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After a general introduction and a short historical background of

psychopharmacology, the relevant literature on mescaline is reviewed. Seme

of the problems concerning experimental design in psychqphaimacciogLcal research

are considered.

A series of experiments was conducted to investigate the effect of mesca¬

line on behaviour in the hooded rat. Several analogues were also studied in a

CaR (shuttle box) situation and in an activity (open field) situation. It

became apparent that the experimental parameters involved were important since

the findings obtained with a given drug differed according to the circumstances.

The results showed that mescaline (25 mg/kg) had a biphasic (inhibition

followed by excitation) effect where the shuttle box was concerned, but only an

excitatoiy effect in the open field. 3,V-dimethoxypherylethylamine was found

to be mainly depressive in action in both experiments, whereas N:ft-dimethosqy-

phenylethylamine apparently acted as a stimulant. Other analogies of mesca¬

line were also tested in the CAR situation and the possible implications of the

findings are discussed.

It was decided to study mescaline further in order to see whether a

specific drug profile existed. The tests used were conflict and the perception

of depthj the possible presence of ataxia and peripheral effects were also

checked. In a conflict situation, a biphasic effect similar to that of the

CAR experiment was seen. Perception of depth, as judged by the visual cliff

and the hole test, was affected, but not biphasically; the animals appeared

fearful for at least two days after the dmg injection. Ataxia was present at

50 mg/kg of mescaline, but not at 25 mg/kg; however, at the latter dose level,



the ability to grip was impaired. Further analysis of the results showed that

either age or strain, or possibly a combination of both, affected the behavioural

profile of the CaR after the administration of mescaline.

Mescaline does not apparently have a consistent behavioural profile when

several tests are used to assess its effects. alternative hypotheses as to its

action are presented: the first suggests that there is an unknown secondary-

metabolite present which is responsible for the changes in behaviour. The second

is that an animal learns rapidly while under the effects of the drug, and that

this learning is retained. It would appear that the central nervous system and

the autonomic nervous system are both affected by the drug, ani that peripheral

effects are present.
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I. GnNJKRab INIhuDUCTIUN.

The thesis begins with a brief historical background to psycho-

pharmacology, in an attempt to show how pharmacology and the treatment of the

insane evolved independently, and finally interacted. This is followed by a

discussion of the major biochemical theories of schizophrenia. Since it was

upon one of these theories, which involved mescaline, that the work for this

thesis was based, the literature relevant to the drug is reviewed in Chapter

IV and is subdivided into biochemical and behavioural studies. In the follow

ing chapter seme of the problems of evaluation of drug effects are discussed.

The remaining chapters are concerned with various experiments which have been

carried out by the author on the effects of mescaline on rats; each chapter

has an introduction giving a brief resume' of the literature relating to the

particular" experimental technique involved, and is fallowed by the method

employed and the results obtained in each instance. Finally, there is a

general discussion in which the major findings and possible interpretations

of the effects of mescaline on the rat are examined.

It should perhaps be emphasised at this point that the original

work for the thesis began in 1962. Then, remarkably little was known about

the effects of mescaline on behaviour, although several in vitro and in vivo

studies had been performed, albeit somewhat haphazardly. bince 1964,however,

mary more research workers have started to examine this particular hallucino¬

gen in behavioural contexts, and it is possible that ideas concerning this

particular drug may undergo radical modifications in the near future.

Consequently the literature reviews contain references to work

which has taken place recently, in the belief that the results will assist

not only with the interpretation of the work to be reported here, but in
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building up a more comprehensive picture of the effects of mescaline on animal

behaviour than would have been possible if such references had been emitted.

although this thesis may be termed psychopharm&cological, since it

began as part of a larger research project into the biochemical basis of

schizophrenia, the experiments to be reported are in the category of "animal

behaviour". Hie author's intentions have been to try to observe the behavi¬

our of an animal under certain constant drug dosages while varying the experi¬

mental parameters. The experimental approach tends, therefore, towards that

of the comparative psychologist rather than that of the pharmacologist.
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II. hlbfUhlCaL IM'KOJUCTloW.

Psychopharmacology is a young uiscipline and. it was not until the

1950's that it was fully recognised as such. Its emergence as a distinct

science probably took place in 1996, when Iir&nta and Carr, in their text book

on pharmacology, devoted a large section to the treatment of the mentally ill

by means of drugs. The dramatic expansion of psycuophannacology began about

1953. and was the result of pharmacologists and psychiatrists amalgamating

their resources in an effort to modify the behaviour of psychiatric patients.

Ihe properties of certain drugs and their requisite doses have been

known for centuries. hemlock, belladonna, opium and digitalis ore but a few

examples. In the Far bast, cannabis was (,and la) frequently used in prefer¬

ence to opium because, although the narcotic qualities are similar to opium,

the physical side-effects are considerably less. menthol, being both sooth¬

ing and antiseptic, has been used by the Japanese for the last 400 years.

Peyote plants, too, have been used in hexico to produce hallucinogenic effects

since at least the 16th century. Thus considerable knowledge of naturally-

occurring drugs has been acquired over the centuries, some b eing taken to

alleviate physical illnesses, others to induce sleep On' even hallucinations.

However, although physicians in ancient and mediaeval times had a

very good idea of the different symptoms of such drugs as opium and belladonna,

and the effects of certain purgatives ana emetics, they did not know way these

effects occurred or which organ was affected. Thus pharmacology was depend¬

ent on the development of chemistry, physics, physiology, pathology and med¬

ical diagnosis, and wa3 primarily the result of strictly experimental methods

being applied to physiology. barly in the 19th century it was also found

that certain active principles exist in some plants (for example, the alkaloids)



4

and that these could be extracted as chemically pure substances. Studies on

the effects of diugs on animals go back as far as the last centuzy, and in the

human field, original studies on the effects of caffeine on behaviour were

carried out by noliingsworth in 1510. more recently synthetic derivatives

have also been produced and tested, and the first three drugs to be used exten¬

sively in clinical treatment were reserpine, coLorprumazine and meprobamate.

i'he progress of pnarmacoiogy has, to all intents and purposes, been

slow but steady, hampered prxmarxly by the lack of knowledge in allied scienti¬

fic disciplines.

'i'he treatment of the mentally ill has been more devious; in fact,

the establishment of proper hospitals did not take place until the 19th century.

Historically, it is interesting that in ancient Egypt and Greece the insane

were treated as individuals suffering from disease; Egyptian priests employed

music, art and nature as part of tneir remedial tx-eatment, together with recrea¬

tion and some form of occupation. a Greek physician advocated kindly treatment,

the use of music and manual labour, and he protested strongly against any form

of mechanical restraint (Encyclcped. Brit. 1902). Europe, however, took a

retrograde step, and in the Middle ages the prevailing idea of the pathology of

insanity was that of demoniacal possession - an idea dictated primarily by con¬

temporary theology and one which was to persist for many centuries■ Consequently

the insane were regarded with abhorrence; tney were tortured, thrown into dun¬

geons, chained, and exhibited as wild beasts to the public - a sight which in

this countiy made profound impressions on such differing, personalities as Pepys,

Boswell and Hogarth. as late as 1840, the majority of asylums throughout

Europe still employed chains, irons and flogging; despite Pinel's freeing of the

lunatics in Paris in 1792, his pupil, Esquirol, was to write a hair-raising

account, 25 years later, of the way in which these poor creatures were kept:
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"These unfortunate people are treated worse then criminals, reduced to a con¬

dition worse than that of animals .... deprived of all the necessaries of

life" (Lncyeloped. Brit. 1902). To take an example in London, the Bethlehem

Royal Hospital is mentioned in 12+03 as a "hospital for lunatics", but it was

not until 1813 that a Committee of the House of Commons found the management

of the hospital so appalling that it ordered its immediate reformation (hncry-

clpped. Brit. 1902). It is fascinating and yet horrifying to coupare the

methods of therapy used in ancient bgypt and in the 20th centuxy. The inter¬

vening centuries of dogmatism and lack of humanity represent the "Dark ages"

where treatment of the mentally ill is concerned.

However, in the latter half of the 19th century matters took a more

hopeful turn. The first investigator to undertake systematic research in

psychcpharmacology, Krflpelin, published an essay "on the influence of several

medicaments on aiu+ple psychic processes" in 1892. At the turn of the century

he is noteworthy not only for his division of the functional (as opposed to

organic) psychoses into dementia praecox and manic-depressive insanity, but

also for the suggestion that all mental disease was the result of some meta¬

bolic malfunctioning.

Prom then on treatment was progressively better, and more clinical

and research workers became involved in a search for methods that would restore

a mentally sick person to normality or at least alleviate his symptoms.

In the 20th century, drugs such as chlorpromazine, reseipine and

meprobamate became increasingly important in psychiatric treatment. Neverthe¬

less, the psychoses remained baffling; some were obviously organic, arising,

for example, from brain injury; the causes of others were not so obvious.

Then, in the 1930's, the hallucinogens attracted notices when taken by a
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normal fxsruoti, they simulated a psyeaosis tor a short time. The following

ucations arose: #a» oiis similarity of ay.Bitorccu between the sdiiaophrerdc

patient and a normal person under the Influence of an hallucinogenic lra>

analogous or hOEaologoua? If analogous, wtgf. If hoaologaw, again, why,

and ini^ht tnis provide a lead to the c«i»a of schizophrenia?

tit course, not only the h&llucinogsnio drugs have been stalled,

k&ny otiier psyeniatrio drugs, aucu as cfaloaproKisisine, lucre been subjected

to intensive investigation, ana the thousands of psyehopharisaculagy .research

reports published during the last decade illustrate the £ rowing number of

research workers in this field.

The hallucinogens are, however, the mart difficult to investigate.

Very small loses may produce no physical aide-efl'ectr. and yet affect the

central nervous ays tew in a profound way. introspective reports from human

subjects are valuable but limited, primarily because they arc subjective,

quantitative and qualitutiva measurements of behaviour, objectively asseasel,

art- essential. For these purposes, for ethical reasons ani in oner to ixy

to ascertain the spectrum oi behervloural patterns affected, it is necessary

to use animals. To .judge by the literature, rat® are most commonly used,

since they are easily bred, easily handled, small ana exj>er*d ible. lets ware

also used in the work for tails thesis, so that ary results obtained might be

directly compared with studies of other drugs, thus avoiding the hasarda of

caraaa-species comparison and generalisation.
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III. BIuCHOaCaL THbQRIhS CUNCEHNING SCHIZIPHBEKIA.

Background.

In psychiatry, clinical interest has tended to focus to a greater

degree on the psychoses tlxan on the neuroses. a neurotic patient is one who

is generally considered to be suffering from a minor behaviour disorder which

normally only requires out-patient treatment. In a psychotic patient, on the

other hand, a severe personality disorder has occurred, and hospitalisation is

usually necessary. Because of the severity of this disorder, the problems of

diagnosis, treatment, prognosis and prevention are mary.

In an attempt to clarify some of these problems, most clinicians

have subdivided the psychoses into either organic or functional disorders.

The organic psychosis is one that follows physical changes and deteriorations

in the nervous system. The functional psychosis, on the other hand, is one

which is caused by ".... purely psychological factors. No detectable deter¬

ioration in the victim's nervous system accounts for vthe, symptoms. xill

that can be said is that the personality does not function properly" (Sperling,

1957)•

xi dichotomy of this nature may be useful clinically. «here research

is concerned, it has long been regarded as misleading. since about 1520, many

have felt that "organic" and "functional" are two aspects of physiological mal¬

functioning rather than two unrelated disease categories, one of which is physio¬

logical, the otner psychological. Taking s<±tizqphrenia as an example, this

disease has been (.and still is) clinically classified as falling into the

"functional psychosis" category- bchizophrenic illnesses appear in maiy forms,

but two factors which all these illnesses appear to have in common are that the

patient is dissociated from reality, and this dissociation is frequently accom¬

panied by hallucinations occurring in one of the sense modalities, usually
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auditory or visual. Such an illness may be chronic or acute and is often asso¬

ciated with thought disorder and marked disintegration of the individual's ego

boundaries•

For some time the research approach to this illness was empirical, and

the clinical urganicy functional classifications were ignored. For example, it

was noticed that, whereas schizophrenia developed gradually in many pre-schizoid

personalities, the same disease could also appear in apparently normal people.

Further important observations were made later, almost by accident: amphetamine

addiction and temporal lobe epilepsy produced symptoms so similar to schizo¬

phrenia as to be almost indistinguishable. "From this, we can deduce that at

least one type of schizophrenia can regularly be produced by a physical (ny

underlining; cause: we can also deduce that paranoia states can arise from a

chronic disorder of temporal lobe function ana from a reaction to amphetamine"

(OHythies, I'ybbj. ouch deductions gave rise to a volume of research whicn con¬

centrated primarily on possible aberrations in the physiology and metabolism of

the schizophrenic patient. The results of this work were contradictory and

confusing, and, as omyttiies points out, the majority of so-called positive

results were dependent on a number of uncontrolled variables unconnected with

the illness, examples being the patients' environment and their diet. when

these factors were taken into account, the results were no longer significant.

Consequently, the situation became one where a massive amount of

research nad been done with little in the wsy of positive gain. Then, in the

19^0's, the psychotomimetic drugs acquired a new significance.

Classifications of Psychoactive drugs.

Various classifications have been proposed for the psychoactive drugs.

Ksplan (i960) has suggested that they be grouped according to their various

loci of effect in the nervous system. Berger (I960), on the other hand,
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classified these drugs according to their cht-aical structures and sites of

action. it should be oqphasised that the hallucinogens are generally ccm-

sldei'eu to oe a sub-clasa of the paychouciivs drugs. .jince the psychoactive

drugs include all drugs acting, on the nervous system, such as turanLalllisers,

sedatives and stimulants, those other dosses have been deliberately excluded

from tne discussion as they are eituer irrelevant or of peripheral interest.

faking the hallucinogens oruy, therefore, Cohen (l^b7j classified

thesa accuidxng to their chemical structure, resulting in three sub-classea:-

1. Ihe substituted indole alkylamines.

va; J-lyacrgic add diethylamide (loo)

tb; Lysergic acid amide and isolysergic acid amide

tc) Jim© tlyl tzyptsaine {J.* • i'« >

Cu; oietiyltayijtsmine

(e) 6-i^ydroaydime1hyltxyr)ta0dne

(f) Bufotenine

* ailocybin

(h; ioilodn

(i) Ibogaine

H) liagmine

2. substituted phenyl akiyltsainea.

Mescaline Of4, >-trii3etuu3ypi»eiylethyluuin«0

jj« ilsctllsneuus.

(a) i'etrabydrocanrvbinul

^bj Pitran and its analogues

(c) ~eiryl and its analogues
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Cohen draws attention to the close chemical relationship between the

hallucinogens and the central nervous system neurohumors.

Jacobsen (I968J, on the other hand, while also dividing the hallucino¬

gens into three categories, does so on different grounds, and it is his classi¬

fication teat has been adopted here and which will be discussed in greater

detail later.

it is perhaps worth noting that it is unlikely that aiy general classi¬

fication of psychoactive drugs or- of the hallucinogen sub-class will be accept-

able until the mechanism of these drug£ is more fully understood. Pharmacology

is expanding rapidly, and it seems dear that no simple single effect will be

found to explain all the complex changes that occur.

Definition of an hallucinogen.

do decide whether or not a drug is an hallucinogen is not ea.y. To

qualify as being hallucinogenic, a drug must produce hallucinations. Here

again, definition is difficult. Jrever (1952) defines an hallucination as "an

experience having the character of sense perception, but without relevant or

adecjiate sensory stimulation". Barrios (1965) said that an hallucination is

a "higjily vivid image which is incongruous with the present sensory environment".

Hence, the defining behavioural characteristic of an hallucinogenic

drug is the extent to which it causes the subject's responses, whether verbal

or otherwise, to become inconsistent with the environment. at the human level,

the presence of hallucinations is relatively easy to determine. .at the animal

level it is not, since one has to depend on non-verbal characteristics of tire

drug, rnary of which have to be determined. Both Noteboura (1x349 and de Jong

(194-5) for example relied on the presence of experimental catatonia in animals,

but tiiis involved doses so large that it i3 highly likely that peripheral

effects were also present.
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However, a straightforward operational definition of an hallucinogen

can be achieved if one relies on results obtained frcoi experiments with human

subjects.

In man, verbal reports are commonly used} although these reports

are of necessity introspections and consequently not very reliable, besides

being non-quantifiable, they are at least a form of response.

'thus an hallucinogen is a drug which induces hallucinations or alter¬

natively incongruous responses to environmental stimuli of one sort or another

as its principal symptom. Other symptoms may also be experienced by the sub¬

ject at the same time, but the hallucination is in itself a principal part of

the drug's effect. (here hallucinations are experienced because of the sudden

withdrawal of a drug (for example, alcohol and delirium tremens), the drug

cannot be called an hallucinogen. Similarly, hallucinations resulting from

sleep deprivation, sensory deprivation, severe stress and similar conditions

have not been induced as the result of the administration of a drug.

If a drug induces hallucinations, it is generally considered to be ar

hallucinogen regardless of the time factor or the number of doses. For exajqple,

mescaline and LbD-25 produce hallucinations in human subjects in a matter of

hours, after one administration; on the other hand, chronic auphetamine intoxi¬

cation and chronic intake of alcohol will also produce hallucinations after a

considerably longer time, because the patient has been over-exposed to the drug

in question. Nevertheless, in the terms of this definition, all four drugs

can be classified as hallucinogens.

although some research workers refer to hypothetical "internally-

produced hallucinogenic substances", these substances have yet to be determined.
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-an hallucinogen is normally interpreted as referring to a known drug adminis¬

tered externally, whether orally, by injection, or by inhalation. The term

"hallucinogen" will therefore be used in this way throu^iout this thesis,

unless specifically stated otherwise.

The Sympathomimetic Hallucinogens.

according to Jacobsen (l%8) the hallucinogens may be divided into

three subclasses, the sympathomimetic, the parasympatholytic and the cannabis

group. This classification depends upon the drugs' effects upon perception,

upon the emotional system and upon their somatic effects. To classify the

hallucinogens according to their chemical structure as Cohen hasworld,

Jacobsen suggests, be of little use 3ince drugs with very different structures

may have very similar effects, mescaline and LSD-25 again acting as examples.

Of the three groups, the sympathomimetic hallucinogens only will be discussed.

These are LLD-25, mescaline, psilocybin and their congeners and derivatives.

Frequently these drugs are referred to as psyciiotamimetic drugs, because it is

claimed that they induce an artificial and reversible psychosis which is simi¬

lar to schizophrenia. Consequently, they have been given to normal volunteers

in order to study the aetiology of schizophrenia, the most commonly used drugs

in this research field being LSD-25 and mescaline. However, Jacobsen, while

admitting that there are certain similarities between "artificial" and "natural"

schizophrenia, points out that there are also marked differences. Only

of schizophrenic patients have visual hallucinations, yet LSD hallucinations

are predaainantly visual; the same is the case with mescaline. In schizo¬

phrenia, the hallucinations, usually auditory, appear suddenly, whereas with

LSD they gradually increase in strength. Jacobsen stresses the finding that

intelligent sciiizophrenics given an hallucinogen distinguish easily between
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dx-ug-induced and schizophrenic hallucinations. These findings, together with

other dissimilarities (Feinberg 1962), suggest that the term "psychotomimetic'1

is misleading, in that it implies a greater similarity between the true and the

pseudo-psychoses than in fact exists. Mayer-Gross (1939) holds the same view.

Nevertheless, there are enough similarities to make Farther study of

this group of hallucinogens worthwhile. Ghloipramazine, far example, is an

antidote for both mescaline and LbD-25, and also reduces iiallucinations in

schizophrenics. Jisorder of thought, paranoid states, affective changes and

the breaking-down of ego boundaries frequently occur in both artificial aal

true psychoses. A single dose of LSJ-25 may precipitate a full-blown psy¬

chosis in a pre-schizoid personality. Both mescaline ana L.bb-23 appear to

accentuate the preceding emotional mood of the normal subject, sometimes to

a psychotic level.

It seems, therefore, that, in spite of the contradictions, there is

enough similarity between the pseudo-psychoses and the genuine schizophrenic

psychosis to warrant a closer study of the sympathomimetic hallucinogens.

Biochemical Theoales of Schizophrenia.

The term " schizophrenia" (fran the Greek skhizo split and phrin mind)

v/as first put forward by Bleuler in 1911. He believed (with Kr&pelin) that

the thought disturbances and divorce from reality common to all aspects of this

illness were due to some form of metabolic disturbance. This was a breakaway

from the functional/organic division of psychoses used clinically and, possibly

because of this, little progress was made for some time. It was mentioned

earlier that, in the 1920's, research workers in this field were not satisfied

with such a dichotomy, and in this they were, to some extent, following Bleuler's

lead. However, stockings (1940) was primarily responsiole for the present



Table I

SUMLAKf OF THE EFFECTS UP' THE HAbLUCINOG3s8B

Effects

Distortion of

perception

Sympathomimetic

Pronounced

Type of hallucinogen
Cannabis

Pronounced

Anticholinergic

None

Dream images Pronounced Pronounced None

Elementary halluci¬

natory impressions

Visual (sparks,

lines, etc.)

Hare Visual ( amorphous ) ,

auditory (banging, etc

True hallucinations Visual,, tactile, etc.

(auditory rare)

Visual: not pro¬

nounced

Visual (microppy,

zobpsy), auditory

Psychedelic effect Pronounced Pronounced None

Euphoria Pronounced Pronounced None

Thought blockade None None Pronounced

Contact vdth the

environment

Present Present Hapidly lost

EEG effect in

animals

Desynchroniza-

tion (arousal)

Uncharacteristic

changes

Synchroniz ation

Effects on motor

system

Little or no

ataxia

Moderate ataxia .itaxia at halluci¬

nogenic doses

Effect on auto¬

nomic system

Synpathdmimetic

(increased B.P.,temp

i.JLldly sympatholytic

») (decreased B.P.,
tea >.)

Parasympatholytic
(dry mouth, increased
pulse rate)

Development of

tolerance

Pronounced Little None

Fran Jacobsen (1568)
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trend, of thought, hi3 conclusions being as fallows:

"...that the various diseases canmonly known as the psychoses are all variants

of the same disease process; and that the causative agent is a toxic body,

probably a toxic amine with chemical and pharmacological properties similar

to those of mescaline, and having a selective action on the various higher

centres of the brain. The particular centres attacked, and the nature and

contents of the resultant psychosis are determined by the psychopiysical

make-up of the individual patient and his past mental and environmental

experiences. Finally, that the correct method of approach to the problem

of the understanding of the nature and treatment of the psychotic diseases

lie3 in the spheres of biochemistry and pharmacology".

Yet no-one seems to have succeeded in associating schizophrenia with

any specific metabolic abnormality and the problem was, for lack of evidence,

laid aside far many years. The hallucinogens were responsible for the renewed

interest in the 1950' s, and since then a variety of theories to account for tire

aetiology of schizophrenia have been put forward.

The majority of specific biochemical theories have been based on an

examination of the molecular structure of the hallucinogens. -dl theories,

however, have one feature in caramon: namely, the psychoses are caused by same

farm of biochemical malfunctioning. Implicitly, therefore, all psychoses are

"organic".

Five major* hypotheses have been put forward, and are summarised

briefly. It should perhaps be emphasised here that a systematic evaluation

of all the biochemical theories of schizophrenia (including the experimental

techniques; is beyond the scope of this thesis. Consequently, greatest atten¬

tion will be given to tire final theory to be discussed, since it was upon iiris

theory that the work for this thesis was based.
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1. The Serotonin hypothesis •

woolley and dhaw (195k) based their hypothesis on the work by Gaddura

(1953) viiio studied the antagonism between LSD and serotonin (5-hydroafytryp-

tainine : 5~hT) • LSD, one of the most powerful hallucinogens, has strong

anti-serotonin properties when tested on physiological preparations of smooth

muscle, preventing the contractile action of serotonin. This, together with

the finding that serotonin is present in large quantities in certain areas of

the brain, led <Yo alley and Shaw to suggest that LSD-25 interferes with sero¬

tonin at the receptor- sites, thereby producing marked behavioural disturbances

(see Fig. l). Following this, it was also suggested that in some forms of

schizophrenia, the level of serotonin in the brain was too low (.Voolley and

Shaw 1557) •

Various experiments to test this hypothesis have not produced con¬

sistent results. There appears to be no evidence of abnormal serotonin

metabolism in scnizcphrenics. If serotonin is injected, no behavioural

changes are observed, although this might be due to the inability of 5-HI to

cross the blood-brain barrier. added to this, other powerful anti-serotonin

agents, such as 2-brom-LSD (BUL) are capable of crossing the blood-brain bar¬

rier and yet appear to be psychiatrically inert (Cerletti and Rothlin 1955) •

Yet another powerful hallucinogen, mescaline, has no known correlation with

serotonin levels.

nevertheless, serotonin is obviously important. Its greatest con¬

centration in the brain i3 in those areas concerned with the control of emotior,

and with autonomic responses in general, and there is little doubt that LSD-25

affects serotonin powerfully and in a complex way. Present evidence, however,
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seems to link serotonin with depression rather than with schizophrenia, althou^i

it may well play an important role in the latter (brqythies 1963) -

2. The Taraxein hypothesis.

heath (1939*)is the major proponent of this hypothesis. He appears

to have isolated the only hallucinogen to be extracted frcm humans; the

hallucinogen is a protein and a schizogen - that is, it is capable of reproducing

schizophrenia in normal subjects.

Unfortunately, taraxein is a very unstable substance, and experimenters

working in this field frequently found that, on standing or freezing, the pro¬

tein rapidly lost its activity. Eventually HoagLand et al. (1962) evolved a

method of preparation which increased its stability, and found that, with rats

and the rope climbing test, the substance obtained from schizophrenics was twice

as active as that obtained from non-schizqphrenic subjects.

In 1958 Heath gave taraxein to twenty volunteers by intravenous injection.

He found that control substances did not induce psychotic behaviour in ary case,

but that taraxein induced symptoms usually found in schizophrenic patients.

Thus:

Perception : Depersonalisation, auditory hallucinations. (Visual hallucinations

typical of LSD and mescaline were not reported - this is noteworthy).

Ihouijrt : Process changes included blocking, deprivation, autism, and content

changes including referential ideas and delusions of persecution.

Mood : Catatonic stupor or excitement.

These reactions had lasted for only a matter., of hours, except for one of

three recovered schizophrenics, who reacted for four days.

Further work with animals, such as monkeys (Ferguson and Fisher 1963)

and rats (HoagLand et al. 1962) have confirmed these findings. bilva et 01.(1960)
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compared the psychotomimetic properties of taraxein with those of LSD, mescaline

and psilocybin in four human volunteers, and found that taraxein produced more

typical schizophrenic reactions.

Heath's report of the work (1959b) was met with violent opposition

and despite the fact that his findings have been corroborated by Hoagland et

al. (1962), Frohman et al. (1958, 1960a, b, c, 1962, 1965), Marrazzi (1962),

Geiger (1957, 1958, 1960), Martens et al. (1959 &, b), among others, his theory

might, so far as most research workers are concerned, never have existed, although

hussell (1964) does mention it briefly in his review of psyciicpharmacologLcal

literature. It is certainly rather extraordinary thai, even if Heath's theory

is not accepted as such, it is not more widely known, in view of the experi¬

mental evidence and the number of investigators who have taken part. It is, of

course, possible that taraxein is a secondary product of sdiizophrenia and is not

connected with the primary cause; nevertheless, this theory deserves greater

attention.

3* Heurophysiological hypothesis.

This hypothesis was put forward by Marrazzi and is based on his work

with the effects of drugs on transcallosal preparations and on behaviour (ivlarrazzi

1957 a, b, 1960, 1961, 1962). In the transcallosal system, an electrical stimu¬

lus is applied to one side of the cortex of an anaesthetised cat, evoking a

potential on the cpposite side. It is important to note here that Marrazzi

assumes that the transcallosal system represents a "simple synaptic preparation".

He found that not only did serotonin, adrenaline and noradrenaline inhibit the

transcallosal response, but so did mescaline, KD-25 and bufotenine, vdiich are

structurally related. Chlorprcciazine (GPh) and reseipine, both used as clinical

tranquillisers, at a moderate dosage prevented the inhibition caused by mesca¬

line, yet at hi$i dose levels they themselves acted as inhibitors. On the basis
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of this, Marrazzi concludes that tranquilizers are weak synaptic inhibitors

which protect the organism against psychotogens by competitive inhibition.

.according to Marrazzi, psychosis is the direct result of the equil¬

ibrium between cholinergic excitation and adrenergic inhibition being disturbed,

and he concludes that the most reasonable approach is to look for any event which

upsets the neurohumoral environment of the synapses and consequently disrupts

cerebral homeostasis. He does not think that to search for a specific bio¬

chemical lesion underlying schizophrenia is profitable.

This theory is open to criticism. winter (1962) has pointed out that

the inhibitory effect in the transcallosal preparation lasts for a few seconds

only, -/hereas a smaller dose of the same drug (LHD-25) produces an effect in

man lasting for several hours. The prolonged action of the drug in the intact

organism could be explained in terms Of gradual systemic absorption, while the

higher dosage required by the physiological preparation might be due to the

peculiar requirements of the occipital cortex.

A second criticism is that if these drugs are injected into the carotid

artery, they may affect the cortical synapses in one or- all of three ways:

reflex effects frcta the carotid sinus, bilateral nervous influences through

receptor sites in the brain stem, or a direct effect on the synapses under

investigation, (koelle et al. 1959)- also, for Marrazzi to call the trans¬

callosal preparation "a simple synaptic preparation" seems a gross over-simpli¬

fication. according to Winter (1962), Hie transcallosal potential is the result

of "very complex responses involving different "types of synapse in different

types of cortical neurone, with both excitatory and inhibitory activity taking

place simultaneously".
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4. The Melatonin Hypothesis-

Mclsaac (1961) pointed out that there was a close chemical similarity

between the hallucinogen harmine and the pineal hormone melatonin (see Nig. 2).

This observation gave rise to the "melatonin-harmine" hypothesis, for which

there was little support until Greiner and Nicholson (1965) reported that, in

the schizophrenic, many body cells contained excess melanin, a finding made

before phenothiazines were used in the treatment of schizophrenia. This last

point is important, for it is now known that overdoses of phenothiazines can

lead to excessive pignentation (bmythies 1968). In man, pigmentation is nor¬

mally reduced by melatonin, and so it has been suggested that the normal route

of synthesis of melatonin from serotonin is disrupted in some way, possibly

because of the faulty mechanism or the absence of some particular enzyme.

Thus, hallucinogenic derivatives of melatonin, similar to hannine in structure,

are produced; also, a3 a side-effect, the production of melatonin itself is too

low and so excessive pigmentation occurs. as bnqythies points out, there is a

great deal to be done in this particular field, including a thorou^i study of

the racial origin of the patients.

5* The Catecholamine Hypotheses.

The first hypothesis of schizophrenia that specifically suggested a

disturbance of some biochemical mechanism was put forward in 1952 by Osmond and

Snytnies. This hypothesis was based on two previously unconnected facts :

(a) mescaline causes in man a temporary psychosis that resemoles to some

extent certain cases of acute schizophrenia,

(b) mescaline is a dose chemical relative of adrenaline and dopamine.

Consequently, it was possible that in schizophrenia there was an

inborn error of adrenaline metabolism whereby mescaline-like compounds could
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be produced (see Fig. 3)* it was also known that adrenaline is formed from

noradrenaline by N-methylation; if this N-methylation was disrupted, so hallu¬

cinogenic substances might be produced. For example, noradrenaline could

give rise to dimethoxypherylethanolamine, and dopamine to dinethoxyphery1-

ethylaraine, provided that this faulty metlylation took place in such a way

that the methyl group, instead of being attached to the nitrogen atom, and so

forming adrenaline, became attached to the other end of the molecule instead

(see Fig. 4-) • in this case, the compounds so produced could be toxic and mi^it

in turn give rise to a psychosis, particularly if they were produced for a long

period of time.

Two years later1, these same workers reported that adrenochrome, an

indolic derivative of adrenaline, had hallucinogenic properties, and suggested

that this might be the substance responsible for schizophrenia. Koelle (1958,

pointed out that there was a possible metabolic pathway for adrenaline to be

oxidised to produce adrenochroine (see Fig. 5) • akerfeldt (1957) claimed that

adrenaline is oxidised more quickly in the blood of schizophrenics than in

normals, but this finding was not confirmed by further research (bmythies 1962).

Hoffer (1957) maintained that adrenochrame is a normal constituent of the blood,

but Szara et al. (1958) again failed to confirm this.

ouch negative results have led Kety (1959) to conclude that the adreno-

chrome hypothesis is untenable, despite Hoffer and Osmond's (1967) report that

adrenochrome induces hallucinations. oince the majority of experimental evi¬

dence has failed to support the adrenochrome hypothesis, it has tended to be

disregarded and attention has been directed elsesdiere.

The value of this specific psychotoxic compound hypothesis is that it

would explain the link between stress and schizophrenia, a link that has been
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FIGURE 4,
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demonstrated clinically. Then the biochemical fault would lie in the physio¬

logical mechanisms activated by stress, and so biochemical malfunctioning would

only be shown if these stress mechanisms became operative or overloaded. The

evidence in support is considerable, for it has been shown that the metabolites

of adrenaline and the metabolites of mescaline are even more alike than their

parent substances (see Fig. 3). also, anxiety-prone subjects react mare

severely to mescaline than do less anxious subjects, and the symptoms shown

by the former bear a greater resemblance to acute schizophrenia. This suggests

that stimulation of the sympathetic nervals system seems to facilitate the

psychotic process, which provides yet another link with adrenaline and, of

course, with the original observation that amphetamine can produce paranoid

states. This last point is of particular importance because amphetamine is

not only a chemical relative of mescaline but it also stimulates the central

sympathetic adrenergic system, particularly in the reticular formation.

Hie major points to emerge so far, therefore, are :

(a) The chemical similarity of amphetamine to mescaline,

(b) 'The chemical similarity of adrenaline and its metabolites to mescaline

and its metabolites,

(c) adrenaline and amphetamine both stimulate the central sympathetic system,

(d) Mescaline and amphetamine are capable of producing psychotic-like

symptoms in normal people.

There is, however, little evidence as yet to suggest that the metabolism

of adrenaline in schizophrenia is any different from that in normals; added to

tills, schizophrenics show less reaction to injected adrenaline than normal

volunteers (hollin et al. 1961). However, this second criticism is weak, as



28

it is known that in many cases the human body reacts differently to substances

which are injected from the way in which it reacts to substances which are

produced internally at the normal site of action; again, adrenaline only

crosses the blood-brain barrier in a few localised areas. Consequently this

negative evidence is not vexy powerful in its argument. In fact the theoiy

is supported by the finding that there is a close quantitative correlation

between the hallucinogenic powers of a drug and its capacity to potentiate

the action of adrenaline on certain pharmacological preparations (Costa I960).

Interesting evidence was produced in 1966 (Spain 1966; Hutt and ounsted 1966)

implying that schizophrenic patients were in a state of chronic hyperarousal;

this may be the result of dysfunction in those areas of the brain which are

concerned with arousal and attention, namely, the reticular activating system.

Once again, this suggests that adrenaline is involved.

However, the lack of success in pirpointing a specific psychotoxic

compound which was associated with schizophrenia caused research workers to

concentrate to a greater extent on the methylation processes originally men¬

tioned by Harley-Masoaa in 1992 (see Fig. 6). onythies (1968) has pointed out

tnat the original catecholamine hypothesis of schizophrenia involved two dis¬

tinct proposals: firstly, th«fcschizophrenia is associated with the produc¬

tion in the body of a specific mescaline-like abnormal metabolite, and second¬

ly, that the biochemical mechanism of trarts-methylation is directly involved.

In the last few years, emphasis has shifted to the second of these proposals.

Consequently, research workers are tending to look for an aberrant biochemical

process, rather than for a specific psychotoxic compound. onythies (1967a)

summarises the "transmethylation hypothesis" as follows:
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FIGURE 6.
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"The basic biochemical mechanism at fault in schizophrenia may be trans¬

methylation .... This disorder of me thylation by itself mi^it lead to

functional changes in neurones incompatible with their normal function

and on the behavioural level with the production of psychosis. Ibis

fault might also lead to the production a£ abnormally methylated com¬

pounds .... which would aggravate the situation by adding their ovvn

psychotoxic effects to the neuronal function already disordered by the

abnormal transmetliylating mechanism".

if this hypothesis of faulty methylation is to hold, then one might

expect to find that potent hallucinogens are chemically related to brain

amines. Noradrenaline, dopamine and serotonin are three important natural

amines; mescaline is an O-methyl derivative of' dopamine, and three new hallu¬

cinogens, psilocybin, psilocyn and dimethyltryptaraine,are all N-metlyl deri¬

vatives of tryptamine. Part of the complex molecule of L^J~25 has been des¬

cribed by Gerletti (1963) as being similar to psilocybin, which may explain

the marked effect of this drug on serotonin levels, due to its ability to

act at the same receptor sites. Thus all the hallucinogens mentioned are

O-metiyl or It-methyl derivatives of the three major brain amines, or else,

as with IddD, they are closely connected.

Experimentally, the N-methylation of noradrenaline to adrenaline

has been confirmed; so has the U-methylation of the catecholamines (bHythies

1966). Thus the postulated aberrant normal pathway appears as an extension

of the normal pathway (oirythies 1967b) • Then, Friedhoff and van .(inkle (1962)

reported that they had found din.ethoxypherylethylainine or UhPa (see rig. 4)

in the urine of 6Q,.. of their schizophrenic saxple and none in the normal

sample - This seemed to be evidence for their hypotnesis that DMPE could be
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formed from dopamine by two successive O-methylations (see Fig- jjj}, and it gave

rise to a series of experiments in several laboratories. I'he results have con¬

flicted throu^iout and the question of whether or not schisophrenics excrete

DMP1S is still open. bmythies (1968) points out that this depressing lack

of confirmation either one way or the other is due primarily to the absence of

proper controls as regards diet, drugs, stress and chemical isolation of the

compound. He emphasises that "the main point to be settled is not whether

schizophrenics are excreting DMPE but whether they are excreting any abnormal

conpound in this class that can be detected by these techniques" (my under¬

lining) .

However, more positive support for the hypothesis has come from other

quarters. Kety (Pollin et al. 19£1) raised the level of brain amines by

administering amino-acids together with a monoamine oxidase inhibitor (MaOI)

to prevent further amine breakdown. Several substances were tried with no

observable effect, apart from one, methionine, which increased schizophrenic

symptoms significantly, and, from a clinical viewpoint, specifically. Fur¬

ther experiments with methionine have all supported this original result, but

as yet no normal controls have been used.

fhe important point vhere methionine is concerned is that it is the

major methyl donor in the body; thus, the abnormal transmethylation hypothesis

•would be supported if another methyl donor (together with an M..OI) acted in

the same way. Brune and Himwich (1962) used be tain, a methyl donor but

chemically unrelated to methionine, and found that it produced the same symp¬

toms. Cysteine acts similarly, presumably because it is concerned with 0-

methylation.

Several biochemical explanations are possible for the methionine
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effects, but in the main the results support the hypothesis of faulty trans¬

methylation. Further interesting work in this field has demonstrated that an

anti-metabolite of methionine produces a toxic psychosis in normal subjects,

accoapanied by abnormally slow iioG waves, whereas this same substance apparent¬

ly alleviates the symptoms of schizophrenia and the hhG records remain normal,

(an interesting observation, though, is that there is some memory impairment

in the schizophrenic, depending to a large extent on the dosage) . It has been

suggested, on the basis of these results, that an over-activating methylating

enzyme present in schizqphrenics is brought down to a normal level by this

methionine anti-metabolite, but in normal controls, the methylating enzyme

is inhibited so much that a toxic psychosis occurs. hcythies summarises it

thus: "Too much 'methylation* may induce schizophreniform psychosis .... ana

too little 'iuethylatLon' induces toxic psychoses".

.evidence to support the 'faulty transr.te thylation' hypothesis there¬

fore appears so far to outweigh the original 'psychotoxic compound' hypothesis.

This is not to say that the two hypotheses are mutually exclusive: it would

seem that they are complementary to one another. The localisation of the

postulated biochemical fault underlying schizophrenia could possibly lead to

the identification of endogenous psychotogens which are by-products of the

faulty trans-methyiation process.

one way of investigating this problen further is to return to a

behavioural study of the hallucinogens. It was said earlier that it was

unlikely that a pseudo-psychosi3 is exactly like a natural psychosis. Never¬

theless, it is sufficient that the two syrrircmes, whether artificially induced

or not, bear a close clinical similarity. Mescaline is particularly important

since it belongs to the family of hallucinogens which are all methyl derivatives
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of serotonin, dopamine and noradrenaline. These cerebral amines are found in

large quantities in the hypothalamus, the reticular formation and the limbic

system, those parts of the brain responsible for the elaboration and correlation

of emotion, thinking and the control of behaviour - in other words, those func¬

tions disturbed in schizophrenia. Therefore, excessively disordered methyl-

ation could produce psychotomimetic compounds similar to mescaline in chemical

structure.

Summary.

Five major biochemical theories ctf schizophrenia have been reviewed

briefly. Greatest attention has been paid to the fifth, since it was upon

this theory that the work to be reported in this thesis was based. however,

it should be borne in mind that these theories could well be complementary to

one another, the serotonin, the melatonin and the faulty transmethylation

hypotheses being cases in point.

It is dear that much research has yet to be done in this field before

the biochemical bases of sciiizophrenia can be ascertained with any degree of

conviction.
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IV. MESCALINE ; A LITBK.-v'flJRB RbVlb.'/.

«• Biochemical studies.

(l) In Vitro otudies.

The biochemical effects of mescaline in vitro have been reviewed by

3ain (1957) • It is interesting that, as far back as 1933, <#uastel and .(heat-

ley found that mescaline inhibited the oxidation of glucose, pyruvate, gLuta-

mate and lactate in the liver, and on the basis of this they suggested that

possibly liver malfunction could lead to faulty detoxification of amines.

This in turn could affect brain respiration, a condition which rni^it be the

basis for certain mental abnormalities.

Bernheim and Bernheim (1938) studied the oxidation of mescaline and

other amines by various animal tissues. They found that rabbit liver oxi¬

dised mescaline rapidly, but that rat and guinea pig liver and rabbit kidney

oxidised it slowly. They also found that it was possible to make preparations

which oxidised tyramine but not mescaline, but evexy preparation that oxidised

mescaline also oxidised tyramine. On the basis of this and other findings,

they suggested that the presence of some heavy metal was essential for tyra¬

mine oxidase to oxidise mescaline.

Oaly et al. (1962) examined the methylation and demethylation of

mescaline* They found that mescaline was demethylated by rabbit liver prepar¬

ation to produce small amounts of 3, 4-dimethoxy-5-hydroxyphenethylamine and

3, 5-dimethoxy-4-l'ydro3yphenethylamine. They also found that rabbit liver

enzyme preparations deaminated mescaline to 3, 4, 5-trimethoxypherylacetic

acid, a reaction which was inhibited by iproniazid, nicotinamide and semicarba-

zide.
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Vogt (1933) discovered that there were significantly higher levels of

mescaline in liver and kidney than in either blood or brain. It would appear

that liver hesaogenates incorporate mescaline readily. Humans and mice do not

have a specific mescaline oxidase, so mescaline can circulate in the body for a

considerable time (Hol'fer and usmond 1967) •

Blocjf (buffer and Osmond 1967) in a series of biochemical studies

from 1952 to 1954 later reported that incorporation was effected by isolated

cell nuclei; thus mitochondria and microsomes reacted in a similar way to the

total homogenate.

Blashko (1944)* using rabbit liver, found that the amine oxidase had

a very slight oxidising action on mescaline, and inhibitors of this amine

oxidase did not interfere with the oxidation of mescaline.

Ten years later, Lewis and Mcllwain. (1954) discovered that giinea pig

brain slices were mare sensitive to mescaline when they were electrically stimu¬

lated than when they were at a resting level. Mescaline reduced the rates of

both respiration ani glycolysis when used at a concentration similar to the

concentrations that are active in vivo. un the basis of this, Lewis and

Mcllwain suggested that mescaline and LSD prevented changes in the level of

brain activity which are normally brought about by applied electrical pulses.

deltour et al. (1959) reported that mescaline and LSD had no effect

on glutamic acid decarboxylase of brain tissue; however, an interesting dis¬

covery (in view of Hoffer's theory - see p. 23 ) is that adrenochrome inhibits

this particular enzyme, and its monosemicarbazone is an activator- DengLer

et al. (1961) fourn that the uptake of DL-norepinephrine by cat cortex slices

was inhibited by mescaline; on the other hand, reserpine, GPZ and cocaine were

more effective inhibitors, whereas isoreserpine, acetylcholine and serotonin
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had. no effect. In the same year, K&faelaen (1961) found that the glucose

uptake by isolated rat spinal oord and isolated rat diaphragu was not altered

by mescaline.

In 1934, Grace stimulated the isolated frog, gastrocnemius muscle

preparation every three minutes. lie found that mescaline in concentrations

of less than 1 part in $00 had no effect on this preparation, but that greater

concentrations shortened the muscle mid diminished trie contractions. after

50 minutes, the muscle preparation was sometimes paralysed, a particularly

interesting finding in view of oehopp's (1961) work vsee later).

..ith uterine muscle preparations, Costa (1956) found that 0.1 mg/kg

of mescaline facilitated serotonin activity, viiereas hi^ier doses caused con¬

tractions. Oneyf g/'litre of LhJ antagonised the mescaline response, but
lower doses (0.2^igg/kgj facilitated it.

(2) In Vivo studies.

The LD-50 fear mescaline given intraperitoneally to albino rats,

white mice, giinea pigs ani frogs appears to be 370 rng/kg (bpeck 1957) •

death is preceded by flexor convulsions, respiratory and then cardiac arrest,

hypoglycemia, bradycardia and marked vasoconstriction all occur. 'The animals

became indifferent to touch, pinprick or tail-snipping. The glucose level

dropped by 75/- and reached its normal level in 24 hours. The animals that

survived did not show convulsions or coma. when they were returned to their

cages, they were hyperreactive to noises; frequently the hind limbs appeared

weak, the animals trembled and developed exopthalmas. There was a consider

able amount of chewing, sniffing and sneezing. The following day they were

drowsy, and on the third day appeared normal. iidrenaline blocked the effect

of mescaline on glucose, partially blocked bradycardia but did not alter the

LD-50.
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that no tolerance developed where hypoglycemia and bradycardia are concerned.

There was a snail increase in the weights of the liver and adrenal glands,

accompanied by small haemorrhages in the liver and lungs, but other organs were

not affected. It appeared that mescaline had a chronic non-specific stressing

effect, and no tolerance to this effect developed.

In vivo studies are not only more numerous but mare important in this

context. one review was by Hoagland (1957) in which the work of Fischer et

al. (1951) is cfioted; these workers found that mescaline causes a mere intense

and less transient disturbance in the function of the liver in man than does

LSD-25.

Lvarts (1997) reviewed the neurqphysiologLcal effects of LSD and

other psychotomimetic drugs and divided their effects into tv/o classes. In

the first class he includes those studies dealing with the effects of these

drugs on specific synaptic systems, for example the work by Marxazzi (see p.

19); the second class includes the effects on spontaneous cerebral activity

of such drugs. Linaldi and Himwich (1959) found that the effects of mesca¬

line were very similar to those of Lob, producing an "alert" LEG pattern which

could be restored to normal by azacyclonol. In the same field, Schwarz et al.

(1956) found that the intraventricular administration of mescaline in conscious

cats produced a record of slow waves anl intermittent spikes, accompanied by

behaviour which consisted of howling, crying and paroxysms of scratching.

It is interesting that earlier studies by Chweitzer et al. (1936; 1937) showed

that mescaline, when administered to human subjects, caused a decrease in the

amplitude of alpha activity which remained far several days despite the dis¬

appearance of evert and subjective symptoms. LVarts makes the point that
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the apparent discrepancy between electrophysiological and psychological events,

and hence the difficulty of establishing a causal relationship, has discouraged

many workers from pursuing this interesting finding ary further.

In 1936, Slotta and Muller gave mescaline to rabbits and found that

they were 70 times as tolerant for the drug as humans in terms of dose. Half

the dose was recovered as trimethosypherylacetic acid, and excretion continued

for abort 48 hours. The same workers did not find ary mescaline in the urine

of dogs or man after mescaline administration; they did, however, find certain

mescaline derivatives, such as 3,4,5-trimethojypheryl formaldeiyde, trimethoay-

pheiylethyl alcohol and other unidentified substances containing a methoxy

group in rabbit urine. By comparison, trimethorypherylacetic acid was not

excreted in man, and this substance proved relatively non-toxic in both animals

and man and produced no physiological or behavioural changes, even at high

dosages.

A year earlier, Moller (1933) find mescaline in human urine, and

recovered 94* of a dose he had taken himself. Hichter (1930) recovered 53,-

of an intravenous dose and 58.- of an oral dose given to human subjects.

Salanon et al. (1949) administered mescaline to five schizophrenics and one

neurotic subject. Two schizophrenics excreted 20,* of the original dose, and

the neurotic subject excreted 36,.. The implications of these experiments are

that, the more abnormal the subject, the less the amount of mescaline that is

excreted. However, Hoffer and osmond (1967) believe that the cjiestion needs

to be reexamined.

Iiarley-Hason et al. (1958) administered mescaline orally to human

subjects and isolated 3,4-diriydroxy-5-methoxypherylacetic acid from the urine.

In 1959, Batcliffe and Smith discovered another minor metabolite of mescaline,
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3,4-dijnethosy-5-hydro2yphenethylamine.

Goldstein et al. (1961) and FriecLhoff ani Goldstein (1962) isolated

3,4,5-trimetho2qyrphenylethanol, after treating rats with radioactively-labelled

mescaline. Pretreatment of the rats with iproniazid (an liAOl) decreased

deamination of mescaline to the phenylacetic acid derivative and increased

the excretion of alcohol. They suggested that mescaline is normally meta¬

bolised by oxidation to 3,4,5-trimetho3ypherylacetaldebyde which may then be

oxidised to the acid or reduced to the alcohol. In 1961, Opector also found

that, when he treated dogs with labelled mescaline, the acid was a major

metabolite.

It is interesting that Friedhoff and Goldstein found that the alcohol

alone was four times more potent in altering animal behaviour than mescaline,

and that pre treatment with calcium carbamide (a dehydrogenase inhibitor,)

potentiated the action of both substances. This led them to suggest that the

aldehyde was the active mescaline metabolite responsible for changes in beha¬

viour. If so, since iproniazid (JhiUI) pretreatment appears to decrease the

formation of the aldehyde, then it should theoretically reduce the response

to mescaline. In fact, iproniazid neither potentiates nor antagonises the

reaction, which leaves the problem unanswered.

It is interesting, with reference to Daly's (1962) work, that Hoffer

and Osmond (1967) have found that nicotinamide does not alter the intensity

of the reaction to mescaline in man. This result has led them to conclude

that deamination of mescaline is not essential for its psychological activity.

They go on to say that Friedhoff and van vinkle have isolated 3,4-OMPE fran

schizophrenic urine and that this suggests that excessive methylation is

important in the biochemical pathology of schizophrenia. Unfortunately,
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as was mentioned earlier (see p. 31) the current evidence is conflicting and

provides little or no support for this hypothesis. It appears, in fact, more

likely that this 'pink spot' substance is predominantly p-tyramine and tzypta¬

crine; there is little or no evidence of the presence of 3,4-BMPii (Boulton et

al. 1967; Kuehl et al. 1968).

Bpector (1961) administered labelled mescaline to dogs at a dose of

20 mg/kg, and collected the urine for 13 hours. approximately 6Q1 of the

radioactive material was excreted, with a peak at 2 hours; of this 60$,

was mescaline and the remainder trimethoxypherylacetic acid, indicating that

mescaline was partly deaminated and that one of the derivatives wa3 a carb-

oxylic acid. Block (iioffer and Osmond 1967) founi that mescaline was incor¬

porated into all pi'otein and that the presence of oxygen was essential. he

used mice, primarily because mouse liver does not oontain a specific mescaline

oxidase and so is mere similar to man than the rat. »Vhen given 2 mg. i.p.,

the excretion was biphasic, reaching a peak after about 6 hours of 50;«. This

was followed by a marked increase in rate of excretion during the next 2 hours

until, after 11 hours, 80/k was excreted. After 15 hours, a level of 90^ was

reached. Shis biphasic excretion was paralleled by two marked behavioural

phases in the mice. Sen minutes after the injection, the animals developed

spasms of cramp lasting up to 3 hours; this first autonomic phase ooincides

with the maximum concentration of the drug in the body. .approximately two

hours after the injection, the mice became drowsy for about 4 to 6 hours, this

second phase coinciding with the minimal amount of mescaline in the body, but

with its highest concentration in the liver protein. Block believed, on the

basis of previous evidence, that the body was protected against toxic amines,

such as tyramine, by containing active oxidases which would detoxify them
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together with anti-incorporation enzymes which prevented them from being bound

and consegently protected from their oxidases. Mescaline is not a natural

animal constituent, so no animal defences have been developed. Nevertheless,

the evidence tends towards supporting the hypothesis that, of the original dose,

only a small amount eventually reaches the nervous system, particularly if

administered orally i,de Jong 1945) •

There are a few non-specific effects of mescaline on the body.

Hollister (1961) found that a dose of 5 mg/kg increased free fatty acids in the

blood and decreased the total number of circulating eosinophils, effects that

resemble adrenaline in both cases. However, mescaline also reduced urinary

pnosphorus, and in this it is similar to the action of adrenolutin and LHl).

Denber (1961 a, b, 1962), on giving 5^0 doses to human subjects, found

a slight drop in blood amino acid levels and a small rise in blood glucose,

both effects being most marked one hour after administration. He found no

change in liver function, which i3 in direct contrast to the finding by Fischer

et al. ^1954)} these workers found that there was some liver abnormality after

oral doses of mescaline.

liunge et al. (1961) made an interesting discovery in another area.

They had already found that schizophrenic serum had a distinctive infrared

spectrum, which was not found in the majority of their controls. On adding

20 rng. of mescaline to 3 ml. of normal serum, the schizophrenic type of absorp¬

tion curve was produceu. at the same concentration, adrenochrome produced

the same results.

Following the work of Marrazzi \,see p. 19) on the effect of mescaline

on tne cortex, there seems to be little doubt that mescaline alters the pattern

of electrical brain activity, although not necessarily in the way that karrazzi
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suggests. Both Xakeo and hianlch (1965) and dikler (1954) found an increase

in the alpha fre^iency measured by surface electrodes* Ihere was a shift in

the pattern in the direction of desynchronisation and frequently this shift

was aasociuted with subjective reports of anxiety, hallucinations aixi tremor.

On the other hand, changes in the direction of synchronisation correlated with

euphoria, drowsiness or relaxation.

Experiments concerning the optic cortex in rabbits by imythies et al.

(1961) suggested that at low doses (e.g. 5 tag) there was a potentiation of

KEG waves, but that at high doses (e.g. 40 mgj there was an initial inhibitcay

period.

Curtis and davis (l?62j investigated the effect of various pheryl-

ethylamines on neurons in the lateral geniculate nucleus of the cat. These

compounds had low activity by comparison with serotonin, dopamine and mescaline>

having one sixth tiie potency but with an inhibitory period that was twice as

long; tyramine and noradrenaline had one twelfth the activity of serotonin,

and adrenaline less than this. Both iiovetta (1956) and cchs et al. (1962)

found that mescaline, when applied directly to the intact cerebral cortex of

cats and rabbits, had a convuleant effect.

otudies on human subjects by Eonroe et al. (1957) yielded some inter¬

esting information. The subjects were a group of five schisophrenic patients

arxl one with paralysis agitans; all had cortical iiplanted electrodes. one

patient who had a marked clinical response to mescaline showed an increase in

activity in the left anterior hippocampus in response to the first dose of

mescaline (500 mg; and in response to the second dose, high amplitude delta

activity was seen in the right anterior cortex, together with high amplitude

spikes in the right septal and hippocampal areas. mother subject in this
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same experiment, who had previously shown a marked visual response to mescaline,

developed hi^h amplitude delta activity in the septal region (as had the first

subject) but low amplitude diphasic spikes sometimes followed by low amplitude

low waves in the hippocampal region - a response that was very different from

that of the first subject, and immediately raises the query as to whether this

particular pattern of activity is specifically associated with visual responses

to mescaline as opposed to other responses.

However, all the HEG's taken in this experiment shewed seme response

to mescaline and also to LSD. '.There was sometimes a generalised response

from the cortex, with the alpha rhythm disappearing and beta activity increas¬

ing in rate. If there were rhythmic theta or underlying delta rhythms present

before mescaline was given, these, like the alpha, also decreased to be replaced

by fast beta. Certain subcortical areas, namely the caudate, amygdaloid,

hippocappal and septal, showed similar changes. Monroe and his colleagues

were of the opinion that these subcortical changes were the most significant.

Bursts of paroxysmal activity, lasting up to 10 seconds, seemed limited to the

anterior hypothalamus, the septum ox- the aixygdaloid-hippocanpal areas, a phenom¬

enon which was similar to that found in schizophrenic patients who had not

received mescaline. The changes correlated with the psychological responses

and with the somatic changes. added to this, both schizophrenic patients and

subjects receiving mescaline sometiuies showed paroxysmal EEG abnormalities in

the limbic forebrain which were not shown in the corticograms, but which coin¬

cided with psychotic behaviour. These results seem very premising, but they

do not answer the cpestion of how such phenomena are brought about. It is

still necessary to discover what happens between the administration of mesca¬

line and the change in the HbG recordings.
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One or two other findings are of interest: for example, mescaline

increases the body temperature of rabbits. after pre treatment with ipronia-

zide (an MhUl) at 100 mg/kg, Pletscher (1257) found that the reotal temper-

ature increased fraa (mescaline at 50 nf/kg) to nearly 2°G; in this,

mescaline had similar effects to adrenaline, resexpine, serotonin, tyramine

and pheryle thy1amine.

In 1257, ?el lows and Cook reported that mescaline increased the amount

of scratching in mice, but not in the rat, guinea pig, cat, pigeon, hamster,

rabbit, dog or monkey. There appeared to be a linear correlation between

the amount of scratching and the dose. This effect was antagonised by CP2,

reserpine, morphine and serotonin. Haley (1257) injected mescaline directly

into the brain ventricles and obtained a similar result.

Finally, it has been shown by Schopp et al. (196l) that mescaline in

high doses has a definite curare-like effect on muscle, apparently by blocking

the neuromuscular complex. be Jong (1245), in an experiment which included

the surgical by-passing of the liver, demonstrated that this organ is the one

chiefly responsible for the uptake of mescaline and hence, with oral doses,

prevents a considerable amount of the original dose fraa reaching the nervous

system. This is perhaps an argument for giving all doses by injection.

It should perhaps be added that Corneand Pickering (1267) found that

mescaline caused head-twitching in mice, a symptom that seems common to most

of the hallucinogenic drugs.

,<here tolerance to mescaline is concerned, Freedman et al. (1956)

found that, with a dose of 10 mg/kg, rats developed tolerance by the fifth day,

which is rattier slower than with LbD. The test used in this case was the

rope-climbing test to escape from electric shock. Balestrieri (1957a,

1961 a,b) found strong cross-tolerance between mescaline and Lbb, but less
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cross-tolerance between Lgi) and psiloqybin. <Volbach et al. (1962) obtained the

same results with human subjects.

Summary.

The majority of in vitro studies have concentrated on ascertaining

the amount of mescaline in various sites of the bodyj the liver appears to be

one of tiie most important, suggesting that it protects the nervous system to a

large extent frau the effects of the drug.

xn vivo studies are numerous and tend to show that only a small amount

of the original dose of mescaline eventually readies the central nervous system.

Brain activity is affected in a distinctive way in certain specialised areas.

Mescaline also appears to have a curare-like effect on muscle and to cause the

head-twitdiing in mice typical of the hallucinogens. Tolerance to the drug

can be induced after several doses and cross-tolerance occurs with L3D-25"
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B. Behavioural L>todies.

(l) Studies on Man.

Mescaline and various hallucinogenic tryptamines have been popular with

tiie native Indians of Mexico since before the Conquistadores. Bernadino de

Sahagun (Eoffer and usmond 1967) described in I56O scrae of the ways in which

these hallucinogens were taken; preparations from cacti, tree bark, seeds and

foliage were taken as infusions, chewed or used as a form of sniff. These

preparations were an integral part of religious ceremonies in the earlier South

.idaerican civilisations, and to some extent still are (hargant 1957) • It is

worth mentioning here that Low-25, by comparison, is synthetic, and was first

synthesised by Kofm&n in I95&* he taought it was an analeptic, but not until

1943 was it found to be one of the most potent hallucinogenic substances then

known; in fact it is approximately 5,000 times as potent as mescaline.

The first investigations into the effects of mescaline were made at the

end of tne 19th century, primarily by Bllis (1897), Lewin (1888), Mooney (1896)

and Mitchell (1696), among others. These investigators used peyote itself

far self-experimentation ana were struck mainly by the brilliant visual percept¬

ual changes it induced and the intense nausea that followed. However, the

isolation of the alkaloid mescaline in 1886 made the active principle easier to

take, since it could be accurately weighed and easily dissolved in water; it

could also be administered parenterally. Between 1910 and 1940, mary studies

were carried out on mescaline, using human subjects, and intensive reports were

obtained on the subjective effects this drug produced; doses ranged from 200 to

500 mg. Fernburger (1923), Mayer-Gross and Btein (1926), Berko (1913), Kluver

(1926) and Guttmann (1936) were but a few of tiie experimentali3ts in this field,

and all gave long and detailed accounts of their experiences.

Kluver (1928) probably completed the most comprehensive analysis of
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visual and other changes induced by mescaline, and his report is remarkable far

its clarity and its experimental detail. The initial visual changes were

mainly changes in brifitness and colour vision; these were succeeded by farms

and form combinations which Kluver found to be common to most mescaline accounts.

These form constants fall into four categories: these are crystalline (found

commonly with LSD, psilocybin, dimethyltiyptamine and diethyltiyptamine, but

not so commonly with adrenochrome and adrenolutin), cobweb, tunnel and spiral;

the category terms are descriptive and need little further explanation.

hs regards colour, no one colour seemed specific to mescaline, but

frequently there was a marked increase in briyatness and an unusual saturation,

with texture playing an important part. Visual patterns were symmetrical;

objects were either two or three-dimensional and appeared to be clearer in the

latter. .Then Kluver asked whether it was possible to influence visions by

thinking,the answers were usually negative, although a few peorple could do so.

After-images tended to be prolonged, although the hues did not differ

from those obtained under normal conditions. frequently, the after-images

became part of the visionary design or were overlaid with continuously changing

designs. .Vhere apparent movement was concerned, this was intimately associated

with the characteristics of the object; the lifter the object and the greater

its detachment from the background, the more likely it was that apparent move¬

ment of the object occurred. fransforraations of stimulus objects into illus¬

ory objects also occurred. un the wholes, Kluver reported -chat there were

changes in all the senses but that he considered the predominant change to

occur in the visual sense.

Hoffer and osmond (1967) comment:
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"EfUver's brilliant studies can be said to have marked an end to an epoch

of pioneering .... The vast raimber of mescaline studies since then have

done little more than to add some detail .... But Kluver's work also

marked the beginning of the modern era in which there was a shift in

direction. No longer were scientists content merely to describe. They

became interested in examining the phenomena in relationships to similar

phenomena recorded by the mentally ill. Saae -were mare impressed by

the differences between the mescaline experience and the schizophrenic

experience and others were equally impressed by the many similarities".

Comparisons between schizophrenia and the effect of mescaline on

normal subjects had been made for mary years, but it was the study by Osmond

and Bnythies (1952) which was responsible for putting new life into this par¬

ticular field of research. The remarkable identity between the symptoms of

both conditions is shown in Table 2.

Hoch (1951, 1952, 1955) administered mescaline to both schizophrenic

patients and to normals. It was particularly noticeable that mescaline under¬

scored the schizophrenic symptoms in patients and also precipitated schizo¬

phrenic psychoses in those apparently normal subjects who were suffering from

latent schizophrenia. Physiologically, mescaline frequently caused pallor

alternating with flushing (involvement of the automatic system), dilated

pupils, impairment in pain sensation, in spatial discrirfjination and in body

orientation; tremor was often present, as was motor^co-ordination. The

subjects* reports were that altnough consciousness seemed dear, they had

visual hallucinations, experienced vivid and changing symbolisms attached to

hitherto unimportant objects, infantile wish-fulfilling fantasies, auditory

hallucinations, somatic sensations, delusions of paranoia or hypochondria,
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TABLE 2.

A COMPARISON BETWEEN THE PSYCHOLOGICAL EFFECTS OF MESCALINE AND THE SYMPTOMS

OF ACUTE SCHIZOPHRENIA3

MESCALINE ACUTE SCHIZOPHRENIA

Effects Illusions Hallucinations Illusions Hallucinations

1. Sensory disorders

a. Vision XXX

b. Hearing X

c. Body image XXX
d. Smell and taste XXX

e. Skin sense XX

f. Temperature XX

g. Synaesthesia XXX
2. Motor disorders

a. Catatonia

3. Behaviour disorder

a. Negativism
b. Withdrawal

XX

X

XXX

c. Antisocial violence

4. Thought disorder
a. Pressure

b. Disturbed association

c. Blocking

XX

XX

XX

(Big doses)

Reported

XX

XXX

XX

d. Substitution of primitive
thinking in the form of
visual images for
conceptual thought XXX

e. Neologisms X

XX

XX

XX

XX

XX

?

XXX

XXX

XXX

XX

XX

XXX

XXX

XXX

XX

XX

XX

XX

(Contd. overleaf).

a Key to symbols: X, occurs; XX, marked when it occurs but not always present;

XXX, marked and frequent; -, not relevant.
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TABLE 2 (Contd.).

MESCALINE ACUTE SCHIZOPHRENIA

Effects Illusions Hallucinations Illusions Hallucinations

5. Disorders of interpretation
a. Ideas of influence XX XXX

b. Paranoid ideas XXX XXX

c. Heightened significance
of objects XXX XX

6. Delusions XXb XXX

7. Splitting XXb XXX

8. Depersonalization XX XX
Derealization XXX XXX

9. Mood disorders

a. Fear and terror XXX XXX

b. Depression X X
c. Indifference and apathy XXb XXX

d. Manic symptoms X X

e. Euphoria XXX XX
f. Schizoid humour XX XX

10. Insight Sometimes Sometimes
absent1' present

a Key to symbols: X, occurs, XX, marked when it occurs but not always present;

XXX, marked and frequent, -, not relevant,

b Time factor.

(from Osmond and Smythies, 1952).
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and a general misinterpretation of the environment. Hoch noticed that disturb¬

ances of thought, speech disorders, ambivalence and negativism also occurred.

Tiie subjects' formal intelligence seemed unaffected, but part-functions were

impaired; there was a 'divorce* of the intellect from the psyche, accompanied

frequently by synaesthesia. lime and space perception were distorted and the

subjects frequently showed evidence of depression or euphoria or anxiety and

fear, possibly with amnesia as well.

For the purpose of comparison, the effects of LSD are usually shown

in the form of transitory disturbances of affect, hallucinations, depersonal-

isation, the re-living of repressed memories and mild neuro-vegetative symptoms.

Isbell (1557) found that this drug tends to produce certain physiological sys¬

tolic blood pressure at hi$i doses; the threshold for the knee-jerk reflex was

decreased. Judging from his subjects' reports, Isbell also found that the

abnormal mental states were characterised by feelings of 'strangeness', diffi¬

culty in thinking, anxiety, altered sensory perception (particularly the visual),

elementary and true visual hallucinations and alterations in the body image.

In view of the similarities of the model-psychoses induced by both

LSD and mescaline, despite their differing chemical structure, Berlin et al.

(1555) tested both drugs and found that they caused inhibition or depression

of the usual regulated activities of their subjects. The subjects were, in

this case, four graphic artists who showed marked impairment of their highest

integrative functions and yet still, in the judgement of fellow artists, pro¬

duced works of greater aesthetic appeal than before; this was presumably asso¬

ciated with the induced relaxation of control in the execution of lines and

colour and consequently the works themselves were freer and bolder. Unfor¬

tunately, these benefits derived from the drugs were offset by the subjects'

finding it difficult to mobilise their perceptions and energies while actually
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Berlin and his colleagues used several tests as well, such as the

Draw-a-person, Doodling and Bender-Gestalt tests. From the results, they con¬

cluded that the subjects were suffering from distortions of space, hei$itened

awareness of their environmental stimuli and an increase in tactile sensitivity.

The subjects were, by caoparison with their normal performance, less efficient

on Porteus mazes, the .Vechsler-Bellevue and similar tests. Their memory

appeared affected and their time estimation was impaired, in general being

longer than usual. alteration in mood tended towards the euphoric* ./hen the

same drugs were given to opiate addicts, similar effects were observed, although

possibly there was a greater degree of anxiety present. Tolerance in all sub¬

jects was established after three days and lost as tptickly.

Hoch et al. (1952) gave mescaline and LBD to schizophrenic patients,

and noted that similar physiological changes were induced and that the mental

symptomatology of the patients was aggravated. Both drugs produced psychic

disintegration in schizophrenics and in normals, but the amount of disintegration

(if it can be quantified, which in the opinion of the author seems doubtful in

this case) was considerably greater in the former than in the latter.

Landis and Clausen (1954) also gave LCD and mescaline to schizophrenic

patients in the early stages of the disease. They noticed that both drugs had

effects on the sensation, perception and general symptomatology of the patients,

and proceeded to give their subjects various objective tests which could be

scored. Landis and Clausen discovered an interesting correlation: if enough

drug was given to the patient to induce hallucinations, then changes in the test

scores from the 'normal' were more consistent. Mescaline and LCD usually pro¬

duced decreased motor test scores, for exanple, although the onset and duration
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of each drug effect differed. (It shorld perhaps be mentioned here that

these patients were presumably already under some form of treatment, prob¬

ably pharmacological, which might have affected the observed effects of the two

hallucinogens). Nevertheless, a test was found that differentiated the two

drugs, namely the critical flicker fusion (OFF) threshold test; mescaline

lowered the OFF scores approximately 50 minutes after the injection, whereas

LSD increased the OFF scores six hours after ingestion, an interesting dis¬

crepancy.

Various other experiments have been conducted; a few of these will

be mentioned in order* to give sane idea of the very wide spectrum that is being

covered by research in this field. For example, Denber (1955) administered

mescaline to twelve epileptics and fcund that the LLG changes were similar to

those found in schizophrenics.

-Vhere sensory deprivation is concerned, Hoffer and Osmond (1967) say

that mescaline has not been given to subjects in sensory deprived environments.

LSD has, however, and it was found that sensory deprivation decreased tire inten¬

sity of the LSD experiences; it seems likely that mescaline mi$it act in a

similar wry.

Schwarz et al. (1955) ccnparei the effect of LbD (50ytxg) on 11 sub¬
jects with the effect of mescaline (l«00 mg) on another 13 subjects. The

results obtained are shown in Table 3»

Linkel et al. (1961) performed an intriguing experiment to try to

relate the responses elicited by various hallucinogens to the Sheldonian types.

Using USD (70yUg), mescaline (500 mg) and psilocybin (10 mg) on normal volunt¬
eers, they found that the mesomorphs developed marked physiological changes,

euphoria and very few somatic changes, by comparison with the intellectual



TABLE 3.

COMPARISON OF LSD AND MESCALINE

32a

Mescaline LSD
Process (13 tested) (11 tested)

Perception

Visual changes 12 10

Auditory changes 2 2

Body image changes 11 11

Synetheala 1 9

Thought

Blocking 4 6

Loosening of associations 8 4

Neologisms 1 1

Pressure 1 3

ect

Anxiety 7 4

Depression 0 3

Manic symptoms 11 3

Withdrawal 4 7

Suspicion 2 3

Taken from Schwartz et al (1955).

Numbers refer to the number of subjects slowing change.



53

types who showed mental confusion, disruption of mental function, accompanied by

few plysiologicai changes but aiary somatic complaints. Of the three drugs, ti e

most pronounced effects wore produced by mescaline, although similar changes

were found with Lot) and psilocybin.

The effects of repeated administration of mescaline to the same sub¬

jects has been investigated by hichords and Stevenson (1961). (This should not

be confused with tolex'ance; in the latter, the physiological and psychological

systems are not allowed to recover between sessions because the drug is given

so frequently). xtichards and Stevenson found that, on the second administra¬

tion, their subjects were less anxious, more communicative, had more depersonal-

isation and that pex'ceptual distux-bances wexe more mmercus. Those subjects

who were high or low on depersonalisation and perceptual disturbances tended

to have similar changes both times, but there was no correlation where mood,

imagery, communicativeness, fantasy and body image were concerned. Hoffer and

wsmond (1967) comment:

"all theories of personality break down here for each experience differs

so much from the preceding that the simple personality drug "theories

become untenable- .myone who has given repeated doses to the some

subject is aware of these major differences between experiences".

She mescaline experience seems to be potentiated by very few substances,

.atropine (Tripod 1957), amphetamine (Balestrieri 1957a) and diethazine (Oenber

1959) intensify the effects of mescaline but other drugs do not appear to do

so. hod reactions can be prolonged by methedrine and other amphetamine-like

compounds. on the othex^ hand, the majority of sedatives, tranquilisers and

antitension compounds have some blocking on the mescaline effects. Of the

tranquilisers, chlorpromazine is perhaps the most important, acting within
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five minutes of injection and enabling the alpha riytnia and amplitude to return

to normal; within fifteen minutes, the subject has entirely recovered from his

mescaline experience.

fsychctherapeutic&lly, all three major syiapatnumime tic hallucinogens

have been used. The chief difference lies in the duration of effect; mesca¬

line produces the longest reaction and consequently may be more useful in some

illnesses than psilocydin, which produces a shorter reaction. frederking

(1955, 1955) is or the opinion that the mescaline experience was stronger than

the had and snould be used if a strong emotional reaction was required. How¬

ever, nob is frequently used as a therapeutic agent in psychoanalytical tiierapy

to elicit tne release of repressed material and to provide mental relaxation,

particularly in anxiety states and in obsessional neuroses. In such cases,

the first do3e is normally 2p^u-g ana this is increased at each treatment by a
further 2d/ug until the optimum aose level is reached, usually between ^O-lGOyag.
where Lbd is used to induce "model" psyctioses in normal subjects, a dose of

dOyxg is commonly used, although it is interesting that a much hip^ier dose is
needed to produce the same effects in chronic alcoholics vomart et al. 1966)•

ihe effects 01 an omd injection begin after- 30-90 minutes and generally last

from 3 "to 12 nours, although, as with mescaline, it is possible to get inter-

mi t, tent disturbances of affect persisting for several dqys. where mescaline

is concerned, this disturbance of affect may last for months (Harley-Mason et

al. 133S).

.there cross-tolerance between mescaline, psiloqybin and Led is con¬

cerned, bale3trieri U937&, 1961a, b) found a highly significant crosa-tolerance

between mescaline and nod, with leas between LSD and psilocybin. ihese find¬

ings were supported by wolb-ch et al. ^1962) who used ten opiate addicts with



previous experience of either LSD or mescaline. mien the subjects were given

from 0.75 to 1.5yu^kg of Lbb daily, they developed a tolerance for LSD and a
cross-tolerance for mescaline. i'he same results were obtained when 2.5 to

5 mg/kg of mescaline were given, producing tolerance to mescaline and cross-

tolerance to Lob.

bommary.

it is dear, from the mary studies on man, that mescaline has several

effectss fear exanple, the predominance of visual hallucinations, the frequent

disintegration of the ego boundaries and causing of tnought disorder, the

inability to co-ordinate higher intellectual and integrative functions, a

pronounced effect on the autonomic system, mood changes and so on. >lfaether

or not such effects may be called psychotic is still a debatable point, but

there seems little doubt that the accentuation of symptoms in schizophrenic

patients and the profound mental disturbance caused in noma! subjects means

that further investigation of mescaline is essential: the similarities between

schizophrenia and the total effect of this hallucinogen are too marked to allow

us to ignore them.



(2) studies on -Jiimala-

Behavioural investigation into the effects of mescaline on animals

seems to have begun, as Chorover (i960) remarks, almost by accident. In 1934

bivadjian, who was primarily testing other compounds, reported the results of

one experiment with a single rat trained in escape behaviour in a shuttle box;

the animal was presented with the paired conditional stimulus Co (sound) and

unconditioned stimulus UCb (shock) and, in order to escape this, was forced

to enter the second compartment. .jfter the initial period of training, the

rat was given a dose of 100 mg/kg of mescaline and put on an extinction sched¬

ule. oivadjian remarked that the animal behaved as though it was receiving a

shock when the Cb sounded, and gave every appearance of undergoing "hallucina-

toiy experiences". ipart from the anthropomoipiiism of this statement, there

is little to indicate exactly what the experimental situation was; no inform¬

ation was given as to the mescaline base, and it seems remarkable that such a

large dose did not produce either ataxia or a noticeable lack of muscle tone,

in the light °f later findings (Schopp et al. 1961). There is also no indi¬

cation as to the route of administration, ana the report is based on the res¬

ults of a single animal, which, in view of the enormous variation among indi¬

viduals in the rodent species, is experimentally unsound. (bee Chapter V on

drug evaluation;.

Nevertheless, attention had been drawn to the effects of mescaline

on animal behaviour, and in the same year a short report from iiussia, by

.dexanurovskii et al. (1934;, shed some light on another aspect of the drug.

Unfortunately, this report gives little in the way of details. Briefly, a

Pavlovian conditioning procedure was used on dogs to study the effect of drugs

on the salivaxy and motor conditioned responses. These animals were trained

to differentiate between two similar stimuli, and this differentiation was
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unaffected by subcutaneous injections of mescaline. Responses to auditory

and cutaneous stimuli were also unaffected, whereas the dogs showed increased

responsiveness to visual stimuli. It is interesting to note that the perform¬

ance level did not return to normal immediately after the drug withdrawal, but

that this occurred over the following few weeks, apparently in "phasic" stages.

This is worth comparing with the results cpoted by Harley Mason et al. (1958)

in their paper on delayed stress reactions in human subjects after doses of

mescaline■

These two reports have been concerned with learned behaviour, and it

was not until 1952 that mescaline appears again in the literature, this time

in connection with instinctive or innate behaviour. <Vitt (1951) devised an

interesting test for measuring the pattern and angles of a spider's web, and

noted that the spider normally 'follows the route of least resistance' when

forming it. Minute traces of mescaline produced changes in this behaviour

and therefore in the web pattern, the angles becoming more obtuse and the whole

web becoming larger and clumsier; LSI), on the other hand, caused the angles to

become more acute and the pattern correspondingly more precise. This is a

neat experiment, and the results lend themselves to cjuantification.

another interesting experiment in this particular area was carried out

in 1962 by Christiansen et al., when it was found that 1 go/kg of mescaline

caused female spiders to spin webs where the threads were 30/- shorter than

before. The webs had a smaller catching area and the angles were more irregu¬

lar. Higher dose3 reduced web-building and it was also found that psilocybin

was ten times more active than mescaline. however, the massive doses used in

this second experiment seem odd (particularly in view of the curare-like

effect) and it is piestionable whether or not they support the original results
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obtained by .vitt, apart from showing that mescaline affects innate behaviour in

spiders.

Two years later, in 1954, hbramson and bvans pursued similar lines of

investigation; they added mescaline to the water of a bowl of biamese fitting

fish and found that it had no effect on their swimming pattern; Lbd, on the

other hand, did. Keller and Umbrett (1956) found, however, that mescaline diu

modify the movement pattern of gippies. The apparent contradiction between

these two sets of results may serve merely to underline the importance of the

difference of species as a determinant of drug effects, and it seems likely

that abramson and bvana in fact showed that different mechanisms operate for

different psychotomimetic drugs.

More recently, baxena et al. (1962) repeated the original experiment

by -ibramson and hvans, but with slight modifications - They injected Siamese

fighting fish with mescaline and LbD, and studied the interaction of these

drugs with serotonin and dopamine. The fighting response was watched 30

minutes after the injection (0.1-0.3yjog in 0.05 iKL.); after 35 minutes, there
was an excitatory phase, during which the fish made rolling and jerking move¬

ments. Gradually they became calmer and neither attacked nor even noticed

an intruder. The response towards the intruder diminished with time and lasted

approximately four hours. iifter 24 hours, the fish were normal if small drug

doses had been used; if large doses had been employed, then the animals took

about four days to regain their normal pattern of behaviour. Continuous

administration of mescaline resulted in reduced awareness of the environment

and a loss in equilibrium; the fish eventually stopped eating,lost weight and

died. These prolonged administrations of mescaline could be withstood up to

23 days.
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baxena and his colleagues found some interaction between mescaline

and serotonin. if serotonin was given half an hour or 3k hours after mesca¬

line, it resulted in a randan and violent reaction; if the fish became stupor-

ose, it did not recover. If, however, both drugs were given simultaneously,

the response was weaker and was marked chiefly by an increased awareness of

the environment but without any fixating. If serotonin was given two hours

before mescaline the fish recovered from the mescaline more quickly, suggest¬

ing that the serotonin exerted partial protection from the mescaline effects-

dopamine, on the other hand, had no effect on mescaline.

ihere are a few other studies which do not involve learned behaviour;

for example, Friedhoff and Goldstein (1962) found that, with rats, there was

no consistent effect below 10.0 mg/kg of mescaline. The only effects they

observed at this level was a certain amount of licking, chewing and motor

incoordination. If the dose level was raised, the animals showed hyper¬

activity, followed by a depression of this activity, marked hind-leg inco¬

ordination, pupillary dilation and cyanosis. .vt a dose of 200 mg/kg (which

seems remarkably high in view of previous results), the rats became very weak

and soporific -with frequent myoclonic jerks- Iretreatment withiproniaaid

(an MaUI) had no effect, whereas pretreutment with calcium carbamide poten¬

tiated the effect, presumably because the concentration of ethyl alcohol was

increased. Pure alcohol at 2.5 mg/kg was equivalent to 10 mg/kg of mescaline

as regards activity in rabbits. The effect by calcium carbamide on mescal¬

ine in the rat suggests that 3, 4, 5-trimetho:jqyphehylacetaldehyde is respons¬

ible for the activity of the hallucinogen.

Fekete et al. (1961) and Borsy et al. (1961) investigated the effect

of mescaline on mice, using the hot-plate method. 200 mg/kg and 100 mg/kg
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had an analgesic effect on 88,.. of the animals, but 50 mg/kg only affected l6«5/i

of their subjects. The orientation reflex was enhanced.

.hxploratory behaviour, as measured by Greenblatt and osterberg (1961)

with an actcphotometer, occurred in mice but was not sustained. In the same

year, hay and Marrazzi found that 11-15 mg/kg of mescaline showed a slight slow¬

ing of the negative response but blocked positively motivated behaviour, an

effect that lasted from 60-90 minutes. be Jong (1945) produced a typical cata¬

leptic reaction in a cat which had had the cerebellum removed, using a dose of

100 mg. he also induced catatonia in mice, a normal cat, a monkey, a pigeon

and in frogs; all animals required a large dose of mescaline, the monkey, for

example, requiring 270 mg.

<ihat is so surprising is that many of these experiments (Friedhoff and

Goldstein, Fekete et al., Jiorsy et al., and de Jong, for example) involved such

high dosage levels. bchopp et al. (1961) demonstrated clearly that mescaline

can have this peculiar curare-like effect on muscle and yet for Fekete et al.

to maintain as recently as 1961 that a dosage of 100 mg/kg had an analgesic

effect seems very odd; it is almost certainly a peripheral effect, but mijjxt

not the more acceptable explanation be that the animal was unable to move from

the hot plate? acme loss of muscle tone is apparent at 25 mg/kg, so surely it

would be even more marked at 100 mg/kg. The interpretation of these results

suggests a general lack of observation on the part of the experimenters.

Finally, where work with unlearned behaviour' is concerned, Brimblecombe

(1963) used Hall's open field emotionality test with rats. He found that mes¬

caline, at a dose of 10 mg/kg, increased defaecation, and he assumed that the

level of emotionality in a stressful situation is increased. This increase

in defaecation does not occur in the heme cage, however, and so is not caused
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by the action of the drug on the alimentary tract. This experiment is con¬

trolled and, like Witt's, the parameters lend themselves to quantification,

hall's (1934) open field test has been reasonably well validated over the years,

and it should be possible to cbtain a substantial amount of information from

straightforward behavioural tests such as this; criticisms of certain aspects

of e:qjerimental procedure are made later (see p. 75)*

liecent work has concentrated on the learner pattern of behaviour,

possibly in the hope that these patterns are more readily under the control

of the experimenter, and that external variables are more easily taken into

account. This is open to question: if natural, untrained behaviour can be

efficiently observed and equally efficiently recorded, and if the experimenter

is sure as to what he is looking for, then it seems that a valuable source of

information is being untapped. ary situation which becomes too artificial

tends to mask the real effect of the drug, as shown by the contradictory

results obtained by Chorover (see later;. Nevertheless, thi3 latter method

can be useful in isolating certain effects, but in these cases it is essential

to note that the value of the result is dependent on the situation in which it

was obtained and that.generalisation is unwise. It is obvious that the reason

for neglecting the study of drugs on innate behaviour lies in the extreme pract¬

ical difficulty of conducting a respectable, repeatable, sophisticated experi¬

ment, but it still seems a pity that more has not been done in tliis field.

<part from this, of course, tire arguments as to what constitutes innate behavi¬

our are 3till raging.

To return to the work on learned behaviour, little -was done with mesca¬

line after the 1930's until Courvoisier's paper in 1936* It is unfortunate

tiiat 3he gives no data, and one is left to guess as to dose levels, animals
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and the route of adjainistr^tion. however, she trained rats to climb ropes in

response to a sound Co and in order to escape shock. Mescaline disrupted this

response entirely and the animals leaped around violently in efforts to leave

the cage; Courvoisier refers to this as a "mescaline-invoked dementia", and

comments on the fact that untrained animals given mescaline appear "irritable"

but they do not appear to suffer from "hallucinations". (This anthropomor¬

phism either stems from oivadjian or is peculiarly French).

The lack of scientific data is lamentable; however, the results are

interesting ana suggest that mescaline may induce increased auditory sensi-

tisation, although tixis is somewhat at variance si to the aussians' work.

The difference may not be valid, thcugu, since the two experimental situations

were distinctly unlike one anotoer. to ternatively, tiie extensive training

proceduro may have produced a generalised excitatory state among Courvoisier's

animals, which was enhanced by toe bypersnobility that mescaline is now known

to cause. in a later paper, Courvoisier and Julou (1956) maintain that toe

conditioned avoidance response and often the unconditioned response are abol¬

ished by mescaline, but, as they give no details of aosc or expeiimental design,

this is a little hard to verify. one interesting suggestion made by Courvois¬

ier is that albino rats are not particularly susceptible to mescaline, whereas

the Norwegian hooded rat is reasonably sensitive. This emphasises the neces¬

sity of stating clearly trie type of animal used in any experiment, particularly

if such marked differences can occur within a species. tobino rats, for

example, sometimes suffer from bunded deafness as well as poor- eyesight, wuich

may account for some of this within-species discrepancy, possibly due to toe

inbreeding of a strain.

Jridger and Cantt (,155b) trained dogs to respond, to two auditory



stimuli; one was the classical ravlovian CS associated with shock, the other a

tone or so higher. .hen the animal was able to discriminate between the two,

an injection of 70 mg/kg was given intramuscularly; this led to abolition of the

motor (flexion] CR, but there was no impairment in the dog's ability to differ¬

entiate between the sounds. Instead of flexion, the response was in the form

of distress sounds, such as hovlLing when the OS was hearu. (The total syndrome

is remarkably like that of a decorticate animal]. Hyperactivity was also pre¬

sent. These results support those of Courvoisier and bivadjian, in that the

normal OR is abolished, whereas the other responses are intensified. However,

there was apparently no auditory sensitisation, since the response to the nega¬

tive, or non-paired, sound did not change; this supports the findings of the

Russians in 1934, whose experimental situation was somewhat similar. Bridger

and Gantt suggest that, under mescaline, the normal relations between condi¬

tioned and unconditioned stimuli are disturbed, and the Cb is perceived as if it

were the Ub; in other words, the signal for reality becases reality.

The following year, Cook and ./eidley (1957) used a similar experimental

situation to Courvoisier. .TLbino rats were trained to climb a pole in res¬

ponse to a CS sound, in order to escape siiock. The experimenters failed to

block the Cad, although they used doses of 100 mg/kg mescaline, administered

orally. This seems hard to explain, in view of previous results, and it is

possible that Courvoisier's point about albinos being resistant is applicable.

Chorover ^1960) suggests that the oral dose is to blame, and, apart from

absorption being slower by this route, mescaline is a powerful etaetic and the

rats may have been sick before it had time to take effect. (bince rodents

are unable to be sick, this second point is fallacious. However, a feeling

of "malaise" may have been present]. Chorover may be correct in thinking
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that oral dosage is ineffective, but, according to recent work, not because of

slow absorption; de Jong (1945) has shown, by exclusion of the liver through the

fistula of hck, that the liver brings about strong protective action against

mescaline. In this case, the actual amount of active mescaline to reach the

nervous system would be very small, which would account for Cook and Weidley's

negative results.

irreedman et al. (1958) trained rats to climb a rope for- food, using

hunger as the motivating force. They also used oral doses, and found that

mescaline impaired the response. However, if the animals felt ill (and mesca¬

line can induce intense nausea in man), it is not a clear-cut result, and one

cannot assume that the response was blocked by the specific action of the drug

on learning per se.

The rope-climbing test seems to have proved popular in this field,

ongrthies and Levy, in 196©, adapted Winter and Flataker's test (1951), and

trained albino rats to climb a five-foot rope under hunger drive. The time

taken to clirnb the rope was recorded. Using three groups of five rats each,

a complex Latin square was designed, so that all 15 rats had five doses of' three

drugs (of which mescaline was one) and dose response curves were obtained.

The results showed that, for mescaline, the mean increase in climbing-time

occurred at 50 mg/kg, and that the maximum increase took place, on an average,

at 40 minutes after the intraperitoneal injection. These climbing times then

decreased.

This experiment is more sophisticated than those previously mentioned,

in that an intensive investigation of dose-response curves was carried out, and

each animal was used as its own control, thereby cancelling, to some extent, the

wide individual variation that occurs. Nevertheless, it is also subject to

criticism on the grounds that the increase in climbing time is possibly due to
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peripheral effects, if not entirely then at least in part ^chopp et al. 1961) I

the slowness is not necessarily due to Ofti confusion alone. The author has

found that a hooded rat injected with 30 mg/kg mescaline becaae so paralysed

that it was incapable of moving from one chamber of the shuttle boot to the

other, despite intensive shock* admittedly, the rats in orcythies and Levy's

experiment were albinos, and therefore, according to dourvoisier, more resist¬

ant to mescaline, but this loss Of made tone is still a factor to be taken

into account. ..gain, no information is given as to the time intervals bet¬

ween mescaline doses; it appears from later work that mescaline exerts a toler¬

ance effect for at least a fortnight, and it is impossible to gather from the

data quoted by Luythies and Levy whether- this effect might have occurred; if

it did occur, the resulting data would suggest that mescaline is less active

than in fact it is.

a different approach was made by Loray et al. (1961), who investigated

the anti-mescaline effect of trioxazine (li-(3#V#9~triiaetha3y-beWECyl) tetrahydro-1,

4-oxaaine). fhey found that trioxazixie antagonises the mescalitie-induced

scratch response in trie mouse, but that it does not counteract the toxicity of

large doses of mescaline, wither does it affect the analgesic property of

mescaline beyond a slight antagonism; however, at 23 tag/kg, it completely

inhibits the iypersaobility produced by 100 mg/kg of mescaline. These results

led them to suggest that triozazine depresses the reticular- activation system,

which in turn was suggested by Linaldi and Hiuwich (1955) to be the site of

action of mescaline.

This is an interesting theory, particularly neurophysiologlcally and

biochemically, but it does nut contribute much to the findings based on beha¬

viour patterns. The testa used art crude, and give little information.
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a report by Hoshikawa (1963) states that mescaline accelerates the

Chut in rats, but the meaning of "acceleration'' is unclear. It would appear,

though, that his results contradict those of his predecessors. on the other

hand, this may not be the case, since experiments by the author suggest that

tiie first reaction to mescaline is depression of the Cali and the second is

acceleration. if this is so, then it becomes vitally important that experi¬

menters should state the exact time lapse between the administration of the

drug and the test. different experimenters might be looking at different

aspects of the same phenomenon.

in 1967, dyeno conducted an experiment on the effects of ihescaline

and psilocybin on dominance behaviour in the rat. lie found that both drugs

inhibited the dominance behaviour of rats competing for food, with the peak

inhibitory effects occurring half an hour after the intraperitoneal inject¬

ion. The dose-response curves allowed that the inhibition of such behaviour

was directly correlated with the dose level. In another experiment Uyeno

(1966) had found that mescaline inhibited the isolation-induced attack beha¬

viour of mice, and that the peak inhibitory effect was this time an increasing

mono tonic function of the dose.

bridger and itandel (1967) compared the effects of mescaline and

3, if-dimethoacyphei^lethylaffiine (dMPb) on classically conditioned behaviour,

using the potentiates startle response in rats; they found that both compounds

were excitatory and increased the response. as a result of this, they sug¬

gested that instrumentally and classically conditioned behavioural patterns

are fundamentally difx erent forms of behaviour, possibly mediated by different

parts of the nervous system. They also made the point that drug effects may

be dependent upon the form of beliaviour used in the investigation.
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Jiscriioinatei avoidance behaviour in rats under the effects oi' several

drugs was investigated by Morpurgo (1965J • i'hiB experiment was designed to

test the animal's ability (a) to perform a correct motor avoidance response

(active response), and (b) to refrain from an action leading to punishment

(passive response). Both mescaline ana 111) were among the drugs tested.

Lorpurgo used a three-chambered discrimination box, the main box (or starting

chamber) being separated from two smaller exit compartments by a barrier- 3 cms-

high. It was possible to block the exits completely by a guillotine-type

door; each compartment had an electrifliable floor grid and a light source.

during an avoidance trial, the rat was placed in the stax-ting chamber,

with tile choice of' a 3afe exit into a lighter compartment, or an 'unsafe" one

into a dark compartment in which the floor was electrified. failure to leave

the starting chamber within ten seconds was punished by shock.

The passive avoiuance trials were, as the name implies, the opposite

situation. Botn exit compartments were dark, with electxdfied floor grids,

while the starting chamber was lighted. The rat had to remain in Hie start¬

ing, chamber for 30 seconds; leaving it was punished by shock.

hach aniumo- had 20 trials per session, 10 active and 10 passive avoid¬

ance trials presented at random. Four types of error were possible: (ij act¬

ive avoidance failure; (ii) escape failure; (iii) discrimination error (wrong

exit chosen), and (iv) passive avoidance failure-

having been trained to an errorless performance, the ani.aals were

tested under drug conditions. xt is worth noting here that groups of 3 rats

were used at each dose level and the results shown as the average of the indi¬

vidual scores: averages are frequently unavoidable, but tuey teiu to obscure

important individual reactions to drugs, and .drore groups as small as these
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are used individual results should be considered. A second point is that the

same rats were used for several pharmacological experiments, and only three days

were allowed to elapse between drug injections. There is therefore no allow¬

ance made for tolerance, cross-tolerance or interference. one constant factor

is that all drugs were given intraperitoneally but there is no mention of intra-

individual saline controls, and an i.p. injection is painful; one wonders to

what extent the pain and irritation of the drug affected the results, particu¬

larly since all drugs were given in an aqueous solution and osmosis was not

apparently considered.

Morpurgo obtained significant differences between various drugs, and

found that mescaline and LSD "caused a loss of active avoidance parallel to

an impairment of passive avoidance, thus indicating a disruption of the learned

behaviour". She says that the particular technique that she used was "very

sensitive for the detection of caapounds which suppress active avoidance res¬

ponses", and while I agree v.ith this statement in principle, the fact that

doses of 20, 50 and 100 mg/kg of mescaline were used tends to undermine her

statement to some extent in view of the peripheral effects of this drug. It

is interesting, for example, that escape failures are zero at both 20 and 50

mg/'kg, that active avoidance failures double at each dose level, that dis¬

crimination errors treble at each dose level and that passive avoidance fail¬

ures are virtually nil at 20 mg/kg, but almost identical at 50 and 100 mg/kg,

being approximately twenty-three times higher. To say, therefore, that mesca¬

line and LSD "caused a loss of active avoidance parallel to an impairment of

passive avoidance" is a gross over-simplification of the results that were

actually obtained.

'This particular report has been examined in sane detail, because not
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only is the apparatus of sensitive design, but there is a certain similarity

(in terms of conditioned avoidance response) between this experiment and one to

be reported later. Hie interpretation of results is interesting but possibly

misleading, particularly in view of other results to be given later.

..here operant techniques are concerned, there are two recent experi¬

ments which are worth mentioning. Hie first, by Bradley (1967), employed

complex computer techniques in the analysis of behaviour on a DHL 196115 base¬

line in the rat. ihis baseline is remarkably stable and also sensitive, the

chief drawback being that it takes a remarkably long time ^approximately 4

months; to adaieve stability. It is important to bear in mind that the aver¬

age life of the laboratory rat is from two to three years. nevertheless, the

experimental warm-up period for this BaL baseline is brief, which is an advant¬

age. ,»here mescaline is concerned, the iiydrochloride base was used at 12.5

m^/kg, but at intervals of only seven days, wiiich is too short to be able to

say with ary degree or certainty that all biochemical systems have returned

to normal and tolerance cannot be present. Hie IHT distribution was unaffected,

but there were several long lhl' s, accounting for aoout 20 minutes of almost

complete inhibition whicn began approximately ten minutes after the beginning

of the experimental session. when responding started again, the distribution

was normal. auphetamine at 2 mg/kg reduced the IhT's. However, the base¬

line was not affected by mescaline at 6.9 mg/kg, amphetamine at 1 lag/kg, or

chlorprcciazine at 2«0 mg/kg. an interesting finding arising from this test

is the difference observed between the disruption of Pah behaviour and the

disruption of behaviour produced by the modified oilman avoidance schedule.

The effects of' mescaline on the ui\L baseline are apparently all-or-none, and

there are no degrees of impairment such as are seen on the Bovet-Gatti profile;
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in the latter situation, one can apparently obtain close-response relationships

by estimating the amount of suppression of avoidance responding, whereas in the

former, it looks from Bradley's data as though dose-response relationships are

described only in terms of the length of the inhibitory effect. Bradley pre¬

sents no dose-response curves and evaluates the potency of a drug purely in

terms of the T values obtained with two dose levels for each of the three

active compounds.

fhe second experiment in the same field is that by Johnston (lyC7),

who believes that the primary contribution by psychologists to psychupharma-

culogy lies in the development of behavioural analysis in the laboratory,

ihe ultimate test ol' reliability or reproducibility for any such technique is

not to be found in the method but in tile degree of control that can be achieved;

operant techniques meet this criterion easily, in Johnston's view. Hence the

ability to detect and quantify hallucinogenic activity of a drug, with animal

subjects, can be determined only empirically. Johnston's awn work was con¬

cerned with ascertaining the features of hallucinogenic molecules which are

necessary in order to produce their unique effect; thus he was primarily con¬

cerned with structure-activity relationship studies on the mescaline molecule

and with pretreatment studies, using the Bovet-Gatti profile technique, which

is in effect a discriminated avoidance schedule. .apart from criticisms of

operant tecnniques at this stage of investigation into the behavioural effects

of a drug ^see Chapter V), it is notable that Johnston has fallen into the same

traps as some other experimenters, namely the averaging of results and the use

of one animal for what are, in reality, several psychcphaimacological experi¬

ments. oespite his comments on the interaction ol' psychology with neurophysio-

logy, neurology, neuroanatcny and biochemistry, he appears to have introduced
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bi.jchemically uncontrolled variaoles which do not assist the validity of' his

results.

naafat (1968) conducted a series of straightforward experiments des¬

igned to study the effects of mescaline on acquisition, consolidation and

recall. Using a multiple X-maze and two dose-levels of mescaline given i.p.,

she varied the time-intervals between drug administration anl testing. The

following results were obtained:

1. 12.5 mg/kg of mescaline:

(a) If this dose was administered 0, 15 or 59 minutes before the

training trials in the maze, learning was inhibited during the

acquisition phase.

(b) ihe same dose given immediately after the training trials did not

affect acquisition.

(c) If given 15 minutes before a trial, this dose has no effect on the

recall of a partially acquired habit. On the other hand, given

55 minutes before recall, it appeared to increase the number of

errors made by the animal and its running time.

2. 25 mg/kg of mescaline:

(a) Given immediately before training, this dose had no effect.

Given 15 minutes before the training trials, it did not affect

acquisition, but retarded the animar's running speeds signifi¬

cantly. (Might this be due to the peripheral effects of loss of

muscle tone?) If given 55 minutes before the training trials,

acquisition was facilitated, presumably because the peripheral

effects had had time to wear off and consequently running speed

was not affected.
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2. (b) 25 nig/kg given immediately after the accjuisition trials did not affect

acquisition.

(c) The same dose injected 15 minutes before the trial appeared to inhibit

recall and retard running speed. on the other hand, given ljj minutes

before the trial, there //as no effect either on recall or on running

speed.

Haafat attributes, somewhat tentatively, the dose-dependent, time-

dexjendent facilitating effect of mescaline on the acquisition of the maze habit

in rats to an hypothesised metabolic derivative which may have a property in com¬

mon with some known Clio stimulants, such as amphetamine. The retardation effect

on the animal's motor performance is possibly dependent on the arousal level of

the autonomic nervous system- In ary case, mescaline appears to exert a pri¬

mary debilitating effect on muscle which is accompanied by an independent second¬

ary central stimulating effect, caused possibly by a mescaline derivative.

The directness of' approach in tuis experiment and its basic simplicity

are, in the author's opinion, of considerable value; separate control and experi¬

mental groups were used at eacu time interval and for each dose level, giving a

validity to the results which might not otherwise have been achieved. It has

been said elsewhere in this thesis that to proceed from the simple to the com¬

plex is of particular importance where psychopharmacology is concerned. 'The

results of the experiment quoted above shed unexpected light on the effects of

mescaline on learning, and should be taken into account where the results of

other experiments on the same drug are being interpreted.

By far the most pertinent study where this thesis is concerned is that

carried out by Chorover (i960). .ulthouga Joorover took mescaline himself and

gives a vivid description of his expei'iences, besio.es being interested in in vivo
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fie says:

"bo far, relatively restricted use has been made of available methods for

studying animal behavior. The experiments .... are intended to explore

the effects of different drug and non-drug variables in the rat. Mesca¬

line and chlorpramazine were used in these experiments since they produce

contrasting behavioral effects in man. ,/t hoped to show that behavioral

test methods might show double dissociation between drugs and different

behavioral patterns. .furthermore, we wished to determine whether mesca¬

line affects behavior by exerting sensory, motivational or motor effects,

or whether it might be possible to say that particular aspects of the

learning process are affected'.

A number of experiments were therefore designed to investigate various

aspects of the learning, situation. Chorover's first was based on oridger and

Gantt's {1956) statement that mescaline causes the Cb to act as the Ub. He

hypothesised, therefore, that since the do is self-reinforcing in normal con¬

ditions, the response to the Cb should resist extinction under mescaline. This

was tested by suspending the experimental animal in a closed cage attached to a

gauge, which recorded the amount of movement. The classic Cb training situa¬

tion was introduced, with a buzzer sounding for 2 seconds followed by shock for

five seconds, for an unspecified number of tri'fLs. Mescaline sulphate 1,25-45

mg/kg) was given intraperitoneally, and 15 minutes later the experimental animals

were tested. The number of extinction trials required to abolish the antici¬

patory response to the Cb were recorded. The results showed that extinction

took longer in the experimental animals than in the controls, whereas untrained

animals given mescaline were not ai;fected. This suggests that the drug altered
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tile functional relationships between the CS and the US so as to increase the

specific potency of the C3 until it assumed negative reinforcing properties like

the US.

though this experiment supports Chorover's hypothesis, one or two

interpretations seem a little doubtful. Is it safe to assume that mescaline

had blocked the extinction process per se? It seems unwise to be too specific

as to the effect of the drug at this stage. Secondly, Phorover seems to have

made an odd mistake on the practical side; he used distilled water instead of

physiological saline for both experimental and control animals. This must

have proved painful for the subjects and a consideration of the osmotic pres¬

sure of the body fluids would have prevented this. The pain following the

injection might have affected behaviour and possibly biased the results.

Later, Chorover performed a series of four further experiments on

the effects of mescaline in the rat. The independent variables he chose were

chemical composition (mescaline versus chlorpromazine) and dose level ("hi^r"

and "low"). The primary dependent variable was behaviour, which could take

the form of locomotor activity, of performance and extinction of the conditi¬

oned avoidance response to auditory and visual stirruli, and of 'running' and

'freezing1 responses.

The first experiment was concerned with the extinction of the CaR.

Using 30 male albino rats aged 150-180 days (in spite of Courvoisier's warn¬

ing, although he does acknowledge it), he trained them in a shuttle box to

respond to a buzzer and to avoid shock (1. 5ma); the two compartments were

separated by a small swinging door and it is noteworthy that several animals

had to be trained to open this door and that four failed to do so; this seems

an unnecessary complication in the training situation.
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fhe training consisted of 15 trials per day for 15 days. For each,

trial, the subject ..as given a two-rnimte adaptation period. 'Hie CS-UCS
0

period was five seconds; at the end of the Co period, the UCb was presented

and both Cb and UCo remained on until they were terminated by the animal.

Intertrial intervals ranged from 15-30 seconds.

.m avoidance response was defined as a cross made from one compart¬

ment to the other before the UCb; an escape response was a cross made after

the UCb occurred. intertrial crosses were disregarded. Ihe extinction pro¬

cedure involved the presentation of the Cb alone.

ihe animals ./ere matched on their acquisition procedure and divided

into four groups. Unfortunately, Chorover does not define this acquisition-

matching. lie means, presumably, the number Of trials taken to achieve cri¬

terion, ana that each group contained an equal number of 'high' and 'low'

achievers.

Following each session in the shuttle box, the animals were tested

individually in a modified Ihaapson maze; this is a square "open field" area,

measuring $0 x. inches and ruled into 25 six-inch squares. 'Ihe animal was

placed in the central square. scoring of locomotor activity in this "maze"

took three forms; \,a; the number of squares entered, (b) the number of bound¬

ary lines crossed, and ^c; the total number of boxes entered out of 25« (It

could be argued that demarcation of the "open field" such as that used by hall

(1934J and more recently, by Broadhurst 1,1560} anr Chorover, is an experimental

situation liable to introduce uncontrolled variables; the most obvious examples

are tne contrasting colours, the possible smell of paint emanating from the

lines ana the necessary presence of the experimenter for recording purposes,

it would seem that the most informative way of measuring exploratory behaviour
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in such circumstances is to video-tape the animal's performance in an unmarked

open field, with the controls ana monitor screen in a separate rootu. rlay-

back of the film will give as much, if not more, information than the actual

situation. Ihis is feasible by placing a mask of squares or circles over the

play-back screen, thus controlling hitherto uncontrolled variables. ^Iso,

several playbacks of the single experiment are possible, allowing both a wider

range and a greater accuracy .in scoring).

The original group of 30 animals was subdivided into four. Group I

(Ns=10) were given 25 mg/kg of mescaline sulphate i.p. (in 0.6 ccs distilled

water) on days 16 to 19. .after a gap of twenty minutes, each, animal was

placed in the shuttle box to test for extinction; it was then tested in the

Thompson maze for five minutes to determine its locomotor status and finally

returned to its home cage. Group II (k-lO) ..ere treated identically, except

that they received 0.6 ccs of distilled water instead of mescaline and so acted

as a control group.

Group III (h=5), the 25 mg/kg mescaline group, were tested in the

Thompson maze 30-40 minutes after the i.p. injection, and then z'eturned to

their heme cages. This took place on dtys 16 to 19, ana on day 20 when the

series of injections were complete, the first extinction trials began in the

shuttle box. Group IV (h=5) acted as the control group and the same procedure

was employed, using distilled water instead of mescaline.

Upon calculation,- the maximum length of experimental session in the

shuttle box per dsy appears to have been not more than 20 minutes.

The results of these experiments demonstrated that there was no signi¬

ficant difference between the extinction curves for Groups il, xli and iV.

Group I, however, showed an immediate suppression of the avoidance response,
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and. this effect persisted for the eleven days following the test procedure.

It is interesting to note that Group 111 was, apparently, quite unaffected.

.<here locomotor activity in the Thompson maze //as concerned, it was not affect¬

ed statistically, although Chorover remarks that there appeared to be a trend

towards greater activity in the two mescaline groups (I and Illj.

./here qualitative observations are concerned, Chorover noticed that

the animals in Croup I, when put in the shuttle box, moved slowly away from

the door to the furthest corner, where they became flaccid and immobile; this

behaviour persisted throughout the experimental session and performance was not

improved by random intertrial shocks. Gross movements (except for the escape

response) did not occur, although there were some orientating movements.

Chorover is of the opinion that the rats were slightly ataxic, a point he

noticed in Groups I and III durin^ the locomotor test, although there appeared

to be no loss of locomotion in the Thompson maze - indeed, to the contrary.

on the basis of this finding, Chorover suggests that the suppression

of activity is specific to the shuttle box; consequently, single sensory or

motor impairment is not the explanation for the animals' odd behaviour. There

appeared to be a lack of coordination of sensory input with motor output in

Group I; however1, suppression of the Cad persists after1 the drug is discontinued

and therei'ore the actual extinction must have occurred during the drug action

and have been transferred to the post-drug period, as shown by the complete

absence of spontaneous recovery. Chorover comments that the animals certainly

heard the Co (demonstrated by an increase in respiration and orientation) but

did not respond, although a capable efficient response was given to the UCS,

and the Thompson test showed that they were capable of performing the task,

killer et al. (1957) obtained rapid extinction of a response with chlorpronazire,
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and surest that the reduction of' avoidance is a direct conscience of the

anxiety-reducing properties of the drug; thus, the persistence of extinction

after drug withdrawal allows "more appropriate new responses to stimuli which

had previously induced anxiety".

.(here mescaline is concerned, such an explanation seems unlikely.

In man, mescaline may well induce anxiety attacks (Beringer 1927); is it

reasonable to suppose that it will reduce it in the rat? It may, but the

qualitative observations suggest that this is not so. Possibly some new

learning process is involved in the drug situation; if so, how does this pro¬

cess operate; Chorover draws a parallel between mescaline ana chiorprama-

zine, emphasising that one cannot generalise from apparently similar effects

of the two drugs on the G^h condition, because the effects of the same sub¬

stances on man are quite different. (It should perhaps be pointed out that

the effects of GSffi and mescaline in the shuttle box are not so similar as

Chorover suggests, and consequently the parallel he draws is not very profit¬

able. It is now known that CP2 is capable of abolishing avoidance response

and yet leaving approach responses intact at the same dose level (anokhin

1961); mescaline does not appear to have this discriminatory effect, as will

be shown later,).

Greatest attention has been paid to the shuttle box experiment,

because of its similarity to one to be rerjorted later in this thesis. How¬

ever, Chorover describes a further three experiments, for all of which he used

an activity •v&ieel. This wheel could be rotated at given speeds, or allowed

to run freely, and the two perspex sides were separated by an electrifiable

grid. In each experiment he used 15 animals (Norwegian hooded rats, ahich

does not allow for direct comparison with the previous experiment) and after
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training, the animals ,vere divided into three groups: Group Lit! received J days

of control injections, 3 days of 2p rag/kg i. . of mescaline sulphate, followed

by a fhrther 3 days of control injections. Group Hh received the same treat¬

ment, but was given 50 nig/kg of mescaline, while Group GPL. was ^iven 5 mg/kg of

Chlorpromazine-

In the first experiment, Chorover measured spontaneous aril evoked acti¬

vity, in order to observe the effects of :aescalint on locomotor- activity. for

spontaneous activity, the wheel was allowed to run freely, while for evoked

activity it was rotate! at a given speed. ^30, 6*6 or 10»G r*p.m.)

The results for the spontaneous activity showed that Cxh effected the

most max-ked reduction, ana there was no recovery in the yost-dx-ug pex-iod. -he

ED/. group showed slightly less reduction, while, in the L.u group, there was sig¬

nificantly less reduction a.n activity. for the evoked activity, the slowest

speed was unaffected by ai\y dose or drug; a faster speed was markedly affected

by the high mescaline lose, and the fastest speed was affected by butu mescaxine

doses, but not by Cfa. <11 groups returned to normal in the post-drug perxod.

Thus, both Urh and mescaline suppress spontaneous actxvily, a direct

contradiction of the increased activity observed in the open field situation.

This would appear to be due, in part, to the different training situation and

to the lack of aversive stimuxi -n the activity wheel. The motor impairment

caused by mescaline is more obvious when the animal is forced to move fast; if

slow movements only are required, it is possiole to overcome partially the

akinesia and ataxia (ochopp et al. 1561;. It seoias oax that Ghorovex- dix not

find a reduction in speed of movement in the o^en field previously; however,

this migixt have been due to the excitatory state induced by shocks, and to the

fact that he was using albinos in that particular- situation.
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•Che second e.xperiiflent was designed to investigate the effects of mesca¬

line and Uth on the Chut, and possible differences in the effect of mescaline on

auoltary and visual stimuli. Ohorover used two groups of lp animals, one for

auaifcory, the other for visual training. .ill animals were trained to turn the

freely moving activity wheel in response to the CS stimulus; if they remained

stationary, shock was received. Both groups of 1£ were divided into Kk, LU

and -t3h groups as before-

itaong those groups trained to the auditory stimulus, there was a signifi¬

cant increase in the number of errors for the GfZ and Hi. groups, the CPS being

higher; tirere was a alight non-significant increase in the Liu group. Hie post-

drug period, on the other hand, was normal. «foong the visual groups, the sit¬

uation was similar, except that there was also a significant increase in errors

among the 1M group.

inter-triaL activity was also measured, and the mescaline groups showed

a significantly higher increase in the HM and Lii groups, both visual and audi¬

tory, whereas the GtZ groups in botii cases showed a significant decrease. in

the visual group, the KM group ah owed a significantly greater increase than the

hiii groupj this suggests that the visual stimulus conditioning is more easily

disrupted than the auditory, with constituent increase in "anxiety" and activity

ihiis seems reasonable, in view of the fact that rats are semi-nocturnal, and that

vision is one of the least efficient of their senses. Chorover merely remarks

that the auditory response is better established, but on what grounds he does

not say. it is pessiil^ worth noting that the results obtained here are opposite
to those of Cook and Ridley, but, in view of the oral route of auainistration

used by tne latter, this is perhaps not surprising. iiaong Chuiover's other

observations, he states that mescaline induced excitement and confusion, in the
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f'oim of freezing and partial responses; there was less ataxia than in the pre¬

vious experiment, due, probably, to the strong aversive stimuli that were received.

In his final experiment, Ghorover studied the effects of mescaline on

freezing and running response patterns. un the basis of previous results,

he hypothesised that the kind and amount of motor activity after a mescaline

injection is related to the nature of the stimulus situation. if mescaline

can produce excitement or inhibition, will it affect conditioner patterns of

movement?

Using a :freely moving activity wheel, Chorover tester his hypothesis

with two groups of 15 rats- Die first group were trained to run continuously

in the apparatus during a 5 raimte test session. If they stepped, they rec¬

eived shack. .d'ter training (during which all animals reached a criterion of

less than five shocks per session), each group of 15 were suodivided into 3

(N=5), and the drugs were administered as before - Kk, Lk and CP2.. The three

groups all siiowed an increase in the number of shocks received, the CPA group

significantly more than either of the mescaline groups. .ill three groups,

however, returned to normal in the post-drug period.

The second group of 15 were trained to "freeze": if they moved the

wheel through more than an arc of 10°, shock was received. After drug admin¬

istration, the Crg group showed no disruption of behaviour, whereas both the

mescaline groups manifested marked disruption. nuring the post-drug period,

the mescaline groups continued to show behavioural disturbances, but this was

statistically significant only for the HI. group. Fran this, Chorover concluded

that mescaline produces excessive non-directed hypermobility in animals, fol¬

lowed by a sporadic "impairment of ability to refrain from movement".

Chorover's work is the most sophisticated and intensive to be met so
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far, anu he has investigated the subject thoroughly. Nevertheless, he has

stili been able to tackle only one or two aspects. one major fault is that

the question or drug tolerance has been totally ignored, although mescaline was

administex'ed for four deys in succession in laxge aoses* it is surprising that

the tolerance factor did not show in his results. However, uis observations

appear1 on the whole to be sound, and he gives the impression, unlike many other

experimenters, of being on the alert for any unusual phenomenon .hich migjat

suggest a I'urtiter avenue of exploration. His apparatus is comparatively straight¬

forward, and the activity wheel is an ingenious method ox' obtaining quantifiable

data relatively unsullied by uncontrolled variables. Unfortunately, rn iiis

attempt to obtain such data, the benaviour he elicits is almost too artificial,

ana if seems a pity thaf he iias concentrated n<xinty on negative motivation,

so that his results have been obtained chiefly under stress conditions. how-

ever, this nas the value of drawing attention to trie need for further tests

based upon positive motivation, and also to the need for as much simplicity and

control as it is possible to incorporate in any one situation.

summary; 3'raa the data presented, it is difficult to draw ary precise con¬

clusions aoout the effect of mescaline on ary one aspect of animal behaviour;

too maiy results are contradictory. what does emex-ge is the fact that the

study of tnis drug is still very much in its infancy, and an accurate assay

technique is urgently required before reliable comparisons can be made with

other drugs. Preferably several such techniques snouli be evolved, each con¬

centrating on a different aspect of behaviour; it might then be possible to

build up a body of reliable information, and, from this, to draw relatively

sound conclusions.
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•5* -laac .-esculin, .dialogues.

It is clear that the number of possible mescaline analogies is very

large. Iherefcre, reference vail only be rnaue to those analogues which ./ere

used in the experiments to be reported. Nevertheless, tne rationale for the

3tudy of structure-activity relatiorudripa shoulu be made dear: only by "dis¬

secting" a molecule of Known activity can one determine the part of that mole-

carle responsible for such activity. ihus it is possible to subtract from, adc

to or change the disposition of the parts of the molecule, in an attempt to

determine which part 01s this molecule is respunsible for any one effect,

sxareples or possible changes are anown. in riyires 7b and 7c.

lire analogues user were as follows:

(a; 3,4-uimethoxypheryletnyiaud.ne

(b) N,N-diinethylmescaline (bhm)

(c) oL-tri^tiiOjypherylalanixie (Ikth)

(d; 3-hydroxy-4-me thoxypherylethylamine (3h4hfb)

(ej j>-iuethoxy-4~iydroxyphenyie uiyiamine ^3*»4hxn)

3,4-dimethojypherylethylamine {jJuj:*} was tested primarily oecause of

the current interest in the substance at tire time (friedhoff and van .tinkle 1362;

iakesada et ai. 13b3; -Jtii aru mcueer 1364; nuehi et ai. 1364; Bouiuilion 1563;

Horwitt 1363), anu because no previous reports of its actxvity, using a reliable

behavioural test, haa so far emerged. Ihe nypotuesis was that bMtrfc vyas excreted

as an abnormal met-abolite in the urine or' sane schizopia'enic patients; this wat

particularly interesting since, bar tire loss ur tne methory group at position

3, bliP was identical to mescaline. however, as mentioned earlier i^ste pp.

21-24;, further work has failed to confirm this original hypothesis ^huehl et al.

136o; r erry et ai. i^t4; 1 erry et at. Iy67; • rhis was disappointing .given
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that the amine could be oxidised by monoamine oxidase to 3,4-diraethoxyphenyl-

acetic acid. also, de Jong (1945) had found that 3,4-DMPE induced experi¬

mental catatonia in cats, although large doses were necessary.

Nevertheless, despite the fact that dMPK has since proved to be less

interesting (at present) than was tncught at the time, there is little doubt

that the substance would still have been tested in view of the marked struct¬

ural similarity to mescaline•

The second compound, N,N-dimethylmescaline, was chosen so that the

effect of increasing the methyl groups could be observed. The rationale for

this was that there might be a similarity in action between this substance

and the hallucinogenic K-methyl derivatives of txyptamine, namely psilocybin

and N,L-dimetiyltryptamine or i)MT, and was based on previous work (reretz et

ai. 1955; onythies and Levy I960) that "^-methyl substitution appears to

double activity. (it is notable that Luduena, in 1935, swallowed 500 g>us.

of dllfcil with no apparent effect. ..as the dose perhaps too snail?)

The choice of JL-triruethoayphery1alanine, the amino acid derivative

of mescaline, was dictated ay the similarity between 5-bydroxytryptophane

and sei'otonin, and dopa and dopamine- There do not appear to be ary reporis

in the literature on this substance, apart from the report by Blashko (1965)

that it is not a substrate far decarboxylase.

Hie two remaining substances, 3-methoxy-4~hydroxypherylethylamine

and 3-iydroxy-4-methoxyphery1ethylamine, were tested because they were expected,

again on the basis of their structure, to have a peripheral action on the

animal but not to affect the central nervous system, due to the unlikelihood

of their crossing the blood-brain barrier. It was hypothesised that it might

then, on the basis of the results, be possible to determine .vhich parts of the
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mescaline molecule .vert responsible for certain responses obtained from the sub¬

jects. -ncc again, there appears to be no previous literature on either ox

these oaapouada-

it is «ortii notirg that, after these five compounds were stuoied, it

was i'MOtU that only t.vo analogues of mescaline are active when measured oy means

Of tae eidman -.vcidcnce chedule and using the Bovet-Gatti profiles. ^beythieo

et ui. ±%7) ' These analogues v?ere the 2, 3, 4f 5 and 2, 3» 4, 5» to jaetnoxy

compounds, sugteatini, that 'the 3, 4, 5 (raethooy) configuration is necessary and

that aioiji^ e^tra utt cxy grou increases activity. The great activity ox the

penta raetnuiy ca,vuu;»- ..-.y b due to the fact that this compound suostituteu. in

the 2 and c positions cannot be metabolised by mescaline oxidase".

suet, a finding, if substantiated, would explain the apparent exi'ecta

ox' iV'dts. so.,, the 3, 4 configuration) aril of b&M and phenylalanine, .diere

vnt essential amine side-chain has been altered. BhulgLn , sums up the

position as follows:

djLw.oit>i a chemical explanation for schizophrenia is oriLy one of several

that are i-ossible, the fact remains that some aspects of this state can

oe reproduced ohem-cnlly. Thus the hypothesis of an endogenous paycuo-

togen ueacivec i-artiicr investigation. The compounds implicit in the

couioiitotiont. of iitv and. coin variations .... »cy provide the tools

that con challenge t is hypothesis*.
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V. H1L ii.YxtuU.g'iam -qNU UixxlGN OF HSYCnuPK;,hhh£uLUGIC,h jJCPiirilKKKIS•

It is clear that it would be unwise (and perhaps even inpossible) to

transfer the findings from research with animals directly to man. Neverthe¬

less, it is still acceptable to study several behavioural processes in animals

which arc related to fear, avoidance, gratification, aggression, learning; and

so forth, in the hope that the information obtained will shed li^rt on appar¬

ently similar processes in the human being. one would expect the fundamentals

of both the physiological and the psychological processes to be similar to one

another throughout the different species, and in particular- among the mammals,

lo some extent, one may extrapolate from behaviour in rats to behaviour in

man, although with great caution since a correct interpretation of experimental

results is frequently difficult.

fiiis being so, it is necessary to decide on the experimental approach

to be adopted. There are two main aspects to be considered: (,a) the nature

of interactions between drugs and behaviour, and (b) the relationships between

biochemical events and behaviour (rcussell 1964) • fhe choice of approach dep¬

ends to a great extent on the past experience and training of the experimenter:

a psychologist will tend to choose the former, a biochemist or physiologist the

latter. However, there are two factors to be taken into account; first, at

the present time, the biochemical approach is by far the more dominant, to

judge by the weighting of the literature; 3econd , (and possibly more important,,

the first or "psychological" approach is, of necessity, the traditional stimu¬

lus-response (b-h) approach. Therefore, the drug is administered and the

resulting behaviour observed; the drug in this case acts as the independent

variable (by means of' its presence and dose level) and some chosen measure of

behaviour acts as the dependent variable. No biochemical observations or
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Jaypotueses are involved. ouch a statement may be «jaeried on the grounds that

if closely related chemical analogues are administered to the animal, then

the experimenter is working on a chemical hypothesis, namely, that by alter¬

ing certain parts of the molecule, so certain charges in behaviour are brought

about. although txxis is nearer the biochemical system-behaviour concept than

before, yet the same o-k relationship holds; the drug is the independent vari¬

able, the behaviour the dependent. In many cases, of course, the results of

such a technique may well give rise to biochemical hypotheses, but such hypo¬

theses can be verifier only by determining precisely what biochemical system

is involves., ho.v it has been disrupter, which sites hold the greater concen¬

tration of the drug, whether these sites are actually responsible for the

behavioural disturbances (for frequently the two are not correlated;, et cetera.

These more precise details cannot be determiner by the 6~sx approach, which must

of necessity be somewhat cruder than the biochemical approach. herein lies

its value, since it is frequently on the basis of b-h results that the bio¬

chemical hypothesis can be narrowed down and tested in the most economical way.

The approaches are complementary to one another.

Steinberg (1962) has adopted a slightly different approach to tixe

problem. bhe suggests that psychopharmacological experiments can be classi¬

fied accorrinp to their predominant approach: txxey can be "drug-centred" -

that is, concerned with determining the mode of action of drugs, or "behaviour-

centrod", where drugs are used as tools in research into behavioural phenomena.

'This interpretation is very similar to that of nusselr, but Steinberg underlines

the considerable overlap between the two approaches "since our- knowledge of both

these kinds of tools is imperfect, and so one is apt to proceed by a process ol

successive approximations", thus implying that techniques, methods and tentative
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conclusions undergo revision and modification during Hie course of studies on e

drug. an excellent example of the application of this approach is the work

performed by Gross and .Veiskrantz (1961), showing how no one single behavioural

test can be taken as an adequate measure of a drug's effect. .^eiskrantz him¬

self modifiel his ideas on the action of reserpine in the light of these later,

different behavioural measures by comparison with Iris earlier conclusions in

1957-

llie value of flexibility of approach in this field is obvious, and

it is clear that it is essential, since the drug-biochemical system-behavioural

pattern link is extremely complex. It is obviously necessary to choose a

starting point, however, and there are three possibilities:

(1) The investigation of the effect of one drug on one response, using

both time-relationships and dose-response relationships.

(2) The investigation of the alterations in the innate biochemical systems

of an animal by means of a drug, including the determination of the

sites of action of this drug and its effect on behaviour

(3) The investigation of a wide variety of behavioural measures using one

drug, again employing both time-relationships and dose-response rela-

tionsMps.

Ml three approaches provide valuable information in their different

ways, provided that Steinberg's method of successive approximation is borne in

mind; in psychqpharmacology, too rigid an approach is limited and most probably

misleading at this stage in the development of the discipline.

Mdman (1956) would very probably react decisively to this attitude,

lie has shown, ijuite forcibly, that drugs and behaviour interact, and suggests

that to separate 'drug' and 'behaviour' in a psychqpharmacological experiment
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could, be misleading:

"Drug effects are dependent not only on the physiological state of the

organism, but also on the environmental contingencies that are maintain¬

ing behavior at that time. buch contingencies vary tremendously, both

qualitatively and quantitavely, among individuals and for a given indi¬

vidual at different times".

Golub ani Brady (1965) are of the same view as bidman, stressing that

the paradoxical contradictions between the results of mary drug experiments

may well be resolved when critical experimental details, such as environmental

conditions, are taken fully into account. In order that this may be done

adeqaately, the authors believe that strict operational definitions only should

be used; descriptive terms such as 'fear' or 'conflict' should be abandoned,

since they only mask important behaviour-environment contingencies. Cook

(1964) takes this argument a step further, maintaining that operant techniqp.es *
are the most effective means of controlling the mary contingencies which occur

in a psychcpharmacological experiment. Dews (1996) is also of this school of

thought, and in reply to accusations that the operant techniques measure only a

fraction of behaviour, draws a parallel between this approach and that of bio¬

chemists:

"
>e do not accuse the biochemists of triviality when they attenpt to isolate

pure enzyme systems, althougn any one such system is only a tiry fragnent

of the total biochemical machinery of the cell. a detailed analysis is

a prerequisite of a worthwhile scientific synthesis".

* By 'operant techniques' in this context, I mean those experimental procedures

which involve complex learning tasks, for example, bkinner box reinforcement

schedules or shuttle-box conditioned avoidance response schedules. « dichotccy
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oilman (1956) is aware of the criticisms of the operant technicjues,

but counteracts them by pointing out that a search for relationships (as

opposed to differences) among experimental variables will lead to what he

calls "the elimination of a great deal of psychopharmacological investigation

that .... is actually little mare than aimless wandering when compared to

future potentialities in this field".

feiller (1964) by contrast with both Sidman and Golub and Brady,

suggests that theoretical constructs, such as 'fear', are in fact useful,

provided that they are operationally defined, and are not based on human sub¬

jective experience. This total exclusion of potential anthropomorphism would,

he suggests, prevent a chaotic collection of unrelated findings.

on the other hand, both Miller and oilman (1959) underline the danger

of confusing the effects of a drug on motivation, perception and motor func¬

tion. Consequently, killer believes that, in order to avoid misleading gener¬

alisations, it is necessaxy to use a number of techni<£ies that are as diverse

as possible, an approach that is more broad-minded possibly than that of either

Dews or bidman.

It is the author's opinion that the views of kussell ard bteinberg

are not so opposed to those of bidman and Dews as might appear at first sight.

It is a cardinal principle in any science that one proceeds from the simple to

the complex; hence bteinberg's "successive approximation" is surely appropriate

is being drawn deliberately between learned and unlearned procedures and this

inteipretation will be used throughout this chapter.
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when one is investigating a new dxug. In the later stages, when mare is known.

about this hypothetical substance, then operant techniques are useful in further

delineating the precise effects of the drug on the organism. Thus, although I

agree with Dews that "a detailed analysis is a prerequisite of a worthwhile

scientific hypothesis", I do not believe that this detailed analysis can be

undertaken in the earlier stages of research, although at later stages it is

obviously essential. Neither do i agree with Cook, who implies that operant

techniques are the most effective means of controlling experimental and environ¬

mental contingencies; there are other methods which ore just as precise, pro¬

vided, of course, that operational and significant definitions are given. For

example, an open field situation may provide as much, if not more, information

about a dxug in the earlier stages of investigation, provided, of coux-se, that

certain variables are taken into account ;see p.75 ; • ouch a technique can,

if adequately controlled, be of immense value. operant techniques are, con¬

sequently, but one way of taeiding the more rei'ineu stages in research on a

drug, and are not the only way. *1.though oidman is of the operant persuasion,

1 concur with his point that environmental contingencies must, in all cases, be

taken into account and their differences recognised. This implicitly supports

killer's emphasis on the importance of a diversity of experimental approaches,

with which I fully agree. hather does it strengthen his case, provided that

the experimental conditions are pi-qpeily defined.

nhero psychophaxroacology is concerned, the methodological issues are

numerous, so much so that it has been found necessary to publish reviews from

time to time of the literature on the subject. it was desirable in view of

the fact that faulty or inefficient experimental design produced reports which

served to confuse rathei' than to clarify the psych.opharmacoiogj.cal picture.



The worst design that could be adopted is one where the experiment involves the

study of only one dose level of a drug at only one time intexval following the

drug administration. Thus the simplest kind of drug study is one in which two

or more dosage forms are compared under standard conditions Steinberg 19i?4j •

oven in the early I'ybO'si, the more sophisticated research designs, such as Latin

squares, factorial and cross-over techniques, were not being used enough, despite

their widespread use in other fields of science - an odd phenomenon. However,

it seems to have been recognised now that the basic principles of research design

must be related to the peculiar problems of payenophaimacoiogy. as examples of

these problems, it is clear that certain factors must be taken into account when

one is investigating a drug, namely, dose-response relationships, time-reponse

relationships and "carry-over" (including tolerance) effects from one drug to

another in the same animal. Ihis presupposes a long-term research programme

wiiich takes no account of economy of time and effort, but it is essential that

these factors be recognised - far example, a potentially active drug may be dis¬

missed as being totally inactive simply because the time factor has been ignored

and the dxug in question takes some time to exert its particular effect. Liter-

natively, the acute effect may differ considerably from the chronic effect.

a further problem that faces the psychuphanaacaLoglst is the question

of ascertaining the relationship between behavioural changes and biochemical

changes. although a behavioural pattern may return to normal, this does not

mean that all the biochemical systems in the aniiaul have also regained their

normal balance. It is possible to control this partially by allowing intervals

between various drug administrations for the biochemical systems to reoover anil

therefore to eliminate or at least reduce the possibility of a carry-over effect,

due correct interval can only be determined if the investigator knows precisely
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how long it takes for the drug to be eliminated from the body and how long the

biochemical system will take to recover; it is here that the in vitro studies

are so valuable where the study of behaviour is concerned. This argument, of

course, assumes that the experimenter has to some extent distinguished between

motor effects, such as ataxia, and effects on the nervous system; if tests are

not made to distinguish between peripheral and central nervous system effects,

then it is apparent that an inaccurate interpretation can be made of the experi¬

mental results. In turn, such an assumption means that appropriate constraints

have to be used in ary given experimental situation.

Nash (I960) maintains that the following considerations are essential

to sound experimentation:

1. The elimination or segregation of the effects of ary factor introducing

bias into 1he expexriment.

2. The presence of some form of control, to prevent the confounding of

drug effects 'with such factors as learning.

3. If generalisation is required, then the subjects used must be repres¬

entative of the population, requiring a stxact randomising procedure.

4. jn, strict randomising procedure must also be used when assigning

subjects to treatment conditions.

3- The minimum number of obsexrvations required for each dosage form is

two, in order to obtain an estimate of experimental error.

6. Certain assumptions underlie a given statistical technique, and the

fulfilment of these assumptions may therefoxre be regarded as a quasi-

essential feature of studies in which this technique is used.

.idded to Nash's points, it should not be forgotten that in any experi¬

ment, species, strain, age, genetic factors, past experience and social factors
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for assistance in correct interpretation at' tire results, but also so that tire

experiment may be repeated by another investigator under the same experimental

conditions. Otherwise, no consistent findings will be obtained: morphine, for

example, exerts a depressive effect on some species and an excitatory effect on

others, but the degree of depression or excitation obviously depends on a great

many other factors than merely the species.

In view of these difficulties, same writers have argued that less

effort be expended on animal studies and more on human studies. Brucke (1964]

is of the opinion that although animal studies may produce certain types of

information which can be extrapolated to man, eventually final verification

can be obtained only by using man himself, particularly wherte experiments with

the CKd are concerned.

The ethical standpoint here is questionable, since one must assume,

for example, the implantation of electrodes in human volunteers or patients,

or the administration of a powerful unknown drug. Brucke's view also suggests

that the wheel will have to come full circle, in that the chain of circumstances

may be : human introspection - animal experiments - human introspection. Yet

introspection is regarded among most psychologists as notoriously unreliable.

(There are cases, of course, vhere the patient may produce highly valuable

evidence under ceftain conditions of brain surgery, but this is a veiy different

situation to the deliberate use of a human being as a guinea pig)•

The work by Blougp (1997; 1998) suggests that objective psychophysical

studies on animals yield more information than Biucke inplies, and alt.XTU^T. at

seme point a given drug must eventually be tested on man, it imist be as thor-

ougiily screened as possible beforehand, using a wide variety of tests and an
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equally wide variety of species.

whether the psychopharmacologlst is working with man or animal, Nash

(I960; summarises the problaas and design features that are necessary for ary

drug experiment as follows:

large number of factors is seen to have a bearing on the desigi of

studies relating to the psychological effects of drugs. In designing

a particular study, the investigator takes as hi3 starting point the

objectives which he wishes to realise. ,<hich drug effects are to be

studied? Which drug comparisons are desired? is interest focussed

on acute drag effects or on cicranio drug effects? is a laboratory study

or a clinical study desired? -hich kinds of confounding are especially

to be avoided; which kinds of confounding can be tolerated?

In order to realise his objectives, the investigator needs an

aieijiate understanding of the many psychological and pharmacological

factors which affect the outcomes of studies on the psychological effects

of drugs. lie should, moreover, appreciate those design features (such

as randomization) on which the validity of his conclusions depend, as

well as those design features (such as analysis of covariance; which

affect the efficiency with which he utilizes the resources available

to him. with such understanding, the investigator is ready to formu¬

late procedures capable of eliciting answers to the questions he poses,

economically and without bias or undesired confounding".



VI. NOTES ON 'HIE TO BE KEPOHTED.

To avoid too much repetition, the following notes apply to all experi¬

ments unless otherwise stated.

1. The experiments are not necessarily reported in the order in which they

were conducted. This policy was adopted so that a form of rational

deduction could be maintained throughout the thesis. Since the majority

of experiments were carried out on the basis of observations made during

the Conditioned avoidance Experiment (l), it is this experiment that is

reported first.

2. all animals used were male hooded rats. In Experiment 1, both helical

research Ccxancil (Mi C) and animal Suppliers (London) (.aL) strains were

employed. In the remaining experiments, only the EdL strain was used

except for Experiment 3> when animals became obtainable from Pison's

Pharmaceuticals Ltd; these were used in preference to the ;iSL strain

which, at that particular time, appeared to be suffering from an accent¬

uated form of respiratory disease.

3- The ages of the animals varied from 90 to 440 days in Experiment 1 only.

In all other experiments, the age range was from 80 to 100 days.

4. In Experiments 1, 2, 3 and 7 the rats were kept singly. For Experiments

4-, 5 and 6 they were housed in pairs. During a minor experiment reported

in Chapter VIII, they were kept in groups of four for a short while; the

rationale for this i3 given in the relevant chapter.

5. The type of cages was kept as similar as possible: the "shoebox" design

was used, all-metal cages (depth 8 inches) with a mesh lid being employed

in Experiments 1, 2 (Part I), 4, and in the observations reported in

Chapter VIII. In the other experiments, plastic "shoebox" cages of a



depth of 10 inches were used; the plastic translucent base measured 5

inches in depth, and the stainless steel mesh lid was also 5 indies deep.

The rationale for usinp this particular "shoebox" design was that the

animals were exposed to fewer draughts and that the conditions were

altogether more humane than those of an all-mesh rack of cages.

Unfortunately, there was one exception to this policy, which was

unavoidable. In experiment 7, the all-mesh type of cage had to be used,

as there were no "shoebox" cages available at that particular time.

6. In all cases where the "shoebox" type of cage was used, bedding (con¬

sisting of a mixture of sawdust and woodchips) was provided. This

bedding, which measured 1 to 1^- indies in depth, was changed two or

three times a week.

7. Pood pellets (MtiC 41) and water were provided ad libitum in all experi¬

ments except for experiment 7, where water deprivation was essential;

some food deprivation was used during the latter half of the observations

reported in Chapter VIII.

8. all lig^it schedules in stock rooms were 12 hours long. In Experiments

1, 2 (Part l), 4 and for the observations reported in Chapter VIII, the

schedule was reversed, lasting from 8.0 p.m. until 8.0 a.m. In the other

experiments, the schedule was not reversed and the roam was limited frcm

8.0 a.Ei. until 8.0 p.m.

9. The various experimental procedures naturally differed, except that all

injections were given intraperitoneally, on a nig/kg basis. As far as

was possible, the number of animals taking part in ary one experiment

was kept constant within the parameters of that experiment, to enable

comparisons of results to be made; unfortunately, this was not always the
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case, Experiment 1 being the main example-

10. The duration of experimental sessions, unless otherwise stated, was two

hours. In all experiments, mescaline hydrochloride was used except for

Experiment 7, in which mescaline sulphate had to be used since the hydro¬

chloride was unobtainable at that time. To avoid weighing errors as

far as possible, fresh stock solutions were made up far each experiment,

thus keeping ary dilution error constant.

11. The analysis of all experimental results (except for Experiment 7) was

identical, for two reasons: the results could be compared directly,

and if transcribed in a certain way were capable of being analysed by

the same computer programs. Consequently, all computer program results

have been presented in Volume II. The results of Experiment 2 were not

amenable to this form of interpretation, however, for reasons that are

given in the description of the experiment itself.

12. The analysis of results was as follows: the means of the results of all

animals taking part in any one experimental session, .vhether it was

saline or drug, were calculated and plotted in the form of a graph fol¬

lowing the appropriate time scale. (although the author is, in principle,

against the averaging of results because of individual variations within

the species, it is frequently necessary if the number of the sanple is

large or if one wishes to observe a particular trend. otherwise, the

results become unmanageable). It should be noted that in no case,

except for experiment 7, was the average of tire pre- and post-drug saline

trials used, since it was felt that if the post-drug saline 'control' was

affected by the preliminary administration of a drug, this effect would

be obscured by the averaging technique. Consequently, the two saline

trials 'were plotted separately.
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bach set of results was plotted "both arithmetically and harmonically.

The arithmetic means were plotted because, as Guilford (1956) remarks:

"The arithmetic means is to be preferred whenever possible because

of several desirable properties. In the first place, it is gener¬

ally the most reliable or accurate of the three measures of central

value. By this we mean that, from sample to sample of the same

pcpulation, the mean will ordinarily fluctuate less v/idely. another

reason is that the mean is better suited to further arithmetical

computations".

The harmonic means were also plotted in each case as it was felt that

the frequency distribution of the seores obtained in the experiments

was often positively skewed. This skewed distribution would be apparent

in the arithmetic mean but not in the harmonic mean, which is defined as

the reciprocal of the mean of the reciprocals of the measurements.

Guilford gives the formulae for obtaining the harmonic means as follows;

Thus, if the measurements had not been made on an appropriate scale far

the arithmetic mean, the harmonic mean might give a more reliable picture

of the course of events in the experiment concerned, and conpensate for a

possible skewed distribution.

The geometric mean was deliberately not used, since there was no

reason to assume that a geometric series (such as a rate-of-growth measure¬

ment; existed. it is, of course, possible that a geometric series, in

terms of ageing, did exist, but the age range involved in the majority

aquation defining a harmonic mean;

Computing formula for the harmonic mean; KM
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of experiments did not appear to warrant this, and so it was decided to

keep all analyses constant and to use the harmonic means.

14' The significance of the difference between the arithmetic means was

tested by the .dlcoxon Paired Heplicates test or by the i.ann-Whitney

LJ-test, depending on which was appropriate. Thus, in a two-line graph,

such as those obtained in Experiment 4» only one post-drug injection time

was compared with another and so only one set of significance results

obtained. alternatively, if the effect of a drug was compared with the

pre-drug saline, with the post-drug saline and the two salines caapared

one with another, then three sets of significance results were obtained.

These results gave some indication as to the general trend; for example,

the post-drug saline results might have been significantly affected by

the drug by comparison with the pre-drug 3aline control, providing inform¬

ation that is of potential value, regardless of the possible hypotheses

that may be used in the interpretation of such results.

15* qualitative data are recorded where it is considered relevant.

16. a discussion and summary are to be found at the end of each experimental

record.
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VII. .sXrhldkni.x1 1. CuhbiTIUkid) snullhlC.s IdaJFuNSl,.

It has been said earlier that the effect of psychotomimetic drugs on

animal behaviour is one important source of information when the mode of action

of these drugs is being studied. a technique that has often been used is the

conditioned avoidance response (Cnk), since it is an experimental situation

that can be closely controlled and results can be accurately measured. How¬

ever, reports in the literature on the effect of mescaline on this response

have been conflicting. for example, Cook and ..eidley (1957)» using a pole-

junp escape technique ana oral doses of mescaline as large as 100 mg/kg, failed

to block the Cad in rats; the oral route, however, is not a very reliable mode

of administration and it is difficult to assess the amount of mescaline which

eventually readies the central nervous system. Courvoisier and Julou (1556),

on the other hand, found that the Cmi and frequently the unconditioned res¬

ponse (Uk) were abolished by mescaline; unfortunately, details of experimental

design ana. dose level seem to have been omitted from their report.

Chorover (1y60), using a shuttle box with sound as the conditioned

stimulus and shock as the unconditioned stimulus, showed that at a dose level

of 25 mg/kg of mescaline sulphate, the Cak was immediately extinguished, and

that the normal Can response, which had previously been well established, was

disrupted for eleven days afterwards. This phenomenon only occurred, however,

if the animal was tested immediately after the injection had been given; if a

day's interval was left between the injection and the test, then no effect was

observed. Chorover also noted that animals given a dose of 50 nig/kg and

placed in an activity -wheel became markedly ataxic. In view of the findings

of nchcpp et al. (1%1) that mescaiine has a curare-like effect upon muscle,

it was felt that an i.p. dose should not be greater than 25 mg/kg in any Cak
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experiment involving mescaline; at this lose level, no ataxic effects were

observed in any of the animals use! in the following experiment. 2p ing/kg

i.p. also served as a useful baseline for testing other unknown analogues, such

as the amino-acid derivative of mescaline, and the dose level for each drug could

be raised or lowered according to its potency. In one case, that of LSD-25,

this was not so, since it was known that the potency of this drug was consider¬

ably greater- than that of mescaline; therefore, doae3 were measured in micrograms

rather than milligrams.

.part from a few reports on L;L-dimethyl mescaline (Di.lt) and 3,4-dimeth-

oxyphenyle thylamine (DMPL), which have already been discussed in the literature

review (see pp-83-86 ), there do not appear to have been any accounts of the

possible effects of the other analogues of mescaline which are reported in this

experiment, whether on the behaviour of the intact animal or on any biological

system. Consequently, an attempt has been male in this experiment to clarify

the effects not only of mescaline on the C.ih, but of various other- analogues as

v/ell.

ME1H0P.

Subjects.

Hale hooded rats, supplied by the national Institute for Medical Research,

London (ihtiC) and by Lnimal buppliera Limited (London) (*»-<r.), were used. food

and water were supplied ad libitum, the lig-t schedule was rever-sed and ages

varied from 90 to 41-0 days approximately. «t first, trie animals (which were

primarily MiiC) were kept in pairs, but were then separated for reasons of easier

laboratory management.

apparatus.

- modified Levine shuttle box was used (see Llate 1 and Pigure b) . Two
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■elate 1

Kat crossing in a shuttle box.

(reproduced from 'The Science of animal Behaviour'(1963)

by kind permission of the author, Professor P.L. Bro&dhurst).
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ehajabers measuring 2;? *5 cms. by 23*0 cms. deep .vere separated, from one another

oy a metal sheet with a doorway (11*5 cms. by 10.0 cans.) in the centre. The

Hour of eaui chamber consisted of a gria made of chromium-plated brass rods

(0.75 cms. diam.) placed 1.0 cms. apart. bach grid was hinged at the central

end, and at the furtner end was suspended on springs over two microswitcues.

..ay weight of over 100 grans placed anywhere on the grid caused these micro-

switches to be closed. Thus an animal crossing from compartment a to compart¬

ment B caused the microswitches of Compartment £ to close ana so terminated

either the Oo» or the £G£. Ihe walls of the cliambers were made of zinc sheet

and the lias were of clear perspex, to enable observations to be made during

the experiment. HI walls were a uniform grey and were buffed to prevent

reflection.

houselight ana a buzzer- were placed in the compartment walls. «

large removable tray, lined with paper, could be slid in under both grids for

the collection of faeces.

ilie time intervals, the duration of the sound and shock, and the trials

were controlled automatically by means of a control unit placed in an adjacent

room.

rt snould be emphasised that, at the time the following experiments

were performed, it was impossible to obtain a standard snuttle box either in

the United otutes or in Great srrtain (although now this is no longer the case).

This meant that the three shuttle boxes used were built by a small firm in

uondon; certain "teething troubles" were experiences, but gradually these were

eradicated although this took several months. The reaction times of individ¬

ual animals were measured by a kymograph v,one per box), which also recoraed

the number of crosses arm. shocks; the kymograph's recording speed was
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approximately 28 mms ./minute, so that the reaction time of any given trial could

only be measured by hand and then had to be converted into seconds. This was

considered to be too inaccurate, and later the three kymographs were replaced

by print-out counters, which printed out the exact response time for each trial;

the numbers of trials, crosses and shocks were recorded by counters in the con¬

trol unit. (An example of a kymographic record may be seen in appendix 1,

Paper 1, page 166).

The control unit was capable of being set to a number of schedules (for

example, interval, ratio or bidman avoidance schedules), and it was also poss¬

ible to use a stimulus ligit or a tone as the Cb instead of the buzzer. The

amount of shock delivered to the grid could be preset before the beginning of

any experimental session and the range was from 0 to 2.0 m.a. In all the

experiments to be reported, however, only the buzzer (Cb) and shock (UCo) at

1.0 m.a. were used .

Experimental Jesign.

The experimental design was basically simple. It was necessary to

establish, within given experimental parameters, the effect of mescaline upon

a rat in a shuttle box situation. Having established this effect, and know¬

ing that mescaline had hallucinogenic effects upon human beings, it was desirable

to find out which particular part of the mescaline molecule mi^it be responsible

for certain aspects and the response. This entailed the testing of a variety

of campounas, in each of' which one small part of the mescaline molecule had been

altered, a process known as the study of the structure-activity of mescaline

and its analogues.

■unother question which also had to be taken into account was the mescaline

profile itself; was it or was it not typical of other hallucinogenic substances?
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If it was, then the CuR technique mi^t prove to be a very useful screening

test for potential hallucinogens; if it was not, then this profile must be

individual to mescaline itself.

Pear the sake of simplicity", the progressive molecular alterations are

shown in figures 7 b, c and d. The compounds and the results obtained from

them will be discussed in that order, rather than in the order i'r which they

were tested. The reason for this is that certain substances had to be made

up specially in laboratories both in the British Isles and abroad, and fre¬

quently did not reach the animal laboratory for some time.

Tolerance and cross-tolerance studies were carried out between known

active analogues ana mescaline itself. This was another facet of the investi¬

gation into the effects of mescaline, for it might be possible that if cross-

tolerance was present, then the same sites in the central nervous system were

affected by the two substances in question. This would provide yet another

approach for1 research into the effects of mescaline.

To prevent the occurrence of tolerance within and between drugs (when

it was not required for investigation), an interval of a fortnight was left

between individual drug doses.

finally, a long experimental session of two hours was used because it

was felt that previews e:xperimenters in this field had missed some important

aspects of the effects of mescaline by observing these effects for too short

a time.

Procedure.

The preliminary training period for each rat varied in the number of

days required for any given animal to reach the criterion of 80.„ correct res¬

ponses. Normally, ten days was adequate and most animals easily attained

this critez'ion within that time.
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i) •

CH30

CH3O

FIGURE 7b.

CH2.CH2.NH2.

CH3O

3, 4, 5 - Trimethoxyphenylethylamine
(MESCALINE)

ii).
CH-jO

ch3o

CH2.CH2NH2.

3,4- Dimethoxyphenylethylamine
(DMPE)

iii).
CH3O

ch2.ch2nh2.

4 - Methoxyphenylethylamine

(4MPE)

Alterations in number of methoxy groups, leaving the amine side-chain
intact.
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FIGURE 7c.

i)
CH3°ff ^CH2.CH2.N(CH3)2

ch30

N:N - Dimethylmescaline
(DMM)

ii)
ch3o

ch3o

/S, ch2.ch.nh2.
cooh

ch3o

DL - Trimethoxyphenylalanine
(PHENYLALANINE)

Alterations in the amine side-chain, leaving the number of methoxy
groups intact.

iii)
ch3o

ch2.ch2.nh2

ho

ho

ch2.ch2.nh2

ch3g

3-Hydroxy-4-methoxyphenylethyfamine
(3H4MPE)

3-Methoxy-4-hydroxyphenylethy-
1amine

(3M4HPE)

The introduction of a hydroxy group; the position of the one methoxy
group is altered and the amine side-chain remains unchanged.
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FIGURE 7d.

i) •

CH9.CH.CH3.
2L2

d1-OC-Me thy1 phene thy1 am ine
(AMPHETAMINE).

Os*C—N(CH2H5)2

ii)

N—CH-

Lysergic acid diethylamide
(LSD-25)
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On day 1, the animal was allowed ten minutea in the shuttle box for

exploration and acclimatisation to the new environment. This was followed

by a two -hour training period; the Oh va buzzer) sounded for five seoonds.

if the animal did not cross from one compartment to the otiier within that

five seconds, then a shook of 1*0 una. (UCb) was administered by means of the

grid and the walls of the snuttle box. Both the CS and the UCS could only

be terminated by the animal crossing from one compartment to the other, unless:

the UGh exceeded 1 b seconds, in which case it was terminated by the experimenter.

hach two hour period consisted of nine runs of twenty trials each ■ Ti e

trials were randomly spaced, using a VljJO schedule and occupied a total period

of eight minutes; tiie program was punched on 16 mm. film strip loops, enabling

a trial to start when the microawitch head dropped through the punched hole

and made contact with tne adapted cine-film vtheel. Tiie block of twenty trials

(a.) was then succeeded by a period of five-iaimte "timeout" (d^ ). The house-

light was switcher an at the beginning of the experiment and remained on until

the cna. all timing was performed automatically by a series of Venner timers.

.hen tiie animal had aciiieved a stable number of correct responses (that

is, responses to the Oh), a saline control infection (i.p«) was given during

tiie interval between the second and tiiird blocks of trials. This appeared to

be the optimum time for administration, talcing into consideration the amount of

time that mat elapse before each experimental session to allow the animal to

become re-orientated to the shuttle box procedure. otherwise, the initial

period of readjustment, with tiie increased number of shocks, might have obscured

the effects of tiie drug under investigation.

.fd'ter approximately four preliminary saline injections, enabling the

animal to become accustaaed to the procedure of tiie injection itself, the

recjiisite cLcug was given on day p. on day 6, saline was again administered
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but, although the results were noted, they were not used, in case some of the

drug or one of its metabolites still remained in the animal's body. On day 7,

another saline control was given and these results, which had allowed forty-

eight hours between this test and the original drug injection, were considered

to be adequate for comparison both with the drug itself and with the immediate

pre-drug saline.

Thus each animal acted as its own control. The results were recorded

in terms of the number of shocks received, the number of crosses made and the

reaction time, ihat is the time that elapsed from the beginning of the CO until

its termination by the animal- The reaction times for each block of twenty-

trials were totalled.

The average total reaction time for a group of animals taking part in

ary one particular experiment was then plottea against a time base of 1 to 7,

the first two blocks of trials being ignored since they preceded the injectior..

This procedure was adopted throughout, in the cases of both pre- and post-drug

salines and the drug itself, enabling direct comparisons to be made. Differ¬

ences were tested by means of the dlcoxon Paired Replicates test or the Mann-

,.h±tney U-test, depending on which was the mure appropriate.

If a number of dose levels of one drug was tested on a group of animals,

then a latin-square design wa3 used. This was the case with all drugs except

mescaline, DMPh and DLi£, where unfortunately such a procedure was not employed

for reasons that will be given later.

The following drugs were tested (see Figures 7 b, c and d for forawlae);
tolerance and cross-tolerance studies between certain drugs were also carried

out.
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3,4,5~rlriniethoxypherylethylamine (Mescaline).

3,4-bimethoxypherylethylamine (DMPE). This substance was investigated,

not only because of its similarity in structure to mescaline, but also

because of the interest being taken in it by several research workers from

1^62 to 1963, who believed that this substance was excreted as an abnormal

metabolite in the urine of some schizophrenic patients.

4-Methoxypheryletlyiamine (4MPb). In this case, one further methoxy group

had been removed.

b:K-Uimethylniescaline (DMM) . This particular compound was chosen so that

tiie effect of increasing the number of methyl groups could be observed,

xt was thought that there might be a similarity in action between this

substance and the strongly hallucinogenic N-methyl derivatives of tryptamine,

for example N: N-dimethyltryptamine and psiloqybin.

DL-Trimethoxypheny1 alanine (Phenylalanine) . This compound is the amino-

acid derivative of mescaline, and was suggested by the relationship between

5-hTP and 9-HT, and Dopa and dopamine. It was therefore expected to cress

the blood-brain barrier as easily as mescaline.

3-Kydroxy-4-me thoxyphenylethylamine (3L4MLL) .

3-Me-thoxy-4-hydroxypherylethylamine (3^4nro).

dl--methylphenethylamine (amphetaminej.

Lysergic acid diethylamide (LoD-25)»

distilled water. Chorover (1960) used distilled water instead of physio¬

logical saline as his control, and it was felt that the possible pain caused

by changes in osmotic pressure might have affected his results.

Tolerance studies: The possible acquisition of tolerance to a drug was

studied using mescaline, DMPh and DMM. Injections of the appropriate drug

at the initial dosage were given every day for seven days.



(12) Cross-tolerance studies: The possibility of cross-tolerance occurring

between mescaline and DI.SPE and vice versa, and mescaline and DMk and vice

versa, was investigated. Drug A was tested under the normal pre- and

post-saline control conditions; fourteen days later, Drug B was injected

for seven days consecutively, followed on the eighth day by a second

injection of Drug The reaction times for the two injections of Drug

a were then compared, in order to see whether Drug J3 had induced toler¬

ance in the animal to Drug a.

(13) arising from the initial results, further tests were made comparing the

effect of the same dose of mescaline on different strains of rats, the

effects of first doses of different drugs, and first doses versus several

successive drugs.

khaULIB:

The results of each test may be found in Vol. II and will be analysed

in terms of each drug and their interactions, rather than dealing with quanti¬

tative and qualitative data separately.

1.1. Mescaline 23 mg/kg. (see Vol. II, p.1).

These results show clearly that mescaline exerts both an inhibitory and

an excitatory effect on an animal's behaviour in the shuttle box. The

very higji significance values are to a great extent dependent on the size

of the sample and show that, if the sample is large, then a particular

trend becomes more marked. It can also be seen tnat response times in

the post-drug saline are consistently and significantly higher than in

the pre-drug saline.

The effect of this dose of mescaline on the increase in reaction time

(and hence the number of shocks) lasted for approximately forty minutes,

and was succeeded by a period of decreased reaction time which continued
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until the end of the session. There were individual variations, the

first phase being larger in some cases and shorter in others. Neverthe¬

less, it is clear that the inhibitory phase is considerably more marked

than the excitatory phase.

Observations of a rat in a shuttle box at this dose level of mescaline

showed a distinct pattern of behaviour. at first the animal appeared

"confused"; the CO was heard since the animal responded by turning its

head towaras the source of sound, and the rate of breathing increased.

The CaK, however, appeared blocked and the animal remained stationary

until it received the UCS. There was a notable lack Of activity between

trials, although it should be noted that there were no overt signs of

ataxia. The UCS had the effect of making the rat squeak and dash

violently around the test compartment in a random fasliion, apparently in

an effort to find the doorway; this behaviour was in direct contrast

-with that shown under non-drug conditions, when the rat ran immediately

into the other compartment. Between trialB, seme animals would lie

motionless, others would sniff vigorously between the grid bars. The

muzzle and throat of several animals became noticeably wet.

during the period of increased excitability, the "confusion" described

earlier apparently disappeared, and was replaced by a general state of

alertness, with the animal reacting veiy shortly after the onset of the

Cb and crossing into the other compartment immediately. Exploratory

behaviour during this second phase also increased, and the number of

intertrial crosses became significantly greater; tliis was tested by com¬

paring the standard error of correlated means (p^ 0.001). The amount ol

groaning also became noticeably greater than usual, and this increase

persisted until the end of the experimental session.
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1.2. mescaline 17-7 mj/kj,. (see Vol. II, p.2).
The graph shows that the same tendency for inhibitory and excitatory

phases is shown as in the higher dosage, but that it is not nearly so

marked. The inhibitory phase is not only shorter in duration, but the

reaction times are shorter as well. The excitatory phase is apparent

and is significantly different from the saline at two points somewhat

separate from each other; it is still less in magnitude than at 25 nip/kg,

however, and there is apparently no significant difference between the

two saline results.

1.3. Mescaline 12»5 mg/kg. (see Vox. II, p.3).

It is interesting that, at this third dose level of mescaline, the

reaction times are similar, possibly slightly shorter, than those at

17*7 mg/kg. It is particularly noticeable, however, that both the

inhibitory and the excitatory effects last longer than at the previous

dose level, and that the salines are significantly different at two

points. wider individual variations were observed: most animals showed

a diminished form of the inhibitory response and a greater excitatory

response by comparison than before, ail though a fev/ animals showed exci¬

tation only throughout the experimental session.

1.4- mescaline 8.9 mjy'k; . (see Vol. II, p.4,) •

TMs particular dose level still shows, surprisingly enough, the same

biphasic characteristics as the other three; in fact, in some respects,

these characteristics are more marked. The inhibitory period is still

present, although considerably shorter, whereas the excitatory period is

longer and more pronounced. There are also more significant differences

between the two salines than at the 17*7 nig/kg dose level, which was
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unexpected. The animals did not show the typical inhibitory phase symp¬

toms that were shown at 25 mg/kg, and observation did not suggest that

this phase was present; nevertheless, it is clear from the response times

that the phase was present and to a significant degree.

The marked excitatory phase suggests that within the range of Hie four

dose levels used, 25 mg/kg is responsible for the greatest amount of

inhibition and 8.9 mg/kg for the greatest amount of excitation, with the

17*7 and 12«5 dose levels occupying an intermediary position.

1.5. 'Three points should be noted with reference to these four mescaline

graphs. First, three out of the four' groups are comparatively small,

their numbers ranging from 9 to 14- Second, the arithmetic and harmonic

means are very similar at each dose level, suggesting that there is little

variation within the groups. Finally, the response time for the first

saline is very similar for all groups.

2.1. Siit-'b 100 mg/kg. (see Vol. II, p«5)*

only one animal was used in this test; hence the results are not very

informative except that they indicate that has a predominantly

inhibitory effect. This inhibition is most xaarked at approximately

twenty minutes after the injection. with such a small sample, it is

not surprising that no significance values could be obtained using the

..ilcoxon Test, although it is ouite clear that the initial inhibition is

very great by comparison with the saline controls.

2.2. ii-i-m 50 mg/kg. (see Vol. II, p.6).

The results obtained at this dose level supported tnose of the original

test, in that there was a marked initial period of inhibition which was

significantly different from the saline controls. This inhibition
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gradually decreased until the response times were almost identical with

those of the saline at the end of the experimental session. The decrease

in reaction time is relatively smooth over the two hours, and it is notice¬

able that, unlike mescaline, the post-drug saline is not affected to any

significant degree. In view of the size of the sample, these results may¬

be taken as a fair indication of the trend; they also suggest that this

substance is approximately half as potent as mescaline.

Behavioural observations showed that, under the influence of ImuPs, the

rat tended to crouch at the end of the box; there was little extra move¬

ment, but no signs of paralysis or ataxia. The onset of the Co produced

an increase in the rate of breathing, but the Cali was usually retarded or

absent. The escape response to the UCo, on the other hand, was not

affected. ho excitatory behaviour- or extra grooming was seen, except

towards the end of the experimental session, when tlie number of intertrial

crosses increased significantly (p^, 0.001).

2.3* CLfn. 23 mg/kg. (see Vol. II, p«7)»

The increase in response times, although not so marked as at 30 mg/kg,

is still present and is significantly different from the first saline at

four points. The second saline is consistently higher- than the first and

follows the curve of the drug closely; however, there are still no really

significant differences between the two salines. Tire behaviour of tire

animals at this dose level was similar to that described earlier, but in

an attenuated form.

2.4. CMFh 12.3 mg/kg. (see Vol. II, p.8).

The drug apparently had little- effect at this level, thuugi there is

still an indication of a small amount of inhibition initially. however,



120

the results are very variable, the only consistent factor being that all

response times, whether saline or drug, appear to be considerably shorter

than "those observed at the other dose levels. In view of the small size

of the sample, however, it is difficult to draw any conclusions on the

basis of these results; the only interesting point is that the arithmetic

and harmonic means are very similar, suggesting that there was little skew.

It would appear- that, at this dose level, DMPb has virtually no effect on

the CmR response, but clearly a large sample is needed to confirm this

finding.

3.1. l&Pb 25 mg/kg. (see Vol. II, p.9).

This substance appears to act in a very similar manner to DMPii, in that

it lengthens response times by a significant amount. This effect only

lasts for approximately an hour, however, although it is apparently twice

as potent as DMPh. In some ways, therefore, it is more similar to mesca¬

line, except that the greatest inhibition occurs at the beginning and not

ten minutes later; neither is there an excitatory phase. Nevertheless,

at the point at which the inhibition exerted by the drug appears to end,

the salinas diverge significantly, the response times for the second saline

becoming longer than those of the first. The overall pattern of activity

of the drug, to judge by the similarity of the arithmetic and harmonic

means, was common to all the animals taking part in this experiment. One

curious fact emerged: if mescaline (25 m^/kg) was given a fortni^it later,

the excitatory effect was not seen. This finding clearly requires further

investigation.

3.2. H'lrh 12.5 mg/kg. (see Vol. II, p.10).

iit this dose level, liiPh shows no inhibitory effect. A divergence between
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the two salines still occurs, anl is similar to that seen at 25 mg/kg;

however, it is not significant except at one point, and then only at the

level.

jJuji-,, 100 mg/kg. (see Vol. II, p.11).

with such a snail sample, it was difficult to obtain significant results.

Those results that were obtained surest that Diiw is a stiijxlunt but that

the dose level employed was probably too high.

Qtoi 50 iug/kg. (,see Vol. II, p.12).

xt is clear from these results that the previous sample had been too

small ana the concentration of the drug possibly too high, in that the

excitatory effect is postponed. At the 50 mg/kg level, however, the

results are highly significant, with the peak of excitation (that is, the

decrease in response times) occurring approximately one hour after the

beginning of the experiment. By the end of the experimental session,

however, there are little signs of the excitatoiy effects disappearing,

and if the experiment had been continued these effects may have persisted

for some time. The behavioural pattern wqs similar to that of ampheta¬

mine, and the activity level, as measured by the number of intertrial

crosses (p=0.02), and exploratory behaviour, as observed visually, rose

sharply - as with mescaline at 25 mg/kg, tlie throats and muzzles of

several animals were wet. after the experiment, all animals were easy

to handle but were very alert.

Bli. 25 m;/kg. (see Vol. II, p*13)*

Bill, at 25 mg/kg, is effectively half as active as mescaline where the

C-Jfci is concerned. The excitatory effect is marked for the first half

hour, but it disappears rapidly until towards the end of the session it it
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sample .vas unfortunately a small one, but the trend seems clear.

4.4. 1)14.'. appears to act primarily as a stiuulant, and is somewhat similar to

amphetamine in its effect, although considerably less potent. at high

dose levels, the excitatory effect is present but delayed; at a medium

dose level, the effect persists throu^iout the e^erimental session, and

at a low dose level, excitation is immediate but disappears comparatively

rapidly. There does not appear to be any sign of inhibition or increase

in response times and the CAR. is not disrupted. As with DMPh, the post-

drug saline remains relatively unaffected.

5»1. Phenylalanine 100 mg/kg. (see Vol. II, p.14).

There is no indication that this drug has ary effect upon a rat's beha¬

viour in the shuttle box situation. The results that appear significant

are probably spurious because of the small sample of animals. There is

certainly no indication in the graphs that ary form of consistent and

interpre table effect has occurred.

5*2. Phenylalanine 50 tW'kj . (see Vol. II, p.15).

It is interesting to observe that at this dose level, despite the very

small sa.ple (11=2), there does seem to be a consistent, if not marked,

trend towards decreased reaction times by comparison with the saline con¬

trols. This trend does not begin until about half an hour after the

injection.

5'3» rhenylalanine 25 m/kg. (see Vol. II, p.16).

The drug appears to induce a slight excitatory phase towards the end of

the experimental session when administered at 23 mg/kg. Here again, the

sample is too small (4=2) to draw any conclusions, but nevertheless the



123

effect appears similar to that described at the 50 mg/kg dose level.

5.4. it is unfortunate that all three phenylalanine groups are too small to

allow arytning more than a suggestion of a trend to appear in the results.

Clearly the experiment should be repeated under the same conditions, where

h is not less than 10. This may determine whether the apparent late

excitatory effect is an artefact or not. For the time being, however,

the only conclusion that can be drawn is that the substance is inert.

6.1. 3It4i,Ph 100 mg/kp. (see Vol. II, p«17).

Initially, the graph shows a marked increase in response times, sig¬

nificant at the 1/i level, suggesting that the drug exerts an inhibitory

effect. Apparently this effect disappears after 15 minutes, and there

is no significant difference between the drug and either saline. The

salines themselves show seme divergence later in the experimental session,

ranging from the 1,* to the 10,, level in significance, but it is difficult

to tell whether this is due to the drug or again is an artefact intro¬

duced by using a snail number of animals.

6.2. 3Ii4mio 50 m;/k; . (see Vol. II, p.18).

The results are variable, again possibly because of the small group

involved. However, the drug is significantly different from both salaries

at the 3,- level towards the end of the experimental session, indicating

an increase in response times. There is a very slight indication of an

excitatory tendency prior to the inhibition, but again, this drug needs

to be tested with larger samples. There are indications, however, that

it is not as inert as it might at first appear, although clearly it is

not very potent.

7-1. 5"4HPb 100 mg/kg. (see Vol. II, p.19).

This drug appears totally inactive at this dose level, with no indication



of any particular trend. The only feature or the graph is a short exci¬

tatory effect (significant at the level), but this is probably spurious.

7.2. 30 mg/kg. (see Vol. ii, p.20).

.again, there are no indications that this substance is in any way active.

In fact, the drug curve fallows that of the first saline remarkably closely.

It is unlikely that the small size of the sample of animals has in any way

affected the results, but nothing would be lost by using a bigger group

and so confirming that the drug is inert.

8.1. .riphetamine ug/gg. (see Vol. ii, p.21).

This substance was tested because it was a known stimulant and it was

necessary to compare the efi'ects of a known stimulant with those of dli_.

jJ-though only two animals were used, the dru^ is clearly very potent and

highly excitatory; the response times have been reduced by more than half

those of the saline in some cases. The small size of the group is res¬

ponsible for the low significance values, since the power of the .lilcoxon

'Test decreases with the sample size.

8-2. . . ..ctaminc 3*0. 4o m. /h. ♦ (see Vol. II, p.22).

id though larger doses of amphetamine were administered to this group,

the level of stimulation appears less than at the smaller dose levels.

It is suggested that the mg/kg dose level is approaching a toxic level

for the rats, and hence activity tends to be reduced. Nevertheless, it

is clear that the drug is still acting as a sthaulant. If the two dose

levels had been plotted separately (this was avoided to prevent prolifer¬

ation of graphs), it is likely that the 3*0 mg/kg reaction times would be

considerably shorter tiian the mg/kg and that the two graphs would be

significantly far apart. However, the required picture of the efi'ects
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at that time was not considered necessary.

9«1 • LHD-25 300 microg./kg. (see Vol. II, p.23)«

nSD-25 was used so that the results could be ccuipared with mescaline in

order to see whether the biphasic pattern that seemed to be typical of

mescaline was typical for all hallucinogens. at first there was a marked

significant increase in reaction times with LSD, but this rapidly dis¬

appeared to give way to a mild excitatory phase which was not significantly

different from the saline.

9.2. LhD-25 100 microg./kg. (see Vol. II, p.24)«

There 'was no inhibitory phase at this dose level, but the excitatory

phase was marked in the middle of the experimental session level);

this second phase only lasted fear about 15 to 20 mimtes and apart from

the animals showing signs of greater activity, there was little in the

overt pattern of' behaviour to distinguish it frcm the normal saline.

9*3* LLP-25 25 microg./kg. (see Vol. II, p.25).

At this level, the excitatory phase was obvious for the first half of

the experiment. There was a further short excitatory period about 10 to

15 minutes later-, but this did not continue and the response times returned

to their normal level.

9.4. It is possible that, at 50 microg./kg, the excitatoiy phase observed at

the two lower dose levels of LSD-25 might have been more obvious. However,

the objective had been achieved, that is, of finding out whether or not

LSD-25 had a typical biphasic curve. It would appear not, and it is

likely that the marked initial inhibition at 500 microg./kg was a "physio¬

logical shock" reaction to the size of the dose. .also, the greatest point
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of inhibition did not occur at the same point in the experiment as it did

with mescaline. One must therefore conclude that the mescaline and LSD-25

curves are of a different type. It must also be noted that the post-drug

saline does not appear to have been affected by LiSD to any extent.

one interesting point became obvious as the experiment proceeded. The

graphs show that the first dose of LSD tends to produce an excitatory

effect, yet successive doses, even though given two weeks later and in

greater concentration, did not have that effect so far as the reaction

times were concerned. This suggests a prolonged tolerance to excitation.

10.1. rtater (.distilled;. (Lee Vol. II, p.26).

This particular test was made to check on Chorover's (1960) use of dis¬

tilled water as a control in the CaR situation and to see whether the

possibly painful osmotic pressure that resulted in any way affected the

animals' performance. The results do not surest any major disruption,

although the response times for the water are significantly shorter than

the response times for the first saline at point 6 (V level). On the

whole, the response times under the "drug" are shorter than the pre-drug

saline throughout, which suggests that sane pain might be present and may

contribute to a faster reaction time. on the other hand, the post-drug

saline times are very similar to those of the water, and it seems doubtful

that the use of distilled water as opposed to physiological saline in

Chorover's experiments affected his results to any great degree.

11.1. Tolerance acquisition: mescaline 25 mg/kg. (see Vol. II, p.27)*

It is clear from the results tiiat tolerance to the iniiibitoxy phase of

mescaline is acouired very cpiickly. after the first dose, the biphasic

curve tends to be lost and it would seem that successive doses are



1,27

primarily excitatory in effect. bince it was not feasible to test the

significance of each of the seven doses against the remainder, doses 1,

4 and 7 were taken as a representative sample- It can be seen that there

is no significant difference between and Irj, but that is signifi¬
cantly different from both in terms of increased response times. By

comparison with the original saline (see Vol. II, p.1), the inhibitory

effect seems to have disappeared completely, but the excitatory effect

is somewhat greater. thus it is possible to assume that tolerance to

the inhibition induced by mescaline is acquired, but tolerance to the

excitation is not; if arything, this excitation is accentuated.

11.2. tolerance acquisition: 30 mg/kg. (see Vol. II, p.26) .

hats seem to develop little tolerance to BMPii if it is administered

daily. There spears to be a slight decrease in response tiii.es during

the first half of the experimental session, but at only one point is

there a significant difference (3, level) between the first and the

last dose. xpart from this, all seven lines follow approximately the

same type of curve, and similar response times are present.

11*3- Tolerance .acquisition: Bi-.f: 36 mt'/k- . (see Vol. 11, p.29;«

"The excitatory effect typical of is present throughout the seven

doses. The only indication that acme tolerance might be present to the

excitation induced by this drug is seen at point 4, the middle of the

experimental session, when the first dose differs frcsa the last at the

2, level. This single significant result could be accidental, however,

particularly as the sample is small. bven if it were not accidental,

there is no indication that response times were reverting to the pre-drug

saline level. The overall assumption is, therefore, that rats develop
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little or no tolerance to the effects of the stimulant DMM.

12.1. Cross-tolerance: Mescaline (25 mg/kg) and DMPE (50 mg/kg).

(see Vol. II, pp. 30-31)•

Despite the lack of tolerance sixown by the animals in the DMPE and DMM

grcxips and by the animals in the mescaline group to the excitatory effect,

cross-tolerance studies were clearly required. Thus a preliminary dose

of mescaline was given; after a fortnight, seven consecutive doses of

DMPE were administered, followed immediately by a second dose of mesca¬

line.

The results are clear: the initial (pretolerance) dose of mescaline

shows a -typically significant inhibitory phase; the excitatory phase is

not marked, probably because of the small sample of animals used. The

post-tolerance dose of mescaline, however, shows a very different picture.

The inhibitory phase has been reduced considerably and does not follow

the expected pattern, whereas the excitatory phase is very apparent and

significantly different from both salines, which themselves have been

disrupted by comparison with the pretolerance salines. It is therefore

possible to put forward a hypothesis which states that although rats do

not appear to acquire tolerance to DMPE in itself, there is cross-

tolerance between DMPE and mescaline in one direction at least, namely

the inhibitory effect of mescaline is reduced and the excitatory effect

is more apparent. .Alternatively, it is possible to say that DMPE causes

the animals to became less sensitive to the effects of mescaline.

12.2. Cross-tolerance: DMPE (50 mg/kg) and Mescaline (25 iag/kg).

(see Vol. II, pp.33-33).

The administration of the drugs was reversed in this experiment. The

initial dose of DMPE is typical of the drug, the inhibition or lengthening
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of response times, being maintained throughout the experimental session.

*d'ter prolonged administration of mescaline, however, the initial inhi-

bitory phase is reduced, althou^i the drug still remains inhibitory in

character throughout the experimental session. Clearly, therefore, cross-

tolerance between DMPK and mescaline exists in both directions, although

the results suggest that this cross-tolerance is limited primarily to the

first half of the experimental session, that is, to the initial inhibitory

phases of both drugs.

12.3. Cross-tolerance: Liescallne (23 rag/kg) and Jif.. (50 mg/kg).

(see Vol. II, pp. 34-35)•

The inhibitory and excitatory phases of mescaline are shown well in the

pretolerance dose, and the differences from the saline controls are sig¬

nificant except where the drug curve crosses the saline curves during the

descent frcm the inhibitory to tlie excitatory phase and at the very end

of the experimental session. By comparison, the post-tolerance mesca¬

line graph indicates that not only has the inhibitory phase vanished, but

that the excitatory phase occurs considerably earlier, is not markedly

different from the salines, and disappears almost coupletely after the

first half of the experimental session.

12.4* Cross-tolerance: Dill (50 mg/kgj and Mescaline (23 mg/kgj.

(see Vol. II, pp. 36-37)-

The results of the pretoleranoe dose of Dill are once again -typical of

the drug. « consistent decrease in response times is maintained tiirough¬

cut the experimental session at statistically significant levels. The

seven consecutive doses of mescaline reduce this excitatory effect and the

t ■
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significant differences between the post-tolerance DMM and the saline con¬

trols are noticeably fewer and also smaller- This particular finding is

interesting, because prolonged administration of mescaline does not appear

to induce tolerance to its own excitatory action; yet this prolonged admin¬

istration is capable of reducing the excitation formerly produced by another

drug, namely DMii.

It would seem, therefore, that cross-tolerance between mescaline and

DMM exists in both directions and that it is the excitatory action that

is affected. .although neither drug appears capable of building up toler¬

ance to its own excitatory effect, yet prolonged administration of one of

the drugs reduces the excitation normally induced by the other drug to a

marked degree.

13-1 • Mescaline (,25 mg/kg;, Jsuk (56 mg/kgj and nhhh (50 m^kg). First uose.

(bee Vol. II, p.38).

This graph was included to emphasise the different patterns of response

times that are obtained with the various drugs. The biphasic mescaline

curve stands out clearly against the overall inhibitory effect of jJMPb;

it is apparent, however, that this inhibitory effect never reaches the

peak achieved by mescaline, but it does last considerably longer. By

contrast, JMM clearly has the characteristics of a stimulant, in that the

response times are consistently shorter, although they tend to become

longer as the experimental session proceeds.

It should be noted that the first dose only was used for all three

groups, to prevent any possible contamination that might have been intro¬

duced by other drugs injected previously.
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13*2. Mescaline (23 mg/kg) Dose 1 and oose 3 (see Vol. II. p.39).

4L though the results of this comparison were non-significant, the inhi¬

bitory effect appears to have been reduced in the interval between the

administration of doses. It should be noted that at least a fortni^it

was left between each of the three doses, yet there is still an alter¬

ation in the original response pattern. This suggests either that the

interval of a fortnight which was allowed for the dissipation of toler¬

ance to mescaline is not enough, or that the first dose of mescaline has

a permanent effect upon succeeding doses of the drug.

13.3. Mescaline (25 mg/kg) Dose 1 v. Mescaline (4 freceding Different drugs).

(bee Vol. II, p.AD).

In view of the previous result, it was decided that further analysis

was required. The results of this particular comparison were not sig¬

nificant at any point and it is interesting that the two curves appear

to diverge less than the first and third mescaline curves (13.2). The

inhibitory effect of the second dose of mescaline is possibly slightly

reduced and slightly prolonged, but the differences are so slight as to

be hardly worth consideration. They may possibly indicate a trend, but

a very large number of animals would be required to verify this, and it

is clear that such a trend, if present, is not very apparent when M=1Q

or 11.

13'A-* Mescaline (25 mg/kg) hose 3 v. Mescaline (4 Preceding different drugs),

(bee Vol. II, p.41).

Once again, the results are not significant, but it is interesting

that, in view of the previous finding (13«3), the situation here is

reversed. The animals who have received only mescaline show less of

the inhibitory effect than do those who have received several other drugs.
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The question then arises as to whether or not mescaline, when administered

in successive doses, regardless of time intervals between the doses, has a

specific long-lasting effect which is not apparent when other drugs such

as 3H4MPE, DMPE, DMM, and so on are used instead. This X3 partic¬

ularly interesting in view of the cross-tolerance observed between mesca¬

line and DMPE, and mescaline and DM.

However, once again, with a non-significant and possibly spurious trend

shown in the graph, such a question can only be answered by using large

numbers of animals in closely controlled conditions.

14*1 • Mescaline (2b mg/kg). aSL and MixC Strains (First Dose), (bee Vol.11, p.42).

It was felt, while previous experiments were being performed, that the

age and strain of an animal might affect the results. Consequently, the

two strains were separated and their reactions to the first dose of mesca¬

line compared.

although the shape of the curves is very similar, the graph shows that

there is a clear division between the two groups, the significance level

being greater than the 1;» level throughout. It was therefore accepted

that there was a strain and/or age difference which accounted for the

decreased reaction times shown by the abL group.

14*2. Mescaline (25 mg/kgj, aSE (95 days) v. MliC (220 and 430 days).

(See Vol. II, p.43)»
x In an attempt to differentiate between the age and strain factors, the

MKC group was subdivided, and the three resulting groups compared. The

same significant difference between the aSL and the MRC groups, which was

seen in 14»1 (see above) is still present. However, the older MiiC group

is consistently, althou^i not significantly, higher than the younger MRC

group. This tendency suggests that age may be an important factor
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in that increased age makes an animal mare sensitive to the inhibitory

effects of a first dose of mescaline.

The strain factor, however, cannot be eliminated. The highly signifi¬

cant differences between the two strains are still apparent. It is likely

that both age ani strain variables contribute to this disparity and each

variable must be properly controlled before the problem can be resolved.

14«3« Mescaline (25 mg/kg) MKC strain (see Vol. II, p.44).

It was felt that further light might be shed on the age/strain problem

if the results of the two strains were plotted separately against the

appropriate saline controls. The MRC strain shows a highly significant

(although somewhat skewed) lengthening of the response times during the

first half of the experimental period. On the other hand, the excitatory

phase, althou^a present, is far from being significant and is scarcely

noticeable.

14.4. Mescaline (25 mg/kg) nish strain (see Vol. II, p.45).

By comparison with the results obtained in 14»3 (see above), it is clear

that mescaline-induced inhibition in this strain is considerably less.

The excitatory effect is more pronounced, however, and significantly so,

except at the end of the experimental session.

The question of age versus strain remains unresolved, but it would seem

possible that the results obtained in the first mescaline graph (see Vol.

II, p.1), which suggest that mescaline exerts a biphasic effect, are con¬

taminated. The MHC strain, together with age, would contribute to the

inhibitory phase, and the itBL strain, which was also considerably younger,

would contribute to the excitatory phase. There may, therefore, be no

such thing as a "true" biphasic effect after a certain age, or within a
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certain strain.

14«5* The results of the last four studies indicate that mescaline can have

a biphasic effect, but the relative proportions of each phase vary

depending on the experimental studies. 'This would suggest that the

two phases are relatively independent of one another and are affected

in different ways by different variables. It is possible that the

first phase represents the action of mescaline itself, whereas the

second is caused by an unknown mescaline metabolite. It would appear,

therefore, that age and strain may be two important factors which are

responsible for making an animal either more or less sensitive to

mescaline or to one of its metabolites.

15-1. Mescaline (25mg/kg); extinction.

This test was performed on only one animal. It was considered to be

an interesting 'postscript' experiment with the added objective of con¬

firming or contradicting the results obtained by Chorover (1960) under

similar conditions.

after suitable training, including a pre-drug saline control, the rat

was given 25 iag/kg mescaline and put on an extinction schedule in the

shuttle box. extinction was very rapid. During the first trial, the

number of crosses dropped from 219 (pre-drug saline) to 4 under the

effect of mescaline. Very slight spontaneous recovery was seen during

the following day, when the number of crosses reached 7, but on day 4

only 1 cross was made.

Chorover's results appear to be supported by this pilot experiment,

and extinction seems to take place very quickly when the animal is under

the effects of mescaline.
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PIbCUSSlUN.

The total experiment using the conditioned avoidance response (CAR) as

a reference response for the testing of diugs has produced interesting but complex

results. There is little doubt that the shuttle box CAR is a sensitive technique

and that it provides information as to an animal's behaviour in a variety of ways.

This variation is manifested in discrete and quantifiable forms, such as the

number of snooks received, the number of trials, the length of reaction times,

the number of intertrial crosses, the length of training required for each animal,

the percentage of avoidance achieved in each experimental session and so forth.

The experimental situation is thus highly controlled. Together with qualitative

observations, which can be made without disturbing the animal, a large amount of

information can be obtained about the effects of a drug on a particular species

in this particular situation. It should be remembered that the nature of the

response pattern may well depend on the avoidance situation per se and that it

would be unwise to generalise from the findings of this experiment, thus assuming

that the sane response pattern for ajqy one drug may be found in any other situa¬

tion. This is by no means the case, as will be sixown in same of the experiments

to be reported later.

It should, I think, be mentioned that this experiment was the first to be

conducted by the author in psychqpharmacology-, and several bitter but elementary

truths came to li^it as work progressed. (buch pitfalls are never mentioned in

the literature, or if so, then in a most circuitous way). The findings which

may, or may not, have been affected by this ignorance were the original investi¬

gations into mescaline, DUPE and hiiii. Thus several elderly animals were used

for preliminary tests on all three drugs; the ags was unavoidable since necessary

modifications to the laboratory and to the apparatus were essential and took
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somewhat longer than was expected. Other factors were avoidable, however; the

length of possible tolerance was disregarded initially and the three drugs were,

in acme cases, tested within a few d^ys of each other. (These results were

later discarded and have not been included in the analyses). Similarly, in

view of possible temporary or permanent disorganisation of the homeostasis of

unknown biochemical systems, it is clear that only one drug should be adminis¬

tered to any one animal; ideally, of course, only one dose of one drug should

be given to any one animal, but this is frequently impractical in terms of

available apparatus, time and the cost of subjects.

The consequence of these original mistakes was that, in many cases,

the evidence was hard to disentangle. The example of age versus strain where

mescaline is concerned is an excellent illustration. More subtle examples

appear when an animal has been given several drugs in a random order; the

results have been interesting, since on re-analysis, they suggest that mesca¬

line has an effect which lasts considerably longer than the stipulated fort¬

night, with a resulting reduction in the inhibitory phase, whereas a mixture

of drugs preceding the mescaline does not have the same outcome.

It became clear that seme of the results reported in previous publica¬

tions (see appendix 1) would have to be re-examined. The raw data were

analysed afresh and the following broad conclusions were reached on the basis

of the results reported previously:

1. That the Class I and Class II classification of mescaline responses is a

camouflage for uncontrolled variables such as age, strain ard. previous

experience. If these variables were adequately controlled, then it is

the author's contention that these "classes" would no longer exist;

2. That to average the pre- and post-drug saline scores is an error, and that
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artefact. This is supported by the marked variation between the pre-

and post-drug saline scores for mescaline at 25 m^/kg (see Vol. II, p.1),

by the disappearance of the previously reported "bimodal" effect of DldPE

and by the finding that l+LPii and 3H4MP4 are more active substances than

was hitherto supposed;

3. That, despite the previous conclusion, it is essential to use averages to

some extent to keep the data in a manageable farm; the teciinique should

not be abused, however;

4. That, in view of individual variability in performance, it is essential

that each animal is used as its own control, unless enormous numbers of

animals are employed;

5. That a drug which is known to induce tolerance should be treated with

caution and the exact tolerance limits established; a tolerance limit

for one drug does not necessarily hold for all;

6. That all new substances found to be active should be tested for tolerance

and possibly for cross-toleranoe also (see 3*1) •

This reassessment is in fact a fozm of application to both technique

and results of Steinberg's (1962) method of successive approximation. The

points made ty Nash (1960) which are quoted on p.94 are particularly pertinent

here if sound experimentation is to be achieved.

Having given the rationale for choosing this test in the first place,

the reasons why the experimental design was originally poor and hence the need

to reassess some of the earlier results,it is necessary to see what conclusions,

if ary, can be dra.m after re-analyai3. dome tentative conclusions have been



138

mentioned in the results and these will be brought in where appropriate,

(it should be remembered that a buzzer acted as the CS and shock as the UCS

tliroughout all experiments).

.there mescaline is concerned, this drug seems to have a biphasic

effect on a rat's reaction times to the Co, the first phase being inhibitory

and the second excitatory, in that the response times are shortened. during

the first phase, the ChR is apparently blocked, but in neither phase is the

UCR affected. dame animals are more sensitive to one phase than to another

and it would appear that age, strain, previous experience and individual vari¬

ation are all contributory factors. These factors clearly should be con¬

trolled. .here previous experience is concerned, it became apparent that,

if this previous experience was composed of mescaline doses only, then the

effect was noticeable, if not significant; on the other hand, if several

different drugs were given prior to mescaline, the mescaline response did not

seem to be affected. It has been said earlier that age and strain could have

been controlled but were not, and it seems likely that the experimental results

have been marginally affected. Individual variation was controlled to some

extent by averaging the results of a large number of animals. In all, the

older MRC strain was responsive primarily to the first phase and showed little

excitation; the younger hSL strain responded to both phases and sir owed consid¬

erably less inhibition of the CiiR. To say that a biphasic response to mesca¬

line is "typical", therefore, would be wrong, in the sense that a truly biphasic

response is typical only of a certain population of a given age and or strain.

It would be fair to say, though, that blocking of the GAR always occurs during

the first half of the experimental session at a dose level of 25 mg/kg; whether

or not excitation occurs later depends on the circumstances.
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At lower dose levels, the excitatoiy phase becomes more pronounced and

it would seem that at 8.9 mg/kg, the inhibition of the CAR disappears almost

completely. Again, this needs further examination and the possible contami¬

nating factors should be controlled. For example, are the longer reaction

times and the marked inhibitory phase of the older MRC group at 25 mg/kg ref¬

lected at this dose level, or do their responses become more similar to those

of the younger ,»3L sample?

Two major questions arise from these results. The first is, is the

excitatory effect the result of a larger number of shocks than usual being

received during the first part of the experimental session when the animal

appears unable to move? The answer is, I think, no, for the following

reasons: during training, vifoen a large number of shocks was received, no

excitation such as that seen under the effects of mescaline was observed,

also, at the low dose level of 8.9 mg^kg mescaline, the inhibition of the CAR

is much shorter and less pronounced, yet the excitation is longer and by com¬

parison more pronounced. again, the animal hear3 the C3 but does not res¬

pond by crossing; that it is capable of doing; so is quite clear from the fact

that the UCA is not blocked at 25 mg/kg.

This leads to the second question: is this blocking of the CaR peri¬

pheral or central in origin? In this instance the stimulus was auditory and

the animal responded in terms of increased rate of breathing and orientation

to the other compartment, but it did not cross. other tests (see laterJ

showed that the rat was not ataxic; the apparent loss of muscle tone dis¬

appeared when the animal was startled. Yet the full response, which re quired

further movement, did not occur. It would appear, therefore, that the "con¬

fusion" is central in origin, but one cannot assume that this is necessarily

so. Behavioural inhibition of a reaction to a central stimulus may be pro-
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duced by direct interference with the mechanisms of learning and conditioning.

On the other hand, various other factors such as anorexia, peripheral muscle

weakness, or a caabined effect from the unpleasant viscero-sensory sensations

of excessive peripheral autonomic activity may also be involved. This is sup¬

ported to some extent by the excessive salivation seen in some animals. alter¬

natively, "emotional" reactions may have been induced by stimulation of Olds'

positive or negative areas of the brain, thus distracting the animal from the

required pattern of response. (It is known that stress can have a blocking

effect on the action of hallucinogens). If ary of these hypotheses could be

tested experimentally, the results would be of immense value in determining

which sites in the central nervous system are affected by mescaline. one

obvious approach is by means of stereotaxic techniques, but others, such as

the use of precursors, are equally important.

To summarise the mescaline effects, therefore, it would appear that

the excitatory phase is most probably due to central CI&> factors, but that the

inhibitory phase may be due to central or peripheral factors and possibly to a

combination of both.

3,4-Dimethoxyphenylethylamine is an interesting substance, partly

because it has aroused so much controversy over the past few years as to whether

or not it is present in the urine of schizophrenics. It is not intended to

repeat the argument here, since it has already been mentioned elsewhere (see

p.30).

The chief characteristic of D1SPE is that it has an inhibitory effect

on the ChR, which lasts throughout the experimental session. There are no

signs of ataxia or of paralysis in ary form; the animal responds to the ChR

initially but either does not couplete the response by making the crocs during
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the GS interval, or else crosses immediately before the onset of the UCS, thus

increasing reaction times by comparison with the pre-drug saline control. 'ihe

interesting factor that emerged from these experiments was that, contrary to

expectation, the number of intertrial crosses increased significantly, although,

unlike mescaline, there was no decrease in the length of the reaction times.

This is perhaps some form of excitation, but whether this excitation is engen¬

dered peripherally or centrally is difficult to say. There is less evidence

than there was with mescaline to suggest that this form of excitation is central

in origin, since it bears no relationship to the response times and may be a

reaction to the increased number of shocks. Nevertheless, once again, there

is no evidence of increased intertrial crossing during training trials, and

the significant difference between the drug and the pre-saline control is high

(p<0.001). Thus a cent:ra-l component may be involved.

The almost total lack of tolerance shown to DMPE when it was adminis¬

tered for several days is interesting, but not so interesting as the finding

that cross-tolerance exists in both directions between this drug and mesca¬

line where the inhibitory phase is concerned. This suggests that both drugs

affect similar sites in the central nervous system and hence that DMPE may be

a CMS depressant. It would be interesting to administer a single dose of

DMPE, for example, followed by a single dose of mescaline (.and vice versa) to

try to pirpoint the number of drug administrations that is necessary before

this cross-tolerance can occur. The other tentative hypothesis that arises

from these results is that the drugs themselves may be cross-tolerant, but

that their metabolites are notj this would account, to some extent, for the

mescaline excitation phase being unaffected and for the increase in the number

of DMPE intertrial crosses being unaffected also, since both phenomena occur
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during the second half of the experimental session. Hence the two metabolites

do not affect the sane sites in the CIS. Such a hypothesis presupposes that

these unknown metabolites are present, and furtrier investigation is needed

before the hypothesis can in any way be called tenable.

where 4-Methoxypherylethy1amine was concerned, the results were sur¬

prising. The initial short-lived but inhibitozy effect suggests that this

drug has depressive qualities and also that it is as potent as mescaline where

these particular qualities are concerned. The most interesting factor to

emerge was that some form of cross-tolerance between 4MPE and mescaline was

also present, since the mescaline doses given a fortnight later showed little

or no excitatory effect, despite the fact that the animals were young and of

the .abL strain. Could it be, therefore, that 44Ph bears any resemblance to

the postulated mescaline metabolite 'which is responsible for the drug's biphasic

effect? In view of the findings by oaythies et al. (1967) that psychotomi¬

metic activity is increased by progressive methoxylation, the effect of the

activity of a compound which has only one methoxy group is interesting; it is

also at variance with their statement that "all three mono-substituted com¬

pounds (ortho-, meta-, para-,) were inactive in doses up to 25 mg/kg". .added

to this, the suggestion tlxat this drug is, like DM, capable of affecting the

excitatory action of mescaline, although in a different way (a suggestion which

must be verified) is extremely important and a possibility that was not tested

by bmythies and his colleagues. The drug in itself may not be psychotomimetic

but the finding that it appears to act in what might be called the opposite

direction to DMPb, coupled -with the fact that it is a dose analogue of mesca¬

line, dearly warrants further investigation.

N:N-Dimethylmescaline, despite the hypothesis that there might be a
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similarity in action between this axbstance and that of the hallucinogenic

N-methyl derivatives of tryptamine, apparently had the effect of a mild stimu¬

lant on the animals. Response times were decreased and this decrease was

maintained throughout the session. one finding was particularly interesting:

the lumber of intertrial crosses, rather than being high as might be e:<pected,

was in fact considerably lower than that of either mescaline or DMPb. She

animals were always alert, responsive and did not seem fearful, but although

there was a certain amount of exploratory behaviour, this behaviour did not

include extra crosses. It would seem, therefore, that intertrial crosses

are not correlated with reaction times and hence may not be taken as a direct

indication of a drug's stimulant or depressive action.

then compared with those of amphetamine, the behavioural patterns of

DIM were very similar, except that amphetamine was clearly much mare potent

where stimulant properties are concerned. _»s to whether this similarity between

the two drugs is homologous or analogous, it is impossible to tell without further

investigation. It would seem to be analogous since high dose3 of DMM merely post¬

pone the excitation; following the delay, the excitation is increased by compari¬

son with other Did: dose levels, whereas, with amphetamine, an increase in dose

level beyond a certain point does not cause arty preliminary delay of excitation,

and response times are longer throughout the session. A further point about

DIM is that, like mescaline, the excessive salivation shown by some animals

indicates that the autonomic system is involved.

It is interesting that an animal which appears particularly sensitive to

one drug is not necessarily so to another, that is, there is no sensitivity

relationship between mescaline, BJ4PE and DM.1, so far as one can tell.

The cross-tolerance studies between DiM and mescaline suggest that Di,2,l

has the effect of depressing the inhibitory phase of mescaline and shortening
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the excitatory phase; thus it affects both phases. Mescaline, in turn,

reduces the excitation induced by DIM in the animal, although self-tolerance

to D'KL does not appear to take place, unlike mescaline.

Once again, as with both DMPE and 4MPE, it is necessary to query the

extent to which these effects are either central or peripheral. There is

little evidence, but what "there is suggests "that the effects are central.

a rat is alert, not fearful, and it reacts in the required way to the environ¬

ment; this would suggest that there i3 possibly a higher state of arousal in

the reticular formation and that cenfcr&l. components are also involved, poss¬

ibly those to do with the focussing of attention or the orienting reflex.

h drug that appeared to be totally inert in the CaR situation was

l)L-Trimethoxyphenylalanine. Despite "the hypothesis that it was capable of

crossing the blood-brain barrier, a hypothesis suggested by the fact that the

compound is an amino-acid derivative of mescaline and bears an analogous rel¬

ationship to that seen between 5-H1P and 5-HT, and Dopa and dopamine, there

was, to all intents and purposes, no effect either on response times or on

behavioural patterns. The only conclusions that are possible are that either

this compound does not cross the blood-brain barrier or else that, having

passed the blood-brain barrier, it does not become decarboxylated and conse¬

quently does not form mescaline. Theoretically, of course, if phenylalanine

passed the blood barrier and was converted into mescaline, one might eapect

it to be more active than mescaline itself, but this is clearly not the case.

The two last analogues of mescaline to be tested were chosen because

of their possible peripheral action and because they were unlikely to cross

the blood-brain barrier. The first, 3-hydrox/-4-metiioxypherylethylamine,

gave seme indication of an initial inhibitory effect, followed by a marked
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effect on the post-drug saline • The inhibition might be due to peripheral

factors, although observation of the animals gave no indication that this was

the case; such peripheral factors do not account adequately for the odd diver¬

gence between the salines, although of course this phenomenon may be an arte¬

fact; yet it also occurs at the lower dose-level of 50 mg/kg. Thus although

the drug is not very active, it does not appear to be entirely inert.

By comparison, >-methoxy-4-hydroxypherylethylamine gave no evidence of

ary effect whatsoever, at either dose level. This would seem to eliminate

the operation of ary central or peripheral factors being involved in the experi¬

mental situation.

Lysergic acid diethylamide was, as has been mentioned before, tested

only in order to see whether a biphasic curve was common to all hallucinogens

in a OMR shuttle box experimental situation. LSD-25 is, of course, more potent

than mescaline, but nevertheless there was no evidence of inhibition except at

a high dose level. mince mescaline and its effects was the chief objective,

LBD-25 was not investigated in any great detail; it was merely observed that

the effect was maihly an excitatory one and that the biphasic curve apparently

typical of mescaline was not present.

It should perhaps be noted here that the ph values ctf both the mescaline

and LbD-25 solutions were tested. The pH value of mescaline was neutral and

that of ijuD-25 slightly acid, the ph ranging from 5.0 to 5-5- If the acidity

of LSB-25 caused ary visceral irritation, this may or my not have had some

bearing on the results.

Behavioural obsolvations of the animals supported the quantitative

results, in that the pattern of "confusion", the fear- of the experimenter and

the peripheral symptoms seen with mescaline were not present. These findings
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suggest that, although they are both hallucinogens, mescaline and LhD-25 do not

affect the subject by the same means, although with human subjects, the end

results are similar.

The results obtained with distilled water do not undermine Chorover's

(1960) results in any way. In principle, I am not in favour of injecting

fluids which cause an osmotic imbalance in a living organism, unless it is

essential for the purposes of an experiment. However, any pain that may have

been caused by the injection of distilled water does not seem to be responsible

for Choi-over's findings, a minor but valuable check.

There are a number of criticisms of this particular CAk experiment,

seme of which have been mentioned previously. The problem of strain and age

is possibly the greatest and there is no question that a properly controlled

experiment should have taken both factors into account; although these factors

were recognised later, there is little doubt that some of the results obtained

using mescaline, DlfiPli and JMM have been contaminated by these variables to a

certain extent. It would be interesting to re-examine all the drugs used

while varying the age and strain of the animals systematically.

The uncontrolled factor of previous experience with dxugs should also

have been eliminated, for reasons given previously. Thus each animal should

be used as its own control for one drug only, unless cross-tolerance studies

are being made.

Tolerance limits for each drug should be firmly established. These

limits can only be determined finally by the use of a cross-over design where

drug a is followed immediately by drug B and then, after a suitable interval,

drug B is followed by drug A. Comparison of the results would then show

whether the limits had been decided correctly. For example, it seems doubtful
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that the effects of one dose of mescaline disappear ccB£)letely in a fortnight;

it is ijrite possible that six or even eight weeks are needed before a second

dose of the drug can be given with the assurance that there will be no oontaod-

nation of the results. It is also necessary to determine the tolerance inter¬

vals for ary drug that ahows the slightest activity; the drug may be almost

inert, but so long as it is not completely inert by the criteria laid down for

the experiment, then investigations into the mazy parameters such as dose-levels,

tolerance, erass-toleranee, duration of effect and so forth should continue.

« further criticism is that behavioural observations should probably

have been used more and hence would have produced further evidence as to drug

action. For example, the excessive salivation shown by animals under the

effects of both mescaline and bill is a strong indication that the autonomic

system is affected by these drugs. buch a deduction could not have been

obtained from print-out counters, kymographs or tally counters.

In two cases in the large mescaline group (vaL. 11, p.1), tnere was

evidence of middle-ear disease. This was arrested by daily injections of

penicillin. Nevertheless, the animals should have been discarded and not

retained on the grounds of a high performance level, which was possibly affected

by the disease.

The siae of the samples in taany tests was too small and should have

been doubled, and in some cases even trebled where the result indicated a

aligat but non-significant trend. In ideal conditions, the minimum siae for

aty sample should be approximately twenty, which would allow for individual

variation. In this experiment, individual variation was eliminated as fur is

possible by using the harmonic mean as well as the arithmetic mean, but this

is not the complete answer, although it i® a useful adjunct. On the other
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hand, where individual variance is marked, this should be noted and analysed;

again, the division of the large mescaline grcup into strains is an example,

although, a gross one. These individual variations may provide a useful lead,

and an animal that does not conform to the "norm" should not necessarily be

discarded as an experimental subject. For example, to return to the two cases

of middle-ear* disease, both animals showed fast reaction times under the effect

of mescaline. The cjuestion that immediately arises is to what extent may the

drug and the disease interact? Nevertheless, this: is no argument for retain¬

ing the two in a group of healthy animals. Yet there _is a lead for further

specialised research.

Finally, since mescaline was the drug that was of primary importance,

it might have been wise to use it comparatively in a somewhat wider sense.

Thus, although most animals would receive only one drug, some animals would

receive drug X preceded by mescaline (allowing for tolerance), so that direct

comparative records mi^at be obtained.

It must be emphasised that data in the form of the number of shocks

received by each animal and the percentage of avoidance it achieved were not

used, since it was felt that response times were considerably more informative.

It is clear from vaaat has been written so far that the CXR experiment

is merely a pilot study. There are obvious and necessary refinements of the

experimental situation and the author feels that mary of the drugs, in parti¬

cular those analogues that were tested on small groups of animals only, should

be re-tested under the same conditions. Nevertheless, there are also some

fascinating sidelines which mi^ht be profitably investigated. Some examples

are as follows:-



1. animals that live singly may learn the Catt faster and more effectively than

if they live in pairs. This would require checking of the percentage avoid¬

ance level at the time of the first injection, the time taken to achieve the

learning criterion and the redundancy level per group.

2. There might be a possible correlation between the percentage avoidance level,

the time taken to achieve it and the animal's sensitivity to a particular

drug.

3. The actual number of trials in the shuttle box, including training, might

have a significant effect on a particular dose of a given drug; in other

wards, over-learning as opposed to learning might affect the animal's drug

performance.

If saline performance is affected adversely after a drug, for how long,

how often, after liiich diug and at what dosage? This might give some idea

as to tire biochemical systems involved.

If an animal is variable in its performance, to what extent does this

variability increase or decrease with age? Is this variability in fact

important when related to its response to a drug"?

6. In some animals which had received several doses of' mescaline, the C.AR times

became noticeably shorter. This mi$it be due to tire drug assisting learn¬

ing, despite its initial inhibitory effect, or to tire fact that the rat had

not achieved its learning peak by tiie time the drug was given. Therefore,

does the animal acnieve a learning peak assisted by the drug or in spite of

it?

7- In certain cases, animals showed a deterioration in performance for three

to four days after 23 mg/kg mescaline. They then returned to their pre-

drug level. It is interesting that not all animals 3howed tills phenomenon.



8. In cases where the wrong reference response is learnt (such as the rat pulling

the paper up from the tray between the grid bars and then sitting on it to

avoid shock), it would be worth testing this response under the drug as well,

rather than discarding the animal for not having learnt tiie response required

by the expeiimenter.

Sensitivity to the depressive effect of mescaline laay decrease with the

number of doses or increase with age; how do the two factors interact? Lhort-

terra tolerance studies are of little use here since tney are emphasising a

different aspect.

10. Finally, the age effect may be a mask yet again. It has been said that it

appears to increase the depressive effect of mescaline, but it is hard to

tell whether this is due to increased sensitivity or to an increase in the

actual dose which is administered in lag/kg. adult rats put on weight quite

rapidly on an ad libitum diet. This may mean that all drug doses should be

kept constant, when injected, since the size of the central nervous system

presumably does not change. .alternatively, the weight of experimental

animals could be kept constant by means of restricting their diet, even

though food is not used as reinforcement in a Cak situation. Both possi¬

bilities pose problems and introduce a large number of variables.

The mare one examines the procedure and results of this experiment, the

more one realises how much has yet to be done. Nevertheless, evidence as to the

action of mescaline and some of its analogues in a highly controlled situation

has been obtained, and it is to be hoped that such evidence will be of value in

ascertaining the precise nature of mescaline on the nervous system.

The C-tiR (shuttle box) experimental situation was used to test the
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following drugs on male hooded. rat3j mescaline, 5>4-himetiio3qypher\/lethylaiaine,

4-Methoxypheryle thylamine, N:N-Dimethylme3caline, DL-trimethoxypheiylalanine,

3-Hydroxy-4-me thoxypherylethylamine, 3-Me thoxy-4-hydroxypheryle thylamine,

amphetamine, LSD-25 and distilled water.

The effect of mescaline was at first inhibitory and then excitatory,

a biphasic effect shown by none of the other drugs. 3»4-DMPE was primarily

inhibitory, 4MPE initially depressive, DM a stinailant and phenylalanine was

inactive. 3H4MPE showed slight activity, whereas 3M4hbE showed none. amphe¬

tamine and LSD-25 were mainly excitatory in action, and distilled water had no

effect.

Tolerance studies indicated that repeated doses of mescaline reduced

the drug's inhibitory effect, but not its excitatory effect; animals did not

appear to become significantly tolerant to either DMPE or DM. Cross-tolerance

was found between mescaline and DMPE in both directions, however, and also bet¬

ween mescaline and DMM.

The results are analysed and discussed and some suggestions are made

as to ways in which the experimental design could have been improved.
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The following comments are based on observations made over a period of

several years. It was considered that the effects of mescaline ought to be

watched in the "natural" situation, and the preliminary results obtained in

the shuttle box (see experiment I) confirmed this decision. It should be

noted that the comments are all qualitative and that, apart from timing the

duration of a given phenomenon, no quantitative measurements were taken,

nevertheless, these observations have been made in all the experiments reported

in this thesis,•and the results appear to have been consistent.

Five dose levels have been used: 25, 17-7, 12.5, 8.9 and 7*5 nig/kg.

The effects of each dose will be described in that order. hale hooded rats,

supplied with food and water ad libitum, have been used in all cases,

(i) 29 mg/kg.

From five to ten minutes after the injection, the animal shows an

apparent loss of muscle tone. It lies on its belly, usually in a corner of

the cage. typical symptoms are that the eyes are half-shut and the whiskers

motionless. However, the rat does not remain stationary but frequently pulls

itself forward on the sawdust -with its forefeet for a short distance, sniffing

meanwhile before becoming motionless again. Sometimes the animal may turn

round in sitort jerky movements as tnough it were in a state of discomfort,

whether the movements are induced by peripheral pain or whether they are in

any way comparable to the finding made by ./oolley (1955) that mice walk back¬

wards after an injection of LSb-25, is hard to sey. The rat may or may not

be undergoing some form of "hallucination", where an hallucination is defined

as a response which is inconsistent with the environment.

The initial impression on looking at an animal in this condition is
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that the loss of muscle tone is marked. however, this does not seem to be the

case, for if trie animal is startled, or is touched by the eaqperimenter, the

muscle tone reappears in full, the eyes open properly and the rat appears alert,

as soon as the external stimulation stops, however, there is a reversion to the

former posture.

This possible reversal of muscle tone is odd. It is known from the

work of bchopp et al. (1961) that mescaline has a curare-like effect on muscle,

and certainly an animal given 50 mg/kg of mescaline shows marked ataxia and

overall loss of muscle tone. The interesting point is that at half this dose

level, the muscle tone appears to oscillate and is raised by environmental

stimulation, regardless of the nature of the stimulation which may be auditory,

tactile, visual or even olfactory. as soon as this stimulation ceases, so the

muscle tone apparently decreases.

Two further practical points should be noted: the pattern of behaviour

associated with 25 rag/kg mescaline lasts for approximately forty minutes, which

may or may not be succeeded by intensive scratching for a short time. follow¬

ing this, the animal does not show the excitement associated with the second

phase in tire shuttle box. In fact, it behaves normally in the home cage and

is indistinguishable from animals who have not received mescaline- The second

point is that during the initial mescaline effects, some animals squeak on

being picked up, others do not. This phenomenon does not seem to be consistent

and may possibly be due to peripheral over-sensitivity in seme animals.

There seem to be three possible hypotheses to account for the effects

of 25 mg/kg mescaline. The first is that a ceMrrjl component is involved,

which might account for the random movements and the sniffing, together with

the animal's apparent ability to respond to its environment when it is required

to do so, even if this response is same times slower* than usual. The second
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possibility is that the reticular arousal system is affected in some way so that,

unless environmental stimulation is marked, the ascending reticulo-cortical

impulses are partially blocked and the total arousal system is damped down;

thus, to achieve the normal level of arousal, supernormal stimulation is required.

It is, of course, equally possible that both cortical and reticular elements

are involved, particularly since the upper end of the reticular formation is

closely associated, not only with the midbrain but with the cortex by means of

diverse neural pathways.

There are a few experiments vhicn suggest that the cortex is closely

involved. iioffer and ustaond ( 1 967) comment on the fact that mescaline alters

the pattern of cerebral electrical activity and of deeper brain centres. They

quote the experiments by Takeo and himwich (.1965) and ,<ikler (1954) during which

it was found that mescaline induced a slignt increase in alpha frequency in man,

together kith the finding that desynchronization seemed to be associated in

sane cases with anxiety, hallucinations and tremor; changes in the direction

of synchronization occurred when the subjects were euphoric, relaxed or drowsy.

Two more experiments mentioned by Hoffer and Osmond are relevant: the first,

by bnythies et al. (1961) indicated that waves in the optic cortex of the

rabbit were potentiated by low doses but inhibited initially by high doses.

The second experiment, by him.vich et al. (1959) suggested that mescaline acti¬

vated the mesodiencephalic activating system.

These experimental results tend to support the third hypothesis sug¬

gested earlier. It seems reasonably clear that both cortical and sub-cortical

sites are involved. It is equally clear that there is still a large gap to be

bridged before the experimental results i.jaoted by Koffer and Osmond and the

overt behaviour of the complete animal in the home environment can be correlated
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adecgiately. It may be that several other sites of the brain are affected by

the drug apart from those already mentioned.

("•) 17.7 mx/kk.

The pattern of behaviour sho'.m at this dose level is similar to that

described above, but it occurs in an attenuated form. The loss of apparent

muscle tone is less ana the duration of the drug symptoms is also shorter.

The amount of scratching appears to increase, but not to a marked extent,

(iii) 12.5 mfa/kg.

There is very rarely any indication of muscle tone loss at this dose

level. The most predominant characteristic, which appears approximately five

minutes after the injection, is intensive scratching. The animal scratches

first one part of its body and then another, and is in this respect intensely

active. There is no sign of the other symptoms observed at the 25 mg/kg level.

The duration of this scratching period is approximately 30 to 40 minutes, and

usually results in the loss of a large amount of hair. These results are in

direct contradiction with those of Fellows and Cook (1557) who reported that

mescaline increased scratching in mice but not, apparently, in four other

rodent species of which the rat was one.

The scratching phenomenon suggests marked peripheral irritation induced

by the drug. i.t first glance, the interpretation would be that only the

peripheral nervous system is affected. Nevertheless, it is sometimes worth¬

while to gress as to other possibilities; for example, is it possible that

certain receptors, such as the touch receptors, are affected by the drug to

the exclusion of the others? If so, is the neuronal discharge from these

receptors hiyier than usual and can it be measured? The author unfortunately

does not know the answers to these questions, but suggests that, should the

discharge of such receptors be normal, then perhaps the irritation may be of
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"psychogenic" origin; on the other hand, such "psychogenic" symptoms may well

be manifested in physical fona, so that an increase in the level of neuronal

discharge would leave the question unanswered. Only a lack of increase might

provide some indication as to the origin of the peripheral irritation shown by

the animal-

These guesses can hardly be called hypotheses, and the results of

both the 12.5 mg/kg and the 25 mjj/kg observations (in which, it will be remem¬

bered, some animals squeak when they are picked up) do suggest strongly that

the touch and, at higier dose levels, other receptors (such as pressure or

pain) are affected by mescaline. It is still possible to argue that the pain

apparently shown by sane rats receiving higher levels of mescaline is the

result of fear. However, the simpler, physiological explanation is probably

the more acceptable, although the possibility of a central component being

involved should not be ruled out.

(iv) 8.5 mg/kg.

^t this particular dose level, acme scratching is seen but this is by

no means universal. .part from this, there is no noticeable alteration in

behaviour in the heme cage.

(v) 7*5 rog/kg.

By comparison with saline controls, animals given 7»5 mg/kg of mescaline

show no marked changes in behaviour. Occasionally, the rat may scratch, but

the amount of scratching is in no way excessive.

(vi) The effect of mescaline on dominance.

In this short experiment, twenty animals were kept in groups of four to

a cage. Hood and water were supplied ar- i -ihi tw at first until a dominance
hierarchy had been established within the group. ,<ater was then supplied
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ad libitum as before, but food was restricted to an access-period of one hour

per day.

when the animals had become acclimatised to the food deprivation

schedule, which took approximately ten days, the dominant animal in each of

the five groups was given 25 m&^kg mescaline. The results were clear: the

drugged animal retreated to the far corner of the cage in all cases and did

not attempt to dominate the remaining members of the group in order to obtain

access to food. after approximately forty minutes, when the animal had appar¬

ently recovered from the drug, it endeavoured to obtain food from the hopper as

before but clearly was not as dominant as it had been previously. These results

were probably dire in tne first place to some form of anorexia and in the second,

to idle after-effects of the drug. «t 12.5 mg/kg, the currently dominant animal

showed no change in its normal behaviour and fought for food as usual.

This experiment was not pursued further, since it was apparent that the

dominance-submission relationships were unstable and that the two dose levels

employed produced all-or-none effects.

However, although this pilot study was not very productive, there is

no doubt in the author's mind that a more sophisticated investigation into the

effects of mescaline on social groups would be profitable. The three major

modifications would be that the dominance hierarchy must be firmly established,

that intermediate doses of mescaline should be used, and that follow-up studies

snould be carried out, in order to discover whether the animal that was dominant

before the administration of the drug became dominant again or was replaced by

another animal in the same group.



158

ix. iXPKHMtm1 2. mag fox itihxu.

inuring investigations into the effects of mescaline on rats, the question

arose as to whether failure to respond to the conditioned stimulus after admini¬

stration of the drug eight be caused by ataxia, or peripheral impairment of mus¬

cular control, rather than by inhibition occurring in the central nervous system.

This seemed particularly important in view of the observation that a drugged

animal appeared to suffer from a lack of muscle tone men in its home cage. The

present studies were therefore undertaken to discover whether the doses of mesca¬

line used in the other experiments have ary ataxic effect.

hushton et al. (1%3) found that drug-induced ataxia in rats could be

assessed quantitatively by measuring the variability of the 'splay' of the rats'

footprints. The same method was aacpted in the present studies, and responses

to three different dose-levels of mescaline were measured.

PaRT I.

Method.

Six young adult female Norwegian hooded rats were used, aged 94 days.

Handling was minimal and the animals had had no previous experimental experience.

Both before and during the investigation they were kept singly in their individual

hone cages with food and water ad libitum, on a reversed li^it schedule (light:

8.0 p.m. to 8-0 a.m).

The apparatus (see Figrre 9 ) consisted of a symmetrical Y-shaped hard-

board runway 28 cms. high, with arms 100 cms. long and 19 cms. wide. The runway

was placed on the floor on top of three strips of white paper in Y-formation ,«hich

were slightly longer ?nd wider than the arms of the runway. The level of illumin¬

ation throu£hout the apparatus was 400 lux.

The drug trials .'/ere divided into two series, so that each of the six
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Y- Alley

Straight alley

Ataxia Test.
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animals received two doses of mescaline. bach dose was preceded by a trial

without injection on Day 1 and a saline trial on Day 2, and succeeded by saline

on Day 4 followed by no injection on Jay J.

Thus each animal haa ten trials (see Table 1 j, the order of trials

being given in two series under conditions of no injection, saline, and three

dose -levels of mescaline. The series were separated by six weeks to prevent

the development of tolerance to the drug.

T4BLN 1

Day:

■»llocation of Test Conditions,

series a

1 2 3 4 5 1

beries B

animal
10.0

11.0

12.0

13.0

14.0

16.0

No inj. baline kesc 25 baline No inj. No inj. baline i^esc 75 baline No inj'

Mesc 50

hesc 25

kesc 50

kesc 25

A-esc 25

mesc 75

^esc 50 "

w,esc 50 "

Hesc 75

kesc 75 "

By this means, each dose level was measured four times; the highest

dosage of 75 mg/kg was measured last in each case, to prevent a possible long-

term carry-over- effect from influencing the other results.

The experimental procedure for all trials was as follows: each rat's

hind paws were smeared with vaseline, and the animal was then placed in the end

of one arm of the runway when the rat had run through to the end of another

arm it was removed before it could retrace its steps. The paper under the run¬

way was then changed. The used strips were dusted with powdered charcoal -.diici



stuck to the greasy footprints, allowing them up clearly, and were varnished so

that a permanent record was obtained. In "this way two sets of prints were

obtained from each rat at each trial; in the case of a non-continuous run,

further trials were made.

On the first and fifth days of each series, the animals were tested

immediately (see Table 1). On the second, third and fourth days of each

series, each rat in turn was given the appropriate i.p. injection of either

0.5 cc. of saline or the correct dose of 25, 50 or 75 mg/kg of mescaline hydro¬

chloride in saline solution. The animal was then returned to its heme cage

for fifteen minutes before being tested. fifteen minutes was chosen as a

suitable interval before investigating the effect of the injection, since it

is after approximately this length of time that the depressant effects of

mescaline are shown (see Chapter VII).

Results.

The footprints were measured by the same method as that used by Rushton

et al.; 1 splay' was the distance between consecutive hind footprints (a foot-
3

print being defined as the point between the second and third interdigital pads)

measured at right-angles to the direction of travel. The measure of ataxia is

the variability, rather than the absolute size of this splay (see Table III).
p

The variance (S ) was calculated for each zun, then the mean log vari¬

ances were calculated and compared for all rats under each condition.
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X-oiiLgj XX

2
feean lo^ -> for six rats under each test condition.

uivwUro •aeries a aeries B

^4 rats per
do3e level No inj. Sal. Mesc. Sal. No inj. No inj. Sal. Mesc. Sal. No inj.
of oiug;.

25 mg/kg 1.05 p.85 0.54 0.68 1.25 - - - -

50 mg/kg 1.17 0.85 1.10 1.07 1.15 0.51 1.00 0.54 0.58 1.05

75 mg/kg - - - 0.71 0.75 0.82 0.b7 0.55

« two-way classification analysis of variance of these data showed that

tiiere was no significant difference between the variance of splay after no inject¬

ion, saline and drug; and that there was no significant difference between the

animals. The lack of any significant interaction between animals and conditions

indicates that the different conditions had no greater effect on one animal than

on another; since, for purposes of analysis, the results from the three dose-

levels of mescaline were all treated together as the single condition of 'drug',

this can be taken to mean that there was no significant difference in the effects

Of the three dose-levels. Table III summarizes the analysis of variance.

Tju3L.a 111

Two-way analysis of variance and interaction between
O

mean log a for six rats under each test condition.

Source D.F. Sum of Squares Mean Square F P

Between 3s(6) 5 0.20 0.040 0.85 > 0.05
tl

conditions(5;
2 0.29 0.145 3.08 >0.05

Interaction 10 0.53 0.053 1.12 > 0.05

•error 19 0.90 0.047

Total 36 1.92
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In spite of the data showing no increase in variability of spl^y after

injection of mescaline, subjective assessment of the records suggested that

there was in fact a difference in gait under drug conditions. This was par¬

ticularly noticeable in ^aiimal I4.O after 75 mg/kg.; the rat shuffled along

on its belly, apparently having difficulty in moving at all.

Consequently it was decided that it might be worth investigating the

length between footprints rather than the 'splay'. Using the ,/ilcoxon Matched-

pairs Signed-ranks Test, the mescaline trials were ccupared with the saline

trials; the length of step was significantly shorter (p 4 0-05) even at tne

25 mg/kg dose level.

FMtX II

Follow-up btudy.

This study was carried out for two reasons. The first was that male

rats only had been used for all other experiments, whereas female rats hau been

used for the ataxia investigation; thus, there was a remote possibility that

one sex might be more less, susceptible to the hypothesised ataxic effects

of mescaline than the other-

Secondly, during the first part of this experiment, observations had

been limited to the first twenty minutes after injection. mince all other

experiments lasted for two hours, it was felt that a comparable study, using

this particular teat, should be used.

Method.

night male hooded rats, aged 130 days, were used. Four had been

observed in previous experimental situations,(one trial each in the oashiell

Maze and open field test; but under non-drug and non-learning conditions;

otherwise, they were experimentally naive. all animals were kept singly and
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provided with food and water ad libitum.

The apparatus (see Figure 9 ) was a single alley 183 aas* long, 12

cms. high and 12 cms- wide. Strips of white paper were placed in the alley

and the illumination -was 600 lux.

bach animal, unlike the previous study, received only one dose of

mescaline hydrochloride: 12.5 mg/kg or 25 mg/kg. The animal was tested under

pre-saline, mescaline and post-saline conditions, the saline injections being

0.5 cc throughout. all injections were i.p. as before.

TMSUi IV

order of Drug administration

day day 1 day 2 Day 4

animal/Drug Saline Mescaline my'kg Saline

1.0 0.5 cc 25 0.5 cc

2.0 tt 12.5 tt

3.0 it 25 ft

4.0 n 25 tt

5.0 ti 12.5 tt

6.0 tt 25 tt

7.0 tt 12.5 tt

8.0 it 12.5 tt

In all other respects the procedure was the same as that in Part I,

except that each animal was tested every ten minutes for two hours after the

injection. Thus 12 results were obtained for every animal on each of the

three dys.
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.Results

The footprints were measured by the same method as before measurements

of 'splay' indicated clearly that no ataxia was present in any animal at aiy time

during the two hours. A sample of the raw data for one animal is given below.

TaBLS V

sample of 'splay' measurements, xtaw data in mms-

Drug Successive footsteps (hat 1.0)

1 2 3 4 5 6 7 8

Saline 1 27 26 30 32 28 26 28 27

Mescaline
25 mg/kg 50 29 29 27 28 29 32 32

Saline 2 29 28 30 32 28 28 28 30

Inspection of the data and the obvious similarity between the drug and

saline runs not only supported the previous finding but suggested that any analy¬

sis of variance was unnecessary. Consequently no statistical tests were made.

<i(here the length of step was concerned, as opposed to the 1 splay', the

measurements showed no difference between drug and saline at either' the 25 nig/kg

or 12.5 mg/kg level.

dioCU'ohlUK

riushton et al. induced ataxia in rata by injecting amphetamine sulphate

and anylobarbitone sodium. In the present experiment, in which a similar pro¬

cedure was employed, ataxia was not induced in any animal at four dose levels of

mescaline, ranging from 12.5 mg/kg to 75 mg/kg- ihe variation in the length

of step, however, which was found in the first part of the study and not the

second, may be due to one of several uncontrolled factors. The two groups were

not matched for age, and the younger the animal, the more susceptible it may be
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to sane unknown peripheral or central effect of mescaline which causes it to run

more slowly. idternatively, sex may be an important variable.

beveral criticisms rnqy be nude about the total experimental design. In

the first study, male rats should have been used; both groups should have been

the same age; the same Y-shaped apparatus should have been employed in both

studies, rather than the singLe alley in Part XI; illumination should have been

constant from one group to the other; the number of runs should also have been

constant, so that all animals in both groups received five, rattier than five in

Port I and three in Part II. It is the author's opinion that pre-training

should take place for four or five days before testing, so that the animal leains

to run straight along the alley and does not stop to explore; in this way, con¬

siderably longer sequences of footprints would be* obtained and re-runs would not

be necessary.

It is difficult to say whether none, one or several of the uncontrolled

variables mentioned above contributed to the difference between the two groups

where step-length is concerned. However, it should also be borne in mind that

the level of significance obtained for the first group is not high and, conceiv¬

ably, there may have been sctne artefact in the experimental situation or analysis

which contributed towards this. Individual differences, such as that shown by

14*0 in Croup I, appear to be accentuated by mescaline.

'fhe chief point at issue is whether or not mescaline induces ataxia in

the hooded rat: this it does not appear to do, and the results are consistent

from a range of 12.5 mg/kg to 75 mg/kg. althcugh the four mescaline dose-levels

used were only administered to a limited number of animals, there seems no reason

to suppose that the use of a larger number of subjects would substantially alter

the trend, of these results.
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SUMhuKC ahd COMCLUSIUMS-

Using the ataxia test devised by iiushton et al., it was found that mesca¬

line hydrochloride did not induce ataxia in hooded rats after intraperitoneal

doses of 12.5, 25, 50 and 75 mg/kg.

The length of step became significantly shorter in the first group of

rats but not in the second, and the possible reasons for this discrepancy are

discussed.
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X. jflff&SKSNT 3« Bib TILT-FLdKb TEST.

The results of the ataxia test, while clearly demonstrating that mesca¬

line did not induce ataxia as such, suggested that there might be other peripheral

effects which were not shown by this particular technique.

.-iTvola et al. (1958) devised a series of experiments to investigate

various levels of alcohol intoxication in the rat. Of the nine tests employed,

the most reliable appeared to be the tilted plane. This plane was made either

of hardboard or of fine-mesh wire netting, and could be tilted through an angle

of 90° from the horizontal. ^proximately 45 minutes after the animal had been

given alcohol by stomach tube, it was placed on the plane which was raised through

an angle of 90° in 5 seconds. The angle at which the animal slid down was

recorded.

It is interesting that the test was devised "after fruitless attempts

to find a measurable quantity when a revolving drum was employed". i/allgren

(1959) has used this test extensively since its development and appears to have

found it applicable in the investigation of other drugs. The results have

strengthened the author's opinion concerning the use of unlearned behaviour in

the testing of drugs: namely, the simpler the test the better', provided, of

course, that the results are both reliable and quantifiable. .in adaptable test

of this nature allows comparative studies to be made both within species and

between species.

MbTHUfl;

Subjects.

hight male hooded rats of the same strain and aged approximately 95

days were used. They were kept singly, and food and water-were supplied ad

libitum.
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apparatus.

The apparatus and its measurements are shown in Plate 3 and Figure 10.

The plane itself was the rough side of a sheet of hardboard, supported by tufnol;

the base was made of blockboard. The angle through which the plane moved was

measured try a large protractor fastened to the base

Ejtperimental design.

At the time at which this experiment was performed, only eight animals

of the re quired age and strain were available from the supplier. It was con¬

sidered, therefore, that all animals should receive the same dose level of

mescaline (25 mg/kg) and that they should act as their own controls- The ration¬

ale for this was as follows: firstly, 25 mg/kg mescaline had been used in all

the other experiments and appeared to have some minor and unexpected results in

the ataxia test, whereas 12.5 rag/kg did not; secondly, by using one dose level

only, a larger experimental group was available and the results were more likely

to be meaningful. Thirdly, it was necessary for each animal to act as its own

control since oody weight differed; the heavier the animal, the sooner was it

likely to slide down the plane, and so this factor had to be controlled. In

addition, the method of using each axiimal as its own control had been used in

other experiments, the reason being that individual differences appeared to be

accentuated by the drug.

xX-Qcedure.

The experimental session lasted two hours, and each animal was tested

every ten mimtes, to conform with the procedure used in other experiments and

to enable results to be ocmpared.

Sliding was measured by placing the rat on the upper (rough) side of

the hardboard with its head facing the upward slqpej the angle of the plane being
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approximately 20° from the horizontal. The plane was then tilted by hand

throu^ja a further 70u in 5 seconds, and the angle at which the animal slid

down wa3 recorded.

A baseline for each animal was established during the control session;

no saline was given, it being considered unnecessary. At first, the appa¬

ratus was placed in the centre of a formica-topped table, but two rats soon

learned to "let go" earlier than they had done previously, so that they slid

gently to the bottom of the plane on to the table. Observations of beha¬

viour and the inconsistency of the readings with those taken previously for

the same animals meant that a minor alteration in procedure was necessary.

This entailed placing the apparatus at the edge of the table, so that when

the rat looked down it could only see the floor, and the depth of fall was

30 inches. The change prevented any animal from, slipping earlier than was

necessary. In the case of the two animals mentioned earlier, re-trials were

made in order that a stable baseline could be established.

Following this establishing of the individual baselines, each animal

was given 25 rag/kg mescaline i.p. It was then returned to its home cage for

ten minutes, after which it was again tested on 1iie tilt plane.

The results were plotteu and the significance of 1he results tested

by means of the .Yilcoxon Faired implicates test.

iiesults.

It is dear from the results (see Vol. II, p.47 ) that the greatest

divergence between the control and the drug trials occurred at 30 and 40 min¬

utes. This divergence was significant (p = 0.025 and 0.01 respectively).

The animals did not appear unduly fearful during the experiment and,

during both control and experimental sessions, only occasional defaecations

were observed during the last two trials. Seme animals tried to scramble to
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the top of the plane and hold on by their forepaws before the plane was

tilted. If this occurred, they were removed, replaced in the centre of

the board, and the trial was repeated.

Discussion.

Arvola et al. (1958) ccnraent that the tilted plane test meets the

basic requirements of a practical intoxication test. Its least satisfactory

aspect is that variation in results is wide and sensitivity to different

doses of a drug is correspondingly low. This particular drawback was not

of vital importance in this experiment, since only one dose level of the

drug was being investigated. Nevertheless, it may account for Hie slight

variation in the control baseline, and to some extent for the divergence

between the control and the drug at 30 and 40 minutes - However, it is inter¬

esting that this divergence should occur at times which correspond with the

inhibitory phase in other experiments, in particular Experiments I and ~J
a finding which suggests that mescaline at this dose level has some effect

which is manifested peripherally.

-srvola and his colleagues, when discussing the use of the tilted

plane as a test for the level of intoxication, comment:

"in spite of the simplicity of the test, it probably measures a complex

of functions composed of vestibular and 'grasping' reflexes. Thus it

almost cert inly includes a strong cortical component'1.

To say that 'a strong cortical component' must be included seems to

be a rather sweeping statement if it is applied to all drugs. For example,

we know from the work of Echopp et al. (1961) that mescaline has a curare¬

like effect on nuscle. In small doses such as 25 rag/kg, it may well affect

peripheral control; therefore can one say, on the basis of these results, that



a cortical component is involved? On the other hand, the possible effect

of this hypothetical component must certainly not be excluded until more is

known about the precise action of mescaline on the various biochemical systems.

The design of the apparatus could be improved in a number of ways.

For example, the plane itself should be raised by a mechanical device jfhich

is able to maintain a steady ascent at a fixed speed. However careful the

experimenter is, the manual operation of the plane introduces the variables

of erratic control, in terms both of speed and of smoothness of operation.

The introduction of such a mechanism would not affect the basic simplicity

of the apparatus nor in ary way affect its reliability; it would, however,

probably achieve a more stable baseline and eradicate same of the variation

mentioned by mtvola and his colleagues.

-another modification would be the introduction of a fine-mesh

safety net. This would serve to prevent the animal frcm learning to "let

go" at a conparatively acute angle from the horizontal and would also protect

the animal from injury should it fall off the plane conpletely.

-again, tire rou^i surface of the plane should, ideally, be washable.

This is not possible with hardboara and some substitute plastic substance

would be necessary. This modification is not considered to be essential,

however, and it is doubtful whether tiiis particular factor affected the

results.

■here the design of the experiment is concerned, a larger sample

of subjects is desirable. .hen the total number of animals is eight, the

results may provide a valuable indication of the trend, but they cannot be

taken as providing conclusive evidence of the effect of Mescaline at this

particular dose level in this experiment. Nevertheless, taken in conjunction

with the results of the ataxia test, they suggest strongly that 25 mg/kg



176

mescaline causes sane motor impairment, although this impairment is not severe.

One interesting factor seemed to contribute to Hie individual results.

It has already been mentioned that the animals were used as their own controls

for weight reasons. what was not realised at the time was that the length of

the toe-nails was also an important variable. Two animals of nearly identical

weight showed different control baselines. Upon examination after the experi¬

ment, it was found that one animal had longer nails than the other. This experi¬

mental variable was controlled together with the weight by reason of the experi¬

mental design. However, it does underline the fact that unexpected (and possibly

misleading) results can occur for very simple reasons, and that, if each animal

had not been its own control, then different conclusions might have been reached.

Finally, irvola et al. comment that a revolving drum did not provide

a "measurable quantity" of intoxication for rats. Unfortunately, tney do not

describe the revolving drum and it is difficult to teli whether it might in any

way be compared with Chcrover's (1960) activity wheel (see page 78 ) • It does

suggest, however, that the results obtained by Chorover may not be dS reliable

as they appear, and that this present test is more sensitive.

Summary•

Using the tilt-plane test, it was found that mescaline (29 tag/kg)

caused a significant decrease in the animals' ability to cling to hie rough side

of the hardboard. 'ibis decrease occurred 30 to 1+0 minutes after the drug injection.

Some inprovements with regard both to apparatus and experimental design

have been suggested. iihare the results are concerned, the decrease in the ability

to cling may be due to a number of factors. khethar these factors are primarily

peripheral or primarily etrcfero.C is difficult to determine.
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XI. HlPxloIidHf 4- ACTIVTiY iW TXPLOihiTOIff BHHaVIUUR.

The conditioned avoidance response situation,by its very nature, imposts

stress on the animal. The increase in response latency which occurred with

mescaline during the earlier stages of a shuttle-box drug trial, yet the apparent

absence of ataxia, led to the conclusion that the G^il inhibition most probably

originated in the central nervous qystem. Thi3 stress factor might be important

and so it was decided to test the effects of certain drugs under experimental

conditions that were considered to be less demanding.

The open field test was chosen for several reasons. It enables quanti¬

tative measures to be made of activity, exploration and emotionality. It is

also a test that has been reasonably well validated since it was devised by

Hall (1934); Broadhurst (i960; 1963), more recently, lias underlined its value.

This test has the advantage of simplicity, in that no training of the animal is

required and the necessary measurements may be made quickly and relatively accu¬

rately.

Ilb/lciOi):

subjects.

Fifty-six male hooded rats, all from the same supplier, were used. The

average age was 120 days. Hone of the animals had. been used in any other experi¬

ment, and handling was kept to a minimum level. Before and during the tests,

three rats were kept in each cage with food and water ad libitum anl on a

reversed light schedule (ligjrt: 8.0 p.m. to 8.0 a.m.)

-ipparatus.

The apparatus (see Plate 4 and Figure 11) was a circular ' open field*

measuring 100 cms. in diameter. The circles and quartering lines, together

with the identifying characters, were painted on a blockboard base
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(a) CIpen Field: side view*

(b) open Field: surface view.
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with white psaint. The rest of the floor and the walls were matt black. Illu¬

mination, provided by three anglepoise lamps, was diffused evenly over the appa¬

ratus arsd measured 200 lux.

Experimental design.

The x-ationale for usinc this particular apparatus design as opposed to

that of Broadhurst (1963) is that the further subdivision by Broadhurst of the

outer circles into approximately equal areas is, in the writer's view, mislead¬

ing. hodents tend, when in a new situation, to keep near a solid object; it is

only when they are more familiar with the environment that they leave the pro¬

tection of this object (whether it is a wall or a block) and 3tart to explore.

Consequently, if activity and exploration are measured in the terms described

below, Broadhurst's method may produce biased x-esults. it is suggested, there¬

fore, that an approach to the centre of the field, leaving the security of the

wall, is a better indicator of exploration than circumnavigation, and that trie

amount of exploration may be assessed in a lineax' foxia the further the animal

ventures towards the centre. Thus, activity and exploratory behaviour may be

measured independently, and do not necessarily interact.

From relevant literature and from personal experience, the experimenter

was aware that, in ordex1 to obtain 'pure' results, the open field should be used

only once for each animal. If it has been in an open field before, a rat will

show a different pattern of behaviour if placed in the same field a second time;

exploration and activity tend to increase, while emotionality (in texias of defal¬

cation and ux-ination) tends to decrease.

Ideally, therefore, each animal should only experience the open field

situation once. However, the number of animals required would be very high if

each, dose level and each time intexval fox- four drugs was to be tested under idtal
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conditions. Consequently, tne rats in this experiment were tested twice; trie

particular orug assigned to each rat remained the seme and only trie post-injection

test period was varied, xn an effort to sample the inhibitory and/or excitatory'

effects of tire drug in question. These intervals were lp and 5$ mirates. hh

interval of eight weeks was left between the two tests, and a cross-over design

was user. This is anown in Table 1 •

In this way, eight results were obtained for every drug under each dai-

dition The contamination introduced by using the same test twice was, as far

as pos&iale, offset by the inter-test interval una, by the cross-over method.

a roceuure•

The same experimental procedure was uses for all animals, regardless of

tiie drug or- of the post-injection period. Time each animal was given the appa o-

priate drug intraperi toneally in cqp'kg ana was then returned to its home cage 1 or

the recpisite post-injection interval.

hallowing this interval, the animal was placed on the outer perimeter

of dection s2, at a median point. ihe experimenter sat on a high stool which

enabled her to see the entire open field while still sitting in cooperative dark¬

ness. Using, a. plan of the epen field (wcale Is6) she watched the rat and traced

its process on the plan, talcing the position or the front paws as an indicates.

liecomings were taken of trie animal's behaviour for a period of five minutes,

oecuru. sheets were then cnangeu una tut next five-minute period was observed ir

the same ..ay. 'Ihe total experimental session was thirty minutes, thus providing

six five-minute records for each test situation.

Measurement of nesalta.

The actrvity of any ^ivon rat was measured with a map-measurer. xids

provided « oirect reading and could be converter to the actual distance run by the



TABLE I.

Open Field: Drug Administration Design

Drug MESCALINE DIMETHYL MESCALINE

Dose Level (rng/kg) 12 .5 0 5 25 50

I'ost-lnj. Caging 15' 55' 15* 55' 15'
P

55' 15'
F

55'

N=4 N=4 N=4 N=4 L=4 L=4 N=4 N=4

51.0 51 .LS 48.LS 48.0 55.LS 56.LS 53. LS 53.RS
59. LS 60. LS 4 7.LS 52 .LS 55.0 62 .LS 57.0 58.RS
59.0 67.RS 47.0 55.RS 64.0 64.LS 61.0 61.RS
60. ES 67.0 52 .0 56 .RS 64.RS 65.0 62 .0 62 .RS

N / \/ \/ \/
J\ /\ V *

51 .LS 51.0 48.0 48.LS 56.LS 55 .LS 53.RS 68.RS*
60. LS 59 .RS 52 .LS 47 .LS 62 .LS 55.0 58 .RS 57.0
67.RS 59.0 55.RS 47.0 64.LS 64.0 61 .RS 61.0
67.0 60. RS 5 6. RS 52.0 65.0 64 .RS 62 .RS 62.0

Dose I.eve] (mg/kg)

Post-Inj. Caging

'

DIMETIIOXY PtiLNYLET!IYLAT11 HE SALINE N

0

M.

5 50

15' 55* 15' 55' 15' 55'

N=4 N=4 L=4 II N=4 N=4

53.0 54 .LS 49.0 61.LS 50.0 50. LS
*

i

54 .RS 57 .RS 49.LS 63.LS 54.0 59.LS Session
57.LS 66.0 60.0 63.0 56 .0 67 .LS I
65 .LS 66 .LS 63 .RS 65 .RS 58.0 68.LS

\X V/ \/
* V y V

54.T,S 53.0 61 .LS ^49.0 50. LS 50.0 *

57.RS 54.RS 63.LS 49 .LS 59. LS 54 .0 Session
66.0 57.LS 63.0 60.0 67.LS 56.0 II

1 66.LS
i

65.LS 65. RS 63.RS 68.LS 58.0

^Substitute for 53.L;r*
lD who died.
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animal by multiplying by six.

exploratory behaviour v/as defined in terms of the nuiaber of times the

rat crossed ary line, whether it was from one section to another or from one

circle to another.

emotionality was assessed by the number of times the animal urinated

and/or defaecated. Both, types of elimination were considered to indicate

emotionality and consequently the two have not been distinguished in the analysis.

The effect of drugs on performance was compared with the effect of

saline by means of the Mann-Whitney U-test.

The first and second trials were compared to see whether the order of

administration of the drug doses affected the results. Tables 4 and 5 have

been included in the results to enable a quick caparison to be made between

the raw data of the effects of the different drugs and those of saline. It

should be noted that the values given in these tables refer to the highest

points attained in the arithmetical means graphs only.

HBBULTS.

1.1 Mescaline 25 mg/kg. activity. (See Vol. II, pp.49-54)•

It would appear that all three circles of the open field show a similar

trend of activity patterns where post-injection times are concerned.

Thus, although the actual amount of activity decreases as the centre is

approached, the animal is more active initially after the 55 minute post-

injection period than it is after the 15 minute period. However, there

is a tendency for activity to decrease as the 55 minute session proceedsj

the tendency is in the opposite direction for the 15 minute session, and

is most apparent in Circles B and C. The amount of individual variation

is shown clearly by the differences between the arithmetic and harmonic

means.
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TABLE 2

ACTIVITY (OPEN FIELD).

Difference between Drug and Saline (Mann-Whitney U-test).

DRUG 15 mins. Post-Injection. 55 mins. Post-Injection.

|

All Circles. Circle A. All Circles. Circle A.

Mescaline
25 mg/kg.

j

0.03*

1

0.03* 0.09* 0.07*

Mescaline
12.5 mg/kg.

NS NS NS NS

DMPE
50 mg/kg.

0.09+ 0.09+ NS NS

DMPE
25 mg/kg.

NS NS NS NS

DMM
50 mg/kg.

0.02* 0.02* NS NS

DMM

25 mg/kg.
NS NS NS NS

* » Drug more active than Saline.

+ ■ Drug less active than Saline.



TABLE 3

EXPLORATION (OPEN FIELD).

Difference between Drug and Saline (Mann-Whitney U-test).

DRUG 15 mins. Post-Injection. 55 mins. Post-Injection.

All Circles. Circle A. All Circles. Circle A.

Mescaline
25 mg/kg.

0.03* 0.03* NS 0.07*

Mescaline
12.5 mg/kg.

0.1+ NS NS NS

DMPE
50 mg/kg.

0.07+ 0.1+ NS NS

DMPE
25 mg/kg.

NS NS NS NS

DMM
50 mg/kg.

0.05* 0.02* NS NS

DMM
25 mg/kg.

NS NS NS NS

* = Drug more active than saline.

+ = Drug less active than saline.
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TABLE 4

OPEN FIELD : 15 v. 55 MINUTES POST-INJECTION.

DRUG SALINE

Circle Circle

A B C A B C

Mescaline
25 mg/kg.

750 87 29 475 47.5
X

13

Mescaline
12.5 mg/kg.

470 27 4.5 475 47.5 13

DMPE
50 mg/kg.

350 30 11 475 47.5 13
.

>*
H

DMPE
25 mg/kg.

400 28 7 475 47.5 13
H

§
DMM

50 mg/kg.
515 62 28 475 47.5 13

DMM
25 mg/kg.

610 36 4.6 475 47.5 13

LSD
100 microg/kg.

518 40 5 475 47.5 13
■4

Mescaline
25 mg/kg.

29 18 9.5 17.5 12.5 4.75

Mescaline
12.5 mg/kg.

14 9 1.5 17.5 12.5 4.75

DMPE
50 mg/kg.

DMPE
25 mg/kg.

14

14

8

9

4

2.25

17.5

17.5

12.5

12.5

4.75

4.75

EXPLORATIONDMM
50 mg/kg.

18 11 8.5 17.5 12.5 4.75

DMM

25 mg/kg.
23 10 1.7 17.5 12.5 4.75

LSD
100 microg/kg.

19.5 5.5 6.5 17.5 12.5 4.75
/

AL1 values = highest mean on appropriate arithmetical means graph.
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TABLE 5

OPEN FIELD: TRIAL 1 v. 2.

DRUG SALINE

Circle Circle

A B C A B C

Mescaline
25 mg/kg.

603 75 25 460 44 12.5 >

|

Mescaline
12.5 mg/kg.

540 37 3.8 460 44 12.5

DMPE
50 mg/kg.

DMPE
25 mg/kg.

450

520

35

32

15

7

460

460

44

44

12.5

12.5
V ACTIVITY

DM4

50 mg/kg.
625 60 28 460 44 12.5

DMM
25 mg/kg.

670 35 6 460 44 12.5

Mescaline
25 mg/kg.

24 14 3 17 11 5 \

Mescaline
12.5 mg/kg.

19 11 2 17 11 5

DMPE
50 mg/kg.

DMPE
25 mg/kg.

14

13

9

9.5

4.25

3

17

17

11

11

5

5 EXPLORATION
DMM

50 tag/kg.
14.5 9 9 17 11 5

DMM
25 mg/kg.

25 12 2.2 17 11 5
j

All values = highest mean on appropriate arithmetical means graph.
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.(hen the results are compared with those of the saline group (see

Table 2), 4m mescaline has the effect of making the animals significantly

more active 15 minutes after the injection, and it would appear that this

significance depends primarily upon activity within Circle A. after 55

minutes, there is a trend in the same direction, but the results are not

so marked; again, however, the activity in Circle A seems mainly respons¬

ible.

1.2 Mescaline 25 mg/kg. hxploration. (See Vol. II, pp.55-60) •

There is naturally bound to be a high correlation between activity and

exploration, since the more active an animal is, the greater the number

of lines it is likely to cross. However, the animal may be active in

only one or two segments of a particular circle, so that althou^i the

activity level appears high, the amount of exploration of the environment

is not. In this case, the pattern reflects the activity pattern, in

that the greatest amount of exploration in each circle occurs at the

beginning of the 55 minute post-injection session and at the end of the

15 minute session. The same amount of individual variation is still

shown and Circle a is the most widely explored.

By comparison with the saline group (see Table 3)j there is a signi¬

ficantly greater amount of exploration after the 15 minute interval, and

an indication of the same trend after the 55 minute interval. In both

cases, Circle a is the one which appears to be the most explored of all

three circles.

ti/hen triads 1 and 2 are compared, the second trial shows consistently

less exploration, as might be expected, although not significantly so.

The exception appears to be Circle C, but it is clear that there was so

little exploration in the central area that it is difficult to generalise
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from tiie results.

1.3 .Mescaline 25 mg/kg. qualitative observations.

There was little defaecation or urination under these conditions.

The animals sometimes crouched for a short time, with apparent loss of

muscle tone during the 15 minute post-injection session. However, the

chief impression received by the experimenter was one of ceaseless run¬

ning around the perimeter of the open field, with an occasional pause to

scratch. No rat tried to climb cut of the apparatus, although the number

of animals who reared (a form of exploratory behaviour) increased as the

55 miraite post-injection session proceeded.

2.1 Mescaline 12.5 mg/kg. activity. (See Vol. II, pp.6l-65)«

at this dose level, it is more difficult to see a consistent activity

trend than it was when 25 rn^kg mescaline was administered. The total

amount of activity is considerably less than before. However,there is

still a tendency for more activity to be shown during the 55 mirute post-

injection session, although this is only apparent in the arithmetic means

of Circles B and C, and especially towards the end of the experimental

session. The amount of individual variation remains marked, ani com¬

parison of the results with the saline group (see Table 2) shows that

there is no significant difference in activity levels.

■Vhen trials 1 and 2 are ccnpared, it is interesting that the three

appropriate graphs for Circles A, B and C show a similar trend. The

majority of activity occurs during the first fifteen to twenty mimtes

of trial 1; then activity decreases rapidly. In trial 2, however, although

the initial activity level is lower, it is, in so far as the arithmetic

means are concerned, maintained. Once again, however, the individual

variation is marked and it is difficult to assess the consistency of this

trend.
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2.2 Mescaline 12.5 mg/kg. Exploration. (See Vol. II, pp.67-72).

Lxploration, as has been mentioned before, is to a large extent reflected

in the amount of activity. It is again difficult to pick out a consistent

trend, except that there is an indication that more exploration occurs at

the beginning of the 15 minute post-injection session than at the beginning

of the 55 minute post-injection session. This exploration falls off

rapidly, however, and more consistent exploration is shown during the 55

minute post-injection session. Nevertheless, there is no significant

difference between these results and those of the saline group; there is,

however, a slight tendency for exploration to be less under the effects of

the drug at this level by comparison with saline (see Table 3)*

where trials 1 and 2 are concerned, there is a consistent pattern of

behaviour. Less exploration is made of the apparatus during trial 2 in

all three circles. Towards the end of trial 2, there is virtually no

exploration.

2.3 Mescaline 12.5 mg/kg. qualitative Observations.

There was little defaecation or urination. The animals appeared alert

and were aware of the experimenter's presence; there was no indication of

loss of muscle tone. Lome exploration in the form of rearing occurred,

but towards the end of both experimental sessions the rats became less

active, made fewer explorations of the environment and crouched in a

sleeping posture in one segaent of Circle A. The amount of scratching

and groaning increased by comparison with either saline or the larger

mescaline dose.

3.1 LMBh 50 mg/kg. .activity. (See Vol. II, pp.73-78)*

The appropriate graphs indicate that there is a consistent trend for
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greater activity to be shown during the 53 minute post-injection period

than during the 15 minute post-injection period; the divergence between

the two graphs becomes greater approximately halfway through the experi¬

mental session, and is significantly greater- for Circles B and C. This

trend, shown originally in the arithmetic means, is borne out by the har¬

monic means for B and C, and, during the last five minutes of the experi¬

ment, for Circle A also.

examination of Table 2 shows that, when these results are compared with

the saline group, there is a slight tendency for to depress activity

15 minutes after injection of the drug; however, this tendency can scarcely

be called significant.

.there trials 1 and 2 are concerned, consistently less activity is shown

during trial 2 than during trial 1. It is interesting that the greatest

divergence between trial 1 and 2 occurs during the first ten mimtes and

that this divergence is significant for ail three circles. This implies

that activity during trial 2 remains relatively stable as the experimental

session proceeds, Whereas that shown during trial 1 clearly drops; tixis

implication is supported by inspection of the arithmetic means and to a

considerable extent by the harmonic means. it is also clear that tide

greatest activity occurs in Circle a, followed by B and then C, a pattern

previously seen when mescaline had been injected.

3.2 lUk'o 50 mg/kg. exploration. (bee Vol. XI, pp.79-64) ♦

The amount of exploratory beiiaviour under the effect of this drug is

less than hair that raade under the effects of mescaline at 25 mg/kg. never¬

theless, the pattern of bi.iJh activity is still reflected, and the rata con¬

tinue to explore to a greater extent during the 53 minute post-injection
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session than during the 19 minute post-injection period. This exploration

is more marked during the second half of the session and is shown by the

harmonic means as well as by the arithmetic, suggesting that individual

variation alone is not responsible for this behavioural pattern. defer¬

ence to Table 3 indicates that, by comparison with the saline group, there

is a reduction in exploration during the 19 minute post-injection experi¬

ment, but that the results of the 95 minute post-injection session are not

significantly different.

.then the two trials are considered, an interesting finding emerges,

where Circle A is concerned, exploration is less during the second trial

than during the first, as might be expected; the situation is reversed for

Circles B and C and greater exploration is shown during the second trial,

particularly in Circle C. The total amount of exploration is small, but

nevertheless the reversal of the trend shown in Circle a is interesting.

3.3 DMth 90 mg/kg. vjualitatiye observations.

The "emotionality" scores were low, and any form of exploratory behaviour,

such as rearing or sniffing, was reduced by comparison with mescaline. The

animals showed a tendency to lie down; there was no loss of muscle tone,

however, and gross peripheral symptoms were not apparent. The impression

was merely one of reduced activity, particularly where the 19 minute post-

injection session was concerned.

4«1 Dhirh 29 mg/kg. activity. (See Vol. II, pp.89-90) •

The total amount of activity is greater at this dose level of DMPb than

at the previous dose level. There is a non-significant trend which sug¬

gests that the greatest amount of activity occurs after the 19 minute post-

injection session; this is particularly apparent where Circle C is con-
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cerned. Once again, however, there is individual variation, and little

real difference exists between the 15 and 55 minute post-injection experi¬

mental sessions. Comparison with the saline group produced no signifi¬

cant results, which suggests that DMPii at 25 mg/kg does not influence

activity to ary great extent.

Trial 1 is consistently hi$ier in terms of activity for all three circles

than trial 2; it begins at a significantly hitter level and tends to end at

a higher level, although both graphs for these trials are erratic and show

a tendency to cross during the last ten minutes of the experiment. Trial

2 is interesting because the peak of activity for Circles B and C occurs

at approximately 15 minutes. Once again, however, it must be emphasised

that variation among individuals is great and this finding may be a spurious

one; nevertheless, it is found in the harmonic means for Circle A, although

not in the arithmetic means, vdiich may mean that a slight excitatory period

occurs at this point.

4.2 OMPA 25 mg/kg. Exploration. (See Vol. II, pp.91-96).

The greatest amount of exploration tends to take place during the 15

mxrxute post-injection session, but this tendency is far from being marked.

In fact, the differences between the two post-injection periods are not

significant at aiy point. Nevertheless, there is an interesting tendency

for peaks in exploration to occur halfway through the experimental session;

this is particularly obvious in the harmonic means for Circle A and in the

55 minute post-injection graph for all three circles in both arithmetic

and harmonic means. This result may be spurious, but the harmonic means

suggest that it is not entirely due to individual variation.

Table 3 makes it clear, however, that these results are not significantly
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different from those obtained with saline. hithough the behavioural

pattern may be slightly different, these differences are very slight and

the indication is that the drug has little effect at this dose level.

Again, as with the previous dose level of DMPh (50 mg/kg), more explor¬

ation occurs in trial 1 than in trial 2, except at the end of the experi¬

mental session, viaere trial 2 is dominant; this is clearer in the harmonic

means than in the arithmetic means and there appears to be a consistent

trend in this direction. One finding of interest is shown by the harmonic

means for Circles A and B, namely that, if compensation is made for indi¬

vidual variation, then greater exploration occurs at tide beginning: of trial

2 than trial 1. Both trials continue to reflect a slight tendency in the

direction of increased exploration between 10 and 15 minutes after the

start of the experimental session; unfortunately, the tendency is not con¬

sistent enough to be able to draw any sound conclusions, although the peak

shown in the arithmetic means for Circle a is a strong indication that the

conclusion is correct, even if it is not suown very distinctly in the har-

monic means for Circles B and C. It is shown, however, in the arithmetic

means for these two circles, although, in view of the individual variation

so predominant in this experiment, this finding may be unreliable.

4.3 jJiuPB 25 mg/kg. qualitative Observations.

observations made during this experiment indicated little or no differ¬

ence between the animals' pattern of behaviour and those given saline.

The experimenter found that it was impossible to tell which sample animal

was which, when using a double-blind control.

5.1 JiUt1 50 mg/kg. Activity. (bee Vol. II, pp.97-102).

It is clear from the graphs that animals tested 15 minutes after the



195

injection are considerably more active than those tested 55 minutes later.

The upward trend seen in the results of Circles B and C is probably a

reflection of the downward trend seen in Circle a in the sense that some

rats became more active in the centre of the open field as the experiment

progressed. The same trend is not seen in the 55 minute post-injection

graphs, however, although there is a slight tendency for increased acti¬

vity shortly before the end of the experimental session followed by a

decrease; the initial level is also considerably and consistently lower,

although there appears to be a peak of excitation in the middle of the

experiment at the 15 minute post-injection level, it is difficult to say

whether this peak has any importance; it occurs mainly in Circle a and

there is an indication of it in the harmonic means of Circle B; never¬

theless, it may be spurious, and it is not reflected in any form in the

55 minute post-injection curves.

The amount of activity is significantly higher than that of the saline

group at 15 minutes post-injection levels (see Table 2); there is no sig¬

nificant difference at the 55 minute post-injection level, however, sug¬

gesting that the apparent stimulant action of BMM is effective for a period

shorter than that of 50 minutes.

Concerning the two trials, trial 1 is consistently, and at some points,

significantly higher than trial 2, indicating that activity is consider¬

ably reduced when trial 2 takes place.

5.2 Dili 50 mg/'kg- exploration. (see Vol. II, pp.103-108).

Such a similar pattern to the activity graphs is produced by the explor¬

ation graphs that the same comments apply. Thus exploration is greater

during the 15 minutes post-injection session than during the 55 minutes
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post-injection session, and. exploration in the centre of the open field

during the former session increases at the cost of exploration of the peri¬

meter. This exploration is also significantly different from that of the

saline group, in that there is considerably more of it, whereas there is

no significant difference between the saline group and the DMM 55 minute

post-injection group.

Trials 1 and 2 follow much the same course where Circle a is concerned;

there is little distinguishable difference. In Circles B and C, however,

the results of the first trial indicate that considerably more exploration

took place during this trial than during the second. There is a diminution

in the amount of exploratoiy behaviour as the centre of the open field is

approached.

5*3 bMLi 50 mg/kg. qualitative ifoservations.

at all times the animals were alert, very aware of the experimenter,

and there was no noticeable crouching. The amount of rearing and sniffing

was increased by coupaidson with that of other drugs. The subjective im¬

pression formed by the experimenter was that the rats were continuously

active, but not in the same way as those rats who had received mescaline.

The DMk rats were apparently very sensitive to their environment, but there

was no evidence of fear. activity and exploration scores were high. By

comparison, mescaline rats, although more active, showed a marked tendency

to keep to the perimeter of the open field and considerably less tendency

to rear.

6.1 DMh 25 mg/kg. activity. (Bee Vol. II, pp. 109-114)*

In Circle a, the pattern is similar to that of the higher dose of uMk;

greater activity is shown during the 15 minute post-injection period than

during the 55 minute post-^*30*1011 session and these differences are
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constant and in same places significant. an interesting factor is that

initially the activity is greater than at the higher dose level of 50 mg/kg,

but it disappears more quickly and the graph ends at a lower point on the

scale. (This mi^it suggest that the larger dose of DMM is sli^itly inhi¬

bitory at the beginning of the experiment).

The Circle B results are more complex; there is no resemblance to the

DMM 50 mg/kg results and there is less distinction between the two post-

injection intervals. arithmetically, the 15 minute post-injection results

show greater activity, but harmonically there is little to choose between

them. The activity levels are also less than those of DMM 50 mg/kg, unlike

Circle A.

The results of Circle C are not easy to disentangle. Hie level of acti¬

vity is certainly lower than that of DMM 50 mg/kg in the same circle, but

the harmonic means suggest that individual variation is so wide at the 25

mg/kg dose level that no satisfactory interpretation can be made.

Comparisons with the saline group (see Table 2) show that there are no

significant differences between DMA 25 mg/kg and saline • .although the

initial high activity level in Circle A might be expected to contribute

towards a significant comparison, the wide range of levels shown by DMM

probably nullifies any difference that might have been demonstrated by the

Mann-whitney U-test.

Trial 1 is, as before, dominant to trial 2, in that the animals show

greater activity during this trial than during the second. This applies

to all three circles. The major difference between this dose level and

50 mg/kg is that there is no upward trend at the end of trial 1.
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6.2 DMvi 25 mg/kg. Exploration. (See Vol. II, pp.115-120).

Greater exploration is shown during the 15 minute post-injection

session than during the 55 minute post-injection session, a result similar

to that found at the DMM 50 mg/kg dose level. The results are more vari¬

able, however, as they were with the activity results and it is difficult

to tell with Circle C whether the arithmetic means are in any way inform¬

ative. It seems unlikely in view of the harmonic means. Exploration is

clearly chiefly confined to the outermost circle and diminishes rapidly as

the centre of the open field is approached.

Aa before, more exploration occurs in trial. 1 than in trial 2, and this

is consistent for all three circles. The graphs of these trials also

show clearly how exploration decreases as the rats leave the outer circle,

regardless of the trial order. Hie harmonic means suggest that explor¬

ation in Circles B and C is almost nil after the first five minutes of the

experimental session, despite its difference in the two post-injection

periods.

6.5 Jkh. 25 mg/k&. qualitative observations.

So far as could be seen, there was no difference between these animals

and those injected with saline. Same sniffing and rearing occurred, but

the animals' behaviour was in no way comparable to that of those animals

given 50 mp/kg DMA. The rats were aware of the experimenter if she moved,

but not apparently affected by it. Defaecation and urination were minimal,

the average being about three defaecations per animal.

7*1 Saline. activity. (See Vol. II, pp.121-126).

activity measured 15 minutes after the injection is high for the first

ten minutes of the experiment, but falls off rapidly afterwards. By
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contrast, the 55 minute post-injection trial starts at a lower level of

activity, but, in Circle A, the decrease is less rapid; in Circles B arxi

C, the peak of activity is reached approximately 20 minutes after the

beginning of the experimental session, to be followed by a rapid decrease.

This difference between the two post-injection trials might possibly be

attributed to the procedure of returning the animals to their home cage

for the period between the injection arxl the beginning of the experimental

trial; animals which had been left for nearly an hour might be less alert

when first placed in the open field and on becoming more alert, so become

more active. -alternatively, they may be fearful, though why more fearful

than the animals tested after only 15 minutes is difficult to say.

The peak of activity shown at 15 minutes in the harmonic means for

Circle a in particular, and to a lesser extent for Circles B and C, suggest

that a similar peak observed for DMPB 25 mg/kg is not necessarily caused by

the drug.

The amount of activity shown in Circle B is approximately one tenth

that sham in Circle A, but about three times that shown in Circle Cj which

is a clear indication of the rate of decrease in activity as the centre of

the open field is approached.

Comparison of the trials, contrary to expectation, does not show/ any

clear-cut pattern. Thus, instead of the greatest activity occurring during

trial 1, the two graphs cross and recross in both the arithmetic and hanuonic

means, suggesting that previous acquaintance with the open field does not

necessarily alter the amount of activity shown by the animal, although it

may alter its distribution. Thus, if any conclusion can be drawn, it is

that the activity shown during the second trial is at a lower level but
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persists for longer than during the first trial. The expected dominance

of trial 1 over trial 2 is clear orily in Circle a for the first fifteen

minutes of the experiment.

7*2 Saline. .exploration. (see Vol. II, pp. 127-132).

It has been mentioned, before that ejqaloration reflects activity to a

great extent. In this case, the remark is particularly apposite and the

comments made about activity after injections of saline apply equally to

the graphs showing exploration. Thus, the 55 minute post-injection

exploration is less at first than the 15 minute post-injection explor¬

ation, but persists for longer. The peak seen at fifteen minutes for

activity also occurs with exploration. However, more exploration occurs

in the two inner circles than one might expect; thus, taking the highest

point on the arithmetic graphs, the ratio of Circles A;BsC is approximately

18:15:5* The greatest amount of exploration occurs during the first ten

minutes of the 15 minute post-injection session in all three circles.

where the two trials are concerned, again the comments made about acti¬

vity results apply here. The only consistent trend can be seen during

the first fifteen minutes of circle a when trial 1 dominates trial 2,

together with a tendency for exploration to persist longer in the second

trial than in the first, although at a lower level. The ratios of explor¬

ation, taking the highest point on each graph, are 17:11:5 (approximately)

for Circles ii:B:C, when results are measured in terms of crosses.

7*3 baline. qualitative observations.

The rats were not unduly fearful, nor particularly aware of the experi¬

menter. hefaecations averaged from three to four per animal. Behaviour

was in all respects normal, in that sniffing, rearing, running for a short
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distance, grooming occasionally, and finally, in some cases, lying down

towards the end of the experimental session, were common phenomena,

freezing, which is usually interpreted as an indication of fear, was seen

twice and then for a short time; it is possible that this was caused by a

movement on the part of the experimenter.

8.1 LBD-25 100 microg./kg. activity. (See Vol. II, p.133)-
since only two animals were used in this experiment, it was felt that

it would be simpler to combine the results for the different circles in

one graph. Circle A indicates that the rats are active initially, but

that this activity rapidly decreases after the first ten minutes. Slight

activity is shown in Circle B and hardly aiy in Circle C; in both cases,

there is little activity after "the first ten minutes, underlining the find¬

ing that ary further activity shown by the animals is restricted primarily

to the outermost circle.

8.2 L^b-25 100 microg./kg. exploration. (See Vol. II, p.134).

The majority of exploration occurs in Circle A, although. the total is

considerably reduced by the end of the experimental session. In Circle 3

there is a very small and almost negligible amount of exploration, ceasing

after 13 minutes, while ary exploring of Circle C stops after the first

five minutes.

8*3 LSB-23 100 micro>,./kg. qualitative observations.

Both animals showed little effects of the drug at first. She results

and the behavioural patterns were similar to those of the saline group.

The chief difference was that the animals' activity levels dropped more

sharply and they both tended to keep dose to the wall of the open field.

The subjective impression obtained was one of normal activity followed

shortly by lethargy; by the end of the experimental session, the movement
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shown by the two rats was low and restricted to two seynents of Circle A.

as only two animals were used, however, these results are not necessarily

typical of the effects of LSD-25 under these conditions. The drug was

employed in order to see if there was any marked discrepancy between the

effects and those of mescaline.

SUmttHI OF RESULTS.

For the purposes of comparison, the highest point obtained on the appro¬

priate arithmetic means graph has been taken.

A. 15 versus 55 minutes post-injection:

1. Mescaline 25 mg/kg: the scares obtained were consistently higher than

saline for both activity and exploratory behaviour in all three circles

of the open field.

2. Mescaline 12.5 mg/kg: activity scores were the same as the saline

scores for Circle A, but less in Circles B and C. Exploratory

scores were lower than the saline for all three circles.

5- DMPE 50 mg/kg: by comparison with the saline results, the scores were

lower for all three circles for both exploratory behaviour and activity,

if* DMPE 25 mg/kg: the activity score was slightly greater than DMPE 50

mg/kg in Circle A, but less than the saline score; the scores were

lower in Circles B and C than either the DMPE 50 mg/kg or saline results.

Exploratory scores were the same for both DMPE 50 mg/kg and DMPE 25 mg/

kg in Circle a, marginally greater than DMPE 50 mg/kg in Circle B, and

less in Circle C. All exploratory scores were less than those of

saline.

5. DMM 50 mg/kg: activity scores were greater than the saline throughout.

Exploratory scores were similar to the saline in Circles A and B, but

greater in Circle C.
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6. DMt.i 25 mg/kg: activity and exploratory scores were greater than the

saline scores in Circle A, but less in Circles 3 and C. The same

pattern was found, when DMM 50 mg/kg and DMM 25 mg/kg were cccpared.

7« L3D-25 100 microg./kg: both the activity and exploratory scores were

higher than the saline for Circle a and lower for Circle B. activity

remained lower in Circle C, but exploratory behaviour was greater,

although only marginally.

B . Trial 1 versus trial 2.

1. Mescaline 25 mg/kg: activity scores remained higher than the saline

scores for all three circles. exploratory scores were higher for

Circles a and B, but lower for Circle C.

2. Mescaline 12.5 mg/kg; activity and exploratory scores were higher

than the saline for Circle a, were lower or the same for Circle B,

and markedly lower in both cases for Circle C. In all cases the

scores were lower than those obtained for mescaline 50 mg/kg.

3- DMPh 50 mg/kg: activity and exploratory scores were consistently

lower than those of the saline, except for the activity score in

Circle C, wiach was iii^ier.

4- DMPE 25 mg/kg: all scores were lower than the saline, except for

the activity score in Circle a. This score was also higher than

that of DMPE 50 mg/kg in the same circle, but otherwise all scares

were lower, although so marginally as to be almost the same.

5. DMM 50 mg/kg: the activity scores were noticeably higher than the

saline activity scores. Exploration scores were lower than the

saline for Circles a and B, but higher for Circle C.

6. DMM 25 mg/kg: activity in Circle a was greater than that shown under

tiie effects of saline or of DMM 50 mg/kg; in Circles B and C, activity
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was considerably less than in either of the other two cases. Exploratory

behaviour at this dose level was also greater in Circle a than with saline

or DMM 50 mg/kg; the scores were also greater in Circle B than those obtained

for DMM 5C nig/kg or saline, but in Circle C the situation was reversed, and

the DMM 25 mg/kg score was the lowest of all three.

DISCUSSION.

The use of the open field in assessing the effect of psychotropic drugs

has been emphasised by Maxwell (1968):

"The phenothiazine derivatives or reserpine, not unexpectedly,reduce acti¬

vity of all types. Possibly of greater interest are the effects obtained

with benzodiazepine derivatives such as chlordiazepoxide, diazepam, and

oxazepam, drugs claimed to be useful in man in the treatment of anxiety

states. ife have found (Christmas and Maxwell 1966) that the drugs pro¬

duce a considerable increase in ambulation in inexperienced rats, but not

in those previously accustomed to the field".

Unfox-tunately, Maxwell does not define the phrase "previously accus¬

tomed" in this context, neither does he say by what standard he and his colleagues

measured the increase in ambulation. Their results, regrettably, were urpub-

lished at the time he made this statement, and his claim must therefore be accept¬

ed as it stands, although it would be interesting to know the extent to which the

animals were "accustomed to the field", for example. (fere they exposed to it

once or several times? It has long been accepted that the greater an animal's

experience of the open field, the less is it likely to show signs of either acti¬

vity or emotionality (Kali 1934; Broadhurst 1958, 1960, 1963;* The finding that

tranquillisers are responsible for increased activity is interesting, however,

ana suggests the possibility that the open field is a stress situation, albeit
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of a minor kind by comparison with any form of conditioned avoidance response*

The open field was chosen as a testing situation for the reason that

it was considered comparatively non-stressful; in other words, it was less

stressful than the shuttle box situation. (Stress per se is difficult to

quantity in absolute terms except perhapB physiologically, when sizes of differ¬

ent glands may be compared, the amount of stomach ulceration considered and so

forth). Hence the various drugs to be tested might show certain behavioural

characteristics that had not been manifested before. This would appear to be

supported by Maxwell's results, which have not been mentioned earlier since his

findings were unpublished at the time this experiment was performed.

examination of the results snows not only differences between drugs,

but differences within drugs, namely at varying drug dosage levels. Mescaline

at 25 mg/kg has the effect of increasing both activity and exploratory behaviour,

a finding that supports Chorover's results using the 'Thompson maze. although

the Thompson maze and the traditional open field are of diffei-ent design, this

does not appear to affect the results very iauau Possibly greater activity is

shown in the open field than in the maze, but this is difficult to assess and

such a statement can only be based on Choi-over's claim that there was a trend

towards greater ambulation; in the open field, the increase in activity was

significant in this particular experiment during the 15 minute post-injection

period ana showed a trend in the same direction during the 55 minute post-

injection period.

The most interesting result arising from the open field experiment was

that mescaline at 25 mg/kg had a different effect in this situation than it did

in the shuttle box. There was no indication of inhibition of behaviour and the

biphasic effect on the conditioned avoidance response which had been observed



206

previously was not seen at any stage. The animals were active throughout the

experimental session, but in a way that was at variance with the saline control

group: the majority of activity took place shortly after the injection, was

confined mainly to Circle A, and decreased gradually. Mescaline at 12.5 mg/kg,

on the other hand, gave no indication of any excitatory effect, contrary to

expectation. If anything, there was a very slight trend towards the drug being

less active than saline at this dose level and in this situation.

Both DMEE and BMM had similar effects to those seen in the shuttle box

in that the former -was inhibitory and the latter excitatory in action. These

effects were only seen during the 15 minute post-injection period, however;

during the 55 minute post-injection period, there was no significant difference

between the drugs and the saline. une minor but interesting finding was that

wMPli, responsible for an increased number of intertrial crosses in the snuttle

box, had the effect of depressing the amount of exploration significantly;

similarly, DMM increased the amount of exploration in Hie open field but the

number of intertrial crosses in the shuttle box was significantly decreased.

It is (Questionable, of course, whether intertrial crosses and open field eaqplor-

ation may be eyuated, altnough it is surpzdsing that the correlation was negative.

une odd factor wnich emerged was that the lower doses of two drugs

(mescaline f2-5 mg/kg and dm 25 mg/kg) had the effect of increasing activity in

Circle a, but of reducing it in Circles B and C by cooparisen with the saline

group. (DMPh reduced activity in all three circles at both dose levels;. why

this should occur when the higher doses -increased activity consistently is diffi¬

cult to say.

activity in Circle a was increased by Lod-25 and decreased in the rem¬

aining two circles by comparison with the saline, although with such a small
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sample it is difficult to ccsne to ary firm conclusion.

it would seem, therefore, that mescaline is the one drug of the four

that induces distinctly different behavioural patterns in the two experimental

situations. it is possibly relevant that, of the three structurally related

compounds ^mescaline, DMPE and 3MM), mescaline is, so far as we know, the only

hallucinogen. Nevertheless, the indications are that there is no such thing

as an "hallucinogenic profile" of behaviour in the open field, if one is to

judge by the L3D-25 results. ^part from increased activity in Circle A, there

is little similarity oetween the effects of mescaline and u_a>-25; in fact,

LSD-25 appears to reduce activity in Circles 3 and C to some extent. .quali¬

tative observations suggest a certain "perseverative1 quality of the running

caused by mescaline, which is not apparent with LLiD-25*

whether or not an animal actively experiences hallucinations under the

effect of mescaline in these conditions is impossible to say. '.ihat does seem

clear is that the autonomic nervous system and peripheral factors are involved,
*

a deduction based on the occasional loss of muscle tone and the increase in

activity, grooming and scratching, the last being particularly apparent at the

lower dose level. (It is possible, of course, that this increase in scratching

may be in part responsible for the drop in activity in Circles 3 and C at mesca¬

line 12.5 mg/kg; it does not account for the drop at DMfc 25 mg/kg, however).

There are several ways in which the experimental design could be

improved. The size of the groups clearly could be increased with advantage,

particularly where L33-25 is concerned; it would also be possible to condensate

for the marked individual variation to some extent. This would make the analy¬

sis of results much simpler. For example, the cross-over design is of consider¬

able use in certain oLrcumstances, but it can also pose problems that are not
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amenable to interpretation. This is certainly the case in this particular

experiment. The open field should not, theoretically, be used twice for the

same animal, but it was. Hence the two trials had to be compared, which,

although of peripheral interest, was not strictly necessary in this context.

.again, it would be interesting to carpare the activity and exploration score

of an animal tested after 55 minutes on the first trial with those of an animal

tested after 55 minutes on the second trial. This would be possible with the

present results, but the size of the samples would then become so small (N = 4)

that it is doubtfUl whether the comparison would be worthwhile.

another factor, somewhat more subtle in its complexity, is the inter¬

action between activity and exploratory behaviour. If one is measuring only

ambulation and emotionality scores, then Broadhurst's (1963) design is possibly

the most appropriate: the circles are divided so that all segments are of equal

area and thus more amenable to measurement. However, as has been mentioned

elsewhere (see p. 75), the author is not entirely in agreement with Broadhurst.

If one wishes to separate activity and exploratory behaviour, then equal segment¬

ation of the circles is misleading; a frightened animal will keep to the peri¬

meter of the open field and might achieve the same exploratory behaviour score

as an animal that ventures towards the centre. Hence what is required is a

linear correlation in the size and division of the circles, which compensates

for an animal' s timidity or exploration of a new environment and allows this

behaviour to be measured in conparable terms; thus the apparatus design used

in this experiment was adopted. That this procedure was in ary way advantageous,

though, is questionable. The interaction of activity and exploration was very

high and only when mescaline (25 mg/kg) was used did a slight discrepancy appear.

There is little doubt, I am sure, that these two aspects of behaviour can be
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separated, but that this was not the most efficient means of doing so. Possibly

a larger open field, with a greater number of circles, might be an improvement,

idternatively, some form of complex maze may be the answer for the measurement

of exploratory behaviour, and a separate activity cage (using photoelectric

cells) could be used to measure activity.

Nevertheless, the open field hqs its uses. It has been demonstrated

that a simple experimental situation will result in an animal showing a different

pattern of behaviour from that shown in the shuttle box under the effects of the

same drug. In practical terms, the apparatus could certainly be improved; this

again has been mentioned earlier (see p. 75 ), and suggestions were made about

the possible use3 of videotape, whereby the visual and olfactory contrast of

the white lines and the grey base could be removed, and the physical presence

of the experimenter would be unnecessary. The film, on playing back,could be

measured in ary way that was required and could also be analysed several times

if necessary. (It should perhaps be mentioned that some pilot studies have

already been conducted in Bangor on the techniques of filming experiments using

the open field, and so far they have proved successful. There are still a few

technical faults that need to be eliminated, but the results are encouraging).

apart from the practical details, this experiment using the open field

has yielded results which support two hypotheses:

(i) That the open field situation is less stressful than the conditioned

avoidance response situation;

(ii) that, if the first hypothesis is accepted, -Uuwi. stress may have a

blocking effect on an hallucinogen and hence the inhibitory phase seen

in the shuttle box is caused by the experimental situation itself.

The implications are interesting if these hypotheses are correct, in

view of the finding that older animals belonging to one strain are more
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susceptible to this inhibitory effect of the C.iwR. situation (and hence to stress?)

than younger animals of a different strain (see Experiment 1, p. 1 52).

summrkx.

Fifty-seven rats were tested in an open field situation, using mescaline,

DMPE, Dili, 3aline and LSD-25» Two dose-levels were employed for each drug except

for LbD-25. Using a cross-over design within a given drug dose level, each

animal was tested 15 minutes after the drug injection and 55 minutes after the

injection for half an hour. ,«n interval of at least eiojUt weeks was left between
the two tests.

The results indicated that differences between mescaline, DMPE, Dili and

saline were greater during the 15 minute post-injection period than during the

55 minute post-injection period. Mescaline at 25 mg/kg and DML at 50 mg/kg were

both excitatory in effect, although mescaline was more so, and the patterns of

behaviour that appeared were different in character. DMPE depressed both acti¬

vity and exploration. L3D-25 was not noticeably different from saline, but the

sample was too small for the results to be vezy meaningful.

The patterns of behaviour for the drugs were similar to those observed

in tiie conditioned avoidance response experiment, except for mescaline; unlike

the C.R.R., no inhibitory phase was observed among those animals tested.

The lower doses of each drug (mescaline 12.5 mg/kg, DMPE 25 mg/kg and

Dili 25 mg/kg) depressed activity in the two inner circles, but mescaline and

DMM increased it in Circle A. .all three drugs at these dose levels affected

behaviour less than in the C.A.R. situation.

The implications of these results are discussed and some suggestions

are made as to how both the experimental design and the apparatus itself might

be improved.
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XII. K&'i&OMhllT 5. mvCEkTIUN OF DSPTH.

The visual cliff, first devised by Gibson and walk in I960, has proved

to be of great value in ascertaining the means by which various species of

animals perceive depth. To judge by the many psychological abstracts, this

technicue has been responsible for a considerable amount of research in this

area, quite apart from the later findings of the original workers themselves

(walk and Gibson 1961; <alk and Dodge 1962; .Valk 1964-).
The apparatus is basically simple to build, higtxly adaptable for differ¬

ent species, and reqiires no training of the animal. Nevertheless, the origiral

design underwent several modifications. It is clear that .Valk and Gibson (1961;

were aware of the problems of reflection, of pattern ani of texture• Consequent¬

ly, the apparatus became, in hodel II, more complex; light was diffused from

above, the sides were shielded and the "cliff side was extended. model III

was built primarily to accommodate human infants, and differed chiefly in size

and strength.

With this range, it was possible to test chicks, turtles, kittens, rats,

goats and monkeys (among others), a clear demonstration of the versatility of the

design. Other workers in this area seem to have modified the apparatus very

little and to have been mainly concerned with investigating depth perception ir

different species at varying ages and after visual deprivation.

The study most relevant to the work to be reported is one carried out by

walk and Gibson (I96I) on the hooded rat. This was one of a number of basic

experiments performed to provide validation for the technique. Consequently

"tiie possibility of choices depending on other factors, such as brightness, re¬

flections, and position of the experimenters liad to be ruled out. The experi¬

ments .... also varied textures, heights, and the apparatus design itself".
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The results showed that texture was important, and the prediction that

"there should he no preference for either side with a textureless surface" was

confirmed. This suggests that the rat has higher powers of visual discrimi¬

nation than is normally attributed to it. Nevertheless, the report sometimes

corrfuses texture with depth, coarse texture and "cliff" depth of equal distance

being used on both sides on one occasion. In the absence of a "solid" side,

the animals' preference to remain on the platform is somewhat hard to interpret.

.there brightness control was concerned, "it seems clear that a small

variation in brightness has no influence on the behaviour observed in this

apparatus, since the preference for the shallow side existed despite added

brightness on either side". The control of reflection, however, was not so

straightforward. It became clear that the overhead diffusing canopy used in

kodel II was not adequate. Illumination sources were rearranged so that all

lighting was provided by two 17" fluorescent bulbs placed centrally below the

glass. The centre board was increased in width from 5% inches to 4 inches so

that the li{jdts were covered and did not shine directly into the animal's eyes,

however, there are two criticisms of this desist: fluorescent limits have a

iiigh-fre que nqy flicker which often affects human beings and may well affect

vision in a rat. also, the width of the centre board seems irrelevant; all

rats will explore, and sooner or later will lean over the edge, in which case

the lights impinge directly on the animal's eyes. If the centre board had

aides, this might be prevented to some extent, but then other variables, audi

as tactual cues, are introduced.

Threshold trials showed an inverse linear correlation: the deeper the

"cliff", the fewer the rats descending on that side. Thus approximately 6% of

the subjects (N=40) descended on to the glass when the "cliff" depth was 10
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inches; if the glass was removed, no animals descended at a "cliff" depth of

ei^it inches.

These results are interesting when compared with those previously obtained

by the author (dykes 1962). Using the original visual cliff apparatus, with over¬

head. lighting and some reflection, hamsters still were obviously capable of per¬

ceiving depth, and again a linear correlation was obtained when depths of 6, 12,

18 and 24 inches were used (see Figure 12). It was suggested that this corres¬

ponded with the animals' normal habits; the hamsters were kept in cages ten inches

deep and were accustomed to swinging on the cage top and then dropping on to the

cage floor, as part of their daily routine. Consequently, twelve inches would

be very similar to their usual "depth environment". It is surprising, there¬

fore, that lalk and Gibson achieved such a significant result with their hooded

rats, a species that is both larger and hardier than the average hamster.

Finally, aalk and Gibson investigated the effect of repetition, an aspect

particularly pertinent to the experiment that is to be reported. They comment

that the results show clearly:

"that there is no trend toward exploring the deep side as trials are repeated.

But there is a tendency for the animals to remain longer on the center board -

to go nowhere. Latencies increased consistently, as did number of no des¬

cents.

depth discrimination shows no change as trials are increased. The

result of repetition in this species is extinction of a genex-al tendency

to explore and hence to descend from the center board".

On the basis of these findings, the following experiment was performed.

If mescaline affected an animal's perception of depth, this would imply that a

disturbance of vision had taken place which, in turn, might conceivably have sane

bearing on the visual disturbances reported by human subjects while under the



effect of the drug. 215

..ubjacia-

i;inety-oix male hooded rate were used aged approximately 90 days* <3.1

.vere of the same strain, am. had no previous experimental experience and ware

subjected to a minimum amount of handling. They were kept in "shoebox"-typ©

cu^s, three to a cage, and were given food and water ad libitum. In this

experiment, the iijit schedule was not reversed and the main light was switched

on froa 6.G a.m. to 6.0 p.m.

■oppar&tus.

The design for the visual cliff suggested by ..alk and GibBon (1961),

wiiich moodier lighting from below only, was modified. The total apparatus

was 126 cms. hd$i, ICO etas, long and 65 owe. wide, with a wall (28 etas, deep;

ms lav top. . Iatej5d>a»i figure 13«v» The framework and bridge were mad©

of wood, except for castors and isetal angle plates, and were painted a dark matt

grey.

The deep side, which extended the length of the apparatus, was movable

in steps of 2 inches ithe change from metric measurement to the British eijuiva-

lent was deliberate to enable the depth of the "cliff" to be compared directly

with the results of .*alk end Gibson, 1961, ana. dykes, 1962), and was covered

with red-and-wnite chocjuered material. The "cliff itself was made from a sheet

of perspex supported by a wooden frame, which in turn rested on adjustable metal

pegs which were not visible to the animal. a sheet of plate glass, placed imme¬

diately below the "solid" side and slotted into the protective wall, also extended

for 100 cms. Thus the shallow aide, covered with the same material as the "cliff",

lay on top of the plate glass and. was immovablej it was protected by a sheet of
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non-reflective glass sthereas the movable "diff" surface could be seen through

the plate glass.

The bridge was 61 cms. long and 7*9 cms. wide; on the "cliff" aide it

was 6.5 cms. deep, and 5*5 cms. deep on the "solid" side, the difference being

necessary to acccanaodate the different layers of gLass and material on the "solid'

side, while still keeping the bridge level. Hie width of the bridge was such

that although a rat could be placed on it, there was little room for movement

except lengthways. 'The depth was equivalent to sYalk and Gibson's ly inches and

was chosen to prevent the animal receiving tactual clues from the glass by means

of its whiskers.

* Lighting was provided by eight studio lamps. The light from seven

lamps came from below the plate glass. In order to prevent as much reflection

as possible, the eighth lamp was placed at the end of the apparatus in such a

way that its light was reflected from a matt ceiling to provide illumination for

tiie bridge and the shallow side. bach lamp had a diffusing screen. With the

aid of fair dimmer switches, the lighting could be adjusted so that the reflected

light received at the bridge from both sides was identical at all the "cliff"

levels used. To prevent any lamp shining directly into the animal's eyes, to

assist diffusion and to eliminate any external cues that may have been visible

beyond the "cliff" edge, a length of white material ( 310 long by130cms. wide),

of fine texture, was tacked lightly by one edge to the aitside of the apparatus

wall; the other edge reached the ground. The visual cliff was therefore enclosed

by the material on all four sides.

Eacperimental Design.

•lalk and Gibson's original apparatus was modified further in order to

try to decrease the reflection variable even more. If a rat leans over the edge

* Illumination: fVeston Master V reading: 3.5.
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ef a brightly lighted bridge and looks at plate glass, the reflection of its

white belly is marked. The "depth" of the reflection will be only three inches,

whereas the actual "cliff" depth may be twenty-four. If the animal makes a

"cliff" response, it is difficult to pinpoint the cues for this response. Con¬

sequently, not only was iValk and Gibson's idea of underneath lighting incorpor¬

ated, but also non-reflective glass was used on the shallow side to offset any

glare from the ceiling. Diffusion of light was also increased, by the use of

a larger number of lights and a greater diffusion mediuia- Thus there was no

"hot spot" on the glass which might have affected the animal, but merely enough

illumination for the experimenter to observe the rat's behaviour. That reflect¬

ion or tactile cues play a part in the responses obtained is not questioned;

otherwise, why shaild walk and Gibson have obtained"solid" responses at ten

inches, using glass, and yet 100,- "solid" responses at eight indies with no glass?

Olfactory and tactile (that is, air current) cues may have been responsible, in

which case such cues should be reduced. Therefore the lesser of two evils seemed

preferable: the glass was retained and reflection and tactile variables were con¬

trolled as far as possible-

In order to obtain uncontaminated results, an animal received only one

drug dose and was exposed to only one "cliff" level. This meant that the follow¬

ing design was used (bee Table I ):

TaBLK I'

Mescaline Kydrodiloride: Visual Cliff.

,ui±1T„
. Dose Level (mg/kg) 50 25 12.5 depth Grcup

N 8 8 8 6" I

N 8 8 8 12" IV

N 8 6 8 18" III

N 8 8 8 24" II
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The order of presentation of the "cliff" depths wqs randomised so that

the 6-inch and 24-inch groups could be directly compared. If there was no

difference, then it would have been unnecessary to investigate the behaviour

of the 12 and 18-inch groups. randomisation of dose-level presentation within

the groups was not considered essential.

Procedure•

The following procedure was identical for the twelve groups used in

this experiment. The animals received saline (0«b ccs.) i.p. on day 1, the

appropriate dose of mescaline on day 2 and saline (0.£> ccs.) on day 4«

.L.uch experimental session lasted for l-k hours, and every animal was

tested at ten-minute intervals. Thus tire injection was given, the animal

returned to its home cage, and ten minutes later it was placed on the bridge

of the visual cliff.

The order of presentation was alternated. The experimenter' s position

in relation to the apparatus was distributed equally over tire cliff conditions;

she stood at opposite sides of the bridge fair each half of each block of trials,

changing her position at the start of each run.

nach group of animals was tested as follows: with the cliff depth

adjusted to the requisite height, the animal was released in the centre of

the platform separating the two surfaces. after it had made a response by

climbing from tire platform on to one or other of tire surfaces, it was returned

to its cage. If, however, the animal remained on tire platform for mare than

120 seconds (2 minutes), it was removed and a non-response was recorded. 'The

glass on both sides and the platform were then wiped with a damp cloth in order

to remove ary olfactory cues which might have affected tire response of the

next subject.
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Results were recorded as followB!

S - animal chooses "solid" side

C - animal chooses "cliff" side

R - animal remains on platform.

In all cases, the animal had to have all four feet on the chosen side before

a response was recorded.

The statistical significance of differences in response times was assessed

by means of the ./ilcoxon Paired Replicates test.

"Emotionality" was determined by counting the total number of urinations

and defaecations that occurred during an experimental session.

REhULTB.

Because of the variety of ways in which the results of this experiment

may be both measured and interpreted, only summaries of the data will be given

here. The data is presented in detail in the appropriate graphs and tables.

1. Response latencies.

The average response latencies for each group during the experimental

session are shown in Vol. II, pp.136-147, together with the levels of sig¬

nificance.

Inspection of these graphs suggested several trends; brief notes on

these are made below:

(a) The pre-drug salines appeared very similar in all twelve groups, in

that the response times were alike and that these times tended to

increase during the experimental session.

(b) .mescaline, at all three dose levels, appeared responsible for a longer

reaction time than the pre drug saline. This effect was consistent.

(c; The po3t-drug saline was again consistent; the reaction times were

longer than those of mescaline on the whole, although there was some



overlap in four groups out of twelve. This overlap, however, did not

appear marked.

(d) 50 mg/kgj

(i) The greatest divergence in the results apparently lies between

mescaline and the post-drug saline. The mescaline curve seems

to follow the pre-drug saline more closely in shape.

(ii) /here mescaline itself is concerned, there is an apparent correla¬

tion between the increase in cliff derpth and an increase in res¬

ponse time. However, this tendency is not very consistent and

is not reflected in the harmonic means, suggesting that the appa¬

rent correlation is the result of a skewed distribution.

(iii) The post-drug saline graph is much more erratic than either the

pre-drug saline or the mescaline grephs; this is particularly

obvious in the harmonic means.

(e) 25 mg/kg:

(i) The divergence between mescaline and the pre- and post-drug salines

did not appear to be consistently greater one way or the other,

(ii) The initial mescaline response time was very similar far all depths

but one, namely 2V*j in this case, it was increased by approximately

50;,,. In all cases, however, the initial response time was longer

than that of the pre-drug saline.

(iii) The post-drug saline graph is relatively smooth arithmetically, but

where the harmonic means are concerned, again it appears to be mare

erratic than the other two graphs, inp lying a skewed distribution,

nevertheless, there is still a tendency for the post-drug saline

response times to be longer than those of mescaline.
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(f) 12.5 mg/kgs

(i) There is a strong tendency for the greatest divergence between

response times to lie between the pre-drug saline and mescaline,

contrary to the tendency observed at the $Q mg/kg dose level,

(ii) There is some indication of a trend for the mescaline response

times to increase as the cliff depth is increased.

(iii) The carves for mescaline and the post-drug saline appear reasonably

similar, though longer response times can still be observed in the

post-drug saline.

^iv; iioth the mescaline and the post-drug saline curves are more erratic

in the harmonic means graph txian in the arithmetic, suggesting that

at this dose level the results are more skewed than at the two higher

dose levels ^see later;.

2* proportion of response Types.

The ratios of dm are shown in Table 2 and in the foxm of histograms in

Figures b, c ana d. summaries are given below;

(a) 50 rag/kg:

(i) The jjroportion of responses at the pre-drug saline level conformed

to some extent to the expected pattern on this test, namely that

solid (0; responses predominated, and that, at a cliff depth of six

inches, there were a large, number of cliff (C) responses with few

platform (It) responses. at the other three depths, the C and H

responses altered in prcportion to one another, but in no case did

the sum of the two types equal the sum of the S responses.

(ii; ..hen mescaline iras administered, the results were more variable.

at 6 indies, the number' of a and C responses became equal, although

It responses remained small. .lith a 12-inch cliff depth, b responses
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TABLE 2-

THE PROPORTION OF RESPONSES MADE UNDER DIFFERENT CONDITIONS.

SALINE I DRUG SALINE II

S C R S C R S C R

Mg/Kg 12.5 32 28 4 36 9 19 26 9 29
Mescaline
at 6" 25 33 22 9 25 27 12 10 20 34
Cliff

Depth 50 38 25 1 30 30 4 12 10 42

S C R S C R S C R

Kg/Kg. 12.5 47 12 5 31 7 26 31 1 32
Mescaline
at 12" 25 50 13 1 26 8 30 16 0 48
Cliff
Depth 50 52 3 9 48 3 8 38 0 26

S C R S C R S c R

Mg/Kg. 12.5 44 15 5 38 6 20 45 3 16
Mescaline
at 18" 25 46 10 8 40 5 19 21 0 43
Cliff
Depth 50 40 17 7 32 11 21 12 2 50

S C R S C R S C R

Mg/Kg. 12.5 51 13 0 31 4 29 18 2 44
Mescaline
at 24" 25 50 11 3 47 1 16 47 1 16
Cliff
Depth 50 39 12 13 35 6 23 18 2 44

Key: S » "Solid" response; C - "Cliff" response;

R «= S remains on platform
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Key: S = "solid", C » "cliff", R = platform response.

Proportion of Visual Cliff Responses under different Drug Conditions
_Saline 1

Cliff Depth SCR
(in inches)

Mescalintf K,

/V77TA

'MM

Saline 2
SCR

FIGDRE 13b

MESCALINE 50 MG/KG
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FIGURE 13c

MESCALINE 25 MG/KG

Proportion of Visual Cliff Responses under different Drug Conditions
Cliff Depth Saline 1
(in inches) SCR

/,

Mescaline
SCR

Saline 2
SCR

/„

wa

m.

24

Zk I/////

Key: S = "solid", C « "cliff", R = platform response.
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Key: S = "solid", C = "cliff", R = platform response.

FIGURE 13d

MESCALINE 12.5 MG/KG

Proportion of Visual Cliff Responses under different Drug Conditions
Cliff D«pth
(in inches) Saline 1 Mescaline Saline 2

SCR SCR SCR



were highly dominant, and the C and H responses were equal. The

next depth, IS inches, showed a decrease in S responses, suae C res¬

ponses ani a marked inci'ease in k responses; at 24 inches, the same

pattern was accentuated.

(,iii) She post-drug saline patterns were totally unexpected, in that ii

responses became highly dominant in three of the four cliff depths,

l'hus at 6 inches, S and C responses together were equivalent to

approximately only two-thirds of the total ii responses; at 12 inches,

h responses became dominant again, there were no C responses and R

responses were numerous, while at 18 and 24 inches, it responses were

highly dominant, a responses markedly reduced and C responses negli¬

gible.

(b) 25 iag/kg;

(i) typical response pattern {3}£}r) was sliown at all four depths when

the animal had received the pre-drug saline control injection,

(ii) during the drug session, the number of S responses was reduced in

all cases. C responses were also reduced by comparison with the

pre-drug saline control, but at every cliff depth the number of k

responses increased, and were the dominant form of response at the

cliff depth of 12 inches.

(iii) kith tiie post-drug saline, k responses were dominant at all depths

except at 24 inches, vhen the dominant response was h. C responses

were almost nil except at 6 inches cliff depth.

(c) 12.5 mg/kgs

(i) during the pre-drug saline control session, a "typical response pattern

(sXfci) was shown throughout.
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(ii) During the mescaline session, C responses were reduced and R increased,

while £> responses remained dominant.

(iii) The post-drug saline experimental session produced a further increase

in R responses, to the extent that they were the dominant form of

response at all depths except for 18 inches. The reduction of C

responses remained similar to that cibserved under the effects of

mescaline.

3» Defaecation/urination ("lanotionality") scores.

Graph 1 shows the scores obtained at each dose-level of mescaline,

together with pre-and post-drug saline scores.

(a) 50 mg/kg: The graph indicates a drop in defaecation from pre-drug

saline to mescaline, and a marked upward trend during the post-drug

saline control. The exception to this trend occurs at 24 inches "clil'f"

depth, when there is a slight drop rather than an increase.

(b) 25 rag/kg: There is a tendency for defaecation to increase under the

effects of mescaline, with a further increase during the post-drug

saline session. again, however, at 24 inches, there is an exception,

there being a alight decrease in defaecation during Sg*

(c) 12.5 mg/kg: There does not appear- to be a consistent trend at this dose

level, "although it is interesting to note that a peak of defaecation

occurred during the drug session at the 6 and 12 inch depths. On the

other hand, at 18 and 24 inches, the peak of defaecation was during the

post-drug saline session.

4. qualitative observations.

Certain aspects of behaviour were noticed which are not reflected in the

quantitative results. During the drug experimental session, and more
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TABLE 3 •

DEFAECATION/URINATION ("EMOTIONALITY") SCORES.

Mescaline "Cliff" Saline I Drug Saline 2
fig/Kg. Dose Depth

6 1 21 15

12.5 12 7 41 15

18 14 13 20

24 9 19 45

6 0 4 21

25 12 16 28 48

18 9 12 25

24 11 7 7

6 3 6 45

50 12 23 6 37

18 20 10 56

24 24 15 16



233

particularly during the post-drug saline session, many animals showed a

pattern of benaviair distinct from the pre-saline control; this particular

behavioural pattern was observed throughout the experiment, regardless of

dose level- Contrary to expectation, a high proportion of rats seemed

averse to leaving the platfoim. Maiy ran from one end of the bridge to

the other, apparently seeking a way out of the situation which did not

involve descending on to either the solid or the cliff side. Three animals,

for example, tried to escape by climbing the apparatus wall. Those who did

try to leave the platform by more conventional means extiibited an odd type

of behaviour in that they dung to the bridge as long as possible while

testing the glass with their whiskers; in some cases, they placed their

front paws on the gLass surface. However, regardless of whether the sur¬

face tested was on the solid or the cliff side, the animals reacted as though

thqy had received an electric shock, and jumped backwards onto the platform.

There, the pattern of behaviour was repeated; sometimes an animal eventually

made a "true" response in that all four feet were placed on one of the two

glass surfaces. in other cases, the animal repeated its previous behavioural

pattern until it was eventually removed by hand from the platform.

another "type of behaviour was shown by several animals. a rat would

sit on the platfom and remain immobile; although the initial impression was

that the animal had lost its tendency to explore, it became obvious that it

had in fact "frozen"; also, defaecations and urination were copious. Some

animals, after remaining motionless for over a minute, would then begin to

explore short lengths of the bridge and make tentative efforts to descend,

showing the same form of behaviour described earlier. Some of these efforts

were successful, sane were not.

Hie minority of rats, under the drug and post-drug saline conditions,
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appeared, relatively unaffected. Thus a response was made, without randan

exploring or freezing, but the response latency was still considerably longer

than the pre-drug saline. Hois group of animals appe ared to font less then

half of the total sample of % animals.

JlbGUublOh.

This experiment was designed with a view to obtaining information as to

whether or not an animal' s perception of depth was affected by an hallucino¬

genic drug. Using a modified version of the visual cliff designed by walk

and Gibson (1961), the results were interesting and, in some cases, totally

unexpected.

Under the efleets of the drug, regardless of the dose levels, most

animals clearly could distinguish between the solid (b) aru the cliff (C)

side. In ten cases out of twelve (and the remaining two were both at a cliff

depth of 6 inches, when b ana C responses tend to be more evenly distributed),

S responses were marked and G responses reduced in number by couparisen with

the pre-drug saline control. The reaction time was longer, however, and. the

surprising factor that emerged was the increased number of platform (ii) res¬

ponses. In the majority of cases, the mmber exceeded the number of C res¬

ponses and in one case even exceeded the number of b responses.

This may be interpreted in a number of ways. The increase in H responses

may be due to the fact that many animals were not able to distinguish between

the two sides; the failure to leave the platform might indicate that the solid

side appeared deeper than it was in reality, or (and here it is necessary to

draw upon the many human reports of the effects of mescaline) conceivably the

surface might alter in apparent depth from one moment to another, presenting

an "undulating" appearance to the animal. This second interpretation is anthro¬

pomorphic and presupposes that the animal is experiencing some form of visual
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sophisticated investigation before it con even be called an hypothesis* Xt

would, however, aocount to aorae extent for the odd behaviour shown by those

rats mo, having placed both foiwpaws on the gLase, suddenly backed onto the

bridge again*

There are other possibilities to account for these results. Tactile

cues, received by e rat when it touches the glass with its whiskers or pass,

may be painful voce pp3 52-156;, causing, the ardiaftl to retreat and to learn to

associate pain with descent frosa the bridge. Vestibular reflexes nay also

be upset, so that an animal experiences a feeling of disbalance which affects

its perfamancej Hie fact that the animal doee not show aiy signs of loss:-; of

balance su&j&sts that s central component may be involved. .-.ovicver, tiarec

sntwela tried to escape the expericsentij, situation by cdixabing tie .vails

of the apparatus, a minor but odd finding which does not fit in with either

the tactile or vestibular interpretations. It is, 1 think, very neceaaaxy

to take note of peouliar incidents such as this. Too often, tise mall sdnor

ity of animals Mao do not confom to trie behavioural pattern at" the majority

are discarded by the experimenter, aru tt.eii* behaviour ignored. uuah an

sjproach iiisy well cause trie loss of potentially valuable information.

The most interesting result to emerge frar. this experiment is the over¬

all dominance of platfara responses during, the poet-drug saline session. The

decrease in S and C responses is considerably greater than during the drug

session, althcu$i still dominates 0 in number • once again, toils increase

in ii cannot be attributed to Walk and Gibson* s finding that rata lose their

tendency to or,-dure with repetition toriala, since the sea® patterns of agitated

or "ireeai.ig" belmviour were shown as In the drug, session. but to a greater

extent. one possible explanation for the high i>rcpurtion of ii is tnat the
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rats have learned, during the three experimental sessions, that to wait on the

bridge for a given period is rewarded; the reward in this case would be the re¬

moval from a stressful situation to the home cage. Such an explanation seems

unlikely, since it does not account for the agitated behaviour shown by so maiy

of the animals, although it may contribute to the overall pattern to a small

degree.

This leaves two other possible interpretations. The first is that

there is some unknown metabolite of mescaline which has affected one or more

biochemical systems in the animal and which, despite the lapse of time, has

either not been excreted frcm the body or has affected these unknown systems

to such an extent that although the metabolite itself has been excreted, the

systems have not yet returned to their former homeostatic level. The only wny

to test this hypotnesis initially would require several grcxips of animals at

one dose level of mescaline and at one cliff depth; the post-drug saline session

would be assigned not to day 4 only, but to day 5 or 6 or 7 and so on, depending

on the group concerned. The hypothesis might then be, for example, that on day

6, the post-drug; saline curve would be similar to the pre-drug saline curve in

both shape and in response times. Should this be the case, then a biochemical

disruption theory might be adopted as opposed to any farm of learning, since the

dissipation of the learning of a given task would be unlikely to have occurred

within such a short time. A rat is able to retain the memory of a complex

problem for several months.

The second interpretation is one that involves the learning of fear and

consequently the direct involvement of the central nervous system. Hypothe-

tically, it is possible that the rat beoomes over-sensitised to the stressful

experimental situation while under the effect of the drug. Learning is rapid,
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and this learned fear is retained when the animal is returned to the same situa¬

tion forty-eight hours later. If one accepts the reports of human subjects

ntuiie under the effects of mescaline, then one must also accept the theory that

mescaline tends to exacerbate the subject's mood prior to the experiment. It

would therefore be possible for the fear that an animal experiences (or is likely

to experienceJ in certain situations to be increased in the same way. The rat

may not have hallucinations as such, but it is possible to form a hypothesis on

the basis of the results of this experiment. Such a hypothesis would state

that during the drug session ihe animal undergoes a period of intense fear-,

accompanied by extreme sensitivity to the environment which world promote rapid

learning; during the period between the drug and post-drug saline sessions, the

learned fear beeernes consolidated in some form, so that the response times during

the post-drug session are correspondingly longer. By this means, it is possible

to account for the agitated and emotional behaviour shown by so many animals.

The hypotheses suggested above must of necessity be tenuous. It is dear

that many more tests are required before it is possible to determine more pre¬

cisely the processes that are involved. In the author's opinion, it seems likely

that no one hypothesis is complete in itself, and that the biochemical and learn¬

ing hypotheses interact dosely.

essentially, this experiment raises more questions than it answers; for

example; do rats have hallucinations? Do they experience synaesthesia, a possi¬

bility that has not, to my knowledge, been considered and vhich might be responsible

for acme of the experimental results obtained in this experiment? Is depth per¬

ception distorted or not? If not, why do so many animals become "fearful" both

during arid after the administration of the drug? Is a form of intensive learning,

similar in some ways to imprinting, induced by mescaline?
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There are criticisms of the experimental design which may have contri¬

buted to the lack of clarity in the interpretation of the results. For example,

it is obvious that the number of animals per group should be increased radically;

it would be an advantage to know whether there were ary significant differences

between the twelve pre-saline control groups; it would also be useful to measure

the amount of variation both within and be toeen the various mescaline dose levels;

where the qualitative results are concerned, the precise number of animals in

each group should have been counted. It is clear that the assessment of the

results has been oversimplified, although it must be borne in mind that their

unexpected trend confused the issue; however, same of the data could be analysed

further and might act as valuable pilot studies for fur titer research.

Two points became very clear during the experiment. The first is that

those animals who received 50 rag/kg mescaline showed slight ataxia, but despite

this, their response times were closer to the pre-drug saline control than

either tne 25 or the 12.5 iag/kg groups. The implications of this are hard to

assess, since reaction times in other experiments have been noticeably slower

at 50 mg/kg than at the other too doses. These particular results serve to

confirm the autnor's opinion that experimental parameters are of vital import¬

ance and tirat it is not possible to extrapolate the findings from one experi¬

mental situation to another at the earlier stages of research into a drug.

The other point is that it is quito clear that pre- and post-drug saline

results must not be averaged. If the averaging technique had been used in

this experiment, the findings would have been quite different and completely

misleading. 'Uie difference between the two saline trials world nave been

obscured and the phenomenon of tire increased R response, with its possible

implications, missed.



239

Finally, it must be repeated that this experiment has raised mare questions

than it has answered. Herein, perhaps, lies its value. Pointers for mare

detailed studies have been produced and this is the aim of fundamental research.

SUlluJEf.

In an investigation into the effects of mescaline on the perception of

depth in rats, it was found that there were significantly different results

betv/een the pre-saline control, the drug, and the poEt-saline control. Ihe

longest response times were shown during the post-saline control. Two main

hypotneses, one biochemical and the other based on learning, have been proposed

to account for this phenomenon; it is suggested that the two interact.
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XIII. hXPERIMSNT 6. THE HCLE TEST.

This test was devised by Krnjevic' and Videk (1967) who believe that

not only is it important in psychoph&ruacology to study the intact animal,

but that it is equally important to study changes in the normal behaviour

oi' animals which have not been previously subjected to physical or chemical

procedures. Thus unlearned behaviour is a valuable source of information

and it is possible to study the effects of a drug on such behaviour without

using various forms of precursor, for example reserpine or acetylcholine.

as a result of laboratory observations of behaviour in the rat,

Krnjevic anu Videk produced "a test (that; is based on a very constant

tendency of rats to enter holes whose dimensions correspond to those of the

rats' oodles". Using a- specially designed cage, the investigators studied

the effects of depressants, antidepressants and psychostimulants, and found

that the three classes of drugs produced different and marked changes in

behaviour.

The hole test was used to study mescaline for two reasons: firstly,

the visual cliff results suggested that the animals learned to fear' ary drop,

however small, while under the effects of the drug, and that this fear per¬

sisted and, in some cases, seemed exacerbated during the post-drug saline

control. bid the same phenomenon occur in a smaller, enclosed area, to

which the rats were accustomed? secondly, it had been noted by the author

(and by other investigators) that mescaline induces suae form of peripheral

irritation in rats, particularly at 12.5 mg/kg; at 25 xog/kg, the animals

appeared to be in a state of discomfort. would they therefore refuse to

go through the hole because of the pain or irritation caused to the skin or

vibricsae by the ed&es of the hole? if the rats did refuse to enter the



hole, the answers to the two questions could only be determined qualitatively

by observation. However, it seemed that the investigation was worthwhile in

that it might provide further infozmation on the action of mescaline.

UflHQP:

subjects.

Twenty-four male hooded rats, aged approximately 90 days, were used.

They were kept singly and provided with food and water ad libitum. 'The

light schedule was not reversed, the lights being on from 8.0 a.m. until

8.0 p.m.

apparatus.

Plate 6 and Figure 14 show the hole test cage and its measurements.

These measurements were those used by Krnjevic'and Videk, and, with the aid

of tiie photograph in their article, the cage built in these laboratories was,

as far as possible, identical to their own.

The cage was filled with a mixture of sawdust and woodchips to

within an inch of the bottoia of the wire-net ting wall. This depth met the

requirements of Krnjevic and Videk:

"The difference in height between the roof and the floor of cage must

be such tiiat the rat can reach the floor with the front part of the

body when entering, i.e. about 9 cm."

The hinged lid enabled the bedding to be changed -when necessaxy, and the

animal to be removed from the cage without difficulty.

The design of the cage wa3 such that it provided a dimly lighted

enclosed area; this dim lighting was achieved by using wire netting in place

of two solid walls at the 'hole' end.

Kxperimental resign.

The experimental design was adapted directly from that used by



Hale Test.
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FIGURE 14



Lrnjevic and Vi&ek. Hie rationale for the size of the hole has already been

given; the subdued lighting in the cage is more in keeping with the nocturnal

habits of rats and hence presumably more "attractive" than the brifjit light

of the experimental room. The major difference between this experiment and

that of Krnjevic' and Videk is that, whereas they used a large number of drugs,

in this case only one drug was tested. Mescaline was administered to three

groups of rats at three dose levels, in order that the results between this

test and those of the visual cliff might be compared directly.

Procedure.

Throughout training and testing, each animal was transferred from

its home cage to the experimental cage by hand, althou^i handling was kept

to a minimum. on reaching the experimental cage, the rat was placed on the

netting of -the cage roof, between 8 and 12 cms. away from the hole. .as soon

as the rat found the hole, its response was timed until it had completely

disappeared into the experimental cage- It was then removed gently and

returned to its home cage.

Training consisted of three trials a day for three days before the

experiment. This applied to all 24 x-ats. Having reached the criterion of

entering the experimental cage in less than two seconds, the total group was

divided into three groups of eight, Group A to receive 50 lit/kg mescaline,

Group B 25 mg/kg and Group G 12.5 mg/kg.

On day 1, all three groups received G.5 ccs. saline i.p. and were

tested every ten minutes for two hours. un day 2, the appropriate dose of

mescaline was injected and on day 4, the post-drug saline control (0#5 ccs.)

was given. In each case, the animal was tested every ten minutes as before-

The responses were timed in seconds with a stopwatch.
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-.lie results were plotted utu significance values aGses&ed using
die dilcoxon i 'aired yeplioate# teat#

ImmM—it—M*

1# quantitative rata.

The results are shown in detail in Vol. XI, pp.149-151. General

summaries are gXv^n belo.v;

(a) a decrease in dose level appears to be ocooqpanied by a decrease ir

the variability of the results.

(b) Xhere ere marked differences betv/een the arithmetic and harmonic

means at all three close levels, suggesting that the distribution

was unusually akewed.

(c; <iherc hit- pre-drug saline is concerned, the response times arc; very

siaoJLaz- in all tiu*ee experiments, showing that not only a slight

increase in response viae occurs as the experiment proceeds, but

also twist these times are in most cases the shortest by comparison

with meeoaline and the poat-dxug saline; there is one exception to

be seen in the arithmetic mesne of the 12.5 ra£/kg mescaline dose

level.

(dy hen mescaline has been injected, there is a tendency tomurds decrei scl

response times at the end of the experimental session, by contrast *ith

the pre~dxug control. 1Mb decrease is most marked at 90 mg/kg, less

so at 25 ag/kg» and at 12#5 mg/kg it occurs only in the arithmetic

graph and not in the harmonic graph#

(«) fhe poat-drug saline results aiiow greater variability than either the

pre-dxug saline or the mescaline results. i'he response times are

longer at all three dose levels in both the arithmetic and harmonic
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means, except for 50 mg/kg dose level, where the harmonic means are

less than the mescaline. This tendency for a drop in the 50 mg/kg

harmonic raean persists for the first forty minutes of the experiment,

after which the graph rises again until it is higher than the drug.

The arithmetic means for 50 mg/kg post-drug saline are, on the other

hand, consistently higher than the drug itself.

at a dose-level of 25 mg/kg mescaline, the post-drug saline

response times are shorter throughout the experiment, and this is

reflected in both the arithmetic and harmonic graphs. at 12.5 mg/kg,

however, the response times are longer when the haxraonic means are

inspected; the arithmetic means are so variable that it is difficult

to find any prevailing tendency.

2. 'Qualitative observations.

During the pre-drug saline control, all animals descended into the

cage quickly at first. gs the experimental session proceeded, however,

many of "the animals tended to e^lore other parts of the top of Hie

apparatus. They then returned to the hole and dropped through it

rapidly onto the sawdust below.

Under the drug conditions, the patterns of behaviour altered. at

both 25 and 50 mg/kg, an animal approached the hole but was very hesitant

about entering the experimental cage. It "hovered" over the hole, sniff¬

ing, withdrawing its head and then inserting one forepaw. This, too,

would be withdrawn and the other forepaw would apparently test the envi¬

ronment in the same way. The rat would finally enter the cage, but only
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when both forefeet were touching the sawdust would it then release its hold

on the perimeter of the hole with the hindlegs and its body would disappear.

Such behaviour was noticeably different frcm the pre-drug saline control.

It was also considerably more difficult to catch the animal in order to return

it to its home cage; the rat would retreat and dodge the experimenter's hand,

often squeaking when it was eventually caught. Such behaviour was never

observed in the pre-saline controls.

where the post-drug saline was concerned, anomalies in the behavioural

pattern still occurred. There was more exploratory behaviour, coinciding in

time with the pre-drug saline. However, the hovering over the hole, never

seen in the pre-drug saline, but frequently observed under drug conditions,

was also noticed during the post-drug saline conditions. The animals tended

to hesitate before entering the hole, showed signs of withdrawing before both

feet touched the sawdust and were difficult to remove from the experimental

cage. Three animals actually chewed the edge of the hole before entering,

and one climbed over the dividing ridge and chewed the knob on the lid of the

other half of the cage; it then returned to the hole and eventually entered

the cage. hone of the other %nimals tried to climb down onto the table from

the outside of the cage; none was successful, however, and in all cases the

animals hauled themselves back on "the cage top by means of their hind legs.

Shortly afterwards, they entered the cage by means of the hole.

It must be stated that these observations do not apply to all the

animals used in this experiment, and least of all to those receiving 12.5

mg/kg mescaline- There v/as wide individual variation and it was extremely

difficult to find a consistent pattern of behaviour. Therefore, those points

mentioned above apply to the majority of animals used in this experiment, but

not necessarily to all.
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DISCUSSION.

Hie following discussion will be relatively short, for two main reasons.

?irst, the variability in the results does not enable any clear-cut conclusions

to oe drawn; second, the possible hypotheses to account for the observed trends

in this experiment have already been discussed at length in the preoeding experi¬

ment.

There are sane points that require attention, however. Krnjevic and

Videk (1^67) found that, by varying the relationships of certain components,

such as the cage itself, tne size of the hole, the location of the hole and the

lighting, it was only the size of the hole which was important; the other com¬

ponents appeared to have played a relatively minor role. ibis is an inter¬

esting finding when one considers the results of the visual cliff: under drug

and post-drug saline conditions, the animals became progressively more averse

to leaving the bridge of the visual cliff, yet, where the hole test was concerned,

all animals descended eventually, although response times were longer.

This lengthening of response times may be due to two factors. The

first supports Krnjevic and Video's finding that "the rats subjected to a pro¬

longed training become less sensitive and enter the hole much slowlier (sic)".

Hence the small but noticeable increase in pre-drug saline response times may

be accounted for in these terms. The second factor, which probably interacts

with the first, is that mescaline appears to increase the sensitivity Of an

animal's peripheral nervous system; thus the pressure of the perimeter of the

hole on the rat's body may be painful. The interaction of these two factors

would account for the longer response times shown during the drug sessions by

comparison with the pre-drug saline sessions.

The variability in the results is, in part, due to the small numbers

of animals used in this experiment. The obvious answer is that the size of
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each group at each dose level should be doubled, it' not trebled; the trends shown

in this experiiftent should then become more obvious, and constructive hypotheses

put forward.

uhere these hypotheses are concerned, it has already been suggested pre¬

viously (see pp.236-7) that the perception of depth may be affected by a biochemi

cal metabolite of mescaline, by the rapid learning of fear induced by the drug or

by an interaction of both. The chewing of the perimeter of the hole by three

animals and of the knob of the lid by a fourth during the post-drug saline lends

support to the biochemical theory, suggesting that the metabolic balance of an

unknown biochemical system has been disturbed in some manner, or that an active

metabolite of mescaline is still present in the body. Yet, during tlie post-drug

saline session, the majority of animals "hover" over the hole in a manner very

similar to that seen during the diug session; they are hesitant, about entering

the experimental cage and, having entered, are difficult to catch, a phenomenon

rpt seen during the pre-dxug saline control. The learning hypothesis, therefor

seems strengthened by this experiment, but there is still little evidence as to

whether the two hypothetical processes are separate or interact with one another.

The evidence that learning occurs under the effects of the drug does seem to

dominate, and the agitated chewing of the apparatus shown by four animals may

possib3y be explained also in terms of learned fear. It is dear that a con¬

siderable amount of further research is needed in order to determine whether or

not mescaline increases the learning, of fear in animals. If this problem could

be darified, then it might be possible to draw an analogy between the accent¬

uation of anxiety in man and the learning of fear in animals. Further work on

the many biochemical systems involved should then follow, the implication being

that biochemistxy and psychapharmacology cannot be considered as different

disdplines in research of this nature.



250

bUlvil.iff.

It was found that, using the hole test devised by IvrnjevicT and Videk

in 1967, the effect of mescaline upon the behaviour of rats in this situation

was variable.

Nevertheless, the overall trend of the results supported the findings

obtained by using the visual cliff (lYalk and Gibson 1961) and indicated that,

under the effects of the drug, fear was either accentuated or learned.

It is suggested that the major defect of this experiment is the small

number of animals used at each dose level. If a greater number was used,

the observed trends migjat be more consistent.
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XIV. SXPEitiMEftTT 7. lGUNFLIGIt: MULIdffLE SCHEDULE (SKIEEbii BOX) .

borne years ago, the author conducted a pilot study to investigate the

effects of mescaline on simple reinforcement schedules. In this study, twelve

male hooded rats were deprived of water for 22 hours a day. They were then

trained in a Skinner Box on a fixed interval schedule of jwe minute? for a
reward of diluted condensed milk (milk s water 1 : 5)• Each experimental

session lasted for one hour. <vhen all animals had reached criterion and the

cumulative record was steady, they received 0.5 cc. of saline i»p. for several

days prior to the drug injection; the rate of response was unaffected.
me&caA'me

Each animal was then given/in doses ranging from 12.5 to 6.9 mg/kg.

muiiUklim.1 The results were disappointing in that the effects appeard to be

all-or-none. The records of six animals remained unchanged and there was no

observable difference between either the number of responses made or the animals'

overt behaviour. Five other animals made no responses at all, but lay down at

the far end of the Skinner Box. Only one abnormal pattern of behaviour was

seen; the twelfth rat (at a dose level of 7*5 mg/kg) chewed the lever vigor¬

ously, to the extent of removing a large portion of the aluminium; the reward

-was not taken, except at the beginning of the experimental session. The follow¬

ing day, all twelve animals had returned to their pre-drug response patterns.

The fact that five rats did not respond under the drug condition sug¬

gests that despite the lengthy water deprivation, they may have experienced sane

form of anorexia; human subjects frequently report a feeling of nausea after taking

mescaline and anorexia is sometimes shown. The chewing of the lever by the

■twelfth rat is interesting; whether or not this might be interpreted as "halluci¬

nogenic" behaviour seems questionable, since too little is known about the under¬

lying factors. There may have been sane cause for frustration resulting in a



252

form of displacement activity which was accentuated by the drug, although what

the cause might have been is difficult to say; the apparatus was vrorking cor¬

rectly when checked by the experimenter.

It was felt, on the basis of these results, that if a relatively small

dose of mescaline produced an apparent all-or-none effect under the FI5 schedule,

then either a VI, an FR or a more complex schedule should be devised to try to

separate the various factors contributing to these patterns of behaviour.

Unfortunately, at that point, the Hkinner boxes then in use became progressively

more unreliable and the project had to be abandoned.

More recently, another worker^in this field investigated the effects

of mescaline on a conflict situation, again using a okinner box. Miller (1944)

has long considered the 1 approach-avoidance' conflict to be more serious than

either 'approach-approach' or 'avoidance-avoidance' conflicts. Iiis reason for

this assumption is that the animal cannot escape from the experimental situation;

it can neither leave nor approach the goal and the problem remains unresolved.

A conflict of thi3 nature lends itself readily to the xnvestigation of

the effects of drugs. Barry and his colleagues (1962 a, b, c,) have found,

for example, that conflict is attenuated by amobarbital in a telescope alley,

an operant conflict situation and a conditioned suppression experiment.

Nevertheless, despite these results-, the experimental parameters must

be clearly defined, for the same drug does not necessarily have the same effect

in all -types of conflict situations. For example, Conger (1951) found that

alcohol restored the approach response in rats which had been shocked at the

goal box of a straight alley. However, in an operant conflict situation,

alcohol decreased the rate of both rewarded and punished lever pressing (Hendry

and Von Toiler, 1964). In 1968, Freed combined both lever pressing and locomotor

x 1 am indebted to Mr. C.M. Bradshaw for his permission to quote his experiments

in this thesis.
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responses, and trained rats to run alona an alley and then press a lever to obtain

a shock-accoiTE)aniel food reinfoz-cement. alcohol produced a marked increase in

the speed and distance of running, but only a alit^rt increase in lever pressing.

Similar contradictory results have also been obtained with CDS by a number of

investigators.

In view of such data, the only reasonable conclusion that can be drawn is

that the effects of alcohol and GPZ on punished hehaviour depend not only on the

type of apparatus used, but also on the schedule of positive reinforcement, the

punishment schedule and the dosage conditions. Thus conclusions based on any

one study must be qualified by stating in full the values of the variables

employed in the experiment. It is clear from the literature that these con¬

siderations apply to mary other drugs besides GPZ and alcohol, and^providea tney

are borne in mind, behavioural tests involving the concurrent administration of

punishment and positive reinforcement can prove to be useful psychopharmaco-

logical tests.

fcivlHoD:

Subjects

Four' male hooded rata, of the same strain and aged approximately 120 aays,

were used. They were kept in separate cages in a temperature-controlled room;

tire light schedule was not reversed and tire room was illuminated frcm 8.0 a.m.

to 8.0 p.m. Dry food was supplied ad libitum. water deprivation was gradu¬

ally increased over a period of 8 dqys from 0 to 21 hours; during tire period of

free access to water, the animals' diet was supplemented by approximately 5 ©ns*

of dogneat.

apparatus■

Two standard Skinner boxes were used (see rlate 7 a, b, and Figure 15)*
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Plate 7

(a) Skinner Box: outside of panel.
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lb; Skinner box: inside of panel and shock grid.

(c) Skinner Box: outer casing with speakers.



SkinnerBox. alldimensionsincms.
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She boxes were housed in sound-proof, light-proof boxes (see Plate 7c), into

which masking white noise was fed through speakers set into the door of the

chests•

hach box contained a single lever placed to the left of the central

recess, into which the reinforcement mechanism delivered water in a small cup

(0.01 ml.). A red li^at was placed above the lever and a green light was

situated above and to the right of the central recess.

Counters recorded the total number of responses and reinforcements

during each 5-niimte period, and cumulative data were recorded on standard

cumulative recorders.

.Experimental design.

This experiment was designed to obtain further information about the

effects of mescaline on learned behaviour. A multiple schedule was chosen

to allow the concurrent observation of the effects of the drug on several

behavioural processes. On the basis of previous research, a two-hour experi¬

mental session was considered to be adequate.

PR responding was chosen as the behavioural baseline primarily because

at tiiat time the programming apparatus far PR schedules was readily available.

In order to minimise the effects of satiation during the experimental sessions,

FR5 and FR10, ratiier t;nn CHF and PR2, were used. ab a further precaution

against tiie effects of satiation and to try- to prevent some of the effects of

fatigue, an component was introduced} b^also enabled the effects of the

drug upon stimulus control to be studied.

In order to avoid extreme behavicural contrast, and apy behavioural

induction or ratio strain (Perster and bkinner 1957) as far as possible,

suppression of responding by punishment occurred in FR5, which, in a nultPR5FR10

schedule, should result in an increase in responding in PR10- The ratio

of response requirements in the two PR (coa--)
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components was kept low ana every ^ period of five minutes was followed by

an period of the same length.

•although shock is normally used as the punishing stimulus, in this

experiment a loud tone was used instead. The reasons were twofold: firstly,

no shock source was available, and secondly, Holz and Azrin (1966) have advo¬

cated the use of intense noise in prefex-ence to shock, since shock elicits

reflexive skeletal muscular contractions which disturb the posture of the

animal and so disrupt the chain of behaviour leading to lever pressing; also

the effective intensity of the aversive stimulus may be more accurately con¬

trolled when noise, rather than shock, is used, since this intensity cannot be

altered by changes in skin resistances, changes in contact with the shock grid,

the presence of urine on the grid and so on.

The rationale for using water reinforcement as opposed to milk has been

given earlier, namely that any observed sup^fession of responding for milk rein¬

forcement under the effects of mescaline might, in part anyway, be due to the

effects of anorexia.

In order to be able to compare the results of this experiment -with

those of others, two dose levels of mescaline were used: 12.p mg/kg and

25 mg/kg. bach animal received both doses, a latin-square design being

employed so that interactions between the doses could be investigated. Thus

and S2 received the doses in the order of 12.5 and 25 mg/kg, bv and 5^ in
the order of 25 and 12.5 mg/kg. A fortnight was left between the administra¬

tion of the doses to prevent the possible development of ary tolerance to the

drug.

Procedure•

(a) handling: For 12 days before training, the animals were handled for

approximately 10 minutes a day. when training started, handling was restricted
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to 5 minutes before S was placed in the experimental chamber.

(b) Training: The rats were trained to respond to an FR10 schedule for 3ix

days. On day 7, a multiple schedule was introduced: FR5, FR10 and HIT

(extinction, . In the presence of a green light (S^)every fifth response was
reinforced (FR5); in the presence of a red li$vt (S°,,)every tenth response was

reinforced (FR10). iVhen neither ligjit was on (S^ , no responses were rein¬

forced (EXT). Thus the schedule was MultFR5iFR10EXT. Each component oper¬

ated for five minutes at a time, occurring after every 3^ period and

and occurring in random secpience. This randomisation was introduced to

prevent the learning of any form of 'temporal discrimination'.

The animals received 15 days training on the multiple schedule. On

dey 25, a punishment contingency was introduced into the FR5 component; this

punishment was a loud tone (27dB, frequency l,000cps.) which accompanied each

reinforcement. The new schedule was therefore Mult(concFR5FR5 tone)FR10EXT.

Training on this new schedule was contimed for a further 12 days, by which

time their behaviour had stabilised.

(c) Drug administration: all animals received daily saline injections (0»5 ml.

i.p.) for 11 days before administration of the drug, in order that they should

become accustomed to the procedure. In the first drug session, 3^ and S2

received 12.5 mg/kg iasscaline, and S3 and Sg 25 mg/kg. The- drug sessions
were followed by two saline control sessions.

The second drug session (in which the dosage conditions were reversed

for the two groups) took place 14 days after the first, and was preceded by

three days of saline control sessions and succeeded by two saline sessions.

RESULTS

(a) The baseline: Responding was not maintained at a steady rate throughout

the two-hour experimental session by any animal. /ill the rats shewed a
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consistent decline in responding after approximately 15 mirntes, although in the

last half hour of the session tlsere was frequently a sli$it recovery in response

rate. This pattern was shown by all animals and was consistent from day to day

for each subject.
K

(b) 1'he suppressive effects of punialiment: Inspection of the results showed

that there was a tendency for responding in FR5 to be suppressed after the

introduction of tiie tone. There was also a corresponding increase in respond¬

ing in FR10, which would be expected on the basis of a behavioural contrast

effect. The difference between the mean suppression ratios for FR5 and FR10

was significant (p^.0.05) • It can therefore be concluded that the tone

acted as a weak aversive stimulus, and the concFR5FR5 tone component can there-

fore be considered, in operational terms, to be a 'conflict' situation.

(c) affects of mescaline upon discrimination: Under control saline conditions,

discrimination of SA was almost perfect in all animals, the minber of responses

emitted during this period being minimal. Under drug conditions, however,

discrimination was impaired (see Table 1).

(i) 25 rag/kg;: S2showed an almost complete suppression of response for

the total experimental session; it made only 20 responses, 10 of which

were emitted during the 3A period. S, and 3. showed a marked, though
5 h

short-lived, increase in 3 responding. A similar but less pronounced

effect was shown by 3^ .

(ii) 12.5 mp'/kg: 3^ increased the responses during the 3A period, producing
a pattern of responding very similar to that of 3^ and 3^ at 25 mg/kg.
The effect of the lower dose on 3^ and 3^ was slight where 3Awas con¬
cerned and not appxarent in the case of 3^. Thus, in all cases there was

icpairment of discrimination of tiie 3A p>eriod, except for at 12.5 mp/kg.

k Suppression ratios = mean responses (after introduction of punishment)- baseline
baseline

(after ..'illio and Lundjin 1966.
+ t-test.



T4BLE 1.

The figures given for each animal denote the 'duration xin minutes) of a

particular phenomenon and the point at which it occurred during the experi¬

mental session.

(a) discrimination Failure (S^*)

Dose: 25 tag/kg Dose: 12*5 rag/kg

i-nimal Tin® span in mins. Time span in mins.

S1 30-50 -

S2 20-30; 50-70 30-80

s3 50-90 20-40

S4 105-130 10-35

(b) Suppression of desponding FK10

Dose: 25 mg/kg Dose 12.5 mg/kg

minimal Time span in mins.
*tr

gig.level Time span in mins. gig. level *"

S1 10-25 ie - -

82 12-110 pCo.ooi 0-25 p<0.10

S3 15-45 p<X>.10 - -

s4 0-105 p/ .001 - -

(c) Increase in Responding FR10

Dose; 25 mg/kg Dose 12.5 mg/kg

-jiimal Time span in lains. gig.level Time span in mins. gig. level*

g1 25-50 Kb 0-20 ie

g2 - - 25-115 p<0.01

03 45-125 p<0.05 0-55 p<0.025

84 115-160 p<0.10 0-65 pC0.05

it lest* ^6-T Mal-cke^i- fairs (^S~ieq<s.i (.1S"£/.
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(d) bffects of mescaline on FR10 ccmponents (^2) (See Table l ).

(i) 25 np/kp: showed canplete and persistent suppression of responding

at the dose level • However, with 3^ and S^, the same dose produced
a shorter inhibitory period followed by an increase in response rate

above the saline baseline. responded less markedly to the drug at

this dose level, but the pattern of response was similar to that of

Sj and
(ii) 12.5 ag/kg: Responding was completely suppressed in 32 for a short

period, but this was followed by a long period of excitation.

and showed no inhibitory phase, but only an excitatory phase occur¬

ring at the beginning of the session. There was little or no evidence

of 3.j responding to tie drug.
Except far 3.j, all cases of inhibition or excitation induced by the

drug at 25 or 12.5 mg/kg dose level were statistically significant.

(e) iiffects of mescaline on FR5 (conflict) components 3^-j): There did not

appear to be any consistent tendency for responding to be selectively affected

in Conc?R5FR5 tone- hatever, it was not considered fruitful to pursue this

matter further, for the following reasons. Firstly, the suppressive effects

of the tone were slight and so ary selective effect of mescaline on conflict

responding would have to be marked in order for a difference from the saline

control to become apparent. Secondly, since the excitatory phases of the

drug's action was in most cases rather short, there was an insufficient mmber

of 'conflict' and *non-conflict' samples within the excitatory phase in any one-

animal for valid comparisons to be made. Thirdly, the wide individual differ¬

ences in the time-response relations!dps between the four subjects, together

with the fact that the S^1 and 3^2 periods were randomised, resulted in different
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animals having different proportions of 3^-j and 3^2 periods occurring within

the excitatory phase of the drug's action.

(f) Qualitative observations; Observation of the trays under the hkinner boxes

at the end of the drug sessions showed that there was an unusual amount of hair

in the troys, suggesting that excessive grooming am. scratching had taken place

during the experimental session. The amount of hair found seemed to correlate,

to seme extent, with the duration of the inhibitory phase of the drug's action,

all animals showed some signs of increased grooming behaviour when returned to

their cages after the experiment, but none reacted adversely to being handled

and all subjects ate their meat and drank their water during the free-access

period (after the experiment) as usual.

The fall-off of response rate was somewhat unfortunate in the present

experiment, as a stable baseline during an experimental session is highly

desirable in psychopharmacology. Nevertheless, the use of an Fli baseline,

for all its shortcomings, has not prevented several interesting points from

emerging. The stability of this fall-off in the baseline from day to day has

enabled a reasonably reliable comparison of performance under saline and mes¬

caline conditions to be made.

The finding that there is an increase in responding in 3^ periods

under mescaline would suggest that mescaline disrupts stimulus control to a

considerable degree at 25 mg/kg and less so at 12.5 mg/kg. However, the fact

that 50,J of the responses emitted by under the effects of 25 mg/kg occurred

in 3 should not be taken to indicate a complete breakdown of discriioination.

The presence of large 'Quantities of hair in the tray after the experiment sug¬

gests that the animal was engaged in vigorous scratching and grooming throughout
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the experimental session, ani it therefore seems likely that the mere 20 res¬

ponses emitted during the total experimental session were due to 'accidental'

depressions of the lever. On the whole, failure of discrimination was only

partial, the number of responses made in hA at the peak of impairment of dis¬

crimination being less than one fifth of the number of responses made in

adjacent periods in all cases. The fact thao discrimination of by

tiie rats under- saline conditions was almost perfect enabled these disruptions

of stimulus control by the drug to be detected easily.

an interesting factor that emerged was that the impairment of dis¬

crimination was apparently shorter than the phase of excitation of responding

in id1*. This would suggest that the increase in responding in 3^ was a mani¬

festation of a general behavioural excitation which was also responsible for

the accelerated responding in S1*.
The failure of the present experiment to evaluate the effects of mesca¬

line upon 'conflict' points to a basic inadequacy of the experimental design.

oince the excitatory effect was relatively short, five minute periods for 3^-j,
D A

3 j, and S were too long to sample behaviour adequately under this schedule.
This suggests that considerably Sorter 311 periods should be used, far example

40 seconds\ on the other hand, because of the duration of the experiment, periods

shorter than five minutes would not have been possible because of the ' straining'

effect of FR schedules.

Since the present results do not indicate that there was any selective

effect on behaviour under the weak 'conflict' contingency used in this experi¬

ment, it seems justifiable to consider FR10 and concFR5FR5 tone as equivalent.

Consequently, the following comments will refer to both as being equal.

It seems, in general, that 25 mg/kg mescaline produces an initial

period of inhibitian of approach resjjanding on FR schedules, followed by a
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period, of increased, responding. 12.5 cig/kg typically produces only an excita¬

tory effect whose onset follows drug administration by approximately five

minutes. ouch findings are remarkably in accord with those reported in the

conditioned avoidance response experiment (see pp.115~11§),since the present

findings suggest that nearly identical effects occur in free-operant appetitive

behaviour.

Unfortunately, since it was impossible to observe the rats during the

experimental session, tills experiment offers no conclusive evidence as to whether

the inhibitory phase is due to central or peripheral effects. It seems unlikely

that the inhibition of responding can be accounted for only in terms of general

motor debility, since it has been shown previously (see ppd62,l66) that 25 lag/kg

does not produce ataxia.

There was no apparent evidence of tolerance persisting from one drug

trial to the second. However, the individual differences between the animals

conposing such a small experimental group prevented any meaningful statistical

evaluation of the cross-over procedure being made. These individual differences

are interesting: the animal that showed the highest baseline response rate (02)
was also the most responsive to mescaline. The two animals with intermediate

baseline rates (o^ and IbgJ showed intermediate response to the drug, and o-j

with the lpwest response rate was the least responsive. This does suggest a

possible interaction between response rate and responsiveness to the effects

of mescaline- further studies may help to elucidate this problem. Knowledge

of the effects of mescaline upon different schedules of reinforcement (ranging

from the simple to the couplex) is certainly urgently needed in ary case.

The main conclusions that can be drawn from this experiment are:



266

(a) Using a Mult (cone FR5FR5 tone)FR10£XT schedule, mescaline produced partial

impairment of discrimination of at 25 mg/kg i.p. a less pronounced effect

was observed with 12.5 mfe/kg. ihis impairment of discrimination is possibly

due to the motor effects of the drug rather than to interference with sensory

function, a conclusion borne out by other experiments (see pp./•

(b) Mescaline tended to produce a 'biphasic' effect on responding in the appeti¬

tive components at 25 mg/kg, shown by the inhibition followed by the excitation

of responding. At 12.5 mg/kg, the inhibitory phase was less marked or completely

absent.
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xv. amhiki and gkni^l discussion.

Since the original objective of this thesis was to try to discover the

active part of the mescaline molecule by comparing its effects on behaviour with

those of some of its analogues, the effects of several drugs on the conditioned

avoidance response and on activity and exploration were studied. The mesca¬

line results, however, were at such variance with one another both within and

between the two experiments that it was felt that little further information

would be gained about mescaline itself by continuing to study its analogues.

Hence attention was focussed on mescaline alone in the remaining experiments in

an effort to discover whether or not the drug had a behavioural profile that was

in any way common to all experiments, and if so, to determine viiat the compon¬

ents of this profile were. If such a profile existed, then and only then

would a study of the analogues be worthwhile; if such a profile did not exist,

studies should be continued until some common behavioural components could be

extracted.

Maxwell (1968) comments that:

"Ultimately the purpose of animal experimentation with psychotropic

drugs is to lay a rational foundation for the development and use

of drugs in the treatment of mental illness. at the present time,

however, experimental work can be rcu^ily divided into two broad

types:

t,i) the detailed study of drugs known to have useful effects in

mental disorders in an attempt to understand their mechanism of

action; and

(ii) the development of simple laboratory methods to detect new

substances with a possibly useful psychotropic effect and to screen

new compounds with these methods.
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In addition to these the study of drugs in animals can also con¬

tribute to a fundamental understanding of behaviour".

It is not clear whether Maxwell's division is one of biochemical studies

versus behavioural studies, or whether he is talking about behavioural studies

alone. If the latter is the case, then, in the author's opinion, his division

is not only "rough", but unconsidered. It is surely necessary to make detailed

studies of known psychotropic drugs first in order that simple laboratory methods

of detection can be developed. It is this point of view which lies behind the

experiments reported in this thesis. Attempts have been made to determine same

of the fundamental effects of mescaline on behaviour, and thus to assess the

value of certain experimental designs and types of apparatus. btudies of anal¬

ogues should follow when these fundamental effects have been determined.

The results of the main experiments on mescaline, DMPE, DMM and LSD-25

are summarised as follows:

1.1 Mescaline 25 mg/kg.

(a) C.-n.B. and Conflict: Biphasic effect (inhibition of avoidance response

followed by excitation) varying with age and strain.

(b) activity and Exploratory Behaviour (Open Field); Initial marked acti¬

vity, gradually decreasing.

(c) ataxia Test and ability to grip: No signs of ataxia, except 3tep length

is possibly shorter. ability to grip (tilt plane test) slightly imp¬

aired, but particularly so 40 minutes after the injection.

(d) Perception of depth (Visual Cliff and Hole Test): Descent times sig¬

nificantly longer although animals remained active. "aversion" to

descent marked.
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1.2 Mescaline 12.5 mg/kg.

(a) C.a.H. and Conflict: Biphasic effect considerably reduced; emphasis

on excitation.

(b) Activity and Exploratory Behaviour: Slight initial depression of acti¬

vity, disappearing rapidly.

(c) Ataxia Test and ability to grip: No signs of impairment in either case.

(d) Perception of depth (Visual Cliff and Hole Test); Descent times affect¬

ed, but not to such an extent as at 25 mg/kg.

2.1 DMPE 50 mg/kg.

(a) C.xi.lt. and Conflict: Inhibition of response only, for approximately two

hours.

(b) activity and Exploratory Behaviour: Slightly depressed for first 40

minutes.

2.2 DiaPE 25 rag/kg.

(a) C.a.R. and Conflict: Less response inhibition them at previous dose

level.

(b) Activity and Exploratory Behaviour: Not affected.

5.1 DML1 50 mg/kg.

(a) C.a.H. and Conflict: Excitation of response only; for approximately

two hours.

(b) activity and Exploratory Behaviour: Some increase during first 40

minutes.

5.2 DMM 25 mg/kg-

(a) C.x».K. and Conflict: Less excitation of response than previously.

(b) activity and Exploratory Behaviour: Not affected.
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4.1 LBD-25.

(a) C.a.jtt. and Conflict: Response not markedly affected at 500, 100 or

25 g/kg.

(b) Activity and Bxploratozy Behaviour: Blight increase followed rapidly

by decrease at 100 g/kg.

It is dear from these results that the experimental situations are

important. A given drug at a particular dose levd may inhibit or potentiate

a response depending on the experimental parameters. The difference between

the results obtained with mescaline (25 mg/kg) in the shuttle box and in the

open field is a good example. It is becoming more and more accepted that it

is not wise to extrapolate from one set of experimental results to another. A

typical instance is that cp.oted by Szara (1567) at a symposium on schizophrenia:

"n/e have seen a ... biphasic response in mice in the activity cage

test using N,N-dimethyl and N,N-diethyl tryptamines. «ve found

first a decrease in the ... activity of the animals and later an

increase when compared to a control test. If we gave the same

drugs to rats in another- test, the Bidman type conditioned avoid¬

ance test, the animals respond not biphasioally but one-phasically,

with a temporary deterioration of the avoidance response. It is

interesting that in different situations you can get different res¬

ponses" .

It is a pity that Bzara weakens his point somewhat by comparing two

different species. however, as onythies caaraented in reply, it is possible to

give mescaline to the same person three different times under three different

situations and obtain entirely different effects. Similarly, in animals, Cook

and tVeidley (1957), using a pole-jump escape technique, failed to block the CAR
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in rats with mescaline at a dose level of 100 mg/kg., vhereas Ghorover (1960)

blocked it successfully, using a shuttle box, at 25 mg/kg. Bridger (1969),

after coopering conflicting results obtained with mescaline at the same dose

level by different experimenters, says:

"Thus, it seems likely that the finding of either excitatory or

inhibitory effects of mescaline is not dependent on a secondary

drug effect but rather on the experimental conditions".

Miller (1956) has made the important point that in order to avoid mis¬

leading generalisations, one must use a number of techniques that are as diverse

as possible. In a syposium on animal behaviour and drug action (Steinberg

1964), it emerged that several people held a similar view, and Kussell conmented

on the fragmentary nature of so mary tests, the implication being that too many

experimenters used only one test and were not clear as to their objective when

they did use it. (at the same symposium it also became dear during a dis¬

cussion that strain differences do seem to be important when a test is being

repeated; this is particularly relevant to the G*R experiment reported here).

The underlying objective of this report was to investigate the effects

of mescaline on different, specified aspects of behaviour and consequently sev¬

eral screening tests were used. It was the author' s view that the more funded-

mental they were, the better. Certainly, the differences in the results ob¬

tained underline the need to excamine any given drug in a wide variety of situa¬

tions before claiming that it has a particular mode of action.

overall interpretation of the results must, as will be appreciated,

be tentative. One could ask: do ary of these tests indicate that a rat hallu¬

cinates? ouch a question, however, immediately leads one into an interminable

fog of definition and speculation; we know only that mescaline is an hallucinogen
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(in the wa.y in which it is normally defined) because of its reported effect on

man. He-phrasing the question, therefore, we may asks do any of these tests

indicate that the drug is psychotropic? Such rephrasing is little better than

the original question. any questions that are asked must be more precise.

For example, on the basis of the CM and open field results, does the marked

difference in experimental parameters and hence, apparently, in the results,

apply to the known hallucinogens only? The results obtained with mescaline and

LSD-25 indicate that the difference is really no greater between these two drugs

than between DUPb and DilM. HL1 four drugs act differently in the two situa¬

tions, D1SM, for example, having a greater excitatory effect than mescaline in

the shuttle box but less so in the open field; yet the number of inter-trial

crosses shown by DMM in the shuttle box was significantly less than that of either

mescaline or DMPL, the latter being a substance vhich is normally regarded as

having a depressive effect on behaviour. Kety's (1964) point is surely apposite

here:

",<e cannot expect drugs to introduce arything new into the mind or

into behavior, but merely to accentuate or to suppress functions

in behavior which are already present".

The question, of course, is how does this happen? However, one of the

important points to emerge from this work is that three closely related compounds,

mescaline, DMPL and Dill, affect behaviour in very different ways in two experi¬

mental situations; these differences are dependent on the situation concerned and

on their molecular structure.

It is with mescaline that the thesis became chiefly concerned, far

reasons given earlier in thi3 chapter, the new objective being to see whether

there is ary connecting link between the various experiments. It seems clear,
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fran the results of the tilt-plane test, part of the ataxia test and from obser¬

vation of increased grooming, that peripheral effects are present. Home-cage

observations suggest that the autonomic system is also involved. The blocking

of the CaR implicates the central nervous system. Therefore, one may conclude

that mescaline has a widespread effect; whether or not these effects are greater

in certain sites of the C.H.5. cannot be determined by behavioural tests except

by deduction, which should only remain at the hypothetical level.

Since mescaline is an hallucinogen, it is those tests which apparently

involve the central nervous system that are the most interesting. Bridger (1969)

is of tiie opinion that lack of stress is responsible for the inhibitory phase

shown by mescaline in the ChR situation and that when stress is present or inc¬

reased, then excitation occurs. This interpretation does not account for the

different results obtained using the shuttle box and the open field - unless tlie

open field is thought to be considerably more stressful than the receiving of

electric shock. This could, presumably, be possible: naive rats in an open

field are in an unknown strange environment, whereas highly-trained rats in a

shuttle box are in a familiar situation. This interpretation would then fit in

with Bridger's statement that "if stress is not an important canponent of the

er^eriment, the main effect of the hallucinogenic drug is inhibition". It

would also account for "the secondary excitatory phase found with mescaline in

the CsR situation due to an increased mraber of shocks in the form#phase, and

hence an increase in stress. It world account, too, for the finding that

animals which have received several doses of mescaline over a period of time show

less excitation than those which have received one; on the other hand, it does

not account for the equal loss of inhibition shown by the first group, which

should theoretically be greater - unless, of course, tolerance to mescaline
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persists for a matter of several weeks, which is possible. Nevertheless, I

am still rather doubtful that the open field may be more stressful than the

shuttle box, particularly since Chorover (1%0) bbserved a trend towards greater

activity in the Thompson maze among those animals which had received mescaline

and which had previously been in a shuttle box. These rats apparently were

placed in the Thompson maze several times, so his results do not agree with

Bridger's interpretation. (I an also at a loss to see how Bridger obtained
Ioss of mvsdo. \~ona.

consistent excitation at a dose level of 50 mg/kg when ataagia is normally marked).

Bridger's argument is based on the effect of stress alone, and he

implies that there is no such thing as a possible secondary metabolite of mesca¬

line. This stress factor does not account fully for the depth perception res¬

ults, during which it was found that the animals, in both tests, became fearful

during the drug session and more so during the post-drug saline. There are two

possible explanations for this: the first, that a secondary metabolite remains

in the body for 36 to 48 hours and affects behaviour more strongly than mescaline

itself, while the second is that the rat learns rapidly while under the effect of

the drug.

The metabolite theory seems somewhat doubtful, since the effects of

this hypothetical substance were not seen to such a degree in either the CaE or

in the conflict experiments during the post-drug saline control. That the post-

drug saline results were affected during the Gali experiment is dear, but in no

way were these effects as great as those of the drug itself. lift)y, then, should

there be a reversal of the situation during the depth perception experiments?

Kerrnstein (1962) has demonstrated that a rat conditioned in an operant

situation will respond after only one dose of hyoscine to subsequent saline

injections as if they were hyoscine. Joes an analogous situation occur with
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mescaline? Chorover (1960) comments on the fact that learning was quicker

under the effects of the drug and fiaafat (1968) has shown that, under certain

conditions, a rat will learn a maze more quickly after it has received mescaline,

namely if it is given the injection (25 mg/kg) 55 minutes before the training

trials start. The autnor's contention is that a rat in, for example, visual

cliff conditions, learns to fear and hence the extraordinary increase in plat¬

form responses accompanied by agitated behaviour. The drug may induce some

form of perceptual distortion (for example, apparent movement of the solid side?)

which, coupled with peripheral sensitivity, causes the animal to fear leaving

the bridge. This fear is learnt very quickly; thus, during the post-drug

saline, the peripheral sensitivity is reduced but the fear of the experimental

situation as a whole remains. The same argument would apply to the hole test

and to the Gatt situation, thus accounting for the difference between the pre-

and post-drug saline results.

There is one interesting comparison between the CaR experiment and the

depth perception experiment, however. The conditioned stimulus in the shuttle

box is auditory, whereas the primary stimulus with the visual cliff is obviously

visual. It is known that mescaline tends to affect the visual modality in man

more than the auditory. It could perhaps be the case that the same occurs with

the rat (despite the fact that the visual sense is not the dominant one in

rodents) and hence the effect of the drug is more marked when visual cues are

used as opposed to auditory.

Two possibilities, therefore, seem to contribute towards the variety of

results obtained during the work for this thesis. The first is that a metar-

bolite of mescaline is responsible, or conceivably that some biochemical system

has been temporarily disrupted. The second is that the animal undergoes a form
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of intensive learning while under the effects of the drug. It is this second

hypothesis that seems the more plausible, but clearly much metre research must be

done in this area before it can be called tenable.

One minor point came to light a short time ago (Griffiths and Beach 1970)

which possibly should be taken into account. It was found that a high percentage

of rats sold for laboratory research work suffered frcm kidney lesions. These

lesions are very small, affecting approximately 8 nodules at first, but as the

animal grows older so degeneration proceeds. It is doubtful whether these

lesions affect the animal in any way, but if an old animal is used it is conceiv¬

able that the lesion may have reached pathological proportions. In this case,

excretion may possibly be affected, and autopsies on elderly animals, some of

which have received mescaline, should be performed. This is a physiological

problem, but one that could perhaps be relevant when one is concerned with the

possible retention of a drug or its metabolites.

To summarise, therefore, it is clear that the parameters of a particular

experiment are important. It is also clear that some parameters are more import¬

ant than others, for example the similarity of results of the CaR and Conflict

experiments by comparison with the results of the visual cliff and the hole test.

Such parameters must be clearly defined, and may assist in determining those

parts of the total stimulus complex that are affected by a drug. By how much

must ary experimental situation be altered before a different drug profile is

obtained? It is obvious that any such alteration nust be very carefully assessed

and controlled if quantifiable and meaningful data are to be obtained.

as regards the action of mescaline itself, the behavioural tests

emplcyed give little or no evidence of a secondary metabolite of mescaline being

present. It may be that the experiments are too gross to detect the presence of
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this substance, or that it may not exist. Neither do the results appear to

substantiate the claim by Bridger (1969) that stress is the all-important factor

y.here hallucinogenic drugs are concerned, although this of course does not mean

that stress does not play a part in the total pattern of behaviour; it may well

do. Finally, the possibility of rapid learning under the effects of mescaline

does appear tenable, although the extent to which this learning takes place

seems to depend on the test.

It is so clear that this thesis is a pilot study far further research

in the field of hallucinogenic drugs, and mescaline in particular, that little

more needs to be said. it is to be hoped that the work reported here at least

underlines some of the problems encountered in the field of behavioural pharma¬

cology, even though it may not have answered them.
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Psychopharmacologia 6, 163—172 (1964)

Dopartmcnt of Psychological Modicine, University of Edinburgh
The Effect of Mescaline

upon the Conditioned Avoidance Response in the Rat
By

J. 11. Smythies and E. A. Sykes
With 10 Figures in the Text
(Received November 25, 1903)

In the study of the mode of action of the psychotomimetic drugs, the
effect of these compounds on animal behaviour is one important source
of information. A suitable technique for use in Psychopharmacology has
been the conditioned avoidance response (CAR). However, reports in
the literature on the effect of mescaline on this response have been con¬

flicting: Cooic and Weidley (1957) using a pole-jump escape technique
and oral doses of mescaline of up to 100 mg/kg, failed to block the CAR
in rats. The oral route, however, is not a very reliable mode of admini¬
stration, and it is difficult to assess the amount of active mescaline
eventually reaching the C.N.S. Courvoisier and Julou (195G), on the
other hand, found that the CAR and often the unconditioned response
(UR) were abolished by mescaline; unfortunately they do not mention
any details of the dose or of their experimental design.

Chorover (1960), using a shuttle box with sound as the conditioned
stimulus and shock as the unconditioned stimulus, showed that, with
intraperitoneal injections of 25 mg/kg of mescaline sulphate, there was
immediate extinction of the CAR, and that the response was disrupted
for eleven days afterwards. This only occurred, however, if the animal
was tested immediately after the injection; if an interval of a day was
left between the injection and the testing no effect was observed. Loco¬
motor activity, as tested in the open field, did not appear to be affected
under either condition. Chorover also noted that animals given a dose of
50 mg/kg, and paced in an activity wheel, became markedly paralysed and
ataxic. Since Sciiopp et al. (1961) have shown that mescaline has a direct
curare-like effect upon muscle, it would appear that the i.p. dose should
not be greater than 25 mg/kg in any experiment. At this dose level, we
did not observe ataxia in any of the annuals used in the following study.

There do not appear to be any reports in the literature on the effect
of dl-trimethoxyphenylalanine (the amino-acid derivative of mescaline)
on any biological system. In the present study an attempt has been
made to clarify the effects of mescaline on the CAR, and behavioural
tests have been conducted on dl-trimethoxyphenylalanine.
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Method

Subjects
Seventeen male hooded rats, supplied by the National Institute for

Medical Research, London, were used in this study. The animals were

approximately thirty weeks old at the beginning of the experiment and
were allowed food and water ad libitum.

Apparatus
A modified Levine Shuttle box was used. Two chambers measuring

25.5 cms by 23.0 cms deep were separated from one another by a metal
sheet with a doorway (11.5 cms by 10.0 cms) in the centre. The floor
of each chamber consisted of a grid made of 0.75 cms diam. chromium
plated brass rods placed 1.8 cms apart. Each grid was hinged at the
central end, and at the further end, was suspended on springs over a
scries of microswitches. Any weight of over 100 grams placed anywhere
on the grid caused these microswitches to be closed. Thus, an animal
crossing from compartment A to compartment B caused the micro-
switches in compartment B to close, thereby terminating either the
conditioned or the unconditioned stimulus. The walls of the chambers
were made of zinc sheet and the lids were clear perspex. A buzzer and
a houselight were situated midway between the two compartments. All
the metal was a uniform grey and was buffed to prevent reflection.

The time intervals, the duration of the sound and shock, and the trials
were controlled automatically, by means of a control unit placed in an
adjacent room.

Procedure

The preliminary training period for each rat varied in the number of
days required for any given animal to reach the criterion of 80% correct.
Normally ten days was adequate, and most animals easily attained this
criterion. On the first day, the rat was allowed ten minutes in the box
for exploration and acclimatisation to the new environment. This was
followed by a two-hour training period. In this conditioned avoidance
schedule the buzzer (conditioned stimulus or CS) sounded for five
seconds; if the animal did not cross from one compartment to the other
within that time an electric shock of 1.0 ma. (unconditioned stimulus or

US) was received at the end of the five seconds. Both the US and the
CS could only be terminated by the animal crossing.

Each two-liour period consisted of seven runs of twenty trials each.
The trials, randomly spaced, occupied eight minutes and were followed
by a five minute time-out. The houselight was switched on at the be¬
ginning of the two hours and remained on until the end of the experiment.
The results were recorded in terms of the number of shocks received, the
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number of crosses made and the reaction time i.e. the time that elapsed
from the beginning of the CS to its termination by the animal. Besides
the numerical record of the crosses and shocks, a kymograph enabled the
reaction times to be measured from a graphic record.

When the animals had achieved a stable number of correct responses,
a saline control injection was given intraperitoneally during the interval
between the second and third runs. This appeared to be the optimum
period for administration, taking into consideration the period of time
that must elapse before each experimental session to allow the animal to
become re-orientated to the shuttlcbox procedure; otherwise the initial
readjustment period, with its increased number of shocks, may obscure
the effects of the drug under investigation.

In the first series, nine animals were given 25 mg/kg of mescaline
hydrochloride intraperitoneally on the following day, with a second
saline control on the fourth day. Two weeks later the series was repeated.
In the second series 25 mg/kg and 12.5 mg/kg mescaline hydrochloride
were administered to eight animals in a latin square design at two
weeks' interval.

Preliminary tests were performed, using two animals, on the mescaline
analogue, DL-trimethoxyphenylalanine. A fortnight after the mescaline
series, 25 mg/kg was administered, followed at weekly intervals by doses
of 50 and 100 mg/kg.

The results for each run of 20 trials were expressed in M-S scores, i.e.
the mean mescaline score minus the mean saline score for all animals.
The statistical significance of the results was tested by Wilcoxon's non-
parametric ranking method for paired replicates and a 2 X 2 factorial
design in the analysis of variance.

Results

First Series 25 mg/kg Mescaline IICl.
It was apparent from the results that 25 mg/kg mescaline had a

biphasic effect upon CAR behaviour. Qualitatively, an animal appeared
to become confused at first; the CS was heard and the animal responded
by movement of the head towards the source of sound and an increased
rate of breathing. The CAR, however, appeared to be blocked, and the
animal remained stationary until shock was administered; there was a
notable lack of activity between trials. The US caused the animal to
squeak and dash violently arond the test compartment, banging its head
against the walls, apparently in an effort to find the doorway; under non-
drug conditions, on the other hand, the animal leapt straight through
into the other compartment. During the period of increased excitability,
the confusion described above apparently disappeared, to be replaced by
alertness; the animal reacted very shortly after the onset of the US,

12*
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Fig. 1. Graphs showing the effect of 25 mg/kg mescaline intra-
pcritoncally upon the reaction times and number of shocks for
nine rats in the first series, expressed in mescalinc-saline (M-S)
score. Ordinate (left): number of shocks. Ordinate (right):
reaction time in mms (recording speed = 25 mms per min).
Abscissa (bottom): time in runs of 20 trials. Lino through 0:
mean saline score. • • Shocks, • • RT, * * * p<0.001,

* * p<0.01, * p<0.05

Shock Trio/

I

Solinel Saline 11
Mescaline HCl

crossing into the other
compartment at once.
Exploratory activity be¬
tween trials increased, to¬
gether with the amount
of grooming that took
place. This excitability
usually lasted until the
end of the session; since
no session was continued
for more than two hours,
it is not known how long
this second phase per¬
sisted. Behaviour was,

however, normal during
the second saline control.

Quantitatively, it
was apparent that this
dose of mescaline had
the effect of increasing
the reaction time and
the number of shocks

received; this effect last¬
ed for approximately
forty minutes, and was
succeeded by a period of
decreased reaction time,
which lasted until the
end of the experimental
session (see Eigs. 1 and
2). This decrease in reac¬
tion time is not reflected
in a similar decrease in
the number of shocks,
since, as so few shocks

Fig. 2. A sample record showing
the effect of 25 mg/kg mescaline
upon one animal's response.
Saline I: saline control on Day 1.
Mescaline IIC1: mescaline hydro¬
chloride (25 mg/kg intrapcritone-
ally) on Day 2. Saline II: saline
control on Day 4. Inj.: time of
injection. Shock: number of
shocks. Trial: period of time

during which buzzer sounded
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rig. 3 Fig. 4

Blocks of 20 friots per session

10 -

^ 30 -

20-

¥ 5 6 7
B/ocks of20 trialsper session

Fig. 5 Fig. 0

Fig. 3. Graphs showing individual differences, expressed in M-3 scores, in the number of shocks
received by three animals at a dose of 25 mg/kg mescaline intrapcritoncally. Ordinate: number
of shocks. Abscissa (bottom): time in runs of 20 trials. Line through 0: mean saline scores. Rat:

• • 10 LS, x X 15 LS, O O 22

Fig. 4. Graphs showing individual differences, expressed in M-3 scores, in the reaction times of
three animals at a dose of 25 mg/kg mescaline intraperitoneal^. Ordinate: reaction time in mms
(recording speed = 25 nuns per min). Abscissa (bottom): time in runs of 20 trials. Line through 0:

mean saline scores. Explanation see Fig. 3

Fig. 5. Comparison between the first injection of mescaline and the second, for animals in Scries I
(X = 9) expressed in M-3 scores; interval between injections (25 mg/kg i.p.) = two weeks. Ordinate
(left): Number of shocks. Ordinate (right): reaction time in mms (recording speed = 25 mms per min)
Abscissa (bottom): time in runs of 20 trials. Line through 0: mean saline scores, x—— x Ml

Shocks, O O M 2 Shocks, x x M 1 RT, O O M 2 RT
Fig. 6. Class I animals. Total number of shocks received during an CAR experiment under two
different doses of mescaline (— 25 mg/kg, 12,5 mg/kg, N = 4), expressed in M-3 scores. Ordinate:
number of shocks. Abscissa: time in runs of 20 trials, p for difference between 2 curves: 1st 3 runs:

<0.01, last 3 runs: <0.01



168

were being received under saline conditions, it was impossible for
the number to drop any further. However, there were marked
individual differences between the animals, as shown in Figs. 3 and 4;
the number of shocks received and the amount of increase in reaction
time varied considerably. Nevertheless, all animals exhibited some

reaction to the drug; this reaction was
normally biphasic, but could be
predominantly an increase or a de¬
crease in reaction time. Of the nine
rats used here, two showed mainly an
increase, two a decrease, and the
remainder were biphasic.

The results of the second mescaline

injection appeared to show that some
tolerance of the drug persisted for at
least two weeks. The rats received
fewer shocks during their second
mescaline run than during their first,
compared with their respective saline
controls (see Fig. 5) but this did not
reach statistical significance. The ex¬

perimental design precluded any learn¬
ing or series-effect being responsible
for this. The increase in reaction time
was also less on the second occasion,
but again not to a significant degree.
Two animals were tested eight weeks
later, by which time any observable
tolerance had disappeared.

Second Series 25 mg/kg and 12.5 mg/kg
mescaline HC1.

In the second part of this study eight more rats of the same stock and
approximately the same age were trained and tested under similar
conditions, but at two dose levels 25 mg/kg and 12.5 mg/kg. The results
of the 25 mg/kg dose were substantially the same as those observed
earlier, namely the biphasic effect and the wide individual variation.
At the lower dose level of 12.5 mg/kg, however, individual variations
were marked; in some animals the second phase was potentiated, that is,
there was no initial "confusion" phase and reaction times were de¬
creased throughout the experimental session. In others, both phases
were present. One animal appeared quite unaffected. It was apparent
that some animals were more sensitive to the drug than others, and so
they were divided into two groups on the basis of their performance
under the influence of the higher dose. Those animals most sensitive to

/ 2 3 V S S 7

Blocks of20 trialspersession
Fig. 7. Class I animals. Total reaction
time to the sound stimulus in a CAR

experiment under two different doses of
mescaline (explanation see Fig. G), ex¬

pressed in M-5 scores. Ordinate: reaction
time in mms (recording speed = 25 mms
per mill). Abscissa: time in runs of 20 trials,
p for difference between 2 curves: 1st

3 runs: <0.01, last 3 runs: <0.05
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"0 / <? J 1 5 6 7 0 / 2 3 1 S 6

Fig. 8 B/ocksof20 trialsper session Blocks of20 trials,per session Fig> 9
Fig. 8. Class II animals. Total number of shocks received during a_CAIt experiment under two
different doses of mescaline (explanation see Fig. C), expressed in M-8 scores. Ordinate: number
of shocks. Abscissa: time in runs of 20 trials, p for difference between 2 curves: 1st 3 runs:

<0.01, last runs: n.s. [Class I and II (shocks) Drug runs v. saline controls. 1st 3 runs: 25 mg/kg:
p<0.001 ( + ), 12.5 mg/kg: p<0.05( + ), last 3 runs: 25 mg/kg: p n.s. (—), 12.5 mg/kg:p n.s. (—)]
Fig. 0. Class 11 animals. Total reaction time to the sound stimulus in_ a CAR experiment under
two different doses of mescaline (explanation see Fig. 0), expressed in M-s scores. Ordinate: reaction
time in mms (recording speed = 25 mms/min). Abscissa: time in runs of 20 trials, p for difference
between 2 curves: 1st 3 runs: <0.01, last 3 runs: <0.05; [Class I and II (reaction time). Drug
runs v. saline controls. 1st 3 runs: 25 mg/kg: p<0.001( + ), 12.5 mg/kg: p n.s. ( + ); last 3 runs

25 mg/kg: p n.s. (—), 12.5mg/kg: p<0.05 (—)]
Shock Trio/

Shock Trio/

Tin75

IqJ.'

Shock Trio/

Shock Trio/

So/ine I ShmqlVcj Wmg'I'kg' So/ine II
Trimethoxy Phenyl Alanine

Fig. 10. A sample record showing the effect of Di-trimethoxyphenylalanine (50 and 100 mg/kg)
upon one animal's response (c.f. Fig. 2). Saline I: Saline Control on Day 1. Trimethoxyphenyl-
nlanine: 50 mg/kg on Day 2 and 100 mg/kg i.p. on Day 11. Saline II: Saline control on Day 12.
Inj.: time of injection. Shock: Number of shocks. Trial: Period of time during which buzzer sounded
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mescaline were classified as Class I animals (with an increase of more
than 35 shocks i.e. 99,86,55,51), and those less sensitive as Class II (with
an increase of less than 35 shocks, i.e. 22, 22, 17, 10). The difference
between the two groups in the total number of shocks and in the total
reaction time is apparent (Figs. 6—9).

Third series. With the phenylalanine compound, no behavioural
effects were observed in either animal at any of the three dose levels (see
Fig. 10). These animals had reacted well to mescaline.

Discussion

The results of this study indicate that mescaline has a biphasic effect
upon the behaviour of rats trained on a CAR schedule. Initially, the drug
at 25 mg/kg depresses the CAR to a sound stimulus, as measured by the
number of shocks received and by the reaction times; this is followed
by a period of excitation. The depression of the CAR in phase 1 does not
appear to be caused by locomotor failure. The animals injected with
25 mg/kg were able to move in a co-ordinated manner, and paralysis and
ataxia were only observed at 50 mg/kg. It would appear, therefore, that
the confusion is central in origin; the sound is registered, as evidenced
by the behavioural reaction described earlier, but the animal seems to be
unable to translate this recognition into the required pattern of activity.
It is therefore possible to say that the CAR is specifically depressed,
rather than that the animal is unable to respond.

The second phase has not been mentioned in previous reports on the
effect of mescaline on animal behaviour, and it is suggested that this is
due in part to the length of the experimental session used in this investiga¬
tion; most workers do not study the aninal's behaviour for longer than
half an hour after the injection, in which case, taking into account the
fact that the drug does not take effect for ten minutes, and that the
depressant phase lasts for a further forty minutes, the second excitatory
phase would be unobserved. It might be argued that the greater number
of shocks received during phase 1 is responsible for increasing the level
of agitation in the animal in phase 2, but this is not borne out by
comparison of the drug trials with the training trials. The earlier
training trials produced a large number of shocks but this did not in¬
crease the amount of observable activity or of exploratory behaviour.
It therefore seems likely that this activity increase is a secondary effect
of mescaline. At 12.5 mg/kg the first phase is present but attenuated in
Class I animals and practically absent in Class II animals. The second
phase is more prominent and comes on earlier, particularly in Class II
animals. Individual variation in reaction to this dose is again marked.
It is interesting that some tolerance of the drug should appear to last as
long as two weeks. It was found, from further testing, that this tolerance
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had completely disappeared after eight weeks, but the limits have not
yet been more closely defined. It is, however, apparent that it is
essential to define the tolerance limits of a drug under investigation, and
also to investigate the possible cross-tolerance of drug A with drug B;
otherwise, in this type of behavioural study, the results can be biased.

It is perhaps worth mentioning hero that the full activity of mescaline
is not necessarily demonstrated in this particular experimental situation
since it is known that stress can have a blocking effect on the action of
hallucinogens. We are therefore investigating the effects of mescaline
upon non-stress situations, such as social behaviour and certain types
of conditioned reinforcement.

The results of the preliminary tests of trimethoxyphenylalanine were
particularly interesting. By analogy with the relationship between
DOPA and dopamine, and between 5 IITP and 5 HT, this might be
expected to cross the blood-brain barrier more easily than mescaline,
and once in the brain, it might be decarboxylated to form mescaline.
It might therefore be expected to be more active than mescaline. How¬
ever, it was found that even in a dose of 100 mg/kg, it had no effect on
the CAR, a difference so large as not to depend for its significance on any
dose-response analysis. Therefore, either this compound does not cross
the blood-brain barrier, or it does not become decarboxylated.

The next stage is to determine the dose-response relationships of
mescaline, using other behavioural techniques besides the CAR.
Structure-activity relationships can then be investigated in more detail.

Summary
Seventeen male hooded rats were trained on a CAR schedule in a

shuttle box, using sound as the CS and shock as the US. After training,
nine animals were injected intraperitoneally with 25 mg/kg mescaline
hydrochloride, and eight animals with 25 mg/kg followed by 12.5 mg/kg.
The results were recorded in terms of the number of shocks received, the
number of crossings made and the reaction time from the onset of the
CS. The results showed that mescaline exerted a biphasic effect, initially
depressing the CAR, and then giving rise to a prolonged excitatory phase.
When the experimental series was repeated two weeks later, it seemed
that, although the behavioural pattern was basically the same some,
tolerance of the drug had persisted. Further tests showed that this
tolerance has disappeared eight weeks after the last injection. The smaller
dose depressed the CAR less, and in fact the CAR was not depressed in
less sensitive (Class II) animals, whereas the excitatory phase was
increased and significantly so in Class II animals.

Tests with trimethoxyphenylalanine indicated that this compound
did not appear to affect CAR behaviour, even in doses of 100 mg/kg.
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The effect of mescaline on the conditioned avoidance response has
been described in a previous communication (Smythies and Sykes 1964).
It was found that the response to the drug was characterised mainly by
its biphasic nature; thus, an inhibitory phase was followed after about
40 min by an excitatory phase. At low dose levels there was a tendency
for the inhibitory phase to be reduced in strength or to vanish altogether,
while the excitatory phase remained marked. There was also wide varia¬
tion in sensitivity to the drug between individuals. This work provides
a base-line for structure-activity relationship studies of the chemical
relatives of moscaline, so that it should be possible to detormine to what
extent alterations of the molecular structure of this compound affect the
biological activity.

Two compounds have been investigated in this current study, 3:4-
dimethoxyphenylethylamine and N:N dimethyl mescaline. Dimethoxy-
phenylethylamine is of particular interest at present, following several
recent reports (Friedhofe and van Winkle 1962; Takesada et al. 1963;
Sen and McGeer 1964; Ktjeiil et al. 1964; Bourdillon 1965; IIor-
witt 1965) that this substance is excreted as an abnormal metabolite
in the urine of some schizophrenic patients. There have been no previous
reports of its activity using a reliable behavioural test.

The second compound, N :N-dimethyl mescaline, was chosen so that
the effect of increasing the number of methyl groups could be observed.
It was thought that there might be a similarity in action between this
substance and the strongly hallucinogenic N-dimethyl derivatives of
tryptamine, for example, N:N-dimethyl tryptamine and psilocybin.
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Method

Subjects
Twelve experimental naive male hooded rats, supplied by the

National Institute of Medical Research, were used in this study. The
animals were approximately 22 weeks old at the beginning of the experi¬
ment, and were allowed food and water ad libitum.

Apparatus
A modified Levine Shuttle box was used; this has been described in

detail elsowhere (Smythies and Sykes 1964). An animal was able to
terminate either the conditioned stimulus (CS) or the unconditioned
stimulus (US) by crossing from one compartment to the other.

The inter-trial intervals and the duration of the sound and shock
were controlled automatically by a programming unit placed in an
adjacent room.

Procedure t

The procedure has been described fully in an earlier report (Smytiiies
and Sykes 1964) but will be summarised briefly here. The basic response
required of an animal in the test situation was a cross from one side of the
box to the other in response to a given stimulus. The conditioned stimulus
or CS (a buzzer) sounded for five seconds, at the end of which time the
unconditioned stimulus or US (electric shock of 1.0 m. a.) was presented
if the animal had failed to respond to the CS. Each experimental period
of two hours consisted of seven runs of 20 trials each, the runs being
separated by a time interval of 5 min. The results were measured as
follows: the number of shocks received (escape responses) and hence the
number of shocks avoided (avoidanceresponsos), the number of crossings
mado (an activity measure) and the reaction time, which is the interval
between the onset of the CS and its termination by the animal. After
training to a criterion of 80—85% avoidance, intraperitoneal injections
of either drug or saline were given after the first 40 trials, i. e. after the
first two runs of 20 trials each. The experiment then continued as before.

In the first series, climethoxyphonylethylamine was administered to
8 animals at three dose levels (25, 50 and lOOmg/kg). These doses were
given at fortnightly intervals in a Latin square design. The intervals were
introduced to allow any tolerance to disperse, since it has been shown
that with mescaline, an injection of the drug every two weeks does not
give rise to the development of tolerance.

In the second series, four animals received N:N-dimethyl mescaline.
Three dose levels of 25, 50, and lOOmg/kg wore used, and were given at
intervals of two weeks, again using a Latin square design. As before, the
results for each run of 20 trials are expressed in D-S scores, or the differ¬
ence between the drug score and the mean of the pre-drug and post-drug

Psychopharmacologla (Berl.), Bd. 8 22
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saline scores. The levels of drugs given were chosen following pilot studies
with varying doses.

Analysis of Results. Since the reaction times of an animal during a
saline run vary to some extent from day to day, and since there is also
variation between individuals, non-parametric statistics wore used.

Any difference between Si and S2 was also evaluated by Wilcoxon's
method for paired replicates for three different series of eight animals
(i. e. pre- and postmescaline, DMPE and DMM) selected at random from
the series. In no case did the test reveal any significant difference between
Sj and S2. In these cases the drug effect was significant when evaluated
against each saline individually as well as against the mean of the salines.
Reaction times were measured in tenths of a second by means of a print¬
out counter.

TheD—Sscoresfor each animal were obtained were obtained as follows:

If x = each individual drug reaction time
y = each individual pre-drug saline reaction time
z = each individual post-drug saline reaction time

Then

Therefore, each point on the graphs = —^——
where N — number of animals used in that experiment.
The significance of each graph was tested by means of Wilcoxon's

Non-Parametric Paired Replicates test.

Results

The effect of dimethoxyphenylethylamine on the CAR at 25, 50, and
lOOmg/kg is shown in Pigs. 1, 2, and 3. At each dose level there aro two
notable features:

(a) the CAR is depressed, or even totally inhibited, with little sign of
the later excitatory action of mescaline, and

(b) the degree of inhibition has in some animals a bimodal distribution.
This latter effect is not duo to compounding the results from two popula¬
tions ofrats,one of which reacts earlier than the other ;this"doublchump"
is present in the individual record from every rat in this series, but only
in a proportion in another population to be reported on in a subsequent
paper. The peaks of inhibition occur at approximately 25 and G5 min,
although there is some individual variation. Dimothoxyphenylothylamine
on this test was about one half as active as mescaline in inhibiting the
CAR, a result which supports the findings of Smythies and Levy (1960).

Behavioural observations showed that, under the influence of this
substance, the rat tended to crouch at the end of the box; there was little
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extra movement, but no signs of either paralysis or ataxia. Tho onset of
the CS produced an increase in the rate of breathing, but the CAR
was usually retarded or absent. The escape response to tho US was not
affected.

In the case of N:N dimethyl mescaline, Figs. 4, 5, and 6 show that
the effect it has on the CAR is quite different to that of both either mes¬
caline or dimethoxyphenylothylamine. There was marked excitation

Fig. 5. The effect of 50 mg/kg of N:N-dimcthyl mescaline upon the reaction time for 4 rats
expressed as (D—S) scores (p < 0.001)

Fig. 6. The effect of 100 mg/kg of N:N-dimethyl mescaline upon the reaction timo for 4 rats
expressed as (D—S) scores (p < 0.001)

(similar to that produced by amphetamine) and any inhibition of the
CAR was negligible, the chief feature being that the onset of the excita¬
tion was delayed as the dose increased. The activity level, as measured
by the number of inter-trial crosses, and the amount of exploratory
behaviour, as observed visually, rose sharply.

Discussion
The effect of dimethoxyphenylethylamino (or mescaline without the

5-methoxy group) is interesting. This effect is selective, since the CAR is
affected, while the UCR (or oscape response) is not.Tho two apparent peaks
of action, the first occurring at approximately 25 and the second at about
65 min, suggest that it is possible that the drug itself is directly responsible
for the first peak, whereas some metabolite is responsible for the second
peak. In view of the current interest in dimethoxyphonylethylamine in
many laboratories, its metabolism couldbedetermined,and its metabolites
could then be investigated for their behavioural effect to test this hypo¬
thesis.
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Although this apparent bimodal effect of diraethoxyphenylethylamine
is one that we have seen reported for no other drug, Smythies (1960),
working at the Worcester Foundation on the effect of plasma protein
fractions from schizophrenic patients on a mouse behaviour test, noted
a very similar effect, as shown in Fig. 7. The test was a modification
for mice of the Winter and Flataker test, and a similar bimodal curve
is noticeable. The difference in time course may be accounted for by the
different metabolic rates of rats and mice.
These rosults suggest that the active frac¬
tion in toxic schizophrenic serum, shown
by the Worcester group to be a small mole-
culo, may possibly be dimethoxyphenyl-
othylaminc tied loosely to globulin. At any
rate, this working hypothesis suggests
experiments to confirm or refute it.

N: N dimethyl mescaline was investig¬
ated to explore the idea that increasing
mothylation accentuates behaviour-dis¬
rupting potency, particulary in view of the
strongly hallucinogenic effects of N: N di¬
methyl derivatives of tryptamine and 4-

■t f i i i , • mi cc a. c auiufcuiJinumu wnus« piuaiiiu >v«*a uiuauand 5-hydroxytryptamine. The effect of toxic to rats (Bebgex et ai. i960) using
this compound was not a merely quantita- ,h° winter and flataker test. • ran-

.... i dom selection of schizophrenic plasmas
tivo increase in lnescaline-iike activity, but
rather a qualitatively different result, in that the excitatory effect was
augmented, whereas the inhibitory effect (on the CAR) did not appear.

In order to be able to give a wider interpretation to these results, it is
necessary to determine (a) whether all hallucinogens induce a biphasic
reaction under these experimental conditions, and (b) whether drugs
that do not — for example the two analogues reported on here — are
hallucinogenic in humans. One would predict that N: N dimethyl mes¬
caline would have a weak amphetamine-like effect, and that dimethoxy¬
phenylethylamine is not hallucinogenic.

Summary
Structure-activity relationship studies on two mescaline analogues

have been conducted, using rats trained on a CAR buzzer-shock schedule.
3:4-dimethoxjrphenylethylamine has been shown to depress the CAR
with an apparent bimodal distribution of peak activities, in contrast to
the biphasic inhibitory and excitatory effect of mescaline. The effect of
this dimethoxy compound is similar to that previously reported for a

Fig. 7. Mean change in climbing time
per set of 20 mice expressed as score
using plasma fractions from schizo¬
phrenic patients minus score using
plasma fraction from normal controls.
Ordinate: mean increase in climbing
time in seconds; Abscissa: time after
injection in minutes, x plasma from
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protein fraction from schizophrenic plasma; this is of particular intorest
as six groups have recently reported the isolation of this compound from
schizophrenic urine.

The effect of N:N-dimethylation of mescaline is to abolish its inhibi¬
tory action on the CAR and to augment its excitant action. The signifi¬
cance of those findings is discussed.
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In previous communications (Smytiiies and Sykes, 1964, 1965), the
effect of mescaline hydrochloride on the conditioned avoidance response
in the rat has been analysed, together with the comparative effect of some
of its structural analogues. Using a modified Levine Shuttle box with
sound as the conditioned stimulus and shock as the unconditioned stimu¬

lus, it was found that mescaline had a biphasic effect, larger doses causing
an initial increase in CAR inhibition followed by excitation; in the main,
smaller doses produce only excitation. Different animals showed widely
differing sensitivities to mescaline, and two groups of rats were delineated,
Class I and Class II. At a dose of 25 mg/kg mescaline i.p., Class I showed
an overall inhibitory effect and Class II showed an overall excitatory
effect. However, at a dose of 12.5 mg/kg, Class I rats behave like Class II
rats at 25 mg/kg and Class II rats show little reaction. This suggests that
the difference is purely quantitative and merely expresses a difference in
sensitivity among the animals.

The effect of two analogues of mescaline, 3.4-dimethoxyphenylethyI-
amine and N:N-dimethyl mescaline, were also studied using the con¬
ditioned avoidance reaction (Smythies and Sykes, 1965). The former had
predominantly an inhibitory effect (manifested as a typical "double-
hump" curve), and the latter an excitatory effect at the doses used
(25—100 mg/kg i.p.).

It was decided to carry out cross-tolerance studies on these drugs in
the hope that any interaction between them would provide further infor¬
mation on the precise mode of action of each drug.

Method

Subjects. 32 experimentally naive male hooded rats, supplied by the
National Institute of Medical Research and by Animal Suppliers, London,
were used in this study. The animals were approximately 16—20 weeks
old at the beginning of the experiment, and were allowed food and water
ad libitum. For each cross-tolerance experiment, naive rats were used.

Apparatus. A modified Levine Shuttle box was used, which has been
described in detail in an earlier paper (Smythies and Sykes, 1964). An
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animal was able to terminate the conditioned stimulus (CS) or the uncon¬
ditioned stimulus (UCS) by crossing from one compartment to the other.

The inter-trial intervals and the duration of the CS and UCS were con¬

trolled automatically by a programming unit placed in an adjacent room.
Procedure. In the investigation, the same technique was used as in the

earlier studies (Smythies and Sykes, 19G4). The basic response required
of an animal in the test situation was a cross from one side of the box to

the other in response to a given stimulus. The conditioned stimulus (a
buzzer) sounded for 5 sec, at the end of which time the unconditioned
stimulus (electric shock of 1.0 m.a.) was presented if the animal had
failed to respond to the CS. Each experimental period of 2 hrs consisted of
seven runs of 20 trials each, the runs being separated by a time interval of
5 min. The results were measured as follows: the number of shocks
received (escape responses) and hence the number of shocks avoided
(avoidance responses), the number of crosses made (an activity measure)
and the reaction time, which is the interval between the onset of the CS
and its termination by the animal measured in tenths of a second on a

print-out counter. After training to a criterion of 80—85°/0 avoidance,
intraperitoneal injections of either drug or saline were given after 40 trials,
i.e. after the first two runs of 20 trials each. The experiment then con¬
tinued as before. The results of the first 40 trials were discarded, since
they were included originally to allow the animal to become acclimatised
to the experimental situation.

In the cross-tolerance studies, the following experimental design was
adopted:

Day 1: Drug A: first dose (preceded the day before and followed the
two successive days by saline controls).

Day 14: Pre-drug saline. Days 15—21 (inclusive): Drug B, one dose
daily. Day 22: Drug A: second dose. Days 23, 24: Post-drug salines. For
Drug A, the first and the second dose were identical; for Drug B, the
same dose was given each day.

This experimental design had the advantage of providing information
both on the development of tolerance to Drug B itself and on the develop¬
ment of cross-tolerance (if any) between Drugs A and B. Previous studies
have shown that little or no tolerance effect develops if doses of mescaline
are separated by 2 weeks. Hence, any tolerance exhibited during the
second administration of Drug A must be due to cross-tolerance to
Drug B.

The levels of drugs given were based on results from previous studies
(Smythies and Sykes, 1964, 1965). As before, the results for each run of
20 trials are expressed in D-S scores (derived as described in Smythies and
Sykes, 1965), i.e. the difference between the drug score and the mean of
the pre-drug and post-drug saline scores.
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Analysis of results. Non-parametric statistics were used owing to the
non-normal distribution of the results, due, in part, to individual variation
and to variation in any one animal's behaviour from day to day. Wil-
coxon's method for paired replicates was employed.

Results

1. Mescaline tolerance 25 my/kg
The developmental pattern of tolerance to mescaline itself was

examined first, the data being obtained from the cross-tolerance studies.
Figs. 3 and 6 show the mean reaction times in D-S scores, each block in

d-5 scores.

Fig. la and b. Cross-tolerancc between mescaline and DMPE. Abscissa: Blocks of runs of 20 trials each.
The interval between runs represents 13 min in each case (run 8 min, 5 inin time out). Ordinate: Mean
change in reaction time in seconds (D—8) each point represents 100 readings (20 trials x8 animals
per run) averaged, a 1st (day 15) and 7th (day 21) mescaline run compared; b Pre- and post-mesealinc
tolerance 3.4-dimethoxyphcnylethylaminc (DMPE) runs compared (i) pre-tolcrance at 50 mg/
kg DMPE; (ii) post-tolerance at 50mg/kgDMPE: (iii) ••• x ••• X ••• prc-tolerance at 25mg/kg
DMPE. p (runs 1—3) <0.02. p (runs 1—7) n.s. lor difference between (I) and (II). Class I rats, 0:

Class II rats, 2

the histogram representing the total change in reaction time for all 7 runs
for each day. Fig. 3 illustrates the rapid development of tolerance to the
inhibitory effect of mescaline, with the development of an accentuated
excitatory phase. In Fig. 1 a the time course of the mescaline effect on the
first day is compared with that on the final or seventh day. This degree
and type of change resembles, to some extent, that induced by halving
the dose of mescaline from 25—12.5 mg/kg with a fortnight's interval.

The mescaline effect in Fig. 6 is similar to that in Fig. 3, although the
initial inhibitory effect is less, and the subsequent excitatory score greater.
This difference between the mescaline effects in Figs. 3 and 6 may be
accounted for by the fact that the first population in Fig. 3 contained
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D-I SCORES.

Pig. 2 a and b. Cross-tolerance between DMPE and mescaline. Abscissa: Blocks of runs of 20 trials each.
The interval between runs represents 13 min in each case (run 8 min, 5 min time out). Ordinate: Mean
change in reaction time in seconds (D—8) each point represents 160 readings (20 trials x 8 animals per
run) averaged, a 1st (day 16) and 7th (day 21) mescaline run compared; b As 2a for mescaline.

(Class I rats, 6; Class II rats, 3)

d-5 scores.

19 20 21 22

Fig. 3a and b. Histograms to represent progress of tolerance and cross-tolerance for mescaline and
DMPE. Abscissa: Days of experiment. Ordinate: Total mean D-8 change in seconds for all 7 runs for
the day for each day of drug administration, a Solid bars in each case: Mescaline (M); b Hatched bars:

3,4-dimethoxyphenylethylamine (DMPE)

six Class I animals (most sensitive to mescaline) and two Class II (least
sensitive), while the population in Fig. 6 contained 4 of each class. Never¬
theless, Fig. 6 also demonstrated the lack of tolerance to the excitatory
phase, which shows a steady increase. Again, the effect of reducing the
original mescaline dose by half in a Class II population is simulated.
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Fig. 4. a Cross-tolerance between mescaline and N.N-dimethylmescalinc (DMM). Arrangements as for
Fig. 4. b p <0.02 for all 7 runs. Class I rats, 4: Class II rats, 4

D-S SCORES

Fig. 5 a and b. Cross-tolerance between DMM and mescaline. Arrangements as for Fig. 1. a p <0.01;
b p (runs 5—6) n.s. Class I rats, 3: Class II rats, 6

In order to investigate Classes I and II separately, the mescaline
scores from all animals composing the populations in Figs. 3 and 6 were

re-grouped; the Class I group (n = 10) were then compared with the
Class II group (n = 6). The results of this re-grouping are given in Fig. 7.
In Class I, there is a very rapid development of tolerance to the inhibitory
effect of mescaline, but a complete lack of tolerance development is
shown to the excitatory action of the drug in cither class; there is, if
anything, a slight increase in this excitatory effect on successive days.

2. Cross-tolerance between 3.4-dimethoxyphenylethylamine (DMPE)
(drug A; 50mgjkg) and mescaline (drugB; 25mg\lcg)

In the first cross-tolerance experiment, drug A was 3,4-dimethoxy-
phenylethylamine (DMPE) in doses of 50 mg/kg, and drug B was mesca-
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UATS

a b

Fig. 6a and b. Arrangements aB for Fig.3, for mescaline and N,N-dimethylmescaline (DMM)

DAYS
a b

Fig. 7 a and b. As for Fig. 3. a shows development of tolerance to mescaline in Class I rats (» ■=» 10)
and b in Class II rats (n — 6) to mescaline

CLASS Ji.
(n « tl

M

HO

-20

-30

-40

-SO
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BUNS

Fig.Sa—d. As Fig.l, comparing Class I and Class II reactions to mescaline (a) and the same rats
reaction to DMPE (b) and likewise for c and d for another population

Fig.Sa—d. As Fig.l, comparing Class I and Class II reactions to mescaline (a) and the same rats
reaction to DMM (b) and likewise for o and d for another population
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line at 26 mg/kg. The results are shown in Figs. 1 and 3a. It can be seen
that the pre-mescaline effect of DMPE shows an overall inhibitory effect
with a bimodal peak distribution. Following the administration of mesca¬
line for 7 days, the post-mescaline DMPE curve shows that a degree of
cross-tolerance exists between the two drugs (Fig. 3 a). When the first
three points of the pre-and post-mescaline DMPE curves were compared,
it was found that the first peak was reduced (p > 0.02), whereas the
second peak remained prominent (p.n.s.) (Fig.lb). For the sake of com¬
parison this figure also shows the effect of 25 mg/kg DMPE given to the
same population of rats at an earlier date; it is apparent that there is a
marked similarity between this curve and the post-mescaline DMPE
effect at 50 mg/kg.

3. Cross-tolerance between mescaline (drug A; 25 mgjkg)

The administration of the two drugs was reversed in the second cross-
tolerance experiment, although the same dose levels as before were used.
The results (see Figs. 2 and 3 b) show that the development of tolerance
to the initial inhibitory effect of DMPE is considerably slower than that
for mescaline. The significance of a second peak which appeared at days 17
and 18 requires further investigation, but it is possible that it is connected
with the bimodal distribution of the inhibitory effect of DMPE, which
has been reported elsewhere (Smythies and Sykes, 1965). However, only
two animals showed this bimodal effect (Fig.lb), which suggests that
individual differences between rats play a role here as elsewhere. Fig. 2 a
shows the time course of the development of tolerance to DMPE, from the
first DMPE day (day 14) to the 7th DMPE day (day 21); a small "excita¬
tory" phase has appeared, which may mean that DMPE has a slight exci¬
tatory potential if the dominant inhibitory effect is reduced by tolerance.
However, there is clearly marked cross-tolerance between DMPE and
mescaline.

4. Cross-tolerance between N.N-dimethylmescaline (DMM)

In this case, Drug A was N,N-dimethylmescaline (50 mg/kg) and
Drug B was mescaline (25 mg/kg). The results of this experiment are
shown in Figs. 4 and 6 a. The expected excitatory effect of DMM was
shown, and cross-tolerance was demonstrated between the two drugs.
Tolerance to the inhibitory effect of mescaline was again rapid (Fig. 6a),
and the excitatory effect of this drug was increased. However, despite this
lack of tolerance produced by mescaline to its own excitatory action, it is
interesting to note that it nevertheless induces cross-tolerance for the
excitatory effect of DMM.

and 3.4-dimethoxyphenylethylamine (drug B; 50 mgjkg)

(drug A; 50 mgjkg) and mescaline (drug B; 25mg\kg)
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5. Cross-tolerance between mescaline (drug A; 25 mg/kg)
and dimethylmescaline (drug B; 50 rug/kg)

The fourth experiment was a comparison between mescaline as DrugA
(25 mg/kg) and DMM as Drug B (50 mg/kg), the results of which are
shown in Figs. 5 and 6b. The response to repeated doses of DMM shows
that an increase in its excitatory effect on the second day is followed by
a steady decrease for the subsequent 5 days (Fig. 6b). Fig.5a compares
the time course for the first DMM day with the seventh, the decrease in
excitatory effect being highly significant (p > 0.01).

There is also cross-tolerance between DMM and mescaline (Fig.5b);
the inhibitory effect of mescaline is reduced, and the later excitatory
effect (which tends to be prominent at this stage) is almost abolished (of.
Fig, 6a). The differences in the pre- and post-DMM scores for runs 5 and 6
do not reach statistical significance, and there is an obvious difference 0
between the post-drug curves for mescaline after DMPE (Fig. 2 b) and
after DMM (Fig. 5b); statistical comparison in this instance would not be
particularly meaningful as two different populations of rats are involved.

These results suggest that mescaline does not induce tolerance for its
own excitatory effect (in the time course studied), whereas DMM clearly
does induce tolerance for its own excitatory effect; moreover, this latter
tolerance may exert cross-tolerance for the excitatory effect of mescaline.
It is worth noting that the mescaline curves for the pattern of develop¬
ment of its own tolerance is compounded of a mixed population of Class I
and Class II rats. The data in Fig. 7, however, shows that neither class
develops tolerance to the excitatory effect.

6. Individual sensitivity to the three drugs
It was felt that it would be worth investigating the possibility that

those rats sensitive to mescaline (Class I) might also be sensitive to DMPE
and DMM. Figs. 8 and 9 clearly indicate that such differential sensitivity
did not exist. The degree of sensitivity to mescaline remained a relatively
permanent feature for each animal, insofar as those that were originally
sensitive remained so on a future occasion, providing that at least 2 weeks
separated the two drug administrations to obviate any tolerance effects. C

Discussion

The results of these experiments show that cross-tolerance exists
between mescaline and both' DMPE and DMM in both directions. How¬
ever, the nature of these results gives rise to two major problems, namely
quantification and hence, to some extent, interpretation.

Problem of quantification
It might appear at first that the cross-tolerance between mescaline

and DMPE (Figs. 1 and 3 a) is less than that between DMPE and mescfi-
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line (Figs.2 and 3b). Thus, it seems that rats made tolerant to mescaline
show some cross-tolerance to DMPE (reduction of the mean D-S score
from + 64 to + 37) while rats made tolerant to DMPE are very tolerant
to mescaline (reduction of the mean D-S score from -f 66 to — 32). The
degree of cross-tolerance could possibly be measured by determining the
total number of days of tolerance development required to reach the
observed cross-tolerance level.

The large swing in the pre- and post-drug mescaline scores in Fig. 3 b
may bo related to the fact that tolerance to mescaline develops very
quickly. It is possible to say that this degree of swing would be equivalent
to the change one might expect if the 7 days of DMPE had been replaced
by 2, 3 or 4 days of mescaline. Again, the change in the DMPE score
shown in Fig. 3a is apparently small, but this must be evaluated against
the fact that, as Fig. 3b shows, tolerance to DMPE develops slowly and
somewhat erratically.

Similarly, the change in the pre- and post-DMM scores for mescaline
(Fig. 6b) is complex. Self-tolerance to the excitatory and inhibitory effect
of mescaline seems to develop independently when the results of experi¬
ments with Class I and Class II animals are considered. Tolerance to both
effects appears if mescaline is given to a DMM-tolerant animal,
although tolerance to the excitatory effect is not noticable in mesca¬
line self-tolerance. The change in the pre- and post-mescaline scores for
DMM (Fig. 6a) shows a decrease roughly equivalent to that produced by
4—6 days of DMM itself (Fig. 6 b), although this result was obtained from
another sample.

Therefore, from these preliminary studies, it seems clear that in order
to quantify cross-tolerance studies as effectively as possible, it would be
advisable: to use a uniform population of rats in terms of sensitivity to
mescaline, i.e. all Class I and/or all Class II (possibly with sub-divisions
within the two classes) and to vary the number of days on which drug B
is given. Thus, for example, the rapid development of tolerance to the
inhibitory effect of mescaline in Class I rats suggests the following design:

a) Day 1: 25 mg/kg mescaline to determine class;
b) Day 22: select all Class I animals and administer drug B once\ !
c) Day 23: 25 mg/kg mescaline.
Other designs could be developed to measure, for example, cross-

tolerance to the excitatory effect, using a Class II population.

Problem of interpretation
The excitatory effect of mescaline must be due to central CNS factors,

but it cannot be assumed that the "inhibitory" effect is necessarily so.
Psychopharmacologla (Berl.), Bd. 9 30
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Behavioural inhibition of a reaction to a central stimulus may be pro¬
duced by direct interference with the mechanisms of learning and con¬
ditioning. On the other hand, some other central factors such as nausea,
some peripheral factor (for example muscle weakness), or a combined
effect from the unpleasant viscero-sensory results from excessive peri¬
pheral autonomic activity, may be operative.

There is no doubt that mescaline in a dose of 50 mg/kg induces obvious
muscle weakness, and it has been shown by Scuorr el al. (1961) to have a
direct curare-like effect on muscle. However, at 25 mg/kg the animals
showed no objective signs of paralysis and their motor reactions to uncon¬
ditioned stimuli appeared relatively normal. An attempt was made to
obtain a quantitative assessment of any ataxic effects by using Rusiiton
and Steinberg's (1963) ataxia test. This showed that at 25 mg/kg no
ataxia was produced, as the amount of splay between the foot-prints
remained constant; however, the length of the steps was significantly
shorter under the influence of mescaline than under saline (p > 0.05).

It is interesting that mescaline is capable of producing intense nausea
in humans. Therefore, possibly the rat does not react to the conditioned
stimuli merely because it is feeling ill. It will be recalled that many
behavioural responses, including learned responses, may be affected by
stimulation of limbic structures. In some of these cases, it appears

probable that the learning or conditioning mechanism itself has not been
affected, but that emotional reactions (such as pleasure or fright) have
been induced by stimulation of Olds' positive or negative areas. Thus, the
animal may be unresponsive to the CS merely because its attention is
distracted by sensations of pleasure or fear which have been centrally
induced. In the case of mescaline, the rats gave no objective signs of
feeling ill, or of fear, in the sense that the freezing response was not ob¬
served; in a few cases, excess salivation occurred, suggesting that there
may have been some peripheral autonomic stimulation. An animal is
seen react to the CS by behavioural signs of attention, but it does not
move. In some instances, it may be observed to make a common reaction
to mescaline, namely, intense sniffing between the bars of the floor grid
almost as though the rat were hallucinated. Since there is no way of
measuring "feeling ill," an attempt was made to test the hypothesis that
the CAR is inhibited by peripheral factors that are not directly connected
with the CAR mechanism. We therefore tested the action on the CAR of
two analogues of mescaline that would be expected to have at least as
powerful a peripheral action as DMPE (if this indeed has any) and yet are
unlikely to cross the blood-brain barrier: 3-hydroxy-4-methoxyphenyl-
ethylamine and 3-methoxy-4-hydroxyphenylethylamine. When adminis¬
tered at doses of 50 and 100 mg/kg i.p. there was no significant inhibition
of the CAR. (The initial apparent deflection with the former compound
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at 100 mg/kg does not quite reach statistical significance.) They both at
this dose induced an observable increase in respiration rate in some ani¬
mals (2/2 with the former, 2/4 with the latter). There was no other signs
of autonomic activity (salivation, piloerection, or excess sweating). How¬
ever, this facet of the analysis would require to be carried out under
classical pharmacological conditions. We concluded that the inhibition of
the CAR which occurs under mescaline is probably not due to its peri¬
pheral effects.

Using the CAR shuttle box technique, with male hooded rats as sub¬
jects, the development of tolerance to mescaline, 3,4-dimethoxyphenyl-
ethylamine (DMPE) and N:N-dimethylmescaline (DMM) and possible
cross-tolerance between these drugs was studied. It was found that seven
successive daily doses of mescaline induced tolerance to its "inhibitory"
effect, but that the "excitatory" effect was increased. Tolerance developed
to the predominantly "inhibitory" effect of DMPE, and to the "ex¬
citatory" effect of DMM.

Partial cross-tolerance existed between DMPE and mescaline, and
when the procedure was reversed, between mescaline and DMPE. Cross-
tolerance was shown in the same manner between DMM and mescaline,
and mescaline and DMM.

The problems of quantification and interpretation of these results is
discussed. It was concluded, on the basis of subsidiary experiments, that
the "inhibitory" effect of mescaline was probably not caused by ataxia or
by a peripheral effect.
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Erratum

In Psychopharmacologia (8, 5), in our previous article on the subject
please read the formulae on p. 326:

Summary

Then

Therefore, each point on the graphs =

i

Zlo (D— S)
N

30*
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STRUCTURE-ACTIVITY RELATIONSHIP STUDIES ON

THE EFFECT OF MESCALINE ON THE CONDITIONED

AVOIDANCE RESPONSE IN RATS
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Department of Psychological Medicine, University of Edinburgh,
Edinburgh (Great Britain)

This investigation is concerned with structure-activity relationship studies on the
effect of mescaline on conditioned avoidance behaviour in the rat. So far, reports in
the literature on the effect of mescaline on this response have been conflicting; one
group, for example, failed to block the conditioned avoidance response (CAR) in
rats, whereas other groups appear to have abolished the response successfully. The
most comprehensive work to date on the effects of mescaline in this particular situ¬
ation has been that by Chorover2, who used a shuttle box with sound as the condi¬
tioned stimulus and shock as the unconditioned stimulus; he showed that with inter-
peritoneal injections of 25 mg/kg mescaline, there was immediate extinction of the

M-S MESCALINE 25 MG/KG

SLOCKS OF 20 TRIALS PER SESSION

Fig. i. Effect of mescaline.
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CAR, while ordinary locomotor activity, which was tested in an open field situation,
did not appear to be affected. Chorover2 also noted that animals given a dose of
50 mg/kg and placed in an activity wheel, became very paralysed and ataxic. This
seems reasonable in view of the finding by Schopp and others3 that mescaline has a
direct curare-like effect upon muscle, and so it would appear that (in rats anyway)
the dose should not be higher than 25 mg/kg in any experiment. In fact, at this dose
level, we did not observe ataxia in any of the animals we used.

In all the experiments on the conditioned avoidance response which we are going
to report here, hooded Norwegian rats were used, using a standard shuttle box
procedure with a sound stimulus and a 5-second buzzer-shock interval. The rats
were trained to a 5% error criterion and each experimental session started with two
runs of 20 trials each; these trials were spaced randomly over eight minutes with a 5-
minute interval between the two runs. These first two runs were discarded, their
primary purpose being that they gave the animal time to become accustomed to the
experimental situation. Then the drug or saline was injected and seven similar runs
were conducted, giving a total experimental session of two hours. For each rat a
saline trial was followed by a drug trial and then by a second saline trial on three
successive days. The mescaline was given in two doses to each rat (12.5 and 25 mg/kg)

BLOCKS OF 20 TRIALS PER SESSION

Fig. 2. Total reaction time to the sound stimulus in a CAR experiment under two different doses
of mescaline, expressed in M-S scores. Class I animals. Ordinate: i mm = 2 sec.

References p, 364
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and the drug to be compared in two doses in a latin square design. Both the number of
shocks received by the animal, and the reaction times (between the onset of the buzzer
and the rat crossing the box) were measured. The results were expressed in D-S
scores, i.e. the drug score minus the mean of the saline scores for each run. This meant
that each rat served as its own experimental control which is necessary in view of
the very wide individual variation that occurs among these animals. An interval of
two weeks was left between drug injections to allow any tolerance to disperse.

At a dose of 25 mg/kg, mescaline itself has a typical biphasic effect (Fig. 1) (N=8).
Initially, the CAR is depressed, with an increased number of shocks and an increased
reaction time (p <0.001). The response to the unconditioned stimulus is unimpaired
and there is no sign of the muscular paralysis that is apparent at 50 mg/kg. Then dur-

REACTION
TIME

IN

BLOCKS OF 20 TRIALS PER
BLOCKS OF 20 TRIALS PER SESSION

Fig. 3. Total reaction time to the sound stimulus in a CAR experiment under two different
doses of mescaline, expressed in M-S scores. Class II animajs.
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ing the latter part of the experimental session, the reverse effect holds—reaction times
are significantly shorter (p < 0.05) by comparison with the saline controls and the
number of shocks becomes again none or very low. At 12.5 mg/kg, however, the in¬
hibiting effect was significantly decreased as compared with the higher dose whereas
the excitatory effect was significantly increased (p < 0.05). Rats show great individual
variation, for example, at 25 mg/kg, four rats (Class 1) showed a preponderance of the
inhibiting effect, and four others (Class 2) of the stimulant effect. Figure 2 shows the
effect on Class 1 rats, and Figure 3 on the Class 2 rats.

In our structure-activity studies, the first compound we tried was trimethoxy-
phenylalanine (Fig. 4). This is the amino acid derivative of mescaline, and was sug¬
gested by the relationship between 5-HTP and 5-HT, and Dopa and dopamine;
however, there seem to be no reports in the literature on the effect of this particular
compound on any biological system. Nevertheless, we imagined that it might prove
more active than mescaline, as it might cross the blood-brain barrier more easily.
However, it proved to be totally inactive even at a dose of 100 mg/kg. This may be
explained by Blashko's1 recent finding that this compound is not a substrate for
decarboxylase.

The next compound was dimethoxy-phenylethylamine, (DMPE). This is of par¬
ticular interest at the moment, following four recent reports that this compound is
excreted as an abnormal metabolite (or as abnormally high levels of a trace metabolite)
in schizophrenia. Figure 5 suggests that it has an interesting effect in that it shows
the inhibitory component of mescaline action to a potency less than half that of
mescaline, and that it has no trace (at least in the time duration investigated) of the
secondary excitation phase. Figure 6 compares the effect of 25 mg/kg DMPE with
12.5 mg/kg mescaline in the same rats; the double hump seen at each dose level is
curious. The effect of the next compound N,N-dimethyl mescaline stands in strong

BLOCKS OF JO TRIALS PER SESSION

Fig. 5. Total reaction time to the sound stimulus in a CAR experiment under mescaline (25 mg/
kg) and dimethoxy-phenyl-ethylamine (50 mg/kg) expressed in D-S scores.

References p, j64
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12 5 mg /Kg MESCALINE HCI

12 3 4 5 6 7

BLOCKS OF 20 TRIALS PER SESSION

Fig. 6. Total reaction time to the sound stimulus in a CAR experiment under mescaline (12.5 mg/
kg) and dimethoxy-phenylethylamine (25 mg/kg) expressed in D-S scores.

BLOCKS OF 20 TRIALS PER SESSION

Fig. 7. Total reaction time to the sound stimulus in a CAR experiment under mescaline (25 mg/
kg) and N,N-dimethyI mescaline (100 mg/kg) expressed in D-S scores.

Fig. 8. Total reaction time to the sound stimulus in a CAR experiment under mescaline 12.5
mg/kg) and N.N-dimcthyl mescaline (50 mg/kg) expressed in D-S scores.

|
I

Fig. 9. Record showing shocks and reaction time with N.N-dimethyl mescaline. Animal 22.



MESCALINE AND CONDITIONED AVOIDANCE IN RATS 361

Fig. 8.

10 n

o -

REACTION -10
TIME

IN
MM

-20
(Imm ■ 2see )

12-S mg /Kg MESCALINE HCl

SO mg / Kg DMM
N-3

INJ-

Fig. 9.

References p. 364

SALINE

I 2 3 4 S 6

BLOCKS OF 20 TRIALS PER SESSION

25 MG / KG

I
SO MG/KG

t

E

I j
SALINE li



362 J. R. SMYTHIES, E. A. SYKES

SHOCK TRIAL

SHOCK TRIAL
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INJ.-
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Fig. 10. Record of shocks and reaction time with mescaline; same animal.

contrast. This was tried with the effects of the strongly hallucinogenic N,N-dimethyl
derivatives of tryptamine in mind, such as DMT and psilocybin. This compound had
a marked effect (Fig. 7) but in the opposite direction to the dimethoxy compound.
The depressant effect on the CAR is practically absent, whereas the excitation effect
is marked, while 25 mg/kg of dimethyl mescaline has no effect. Figure 8 compares
50 mg/kg DMM with 12.5 mg/kg mescaline. Figure 9 shows an actual record—shocks
on the left and reaction time on the right, with DMM (1 mm = 2 sees). Compare
this with the mescaline record from the same rat (Fig. 10). For comparison, Figure 11
shows the effect of 1.5 mg/kg amphetamine.

Thus, to summarise, mescaline has a biphasic effect on the CAR, higher doses
causing depression of the CAR in the first phase, followed by shorter reaction time
in the second; lower doses potentiate phase II and phase I is less marked. N,N-
dimethyl mescaline showed little depression of the CAR, but a large decrease in the
reaction time. Intermediate doses of mescaline at 17.7 and 8.9 mg/kg were tried;
these fitted into the mescaline pattern already described, and at no time was the
iiltense reduction of the reaction time that is typical of the dimethyl mescaline seen
with any dose of mescaline. Dimethoxy-phenylethylamine showed a significant
difference from mescaline action as it lacked this excitatory effect and depressed the
CAR throughout the two-hour time course investigated. It would be interesting to
find out from experiments with humans whether these two compounds are halluci-
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SHOCK TRIAL SHOCK TRIAL

SMOCK TRIAL

I.SMC/KG

AMPHETAMINE SO4

SALINE 0

Fig. 11. Effect of 1.5 mg/kg amphetamine. Animal 29.

nogenic or not. Finally, trimethoxy-phenyalanine apparently had no effect on this
type of behaviour at all.

Although this study of the CAR has so far been our main concern, we have also
carried out other investigations since we feel that the full effect of a drug on an ani¬
mal's behaviour is not necessarily apparent in one circumscribed experimental situa¬
tion. We also felt that the stress factor in the shuttle box situation might affect the
results.

Several animals were trained in a Skinner box in which they were taught to press

References p. 364
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a lever for food which was available at intervals of one minute. When the rats had
reached a stable rate of response, for example, 6 l.p. per minute, they were given an
interperitoneal injection of mescaline in doses ranging from 12.5 to 6.9 mg/kg.
Unfortunately the action of mescaline in this situation seemed to be all-or-none, and
the results were therefore not very informative. The animal either reacted by lying
along the bottom of the box and doing nothing, apart from the occasional lever press,
or else behaved as if it had not had any drug at all. This may be connected with the
fact that mescaline causes nausea in humans and the rat just does not want food.
We are therefore going to alter the experimental situation so that the rat has to press
the lever to avoid shock.

It was suggested that observation of a rat's behaviour in the home cage situation
might be more informative, for example a drug might alter the position of an animal
in the group hierarchy or pecking order. However, the hierarchy in any group of
rats is very unstable and we found it impossible to achieve any real stability even
under conditions of food or water deprivation. The only result which emerged from
this was that at 12.5 mg/kg mescaline, a rat withdraws from group participation of
any sort, lies in a corner of the cage and occassionally indulges in randopi undirected
behaviour. There was apparently a severe lack of muscle tone when the animal was
relaxed, but the rat was able to control this in the sense that if it was motivated,
it was able to control its movements in a precise and co-ordinated fashion. At 7.5
mg/kg, there was no observable effect. The interesting point here seems to be that
12.5 mg/kg in a relatively non-stressful situation causes a rat's responses to be de¬
pressed in the first phase rather more than in the shuttle box situation: excitation
was difficult to assess in comparative terms, but during this phase the rat appeared
to participate in group activity strongly and apparently normally.

We then conducted a series of observations on single rats in their home cages
noting the incidence of six activities, namely eating, drinking, grooming, rearing,
walking and sleeping. We then gave drugs subcutaneously at dose levels of 12.5
mg/kg mescaline, 25 mg/kg DMPE and 50 mg/kg DMM, and although we have not
yet finished analysing the results, it looks as though DMM was the only compound
which markedly affected activity in the sense that it increased it. It is obvious,
therefore, that these measures are not yet sensitive enough, and we are going to try
a method developed by Silverman and Chance in Birmingham, in which a strange
rat is introduced into the home cage and the reactions of both animals observed.
Using their recording techniques, this appears to be a sensitive procedure.

Our final test, using a technique evolved by Rushton and Steinberg, is designed
to check that the depression of responses that we mentioned earlier is not caused
by ataxia. Direct measurement of a rat's footprints shows any staggering or slight
alteration in gait, and it is easy to detect even slight ataxia. We tested rats with
mescaline (25 mg/kg) DMPE (50 mg/kg) and DMM (50 mg/kg). No ataxia was present
with any of the three compounds, which suggests that our original hypothesis that
the depression of the conditioned avoidance response is a depression of the CNS
response itself and is not due to any straightforward physical factors, is correct.
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STRUCTURE-ACTIVITY RELATIONSHIPS
OF MESCALINE*

J. R. Smythies and E. A. Sykes
f

Department of Psychological Medicine, University of Edinburgh, Scotland

It is generally agreed that mescaline produces a state of psychosis that
has certain similarities to some aspects of the schizophrenic syndrome. It
would therefore be of some theoretical interest for biological psychiatry to
know on what biochemical system mescaline exerts its effects. One way of
studying this is by the structure-activity relationships (SAR) method. We
have explored the effect of various analogs of mescaline on animal behaviour.
In our early work we used the Winter and Flataker test; latterly we have
employed the conditioned-avoidance response (CAR).

Our first task was to determine the effects of mescaline itself on the CAR
as the base-line for our subsequent studies. The literature at that date was
somewhat confusing. Cook and Weidley (1957) using a pole-jump escape
technique had failed to block the CAR in rats with dosages up to 100 mg/kg.
Chorover (1960), however, using a shuttle box extinguished the CAR with a
dosage of 25 mg/kg.

In our experiments we have used a shuttle box with a buzzer as the condi¬
tioned stimulus (CS) and shock as the unconditioned stimulus (UCS). The
buzzer-shock interval was 5 sec and the rat had to learn to cross from one

compartment of the box to the other within these 5 sec to avoid the shock.
Normally this was quickly learned and the rat would cross with a regular
buzzer-cross reaction time (RT) of some 4 sec. This leaves scope for detecting
both an increase in RT (as produced by CPZ) or a decrease in RT (as produced
typically by amphetamine). Each 2-hr experimental period consisted of seven
runs of twenty trials each. The trials were randomly spaced and occupied 8

, min, and were followed by 5 min time-out. We recorded the number of
shocks received and the RT. The injection (ofdrug or saline) was given between
the second and third runs. The first two runs in any experiment were discarded
as the animals took some minutes to adapt to the experimental situation (and
hence a few shocks were delivered before the CR and RT became stabilized).
A series of saline controls was followed by a drug run and then another saline
control. The results are expressed in D-S scores, i.e. as the difference between
the drug score and the mean of the preceding and following saline scores for
each "run" of twenty trials. The statistical significance of the results was
assessed by Wilcoxon's non-parametric ranking method for paired replicates.

I
5

''From: Amines and Schizophrenia. Eds. Himwich, Kety and Smythies,
Pergamon Press, 1967.
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RESULTS

Mescaline has a biphasic effect on CAR performance. Different animals
show widely different degrees of susceptibility to the drug. At 25 mg/kg the
drug first inhibits the CAR (increased RT and shocks). This is followed by a
decrease in RT (Fig. 1). Some animals are more sensitive than others, and
Fig. 2 shows the reaction of the most sensitive (n = 4), and Fig. 3 that of the
least sensitive (n = 4). At 12-5 mg/kg the inhibitory phase is less marked or
absent and the excitatory phase is more marked. At these dosage levels there
were no signs of ataxia or "toxic" effects of the drug. This was confirmed by

m-s mescaline 25 mg/kg

0-8 • 9 €> shocks

rt

06 * * *p<oooi

* * p<ooi

04 p < 0-05

y-O-2

-OA

blocks of 20 trials per session

Fig. 1. The effect of mescaline 25 mg/kg on shocks and reaction time (RT:
expressed in mm of kymograph paper; 1 mm = 2-5 sec).

the Rushton-Steinberg test for ataxia which showed no ataxia at 25 mg/kg.
At 50 mg/kg, however, signs of paralysis of the hind legs appeared, so it seems
that 25 mg/kg should normally be the maximum dose.

One first analog was trimethoxyphenylalanine (Fig. 4) which we supposed
might cross the blood-brain barrier more easily than mescaline. However, it
proved almost completely inactive even in a dosage of 100 mg/kg. This may be
correlated with the report (Blaschko, 1965) that this substance is not a sub¬
strate for decarboxylase.

We then investigated two compounds: 3-4,dimethoxyphenylethylamine
(d.m.p.e.) and N,N-dimethylmescaline (Fig. 4). The former was chosen
because of its current interest as a possible abnormal metabolite in schizo¬
phrenia. Figures 5-7 show its effect on the CAR at 25, 50 and 100 mg/kg.

"1



structure-activity relationships of mescaline 7

At each dose level there were two notable features about its effects: (i) it
inhibited the CAR with little sign of the later excitatory action of mescaline,
and (ii) the degree of inhibition has a bimodal distribution. This is not due to
compounding the results from two populations of rats, one of which reacts
earlier than the other, as Fig. 8 indicates that this "double hump" is present
in the individual records from every rat. This suggests that the action of the

BLOCKS OF 20 TRIALS PER SESSION

Fig. 2. The effect of two doses of mescaline on RT: Class I animals (n = 4).

have seen reported for no other drug. However, one of us (in Berger et at.,
1960) working at the Worcester Foundation on the effect of plasma protein
fractions from schizophrenic patients on a mouse behaviour test, noted a very
similar effect, as shown in Fig. 9. The test was a modification for mice of the
Winter and Flataker test, and the same bimodal curve is noticeable. The
difference in time course may be accounted for by the different metabolic
rates of rats and mice. This suggests that the active fraction in toxic schizo¬
phrenic serum, shown by the Worcester group to be a small molecule, may

B
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Fig. 3. The effect of two doses of mescaline on RT: Class II animals (n = 4).
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Fig. 4. Structural formulae of mescaline and some of its analogs.
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BLOCKS OF 20 TRIALS PER SESSION

Fio. 5. The effect of dimethoxyphenylethylamine (d.m.p.e.) on RT: 25 mg/kg
(« = 8).
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BLOCKS OF 20 TRIALS PER SESSION

Fio. 6. The effect of dimethoxyphenylethylamine (d.m.p.e.) on RT: 50 mg/kg
(« = 8).
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possibly be d.m.p.e. (tied loosely to the globulin). At any rate, this working
hypothesis suggests experiments to confirm or refute it. D.m.p.e. on this test
was about one-half as active as mescaline in inhibiting the CAR, a result
obtained in previous work (Smythies and Levy, 1960). A dose of 12*5 mg/kg
had no observable effect, neither excitatory nor inhibitory.

We investigated N,N-dimethylmescaline to explore the idea that increasing
methylation increases behaviour-disrupting potency, and keeping the strongly
hallucinogenic effects of N,N-dimethyl derivatives of tryptamine and 4- and 5-

BLOCKS OF 20 TRIALS PER SESSION

Fio. 7. The effect of dimethoxyphenylethylamine (d.m.p.e.) on RT: 100 mg/kg
(n = 1).

hydroxytryptamine in mind. Figs. 10-12 show the result at 25, 50 and 100
mg/kg. These results indicate that this compound has a strong "excitatory"
(amphetamine-like) effect on rat behaviour, decreasing the RT, but it has
none of mescaline's inhibitory effect on the CAR even at 100 mg/kg.

Our next experiments were directed towards estimating the degree of cross-
tolerance between mescaline and these two compounds as measured by this
test. Our procedure here was to give drug X alone to a group of animals.
Two weeks later 25 mg/kg mescaline was given every day for 7 days, followed
by a second dose of X. In this period marked tolerance develops to mescaline
(Figs. 13, 14). The primary inhibition in the CAR is abolished or greatly
attenuated (depending on the initial sensibility of the rat), whereas the second
"excitatory phase" becomes more prominent or unmarked. This differential
effect of tolerance on the two actions of mescaline is itself of interest.
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BLOCKS OF 20 TRIALS PER SESSION BLOCKS OF 20 TRIALS PER SESSION

a
Fig. 8 (a, b). Individual reaction times to d.m.p.e. for eight rats.
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BLOCKS OF 20 TRIALS PER SESSION BLOCKS OF 20 TRIALS PER SESSION

BLOCKS OF 20 TRIALS PER SESSION BLOCKS OF 20 TRIALS PER SESSION

b
Fig. 8 (cont.)

I



structure-activity relationships of mescaline

Fig. 9. Mean change in climbing time per set of twenty mice, expressed as schizo¬
phrenic score minus control score, x - x - x : using plasma protein fractions shown
to be most active by Bergen; o-o-o: using fractions chosen at random (from

Archives of Neurology, 2, 146-50, 1960).

BLOCKS OF 20 TRIALS PER SESSION

Fig. 10. The effect of N.N-dimcthylmescaline (DMM) on RT: 25 mg/kg (rt = 4).
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blocks of 20 trials per session

Fio. 11. The effect of N,N-dimethylmescaline (DMM) on RT: 50 mg/kg (n = 4).

blocks of 20 trials per session

Fig. 12. The effect of N,N-dimethylmescaline (DMM) on RT: 100 mg/kg (n = 4).
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Figure 15 gives the results for cross-tolerance between mescaline and
d.m.p.e. The total RT increase is not changed to a statistically significant
extent. The bimodal distribution is still present but each peak is delayed in
time by 1 block (i.e. about 13 min). Thus, there appears to be no clear cross-
tolerance between mescaline and d.m.p.e., but some subtle effect is possibly

BLOCKS or 20 TRIALS PER SESSION

Fig. 13. The development of mescaline tolerance (25 mg/kg) showing effect on
RT of first and last of eight successive doses (DMPE groups) (n = 8).

suggested by this shift in the peak time. Figure 16 gives the results for cross-
tolerance between mescaline and N,N-dimethylmescaline (DMM). This
gives a figure of some 40% cross-tolerance. Studies on the reverse tolerance
between these compounds and mescaline are proceeding.

From previous work (Peretz et al., 1955; Smythies and Levy, 1960) one
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can say that cc-methyl substitution doubles activity. The 4-methoxy group is
necessary for activity as substitution by an hydroxyl abolishes activity,
whereas a larger benzyloxy group here increases activity.

Our current programme is (i) to determine to what extent the biphasic mode
of action of mescaline in this test is specific—e.g. is it shared by other similar

Fig. 14. The development of mescaline tolerance (25 mg/kg) showing effect on
RT of first and last of eight successive doses (DMM group) {n = 4).

hallucinogens such as LSD, psilocybin and trimethoxyamphetamine, or is
it shared by any non-hallucinogenic compounds?—(ii) to attempt to increase
the potency of action of mescaline-like compounds by increasing their liquid
solubility (e.g. 3,4,5-trifluophenylethylamine), (iii) by widening our biological
testing methods to include ethological and other techniques.
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blocks of 20 trials per session

Fig. 15. Cross-tolerance study between mescaline and d.m.p.e. The effect of
d.m.p.e. (50 mg/kg) on RT: (i) alone, (ii) after development of the degree of

mescaline tolerance shown in Fig. 13.

BLOCKS OF 20 TRIALS PER SESSION

Fig. 16. Cross-tolerance study between mescaline and DMM. The effect of DMM
(50 mg/kg) on RT: (i) alone, (ii) after development of the degree of mescaline

tolerance shown in Fig. 14.
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