directly to IVA (total) . It is

BCA VA(total)
suygested that both may be reclated tc the'svaiiability of mathyl

QTOUES .

e) Unconjunated vanillic acid excrction varied directly with
urinary ple.

4Ce The total recovery of mnetavolites showed sxoellent agrevment
between the Tour groups studicd. This indicates a satisiractury
level of paticnt co-operation.

47. ocricr consuapticn of phonothiazinegs appoared tu have no cffect
en PCA test resultc.

48. Satistactury replicatbiiity for Lhe ratios Vi (total) .
i L it

and Ivha (tctal): was established in 12 normal subjocts,

4S. Thzgg was more scatter in the values obtained for three hour
urinary creatinins in schizophrenics than in normal subjects. This
may related in part to the clinical state, agitated and frightensd

patients having high valuss, apathetie, aneroic and inert patients,

low values,

50. The rasults of FCA testing are compared with those of other
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studies. The prescnt findings have some inpiications for future
resecarche-

a) the susgestion that the methylated coempoune vanilliic acid
penctrates btody fat stimulates one to consider vhethzr other
compounds, including lipid scluble amincs, may do likcwise. 4Such
a hypothesis, could, if related to tryptamine, readily ba invast-
igated. uther corrolariss that seem worth invastication arc also
discussed.

b) The correlation betwsen VfA(total) , and IVA (total) should be

HCA VA (total)
investigated further using in vitro methods; in the present study

the rclationship is put Torward tentatively, being oi a low
order of significence statistically.

c) furthor investigaticns into the relatiocnship betucen urinary
creatinineg and the clinical symploms of schizophreniz would seem
to be indicéted.

o~ a

LiSCUSHISl  OF  THL  PHARNACOSLNETIC  APBESACH.

51. An assecsment is made of the suitability of mauthzaecetin and
protucatechuic acid for thue purposes fur which they uere used.
Boin compcunds have advantages and disadvantages, as has the

pharmacogenetic method itself,
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APPENDIX 1 : METHACETIN TEST RESULTS

TABLE XXIV  Results of fiethacetin Test in Control Sub jocts,.

.8. Percentage demethylated = Amount of demethylated metabolites

in the 4 hour urine collection (expressed as mgms. methacetin)

»x 100 divided by dose in mgms.

flale Subjecte.

No. Age tieioht Dose
yrs. ibs. © 4gms.
1 24 178 612
2 21 167 577
3 19 134 490
4 19 134 490
5 23 128 472
6 24 161 560
7 22 143 525
8 20 217 700
9 19 154 542
10 18 163 577
11 20 146 525
12 20 136 507
13 20 160 560
14 23 139 507
15 21 139 507
16 20 171 595
17 19 177 595
18 20 140 507
19 20 129 430
20 29 174 595
21 22 160 560
22 20 . 138 507
23 19 161 560
24 19 163 577
25 20 146 525

Urine

Vol.

‘mls- .

—rtrem—

510
780
400
450
8560
1080
760
995
700
620
620
950
880
805
755
840
660
395
asn
695
695
940
1310
1300
850

Percentane

demethylated

4843
24,0
32.3
43.6
27.4
20.4
46.3
21.3
30.5
40,5
28.7
34.0
35.5
41,1
44,1
39,3
39.1
39.6
44,9
33.2
38.5
31.1
4440
34.4
a82.9
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llale Subjects

=

26
27
28
29
a0
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
45
47

ine

2l

24
18
17
20
27
43
20
26
18
20
20

21

20

20
22
23

20
20

26
20
19
22

cont/d.

weight

lbs,

174
140
137
133
188
182
134

160
141

168
144
169
228
138
154
140
194
152
166
148
154
142

Female Subjects.

(=2 I & B - N M S

22
22
22
23
22
29

113
140
137
120
172
137

437
507
807
455
595
507

540
610
490
570
480
1240
520
870
630
830
910
720
1310
890
820
670
478
970
o0g
300
790

1200
G20
1160
470
560
480

Fercentage
demethylated.

37.7
48,7
4B.4
45.1
-55.9
50.8
34.0
46.1
4B.9
41.6
34.7
48.7
40.7
46.1
43.9
3645
41.5
4l.2
25.9
46.4
44,6
37.4

27.7
50,2
32.1
56.4
45.6
40.5



: A
Table 25. RESULTS for ACUTE SCHIZOPHRFNICS. (Appendixjgives clinical dectails).
No. Initials Sex Age Weight Dose Urine  Percentage Drugs prior to Pink Spot

Years Lb. mgms Volume demethylated testing. Status.
mls See Note 1. . See Note 2.
Time. Drug.

1.  J.A, M 19 - 140 507 895 31.0 2 days T,S (+)
2. P.D. F 19 142 L37 4260 L8.4 2 days T -
3. D.B. M 28 220 700 455 36.6 40days C -
4. A.C, M 20 42 507 350 | 32,7 10days S (+)
5. G.P. " 26 136 507 570 26.6 . 40days C -
6. J.V. M 23 180 642 180 3343 10days T -

7. P.P. F 37 149 542 765 Lo.4 3 mths S -
8. W.L. M 18 136 507 250 - 2342 ‘ No drugs -
9. K.A, F 16 136 507 680 2L 4 Doubtful S -
10, A,G, M L3 164 577 4160 38.0 Doubtful C -
11. R.F. M 33 163 577 620 26.8 14mths S,A(L) -
12. M,B, M 37 128 472 650 42,5 1hdays S -
13. AM. M 2L 132 L90 265 27.4 No drugs -
14+ B.K. M 28 149 542 360 39.3 3 mths S +

15. E,R. M 29 138 507 290 38.8 3 mths S -
16. V.W. M 27 128 L72 125 Ly,2 8weeks C +

17. V.H. Mo 37 151 542 460 3.7 L mths T,A(2) -
18, D.M, M 36 137 507 375 40.2 4 mths F ' -
19, S.B, M Lo 145 525 500 52,0 Yweeks S -

ctd.
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Table 25 ctd.

No,

20,
21,
22.
23.

9%

Initisls

C.F,
D.D.
S.W,
R.W,

NOTE 1.

NOTE 2,

Sex ‘Age
Years

38
36
18
31

- -

Weight

Lb.

162
132
112
214

Dose
mgms

560
490

437
682

Urine
Volume
mls

120
185
215
285

Percentage
demethylated

5545
3643
L7.4
29.3

Drugs prior to
testing.

See Note 1.,
Time. Drug.
3 weeks S

10 mths S,A(&)
No drugs
Doubtful

Time := Probable drug-free period prior to testing.
key is as follows=-
THIORIDAZINE (Melleril)

Drugs :- The
T
S

Q
ut

F
A

TRIFLUOPERAZINE (Stelazine)
CHLORPROMAZINE (Largactil)

FLUPHENAZINE (Moditen)
Sodium Amytal.
Sodium amytal was given the night before, or two nights, before the test,
in a total dose (in hundreds of mgms) after the figure A,

» = Pink Spot found at the time of the methacetin‘test

(+) = Pink Spot found at some other time.

= = Pink Spot never found.

Pink Spot
Status .
See Note 2,



TABLE XXVa Results for Chronic Schizophrenics.
Initials Sax Age Weight Jose Urine Percentane Lengbh of
lbs mams vol. demgthylatoed time off
mls. drugs.
(see note 1)
Re ficD, M 64 135 490 600 29.0 NeRs
T.F.l. fi 59 169 8577 985 32.7 NeRa
JeTe I 60 130 490 840 29.2 el
JoHe M 59 120 - 455 990 43,0 3% yrs.
F.u, K 83 126 472 445 43.7 4 yrs,
T.H. M 66 128 472 297 40,1 N.R.
c.D. f 60 123 472 540 39.3 iNeFa
FeLos K| 67 127 472 740 34,4 4 yrs.
Fl.H. F 48 94 385 363 25.5 N.R.
HeG, F 55 147 525 490 33.3 1 yr.
C.H. F 67 103 420 136 26.0 NoR. )
FMaGe F 59 156 560 698 41.6 NeK.
R.F. F 54 112 437 170 13,2 1 yr,
L.C. F 69 133 480 465 21,3 NeRe
FoFe i 59 126 472 215 29,0 2 yrs,.
C.fF. i 54 171 555 g1s 30.7 3 yrs.
U.Ke M 59 147 525 980 30.1 2 yrs.
G.S. M 52 136 507 930 30.2 1; yrs.
J.C.C. i 66 105 420 580 38,0 NeRa
JeHe r 47 172 8595 362 32,2 1 yr.
C.li. M 55 116 4585 201 29.6 2 yrs.
FieDe F 45 126 472 370 20.2 2 yrs.
Jef, F 57 102 402 1012 29.7 Ne.K,
Jads i 57 125 472 612 41l.5 N.R.
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TABLE XXVa Cont/d.
Initials Sax Aoa Weight Doso Urine Percentage Length of
’ lbs. mgms Vol. demsthylated time off
mls. druns.
{see note
£.GC. ¥ 52 188 630 702 41.8 S5 yrs,
JeGe M 58 104 420 433 32,2 6 yrs.
A.Be # &0 107 420 484 37.0 5 yrs.
J.C. & 45 154 542 789 17.1 HeFe
AeRe F 62 126 472 570 27.1 2 yrs.
[leids F 87 134 480 777 36.6 2 yrs,.
[eda 62 154 542 233 29,2 Nefte
Note 1. H.H. No record of a course of psychotropic drugs

having been given,.

Note 2.

This applies to Toble

XXVUb also.

phonothiazine therapy in the tuslve months prior to testing.

In none of the patients was there any record of barbiturate or
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TABLEXXVb Results for Non-schizophrenic Flental Hospital Patients.

Initials Urine bength of time
& Les nge  Ueight  Dose Yol Farcentage off drugs.
Diagnosisw yrs.  lbs. mOms mls. demethylated (see iNote 1).
B.B. 6 fi 42 142 5a7 692 40,5 N.R,
R.F. 6 i1 69 131 490 452 15,1 NoR.
F.hi. 2 i 58 126 472 303 45,7 9 yrs.
F.5. 3 [ 72 168 577 413 22,7 R,
R.As B I 65 144 525 710 25.4 N.R.
J.C. 8 I 58 134 480 373 23.8 N.R.
R.L. 9 i 52 130 480 457 41,6 4 yrs,.
R.e € fi 68 134 430 484 18.5 Ne.R.
H.D., 6 M 43 124 472 9504 35.9 N.R.
C.R., & i 64 114 437 695 34.7 18 yrs.
C.C. 6 i 65 98 402 320 25.2 25 yrs.
J.S5. 6 i 46 155 542 653 36,.8 NeR.
JeJe 3 i 71 117 455 227 23.6 9 months,
L.J. 3 - i 69 125 472 296 22.1 4 yrs.
fiade 3 §] 50 145 525 247 28.8 7 months.
R.Gs 4 g 64 149 542 725 28.5 1% yrs.
T.U. 2 I 51 170 577 376 20.3 2 yrs.
J.Ue 6 M 54 138 507 734 29,2 NoR.
U.G. 3 M S6 142 507 352 47.0 N.R.
Gehe 6 § 40 128 472 1163 21l.4 Ne.R.
.Bs 6 F 42 98 402 560 30.1 N.R.
J.B. 6 F 68 96 385 572 30,1 2 yrs.
G.G. 6 F 35 98 402 1003 3841 4 yrs.
Merie B F 49 138 507 875 36,7 N.R.
R.H. 9 F 63 107 420 B64 20.4 1 yr.
E.fi. 6 F 61 197 647 564 26,7 14 yre,

*gspe overleaf.
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TABLE XXVb cont/d.

Initials

&

Dingnosis®

Molde 7
feBa 6
EoBe 6
£.R. ©

6

e
Liglea

Uring Longbh of time
Sa8x g vaight  Doss vol. rarcantsae off drugs.
VIS 1bs. mOMS mls doruthyl ted (see noto 1),

¥ 65 116 455 437 18.3 2 yrs.

F 74 140 507 387 30,5 H I

F 64 135 490 540 12.8 2 yrs.

r 49 220 700 493 27.1 2 yrs.

v 66 140 507 280 24,1 25 yrs.

*The numbir after the initels givos the diagnosis, according to the

following

Wate 1

2.

Keys=

Epiloptic dementia

Go;"‘cln

1
n

“Hysterical psyqopathy.“

Rorsakov psychosis.

vental subnormzlity.

raninguevascular syphilis,

Foste-oncephalitic damontia,

Recurrent depression.

In nong of the patients wss there any record of

berbiturele or phonothiszine therapy in the sevon months

pricer tu testing.
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APPENDIX 2 : PCA TEST RESULTS

TABLE 26. PCA Test : Results for Control Subjects.

Male Subjects,

No. Age Weight Dosa Urine vol, Urinary Creatinine
1 19 124 900 690 6.8 186
2 19 145 1050 508 5.6 227
3 23 153 1100 142 542 293
4 33 140 1000 5885 6.4 287
5 iB 159 1150 345 6.5 231
6 19 169 1200 238 5.8 244
7 23 154 1100 456 5,2 267
8 21 206 1500 278 6.6 236
g 20 142 1000 68 5.9 187

10 21 130 1300 525 5.7 321

11 21 163 1200 618 6.6 272

12 19 179 1300 443 5.3 152

13 19 l61 1150 620 7.1 156

14 22 139 1000 427 7.0 180

15 22 156 1100 472 643 i94

16 32 i 1250 338 7.0 204

17 21 178 1300 293 7.7 240

18 21 143 1000 438 6.3 271

19 19 153 1100 96 5.4 184

20 19 147 1050 707 6.4 151

21 18 157 1150 642 6.2 232

22 20 149 1050 358 6.7 127

23 18 147 1850 346 5,9 240

24 20 162 1150 238 6.5 162

25 20 135 950 85 5.7 195

26 28 148 1050 455 5.9 149

27 23, 227 1650 268 6.1 215

28 18 155 1100 174 5.9 230

211



TABLE 26

Nos

O m N oo s BN

NN NN o e e e e
BN HF O WO~ 0 th & B N = O

24
28
26
27
28

cont/d.

PCA
mgms.

516
502
580
483
695
644
450
555
408
609
616
645
393
315
484
478
676
566
451
580
529
219
463
608
466
342
402
851

Male Subjects

VA(total),, IVA(total)..
pca  ” PCA  ~
49.0 3.18
54.4 4,06
42,8 3.36
5942 4,45
37.3 2.85
39.4 2.42
73.8 6.16
63.1 5.64
49,8 3.26
50.6 4,06
48,5 4,81
45,9 4,06
85.5 7425
88.6 5.52
6643 6.45
67.4 6.82
51,9 3.88
4442 3.23
630 2 5.25
51.0 3,90
65.8 5.10
B5.8 6485
7042 4,17
45.7 4.16
49.1 3.76
55.8 4.82
63,9 6.22
38.3 2.12

VA
Iva

15.4
13.4
12.7
13.3
13,1
16.3
12.0
11.2
15,3
12.5
10,3
11,3
11,8
16.0
10.3
11.6
13.4
13,7
12.0
13,1
12,9
12.5
16.9
11,0
13.1
11.6
11.1
18.0

Logl VAG

0.902
1,009
0.614
1,057
1.045

0.790
0.743

0.762

w
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TABLE 26. cont/d.
fiale Subjects
No. Ags lieight Dose Urine vol,. Urinary Creatinine
lbs.  mams nls. pH mgns.
29 19 139 1000 169 Ge3 195
30 19 147 1050 407 5.9 163.
31 18 156 1100 90 5.4 206
32 19 144 1050 373 5.6 200
33 24 149 1050 598 5.7 193
34 27 130 900 403 6.0 293
35 19 132 950 388 S.4 193
36 19 117 800 228 7.0 196
37 20 165 1200 430 6.8 231
38 20 147 1050 210 5.7 211
39 20 156 1100 485 6.6 207
40 20 177 1300 444 5.3 263
41 23 146 1050 1530 5.9 201
42 19 158 1150 773 5.4 213
female Subjects
1 19 129 900 870 7.2 202
2 20 133 950 482 7.0 293
3 20 147 1050 520 5.2 153
4 24 157 1150 390 5.6 194
5 29 150 1050 ' 265 5.4 213
6 36 126 500 486 5.8 135
7 22 112 800 308 6.2 118
8 26 152 1100 105 5.2 156
9 32 118 850 701 6.4 150
10 23 129 500 0l 5,0 139
11 19 136 950 560 6.5 183
12 20 142 1000 362 5.8 159
13 19 126 900 659 Ged 253

w



TABLE 26 cont/d.

Hoe

29
30
31
32
33
34
35
36
37
38
39
40
41
42

O M =N OO0 N

-
I SR Ty

PCA
mgms

511
526
502
343
608
442
479
460
601
517
498
590
528
595

518
496
405
615
628
430
418
600
471
359
587
462
380

UAgtotalzﬁ

PCA
43, 4
49,2
53.4
82.2
51.2
67.0
55,7
50,7
4846
51.1
6645
64.6
67.4
51.3

48.1
4642
39.8
35,0
41,2
58.6
56.7
39.2
54.8
59.6
43.4
60.4
80.0

/U

fMlale Subjects

IVA(total). . yAa
pca ” IVA
3617 13.7
3.38 14,6
3.73 14,3
6.27 13.1
4.10 12,5
7.26 9.2
4.28 13.1
4,74 10,7
4,23 11.5
5.32 9.6
715 S.3
6,10 10,6
5.08 13.3
4.67 11.0
Female Subjects
3,22 14,9
3.67 12.6
3.14 12,7
2,05 19.0
377 10,9
5,05 1l.6
4,74 12,0
3.22 12,2
3.35 16.3
5.91 10,1
3.95 11,0
5.54 10,9
6,66 12.0

Logltgzs

0.990
1.045
0.876
0.892
1.083
0.698

0.628
1.060

0.816

0.834
l.114

1.204
0.653
0.658



TABLE 27 : PCA Test : Results for Schizophrenics.

Code Initisls 5Sex Age g&. Dose Urine vol. Urinary
g lbs. mgms.  mls. pi
31% E.G. 1 30 152 1100 700 Ge7
32 A.T. m 41 161 1150 135 5.1
3G %« S.l. M 21 111 750 403 649
39 C.i?s M 25 128 900 318 6.5
40 ToH. M 22 130 900 220 6.5
41 Wehie " 19 110 750 225 7.0
42 .G M 30 92 650 505 6.9
43 c.Jd. 8] 17 119 850 135 5.9
44 PeGa M 53 132 950 030 7.2
45 D.G. M 24 180 1300 1030 6.8
46 HeToe f 34 181 1300 730 6.8
33 E.Re £ 39 104 750 855 6,2
34 D.C. F 30 80 550 59 5,3
35 WaCo F 32 110 750 610 6.7
37 JeUs F 28 104 750 125 6.3
38 B.u. F 42 115 800 680 7.1
47 3.F, F 28 153 1100 81 5,5
48 E.H, F 64 143 1000 158 6.9
49 BeH. F 21 125 900 920 7.8
50 D.F. F 29 99 700 655 6,2
51 D.K. F 22 128 SO0 688 7.0

x

* %

H

Pink Spot positive at time of testing.

Pink Spot positive at some time (but not at time

of test).

»



TABLE 27 cont/d.

Code
Noe.
31
32
36
39
40
41
42
43
44
45
46
33
34
35
37
38
47
48
49
50
51

Lreatinine
mgm,

55
129
154
221
294
225
234
218
166
704
228
120

o1
122
109
136
256
138
129

79
339

HCA Vi(total) IVA(total) . VA
mgms FCA PCA © IVA
551 48,1 3.54 13.6
274 7243 646 11.2
298 51.7 3432 15.8
577 40.4 3.15 12.8
437 62.9 7.07 8.9
471 3746 2.38 15,8
267 7243 7445 9.7
375 44.0 3.09 14,2
423 50.4 4,66 10.8
696 51.7 4,11 12.6
595 6643 6,15 10.8
457 45,1 2.84 15.8
170 94,7 8,94 10.6
493 40,0 3.89 10,3
238 79.3 7e43 10.7
515 38.4 3.77 10:2
582 34.0 3.33 10,2
404 37.1 2.72 13,7
491 66.6 6,80 2,8
262 61.1 5.61 10.9
548 58,0 4,03 14,4

Loglnyﬁg
1.3%6
0.997
0.538
1.356
0.930
0.771
0,900
0.933
0,780
0,688
0,655
0.961
1,258
0.799
0.634
0.788
1,810
0.970
0.736
1.072
1.140
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APPENDIX 3 Protocatechuic Acid Test 3 Instructions for

1.

2.

3.

5.

6.

B.

Making Up the Test Solution.

Bubtract 2 lbs. for pyjamas (both sexes) and for indoor
clofhes (excluding shoes) subtract 3 1lbs. for females and

5 1lbs. for males from the uncorrected weight of the subject.
Check tho constitution of the solution against the weight

of the subject.

The PCA should be weighed out accurate to the nearest mgme in
a beaker large enough te hold the final volume.

Add a volume of tap water frum a measuring cylinder equal to
the total volume [INUS the volume of NalH.

Stir and warm gently until the PCA has dissolved.

Add the glqcose. Ueigh this out to the nearcst 0.1 gram,
stir to dissolve.

Finally add the appropriate amount of 1 ¥ NaOH. Stir
thoroughly and check that the final sclutiun is neutral by
applying the stirring rod to pH paper.

Pour thec soclution into a clean medicine boﬁtle, label with

the subjects name and store in a refrigerator until required.
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BUDY WEIGHT PCA N NalH L UCLSE TOTAL voL.

—{ibs). Lingms ) {mls) (G) —{ms)
76-92 550 3.3 4.1 110
63-89 600 3.6 4.5 120
90-96 650 5.9 4,9 130
97-103 700 4.2 - 140

104-111 750 4.5 5.6 150
112-117 800 448 6.0 160
118~123 850 5.1 6.3 170
124-130 960 5.4 67 180
131-136 950 5,7 7.1 190
137-143 1000 6.0 7.5 200
144150 1050 6.3 7.8 210
1514156 1100 & 542 220
157-162 1150 6.5 846 230
163-169 1200 7.2 9.0 240
170-175 1250 7.5 9.3 250
176-162 1300 7.8 9.7 260
183-183 1350 8.1 19,1 270
189-195 1400 B4 10.4 280
196-203 1450 8.7 10,8 290
204=210 1500 9.0 11,2 300
211-217 1550 9.3 11.6 310
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Appendix 4 Brief dstails of the clinical features of ths

acute schizophrenics methacetin tested and of

all schizophrenics PCA tested.

At the time the tests were carried cut, the author was
unversed in psychiatric terminology and unfamiliar with psychiatric
assessmont. He therefore transcribed from the patient's case sheat

those words or phrases which seemed to indicate the areas of chief

pPsychopathology. The objcct of this appendix is to outline each
case su as to indicats the clinical features on which the diagnosis
of schizophrenia largely depended. Unless otheruise stated, the
symptoms were those present at tho time of the test; it will be
evident that some very disturbed patients were psrsuaded to submit
to the test procedurss.

Age is the age of the patient at the tims of testing.

Unset -)test is the length of time between the first symptoms
and the test. f.H. is family history; F.H.-ve indicates no family
history of schizcphrenia. Off drugs S test is the probable length
of time prior to testing that phenothiazines were discontinued (sce
also Tables 25 zand 27 ).

Key to drugs : c chlorpromazine

F = fluphenazine
S = trifluoperazine (=Stelazine)
T = thioridazins



3.

4.

J.A. lale. 19 yrs. Onset 4 test ¢ 3 months. F.H.-va. Auditory
hallucinations; iceas of reference; thought bloc-ing and over-
inclusive thinking. Off drugs ( T and S) 3 test : 48 hours.
Response to phenothiazines : goocd. Discharged 3/52 after
testing much improved. #Hot readmitted in subsequent 18/12.
P.0. Female. 19 yrs. Onset 3 test : 12 months. F.H. =ve.
Tense, agitated, auditorily hallucinated; incongruous affect;
inazppropriate smiling. Off drugs (T) & test : 48 hours.
Respunse to phenothiazines fair. Readmitted 15 months after
testing with auditory hallucinetions, delusions. fanneristic,
affect flat. Subsequently transferred to a chronic ward (tuwo
years after test). |

DeB3. fiales 28 yrs. Onset 3 test : 10 years. F.H. =ve,

Hypochondriacal delusions, auditory hallucinations, gross

thought disorder. liany admissions and discharges over the years.

Tested in remission. Off drugs (C) & test : 10 days. Scveral
subsequznt readmissions.

A.C. fiale. 20 yrs. Onset - test : 4 years. F.H. -ve. At
onset, perplexed, doluded, manneristic. A year later apathetic
with flattened affect. At time of testing aggressive with
delusions of persccution. ODiagnosed as parancid schizophrenia.

Off drugs (S) = test : 10 days. Ten months after testing uwhile

on the .A.0.1. Isocarboxazid ezﬁerienced auditory hallucinations
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5.

6.

7

and simultaneously became pink spot positive (previously pink

spot negative). Several subsequent readmissions, terminating

in transfer to a chronic ward. Responded poorly to
phenothiazinss.
G.P. liale. 26 years. Jdnset & test : 18 months. F.H. +ve,

(mother firmly diagnosed as schizophrenic). Acute onset with

auditory hallucinations, blasphemous phonemas} delusionss;
depressed mood. Off drugs (C) & test : 10 days. Tested while
in partial remission. Subsequently lost sight of.

J.. fMale. 23 yrs. Onset 3 test : 5 years. F.H. +ve, (mother,
brother, sister and paternal uncle firmly diagnosed as schizo-
phrenic). Original features : thought disorder, auditcry
hallucinations, childish and slovenly bchaviour. At test :
withdrawn, inaudible, restless, apparently hallucinated, untidy,
silly. Off drugs (T) ; test : 10 days.

Fair response £0 phenothiazines. Several subsequent re-
admissions culminating in transfer to chronic ward 10 months
after testing.

P.P, Female. 37 yrs. Onsdt 97test t 10 - 12 yrs. fL.H. =ve.
ARggressive, strange in manner, uncooperative, Pravious
auditory hallucinations. Thought disordor present. fo druds -

Y
(s) é'test : 3 months. Good response to phenothiszinas,.

Discharged 3 months after testing and not readmitted in
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8.

9.

10.

sﬁbsequcnt 2 yrs. to the hospital in vhich she uéé tested.
U.lL. Wale. 18 yrs. Onset » test : 1 month. F.H. =-ve.
Fatuous, bizarre behaviour; delusions of persecution;
manneristic and grimacing when interviewed. No drugs prior
to testing. Subsequently responded‘uell tn chlorpromazine;
discharged after 5 months and not readmitted (to the hospital
in wvhich he was tested) in subsequent 2 years.

KeNo female. 16 yrs. Uﬁset ¥ test : 12 months, T[.H. -va.
OUnset with depressed mcod. Rcadmitted at fime of test tense,

restless, muttering to hallucinatory voices, sullen, negative

. istic. Off drugs (S) 2 test : probably several months. Fair

response to phenothiazines but saveral subsequent readmissions
with marked auditory hallucinations,

A.G. Male. 43 yrs. GOnset & test : 12 yrs. F.H. -va.

Spveral admissicns prior to testing. At time of test delusions
of persccution; probably hallucinated (auditorily); thought
blocking present. Off drugs (C) ¥ test : doubtful. Several

subsequent readmissions when frankly hallueinated.

11.R.F. Male. 33 yrs. Onset test 4 16 yrs. F.H. =-vg, for

schizophrenia. One brother mentally subnormal.
Onset with abusive phonemes. 8 fgrs. later : readmitted,
manneristie, thought disordered, blunting of affect. Low I.Q.

(#.A.1.5. 76). At time of testing ¢ withdrawn, manneristic.
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12.

13,

14,

15,

Off drugs (S) = test 14/12 probably. Poor response to
phenothiazines. Subsequently readmitted and transferred to

a more chronic ward,

feB. Male. 37 yrs. Onset <ytest : 5 yrs. F.H. of psgcho-
neurosis but not of schizophrenia. Nervous, agitated,
delusions of persccution, thought broadecasting, blunting of
affect. Uff drugs <) test : 2 weeks. Fair response ta
phencthiazines. Not subsequently readmitted to hospital uhers
tosted (2 yr. follow-up).

A, Fals. 24 yrs., Onset § test “a few months." F.H, -ve,
Failure of concentration, declining work record, odd, slow,
thought disordersd. Some obsessional thoughts, e.g. "bugger
God." WNo record of drugs prior to test. Fair response to
phenothiazines. A year later : readmitted with "acute
gxacerbation of chronic schizophbrenia" but notes very scanty.
BeKse flale. 28 yrs. Onset = test : 2 yrs. F.H. Adopted child,
At onset : delusicns of persecution. At test : perplexed,
auditory hallucinations, deluded, thought withdrawal. Off
drugs (S) < test : 3 mcnths probably. A seaman, the patient
subsequently sent from various ports letters suggestive of
continuing schizophreniaj; not subssquently readmitted.

E.R. Male. 28 yrs. Onset < test : 4 yrs, F.H, -ve. At onset

hallucinated, garrulous, knight's-move thinking. A ysar later :
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16,

17.

18.

phonemes discussing him in the third person; aggres sive
towards these phonemes. At test : delusions of persccution;
thought disorder. Hallucinations denied. Passivity
experiences. fo drugs (S) -7 test : 3 months probably. Good
response to phenothiazines. Subsequently lost sight of,

V.U, W#ale. 27 yrs. Onset & test : 6 months. F.H. not
recorded. Hypochondriacal delusions. Auditory hallucinations:
“a woman's voice.” Laughing, giggling. Off drugs (C) =) test :
B8 weeks. Poor response to phenaothiazines. Slight improvement
after £,C.T, Subsequently returned to Eire.

W.He. flale, 37 yrse. Onset < test : 6 yrs. F.H, =ve. At

test : sullen, uncooperative, aggressive uwhsen disturbed; affect
flattened; subsequent auditory hallucinations and persecutory
delusions. Off drugs (T) = test : 4 months probably.
Phenothiazines led to improvement and discharge after four
months. Not readmitted to the same hospital in subseqguent 18
months.

D.ft, [ale. 36 yrs. Onset < test : 13 ysars. F.H. =ve.

Four years beicre test : mute, inacccossible, flexibilitas
cerea. At tast : quiet, withdrawn, auditorily hallucinatsed
wvith abusive phonemes; neyativistic. Off drugs (F) ¥ test :

4 months probably. Good response to phenothiazines and E.C.T.

Not readmitted to same hospital in subsequent 18 months.
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19.

20.

21,

22/36.

S.8. Male, 40 yrs. Unset 3 test : 16 yrs. f.H. +ve, sister
firmly diagnosed as schizophrenic. Admitted 4 yrs. after
onset with delusions of persecution; aggrossive, confused,
thought blocking, auditory hallucinaticns. At time of test @
euphoric, aggreSﬁue, deiusions with delusional percoption.

OFff drugs (S) % test : probably 3 - 4 weeks. Good response to

phenothiazines. Discharged uwell a month after testing. Remained

well on outepatient phesnothiazines ( 2 yr. follow-up).

L. F. flale. 38 yrs. Onset % tast : 4 yrs. f.H. -ve. One yr.
after onset : deluded; obsessed with religious ideas; thought
alienation. At test : deluded, worried, anzious. Exacerbation
due to his stopping drugs, {(Trifluoperazine/Artanc) 3 wseks
before admission. Good response to phenothiazines and satis-
factory cut-patient progress (18 months follow-up).

D.D. Male. 36 yrs. Onset ? test : approximately 9 yrs. F.H.
not obtained. 2 yrs. after onset diagnosed as paranoid schizo-
phrenia. At test : guarded, withdraun, apathetic, delusions of
persecution, auditorily hallucinated. Off drugs (S) ? test
10 months. Fair response to phenothiazines. Subsequently lost
sight of.

S.W, Male. 18 yrs, 0ld when methacetin tested, 21 when PCA

tested. F.H. unavailable, patient adopted.
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23.

3l.

Onset « methacetin test : 3 months.

Unset & PCA test : 2 yrs. 7 months.

At methacetin test : grimacing, grinning, delusicns of grandeur,
thought bloeking., Little spontancous speech., Hallucinations
doubtful. o drugs prior to methacetin test. At PCA test :
withdrawn, grossly thoucht disordered, apathetic, manneristic
posture. UOff drugs (5) S PCA tsst : 5 weeks. Again very poor
response to phencthiazines. A grossly disorganised individual,
who is now in ward for chronic psychotic patients.

R. Y, FKMale. 31 yrs. Onsst 9 test :; 18 months. F. H. report
(unconfirmzd) of schizophrenia in a first cousin once romoved.
Auditory haliucinations, delusions. At test : grossly deludsd,

hallucinated, passivity expsriences, thought disordersd. Off

drugs - test : doubtful, probably very irregular tritluoperazine

prior to testing. HResponse to phenothiazines : good. Discharged

2 menths after tusting. Patient subsequently attended out-

patisnts and remained well (18 months follow-up).

Code Wos. 24 - 30 not used.

E.G. Male. 30 yrs. OUnset & tost : 2% yrs. F.H. doubtful -
mother "odd, 7 subnormal.® At onset ; puzzled, many bizarre

delusions, clarig associations ++, At test : dolusions of
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32,

33.

34.

persccution, delusional perceptions. Thought broadcasting.
Apathetic, reduced activity, aimless bechaviour, little
spontanecus speech. Off drugs, trifluoperazine =ptest :
probably 6 months. RModerate response to phenothiazines, which
he continu=d as an ocut-patient.

A.T. HMals. 41 yrs. Onset - test : several months. F.H. -ve.
lLack of interest, dull,apathetic, flattening of affect.

Uelusions of grandeur. I!lo drugs prior tu test. Slow response

to phenothiazines. Remained in hospital throughout the 15 month

fellow-up,.

E.R. Ffemale. 39 yrs. O0Onset < test : 14 yrs, F.H. fother
mentally ill, probably a depressive illness., fl.He.-ve for
definite schizophrenia. f{iany previocus admissions. At test :
cull, apathetic, solitary, monosyllabic, admitted to hallucin-
ations but would not detail these. Delusions abput neighbours
persecuting her. Off drugs {triflucperszine) ¥ toest : 4 months.
Fair response to Stelazine. Tuo subsequent readmissions with
similar symptoms.

C.0, Female. 30 yrs. OCnset » test : 12 yrs, F.H. «ve.
Ilute, ineccessible, mannerisms and stereocotypies, forced
grasping, fitmachen and FRitgehen., A "manneristic catatonic.”
OFf drugs (T) before test for 4 - 6 months. Poor response to

phenothiazines. Transferrsd to a longestay ward. (This patient
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35.

36.

37,

38,

was admitted from a nursing hueme and had been in the state
described for many months prior to admission),.

W.C. Female. 32 yrs. Onset 9 test : 2-3 yrs. F.H. ~-ve.

Prior admission to othor huspitals. At test ¢ manneristic,
gigoling, restless, thought disordered; thought insertion,
delusions of persecution, auditcrily hallucinated . Off drugs
(thigridazine) S test : 3 months. Fair response to pheno-
thiazines. Subsequently lost sight of.

This patient is also No. 22; he was tested both with methascetin
and PCA.

J.4Y. Female. 28 yrs. Unﬁet Y test ¢ 2 yrs, F.H. -ve.
Insidious onset with ideas of reterence, doubtful phonemess,
hypochondriacal and anxious. At test : 2 months post partum.
Excited. Hallucinations, chiefly auditory but a shadowy visual
hallucination alsc occurred. Auditory hallucinations speaking
of patient in third person. fassivity expericnces, thought
insertion and thought broadcasting. NG drugs prior to test.
Settled quickly on phenethiazines and discharged in cne monthe.
No subcsequent symptoms (12 months follow=-up, off drugs 6 months).
B.w. Female., 42 yrs. Onset o test : & yrs. F.H. ~ve. At
ohset : agitated with abusive phonemss. Voices speaking about
her in third persun. Delusions of passivity. At test : 4 weeks

post partum. Ueluded, auditory hallucinations,
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39,

Gedankenlautwerden. Off drugs (C) » test : 3 weeks. Good
response tc phenothiazines., Remained wsll as out patient,

(on drugs) during 12 month follow-up,

C.F. fisales 25 yrs., GOCnset % test : a few weeks. F.H. -ve.
Lethargiec, withdrawn, delusions of persccution, thought
blocking. Peculiar behaviour, &.Q. inserted pennies into his
shoes. Flexibilitas cerea. No drugs prior to test. Excellent
response to Haloperiodel. Rot readmnitted to the hospital where

he was tested in 14 month follow-up,.

-~

40,T.H. Male. 22 yrs. Onset % test ¢ 2 yrs. F.H. +ve, one

41,

brother firmly diagnosed as schizophrenic. Inccherent, deluded,
(thought he had the seecret of the cobalt bomb). Auditory
hallucinzations. Thought alienetion, gross thought disorder.
Urugs prior to test - a single dase of 10 mgm. haloperidol on
previous day. Otheruise none for 4 months (before this
chlorpromazine). Good respense to phencthieszines. Attended
out-patients, well and working (12 month follou-up).

UeA, f[iale. 19 yrs, Onset -)test : several years. Insidious
cnset., F.H. -ve. Strange, withdrawn, apathztic, manneristic.
Affect considerably flattened. Of poor intelligence, Hut

uith considerable deterioration in performance gradually ocver
4 yrs. Oiagnosed as schizophrenia simplex. Gff drugs (C) 3
test : prohably three months. Poor response to phenothiaszines.

Transferred to a long-stey ward.



420

43.

44,

ii.G., Maloe. 30 yrs. Unset W test : a few waeks. F.H. +ve :

one sister firmly diagnosed as schizophrenic. Paternal
grandmother "probably schizophrenic.® Previous ulcerative
colitis but no steroids and no other drugs for several months
before test. £.5.id. school. At onset : grossly deluded,

with some delusions of grandeur. Delusional porceptions.
Somatic passivity experiences, wvverinclusive thinking., Good
response to haloperidol. ODischarged, but thereafter lost sight of.
C.J. Fiale. 17 yrs, Gnset'§ test : several months. F.H, ~ve.
Admitted with an overdose of Artane; transferred to mental
hospital after one weck. Delusions of persecution, ideas of
reference, thought disordered. Off drug (T) ;’test : 3 weeks.
fair response to phenothiazines. Ramained well on drugs,

(6 month follcow-up).

P.G. Male. 53 yrs. Unsst gtest $ 17 yrs., F.H., =-ve. A
number of admissions previously with delusions of persecution,
hallucinations mainly auditory, pessivity experiences. At
test ¢ deluded, azuditorily hallucinated. OFf drugs
(trifluoperazine) prior to test : probably 2 - 3 yrs. Good
respense to phenothiazines. No readmission to hospital where

tested in subsequent 12 months.
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45,

46-

47.

D.G. fMale. 24 yrs. Onset =y test ¢ 6 yrs. F.H. +ve; brother
definitely schizophrenic. Initial symptoms : panic feelings,

bouts of doprassion. Later apathetic, depressed. Five years

after onset : marked persecutory delusions. At tegst : thought
disordered with word salad, delusicns of persecution+++,
passivity experiencess anxious, agitated. OFf drugs (C) -y

test ¢ 2 months. Good responss to haloperidol. Two subsequent
admissicns with delusions of persecution‘during 12 month follow-
ups

H.J. fale. 34 yrs. Onsect 9 test : 9 months. F.H. maternal
aunt a;parently suffered delusions but no firm diagnosis of
schizophrenia made. At test : systematised delusions of
persecution (that the post office was framing him using
concealed microphones). Auditory hallucinations doubtful -

"a high pitched tone."™ 3ff drugs {Triflioperazine) < test
probably 2 - 3 months. Good response to haloperidol., Discharged
within ona manth, thereafter lost sight of,

8.F, Fomale. 28 yrs. Onset @ test : 11 yrs. F.H. -vg,
(although husband is firmly diagnosed as schizophrenic). At
onset : muts, gigylinyg, fatuous, manneristic, auditorily
hallucinated. fany admissions up to (and after) time of test.
Off drugs (C) <P test : at least 3 months. At test : silly,

thought disordered, thought blocking, thought broadecassting,
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48,

49,

50.

probably auditorily hallucinated. Fair response to pheno-

thiazines.

£.H. Female., 64 yrs. Onsst Dtest : a fou ueeks only. F.H.+ve,

son firmly diagnosed as schizophrenic. At test : suspicious,
celusions of persecution, gross thought disorder, neologisms,
auditory hallucinations. No drugs prior to test, Excellent
response to phenothiazines. uell at follou-up (8months) on
drugs.

B.H. Female. 21 yrs. GOnset & test : difficult to judge 7
several yrs. F.H. -ve. 0Oeteriorating work record; shallou
gmotional response notad by mother. Inconsiderate, apathetic.
Diagnosed (by the lete Professor F. 3J. Fish) as simple schizo-
phrenia., Wo drugs prior to testing. Poor response to pheno=-
thiazines. Patient not subscquently readmitted but remained
dull and affectively blunted.

D.P., Female. 29 yrs. Onsst 9 test : a few weeks. F.H. -ve.

Celusions of pcrsecution centering chiefly around husband.

Strange, silly behavicur, hypochund%@%l complaints ++. Disorder

of the experience of time, which "suddendy stopped and

started a hundred times ss fest." HNo drugs pricr to test.
Symptoms settled without trestment, but recurred in more florid
furm 3 wonths later, with delusions of parsecution and abusive

phonemzs. Geod response to phencthiazines.
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51.

D.K. Female. 22 yrs, Onset <ytest : 3 weeks. F.H. ~ve.

Banic attacks, hallucinations, chiefly auditory. Inapprop=~
riate siniling and silly chatter, "posturing which she will
not axplain." o drugs prior to test., Good response to
phensthiazines. Attending ocut-patiants, well, (on drugs)

at 9 monthn follow-up.
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