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INTRODUCTION 

Schizophrenia of some type is the country's most 

frequently ocourting serious disease. It accounts for 

40% of all mental illness and 20% of all hospital beds 

hold schiz9phrenics. 

The study of schizophrenia, its classification, its 

signs and symptoms,its therapy, and primarily its etio­

logy is the number one problem in psychiatry and in the 

general field of mental health today. Towards the un­

raveling of this mystery many means are providing in­

sight and underst4nding. The field of experimental 

psychiatry has with its recent vigorous growth opened up 

new horizons towaro conquering this problem of the ages. 

Among the approaches used in experimental psychiatry 

three prevail. The first attempts to answer - what is 

a schizophrenic? What are the signs and symptoms, the 

objective and subjective findings? What physiochemical 

abnormalities exist in the schizophrenic? The experi­

mental study deals primarily in this instance with 

schizophrenic humans. By knowing what it is, what can be 

done about it and what causes it may be more easily 

answered. The second approach attempts to answer -

what is the mechanism by which therapy helps the schizo­

phrenic? By experimentation on both animals and humans 

an effort is made to discover new therapeutics and to 

explain in what manner the effective new and "old re­

liable" ones have tneir action. In this way enlightenment 
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into the disease process occur�. 

The third afproach asks - what is the ettolQgY? 

What causes and maintains the disease condition? 

Many etiological theories have been advanced; the 

most prominent ones have been psychic theories in­

volving psycholo�ical and behavioral interrelation­

ships between self and enviornment; biochemical theor­

ies involving errors of metabolism, enzyme upsets, 

endocrine dist»nbances,and heredity theories of causa­

tion. 

Much of the experimental work now being done relates 

to a biochemical concept of schizophrenia; if not to a 

primary biochemical concept at least to a strongly 

recognizable biochemical component. Experimental work 

in this field has been aided by tools called hallucino­

gens. Hallucinogens are schizophrenic-mimicking drugs 

and because of their nature are valuable adjuncts in 

experimental work in man and animals. 

This paper deals primarily with a review of the 

literature pertaining to hallucinogens and their role 

in the study of schizophrenia. Schizophrenia will be 

defined and certa1n findings common to schizophrenics 

will be discussed. A cursory glance at other theories 

pertaining to schizophrenia and other experiments relat­

ing to an understinding of man and his mental mechanisms 

will be taken. Following the review certain conclusions 

and perhaps some •yptheses will be listed. 



In a thesis of this t,ype some statements included are 

common knowledge, and others made are the result of 

summation 1ntegrition of knowledge gleaned from the 

bibliography, so that specific footnotes can not be 

made for all s�ec1fic statements. The latter is done, 

however, where aJ)propos to specific experiments and 

conclusions. Only those references in foreign lang­

uages and those unavailable to the medical library 

were not seen pe�sonally, but several foreign langu­

age references were found abstracted in Excerpts Med­

ica. The biblio�raphy is listed alphabetically and 

numbered in order by alphabet. Referral from the 

body of the paper is by name year and number. 

Appreciation is expressed to the University of 

Nebraska College of Medieine's library staff headed 

by Mrs. Hetzner for their cooperation in use of the 

library and for e�peditiously obtaining the neces­

sary references. 
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SCHIZOIHRENIA 

Ps~chiatric definition and descri~tion. 

Schizophrenia refresents a group of psychotic 

disorders charac t erized by fund.amental disturbances in 

reality relationships and concept formations with ob­

jective behavioral and intelluctual disturbance in 

varying degrees and mixtures. The disorders are 

marked by a strorg tendency to retreat from reality, 

by emotional disharmony , unpredictable disturbances in 

stream and thought, reg r e ssive behavior, and in some by 

a tendency to deterioration . The predominant symptomo­

logy is the determining factor in classifying such 

patients into the following types: simf le, hebephrenic , 

catatonic, paranoid , acute undi ffe rentiated, chronic 

undifferentiated, schizo-affective, childhood, and re­

sidual. ~sychotic disorders may be described as char­

acterized by a varying degree of pers~lity disintegra­

tion and failure t o test and evaluate correctly external 

reality in various s pheres . In addition, individuals 

with duch disorders fai l in their ability to relate 

themselves e f fect i vely t o other ~eople or to their work. 

(170) (63) 

Bleuler (19 ) f ee ls there are 1:rimary and secondary 

symptoms . He believes the secondary si gns are due to 

norma l environmenta l irri tations anj to normal psycholog­

(63) Green 1955 
(170) Nomenclature 1952 
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ical and physiological mechanisms built on the structure 

of the p rimary lesions. The primary symptoms are: 1) 

associative disturbance : which include illogical connection 
) 

of two unrelated iieas, two different ideas combined in 

a condensation frocess, abnormal use of symbols, gener3.l 

vague notions re placing concrete thinking , and use of 

alliterations, a-nd1 2) af fective disturbances. 

Secondary si~ns are autism, delusions, illusions of 

memory , hallucinations usually auditory, negativism, 

stereotyping ,' mannerisms and catatonic signs. Percep tion, 

memory and intelligence usually are intact. 

Kraeielin , (95} lists the p rima~y diagnostic symptoms 

as a peculiar and fundaffiental want of any strong feelings 

of the impressions of life with uhimpai~ed a~ility to 

understand and to remember, associated -with a weakness 

of judgement and f lightiness, mental and emotional 

infirmity, silly, vacant laugh ter, face making or grimac­

ing , sensele ss p l a ying ~1th syllables and ~ords , onan-

ism, flexibilitas cerea, and echopraxia. 'hen hallucina-

tions or confused delusions accompany early sta tes of 

depression this may preclude a steady p rogession to 

schizophrenia, which is synonymous with ~tbe older term 

dementia praecox . 

The disease can have an acute or chronic onset 

with a variable duration . It may die a spontaneous 

death in late midd l e life. No correlation with social 

status, age, body build, economic situation, environment 

per se exists excef t there is a de f inite tendency noted 
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more frequently in the long, thin 1-,eople . Osmond 1955 

(122 ) 

Some feel schizo~hrenia is not a disease but a 

syndrome or col l ection of symptoms (137) but Bleuler (19) 

is certain that since his primary symptoms were found in 

all schizophrenics and not consistently in other diseases, 

and since several functions are usually found intact in 

the schizophreni~ that are not found in other mental 

disease that schizo~hrenia is a single disease entity J ' 

which can appear in several forms. 

!:!iochernical andJ_Qysiological findini;:r_s. 

Generally the body chemistry has not been noted to 

-oe grossly different from normal J:,eople and. there has 

been a paucity of J;,hysiolog ico.l findin ~s s r,ecific to 

schizoJ;,hrenia. (26) Ho~ever ex~erimentation has re­

vealed the follow i ng fi nding s which , althou~h not of 

primary diagnostic value , may be of interest secondarily 

diagnostically and may aid in an understanding of mechan­

is!Ils involved in the sch izophrenic process. Further~ 

biolog ical ex:i:erimentations are vi tally necessary in 

this field . Diagnosis is made currently from the 

psychodynamics involved in schizophrenia. 

The general f i ndings involving;· 

A. Carbohydrate ms ta.bolism abnormalities • . (68) (152 ) 

(137) Bellak 1955 (26) ~allaway 1955 

(6e) Henneman 1955 (152) Shattock 1950 
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1) lower t~rnover of adenosine tri phospha te (118) 
2) increase of phospho~lycolic acid in blood anj in 

turnover (llB) 
3) glutamic acid metabolism is abnormal in brain , 

kidney, and muscle tissue (9) 
4) carbonic anhydrase is reduced in all organic 

mental disea ses as v1ell as in schizor,hrenia (e) 
5) graat~r insulin resistance (6) 
6) impaired glucose tolerance (6) 
7 ) elevated blood lactate level (6) 
e~ lowered blood glutathione (6) 
9) increased fasting blood sugar (68) 

B. Adrenal-pituitary cycle abnormalities . 
1) adrenal normal at rest (59) (60) (103), although 

may have qualitative or decreased quantitative 
endocrine responses (72) (152) 

2) diminished quantitative and qualitative response 
of adrenals under stress (60) (103) 

3) big decrease in urinary excretion of inorganic 
phosphate (76) 

4) increase excretion of 17 keta steroids in urine 
at rest ( 5) 

5) increase urinary excretion of sodium and potas> 
ium ions at rest (75) 

6) decrease uri na ry excretion of corticoids and 
phosphates at rest (75) 

C. Other urinary abnormalities . 
1) kidney i s norma l (4) (76) 
2) creatinu ~ia increased (13) 
3) poss ible albuminuria (19) 
4) possible ketonuria (152) 

D. Bone changes . 
1) decalcification (15) 

E . Autonomic nervous system changes. 

F. 

1) sympathetic nervous system less responsive ([3) 
2) vasomoto r ch&nges (19), vasoconstriction of 

large ve s sels (152) 
3) pupillary changes (19) 

Blood chan~es-misce llaneous. 
1) mild leucocytosis (19) 

( 118) Orstrom 1951 ( 9) Astrup 1955 (8) Ashby 1951 
(6) Altschule 1950 (62) Henneman 1955 
(59) Gildea 1950 ((60 ) Gildea 1952 (103) Ma lamud 1952 
(72) Hoa,!land 1952 (152) Shatto ck 1950 
(76) Hoa~land 1955 (75) Hoag l and 1953 
(4) Al tschule 1953 ( 13) Bellak 1955 
( 19) Bleuler (15) Beyer 1941 (83) Hoffer 1954 
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G. Miscellaneous. 

l) increa sei tolerance to histamines (102) 
2) change \\eight , usually a loss (19) 
3) de crea se in bod y tempe rature (152 ) 

Etiolo s y of schizophrenia . 

The etiology of schizophrenia is still unknown. 

Through the yea rs many and varied concepts have been 

proposed fro~ a gonadal basis to traumatic injury (102) 

but none as yet have unfolded the mysterious cause or 

causes of this devitalizing disease . To be sure in 

recent ye a rs much has been added to our library of 

kno~ledge but the f UZzle is not yet solved. Various 

prepresentative theories are discussed below. 

A. Fsycholo gical-behavioral. 

·While Bleuler (19) felt that t he primary etiology 

is unknown he d i d f ee l that t he seconda ry symrtoms can 

be explained by rsychological mechanisms . He denies the 

1=,os sib'li ty that environment or abnorma l inborn tendencies 

h ave rnucb t o d o vith the basic etiology. His denial is 

based on extensive studies of schizoph renics and normal 

humans. 

Funkenstein 1951 (51) sta tes t ha t any change is the 

clinical psychologi c st a tu s of the mentally ill is 

accomrani ed by definite physiolog ica l change s, and that 

without psychologi c cha nge there can be po physiologic 

change . He feels t ha t mental illness is due to the 

( 102) 
( 152) 

Lucy 1954 (19) B+euler 
Shat tock 1950(5~) Funkenste in 1951 
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individuals inadequate res1onse to stress but that rsy­

chological and phJsi olo ~ical mechanisms go hand in hand , 

since they are both part of the same biologic system . 

Another believes that it is a functi onal psychosis 

because as y e t the re is no specific evidence of organic 

disease of the bra in (63). However he concedes that 

a lthough there is no Sfecific histopathological changes 

in the brain, the re may be histochemical abnormalities . 

He thinks stress May pl&y an important part in mental 

disease and feels that conditioning is based upon the 

application o f stress . (63) Hoch 1952 (81) mentioned 

that some feel there is a correlation between basic 

personality types and the state and ty~e and severity 

of the mental illness . It is a question whethe r the 

affects o f drugs in improving psychiatric illness are 

due to physiological action of the drugs or due to the _ 

alteration in the r eality experience or some other 

psychical change in the patient . 

Psychosis is primarily a failure o f personality 

integration , and Hoskins 1946 (25) states that the 

problem li es in locating the l evel o f defect in the person. 

He feels that biochemical and heretical factors ar-e 

important but u lso feels that schizo:phrenics oierate 

at a level of reduced awareness and that they fail to 

retain empathy . He considers a defect in the maturation 

(63) Gree~ 1955 (85) Hoskins 1946 
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process , on either the psycholo~ical or biolo~ical level, 

a possibility . 

Scope 1955 (173) showed there is a correlation 

between thought changes and physiological cha n ge s accom­

panyin~ stimulation. They feel i t is a possibility that 

emotional reactions are initiated lar~e ly by memory and, 

that rainful emotion trigge rs illness in man . Howeve r 

they supfort a ne~tral reaction within the brain itself 

with centers in t he rhinencefhalon as basis f or 

emotional change. 

B. Environment. 

Callaway 1955 (26) f ee ls that ~nvironment p lays a 

part in maintaini rg norma lity since t he "more stress some 

people are ·subjected to; the less environmental stimuli 

they are free to use; t re less of environment they are 

free to draw upon , the poorer in judgement; poor j~dge­

ment , less able to avoid stress ; and more stress subj e ct 

to, less o f t he env ironment a vai l ab l e for future judge ­

men ts used." A vi".!ious cycle thus ensues . Environment 

may p lay a factor ~n schi zophreni a , although not a 

decisive one or a fundamental one (19) (63) (51) 
' C. Heredity . 

In his studi es Kallman 1952 (92) showed a definite 

heretical to schizophrenia. rte demonstrated a recessive 

( 19) Bleuler 
(63) Greer: 1955 
(51) Funkenste in 1951 

-10-



genotyre which he felt might be linked to an endocrino-

logic dete rminer. s ~hizorhrenic incidence of 86 .2% 

in monozygotic t win s as opr osed to an incidence of 14< 

in full sibling , and in dizygotic twins shown from his 

studies suprort h is theory . 

Hoa~land 1953, 1955 (75) (76) feels that genetic 

factors are responsible f or the derange ment of enzyme 

function, the latter being perhaps a causal factor in 

schizo f hrenia. He also feels that a genetic ~actor may 

have something to do with the fact that youn~ schizo­

phrenics do not react as well to ACTH as older ones. 

Shat tock ·1950 ( 152) fee ls that differences of 

heredity account f or clinical varieties while the common 

feature in the various types is an increasing qualitative 

loss of critical apijtisal , ¼h ich is ~robably due to inter­

ferences by autistic thought , which tbe patient can not 

control since they ari se from motives and impulses not 

accessible to volitional action. Othe rs su f~ort rossibili­

ty of primary heredity importance . (19) (c5) 

p. Neuronal-brain i}erre lationships. 

Since genera l irregularities o f the electroencepl;lalo­

gram (hereafter re f erred to as the EEG) have been f ound, 

disturbance in t hiE system mi:?:ht be quite i rq:ortant. (63) 

Callaway 1955 ( 26 ) suggests that · r rocedures which 

evoke sympa thetic activity may create a more limi ted 

(19) Bl e J.ler 
(f5) Hos~ins 19~6 
( 63) Gre 3n 1955 
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sensory environment , and vd th the develor,ment o::· the 

latter a rsychosis may result since to keer mentally 

well , one must be in constant sensory contact with the 

outside ~orld sirce the validity of thought must be 

checked to avoid mental illness . An optimum level of 

stress or alerting for any task is inversely re~ ted to 

the com~lexity o~ the task (169) . Again stress is 

postu®J:,ted as the important factor in the develop-

ment of mental illness . 

A diencerhalic-autonornic dysfunc tion is suggested 

as underlying mental illness , ¼here those unusually 

s~nsitive to stimuli develope a hyperkinetic syndrome . 

And with the alerted state one has less sensory pre­

ce~tion , and with less sensory ~erception one wi ll 

easily develope mental illness . Many studies imf li­

ca te the sym1.a the tic nervous sys tern . ( 26) Ho skins 

9ypothesizes a ~y,1othaL:,amic failure . (85) 

Recent studies by hea th (~ha ts Kew 173) in electrode 

studies of human brains reveals a correlation between 

t hought changes ard physiological cha nges accompanying 

stimulation of ~iven areas . The same emotional resronse 

is sho ·.-, n to accomi any stimulation of a s r,ecific regi on 

each time . Various subjection feelings correspond to 

specific areas o f stimulation . He sugge sts t¼o hypotheti­

cal circuits by ¼hich cortical activity dominates behavior. 

(1690 Ye rkes 1908 
((E5) Hoskins 1946 
(26)Call&way 1955 
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Stimulation of the seFtal region (prefrontal cortex 

connected with t}1at area of the rhinence1-,halon belov, the 

corpus callosu:n) sfee~ movement and stimulation of the 

caudate slows movement. 

Since remov ~ l of the sert&l area causes c~ange s like 

t ha t seen in removal of adrenal cortex in cats and monkeys , 

he fee ls t ha t pituit~ri e s and adrenals are probably g ood 

in :nental illness , &..nd that ::listurbe.nce is r: robab ly due 

to neural reactions rather than to endocrinal me c~anisms . 

E . Trauma and irfecti cG . 

These a t one ti me were t hought to have c a u sed 

s chizophreni a but are not i mportant theories now . Osmcnd 

1952 ( 122) 

F . Biocheiliical. 

Most o f tr..e experimental work currently in progress 

involves a biocheLical search into the etiolo~y of 

schizo phrenia . It is here that t he hallucino~ens have 

much to offer as t ools . However findin~s relating to the 

use o f hallucinogo,ns , in addition t o discussion o f t h eir 

influence in suppo rt of a biochemical concept of 

schizophrenia , wi : 1 be d i scussed further on in this 

parer . The biochemica l a nd physiolo~ic findings listed in 

an earlier portior of thi s paper as preva lent in schizo­

J;brenics v..ould ler:i credence to a biochemical etiolog,ical 

theory . Several ciochemical fields have be e n mentioned 

as possiole areas v,ithir. which the germ o:f schizophrenia 

is nurtured : 1) metab olic - enzymatic errors , either inborn 
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or outborn; ~) erdocrinal disturbances ; 3) nutritional 

and vitamin defici~ncies; 4) vascular insufficiencies; 

5) toxinS-foreigr to or develored within the body ·as 

through faulty liver action . 

1) Metabolic -enzymatic errors. 

There has been much sur i osition that an error in 

the adrenal rituitary relationshir rright be the foundation 

for schizophrenia . Thie cycle is certainly involved as 

is demonstrated by the following experiments . 

a) Experiments relating to the pituitary-adrenal 

cycle . 

There is a reduced resfonsivi ty of schizophrenic 

~atients to exrerirnental stresses and to doses of ACTH . 

In the normal one sees an increase in 17 ketosteriod 

urinary excretion follqwins stress but not in the 

psychotic. Lymphocytopenia in the normal also follows 

stress but again ~ot in the rsychotic . The same results 

occur with the injection of glucose as a stress agent . 
I 

So there definitely a r rears to be hypoadrenalism in 

psychotic subjects. The converse i~ not necessarily 

true since all patients with Add isons disease do not 

develo r:e bizarre and 'f, S.:fchotic behavior, althou~h some 

do . Further investiga tion is needed in the adrenocortical­

rituitary relationshi f s, Pincus 1949 (130) feels, for 

perhaps the trouble lies in the fituitary or end organs. 

Endocr~ine disturbance m&y make eome peoile more vulnerable 

to stress bur if t.hey are not subjected to stress they 
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may lead normal lives . Ibid 1950 (129) He lists 

two rossible exilanations for t he sch izorhrenic's abnor­

nal response to stress: 1) e xhaustion of the adar,tation 

syndrome, and 2) secretion ·of adrenal cortices may just 

differ qualitati vely from the normal man. 

Hoag land 1952 (72 ) demonstrated that the schizorhrenic 

in addition to h~ving & subnormal res r onse to stress also 

fin1s a subnorma l response to t he injection of ACTH both 

qualitative and GUantitative , as contrasted to rsycbon ­

eurotics who elicit norma l responses . This res r onse is 

not imr~ ved by_: d iet rich in r rotein and vita mins. 

Altschule 1950 (6) showed tha t several of t h e 

biochemical findings liste d aoove i:ertaining to adrenal 

metabolism are simi lar to those found following ACTH 

administr~tion to nonmal people , except for the retarded 

water and hig,h sodium excretion at rest . Those r,atients 

who respond best to ACTH do the best on electro-convul­

sive therapy (hereafter referred to as ECT) . 

Hoag land 1950, 1953, 1955 (74)(75)(76) demonstrated 

that chronic scnizophrenics fail more completely in res­

ponse to stress t ~an does the acute, but they show a better 

response to AC'I'H . The urinary inorganic phosphate level 

wi l l increase in re sponse to stress, ACTH or cortica l ex­

tracts if resionses are e licited. 

Steroids affectins ~otassium ion excretion seem to 

be the most affec ted in the schizofhrenic . Pincus 1950 

(129 ) 
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Although steriod hormones are not effective in 

most schizorhren:;. cs Altschule 1950 (5) showed that they 

did have some prophylactive effectiveness followine: re­

mission o~· sc hizo:r:hrenic symitoms 2.fter shock t herai:,y . 

He t houg,ht they helped then , because they kept the 

adrenal cortex de pressed. 

ACTH in varyins dos e s given for varying lengths 

of time seemed to give tem1-orary i mprove me n t in Addisons 

and Cushings diseases as shown by SEG changes and neuro­

psychiatric change s . nowever the disease condition re­

verted to its ori ~inai status within one week following 

discontinuation. (65)(63) 

Euphoria, de pression, and fsychoses are seen in 

some nor.11a ls treated with cortisone and. ACTH . Rome 1951 

( 140) 

Altschule 1950 (5) found t hat in schizorhrenics 

follow1ng psychothera:r:.y, insulin or EOT that one mi:::ht 

finj an increase excretion of 17-ketosteroid s which was 

later f ollowed by a decreas e in excretion in those 

respon~ing -psychica lly to therapy . Of course the 17 

ketosteroid excretion is directly fror.ortiohal to the 

caloric intake but the s chizo i:hrenic shows less ex­

cretion t han could be accounted for on t he low c a loric 

int&ke which is frequently ~ound in the m. 

A rise in blood g lucose ind t ne nor~al l actic 

aci1 level is seen in ear ly psychotics f ollo~in~ in­

( 63) Green 1955 
( 65) Haefer 1950 
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jection of adrenalin but there is a jecrease in both blood 

zlucose and lact: c acid in chronic 1-sychotics following 

injection. The late r ls not a reaction Sfecific to 

chronic psychotis since this result is found in many 

chronic diseases. Henneman 1955 (68 ) 

Funkenstein 1953 (52) in his work on stress sho¼ed 

that ange r diretted in~ard accomianied by anxiety lead to 

rhysiolo~ical illness; while anger directed outward 

accom1-anied by anxiety lead to 1-sychological illness . 

They also observed the relationship of nor-adrenalin and 

adrenalin to emotional manifestations , and discovered 

that punitive a nge r is associated with an abundant re­

lease of a nor-adrenalin like substance and that intra 

runitive anger is associated with over release of an 

adrenaline like substance. (50) ECT improved patients 

who excreted ad re>1alin like substances; but not those 

excreting nor-adrenalin like substances . The adrenalin­

like excreter is u.suallJ diagnosed as a man ic de :r ressive or 

involutional psyc ~oti e ; whilethe excessive nor-adrenalin 

like excreters areusual ly jia~nose:i as schizo1,hrenics . 

He theorizes that the adrena l medulla secretion may 

ti e in with menta: illness an~ t ha t resr onse to electric 

shock follows autonomic tyfin~ rather than diagnostic 

categories . 

In 1954 (53) Funkenstein related that intravenous 

infusion of adrenalin i~to normals caused an increase in 

( 50) Funkenste_-11'.1 1952 
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blood presEure, a n increase in the pulse rate, a 

decreased ~erifheral resistance and an increased cardiac 

out~ut; w~ile an intravenous infusion of nor-adrenalin 

increased the blood fressure , but decreased the r ulse, 

\ increased the r,eripheral resistance, and caused. a norma 1 

or decreased 9utput. Psychological stress ¼as also found 

to give these two tyies of resu lts. This proved that 

the medulla secretes two substances: adrenalin-like and 

nor adrenalin like substances. 

Schizophrenics show less · reaction to adrenalin than 

the normals although anxiety is produced in the psychoneur-

otic by it . ~echolyl had little effect on the schizo-

phrenic mental state. The normals sho¼ed moderate res­

ponse to drugs followed by early tendency to reestablish 

homeostasis. Aggressive agitated patients showed a great 

increase in blood pressure to adrenalin , and depressed 

patients showed the greatest decrease in blood pressure 

with mecholyl . Arxiety precipitated by adrenalin is 

found to be relieved by insulin coma and increa sed by 

electric shock. (51) (49) 

b) Experiments relati~f to carbohydrate metabolism. 

Henneman 1955 (68) found that mobilization of liver 

glycogen after ir.jection of humans with adrenalin was 

normal or increased : in schizophrenia except in the chronic 

schizophrenics wh o showed decreased mobilization. There 

was also noticed a decrease, to ~oint below norm~l, in 
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those sc nizo phren ics given insulin. 

Nirnwich 1952 (71) suggested that the effectiveness 

of insulin and shock i s t h rough t h e suppression o f cere­

bral metabolism a t basic levels by causin~ ano xia and 

hypo g lycemia l ead ing to a ch e mi cal breakdown in energy re­

serves so that cere bral f unction is not sui ported . F ollow­

ing sh ock therapy t h ere is a pparently an increased per­

meability in bra i n cells to inorganic subst ances and to 

the sod ium ion , a nd a d e crea sed p ermeab i lity to the 

pot a ssium ion. He state d ~t h at t he post a ssium ion strong ly 

sti mula ted bra in oxidati ons while enf orcing oth er cha.n ~e s 

in carbohydrate me taboli sm . Sodium ion interferes ~1th 

the fundament a l pho sphor yla tion and affects carbohydrate 

metabolism. The a utonomic nervous system is also affected 

by this . Though the brain is de p ressed by hypoglycemic 

sh ock, in ECT it is stimulated to such a peak that 

relative hypo g lycemia prevails and there ensues such a 

lack o f energy tha t long activity is impossible . In­

tensive convulsive attack s are best for affective sch izo­

phrenics. 

c) Experiment s involving other enzymatic proces ses. 

Alph a-(2-pipe r idyl) benzh ydrol hydrochloride demon­

strated de f inite al thougr inconsiste nt t h erapeutic e ffects 

in schizo phrenia d issocia tion syndrome s. Fa b ing 1955 (42 ). 

A definite although temporary response o f c a tatonics 

to barbiturates has a de f inite chemical basis . Forma tion 
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of high energy I=hO()hate bonds · is inhibited by pentobar­

bital, thus acetylcholine synthesis and excitability is 

decreased. This leads to increased activity because of 

a. depression of the inhibitory elements. Hoch 1952 {El) 

Chlorpromaz~ne and phenothiazine derivatives have 

strong CNS and peripheral effects. 'I·hey interrupt reflex 

areas at ,central synai:,ses more than at ;:eripheral gane:lion 

and effector organs. In addition to neural interference 

they also interfere with cellular metbbolism leading to 

artificial hibernation and an increased hyi,othermia and 

general anesthesia . (96) an over dose of chlorpromazine 

can lead to a Far-.rinsonian syndrome of muscular rigidity, 

mask like features , loss of associative movements and 

saliv~tion. It is presummed to be due to its influence 

on the paliostriatum . (79) Chlorpromazine although it 

causes sleepiness gives no chhracteristic EEG change. (171) 

tropine causes a decrease in blood pressure in the 

schizophrenic; the greatest decrease in the acute type , 

and an increase in blood pressure in normils. ( 8~) When 

the schizophrenic remits t he re is a reversal of the 

atropine effect. tropine ~otentiates sym~athetic action. 

Ashby 1951 (8) notes that acetyl phosihatase , the 

enzyme which catalyzes the reaction which releases the 

ener~y stored in energy rich phosr,hate bonds of acetyl 

phosphate may play a basic metaoolic role in the CKS. 

(79) 
( e3) 
(96) 
-(171) 

hoch 1955 
nof f e r 1954 
Laborit 1954 
AAAS 1955 
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It was noted also that the importance of a re~ion in the 

CNS to a s~ecies is related to the amount of carbonic 

anhydrase rresent ½ithin that s~ecific re~ion; this 

being proportionate to the dominance of the area. Var­

ious possibilities were cited as to ho¼ carbonic anhydrase 

might increase the speed of conduction and therefore the 

sensitivity to stimulation in the areas of doTinance. 

Since molecular c2rbon dioxide deiresses conduction rate 

and therefore sen3itivity to stimuli, he puts em1,hasis 

on the frob3bility that c~bonic anhydrase hastens removal 

of excess carbon Gioxid~ ; iven off durin~ neural activity, 

thus decreasin~ maximum concentration o ~ the gas and in­

creasing the possibility of stimulation. 

Bleuler 1950 i1B) thought the etiology of schizo­

phrenia mi2,ht be a metaoolic disorder with manifesto.tions 

in the psy che . Fabing 1955 (42) feels schizophrenia is 

due to a metabolic error although he feels the psycho3enic 

theories are not disproven yet. 

'3-reen 1955 (6"3) mentions that two IT:o.jor adaptive 

systems are at fault in scnizophrenia ; these being the 

CNS and endocrine aystsm. He believes these two systems 

are ~ost influence~ by enzymatic, nervous, and beh~vioral 

disturbances. 

Tne rr:odern corception is that patholosiical cells . ~ 

and tissue chansss represent not merely architectural 

alterations , bu~ reflect 1isturbances in the - dynamic 

enzymatic and metabolic activities of functionin~ units. 
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}olynucleotiue and protein deficits clre found in 

cortical cells in scnizophrenia. Normal metabbi ic­

excitability relationshi~s of various brain areas may 
' . 

be upset in the schizo~hrenic. He feels that the ideal 

agent for treatin~ the schizo~hrenic would not be a 

~enera l metabolic reducer as are thoss in vozue now, but 

one that would ~ct by a to~ograrhical and selective in­

hibition of overactive areas. 

Hoskins 1946(85) f e els the difficulty lies somewhere 

at the molecular : evel. He has found a decreased amount 

of catalytic iron in the brain of the schi 7 ofhrenic and 

decreased oxygen uptake, and thus is lead to the conclusion 

that catalyti~ anc enzymic systems may be at fault . He 

does concede th~t vitamin deficiency, fundamental metab­

olic error, amino acid imbalances in relation to cell 

processes and functions, maturity failure , endocrine 

dist1U..rrbances, all may :r;.lay a part at the molecular 

biochemical level •. 

Pincus 1950 (129} regards all behavior as an inter~lay 

o~ subtle, physiochemical mechanisms ~hich are analyz -

aole with sufficiently develor,ed scientific knowledge and 

acu;nen . Schizor.hrenia should be considered an organic 

disease involvin~ abnormal mechanisms of action in either , 

or both , the nervouB or endocrine systems. It was felt 

that a faulty potassium ion ~etabolism in the face of 

re~eated stresses may be an important cumul&tive factor 

in the develof~me'1.t o f a fsyc i1osis since r,otassium is 

important in nerve excitability and in generation and 
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propogation of action currents. The pattern of nerve 

messages constitutes t he physical basis for thought. 

That schizo~hreni a may be another disease of in­

born error of metabolism was suggested by Martin 1951 

(106), in which migh t be found metabolically mutated 

states, some of which mi ght be due to specific naturally 

occurring metabolic analogues. As an antimetabolite 

can preven t biosynthesi s of an amino a cid, in the same 

manner can enzymes be affected. fsychological nornality 

is based upon hormonal balance. Antagonism between ster­

oids constitute one of the fev, known balancing mechanisms 

which can be directly correlated ~1th ~sy chiatric states. 

It is probable t ha t stability of human ment a lity f inds 

its f oundation in the interplay of mutually antagonistic 

molecules. It i s in this area tha t minor modifications 

produc,e r rofound effect. 

The theory o f biologica l r e l a tivity states t ha t no 

sing l e molecular s tructure possesses a function not 

sh&red to some de p:,ree bJ structurally related mole cules. 

There exists in nature no exam~le of abso lute specif­

icity of anzymes. Biological order is actually based 

on disorder-antagonism. These compe titive phenomena 

are based upon ordinary short-range f orces of chemistry. 

There a re two t ypes of biologic a l antagonists-natural 

and synthetic. 

Biological antagonism is a manifestation of cornre ti­

tion between substances for surface positions on proteins. 
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All rroteins under proper conditions are capable of 

functioning as enzymes. The protein subste.nce is consi­

dered the heart of the biologic reaction. All processes 

of life are fundamentally enzyma tic in character. An 

enzyme is the uni versal living element. Martin concludes 

with the concept that biological systems are no more than 

apr lications of s tatist ical laws to a system in which 

biologi cal antagonists are dominant factors. Large 

numbers of molecu l es having similar structures to h0r­

mones, could upse t the delicate balance, thus leading to 

mental illness. 

Phosrhoglycolic acid may play an essenti a l role in 

metabolism. I t i s increa sed in schizophrenia as mention­

ed above , and si nce the re is a decreased turnover of 

ATP (studies have shown that phosphoglycolic acid is an 

acceptor of radioactive phosphate rather than ATP), it 

may play an essential role states Orstrom 1951 (118). 

Pope 1952 ( 132) explained that disturbances of 

certain cerebra l enzyme s is r evealed in the psychosis of 

pellagra with its deple tion of brain pyridine nucleotide 

codehydrogenese s . Another example of enzymatic dis­

turbance is demonstrated by the psychotic symptoms which 

parti a l inactiva t ion of brain cholinesterase by DEF can 

cause. Frefronta l cort ices of some deeply psychotic 

patients hydrolyze acetylcholine faster than usua l. 

He hypothesizes that i f cholinesterase activity is an 

index of rate of turnove r of the system metaoolizing 
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acetylcholine and if the latter is a com:r,ound of cri­

tical i mfortance in physical chemistry i mi:,ulse trans-

mission, initiation, and synaptic transfer, then that 

might suggest a chronic increase in rate of neuronal 

discharge into t h e cortex in etuestion. 

2) Endocrinal disturbances. 

That endocrinal abnormalities r lay a :i;:art in psy­

chotic and schizophrenic disturbances is already sur­

mised from the discussion of the metabolic-enzyffie system 

described above. Osmond 1952 (122 ) ha s in fact suggest-, 

ed that schizophrenia is a specific disorder of the ad­

renals. There is a close relationship between schizo­

phrenia, anxiety and st r ess, so when the adrenal is over­

worked a malfunction of the g land may occur. 

Pincus 1950 ( 129) cited two possibilities as to the 

failure of the adrenals in stress in the schizophrenic. 

One is that an, exhaustion of adaptation syndrome exists 

and two that t he secretion of cortices is oifferent 

qua litatively in schizo:i;:hrenics. Intense stress may 

break through and evoke secretory reserve. The elect­

rolyte and 17 keto steroids show the greatest differ­

enti a l res ponse bet ween s ch izoi:,hrenics and norma l humans. 

He does not feel t hat the pituitary is at fault. 

However Hoagland 1950 (73) concluded t ha t since 

electric shock sti~ulates the ~ituitary, unresponsiveness 

of the pituitary may be associated with the chronic phase 
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of the disorder. 

3) Nutritional and vitamin deficiencies. 

These may play a r art in the develorment of schizo­

phrenia, but if the y do , it is a pparently a minor_ role, 

since a recent e xreriment g iving protein and vitamins 

was of no benefi t to t he patients. ( E5) (122) 

4) Vascular insu~ficiencies. 

Vascular insufficiency is thought to have a P~Pt 

although not a primary one by several ~eople. (152) 

Shattock 1950. h of fer 1954 (83) postulated a ri gid 

vascular system f or schizphrenia to exflain a remark­

ab ly hi gh correlation between systolic and diastolic 

pressures . Howeve r this tube-like vascular system is 

seen in other illnesses as sociated with strees. 

Martin 1951 (106) 

5) Toxins. 

Not many subs cribe to a theory of a f ore i gn toxin 

causation. However many fe el as will be discussed in 

relation with t he halluc inogens tha t t here may be a 

sre ci fi c substance t h~ t arises from within t h e body 

which causes schizofh reni a . Fatsig 1953 (125) felt 

tha t a nev.i compound formed in the liver caused mental 

phenomena . He r,roposed a biochemical conce pt with the 

liver as an important fa cet. It is of h istorical in­

terest to note tha t Jung in 1906 (1936-91) postulated 

the presence of a t oxin "X" in t he body which he con-
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sidered a s t he e t iologi c agent i n schizophrenia but h e 

left it to a "mor e r,erf ect chemistry and anatomy in the 

future" to de monstrat e t he metabolic changes in and 

causes of sch izophrenL ... . 

Stocking 1940 ( 157 ) con·sidered all r, sychose s to be 

vari ants of t h e s ame disea se process, and t he causa tive 

agent to be s ome type of toxin in the body which has a 

sele ctive action on t he h i gher centers. The centers 

atta cked and t he type of psychosis, he f elt, could be 

determined by a s tudy o f t he psychophysiologic make-

up of the pa st environmenta l experience s of t h e pa ti ent. 

6 ) Unifi ed con ce; t . 

Bellak 1955 (13) emphasized t hat schizophr enia must 

be unde rstood a s the f i na l common pat h of a number of 

conditions which may lead to severe disturbances of t he 

ego. This r ange s from pure ly psychogenic weaknes s of the 

ego to aff liction of ego functi oning by disturbance of 

brain by infe ction s, arte riosclerosis, enzymes, toxins, 

trauma , or gen,: ic (ch~mogenic, histogenic, genogenic 

or p sychogenic) causes. He felt t ha t contrar y to many 

othe rs t ha t schizophreni a is a syndrome and not a d isease . 

He t hough t tha t i t is a syndrome of severe ego distur­

bance and is a re s ult of soma tic and psychogenic factors; 

1' t ha t it is a t one end of a con t in~m while norma lity is at 

at t he othe r end , and i n between lie the neuroses, and 

manics. Schizophreni a i s a r ange on t hi s contin}im, not a 
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point. 

Callaway 1955 (26) agreed that since a pe rson is 

a complex being that no s ingle factor causes mental 

illness, but that i n each pat ient there are social, 

physi ological, chemical, genetical, cultural, educational 

and ~sychological f actors which must be considered to 

fully understand t h e disease. And as Al exander (51) 

stated "psychic and somatic phenomena take place in the 

same biological sys tem and are two aspects of the same 
II 

process. Many mentioned above feel that although there 

may exist a basic causative factor in schizophrenia, 

there are many associative variables that will influ-

ence the ty pe , duration a nd severity of t he schizophrenia. 
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~· ' LLUC I NOGENS 

The hallucinogens are schizophrenia-mimicking 

drugs in that the y induce a psychosis in which the subject 

is left with a clear mind which re t a.ins insight to the 

de gree that it i s frequently able to understand the tran­

sient nature of t he experiment and realize t hat its c on­

dition is drug i nduced . (78) (26) No loss of intelli-

gence usually oc curs. ( 63) I ' The term hallucinogen was 

coined because most of the drugs bearing tha t label 

produce hallucina tions of a visual auditory or somatic 

nature. 
I \ The term model psycho sis is the term used to 

designate a drug induced psychosis. 

lthough the mode l psychoses approxi ma te schizo­

phrenia it is fel t t hat a systematic com~arison is invalid 

sin ce no genera l acce ptable systematic descriition of 

sch izophr enia has been made.(3) A di fference frequently 

perceived is t he syne sthesi a which is f ound in the arti­

ficially induced r,atients but not . seen in the clinica l 

ps ychotic. (26) In mode l psychoses visua l hallucina­

ti ons are commones t and auditory rarest, as contrasted 

to t he reverse which is true in the schizophrenic. (80) 

The hallucinogens a ct in mi~ute quantities leading 

to belief t ha t they exert some effect on an enzyme system 

r,robably in brain metabolism, although t his is by no means 

definitely proven. (79) 

( 3) Agnew 1955 
( 63) Green 1955 
{79 Hoch 1955 
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All, with minor exceptions, have either an indole 

nucleous, or an open cha·U1 r indole-like structure. (42) 

Indole ring . 

N 
Hashish is the- exception since it has a dibenzopyran 

structure rathe r t hat t he indole structure; in f a ct some 

would not a t?ree t hat hashish is. a true hallucinogen. (78) 

Hallucinogen s of ~egetable origin, plant alkaloids, 
" 

include c_ohaba, arr.ani ta pantherina, hashish (marihuana), 

mescaline, d~ysergic acid -diethlyamide (hereafter referred 

to as LSp), yohimbine, ~ibogaine, and olili qui. (84) 

Hallucin9gen s of primarily synthetic ori gin a re 

amphetamine, methedrine, b\Jbocapnine, and TMP (43). 

Hallucinogens of animal origin are tryptamine, bufot­

enine, adrenochrome and ~ ~phobilinogen, and ~erhap s sero­

tont-n (5-hydroxytryr,tamine, hereafter called 5 HT). (42) 

Other drugs may produce psychosis but are not con­

sidered hallucinogens since they may affe ct the sensor- ­

ium in an "organic way", causing . altered consciousness, 

impaired memory, confusion and unreliability in reporting . 

Included in this group migh t be alcohol, DFP (di - iso-propyl 

flurophos phate), ACTH,pervitin, sodium amytal~ cocaine, 

icope lamine ,probably ha shish, and others. (78) 

The aiIT in producing a model psychosis has been to 

create a psychotic disorder in which biochemical, neuro­

physiological and psycho-dynamic states could be studied 

(42) 
(e4) 

Fabing 1955 
Hoffer 1954 
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concurrently; thu s en abling further inve stiga tion of 

psychotics in genera l and schi zophrenia in particular. 

The eff ect of t he se drug s ha.ve been observed on normal 

humans, t he menta lly ill including t he sch i~ophr enics 

and in a varie ty of animals. The drugs have been biolog­

ically and biochemicall y studied a lthough perhaps not too 

systematically. Halluc inogen s have a lso been used in 

t herapeutic proce s se s with so me success. (79) 

The r e su lts of thi s ex~erimentation have p rovided 

clue s in t h e cont inuing search f or an etiolog ica l expl ana­

ti cn of menta l i l lness . They have opened definite vistas 

towa rd a bioch emi ca l explantaion of schizoph reniar Upon 

the basis of thei r structur e and a ction va rious hypothese J 

h av e been pro posed and studied experimentally,, e. g . , 

Hof f e r 1954 (84) sugge s ted t hat a substance in th e body 

having an indole struc t ure like t he halluci nogens and 

whi ch behav ed as t h e ha llucinog ens mi ght be t he etiologic 

agent of sch izophreni a. As a ma tte r o f fact work still 

progresse s a long t h i s partiQular line. 

The use of ha llucinogens and othe r p sychotic pro­

ducing drugs is f ound ex t ending f or centuries into t he past. 

The y were t aken a s pa.rt o f r e lig iou s and ceremonial ri ghts, 

f or sexua l f rowe s s and stimulation, f or t heir euphoric 

e ffects, by nati ve tribes and peor le s of all national-

1t1es · and r a ce s, both c ivilized and uncivilized t hrough 

out t he world. Hashish i n toxicati on was described by t he 

Ch i ne se in t he 15th cent u ry A. D. (2) In 1845 Moreau 

(2) Adams 1941 (79) Ho ch 1955 
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de Tours, the father of hallucinogenic experimentation, 

suggested that hashish be studied by giving it to normal 

people so that observation of the ensuing mental illness 

might be done. (93)(94) He was one o f the first to in­

tentionally induc e himself in order to analyze at firEt 

hand the effects of hallucinogens in the system. De~uincy 

in h is "e onfessions of an Opium Eater" and Davy with his 

observations on laughing gas are recorded self analyse s 

while under the i ~fluence of psychotic producing drugs . 

Kraeflin in about lf83 (93) was the fir~t to sy­

stematically study drug s for their i::sychoti.c-inducing 

pror-erties . He s tudied alcohol , coffee, mor1,hine and 

tea and found them to be unpsychogenic in-nature. In 

his experiments ~1th mescaline , hashish, ether, nitrous 

oxide, and coc a ine he found that the CNS was excited and 

psychotic like symptoms were produced ~hich he f e lt 

were worthy of further study. 

Many attempts to I,roduce experimental psychotic 

symfy toms in hope to discover r, sycho-physicological re­

lati on ships have been made . Schneideberg produced· 

cataleptic :phenomena in r 2bbits in 1E'86 by ethyl-urethan. 

In 1904 T-eters (128) discqvered the ca t a lyptic action of 

bulbocarnine. Baruk 1938 (12 ) and DeJong 1932, 1930 (29) 

(30) investigated this and other chemicals and demonstra­

ted their catatoni c effect on man . 

Since then cocaine , scor olamin & , hashish, adreno­

chrome , etc., have u~en studied in trying to simulate the 

(93) Kraeplin 1883 (94) Kraeplin 1925 
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the p sycholog ic changes s een i n t h e menta lly ill. All 

show 1) mood a ltera ti ons , 2) va rious pe rceptua l changes , 

3) defe cts of cor centra.tive at t en ti on, and of logica l 

process. ( 14) ( 69) ( 87) ( 112 ) 

Ha shish wi t h in t he l a st t wen ty to t h irty years ha s 

been fully explor ed and withi n t he last decade l y serglc 

acid diethy lamide and adrenoch rome h ave been more and 

rr..ore f r equently u sed a s experimenta l too ls. 

:Me sca l i ne 

A. Descri ption . 

It is a ~l ant a l ka loid having a potenti a l i ndole 

nucleus and is t he s eed of t he me scal or peyotl cactus 

whi ch i s of Aztec origi n. ( 84) Mesca line, a phenyla­

l ky lamine , may ac t on the centra l ne r vous and sympathetic 

ne rvous sys t em . (99 ) It i s t hought to be a stimulant 

physiological l y becau se it i s onE. pha r macologica lly. 

Exa ct s i t es and rr:odes of ac t ion a r e unknown (63) a ltho 

some t hink t he halluc inations are caused by t he me thoxyl 

g r oup and t he ani mo aci d i n t he s i de chai n . (142 ) 

CH30 

B . Hi s tory. 
N 
H& 

Me scal i ne . 

Prentiss and Mo r gan pe rfor med t he f irs t self induced 

e xpe riment ~ith mesca l i ne in 1E94 and t hey r eported 

( 8.4) 
(63) 
( 142} 
(87) 

Eof f e r 1954 
Gr een 195;3 

Sa lomon 1949 
uxley 1954 
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colorful visual hallucinations. , :Mi tchell (115) pub­

lished in lt96 the first classic account of peyotl 

intoxication. DeJong ( 2E) (30) was t he first to 

use mesca line experimentally to any extent in animals 

although Kraeplin (94) had studied ffiescaline around the 

turn of the century. I t is only in recent years t hat a 

thorough investiga tion has be~n carried out however. 

C. Uses. 

1) Exrerimental Psychiatry. 

Hoch 1951 (77) re i orted that mescaline in doses of 

.4 to .6 g rams en..~anced sch izophrenic symptoms in schizo­

phrenics and caused perceptual psychoses in peopie 

suf fering fro m latent schizophrenia. He found 5 to 6 

milligrams per k ilogram the best dose. No addiction 

was observed with mescaline. 

Mayer-Gross 1951 (110) found similar objective and 

subj ec ti ve symptoms in mescaline-induced psychoses and 

schizophrenia. He thought mesca line might inhibit oxi da­

ti on in the same manner as narcotics do. 

Guttman 1935 (64) f ound t hat mescaline i mproved 

de personaliation symptoms to the degree that a change in 

surroundings (de rea lizat ion) was elicited, but not of 

self. he felt t hat for this reason mes cali ne could not 

be used as a mode l for t herai:;eutic ex :r:eriments, but might 

be used as an ad j uvant for psycho-therapeutic activity. 

(115) 
(28) 

:itchell 1E96 
DeJong 1930 
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Hoch 19 55 (79) demonstrated tha t mes caline produced 

anxiety with an alter ation of :i;:ercepticn of body sensa­

tions and changes of body i mages which then lea d. to low­

eri ng of t he reali t y control v,hich in turn l eads to de­

pression, aggres sion and ~aranoid manisfestations. He 

questioned whe t her t his was due to a ihysiologica l action 

or was the result of a psychologic al change . He stated 

reescaline has caused greater disorganization in schizo­

phrenics t ha t in normal s; but t hat t he re is a di f ference 

of degree in response be t ween a cute and chronic schizo­

phrenics, f or in t he fo r·mer there exists a gr eater in ­

tensity of reacti on. ~bid 1951 (77) 

Stocking1 amo1'1.18 many, 1940 (157) f el t t hat if a toxic 

chemi cal agent wa s present in the body it wou l d be an 

ami ne with simila r chemic al and pharmacological pro i er­

ti es to mesca l ine . 

a) animals . 

DeJong 1945 (31) in poorly controlled exferiments 

with me sca l ine produced catatonia in sma ll mamma ls but 

also diiscovered t ha t l a r ge enough doses of many sub­

stances wo uld :i;: r oduce the same result. He was aware of 

t he s tructura l relationship be t ween mes ca line and adren­

alin but he d i d Dot consider t his significant nor rela t ed 

to Cannon ' s stress conception. 

Schwartz 1956 (151) found t ha t t he. injection of 

mescaline into t he cat's ventricle caused violen t scratch­

ing imrr:ediately , and l c.. t e r caused EEG change s which 
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occurred asymetrical in the brain and ~pr ead out. He 

discovered no antagonism between mescal and 5HT with ­

in the ventricles. 

Block 1953, 1954 (21) (20) from his work with radio­

active mescaline in mice concluded that mescaline, which 

was found in the liver and kidney in the greatest con­

centrations and in seconda ry amounts in the brain and 

spina l cord, disaipeared fro m t he CNS before psychic 

symptoms apreared thus establishing t he fact that hallu­

cinations are not due t o mescaline but to substances 

formed in it s rea ction s . He assummed mescalin~ entered 

into a., protein bound combination in the 11 ver. 

Lewis 1954 (99) demonstrated t ha t certain cerebral 

mammalian tissue s were not sensitive to me scaline unless 

they -were first s timula t ed by electric impulse , but t hen 

respiration, and glycolysis were inhibited by mescaline. 

b) man. 

Osmond 195 2( 122) s tated tha t mescaline had long 

been known for i t s hallucinogenic qualities and that it 

produces all major sy mp toms of ~cute schizophrenia in 

the norma l man, a lthough in variable de gree. These 

symptoms he listed as sensory disorders (illusions and 

hallucinations), motor disorder , behavioral disorder , 

thought disorder s , disorders of interpret a tion, delusions, 

depersonalizations, mood disorders , s plitting , and insight. 

He a lso perchance discovered tha t mescaline and adrenaline 

have similar stru.ctureSand hypothesized that if by mistake 
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methylation of tae phenol hydroxy groups occurred a 

substance 11 M11 similar to mescaline would result which 

perhaps was the agent f or mental illness. He thought 

t his was an error of r eaction due to a defect within the 

adrenals. Mes caline i tself was not considered toxic 

enough to produce the disease. Mott years ago had notic­

ed a r,eculiarity in the adrena l medulla of schizophrenics 

but has never pu rsued the observation further. 

Adrenaline. I\ 
HO 

0~ 

t~A7'51'1c:I~ l"'ti.,, .., ► 
+CH3 

} 

~ r-i:esca~ine 
'-~,...-_ ___,.11 ke • 

1-tN • C. M3 

Osmond felt t ha t such a hy pothesis _would account for 

abnorma l adrenecortical activity, vascular change , dis­

turbance of carbohydrate me tabolism, overloading of the 

d~toxicating mechanism of liver and ~igmentation found in 

schizophrenics. Mescaline itself he discovered inter­

fered with g luco se metabolism of t he brain. 

Mayer-Gross 1951 ( 110) re ~orted that mescaline in 

norma l man changed his ·perceptual color of objects and 

caused an increase in af ter i mage , euphori a , superior­

ity, and joviali ty . He found his subjects were indif­

ferent to t he testers and t hat they t hought in terms of 

visua]. images . any used "witty 11 remarks which actually 

were not. Day dreaming was frequent. They did not loose 

identity although a passive attitude was fully relished. 

The main symp-t,ems were 1) predominance of visual 
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experiences, 2) perceptua l distortion of obj e ct movement, 

3) disorders of ti me towa rd t h e slow side, 4) s ynaesthes­

ias, 5) va ri ab l e st a t es of consciousness-euphori a . 

Mayer-Gross f e lt t he outward behavior appea r ed 

relatively norma l a lthough passiv ity and r e stfulness 

presen t. He ca t agorized symp toms o~ me scaline intox­

ica tion a s belon gi ng t o e xogenous rea ctions of•, which 

dilerium is a typica l f orm. The difference s in e f fects 

of the various ha llucin ogen s wa s fel t to be due~ in pa rt1 

to pe rsona lity t r aits of t he sub j ect but a l so t hought 

t ha t each drug ha s its s feci a l fe a t u r e , t ha t of mesca line 

be i ng its ability to cause derealization and de i ers on­

aliza t i on, and v i sua l a nd t a ctile illusion s in a clear 

sensorium1 thus mimicking schizophr enia. Missiona ries 

in f oreign l and s h ave h ad frequent trouble with ch ronic 

mesca line intoxi cation among t he native s which le ad s to 

lazyne ss and lo ss of will powe r. 

Denber 1955 (33) di s covered t hatintravenous me sca line 

i n e pileptics caused EEG change s: a va riable effect on 

a l pha wave, de crea se of delta wave, and caused disappea r­

ance o f s pi ke wave s. Le t hargy, drowsines s and somnolence 

we re t he main clin ica l symp toms r roduced i n e pileptic s. 

He t heorized t hat t he si t e of a ction was t he diencephalon. 

Hoch 1952 (80 ) i n h is expe r i ments on schizophrenic 

patients found tha t mexcaline caused more inten sive 

changes than LSD. Physi ologic a l and menta l content 
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symtoms were intensely aggravated, in additon to 

disturbances of percept ual acuity, anj emotional alter­

ati ons. Anxiety was t he most frequently f ound change, 

followed by hosti lity, evasiveness, and paranoia. 

The results were like a condensed psychoanalysis. 

Sexual material was fre quent which he t hought quite 

odd since norma l s do not . verbalize much sexual material 

under influence of mescaline. Anothe r d ifference found 

was t hat mescalin e caus ed euphori a in normal but not in 

schizophrenics. The r eactions of schizophrenics are more 

intense, anxiety and. di sorganization worse. - The normals 

reta ined more rea lity control. The drug reenforced 

schizophrenia but did not cause it in the normal human. 

Another oddi ty n oted was that geometrical hallucina­

tionatory forms, while uncom,~on in both normals and 

schizophrenics, were found in both normals and schizoph­

renics. 

Denber 1955 (32) was not able in his studi e s on 

schizophrenics t o dupl i ca te the f i ndi ngs of vari ed colored 
g-i,J 

ha llucinations~ parano La found by the experimenters a~ove . 

He gave .5 g ram ~esca l i ne intravenously to schizophrenic 

patients and found a pr edominance of emotional over 

ideati onal activi ty, No relationships between clincal 

phenomena and EEd existed, Psychoses were reactiva ted 

in those hereto: r ore i ~froved by ECT , which lead Denber to 

beleive that ECT gives only quantitative change, but does 

not e f fect basic stru~tures. He felt that t he a cute 
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anxiety gene r a ted by me sca li ne r epr e'sented the primary 

rea ction of t he organism to i magined da nger. He postu­

lated that primary emotional rea ctions might origina te 

in infracortic al a r eas. Hoch 1951 (77) suggested .. that, 

perha ps only those with schizoid tendencies will develope 

schizophrenic-like symptoms with mesc aline. 

Again in 1955 (34) Denber emphasized t hat mescaline 

and LSD not only reactivated psychotic sy~ptons in pati ents 

following ECT but also f ollowing psychosurgery. He noted 

tha t t he au tonomi c ner-vous system dysfunction is t he 

anlage o f the mental cha r ges with LSD and mescaline in­

toxications. Since ha l l ucinogens .of different chemical 

structure can pro duce s imi l a r disturbances of mood and -

thought he felt t ha t t he clinical picture does not result 

from peripheral but fro m central metabolic interference ; 

and t ha t t he adrenal cortex may play a part primarily or 

seconda rily was hypo~hesized. However, if it does, why 

does me sca line in e pileptics .cause the opposite sy~ptoms 

of those found i n schizophrenia. It was also 'noted t ha t 

adrenalectomies do not i mprove schizo phrenia, so there 

exi s ts a big que s tion a s to whether adr enalin cycle 

actua lly involved . He felt t ha t t he me tabolic disorders 

tha t exist, exis t in t he cellular l eve~ in t he CNS and 

not in the g l &nds . I n fact we may be even further· from 

t he truth. t han i s r eal i zed, and are going through a new 

etiological hypo thesizing era . The i mportanc e of ~sycho~ 
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logica l environment inf luence s in not questioned, so 
i, 

erhaps no sing l e f a ctor" t hought to be r e s ponsible. 

1lescaline su r:pres s es t he ~igh voltage and slow wave 

act ivi ty f or abou t fou r hours in t he r-ost convulsive 

shock sc bizo:rhrenic
1 

Me r lis 1955 ( 113) demonstra t ed. 

Since t h is a ctivi ty a r i ses in t he diencephalon h e con­

tended tha t it wa e t he re me sca line has a t least one site 

of action. 

'Mayer-Gross 1953 ( 111) while he demonstra ted r, syc holog­

ica l change in normal humans with me s caline , he obtained 

no he xosemonophospha te increa se or any change i n blood 

chemistry , yet af ter giving LSD to schizoph renics he 

noticed an i ncrea se of blood he xosemonor ho pha te associated 

with minima l rsychologi ca l effects. However, J antz 1941 

(90) had shown t ha t mescaline caused car i l lary damage, 

wh ich caused a lo s s of prote in fro m~the b lood , and an 

increa se i n nitro~en re t ention. These f i nding s were not 

supported. 

c) ana tagoni sts. 

Frenquel (a gamma i some r of Meratran) given :r:; r emed­

ically blocks t he psychi c e f fect of a mesca line-induced 

psyc hosis, as we l l a s alleviates t he same mani f esta tion s 

in t he full blown a rtifi cial psy chosis. All ataraxics 

includin3 r e serpi ne and ch lorpromazine have this ability, 

a lthoug h t he a ction i s not understood. Fabing 1955 (43) 

(44) 
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Hoch 1955, 1952 (79) (81) in reviewing the t hera ­

peutic research done on mes ca line and LSD induced-psy­

choses related · that hypnosis and ECT have had no effect; 

sodium succinate and glutamic cause some improvement; 

and that sodium amyt a l and fervitin are be st in neutral­

izing the effects of t he less deteriorated schizophrenics. 

In returning from an induced i=, sychotic state it is shown 

t hat t he subject f irst has i nc reased contact with his 

environment; then distortions of space and ti me and visual 

hallucinations d i sa ppear, t hen t ension fades, followed 

by cont ent abnorMaliti e s. This r rocess similates pa tients 

who have undergone psychosurgery . Fennes 1954 (126) 

studi ed sodium a myt a l, pervitin , and LSD, and mesca line in 

schizophrenics and found amyt a l to be a normalizer agent, 

whi le mesca line and LSD intens i f ied the pre-existing 

symptoms, and pervi ti~ pro duced alli unstable state 

with nor~alization firs ~ f ollowed by intensification of 

res r onse. He felt th&t t he total e ff ects of the d rugs 

depended on secondary or indire ct factors in addition to 

the drug s r e cifi ci ty. The sec ondary response resulted 

fromt he interacti on between: }~re-existen t status of t he 

indivi dual, the drug ,and the particular e nvironment. 

This ui : hel1 the theory t hat diverse chemicals may 

rroduce sarre effe c ts and that same stimuli may be dealt 

with by diverse actions. These r e actions are at the 

most complex levels of ~rsonal ~t y;,. 
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lso it has be en shown t ha t amytal and :rervitil\, 

while delaying onset of induced psychoses do not prevent 

them. 

Tho razine in the f irst injection temporarily improv­

ed LSD and mescaline psycho ses although this was frequent­

ly followed by a relapse which \\las then :f•ermanently re­

versed by a second inj ection . With thorazine the anxiety 

and tension was reH:.e-Ued first , followed by the disappear­

ance of the mental manifestations. Nausea and vomiting 

were also relieved by thorazine (chiorpromazine) . 

Thorazine has some preventative effects on the induced 

psychoses , It prevents the autonomic nervous system 

changes in t he LSD psyc hosis, but no effect on the autono­

mic changes produced by mescaline, altho it prevents the 

i;sychiatric changes of mesca l ine . 

It is felt that thorazine i m~roves the EE~ findings 

of induced psychotics; its action may be to depress the 

reticular facilitatory region of t he brain stem up to and 

including the diencephalon and most of the me sencephalon 

re f resented by the nuclei of the t halamus (thalamic 

reticular system) . There are always two actions to every 

drug: 1) its s re cific e~fect on everyone, 2) those 

effects it causes in a 3iven ~atient irregardless of 

the nature of t he drug. 

In 1948 Schueler (148) from , experiments on rats 

showed that whereas mescaline had no inhibitory action 
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on succinate in brain t i ssue it did cause definite i n­

hibition of l a ctc.te , pyruvate and g lucose. Sodium 
' 

succinate decreased the compl exity and intensity o f 

visions in humans induced with mescaline and caused more 

norma l conve-rsations . Faster action was observed in 

vivo studi e s ~han in vitro work . The a ctua l acti on of 

mes caline remained unex~lai~ed. 

In his work reforted in 1955 Schwarz (150) 

demonstrated that 25 mil l i g rams of thorazine reverted 

mescaline and LSD induced psychoses . He demonstrated a 

different mode of action than with amytal since t he EEG 

is normal with thorazine but with amytal a barbiturate 

type of EEG results following reversa l of the psychoses. 

There is no direc t antagonism between thorazine and 

the ha llucinogens but no definite act ion of thorazine is 

known. He hyfo thesi zed t ha t it has a neurohumora l a ction. 

It may block hypothalamic sti~uli • . Perhaps mescaline has 

a cholinergic eff ect and thorazine an anticholinergic 

effect; or perhars LSD and mescaline may cause an adren­

ergic inhibitory action on t he central synapses, and 

thorazine may have an adreno lytic action. 

Since LSD and me scaline re ac t ions a r e enhanced by 

stress, ~ybe thi s action is r roduced t hrough increased 

adrenalin producti on or by ab.normal .epinephrine me tabol­

ism l eading to producti on of me tabolit~s such as adreno­

chrome or adrenolutin . The re is a wide variation in 

adr enalin metabolism and this could ex1lain the wide 
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variations in hallucinogenic e f f e cts. 

2) Diffe r enti a l diagnosis. 

Hoch 1955 (79} sta tes t hat LSD and me sc a line have 

not shown thems e lve s to be useful l i n d i fferenti a l 

d iagnosis o f mental disorders. 

3) Therapeutics. 

A t hera~euti c use for mescaline a nd LSD has been 

found in p sychoth erapy by Frederking 1955 (4E). He g ive s 

me scaline.3 to . 5 g r ams intramuscula rly, or LSD 25 to 60 

microg r ams orallJ . Wi th t hese drugs he p roduce s in h is 

paitents dre am-li ke re sults which con t a in visua l hallu­

c ination s and cha nge s i n physica l percef tions. These 

have a r e l ationsh ip to t he iati ents psych olog ica l back­

g round . The dre om-like halluc i nations reveal: 1) ch ild­

h ood memo ries , and 2) l ife situations wi t h p sych opa t ho logy 

intertwined. He a l way s ~e t s psy c ho-ca t har~is with the se 

d rugs . This then enable s hi rr to shorte n his therapeutic 

time , break down blocks, an d r e a ctivate treatme nt. 

Mesc a line c auses ~ore i n t ense emotional responses, while 

LSD c a use s a broa:ier Sfe ctrum o f reca ll. 

H0 ch 1952 (81) agrees t ha t t he content o f hallu­

c i natory experi e n ces induced by mesc a line existed in the 

p r e vious life of t he subj ect in dre am s a n d free associa­

tions; In sch izoph reni cs r e lie v ed by lob otomy mesca line 

caused r e turn of the same symptoms whi ch e xisted prior to 

t he surgery. 
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d-J:Ysergic acid diethylamide . 

A. Description. 

It is a-n indole , e.nd a synthetic amide of organic 

d-lysergic acid. Lysergic acid is the ba se of all 

lysergic acid aLcaloid\and it is found in rye · rust, 

Hof f er 1954 (84~ and i n othe r infected g rain. Na tural 

ergot alkaloids contain d-lysergic ac id and are divided 

into two g rou r s: 1) e rgotamine-ergotoxine g roup , and 

2) ergonovine group. I n the first group d-lysergic acid 

is combined with a peptide and in the second are found 
I 

the monacidamides of d- lysergic a cid. Er gonovine (d-

lysergic a cid iso- propl yanolamide) is t he only member of 

g roup t wo, while d-lysergic acid dieth lyamide is one 

of t he membe rs o f t he f irs t group • 
..., c. 2 H,. 

o • c.- ""'-c-a l.fs 

....--- >-~It. 
' 

B. Hi story. N 
•◄ 

Forrer 1951 (47) 

LSD . 

Study of the hallucina tory e ffe cts of LSD-25 (here­

after LSD) began in 1943 following the accidental dis­

covery by a Swiss chemi st named Hof fman who after work­

ing a ll day in the l aboratory on a s alt of d-iysergic 

acid, experienced peculiar restlessness and dizzi ness. 

He went to bed in a pl easant state of inebriation charac­

terized by an · extremely stimulating f antasy associated 

-46-



with an intense kaleidoscopic pl ay of color which lasted 

t wo hours. The next day he took 250 micro grams of the 

new salt and again expe rienced more intoxic a tion with 

the same symptoms . Deshon 1952 (35), Stoll 1947 (158), 

ibid 1949 (159) 

Actually it had been synthe sized first in 1938 but 

its l a t ent quali t ie s were not known at that time . Forrer 

1951 (47) The di s covery of Hoffman's was later sub stan­

tiated by Stoll (15f ) {159 ). In this country Rinkel and 

his g roup were the f irst to experiment with t his drug . 

Rinkel 1951 (136) 

In t he middle age s it was this a ctive :princi pl e of 

ergot inf ected bread that caused t housands of pe ople to 

go cra zy. 

C. Uses . 

1- Experimental psychiatry. 

The drug has be en studied in normal and psychotic hu­

mans and in animals. It produces effects similar to 

mesc a line psychotic symptoms such as an a lteration in 

perception, bo dily sensations, changes in body image 

and in~ime sense, which lead t o impaired integra tion 

and to fragmentive menta l processes. Agnew 1955 (3) 

fe e ls that t he depersonaliza tion and derealization are 

simila rities between schizophreni ,z and LSD psychoses ; 
. the. 

however short s ians o f concentrat~ ; on andnvisua l d is-

turbances of LSD psychose s a re not f ound in sc r.izo phr enia. 

The value of LSD as .we l l as other hallucinogens 
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1s t ha t t he subj ect s of t he i r intoxica tions can 

describe t h e s en sAtl ons f elt under t he d rug without loos­

i ng clear conscious state and can ma intain contact to a 

certain extent with t he examiner. Hoch 1955 (79) 

It c an produce its e f f ect in doses of 10 t o 60 

microg r am s although so me e xf erimen t e rs use up to 6 

microg r ams per kilogr am. Forrer (47~ The lethal 

dose in l aboratory animal s is 285 microg r Qms per kilo­

gram, so f or t hat rea son i t i s consi de red a very safe and 

non-toxic drug f or experimenta l work. It s use in minute 

amounts sugge st a h ighl y se l e cti ve a ction in t he CNS. 

How t h e menta l changes a r e cau sed are no t clear. A 

di ff i cult as pe ct of t he probl em li e s in t he fact · t ha t 

a ll i mportant phenomena a re subj e ctive in nature and not 

vari f iable by an ob server. 

In the sea rch , a rela tionsh i~ to chemicals i n the 

adrena l i n cycle has been noted . The si~ilarity of LSD 

wi t h 5HT, whi ch i s itse l f a metabolic oxida tion product 

of trypt ami ne, i s re co3ni zed. It has been considered 

possible t ha t t he antagonism o f si~ila r s tructured chem­

icals mi ght underl ie the psychosis. Whats New felt that 

t he---grea test va l ue o f t he se drug s wa s t he intere st they 

have d irected towa r d a bi ochemica l and physiologica l ba sis 

for menta l illnes s . What New 1955 (174) 

a) animals. 

LSD produced EIW a nd behaviora l a l e r ~ing in c a ts 

t ha t was r e l a t ed t o t he symfathe tic nervou s sy s tem and 
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depended uron the ascending reticular system. LSD has 

been f ound to be like amphetamine in that it causes low 

amilitude and diffuse fast EEG waves in the cat, but did 

not cause response to i hotic stimulation as seen with 

amphetamine. The abolishment o:'.:' the anssthetic EET changes 

was demonstrated by LSD, a lthough LSD had no effect on 

anesthesia itself. Am phetamine and LSD are dependent on 

mesencephalic or s r inal connections and the y have sho wn 

better correlation between behavior and EEg change s 

than m2ny other drugs tested . 

Schwa.r2-1956 (151) in his study on ca t intrHven­

tricula r injections showed tha t LSD produced restless 

states, retching and later drowsiness associated with 

e ome EE~ change s, occasional slow EEG waves. He was able 

to demonstrate no CNS, behavioral or EG anta~onism 

between 5HT and LSD in t he ventricle s although he noted 

that effects of dn .. gs seem to vary with the route g iven. 

In 1951 Witt 1165) administered LSD to s ~iders and 

discovered that such drugged spiders made more precise 

although a thinner ty i e web b than the controls, and f elt 

that this demonstra ted an effect on the spiders adrenalin 

supply, since adrenalin is the chie f component of spider 

webbs. This was considered evidence tha t psychotic like 

phenomena might be related to adrenalin. A spider given 

mescaline was not nearly as precise a webb maker, and 

s howed different points -of attack in spiders by LSD and 
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mesca line , a lthough such a difference is hard to dis­

tinguish in humans because of the similarity of e f fects add 

because of the dif :;-~usemess of human rea ction. 

Eva.its 1955 (41 ) de mon strated a ltered visua l reactions 

in . monkeys without loss of muscle ~ower when he gave 

them a dose o f 1 mi crog r am pe r kilogram . Intra: carotid 

injection of LSD i n to t he ca t produced a block or reduced 

t he post synaptic spike in t he late r a l genicula te nucleus 

but di d not increase cortic a l respon se to op tic radiation 

stimula tion. LSD in rela tively large r quantiti e s de creased 

o:r:tic tra ct r esr;onse to r hotic stimulation of retina . 
-rho. 
, balamic relay station i s shown to be sensi t ive but the 

cortica l resFonse v.as resist ant. Retinal activity was 

shown to be relatively resistant to de i:, ression by LSD. 

LSD produced no definite blood pres sure of respiratory 

change s. 

In his electro:r:hysiological analys is of the psycho­

togenic effects of LSD on t he cat's bra in Pupura 1956 (133 ) 

showed t hat the ha] lucinatory event is associated with 

an alte r a tion in t he recovery cycle o f excitability in 

t he pri ma ry afferent syst em . The facilita tory action 

of LSD on specific projec t ion systems is associated 

with another me chan ism occurring at diffe r ent synar ses. 

The differenti al sen sitivity t~ de pr e ssion of the 

auditory r roj e ction system a t high concentrat ions of LSD 

whi ch produced cont i nued facilitation of visua l :r: rimary 

response s can not be adequately interpreted. ue felt 
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there may be an existence of discrete biochemical diff­

erences in the syn ~ftic me chanism censtituting t he two 

pathways. He fe lt t ha t the antagonism of LSD by 

reserpine on the aujitory r rimary res~onse could not be 

accepted as evidence sui~orting a comietitive action on 

a specific enzyme. sy stem somewhe r e in t he biochemical 

gene r a tor. Since several differently structured chemicals 

antagonize LSD~ then LSD may have multiple biochemical 

loca tions for action. 

Purpura thought that t he disorganization of man 

under LSD could be explained by thehyiothesis t ha t highly 

integrated processe s ' involving neuronal interrelations 

is ca rried on at the axodendritic level Associated with 
' 

the inhibition of axqdendritic activity is a facilitatory 

a ction on s ieci f ic projec t ion pa thways med i ating incoming 

sensory si~nals. 

LSD inhibited the axodendrite system and facilitated 

the axosomatic syna~se of t he pyramidal neurons in the 

oi tic cortex. Axodendrite syna pses are a ctivated by non­

ape cific tha l mocortical system a c t iva tion. Activation 

of transcallosal and other corticortical as socia t ed 

pathways involve only dendrites. The dura tion of dendritic 

response i S longe r than axon or cellular response. LSD 

f a cilitates axomsomatic activity on specific i roj ection 

pa thways medi a;t1 ng incomin~ sensory signa ls when it 

inhi• t ts axodendrites. 

The demonstra tion o t .::.ual action o f LSD on different 
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synaptic patches located on functionally different com­

ponents of the neuron conf irm the existence of dissimilar 

properties of the bioelectrica l genera tor of neuron 

po tenti a ls. 

Dendrites of 1y r amida l cells remain electrica lly 

excitable when t hey are no longer neurally excita ol e 

afte r LSD. 

If the action of LSD on .the centra l ne urons is 

dependent on differences i n biochemical pro perties of 

post synaptic patches (re ceptors) located on dendrites 

or cell bodi es , he 

sing l e biochemica l 

oncluded that t here would be no 

e chan i sm of a ction of LSD. This should 

expl a in why v arious structlllral drugs an t agoni ze LSD and 

a lso would exf l a in t he nume rous biochemical a lterations 

of LSD. The d ual action of excitability and inhib ition 

of LSD could exf l a i n ~t he disorganization ahd hallucina­

tions from LSD. 

Page 1954 (123)st a t ed· that LSD -has a nor-adrenalin 

b locking action , causes motor excitation in anesthetizej 

animals and. in high doee s causes motor ri gidity like 

ca t atonic sta t e s. It inh ib~ts spontane ou s r hythmic 

ac tivity in the EEG but doe s not prevent res·ponse to 

e l e ctric stimulation. I t causes sli ght increase in b lood 

pr essure and in the r ulse , l a crimati 0n and s a livation , 

dilatation of the pupils , and an increase in the dee~ 

re f l exes. Th~ mental sta te is likened to that of the mani c 

de1,resslve o_r hebe phrenic with optic al ha llucinations. 
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Its symptoms are t hose of non-specific exogenous intox­

ication combined wi th peculiarities of schizophrenia. 

He felt it was aae to the trypt~mine structure in LSD, 

t ha t LSD was a com~etitive antagonist to 5HT in his 

exi:,eriments. LSD inhibi ts 5HT in r a t s uterus and in 

the vaso const ricti on in the ear . . He mai c t a ins t ha t 5 HT has 

some f unction in brain metabolism so wonders i f LSD's mental 

effect is causeq "by antagonism to 5 HT. Sla ter 1955 (155) 

supports him in this contention. 

b) man. 

LSD intoxication showed depersonalization, heighten­

ed awareness, and f luc tua ting incong ruous effe cts. 

Rhythmic fhotic stimulation e nhanced t h e symptoms . Other 

s i gns were distortion of the body, dysa rthri a , trance­

like states, etc. It iead a l s o to unmotiva ted l aughter, 

crying , bizarre behavior and activation of hallucinatory 

and delusional ma t e rial. Elke s 1954 (37) 

Sloan 1954 (156 ) agreed t ha t LSD gave a clini ca l 

picture of a hebephrenic whi l e mesc a line caused a more 

r aranoid ·or ca tatonic like type of schizophreni a . He 

listed among his f i ndings in people/ medic a ted with 40 

to 130 microgr ams orall~ visual hallucinations, affect-

ive blunting, charac t eristic schizo~hrenic psychological 

pa ttern s , increa sed a l pha a ctivity, a ccentuation of :r:- re­

existing affect, laoility of mood , re tention insigh t, and 

no effect on memory of concent ra tion, no pe rc e~tua l change s 

and change in t he Rorschack. Phys i ologic ally noticed 

leucocytosis, s light increase in pulse and b lood pressure, 
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dilatation of the pupils, s light increase in blood 

sugar-glucose and hexosemonophosphate, no liver effects, 

increased res-,pira tiol"l, and no abnormal response of blood 

pressure to painful stress. He found si gnificant changes 

in . the spectroscof1£ oximetry studies but he questioned -tke 

validity. With more discrirr.inative t ests he felt that 

sensitive physiologic recording s would facilitate study 

of experimental intoxications, and mental dise~se. He 

suggested analysis of resriratory function, oximetry, 

and oscillometry studies. 

Rinkel 1955 (132) in his studies with normals on a 

dose of ½ to 1 microgram per kilogram found among the 

mood change s the he frequently elicted were effective 

change s similar to those s.een in schizophrenia with or 

without catatonic f-eatures, disturbance of thought 

processes and perce ption, misinterpretations, hallucina­

tions, delusions, and defersonalization. 

Behavioral changes resulted in . subjects having .., 

increasing movements "away," "against", and "toward", 

accomi:anied by decreased movements "with". He observed 

a decreasi ng ability for appropriate social behavior--a 

greater rigidity of action. An increase in intensity 

of symptoms were found with stress, but a decrease in 

supportive si.tuation. He also demonstrated that ectomorphs 

are intrapunitive a nd mesoendomorfhs are extrapunitive 

in nature. 
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Psychological testing revealed si gnificant changes 

in major personality areas such as in perception, cogni­

tion, and emotion. It was of interest to note tha t e a ch 

subject n:a intained h✓-S r own idiomatic style in function­

ing even under the strongest intoxication. 

generalized r eduction in organization, and integra­

tion was observed; most frequent in conventional environ­

mental features and experiences. There was an increase 

of concentration on minute aspects. 

Perceptual distortion was prevalent. The los s of 

emot i onal control wi t h an i ncrease of self centeredness 

occurred. Orientation was to the here and now rather 

than to the past or f uture. There was a variable anxiety 

and tension response. However basic r ersonality patterns 

were maintained. 

Autonomic phenomena preceded mental phenomena. 

Subjective feeling s of trernblin, numbness, and hunger and 

nausea were common. 

The pulse increased and the pupils dilated t h rough 

sympathetic stimulat ion. In LSD subjects there appeared 

a decrease in resf onse to adrenaline, but normal responses 

to nor-adrena lin. Hecholyl did not show much response. 

Rinkel wondered if LSD stimulated the pituitary 

adrenalin axis, although h e thought that it just mi ght be 

a nonspecific stressor. LSD decrea ses urina ry phosphate 

excretion, while ACTH stimulation of LSD i nduced patients 

resulted in incre a sed excretion of urina ry phos phates. 
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This 1s the same as is found in sch izophreni a . It was 

wondered whether LSD's e f f e ct on the adrenals was 

specific or whether any non-specific stressor could leave 

t he adrenals unresponsive to ACTH. 

He felt t hat LSD and me sc a line were de f initely not 

s ~ecific in the etiology of psychoses. It wa s assummed 

that t he causative agent mi ght inte rfe re with t he enzyme 

system or originate a metabolite causing psychosis. 

Although glucose is t he c ruef substra te of brain tissue 

and is necessary fo r norma l ene r gy function he was 

unable to decreas e LSD change s by incre~si ng t he g lucose 

level. 

It v,a s t hought t hat involvement of t he adrenalin 

cycle and t he pituitary-adrenocortica l ada~ta tion system 

was likely since t l:e adrenergic autonomic system symptoms 

preceded mental sy mptoms. 
t~~ 

It was also noted tha t . adren-

alin- pheny'lalanine cycle is rela t ed to several clinica l 

d ise ases which occu r as a result of inborn errors 

of phenylalanine - tyrosi ne meta bolism, among them being 

a lbi nism, a lcaptonu ria, and tyrosinosis. Rinke l 1955 (139) 

It wa s concluded tha t exf erimental psychiatry, the 

s t udy of artificial psyc~oses, is ne cessary for the ad­

vancemen t of knowl edge i n :p syc bi a try. LSD is an ex­

cellent :psychiatric tool for this. He strongly emphasized 

that clinica l p sychological physiologi cal, and ·biochemical 

evidence indica ~ed t hat t he adrenalin syste m 1s involved 

in LSD ~reduced emotlonal psychotic phenome na, and there-
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fore theorizes tha t enzymatic-adrenalin relationships 

are basic for fsychoses . 

Con~rau ~ 1949 ( 27) gave 20 to 30 micro gr ams to 

normal and psychotic people a nd a lthough he caused i~~ ­

ebriety in all of t hem he found a higher resistance and 

better tolerance in t he mentally ill. The latter showed 

less alteration of perception, conscience and personality. 

Autonomic ne rvous sy s t em symp toms were foremost. 

The hostility 1~ LSD induced normals was studied by 

Hyde 1953 { 88) and h e revea l ed that the strongly affective 

rel~tionshi ps of affiliative or hostile nature were 

distorted to a g reater proportion than tmpersonal relation­

ships. There appeared disturbances in interplAf whe re 

t he latter was demanding or t hreatening . Visual hallucina­

tions were seen to provide more II reality" to subj ects 

that were their own t hough t and fee lings . This me chan:1Sns 

was not projective. The subjects had more keen and more 

acute realization Of interpe rsona l relationshi p s under 

LSD, and were more aware of the experimenters attitudes 

toward t hem t han would have norma lly been possible. 

In his studie s with LSD "Forrer 1951 ( 47 ~ in normals 

found euphoria, dep ression, pupillary change , alterations 

of tendon reflexes and visua l hallucina tions. 

Mayer-Gross 1951 (108 ) found t hat vegetative and 

va riaol e emotiona l sympt om s came f irs t in LS~ induced 

~a tients f ollowed by t he specific illnes~ , hallucinations, 

and perce:rtual 1,roblems . .e feels tha t a change in the 
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carbohydrate cycle is r e sponsible f or rart of the psy ­

cholo~ica l symptoms since aw increa s ed metabolism of 

the glycogen cycle i s coupled with a block in ~c~tabol-

1sm of hexomonophosr,h~te . LSD may have an anti -enzyma­

tic action due to the fact only small amounts are necess­

ary to pro duce gross r e su l t s. 

S2.vage 19 52 ( 145 ) ~ound t ha t 20 :rnicro~r ams ora lly 

reduced depe rsona li za t ion, derea lization and hallucina­

tions in normals . Anxi ety and eur,horia -were t he i:; romimmt 

r eactions. La rger doses were requ i red to get t h e s ame 

effe c t in fsychotics. I nsu lin re : qu j r ements were lowered 

in some dlA be tes on LSD. 

In 1955 Savage (145) stated t ha t LSD caused severe 

ego d isturbances , i n which one initial l y got an increase 

in eg o f eeling , whi ch was t hen followed by a lowe ring 

of ego f ee ling , whi ch in t urn vias fo llowed by a \\i i th­

dra~al of the e s o f ee ling fro re the ego boundries with 

syrnr toms of e strangement and de 1ersonliza t i on with ul­

ti ma t e reg r e ssion t o previ ou s ego sta tes which were 

accomranied by t he a~rea r ance of ha llucinations, delusions 

and r rojec t ions of bodily processes. LSD a rparently a cts 

by a ltering t he pe rception, and , since continous correct 

percer, tion is necessary to maintain ego fe e ling and 

boundries, t his lead s to a decrea se of ego feeling and 

then disintegra tion of senses and to an incoordina tion 

of activities . 

Psychic energy is ca lled ego libido. Ego li bi do 
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is recognized as ego feeling. Thus Savage feels that 

LSD interfere s with t he amount of libidina l energy 

available to the injividual . Depers 2nalization follows 

when libidinal ener~y i s jecreased. In LSD intoxication 

t he subj e ct does not loose interest in the environment 

but h is difficulty is in the f a ct tha t he does not have 

enough energy to maintain object interest. But as to 

how LSD actually di ninishes ego ene rgy is unknown. 

Sava~e felt t hat LSJ induced psychose s were g ood for 

close study of psyc~ologica l fhenornen~, processe s and 

communicat ions. It also pre sents a g ood method for 

study of psychiatric theory. 

Gestaut 1953 (58) demonstrated an incre~sed 

excitability in visual :r: rimary system under LSD intoxica­

tion in norma l man. He f e lt tha t t he increased alpha 

rate, and other EEG changes were due to the expression 

of neuronic hypersensitivity , .which caused a decrease in 

t he filtering of im ;:ulses from the CNS to t he che st. 

Hoagland 1955 (76) also showed tha t LSD de creased 

excretion of urinar J inorganic J;hosphate . Strees or 

corticoids caused an increased excretion of inorganic 

phos :r:hate i ~ LSD injuced p~ychoses . He felt t ha t LSD 

acts on the enzyme systems to facilitate binding of 

t he phos~hate . .Adr enocorticoids may re l ease I,hosr,hate 

fro rn' the bound form. They consider that endogenous 

derivative s o f adrenaline metabolism may ac t in schizo-

-59-



phrenic i:,a ti en ts like LSD does in normals. This hyp­

othetical antirnetabloite ac ts in part via exchanges of 

t he phos1-hate bond energy. It was wondered h o\\ LSD 

makes the adren a l r ef r a cto r y to ACTH , a lthough it was 

t hought the action may be specific because of LSD's a ction 

on phosphates in the urine. 
. 0 

Norn:a l ad r enoc,.r·ticoids release i:ho spha te bound as 

excess hexosemonophosphate in LSD patients . This is 

due perhaps to the fact th a t t he e quilibrium of several 

phosphoryla ting enzyme systems are )under the influence 
-the.If 

of adrenocortic a l hormones but~yet are unable to under-

stand t he rela tionsh i ~s of s pe ci f ic comiound~ in this 

e quilibrium. It was felt tha t pe r hap s adrenoxine may 

be t he chemic a l a gen t in schizo phrenia. (see Ad r eno­

chrome) 

Isbell 1955 (89) s bo¼ed t hat a tolerance to LSD 

developes in three t o seven days and t ha t once ,;,,t-oy 
WA$ developed dose, s four . times as g r ea t were not as 

ef f ective in inducing menta l effects . However tolerance 

is lost within t h r ee days af t e r discontinuati on. Be­

cause of this tole r ance LSD is not likely to be the 

substance causing c~ronic men t a l illne ss. 

Liddell 1953 (100 ) determined the e f fect of LSD on 

t he 1- l a sma adrenalin l evel and discovered three phase s: 

l) initial rise of 6drenalin, 2) a drop below the sta rt­

ingl level, and 3) a seconda ry rise. The second 1-hase 
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was associat ed with relaxa tion and euphori a and t he 

rising ihase was a s sociated wi th tension anj anxiety, 

accom~anied by shive ring and an increa sed incidence of 

sc hizophrenic symptoms. Rapi d mood swings were noted 

with LSD, Graham 1954 (61) disagreed somewhat by show­

in3 t hat an antagonism bet¼een LSD and adrenalin 

existed both in the inhibitory and stimulating ~ro pe r­

ti es . 

Mayer-1ross 1952 (109 ) discussed t he inf luence of 

LSD on carbohydrate me t abolism. He noticed t hat LSD 

particula.rty blocked CHO me t abolism a t t he hexosemono ­

pbos phate leve. A sli .3ht an t agonism was sh.own towa rd 

LSD by an i ncrea se i n ~the g lucose level. No correlation 

was shown between LSD behavioral chan ge s and changes 

in blood chemistry. 

Forrer 1951 (47) r e:i;:,orted that LSD in schizo phrenics 

c aused a sligh t increase in blood :i;:, ressure, a sligh t incr­

e a se in pulse and no change in respirati on .,aw increase 

in sa livati on and l a cri ma tion, dilation of t he r upils , an 

increa s e A"' df!ie!iP r ef lexes, slight ataxi a , l Bucocytosis, 

sporadic euphoria , increased accessib. ility of delus­

iona l materi al and visual ha llucination. There were no 

changes observed in t he urine , NfN, EEG, cephalin­

f loccu lation, wei~ht or t emrerature . 

Barbitura t es we r e shown to ant &gonize the effec t 

of LSD. It was t ~oJght t hat LSD a cted on t he cortex 

and produeed de~res s ion and re r haf s relea sed lower 

-61-



center s fro m cortica l con trol. So deFression of sub­

cortica lcenters then blocks subcortica l r e l ea se which 

nullifies effects of LSD. The neurologic~ sign s of LSD 

are due to cortica l de r ression. Psychiatric signs are 

due to fact subcortic a l a ctivity is uninhibited. 

Mayer-Gross 1953 (111) sta ted t ha t LSD in the schizo­

phreni c caused an a ccumula tion of blood hexosemono r:,hosphate 

but r esulted in minima l r sychologic a l eff e c t ,s , r:e r hars 

by t he Sfaring ac tion on its met abolism . 

.A bramson 1955 (1) r eported t ha t LSD ha s its e ffe ct 

on the i::,hysiologica l and pe rceptual 1-henomena as follows 

in order of decreas i ng frequency ; unsteadi ne s s , dream 

l ike sta t e s, paraes t he si a s , inne r t re mblint, pressure on 

ear s , difficulty fo cus i ng vision, weakness , lightne ss 

of limbs , li ps dra¼n up i n smi ling , di zziness , drowsi­

ness, s ensitivity of skin, and a pecular f eeling in the 

limbs. 

Callaway 1955 (26) supported va rious observat ion of 

sympat hetic ne rvous sys t e m i nvolvement by t he ha l l ucino­

gens . He a lso got an increase of ad rena lin wi th LSD and 

found t ha t LBD alerte1 brain with sympathetic discha r ges 

a fter stimulation by noxioue agents, and . tha t emotional 

change s potentiated LSD effects. LSD may interfere with 

t he adrena l in syn t hesis . He a l so noted that Funkenstein 

r e l a t ei nor-adrenalin and ad rena lin effects t o extra ­

and i n tra : punitive ange r and tha t ¼it t wi t h his work on 
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spiders and Hof f e r and Osmond with work on ad renoxine 

a ll i m; lica t ed the ~drena ls in LSD a ction. 

He exi;l a i ned t ha t ha llucina t:i--o ns can be induced 

by psyc hologica l me t hod s a s well as by drugs . One way 

is by hypnotic sugge stion , and t he other way is by 

decreasing variati ons in t he su~jects environment, and 

since validity of thought must constantly be checked 

agai nst out.si cle v.:orld , a reduction of t his whe reby 

t houghts are developed on own without out side influence 

can l e ud to psychoti c result s . The mind t ha t is fre ed 

fro m t he mundane demands of r eality becomes unrealistic, 

sick and' unrel iable . Since Helen Kel l er is so effec­

tive a s a ferson, there must be more that just absence 

of stimulation . 

c) antagonists. 

5HT not only did not decrease the effect but 

intended t o i ncrease t he ' i nhibitory effect of LSD on 

respira tion and glycolysis of t he guinea pig 's cerebral 

cortex in a g lucose - sa line me dia~ Ergotoxine which is 

a mixture o .f lyserg i c a ci d deriv a tives , and hydroergota ­

mine , a derivative of LSD, showed no effect on t he guinea 

pig unti l the ti ssue was s t i mula ted e lec trica lly, t he n 

the chemi cal be came effective and ihhibited respira tion 

and glycoly s i s in the tissue . The effect o f di hydroer­

gotamine was not prevented by t he simultaneous presence 

in t he tis sue of adrenal i n. Lewis 1954 (99). 

Fabing 1955--(43) stated t hat fr~uel (a gamma 
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isomer of meratran which is a pipradrol) as a pre­

medication blocked the onset of LSD psychoses as we ll 

as h&lted psychoses in process. However it blocked only 

the psychic effects but not t he visceral changes such 

as nausea, numbness of t he limbs , tight~ning of t he 

.Jaws, dry mouth , conjunctiva l injection and sweating . 

Me sca line was affected t he same way . 

Niotinic a cid is shown by Agnew 1953 (3) to ' also 

have a tranquilizing effect on LSD psychoses , although 

t he re remains l a ck of modification of the affentive 

disturbance . Nicotin~ acid.I: 4 s a premedica tion re-

duced the d isturbances in concentration and vision. It 

was noticed t hat in some subjects in which nicotine 

acid wa s given as a :premedication a p sychosis r e sulted 

which resembled to a greater d€gree the tri mar y symptoms 

o f schizophrenia t han that resul ting from LSD administra-
I 

tion. They demonstrated a variable re~ponse in distur-

bances of concent ration and power of expression in LSD 

psychoses . Nicontinic acid was· shown not to have a 

direct antagonism to LSD. Since certain reactions are 

apecific to LSD while othe r may de :i::end on<the situation 

and personality factors, it is presummed tha t nictonic 

aci1 has its action in a specific way in affecting LSD. 

LSD caused normal alerting EEG pattern in conscious 

cats (low amplitude, diffuse , f~st electrica l waves) but 

caused no change in ,the r e s ponse to pho tic stimulation. 

Large doses of LSD abolished EEG effects of barbiturate 

anesthesia, although it had no effect on the dep th of 

anesthesia . Diffe rant eff ectft in vivo and vitro were 

observed. Bradley 1953 (23 )/, Barbiturates antagonize 
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LSD. Forrer 1951 ( 47) 

2) Differential diagnosis. 

LSD as with me scaline has proven unsatisfa ctory for 

differential diagnosis. The responses in humans are $0 

dif fuse , comrl ex and overlapping so tha t s pecific 

diagnoses under our present methods can not be made 

fro m drug induced toxications. Hoch 1955 (79) 

3) Therapeutics. 

LSD has a p l ace as an adjunct in psychothe rapy as 

does mescaline. Frederking 1955 (48) 

LSD in neurotic patients produces an upsurge of 

un.conscious material into the consciousne.ss. The 

material from the LSD psychoses a re like the dream and 

fainting material of patients undergoing deep analysis. 

The material is of ~e rsona l significance to the patient 

and should be use ful to the t he rapist. Sandison 1954 

(143) 

Sandison 1954 (144) proposed that LSD exerts a 

selective action on - the str uctural seat of repressed 

memories. It may the re f ore be use f ul in thera~y of 

psychoneurotic and neurotics. It was stated that LSD 

caue-es a behavior in animals di f ferent to tha t in -man. 

In normals LSD cause s psychoses of two types: manic 

depressive-like, and scnizophren1o~like reactions. 

This classification is ba se d on sym1= toms rather than 

correlation with personality, interest and personal 
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problems. With large doses an exaggeration of the 

psychotic state is found in psychotics. He felt tha t 

LSD and mesca line a re alike in the ir presen t at ion but 

different in their content. 

He felt pe rhap s that LSD has a selective action 

on gene s. The gre~ test value therapeutically has been 

in obsessional- anxiety bound patient s having mental 

tension s . 

~r n 1952 Savage (145) agreed with t he conclusions 

listed above that LSD i m1 roved ~atients with depres sive 

reactions, a lthough the i mprovement was no greater than 

that which woulc h ave bee n obtained without its use. 

LSD helps in that it give s the t herapist a more r a~id 

insight into the unconscious ~recesses . 

Hoff 1954 (E2) re ported that ataraxi cs may inter­

fere with LSD and othe r hal l ucinogens by inhibiting the 

latters e f fect on phosphory l a tion or on t he citric a cid 

cycle in glucose metabolism. Maye r-Gross 19§2 (109) 

The r, sychiatric state produced by LSD is not felt 

to be identical ~1th that in schizophrenia, but t here 

a re suffici ent simi lariti es to sugges t a biochemica l 

factor in schizorhreni a . s 1955 0.71) 

5-Hydroxy Try1-,t ami ne ( s.? rotonin, enteramine, 5HTl. 

A. Description. 
~o 

-66-

~ 

N ltt. 
I 

c:.-c. 
H-a. ~ t. 

5 HT . 



5HT, an indole alkylamine (Evarts 1954e40), arises 

in the course of trypto1-han met c1,bolism in man . Tryptophan, 

an amino a cid , i s s e t free from frotein by tryptic di ­

ges tion and is then. converted to 5 hydroxytryptophan 

by oxidation , whi ch then i s decarboxylated to 5 hydro­

xytrptamine. 

5 HT is found in man in all tissues of the enter­

och romaffin system (gae t ro-intestinal), blood, spleen, 

and in the central and peri pheral nervous system 

structures includirg that of the bra in. Erspamer 1954 

(39) It is also found i n the urine. Pope 1954 (123) 

It may be a neurohormone. Slater 1955 (155) It was 

fi rst synthesised by Hamilin 1951 (66 ). 

Actually many do not consider 5HT to be a true 

hallucinogen, in that it is not sho¼n to cause an 

induced :i;:,sychosi s in man . However by its position as 

a normal constituen t in the nervous and other tissue 

and by its relationship to the hallucinogens ,it is 

thought to be closely associated with ment al illness 

perhafs in its deficiency or excess . However credence 

is lent to the possibility tha t 5HT may be a hallucin­

sen in t hat tryJ;,tami ne which is a me t abo lic precursor 

of 5HT is f ound to have s everal ha llucinogenic pro­

pert i es . 

Fabing 1955 (42 ) listed several errors of me tabol­

ism that could be r esponsible f or men t a l illness, one 
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being tryp t amine formation in the 5HT cycle. If tryfo-

phan i s de carboxyla t ed before its 5 hydroxyderivative is ~~ 

formej 
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Most of the actions of 5Hf are mimicked by tryp-

tamine. Reid 1952 (135) Tryptamine causes negativism 

and catatonia in cats which lasts for days when g iven 

intravenously to the cats. Nieuwenhuysen 1936 (117) 

It was isola ted frorr t the urine of :patients suffering 

from pellagra, a disease ~hich can have a fsychotic 

component similar to schizophrenia . The effect of 

tyramine and other amines on brain tissue has been 

shown to be not due entirely to the amine but to a 

produc t of oxidation of t he a.mine , pernaps 5 HT. 

Mann 1940 ( 104) . 

5HT- has been i dentified as the srecific hormone of 

the enterochromaffin~~ystem, enteramine, and as the 

vasocontrictor fact or found in platelets. It causes 

an increase in capi l lary r esistance. Erspamer 1954 (38) ; 

Bracco 1954 (33); Evarts 1954 (40) 

B. Experimentation. 

1) Animals . 

Injectionr of 5 HT into the lateral ventricles of 

f A • Try pt o phan B. 5 H-Trvptounan 
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the cat caused severe behav1or1al change s,increased 

muscular weakness, t cl chypnoea, and profuse salivation. 

The inportance of t achypnoea and salivation may not 

be great since many drugs 3iven in this manner to cats 

cause vo~iting , retc~ing , salivation, swallowing , ahd 

tachypnoea. Feldberg 1954 (45) thought that accumula­

tion o f 5 HT was the cause of mental illness. 

In cats 5 HT causes pulmonary vasoconstriction, 

and bronchoconstriction by direct effect on . the lungs. 

These actions are antagonized by dihydroergot amine and 

LSD. Adrenalin given premedically before injection of 

5 HT abolished or reduced bronchoconstriction, but no 

effect was seen by it on the vasomotor action . Gaddum 

1953 (57) 

The cats fall in blood pressure is me r e prominent 

than the rise in the dual action caused by 5 HT , although 

t he opposite effect i s seen in dogs. The fall i n olood 

r,ressure is abolished by vagotomy or by pharmacological 

blockard by atropine . 5 HT action in man is similar 

to tha t seen in dog s . Page 1954 (123) feels that one 

of the functions of 5 HT i s concerned with nerve 

metabolism . 

He stated in 1953 (124) that the arterial response 

of 5HT was the result of d.irect vasoconstriction, tran­

sient autonomic ganglion blockard , peripheral inhibition 

of neurogenic vasoconstriction, and a von Bezol ~-like 
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reflex. Adrenalectomy caused no responee. 

Inhibition of neurogenic vasoconstriction wa s 

p rominent in animals made hypertensive by s e ction of 

nerves and resulted in entirely de~ressor responses 

to 5HT. 

When neurogenic tone 1s abolished , response of 5 HT 

is strong ly pressor. Inh ibition of neurogenic va socon­

striction by 5 HT d id not seem to depend on ga~glion 

blockade or upon change of the cerebral vasomotor 

outflow, but on the re ri pheral inhi bi tory or relaxing 

effect . Its action also does not depend on interference 

with vasoconstrictive action of nor-adrena lin. 

Dogs and hypertensive men respond similar~y to 

5 HT as mentioned above but different from cats and 

rabbits. The von Be zold effect and inhibition of neuro­

genic vasoconstricti on may be more frominent in cats 

and rabbits. 

Bufotenine which has a structure similar to 5 HT 

with the addition of 2 methyl groups has same action 

as 5 HT except in the cat where it has presser effects 

while 5 HT has depressor action. (see Bufo tenine) 

5 HT liberates adrenalin following the injection 

of cat arteries thus differing from tryptamine, which 

mimicked its action in all other instances. 

5 wr causes contraction of shee p arteries which 

action is antagonized by yohi mbine. 5 HT is a general 
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smooth muscle contractive agen t. Reid 1952 (135) 

After intraventricular injection of 5 HT in cat s , 

muscula r weakness , motor i mmobilization, and salivation 1 

cccurred without EEG change s. No ant agonism in the 

ventricle was demonstr&ted by adrenochrome , or adrenolutin 

with 5 HT , nor bet½ een ergotrate and 5 HT . Schwa rz 

1956 ( 151) 

Amin 1954 (7) felt t ha t 5 HT is the substance 

P which is the chemical transmitter libera ted in the 

CNS ·by nerves. He demonstra ted tha t 5 HT in the dog's 

brain resembled distribution of nor-adrenalin, and this 

was found mainly in the gray matter . The highest con­

centration- was found in t i ssues associated with the 

autonomic system and the a rea post rema (the area of 

vascula rity conta ining neuorgli a , but no nervous 

tissue, lying along the l a teral border of the caudal 

end of the fourth ~entricle). The heavy concentration 

in the ~ost rema area was felt to be due to the f act 

this area contains chemoreceptors . The presence of 

5 HT in the brain would be consistent with the theory 

t hat LSD a cts by antagonizing 5 HT . 

Injection of 5 HT into the bloodstream causes a 

reflex stimulation which results in comiensatory vasodi­

lation due to increa se in i ressure. Howeve r if large 

doses of 5 HT are g iven, comr ensation is ove rcome by 

much contra ction of smooth muscle . Woolley 1954 (168) 
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Marrazzi 1955 (109) studied the transmission of 

nerve impulses across neura l junctions in cat brains 

with agents, which were similarly structured hallucinogens, 

and found qualitative si~ilarity between adrenalin, 

mescaline , LSD, amphetamine and 5 HT . Synaptic inhib­

itory action of 5 HT was six to eight ti~es more potent 

than LSD and twenty-five to thirty times more potent 

than adrenalin. Since the action of 5 HT was so rapid 

(acting in a matter of seconds) , its action was not 

considered due to t he production of ischemia, which 

would take a much longer time , but though t probably 

due to a powerful ad renergic or inhibitory chemical 

effect. 

Mental derarrangements may be caused by an imbal­

ance between adrenergic inhibition and cholinergic 

excitation in the most susceptible cerebral meural 

junctions. Hallucinations may be stimulatory 

phenomena rather t hat derangements due to partial 

inhibitors and thusly synaptic inhibition could bring 

about release from normul restraining influences with 

consequent stimulation. Thus excess 5 HT instead of 

def i ciency might cause menta l disturbances. Theim­

portance of chemica l substances which act like neural 

hormones, as 5 HT are great . 

Feldberg 1954 (45) noted that adenosine tri~hos­

phate resembled adrer:ialin and 5 HT in effect on the cat 

after injection into the lateral ventricle. The resultant 
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signs were muscle ¼eakness associated with ataxia, 

flushing of the ears and paws and a tendency to fall 

asleep. 

2) Man. 

Physiologically 5 HT caused dizzm ess and r eculiar 

sensations in the head , influenced hemostasis,increased 

vascular tone and systemic blood pressure , regulated 

function of the kidneys and perhaps plays a role in 

maintaining normal mental processes. He disagrees 

with Woolley that an exce ss of 5 HT could cause mental 

disease since 5 HT is so wide spread in nature, but 

admits that the data referrable to the study of 5 HT in 

the CNS is scanty. Erspamer 1954 (39) 

Page 1954 (123) reported that 5 HT in humans caused 

a fullness in the chest, t:1,ngling and pricklinj all 

over, itchy nostrils, dif f iculty breathing, a desire 

to empty the bowels, pain in the stomach and bladder, 

weakness, nausea, desireto sneeze, numbness , - t ·' 

exaggerated respiratory movements , byperpnea , cough 

and tachycardia . 

Woolley , 1954 (167) su~gested that since hallucino­

gens antagonize 5 Hr in smooth muscle and that since 

5 H'r is present in the brain tha t t he mental changes 

caused by the drugs are the result of a 5 HT deficiency 

which they induce. If this is true then natural mental 

disorders as schizo phreni a which are mimicked by these 
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drugs, may be pictured a s a result of cerebral 5 HT 

deficiency arising from metabo lic error rather than 

by drug action. 

He showed 1954 (168 ) that 1) 5 HT occurs in: the 

brain and some ganglion, 2) stimulation -of certain 

peripheral nerves leads to release in the brain of 

some substance perraps 5 HT , which acts on t a rget 

cells, 3) some specific acting drugs which antagonize 

5 HT on smooth muscle cause mental derangements in man 

and anima ls, . It is possible that this is due to inhib­

ition of 5 HT in t he CNS. 

There are three classes of natural alkaloids re­

lated to 5 HT . The fir e t are the ergot alkaloids which 
1t 1td 

contain ergotamine~ L~D. The second are the harmala 

alkaloids such as rarmine. The third class is yohimbine. 

Although they vary in structure tbey have a common 

indole nucleous and a substitued aminoethyl side chain. 

11 act as compati ti ve an tagoni sb of 5 HT on smooth 

muscle arteries. Another f actor in common is that at 

least one men,ber of e E.ch group causes mental aberra­

tions. 

If the above d iscusse j thesis is true then other 

anti 5 HT drugs should cause mente,1 disturbance. Med­

main 1s a drug that does. 

However two t h ings rule against mental changes 

resulting from interference of 5 HT. 1) every antagon­

ist of 5 HT on smooth muscle does not cause mental 
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change as for example ergotamine, ergotoxlne, and 1-

methyl medmain. 2 ) 5 HT should reverse the mental 

effect of the drug,& but is unable to do this in mice 

under the influence of medmain and iSD. This may be 

due to the fact that 5 RT can not penetrate the blood 

brain barrier or may be destroyed by amine oxidase in 

the blood before re a ching the brain. Conversely 

perhaps so me anti-metabolite may not be able to pene­

trate the ba rrier either, so a re unable to provide 

mental disturbances. This mi gh t be checked by injecting 

5 HT into the CNS along with an antimetabolite. 

Another thesis is based on 5 HT excess. mine 

oxidase attacks 5 HT strongly~ as well as other a mines 

including adrenalin although less vigorously. If amine 

oxidase was tied up, 5 HT would aecumulate in excess. 

In this inst ance the antagonistic antimetabolies could 

compete with 5 HT for the destructive site rather t han 

for the stimulatory site as in smooth muscle. A study 

of 5 HT in cerebral fluid should be made. Injection 

of 5 HT into the CNS of normal humans could be revealing, 

but is now considere d too dangerous. A study of amine 

oxidase and its relationship to all of t hese drugs 

should be done so question as to whether amine oxidase 

is inhibited or whether the receptor for 5 HT is blocked 

in the brain to cause excess m!ght be answered. 

Ca llaway 1955 ( 26 ) does not feel that 5 HT has the 

i m~ortant role given it above, but rather fe e ls that LSD 
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h a s an effect on carbobydrat e metabolism. The latter 

more closely ties i n with his theory of psychological 

decrease in environmental perception. Hypnogogi c 

hallucinations occur in t he tired state, with no accom­

panying EEG alerting and with a mini ma l amount of 

sympathetic activity . 

3) Antasoni s ts. 

The hypertensive effe ct of 5 HT is weakened by 

sympatholytic agents like yohirnbine; and adrenergic 

drugs antagonize the antidiuretic effect of 5 HT on 

rats. Some antiadrenergic drugs seem to possess a 

true anti 5 HT action . Erspamer 1954 (38) No antagonism 
~ 

was found between adrenoch rome and 5 HT in any way. 

5 HT inhibits choline sterase of human serum. Tryptamine 

and bufotenine have the same action. 

Both LSD and 5 HT have an indole ring, both show 

synaptic inhibition like mescaline and adrena lin, altho 

5 HT is mo re potent. No cerebral antagonism exists 

between LSD and 5 HT . 

Competition bet¼een these substances would be 

ex~ected , but since 5 HT is so more potent than the 

rest in producing inhibition it would h a rdly offset 

the others and its deficiency could not reasonable 

be expe cted to l ead to t h e same e~fect s caused by LSD. 

5 HT has same potency &s acetycholine. it may have 

natural fun ction in nervous system as an humoaal inhibi-
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tioner. Inhibition is not due to change of the blood 

f low or presence of anoxia. 5 HT to be e f fective 
-the 

must pass 4 bra in ba rrier. 

Disturbance o f the adrenergic or related cerebra l 

neurohumora l mechanisms a f pears to be i mplica ted . 

Marrazzi 1955 ( 105) 

Mann 1940 (104) noted that amines includi ng tyra­

mine , 5 HT and adrenalin compete with each othe r f or 

amine oxidase. He fee l s that aberrant amine me tabolism 

may be a fa ctor in men t a l disease. 

Fore 1954 (123) showed that ergotarni ne was an 

anta~oni st of t he presser a c t ion of 5 HT . 5 H_T however 

was anta3onized by adrene rgic blockade l ess t han 1,,s re 

adrena line or nor-adr enal in . Yohimbine me..y be an antime­

tabolie of 5 HT. The t heo r y that 5 HT transiently 

block the ganglionic transmission and inhibits neuro ­

genic tone seem s to have relevance. 

El kes 1954 (37) agreed tha t nor-adrenalin and 5 

HT were f ound in similar a reas of t he bra in but also 

f ound tha t LSD anta~onized 5 HT in t he brain tissue of 

cats. 

Gadduml953 (54) demonstrated that LSD was a 

potent antagonist of 5 HT 's constrictive action. He 

t hought that 5 HT may have role in main t aining sanity 

and that LSD may have its men t a l action t hrough its 

effect on 5 HT . Sla ter 1955 (155) 

He fe lt that 5 HT ac ts on two kinds of tryptamine 
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receptors, one in smooth muscle and the other or.e in 

nerve ga.nglions. The f or:r:ie r is inhibi tea by LSD, the 

latter is not , but is inhibited by an excess of 5 HT so 

tha t the rela tionship between LSD and 5 HT is similar 

to the one between acetylcholine and atropine . 5 HT 

in nervous tissue is inhibited by atropine and coca ine 

in the same way as nicotinic acid is inhibited. It 

acts on post ganglionic fibers. Administration of it 

to schizophrenic ratients failed to help them so the 

conclusion is dra~n t ha t the excess t heory of 5 HT 

is likely or that t~ere is a blood brainbarrier to 5 

HT. (172) 

ctive antagoni stic comfounds which develo1e 

anta~onism slowly but are irreversible in actionare 

dibenamine , LSD, and benzyloxygr amine . Less active, 

more rapid , but reversible antagonist include tryp­

tamine. Adrenochrorne was only mildly but nonspecifi ­

ca lly antagonistic t oward 5 HT . 

Shaw 1953 (153 J repo r ted that 5 HT was antagonized 

in smooth muscle by medmain . Harmine which is also 

ananalogue and anta~onist ower its rharmaco logical 

action to 5 HT. It is fel t that t he action of 5 HT 

antagonists is not limited to their antimetabolic 

antagonism shown tov-.ard 5 HT. 

Taylor 1951 (163) thought that perhaps 5 HT 

represented a new series of presser compounds since it 
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since it showed dif feren t action than adrenalin , 

arterenal , renin, angiotonin, and pitressin. 

Pletscher 1955 (131 ) showed there existed a 

similarity in physiologica l action between reserpine 

and 5 HT. Both produced se dative effects in mice and 

potentiated action of he xobarbital by a central 

mechanism . Both we re antagonized by LSD. Reserpine 

given to dogs eauses an increa se of urinary excretion 

of 5-hydroxy indole acetic aci d , a metabolite of 5 HT . 

Reserpine was thought to have a centra l action mediated 

thgough the liberation of 5 HT . It was shown tha t 

reserpine liberate s 5 HT from t he intestine in r abbits 

where it ha s a maj or storage depot. It may cause a 

relea se of 5 HT in the bra in of man leading to benefi­

ca l e~fects. Althou€h LSD antagonized 5 HT and reserpine 

it had no effect on hexobarbital. Shore 1955 (154) 

Woolley 1954 (167) reported a study of structure 

similarly antimetabolites . Among t hem medmain which 

has antagonistic e f fects mentioned a bove. He felt that 

the antimetabolite must be able to pass the brain blood 

barrier to affe ct t he bra in 5 HT and med~ain met this 

requirement . In 1954 (16 E) he ag r e ed with Gaddum that 

5 HT plays a part in normal brain function but disag reed 

with hi m t ha t menta l disease arises from 5 HT excess. 

He felt tha t it arises because of a 5 HT deficiency 

or a suppression of its action . 
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In vivo and in vitro adrenalin becomes· oxidized to 

adrenoch rom~/!"indole structure, and pe rha ps furthe r 

oxid ized to adrenoxi ne . Adrenoch rome is a red pi gment 

which occurs in the body and is anpxidative c .:-a rrie r 

or r e spira tory cente r . tis a ba sic unstable substance. 

Adrena lin induce s a vi gorous oxygen up t ake when it is 
fhf. 

added to 11 l a ctic and malic dehyd r o~ena se systems of the 

h eart muscle due to t he r resence of adrenoch rome . 

Oxidation of adrenalin to adrenochrome is ca t a lyzed by 

a cyanide insensitive syst em present inth e he art and 

skeletal muscle, an1 by a cytoch rome-indo phenol oxidase 

system present in a l l t is sues. Fabing 1955 (42) 

B. Hi story . 

Adrenochrome wa s fir s t discove red and described in 

1937 by Green D. (62) Hof fer 1954 {84) noted tha t all 
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of the hallucinoge~s exc8pt marihuana had an indole 

nucleus although mescaline had only an ind ole like 

structure. The y reasoned that if one could find an 

indole nucleus substance in the body that had the 

hallucinogenic effects i t mi ght be an etiological 

clue for schizophrenia . Thi s unknown substance he 

called "M" . It ·was accici entally reported that one 

of his volunte ers had had schizonhrenic like s ymp-

toms , and an eidetic and hypnogogic imagery associated 

with a 'strange environmental feeling ' whenever he took 

his adrenalin for chronic asthma . This same experience 

was found supportec in the l i terat ure . A hospital anes­

thesiologist also had noticed that when he used a de ­

teri orated pink solution of adrenalin he obtained nsycho­

tic effects in his surgery patients . The solution was 

found to contain adrenocrrome . ~hey continued in 

t heir search of the literature for substance "M" , a 

substance that would give schizophrenic effects without 

loss of consci ousness , confusion or gross physiological 

disturbances . After the accidental discovery of adren­

ochrome they found that it had an indole nucleus and 

was re adily derived from adrenalin in the body and was 

related to stress, so they hypothesized t hat in schiz­

ophrenics an increase of stress might cause an in-

crease of adrenochrome . Adrenochrome was the first 
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naturally occurrin hallucino2en discovered. 

C. Experimental psychiatry. 

Hoffer 1954 (84) found that he could produce schizo­

phrenic dissociations lasting four days with a synthetic 

adrenochrome in doses of .1 to 5 milligrams subcutaneous­

ly and 10 milligrams intravenously. His main findings 

in humans were over activity, poor judgement, depression 

and hallucinatory experiences. It was found that 

among the common symptoms were preoccupation with 

inanimated objects, nega tivism, loosening of the associa­

tive process, anxiety and distractibility. Less 

insight with inability to relate to injections was 

found in adrenochrome intoxicants than in t hose under 

influence of LSD and mescaline . Two of his group took 

the drug themselves and described their ex~eriences in 

in dramatic self analyses. 

Three f actors support the presence of adrenochrome 

in the body of the normal person . 1) Aldrenochrome 

and its oxinQ. (adrenoxyl) are excellent hemostati c 

substances and have been used as vitamin F factors . 

2) ,4drenochrome is a quinone and possesses its pro i;:e rties 

in that it can inhibit activity of many enzymes of the 

glycolytic cycle and of t h e tricarboxylic acid cycle 

and is an antimetoblic f actor in stressed mice. 3) 

When a ction of tryosinase is inhibited , adrenalin 

remains ~1th a resultan t sympathetic increase and an 

absent formation of adrenochrome. 
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Adrenalin may be excreted unchanged in small amounts 

by kidneys and stored in tiseues and red blood cells. 

Its deamination by amine oxidase, which is found in the 

liver, intestine, and CNS is unlikely. One important 

fraction is sulfoconjugated and another fraction is 

simultaneously oxidized to indole substances. One of 

these substances being adrenochrome and its derivativee . 

Bacq 1949 ( 10) 

Hoffer 1954 (84) f e lt however that amine oxidase may 

play a role in the sympathetic nervous system as a cetyl­

choline esterase does in the parasymiathetic nervous 

system. Noradrenalin is found to be released at sympath­

etic nerve endings as acetylcho line is at parasymr,athetic 

and ga~glion nerve endings . Noradrenalin is destroyed 

by amine oxidase, while the latter is destroyed by 

ephedrine and cocaine. 

The enzyme amine oxidase is found commonly in the 

body, particularly in the nervous tissue. All comr ounds 

R-C-CH2-NH-CH3 are inhibitors of amine oxidase. These 

include the ergot alkaloids , cocaine , ephedrine, indoles, 

indoleaceptic acid, phenylisopropylamine , desoxyyephe­

drine, pervitin, oxidized derivatives of adrenalin , 

caffeine, nicotine, methedrine, lysergic acid , and 

benzedrine. The la tter owe s its stimulating influence 

to its ability to compete with amines f or amine oxidase 

in the brain an.din other organs , thereby decreasing the 

the rate of formation of inhibitory aldehyde . 
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Adrenalin is more slowly destroyed by amine oxidase 

which disproved the content ion of Bacq. Amine oxidase 

is reduced in t he liver by thyroid f e eding and is 

increased by thyroide ctomy. So hyperglycemia occurs 

because of the adrenalin effects in t hyroid fed animals. 

With thyroid, an increase in blood pressure occurs because 

amine oxidase at blood ves se l is reduced. Burn 1952 

(25); Mann 1940 (104); Blaschke 1940 (17); Orzechowski 

1941 ( 119) 

If amine .oxidase does not oxidize a_drenalin, iheno­

lase might and then adrenochrome would result. Phenyl 

propylamines, such as amphetamine, and ephedrine, having 

amino groups on t he terminal carbon are' oxidized by 

amin oxidase, but i f OH is presen t on ~the ring, the 

comf ounds are oxidized by ~henolase~ 2If neither~condi­

tion exists no enzyme works on it. Beyer 1941 (15) 

So inactivation of sympathominetic comr ounds by 

action of amine oxida se or phenoloxidase is dependent 

on the molecular confi gura tion. Beyer 1941 (15) support­

ed concep t that amine oxidase and phenol oxida se or 

similar systems determine oral efficacy and the excre­

tion o f these chemicals. 

Sympathominetic am_ines hav ing no hydroxyl group 

on the benzene ring are excreted if the primary or 

secondary armine group is not on the terminal ca rbon 

atom o f the side chain ; for it is only in that position 
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is it deaminated by amine oxidase. Ir t he liver f unc­

tion is i mpaired by carbon t e tra chloride or by hydra­

zine those com--counds having a i:,rima r y or secondary amino 

group on a terminal carbon atom are also excreted. Oral 

efficacy and excre t ion of amines is dependent on whether 

t he co mpound brought to the liver has its amino acid 

in a position on t he side chain where it can be deaminated 

by amine oxidase and other systems . Beye r 1942 (16) 

There are five ways the body detoxifies large 

quanti ties of adreralin produced by the medulla and 

othe r symrathetic ganglion. 

1) 
2) 

3) 

4) 

5) 

excretion unchanged in the urine. 
storage of adrena lin in red blood cells and 
other tissue cells. 
deamination of side cha i n by amine oxidase to 
for rr oxidizable a laehydes which have no f 
autonomic properties and are easily metabolized. 
esterification""'o f ; henolic compounds by sulfoe­
sterase which! excreted in t he urine. 
quinone formation to adrenochrome and its 
derivatives by phenolase which h~ve no presser 
properties but other imr ortant effects . 

If the re action s in 3 or 4 are prevented by blockage 

of amine oxida se and sulfoestera se , adrenaline ts broken 

down to adrenochrome . Bacq 1949 (11) 

Eade 1952 (36) demonstrated tha t adrenochrome 

lowers the body tem1,e rature by a centra l effect. It was 

fe lt that it could cross b lood brain barriers , although 

ad r enalin can not, because following injection of adreno­

chrome into animals paralysis of t he hind legs , dyspnea , 

apathy and exophthalmia occurred. 
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Adrenalin injected i nto the lateral ventricle 

of the cat caused postura l phenomena similar to flex­

ibil:Ite s cerea of the ca t a tonic schizophrenic . It resembl­

ed somewhat the effects of a light barbiturate anesthesia. 

This was preceded by swallowing , retching , and vomit-

ing , and effect noted in a ll drugs initially after given. 

Atropine caused increased liveliness and restless­

ness , and caused the cats to become unusually affection­

ate . The appraisal of sur roundi ng s was impaired. 

Acetylcholine cause d a high pitched phonation and a 

state resembling an akinetic seizure , which was follow­

ed by a subdued deme :3.nor in which convulsion are produced . 

Feldberg 1954 (45) in another experiment got an opposite 

result after injecting atropine into a ca t and it be-

came more slee py. Priysostigmine counter acted this 

last action . 

Adrenochrome injected into rat cerebral cells 

markedly inhibited i n termediary metabolism of carbohy­

drates . The effect ,,. .. as immediate while mescaline re­

quired two to t h ree hours . Its action was apparently 

due to inhibiting glucose and pyruvate aerobic oxidation 

by inhibition o f hexokinase and to blocking o f an enzyme 

below the pyruvate leve . Woodford 1952 (166) 

Adrenochrome is an antiomeitotic factor in stress­

ed mice and probably ha s the same effects in humans . 

Evidence suggested that t he antimitotic action of 

adrenochrome 1s due to its inhibiti on of hexokinase . 
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drenalin 1s not able to cause this but adrenochrome 

and r:erha~s some of its derivatives are powerful enough 

to do this. Epidermal mitotic a ctivity increases in 

stress because o f the interference in carbohydrate 

met.aboli sm. Bullough 1952 ( 24) 

Adrenochrorne oxidizes sufhydril grouis of glutathione 

proteins and enzymes and 1s able to inhibit a ctivity of 

many enzy~es of t he g lycolytic cycle. The inhibition 

of g lycolysis of b r a in extra ct by adrenochrome is . 
mainly due to 1nh1 bi tion of hexokinase and r;hospho -

hexokinase. Since it inhibits hexokinase under ane robic 

condi tions t he entire oxi da tive system could be inhibit­

ed as is marked ly the case in adrenochromic inhibition 

of g lucose and he xosemonoi:,hos:phate oxida tion in the 

pre sence of bra in enzymes . 

0-napthoquinone ac ts si~ila rly to adreno chrome 

but is fi ve times as a ctive and inhibits other enzyme s 

of glyc olytic cycle . 

It shoul1 be no t ed t hat while ad.renochrome inhibits 

respira tion , glycolys is and mo tilitJ of ty ~anosomes in 

vitro , the re i e no a1.:rrech.ble effect in vivo. Meye r hof 

1942 ( 114) 

TTramine , m escaliae, benzedrine and other amines of 

t his aroma tics t yre a ct like ty r ica l narcotics in strong­

ly inhibi ting oxidation o f g lucose, sodium lact~te, 

sodium ry ruvate and sodium g luconate in the brain. 
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Tyramine a lso inhibi t s sodium succinate . They 

a ct by com~e ting ¼i th l actic acid f or the a ctive sur­

fa ces involved . 

Many of these amines are produced in normal amino 

acid break down in Ghe intestines . Af ter absorption 

i nto the blood stream they are ca rried to t he liver 

where detoxification occur s. Disturbance in t his 

mechanism could leed to i ncreased amounts of these 

substances causing psychol ogica l rea ctions seen in 

anoxaemia and ea r·ly stages of narcosis. Disturbance 

in hepatic function cou l d be a causa tive e l ement. 

Quastel 1933 (134) 

Adrenoch rome given to epileptics intravenously 

ineree. sed cerebr al a rrhythmi as . Epileptic activity . 

occurred in dorman t o r latent ca ses and whe re the 

EEG had previously been nor mal, abnormal r esults 

became a~fa r ent . Adr enochrome can be used in diagnosis 

of l a t en t eyileptic s who previously hav e shown no EEG 

abno r malities . Osmond 1955 (121) 

He t heorized t ha t adrenochrorne o r a similar sub­

stance could a ccumul ate under certai n circumstan ces 

a nd produce psych-0 l ogi ca l d isturbances long bef ore 

physiologi ca l changE s would be noted. Such an agent 

mi ght cause schizopr renia.. However should such a 

single agen t exist one coul d explain t he wide variety 

of clinica l pi ctures by the differences in t he cultural 
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setting, personality patterns, age o f onset, rate of 

production of causative agent, quality of causa t ive 

agent,e~act compounds produced, specific localization 

of cer·ebral enzymes inhibited in the nervous system, 

capacity of t he body to store causative agent or to 

detoxify or destroy it, and in the success with which 

each patient deals with his psychological disturbances. 

So the object would be to isolate ani identify this 

subs tance. Hoffer 1954 (84) 

Rinkel 1954 (137) tried to confirm the observa­

tions of Hoffer about .the hallucinogenic effects of 

adrenochrome but was unable to do it with a commercial 

preparation of adrenochrome given in doses orally of 

5 milligrams. He also quoted its aneventful use in 

surgery cases. He concluded that the solution used 

by Hoffer was unstable and had oxidiz~d even beyond the 

adrenochrome stage to adrenoxine. He felt t ha t 

adrenoxine might be t he agent in r the agent in the adren­

alin cycle that interfered with the major enzyme systems 

that are presummed to have a direct bearing on mental 

illness. He speculated that a t one time in the life 

of an organism an enzymatic disturbance in synthesis 

or decomposition of a vital chemical may occur and a 

metabolite may orig inate causing a psychosis with its 

associated physio- chemic ~l changes. He questioned 

whether psychologi cal distress effects the adrenalin 
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cycle or whether it is a congenita l disturbance. 

He agrees with Hoff er tha t adrenochrome or a similar 

substance is respon sible f or disease. Rinkel 1955 (138) 

Hoagland 1955 (76) pointed out that the commercial 

adrenochrome used by Rinkel contained a semica rbazone 

of adrenochrome whi ch he thought could i n terfere ¼1th 

the true &ction of adrenochrome and he felt that Hoffer 

and Osmond may sti l l be r ight about t he effects of 

adrenochrome. Now Rinke l is carrying out repeat 

experiments with t r ue adrenochrome. 

Adrenoxine, a metabolite axidation product of 

adrenalin produced by ty r osinase, has the same physiolog­

ical effects of bradycardie, and a slight decrease in blood 

pressure. Heirman 1937 (67) Hoagland 1955 (76) sugge sted 

t ha t it might be t he agent in schizo phrenis a nd may 

a ct as an antimetabolite to 5 HT, and in excess would 

then cause s chizopr renia. It is felt tha t deranged 

adr ena lih metabolism may involve modification of some 

enzyme or co-enzyme system involved in phosphate trans­

fer. 

Martin 1942 (107) . found that fara-aminobenzoic acid 

inhibited the action of t yrosinase on adrenaline and 

caused an increa se in sympa t he tic a ction by adrenalin 

by blocking its conversion to adrenochrome. Phenolases 

are also active in vivo destruction of adrenalin. The 

oxidative destruction of adrenalin, a presser amine, is 
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promoted in a tyro s inase - ad r ena lin system by ortho­

substitu t ed phenol s and i nhibited by a roma tic amine s 

and aminobenzoic ac i ds. The e f fectivene ss of tyrosi nase 

i n decre a sing blo od 1-, r e s s ure of perinephritic hyperten­

sive dogs i B enhanced by t he simult aneou s administration 

of ca t e chol. 

Schwarz 1956 (151) ft ound t hat adrenoch r ome in intra ­

ve nt ricular ca t inj ections caused stuporous change with 

changes i n EE~ i n t ne eccipita l region. Adrenolutin, 

a derivative of adrenoc hr ome , caused t h e same result s 

but i n sma ller doses. They concluded that the effects 

of adrenoch rome and adrenolutin is similar to adrena lin 

and noradre nalin in ca ts b rain. 

Szatmari 1955 (162)com~ared adrenoch rome and 

nicotin ic acid , since adrenoch rome cause s p sy chologica l 

changes 1n norma l peopl e and became nicotinic a cid h ad 

recently been used i n t he trea t ment of schizo phr enics. 

Adr e nocb rome had als o been shown pr eviously to cause 

a biochemic .s..1 inhibi tion of bra in r e s pira. ti cn by block­

ing Kreb s cycle and t he di phosphopyri dine nucleotide 

systems and had induced abnormal EEG' s. Adrenochrome 

in dosages of 10 mi l lig r ams caused no change in t he EEG 

of normals but cau sed a~increa se of bila tera l pa roxysmal 

a bnormalities in the EEG~of e f ileptics with l i ttle e f f ect 

on cortica l focus. 
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maotin1c acid orall y or intravenously caused a 

sligh t shift in the norma l to a f a st side. In erile•f'.Jt ics 

the drug considerab l e decreased bilateral diffuse i:,;a. rox­

ysmal abnormalities , except in tr.ue idiorathic erilepsy , 

but as ~1th adrenochrome it caused only a _little change 

on the focus. 

He theorized tha t ni cotinic a cid acts as a coenzyme 

in Krebs cycle and restores disturbed f atterns of ca r­

bohydrate metabolism . He noticed tha t in a schizophrenic 

t ha t there is a high incidence of fa roxysma l bilateral 

abnormalities of t he EEG which he said could be ex­

plained in t wo ways: 1) rzroxysmal bilateral activity 

may represent an increased diencepha lic rea ction as a 

homeostatic princirle, and 2) adrenochrome or a similar 

substance . plays a. part in the genesis of schizophrenia. 

Lea 1955 {98) states that if the adrenalin cycle 

is involved in mental illness, it may be that the abnor­

mality lies with the tyrosine metabolism since adrenalim 

is derived fro m tyrosine. If this be the case be would 

expect the followin~ deductions to hold true: 

1) ,4,bnormal pigmenta tion: One should expect ab­

normality of pi gmen tation since metabolic pa ths of melanin 

lead through the ad renalin and adrenochrome groups. The 

type of rigmentation depends on where the interference 

occurs in the cycle . Since melanin is developed from 

adrenochrome in the body, one would expect shhizo phrenia 
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to be f ound in a dar~ complextioned pe rson. 

2) Negative association with allergic states: 

There occurs a greatly increased tolerance to histamine. 

Adrenaline best for treating histamine poisoning , so 

t here should be a decreased allergic state in schizo­

phrenia. Adrenochrome antagonizes histaminic action. 

Hutc heon 1955 (86 ) 

3) Ascorbic acid metabolism: Ascorbic acid 

prevent s oxidat ion of adrenalin to adrenalone, which is 

t he immed icate precursor of adrenochrome. There is 

l e ss pi gment in Addiaons disease f omlowing trea tment with 

ascorbic acid . A decreased sodium ch loride concentra­

tion leads to destruction of ascorbic acid which l e ads 

to melanin. So i mrrovement of schizophrenia should 

be observed in sodium ch loride and ascorbic acid 

treatment. 

4) Tyrosine me t aboli sm: A r eduction in tyrosine 

and pheny lalanine t o a physiologica l mi nimum may he lp 

the schizophrenic. 

5) Abnormal substances ·.in t.he urine of schizo­

phrenics: There should be some melanuria , or some in­

crease in an indole abnormal body or an excess of normal 

excretion of such substances in the urine of t he schizo­

phr enic. 

Upon the a ssumption t hat schizophrenia i s due to 

i ntoxica tion by adrenochrome or a like substance the 
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following deductions have been confi r med. : 1) Schizo­

phrenics do show an increased dark pigmentation over 

normals~ and 2) schi zo phr enics show a decreased incidence 

of allergy. 

He then: further hypothesized t hat me tabolic f ault 

may be due to hepati c insuf f iciency and this is due 

either to heredity or environmental f actors or both. 

This would expl a in t he dark comflextions and dark hair, 

liver damage, abnormal histamine tol~rance, and absence 

of corre lation betwe en age of enset and histL-mine 

intolerance. He fee ls t h ::J t schizophrenia is a single 

disea se, and :f,ostula ted t ha t t he liver trouble might 

be due to trophopathi c hepati tis (necrosis) because of 

a depriva~ion of a substance necessary f or life. 

It was .-noticed t hat the dark complextioned 

schizo phrenics all fall in to the age group fifteen to 

nineteen ye ar s fo r whi ch Laa gives t wo explanation. One 

is that t he re ~re two conditions in the schizophren1~: 

one condition is due to an adrenochrome,or a simila r 

substance, intoxicat ion at an age younger than twenty, 

and the other condition is due to unknown causes which 

allow schizophrenia to make an appearance after the 

age of thir~~ The second explanation is t hat schizo­

phreni a is a sing l e disease due to a fault in t he adren­

a lin cycle and witL an origin in both heredity and 

environment. 
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Hashish. 

~"> oH < ~ 5___,;>-'stt,, 
c.111, 

C."'.:, 

Hemp. (marihuana) 

c.H.3 oH 

<~s:r----c< :;re,~ 
u,.~--0 

C. tt,3 

Pyrta hexyl. (synthetic) 

It is a tetra ~ydrocannibinol which comes from the 

hemr-Cannabis rativa . Cc.a.nnibis does not contain an 

indole structure and has no -.nitrogen molecule. It 

is a dibenzopyran s tructure. Fa.bing 1955 (42) 

The synthetic structure is represented by ryrahexyl, 

which also has no indole ring but is a dibenzopyran. 

Adams 1941 (2) 

Its pharmacological action is like atropine and 

aloool. Physiologically it increases the pulse,increase~ 

blood pressure, causes injection of conjunctival vessels, 

dilatation of pupils, reaction of rupils become sluggish, 

dryness o f mucosal membranes, increa sed, res~irations, 

ataxia and hyperflexia, diuretic effect leads to concen­

tration of blood and affecting of CHO metabolism. 

Psychologically apprehension and anxiety are 

increased; euphoria , loqua ciousness, lessening of 

~nhibitions, hunger and t hirst, uncontrollable laughter, 

and frequently drowsiness are ~resent. Restlessness and 

movement are prominent. They f requently have choriO­

atheio tic movements and rigidity. Mayer-Gross 1952 

(109) There is also a dissociation of though t associated 

with a hyperkinesis. 
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Clinical tests are negative, although increased 

frequency of the alpha waves on the EEG (relaxation) and 

decreased gastric motility may occur. 

The do6e is usually f ifteen to forty five milligrams 

orally and tolerance is produced. There is no addiction 

noted or is t here a craving developed in the user. 

Uses may be developed in t herapeutics such as 

to cause euphoria i n depre ssions, a ppetite stimulants, 

and as re placement t herapy in ca ses of alchol and opiate 

addiction. 

Yohimbine . 

It comes from the bark of the yohimshoae tree. 

Hoffer 1954 (84) It belongs to the na tural alkaloidal 

drugs related to 5 HT and contains amindole nucleus 

and a substituted amino ethy l side chain. It is a 

structural analogue of 5 HT and is a highly competitve 

antimetabolite of it. Sh aw 1953 (153) 

It causes mental aberrations of an afhrodlsiac 

nature. The dose is .40 mill igrams per kilog ram. It 

acts an antagonist to the constrictive action of 5 HT. 

Eva~ts 1954 (40 ). Its chemica l _str.ucture is similar 

to t ha t of reserr i ne -which is also an alkaloidal plant 

r roduct but of op:r;osite effects. Its importance lies 

generally in i ts s i mila r i ty and antagonism to 5 HT. 

Whate New 1955 (174) 

-96-



~ 

N N / 

Yohimbine . Reserpine .- r 

C ~, OOC. C "3COC. 
oO 

1-40 (. \o\.30 
Harmine. I/ 

I I Har min e . 

CH3 o N N 

c. '¼ 
I t - is a pl an t a l ~loid that comes from t he 

turk ish pl ant :Pegam.1m'::h arr:J.f,l a . Hoffe r 1953 (84) 

It has an i ndole nu c l eu s ¼1th a sub stitued amino 

ethy l s i de chain and ~roduces sympt oms like LSD. 

It s dose i s .10 mi l ligr ams r e r k i l ogr &.m . Act ua lly 

ve ry lit t l e i s known about t he psychologica l e f fe cts 

a l t hough it is known to cause hallucina tions and 

disturbed men t a l pr oce s ses . It i s an ana logue of tntd 

an antagoni s t to 5 HT, to ~hLch f a ct it owes a ~ortion 

of it s phar ma co logica l action. Wooley 19 54 (168¢ ; 

&haw 19 53 (153); Osmond 1955 (120}; Evart s 19 54 (40) 

~ 
Ibo9.'aine . __ ...._._ 

I I Ibogaine . 

r-l' 
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This drug with indole nucleus comes from a bean of 

the i boga plant grown by the Ibo tribe in Centra l Afri ca . 

That it has some halluci nogenic ef f e cte i s menti oned 

by Albe r t Schweitzer . Nothing else is known . Osmond 

1955 (120 ); Hoffe r 1953 (84) 

Ololiugui. 

This comes f r om t he cli mbi ng ve i n Rivea corynibosa 
A'> 

whi ch was used Aa nercotic by t he AJtecs. Its a ctive 

narcctic frinciple wqs discovered in 1937. AE yet its 

action and structure is not wo rked out. It causes 

apathy , loss of interest,decreased ve rbalization, 

ane r gi a , height ened vi su&. l percept ion , _and increased 

hypnagogic I,henomena . It causes no confus ion or a lter­

ation o f time perce ¼t~on . ~pfarently after f our hours 

it cause s a ~e ri ed of a l ertness, ca l mness , and a state 

of relaxed well being for m2ny h ours. The l a tter 

condition is some t hing new in hallucinogenic drugs . 

Much inf orma tion as to it s h i story and identifi cation 

can be f ound in Schulte» 19 41 (149~ Its action is 

t he reverse of amphe t ami ne . He f ee ls the a c t ivitie s 

pri nc ipl e should be isolated and the formula comiared 

we ll as the effect with cerebra l enzyme sys tems . Osmond 

1955 ( 120) 

TMP .LLJ..4,5 trimethoxypheny l) isopropylamine. 

'~)0 

TT•W. 

c\.\,o-...... rJ 
c H3 
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This is an open indole s t ructure. The chemica l 

was first synthe sized by Hey in 1947 (70) . It s causative 

sy mpto rr; s and structure is si milar to mescaline and 

amphetamine . There is no increa se o f blood pressure, a 

slight increase in pulse rate , and it does not interfere 

with sleep . .Lt may play a role in psychotherapy . 

·It ha s a group on t he penultimate ca rbon of the 

side cha in which make s it an inhibiter of amine oxida se. 

The enzyme of metc.bolism i n higher brain tha t may be 

responsible f or the phenomena of hallucinegensis may 

be i nvolve d with t he inhibition of amine oxidase. 

In a dose of .8 to 1.2 milli grams ~er kilogram it 

causes euphoria. and loosening of emtional restraint in 

humans. In doses of 1.§ to 2 milligrams rer kilogram 

it causes visual mallucinations . In mice tremors 

and scratching resul t, and do gs get ca t a tonic-like 

conditions. It i s excreted in t he urine. Feretz 1955 

(127) 

Am1?_he t arr.ine and Methedrine . 

~ 

~ 

- , AmphetaP.J.ine • 

fc.1-13 
"' \-1 t. 

?' 

~ 

,. Methedrine . 
C.l-13 

1-/N ~ <.M_, 

Amphetamine is a CNS stimulant, increases the blood 

p ressure, cause s sleeplessness, and r roduces a cummuni-

cative f rame of mind. It does not cause psychologic chanze 

in one doee. Methedrine with one more methyl group 

produces hallucinations i n a sing le dose of 40 to 100 

-99-



milligrams and has a similarity to LSD in clinical 

results and blood adrenalin level in mentally disturBed 

patients. Methedri ne does not cause a ra r, id mood swing 

as LSD but evokes h alluci nations in schizophrenics more 

rapidly. 

Large doses of amphe tamine give an alerted EEG 

rhythm of low amr- 11 tude, dif f use an j fs.st waves. Corti­

cal response/over visual area is seen in response to 

photic stimulation . It does not change barbiturate 

anesthe sia, although it i ncreases photic stimulation 

in the lateral geni cula t e body. The action of amJ;hetamine 

is probably on the rece r t ors in the reticular a ctivating 

system. Elkes 1954 ,(37 ) showed that amphetamine is 

like LSD in f!Oducing those EEG and behavior alerting 

resr onses in ani ma l s. The alerting was related to sym­

pathetic nervous sy stem, and de pends on the ascending 

reticular system, t he mesence phalic and spinal connection. 

Although amr-he tamine does not cause hallucination 

per se and has no effect on barbitura tes, it however 

decrea se s accessibility of p sychosis, while amyta l 

increases accessibility of stupor . This is not-under­

stood . Liddell 1953 (100); Peretz 1955 (127); 

Bradley 1933 (23) 

Bulbocar:nine. 

Its stvucture and descri ption h a s not yet been 

reported. It produces ca tatonic-like behavior. It may 
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be produced in hepat i c tissue and may implicate in schizo­

phrenia and in drug i nduced f sychoses. Qallaway feels ... 
that,.only alteration in fuctions of the liver and 

intestine are capab l e o f producing sign s of experimental 

catatonia. However h e feels tha t to i mplica te b~!boca~­

nine may be a mistake since many drugs in large doses 

will p roduce hallucingenic effect s . Ca llaway 1955 (26) 

Bufotenine . ~H 
I '\. 

tto-0:JI c.~- ctf,. . . ~t\.\i'cc,o~ 
.9-11 , A-l1v& =, 

5 HT • 1' N du~Af,.,, ~ N ~ Y'f!.JI twrJ 'rlM'f . 

tAl,>tD.,.7ttAI 5 R-Indoleace tic Acid . 

LL ~ 3/ (C.H3~ ..-::, bufotenid ine 
rrO ~, C."'1. -C. l~'L · 

uf 
. , -:: dehydrobuf otenine 

B otenine. ~ bufothionine 
This 1 .. s an in~ole structured drug t ha t can arise out 

of a n error in 5 HT met a.boll sm. Normally 5 HT undergoes 

oxidation deaminati on to 5 hydroxy.:.i ndoleacetic a cid, 

and it is then deca r boxyla ted. I f 5 HT methylates 

instead of proceeding a s above, as hai:pens in amphibians 

and fungi it become s n-m~thyl 5 HT in the f irst 

methylation and n-dime thyl 5 Ht (bufotenine) in t he 

secomd methylation . Bufotenine has also been isola t ed 

from bean piptadenia ~e regreni a . 

hen e va rts ·1954 (40) inj e cted bufotenine in the 

dose of 3 millig rams per kilog ram in the monkeys he 

produced ataxia , mo tor disturbances, indi f f e rence to 

to tactile stimule , altered sensoriuijl and schizophrenic 
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behavior which lasted fo r several hours . There was 

similarity noted be t ween i t and LSD. He l a ter demon­

strated (1955) (41) . tha t i t also altered visual response 

to stimuli in monkeys without causing loss of motor 

power. The same a c t ion was elicited by LSD in a dose 

of 1 mi llt~ram per ,t{ilogram intraveno~sly. 

It causes LSP ~like e f fects on man , too • St ronfl:>erg 

1954 (160) 

It is about one-half as active as 5 HT but has shown 

t he same ~rope rtie s on l abo r a tory animals as 5 HT, except 

in the ca t where it causes a ~ressor resr onse and 5 HT 

a depr~ssor one. Fage 1953 (124) 

Bu:foteine as -v.e ll as tryptamine inhibits choline­
C.ootf 

sterase . Erspamer 1954 ( 39) I f 
C. M-a C o o t./, u roporJiyrins 

Porphobilinogen. lH.., ~ 1-h. J . H .,,. coporphyr ins 

a(Nfl1.C~.,C.oc.H1.CH1Ct,o l-l) 4 ~ .. ,)-c.1-1..,·NU1. 7 fw'"I< hAllu.ci..o,..,.s 
~ protoporphyrins 

delta-,4minolevulinic acid . Porphobilinogen . 

l 

It is not an indole, but si :r:ilar , in t hat i f t he 

chains would close the benzene ring would be formed . 

It or a derivative is f ound in aquesous humor, bone 

marrow and in uri ne . 

F~bing 1955 (42 ) noticed t hat t wenty-four to 

thirty-six hours post or eratively after prostatectomi es, 

hi p pinnings, and eye surge ry that there accurred 
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periodically a dissociation process in the patients. 

He Correla t ed this with t he f act th c.1.t prophyrin and 

their precursors are found most commonly in urine, bone 

marrow, and aqueous humor. Schmid. 1954 (147) He 

theorized that porphobilinogen or an allied derivative 

was absorbed through t h e newly incised tissue and caused 

a. schizophrenic - like re-action a s seen in acute inter-

mittent porphyria. Wa tson 1954 (164) Franque l was 

f ound to ameliorate t he dissociative state in a short 

time. 

.Amanita pantherine (muscaria). 

This is a deadly Siberian fungus of' which t here is 

not much known, It is a potent hallucinogen, causing 

euphoria , etc. It is passed th,r,ough the hody as much 

a s f ive times without losing its effect, as is shown 

by t he custom in Siberian in vJhich the drug is t aken and 

the subject urinate s. His urine is t hen drunk by a 

fri end, and he pa s se s his urine on, and so until 

five pas sage s of t he subs t anc e t h rough t he body has 

be en made. Osmon~ 1955 (120); Fabind 1942 (42) 

Cohaba• 

This a lso come s from the be an Fiptadenia 1e regreni a . 

It is a narcotic snuff u sed in Haiti fo'f" necromancy. It 

was first described by a s&ilor of Columbus in 1496. 

$afford 1916 (141) It should be noted t ha t bufotenine 

has also been isola ted from t his same bean, Stromberg 
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J.954 ( 160) :Ferha:r; s they ·are one and the same. Further 

investiga tion woul d bear this out. 

Miscellane ous . 

A. Hydrala.zine. 

1-hydrazinor-hthalzaine has caused psychiatric dis­

ease in a man given an over dosage in the treatment of 

essential hypertension . The recovery ca.me in twelve 

to twenty fours after wi thdrawal. The psychosis was 

not related to the blood fressure change or to renal 

f unction. It may have resulted from the release of 

basic personality conflicts after the persons disease 

state was altered by the drug . Subsequent severe 

prolocged de pression s uhrelated to hydralazine substan­

tiated the explantation . There is a similarity between 

psychotic· symptoms here a nd those that f ollow cortis9ne 

and ACTH wt thdrawal and consist of hallucination$., de-
1 

lusions, extreme variation of mood and ideational 

flight and de ~ressive sta t e s. This demonstrates that 

some potent pharmacological agents are cafable of 

altering physiological mecha nisms i n the area of 
~ 

psychogenic response s. , .. oser 1953 .(116) 

Hydralazine combine s with cabonyl and sulfhydryl 

radicals, and has a strong affinity for metallic ions. 

It m~y block enzyme systems and is known to inhibit 

histaminzse , increase cerebra l and renal fl ow and has 
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an anti ;,ressor effec t operating t hrough the mid brain. 

It can cause CNS ef f ects, he ada che , Dervousness·, anxiety, 

de f ression, parasthesias , ipsychoses and coma . Visceral 

effects : include an i ncreased pulse, dyspnea , and dryness. 
p. 

Antihi stamine, barbi turates, and sJ icylates are antagon-

istic. Emotional s t rees i nvolveJ;m1d: brain and is a 

precipitating and exacerba ting factor i ~ essential 

hypertension ahd raeumatoid arthritis. Lansburg 1955 (97) 

B. Fibrous Wool Protein. 

Fischer 1954 (46 ) t hink s that the molecule of 

f ibrous wool protein maybe the model of structured 

surf a ce rece 1, tors in drug psychoses . Sorption of drugs 

onto woo l prote in may be a mode l of t heir action of 

t he CNS structures . He studied mes ca line, metham~h~tamlne 

(methedri ne) and LSD and LAE and found an inverse relation­

ship between affini t y of these drug s for wo ol :r, rotein and 

the logarithm of t he dose required to produce psychosis . 

He attributed the i ncreas ing affinity of drugs for wool 

to their different degree of specificity, simulating 

a reversible inhibi tion of an e quilibrium involved in 

the production of hallucinations. rhe increasing 

absorption of basic (cation action) drugs is accomp&nied 

by the follo~ing structural features: 1) increase 

grade of alkylatinn on the primary ami no group, 2) in­

creasing number o f amino grou-ps , 3) increase number of 

carbon stoms between ~rima ry amino grou~s and neighboring 
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nitrogen of nucleus , 4) presence of two hidden LSD tails, 

and 5) a molecular weight of about 320. 

Thioglycolic acid f recipitated a reversible psychosis 

following a 1-,e rmanent wave . This may be due to an alter­

ation of S-S bonds i n the . cystein part of, the proteins 

causing an alteration of re ce ptor. 
, t""-

Another problem relates to ~~drenergic blocking · 
-tkc 

activity of compound and a -possible relationship of ,. 

such activity to common s t ructura l chara cteristics con­

comitan t of drugs . exertin~ high affinity for wool ~rotein. 

A high affinity f or wool protein is asEo ai a t 2d with 

a powerful biologica l activity a s is shown by the minute 

dose required. ~t is a possibility that stress situa-

"'' tions may L~ d i m~ h, 1 the amount of drug required to 

cause a model tsychosis; a lso there may be a decrea sed 

intensity o f ha lluc i nations ~f the patient feels psycho­

logically free from anxiety or if he is given drugs 

which prevent a stre s s res:i;:onse resulting in adrenergic 

blockage. 

He emphasized t h a t s t r ess and adrenergic blockage 

are essential fo r rreci pi tat ion of mode l r sychoses. A 

mode l psychosis may be 1ue to reversible disturbances 

of integration between diencephalon and cortex l eading 

to lo~ered re a lity t hresholds. It may act by exerting 

a sympathetic overtone and an adr-energic blocking 

activity. 
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Persisting stre s s si t ua tions might inerease 

dosage of drug re qui red t o cau se ha l l ucinations at 

r e st. Simultane ous adminis tra tion of one of t he drugs 

with an ad renergi c b locki ng agf!'llf cause s psychosis. 

Certa in comi ound> h aving high a f f i nity f or wool frotein, 

may pr even t by comfe ti ti ve inhibition -the halluc inattnt.S 

ca.used by LSD . 

Tha-b stre ss can be de trimenta l on activity i s pointed 
II 

out by Ye r kes 1908 ( 16f wh o con c luded t hat an easi ly 

ac quired habit, t ha t whi ch doe s not demand di f f icult 

sense di scrimination or com~lex as sociation s , may r ead­

i l y be f orme d unde r stron3 stimuli, whe r e a s a j if f icult 

habit may be acquired re adily only unde r r e l a tive ly 

weak stimulation." 

-107-



METHODS FOR RESEARCH 

Hoskins 1946 (85) stated that there is a mental 

comfort to t heorie s , but advises a gainst pursuing the 

"will-o' th-wisp" or working under t he semiproj e c t i ve 

synthetic artifact of approa ching the problem by 11 

considering the :r:,ati ent as a whole." He f eels tha t 

the subj e ct can be approached by study in: 1) the 

maturing process in biologica l l aboratories ¼1th emphasis 

on the amino acids, end ocrines, vitamins , and enzymes , 

2) t he value of therai:,y, how it works, and. 3) the teach­

ing f or promotion of emfathy. 

Mayer•iross 19 31 (110) fe e ls t here should be a 

systema tic sea rch fo r drugs with centra l r sy chotic 

effects. Such d rugs p r ovide a safe way to study 

sy~ptoms of me nta l i llness . ne ci ted t he need for 

studies in vivo as we ll a s in ani mals. He suggested 

t ha t electro-physiologica( hi stopath ologica l and histo­

ch emi ca l me t hods of r e search b e utilized mor e. 

Osmoni 1955 (121) de scribe s three ways o f at t a ck on 

schizorh reni a : 1) Empiri ca l-- no good. be cause one gets 

lost in facts-, 2) Systematic t he ory-- no good because 

f acts trimmed to suit t he scientist, 3) Scienti f ic met­

hod--approa ches goals by pl a nned steps, buiids a nd t e sts 

hy~othese s. Th i s me t hod i s t he hand mai den of ins~ira­

tion. Hallucinogens ~rovi de underst &nd ing and kno wl edge 

r eq_uired f or develo ; .ine: new ones which a r e im i: or-tant 
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f or t he a tt a ck on s cb i zorhrenia . Those who work v.-i th 

model psy cho ses should av oi d deciding in~adv ance what 

should hari:en. 

Li ndemann 193 5 (101 ) indic ted research f or lack 

of sci en tific ~r ocedure . He fee ls that f or good isy cho­

patholog ical examiPations one has to ~o beyond a statis­

tical method and fo rmula t e a heuristic hypothe5is whi ch 

is t hen proved or disproved by ex~erimentc l ecien se . 

He disagr ee s with t he concept of pri mar y and seconda ry 

symptoms in mental disease becau se he fee ls t hat they a re 

only descri ~tive clas si ficat ion s . It is not con sider ed 

suf fi cient to rela te Ecny ty i:e of phy siologica l or 

psycolo~ica l a lte ra tion merely to a d isease r roces s . 

The adjustment of t he r a tient at a g iven time, the 

rela tionshi p of his conf licts, and h is r e sources f or 

relief a re i~portan t feature s. The change in ad justment 

follow the admini stra tion o f adrenalin. Thi s is de ter­

mined in mea sure by t he quality as concre te life situa­

tions and tyie of adj ustEen ts at the moment of the ex­

periment. The degree of change is r e l a t ed to the ~re­

cess of ad jus tmen t. 
\ 

Under influence of drugs , subje cti a c t ions are 
tow4Y'cl 

direct ed toward inner e xreriences~ se l f . He discover-

ed t he s i gnificance of t he eme r gency reaction. It i s not 

t be result o f ex t ernal a l a r m but of inner tension. 

Eme r gency situa:tron is t he imba l ance of increased drive 
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without any corres~ondi n~ increa s e in obtainable goa ls 

or avenues f or dire ct action by fight or f light. 

With adrenalin : 1) se l f concern. out weigh$ ob ject 

concern -t here is a fear 6f pain and need o f ple asure, 

2) immediate disch~ rge of t ension in form of direct 

rreventat ive a ction is no t poss ible. More f requent 

change s are protec t ive mea sures • . Therefore anxiety is 

a si gnal of danger s , i nhibition is use f ul in f revention 

of undersirable actions , and frustra tion and aggrava­

tion of symptoms are manife sted in increased conf lict 

tension . AdrenaliP alone may not cause autonomic dis ­

turbances . In con c luding he cited need f or resea rch 

in to adrena lin and me scal ine which has been done . 

Green 1956 (63) sugge sted t ha t t he advanced 

technique of study; micro absorr- tion technique s using 

ultra vi olet and soft r ays ; and biochemical study will 

lead t he way to di s covering knowledge o f menta l disease . 

He t hinks a study of mectanisms used in therapy a s to 

how, and why t hey vork wo uld be very useful. 

Evarts 1954 ( 40 ) notices t wo handica1s in the study 

of mental illnes s : 1) its rea lly impossible to study a 

disorder· of t hinki r:5 and. · feeling i n ani mals, and 2) 

t he l ack of objective, me ~surable i ndices o f the se in man. 

One must de ~end on ve rbal report &nd behav i or. He is 

trying to overcome t he se deficiences by : 1) develop-

in~ tests which-e lic i t in f ormation of drug induced 
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psychoses in animal s, and 2) developing objective in­

dices of e f fective f sychogenic drugs in humans. He feels 

further study of indoles in m~n is g reatly warranted, 

that development of animal preparation for biopsycholog­

ical assay of drug s is i mportant to research, and that 

develo pment of obj e ctive correla tion of mental lesions 

to the dru; s inducing them is necessary. 
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CONCLUSI ONS 

1. Schizophr eni a i s a nebulous comf l e x disease 

process about whi ch litt le i s known or understood of 

its ratholog ic phy s iology. 

2. The true halluci nogen s, a ll o f vihich have an 

indole or indole-like nuc leus, ~reduce a ~sy chosis 

similar to, but n ot exa c t ly like , s-:::hizophrenia. No 

ha llucinogen has been f ound to be t he causative agen t 

i n schizophrenia. 

3. The l abora tory study of t he ha llu·cinogens and 

of the i r induced psyc hose s has g iven va luab le i nformation 

about the abnorma l biochemi cal, phys iologicat and psycho­

logica l processes existen t in t he me nt ally ill. 

4. No de f ini te etiology has been established for 

schiZO I:hr eni a , alth ough evidence wou l d seem to rule 

out a single causat ive agent. 

§. Biochemica l imba l an ce, probably on a metabolic­

enzymatic level, must be a s sumed to pl ay a r, rimary role 

i n t he causation or /and rnaintainence of schizophrenia. 

6. The adrena l- pi t u itary cycle a~iears to be r e ­

l at ed to psychosis and schizo ~hr enia. 

1. Adrenoch r ome , an · oxida tive rroduct of adrenalin, 

and i t s oxidat ive derivat ives, s hovm to be the firs t 

natural occurring halluc i nogens, could exert a signifi­

can t causative role in schizo:r:hrenia. 

8. 5-Hyaroxyt ry f tamine, and allied structure s , 
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f ound normally in ne rvous and brain tissue, are shown 

to like ly have a vi t a l part in the maintainence o f 

menta l hea lth. 

9. It is hypothesized that adrenochrome or a 
. 

~o t ent hallucinogenic oxidative derivative arising out 

of adrena line metabolism may, due to some biochemieal 

error, exist in su ch quan tity as to interfere in some 

way 'l'<'ith the normal f unc t ion of 5 HT, so as to cause or 

maint ain , pr evi ously existing , schizophrenia. 

10. Psychological mechanisms and environmental 

interrelationships which lead to los s of external per­

ception and loss of reality conta ct may have an equally 

important role in the causation and/or ma intainence of 

sch izo phrenia. --- '· 7 7 
11. Here tical / factors exist in sch izophr enia.----- < ..__ 

12. LSD and mescaline are useful adjuncts in 

I, syc ho t herapy. 

13. Cont inued exten sive research is necessary 

toward answeri ng the ques tion "what i s t he schizophrenic ?", 

describing not only in t erms of psychological me chanisms, 

bbut in terms of bio chemi ca l and physiological pa t ho-

logy. 

14, Stc;.ndardization of descri r., tive term s i s neces­

sary in psychiatri c research to adequate ly classify objec­

tive and , rarticula rly, subjective fee lings and findings. 

Indices fo r evaluating drugs in both man and animal with 
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reference to this must be developed. 
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SUMMARY 

Following the introductiGn, t he definition and 

description of schizophrenia as it r.ow is underste od 

is g.iven. A revi ew of the litera ture as pertai ns 

to the sch izo:t::hrenic -mimicking drugs t hen follo ws, 

i nto whi ch i s incor~o r a t ed t he descri ption, history, 

man and animal expe r i ments, a nd theories and conclusions 

for e s ch drug. A short passage on research methods is 

next, followed by the writer's conc lusions. An exten­

sive bibliografhy accom~anies the t hesi s. 

,--
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