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ESCALINE, lyscrgic acid diethylamide (LSD-25) and psilocybin each
: tend to evoke analogous disturbances of mental functions when ad- ,

to normal subjects or psychiatric patients. Although a number of
between the clinical syndromes produced by mescaline and

have been noted (mescaline tending to increase withdrawal or "cata-
in", LSD-25 tending to prod-_me o'oo°':mdin'ro,silliness or "hebephrenia"), the
i!arities are more striking2 Seldcm have both oruos been given to the

subjects under comparable conditions, making comparisons of clinical
_dromes di_eult. One direct comparison between LSD-25 (1 to 1.5 meg/K)
al_d psilocy- _a (57 to 114 mcg/X) has revealed remarkably similar clinical
l_ctions, that _rom psilocybin being somewhat shorter. =A recent study of each

the three drugs given to 16 normal.subjects indicated minor differences be-
twccn them in the autonomic, neur£ogic or psychic symptoms evoked, mes- a

line tending to be more potent than the others in producing psy@ic ef-
ts,a Additional controlled observations of the comparative clinical syndromes
m these three drugs seemed needed.
Even less data were availabIe for comparing perceptual or biochemical

changes from these drugs. Visual effects, particularly hallueinations involving
, teller, have been the most striking perceptual change from all three drugs. \,Vo ..

, decided to study some aspects of this phenomenon, our hypothesis being that
color perception is enhanced by these drugs from the participation of stimuli
_t ordinarily elieiting color. Selected pl-ysiologie and biochemical measure-
_ents were also studied. Total circulating eosinophils were measured because

_:'_.Jl_conflicting reports in the literature regarding the effect of LSD-2& Urinary
ii_organic phosphorus (P) and ereatinine were meamred because of reports of

, __creased urinal'y inorganic P following LSD-25. 4 Determinations of total .'_,_

_ids, cholesterol, and free fatty acids (FFA) were used as possible indicators ,':
plat mcbilizatien. Measurement or blood glucose was done to make certain
_i_s mo"ety was not changed in sucla a way as to secondarily affect FFA levels.

_s aspect of action of these drugs had not been previously studied. Serum
_amie oxalacedc transaminase (SGO-T) titer, alkaline phosphatase and

_Ldocholinesterase activity were mea.sured to determine whether the drugs
_2_d any deleterious effect on hepatic functions, a point previously raised. "_

e Lest for pseudoeholifiesterase activity was also of interest in that activity
human serum in vitro has been reported to be strongly blocked by LSD-2.5,

actual measures of changes in serum activity following the drugs had not
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been m_'de before, a Copper oxidase activity was also studied for the first time
aml seemed of possible interest in view of notions relating eeruloplasmin to

• ,. : schizophrenia or to ,enaogcnous psychotogens (taraxein).

I; PI_OCEDUI_ES

\Ve _y,_tcmatically compared these three drugs on the basis of the clinical syndromes

produced, effects on certain aspects of color perception and selected physiologic and bio-

chemical mc,asurcments. Doscs of drugs were fixed as follows: Mescaline, 5 mg./K; LSD-25,

! meg/K; psiioeybin, 150 meg/K; each was given orally. Vohmteer subjects selected on the

basis of prior scrccning to rule out overt psychopathology were tested at weekly intervals.

Ord,:" of drug administration was randomly assigned to each Subject Although subjects

wcrc aw,rc of the nature of the drugs being studied, they were not told the order in whic_

the drugs wcrc administered until aI1 trials were completed. Subjects were intelligent, being

able to report experiences well and cooperate fully in fl_e trials. Drugs were administered

in a comparatively austere environment, a small room with a chaise longue and the test

cqui:):nc_,t present. An attendant steed by but subjects remained alone except during

pc:i,';ds of testing. Twenty subjects were studied, 18 completing trials with all three drugs.

An assessment of the clinical syndrome i:rodnced by the drugs was made immediately

.:_'cei each drug experience had cleared. Subjects were asked to complete a questionnaire

,;,: 4:3 items regarding symptoms anti signs experienced. Twenty-five of these were questions

mos'_ frequently answered positively by subiec:s in other studies with psychoto_,-.imetie

dru,.;s, involving chiefly somatic or perceptual cffectsd The remaining 18 questions were

derivei from another _finilar questionnaire, emphasis being laid upon specific psychic c.
syln 1-_;.-GIT_S.'_

Com_ perception studies were accomplished just prior to drug administration and, two

nares after. Two types of stimuli were used: those which are ordinarily associated with

co!o: phenomena and those which are not. Adequate color stfinuli included the Farnsworth-

Muasell hue discrimination test, consistiag of 85 colored buttons to be arrayed in order

of graded hues, and induct!o:, of a strong after-finage by a light stimulus following which !

the induced colors were named and matched on a color comparator. Inadequate color
stinmli included a black and white disc rotated at four speeds, four pure tones at ap-

proximateiy the same degrees of loudness, and both visual and auditory stimuli presented

, together. If during these tests the subject perceived colors, these were named and matched
on a color comparator.

Before each drug trial, subjects had fasted for from 8 to 12 hours. Urine was collected

,} for determination of inorganic P and creatinine prior to drug administration and for two :':?
hour_ after on 18 subjects. Determinations of total circulating eosinophils, total, lipids,9 .{i_'

inorganic P, ereatinine, SGO-T, and copper oxidase Io were made on blood specimens ob- ;:

rained l)rior to each drug and two hours later on 18 subjects. Similar determinations of

free fatty acids (FFA) n and alkaline p!,osphatase activity were made on 12 subjects, and

of cholesterol, glucose and pseudocholinesterase activity le on six.

_ES'ULTS

Clinical syndromes from the three drugs were comparable in kind and :'

d%::'ee, considering the possible failure to achieve ideally "equivalent" doses ",.
of _,rugs. The frequency of specific symptoms is summarized in table I. As a
ru_e, severity of symptoms paralleled frequency. Mescaline proved most active I

_,- evoking somatic effects, dffler,mecs between drugs being less marked with
2_ereepmai or psychic symptoms. Psychic symptoms were encountered less

_requently than anticipated. This was especially true of symptoms frequently
mentioned as psychotomimetic: visual, auditory, or other types of hallucina-

tions, depersonalization, paranoid ideation, or alterations of body image. Most

i
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Table l._Sgmptoms and Signs P,eportzd by Subjects Recelvlng Psq!ocybln
(I50 mcg./K), Mescaline (5 reg.X) or LS'D-25 (1 mcg./K) in t_andom

Order with Blind Co2;tro! under Like Conditions
Psilo Mcse LSD

, . . Symptom/Sign N = 19 N ---- 20 N = 20 Commeut_

; ' Somatic
Dizzi_:ess, unsteadiness 16 18 17

' \V,:akaess, fatigue 13 14 11
1!..;_t,r cold feelings 1t 13 !4 Both reported
Appcti_echanged 5. 15 14 Mos._.decreased
Shaking of hands or body 8 I4 1I
Niu;,_e;;t 7 18 6

Drowsiness l,_ 0 8
Parcsthesias, extremities 9 13 8
l ic;vy or light extremities 8 11 8 Both equally

- _ ill feeling,malaise 5 I5 6

: Blurredvision 11 6 8
_,mngein sweating 7 I0 5
Salivationcllanged 4 11 7 Mostdecreased

' Perceptual
Ahered shapes or colors 9 1'7 9
Difficulty in focussing . 13 11 11
Changein hearing 9 8 V Shal:pened
Synesthesias 2 2 3

" ' ; Psychic :
Change in n-rood 12 13 14 .....H_tiJpT, _aa, L-_.;*.ahl:

:,i equally
i ;cm_,mg in_hta _ lO
Dist.m'ted time sense 9 ii 11

:Difficulty expressing thougl_ts 7 11 11
" Visual hallucinations 7 9 7 Colored patterns most

: Dclx:rsonalization 9 6 8
. Unusual tension, anxiety 7 7 7

Dreamlikefeeling 9 8 6
')

Loss of control of thoughts 2 5 7 Come too fast
Al[cred body image 1 4 2 Distorted acraI parts
Sexual feelings ! 1 5

, Pa:'anoid ideas i 3 2 ".¢
Hallucinations of smell, •taste 1 3 1 Possibly real stimuli .:<,
Time disorientation 2 i I

Space disorientation 2 i I
F2.a!h:cinations of touch 2 0 2 Possibly real stimuli

- Auditory hallucination_ 0 2 l Possibly real stimuli

.' subjects found the mescaline experience to be the most intense and longest, : .

"' lasting eight to ten hours in a few cases.

Color discriminatio n, as measured by the Farnsworth-Munseli test, was de- _,
; • "G; "#'
, creased by all drugs, b'ut only sl_nmcantly by psilocybin, without significant .

" " d_fferences between the drugs. The effects of drugs differed for various hues: "I

" LSD-25 increased errors significantly in the red-yellow and yellow-orange

.... areas, mescaline 'increased errors tt'a'ough a wider range but not significantly

in any, and psilocybin did likewise. All drugs tended to increase the duration

, of after-image, though only ps!locybin signifieantl)q the numbers of colors
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rcpo:'_edin the a_ter-imagewc:'esignificantlyincreasedby allthreedrugs. ,.
Each o{ the threedrugs increasedperceptionof cMor evoked by flickerto a

.1onl) significantdegree, The more error in hue discrimination, the less color

was evoked by flickerin the same spectralar_:a,Combined flickerand tone

:' stimuli ied to responses beyond those elicited for "'_e_mer alone, but a significant
increase ocem'red only with LSD-°5. These studies have been reported in
detail ' ", elsew11el'e._.,

Results of the biochemical and physiologic measurements are summarized
e_

for each of the three drugs in table "2.Significant de,reuses were noted in

u:iaary excretion of inorganic phosphorus relative to creatinine and in [ok_l
-(y ._circuiafing eosinophi!s in the blood. Free fatty acids were slgmncantly in-

creased. These dmnges were consistently observed with each ofthe three drugs
and were of comparable magnitude. Only one other significant change was

noted, an increase in copper oxidase activity a_ter n'._._ment with psilocybin. "*"

_DIscL'SSION

, Under the conditions of th_s study and among the screened subjects used,
" clinical syndron'.es from the three drugs were quite comparable. In terms of ,

relative frequency, somatic changes were most common and psychotc:nimetic
ones least. Possibly the latter would have been more pronounced wkh higher

doses of drugs, but it does not seem li]_ely that appreciably different qualitative
' syndromes would have been oroduced. One must surmise that in an), given

• s_'2_iect, t!'o clinical syndrome produced by any of tke three drugs could be
" rcp;0duced by tim 0flints under appropriata t_t _ondition_ and using '%¢luiva,

lent" doses.
The " "; ......_,_%orfinding of interest in r,_ga_c_to color perception was the increased

._ roie of normally inadequate stimuli for diciting color perception during treat-
' n:ent with psyehotomimefic drrgs. This finding held true for each of the

n'acequ_ ce stnnua tested: Colors evoked by flicker, either with or without
ccn_.b!ned pure tones. Response to an adequate stimulus, the Farnsworth-

' x-, ..... _" color l.,,,,sc,_ c,iscrimination test, was reduced on the other hand, errors in

anayfi_.g hues increasing under the drags. These findings tend to support the .4
t-ff_potlaesis that heightened and unusual perception of colors following psychot- /, ,:;
our!medics may result from the action of normally inadequate stimuli. At-

though slight •differences were noted be_veen the drugs, similarities of their
e/i'cc_s on color perception were more pronounced.

• ilecucfion in urinary excretion of inorganic P, previously described _rom

LbD-i5, has now been found to occur equally with mescaline and psiloeybin.
27i:e n,,_chanism o_ this reduction is still not clear. A definite fall in circulating
co:Aaophils was also demonstrated for each of the three drugs, very likely being
_:_:ons'2ecifle effect analogous to ti_e fall following epinephrine administration.

>..<:m_zatmn of lipids as mamfes_ea by increased FFA has not oeen previously
• £e,;oribed from these drugs, but occurred to a comparable degree from aiI

zh;ee. Each drug evoked symptoms and signs suggestive of sympathetic stimu!a-

.' tied (feelings of anxiety and tension, blurred vision, dilated pupils, tremors, .;.
nausea, increased deep tendon reflexes). Possibly fats were mobilized by a

t 5
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dk'ect neurogenic mechanism or secondarily by adrenal release of eatecho!-
alnines. As might have been expected, serum total lipids and cholesterol were

. not sensitive enough to measure such acute effects on lipid mobilization.
Some o[ the remainingfindingsare of interest.No significantalterations

were noted in three fairly sen.qtivc hepatic tests, if any impairment of hepatic
tunerion occurs wid_ thcs_; drugs, i_ is more su,_;lc, than can ];e teste_ ]_y usual
laboratory means or h)llo\vs tl_e peak clinical effects. The significant rise in

ccpper oxidase with psiiocybir, is diNeult to explain, but the actual change in
ac_vity was minor, appearing to be of iittle consequence.

SLIN{N,][AI_Y

Mescaline,]ysergieaciddled_ylamide(LSD-25) and pslmcybm were s,u&ec

in i0 screened subjects, iS receiving all three £:u,gs. Drugs were administered
under similar test conditions, doses were constant between drugs and subjee;s,

assignments to drug followed a latin-square sequence, and subiects were un-
aware of the drug given on each trial. Clinical syndromes were assessed "by a

tBeoucstionnaire eompletecL by _" su._jeets xo,lowmg each drug trial. Color per-
" ' S _.i1] lUal "_OYce_tionwas studied by mea:;s or 5ot,_ adecmate and inadequate _" " "

e!iciting color phc_ ......_caa, measureme,.:s :_e:ag .,:ken before and two hou:'s
- " .... o._ se,ec_ec, biochemical and physiologicafter drugwas a(ummsterea. 2- rmn,,ber " ' _ '

measurements we"e also made at similar times.

Clinical sy'zc_romes were comparable in kind and degree from all three drugs,
"_,,,,._..... i:rom mesea]h-e being n:t;st pronounced. Somatic manifestations predoml-
maed, psyehoton_h_:etie sympton",s (other than visual hallucinations) l:ei:;g

, :',:k_tivelyuneomrnon. Color perception was not much a._ered when aaequate-
sth-nuli were used, but crier phe:mmena were appreciably enhanced from in-

adequate sdrnuli. Minor differences in color perceptuai effects were noted
m-zv.,_'en the _':" _ drugs, but similarities were greater. Earl: o_ d'_e _hree drugs

• . "' a."

s_._(;'..._nean,_ydecreased urh:ary excretion of inorganic phosphorus, incre, ascc
")ias-na free fatty acids ancl decreased total circulating eosinophils. G,_ tl;e
.._ .... _ ..,o.aer omeaemma, measurements n:ade, only one other s-gni_eant change was

no,.ed; an increase in copper oxidase activity after psiioeybin. ,,':

The three psycl',otomimetic drugs were qube comparable in the areas
studied. One might assume that they have many common mechanisms o{

action despite their chemical diKe:enees.
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