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Abstract here called 'glycolates' - and the sympathomi-
It was found that ergotropic arousal inducing drugs, metic D-amphetamine. Counter-adaptation, on

suchas psilocybin,a Ditran-%type'glycolate'andD-amphet. the other hand, may be enhanced through pheno-
amine, significantly lower human spatial distortion thres- thiazine-type tranquilizers such as chlorproma-
holds,i.e. thesedrugs interfere with counter-adaptationto zine _.
opticaldistortion,or tileexpectation to see the worldundis-
torted. The trophotropicarousal inducingchlorpromazine'- This paper explores and defines certain vari- !
onthe other handpromotessuchcounter-adaptation,i.e. the ables which appear to control drug-induced inhi- /
optimization of visualinformation.Optimization is indepen- bition or enhancement of counter-adaptation or [
dent from the rate at sshichthe distorting stimulus is pre- opti,mization phenomenon. %
seated. An instrument was developed to circumvent

Optimization is regarded here as a cortical (percep- the risks inherent in the wearing of distorting
__aal-behavioral)interpretive process_vhileinterferencewith prism spectacles while under drug-influence and
amlitpromotion of the optimization are subcortical influ- to enable us to quantify rapid changes of the
eared, adaptation phenomenon (see Fig. 1). The main vlmum

feature of this instrument is a pair of synchron- IOlll
Optimization of visual information under drug-in- ously (motor-) driven counter-rotating prisms.
d, ced ergotropic (or/,3,per-) and trophotropic ('or Through these prisms, which can be driven at se- T
hypo-) arousal t) lected rates, the Subject views a horizontal really

The continuous wearing of prism spectacles 15 x 0.7cm black line at a 40 cm distance against Io_er
induces a variety of visual distortions which, a high-contrast white background of 85 cande- founJ
however, gradually disappear [3]. Such counter- las/m 2. type
adaptatio n to distortion, i.e. the expectation to 'glyc_:,
see the world undistorted may be impeded by Distortions inducedat constant rate and i:
classical hallucinogens such as psilocybin"), Di- These experiments were performed by pro- -r
trane-type anticholinergic psychotomimetics - ducingthedistortingopticalstimulusataconstant hov, e_

rate of 5 prism diopters (A) per second. The just- 'stabi

_) Ergotropic arousal denotes, according to HESS[1],be- noticeable bending of the black line marked a here
havior patterns that are preparatory for positive action subject's 'spatial-distortion threshold' (SDT) ex- tion,

i:il and characterized by increased sympathetic activity and pressed in A. Note that, for small angles, of pc:

an activated psychicstate. The trophotropic effect, on the 1,'X= 0.6 °. an>' _,

other hand, consists of increased parasympathetic dis- Fifteen Ohio State University student vol- large
charges, relaxation of the striated muscles, cortical syn- unteers with a median age of 23 ),ears and a func- et.> c.
ehronization and sleep [2]. tional visual acuity of at least 20/20 at the task- out d r

(? _:'li,_i!.iil1 OThe cross-tolerance betweenpsilocybin, LSD and mes- distance were st udied prior to(Ti), 60 minutes al- x

_lline [4, 5], as well as their characteristic square-wave
lmltternofsaccadiceye-movement [6],mark these drugs as ter (T2), 110 minutes after, i.e. at drug-peak (Tn) N.B.

psychotomimetic, psychodysleptic or hallucinogenic and 280 minutes after (TI) the oral ingestio n of the a.
drugs.It is implied, therefore, that any state whichcan be 160 _.g/kg psilocybin. A mean A-value was eom- ergo'_?
elicitedbyoneofthesedrugscanbeduplicatedbytheoth- puted at T1, T2, T3 and T4 from six determina- adap:

as well. tions, onl>
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triven at se- The results [7] show that psilocybin maxi- drug value- is needed to just-noticeably bend the
horizontal mally inhibits re-adaptation at drug-peak (Ta) by horizontal line-target (Fig. 2). In the stable sub- ;

mceagainst lowering the SDT. Similar results have been ject S.H._, however, the ergotropic arousal-in- _i
f 85 cande-

found in an independent study using a Ditran _- duced maximal interference with adaptation at t
type anticholinergic psychotomimetic drug (a Ta is relatively small: 1.7 prism diopters are still

'glycolate') as well as our experimental design required, i.e. at least 50% of the pre-drug value, _i!

and instrumentation [8]. for the just noticeable distortion of the line-target
aed by pro- The extent to which the SDT is lowered, (.Fig.2).
ltaconstant however, is largely a function of the subject's
_d. The just- 'stability' or 'variability'. Stability is observed Another important point is that the small
: marked a here by the consistently small standard devia- S.D. ora 'stable' subject at O-time or T1 (see up,

(SDT) ex- tions (S. D.) which a subject displays on a variety per left in Fig. 2) is an indicator of his greater sta-

mil angles, of perceptual tasks and behavioral tests without bility against the drug-induced interference with -_
any drug, whereas 'variable' subjects display adaptation at drug-peak, i.e. 110 minutes after

;tudent vol- large and variable S.D.'s on a yet-unlimited vari- psilocybin ingestion (Ta). On the other hand, the i
and a func- ety of perceptual tasks and behavioral tests with- large S.D. of a 'variable' subject at O-time or T1 1

at the task- out drugs [9,10]. (see upper right of Fig.2) indicates in advance i
_minutesaf- Note that in a 'variable' subject such as that he will become more susceptible at drug-
tg-peak (Ta) N.B. g at Ta, i.e. at drug-peak, 110 minutes after peak (i.e. 110 minutes after psilocybin-ingestion J
ingestion of the administration of t60 _.g/kg psilocybin, the or Ta) to the drug-effect, resulting in an extensive
_e was com- ergotropic arousal-induced interference with lowering of his spatial-distortion thresholds.

determina- adaptation is maximal: very little prism power- 'Stable' and 'variable' subjects were also !only 0.7 prism diopters, i.e. 15-20°,o of the pre- found to maintain their 'life-style' when their
!
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: _il Spatial distortion thresholds (SDT) of a 'stable' (S. H. _) and a 'variable' (N. B. _) subject after the oral administration
: ": of 160 _tg/kg of the hallucinogenic drug psilocybin (above) and the tranquilizer chlorpromazine · (below). Each point Figure .

represents the mean of 6 measurements; the standard deviations (S. D.) are indicated by the vertical bars. Stability or Disp!a_
variability of a subject is defined here by the S.D. at 0 time (TO. Upper :-

theora'
: _! ability to counter-adapt or optimize was mca- always a "stable" subject' and that (b) the per- .,,liae._c_

: sured under the hypnotically induced psilocybin- formance of a 'variable' subject is unpredictable, hypno: ,

::: state. This is illustrated in Figure 3 in which the The latter point is especially born out by the para- Righ'_:7-
_,_ performance of a 'stable' (left column) and 'vari- doxical reaction of N. B. under hypnosis and pla- for.X. _

able' volunteer (right column) is compared under cebo, which resulted in an unexpected depressed
psilocybin, hypnotic induction as well as hypnot- response during her not particularly pleasant ex-
ic induction and(drug) placebo. The 'stable' sub- perience [11]. _),

_ ject on the left and the 'variable' subject on the If psychotomimetic drugs such as psilocybin 'stable'
right of Figure 3 are those of Figure 2. It is ap- or a 'glycolate' significantly lower SDT's - espe- right l-
parent from a comparison of the performance of cially in 'variable' subjects - what is then the ef- zinc
the two subjects that (a) 'once a"stable" subject, feet of a tranquilizer'?, trend t_

iit.
_.-_r_!._?r __ ,r._;_..:_,_:: ,_r_'_.g_ ,,_..,_,,:_',_:_ ,_-_w,_,_._..?_: e-_:_,_-._._/._-?._:_,**,_J_,:_ .._._._,?_w_._,_,.:. _:._m_._,_;._._ ' .<_._?_x,_r,, ;_,_',,..,_
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Stability or Display of spatial distortion thresholds of a 'stable' and a 'variable' volunteer.

Upper left: Spatial distortion thresholds of S. H., the 'stable' volunteer at 0 time; at drug peak, i.e. 60-110 minutes after

the oral administration of 200 ,_g kg of psilocybin; and post-drug, i.e. 280 minutes after the administration of the drug.
(b) the per- Middle left: under hypnotic induction of the drug state. Lower left: after the administration ora psilocybin placebo and

tpredictable, hypnotic induction of the drug state.

by the para- Right: Spatial distortion threshold obtained under the same conditions except that the dose of psilocybin was 160 Fg/kg
osis and pla- for N. B., the 'variable' volunteer.

:d depressed
pleasant ex-

We have chosen the same two representative antagonistic types of drugs, the psychotomimet-
ts psilocybin 'stable' and 'variable' subjects (on the left and ics and the tranquilizers, also 'behave' antagonis-
DT's - espe- right half of Fig. 2) to illustrate the (phenothia- tically, i.e. they lower and raise SDT's, respec-

then the el- _ zine tranquilizer) chlorpromazineLinduced tively. The chlorpromazine-induced increase of
trend to raise SDT's. It can be stated that the two the SDT appears to be more exaggerated in a

_ i!̧
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'variable' subject such as N.B.? (on the right of already low SDT in such a person apparently Figure5
Fig. 2), in whom the SDT-lowering effect of psi- cannot be further lowered by 160 _.g/kg psilocy- Appara:
locybin was also more pronounced, bin as observed in one among 17cases. Neverthe- measure

An analogous subject-dependent influence less, the trend of change with respect to the S.D. seateding pris;
of psilocybin on behavior was found when drug- at T1, 1'2, Ta and 7"4is almost identical to the pat- surhce

_:_i_ induced behavioral changes in fifteen subjects tern displayed by our stable subject on the upper dicatcdwere measured with the Minnesota Multiphasic left of Figure 2. prism
PersonalityInventory(MMPI).Specifically,be- aresh,,

havioral 'stability' or 'variability' - measured Distortion inducedat several selected rates
i with a score obtained from the sum of the Whether optimal 'adaptation' in response to

squared (Ta-T0 differences (D '2)of 12 K-correct- optically induced distortions depends on the rate '[
ed T scores, across sexes of the MMPI - paral- at which the distortion is Presented, has not )'et recor_
leled perceptual 'stability' or 'variability' [4] - been investigated. To explore this possibility we of ali?
the Spearman rank-order correlation coefficient have converted our prism drive system in such a Both
rs = 0.64 [p <0.01] [9]. way that the distorting stimulus could be present- a regr

Psilocybin can, then, considerably lower ed throughout a 0.5-10.0 prism diopter-per- _ere t
spatial-distortion thresholds and alter MMPI- second (_sec -_) range. Each individual SDT as drug-;
measured behavior in 'variable' subjects, whereas well as the rate at which the SDT was induced, son F:
'stable' subjects are less affected by the drug. was then automatically graphed for subsequent -_'

The action of psilocybin and that of a 'gly- analysis by a potentiometric strip recorder prese:
colate'on SDT'sis not restrictedto thesetwo (Fig.5). SDI:
types of psychotomimetics. 15 mg of the sympa- Using a sample of 16 college-age volunteers aff_'-

_ii)_4 thomimetic D-amphetamine can also lower the and an oral dose of 160,Ag/kg psilocybin, the cond:'
SDT(seeFig.4). sameblack-linetargetwaspresentedto eachsub- indue.It appears, therefore, that excitatory drugs ject as described in the first part of this paper, but t_pe
in general lower SDT's, and particularly so in at 12 different rates within 6 minutes at Tt, T_, Ta spa ....
'variable' subjects. Ihere is, however, the uncom- and T4. The 12 rates were uniformly distributed coun:
mon combination ora 'stable' subject with an ex- throughout the 0.5-10.0 '__Xsec-_ range and were appc-:

_ilal ceptionally Iow SDT prior to drug-ingestion. The offered in a random fashion, the c',
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1 zatiOnisregardedhereas a cortical(perceptual-
' I _r .... __ _ I -- behavioral) interpretive process, while interfer-

ence with and promotion of the optimization are
subcorticalinfluences.

Counter-adaptation and visual acuity
Can visualacuityinfluencethe optimization :

phenomenon? And how stable a factor is an indi-
vidual's visual acuity during drug-induced ergo-

.,...... '_w _ tropic arousal ?

_ Certainly,reduceddefinitionof the visual

target could interfere with its perceptual-be-
on thresholds havioral interpretation by a subject. For example

hie'subject r7 lossof boundary-information,reducedabilityto

heoral ad- _.._ l__ _ '' f_:l :_ binocularly fuse the two monocular images, diffi-

15rogD-am- culty in maintainingsustainedattention,etc., 'i!
:hpoint rep- I ,_ may singly or in concert impair the optimization ·

standard°f6mca-de. /.J of visual information. We have, therefore, felt ,_
·' _ !_ compelled to test visual acuity under a 160 '3g/kg

bars. ._ ,,::,_ _ ': _5; 'i psilocybin-induced controlled ergotropic arous- _:
"'"_¢-_ ' _ . .... 5'_;%,__._ t_ al. i

_---_- ; 77'-': ;:Y Maximum visual acuity (MVA) thresholds :'
':_ll_i.,,,._-_ of ten student volunteers were measuredbinocu-

,., __-.-_ j larly prior to drug ingestion (Ti), 90 minutes later
('drug-peak') and 270 minutes later ('post-drug').

apparently Figure5 The MVA was defined as correct identification of
'kg psilocy- Apparatus for the variable rate controlled induction and the open segment position of four out of five
,. Neverthe- measurementof spatial distortion thresholds (SDI). Ihe Landolt ring gaps presented in the 45°, 135 °, 225 °
to the S.D. seated subject viewsthrough motor drivencounter-rotat- and 315 ° gap positions. The angular subtense of
to the pat- ing prismsa horizontal black line,reflectedin a 45: front- the test ring gaps could be controlled on a contin-

surface mirror. The just noticeable bending of the line in- uous scale by an optical 'zoom' systema).a the upper dicated the subject's SDT in prismdiopters. The variable
The results show that from pre-drug toprism speed control and linear potentiometric recorder

areshowntotheright. 'drug-peak' the MVA threshold increasedin two,
_teS decreased in four and stayed (virtually) un-
response to changed in the remaining four subjects. More im- ,_
on the rate The SDT's in _ from each potentiometric portant even was the small range of change on
has not yet record were then re-plotted as a function of rate MVA thresholds - 20/13.5 (best) to 20/33 (poo-

ssibility we of distorting stimulus presentation in ,Xsec-L rest) - within which the MVA values were con-
n in such a Both the slope and intercept values derived from fined4). We conclude then, that such a limited
be present- a regression analysis of each of these functions range of fluctuations is too small to significantly :i

a°pter-per- were then tested for covariance under pre-drug, affect the optimization phenomenon under our :}

_i SDT as drug-peak and post-drug conditions using Pear- experimental cdnditions.ts induced, son product moment correlation analysis.
subsequent Although,withan increasein the rateof

recorder presentation,thereis a proportionateraiseinthe i
SDT for each subject, this raise is not measurably a)The Bausch and Lomb Clason Acuity Meter and stan- _,_

volunteers affected bv psilocybin under our experimental dard (LandoR)open segmentring targetswereused.New
_cybin, the conditions. It was found that ergotropic arousal lines of Landolt-'C'characterswerepresented,each at an
>eachsub- inducing drugs such as psilocybin, a Ditran _- increased levelof magnificationuntil the subjectcould !
paper, but type 'glycolate' and D-amphetamine lower the correctlyidentifyfourout offivegappositions;theMVA

tT_, To, Ta spatial distortion threshold, i.e. interfere with threshold was takenas the angular subtense of that target ii_gap.
distributed counter-adaptation, whereas ehlorpromazine* 4) Even the poorest of the MVA's still exceeds that mini-

and were appears to promote such counter-adaptation, i.e. mum value (20/40)which is required bymost authorities
the optimization of visual information. Optimi- issuing drivers licenses.
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Discussion further implications. The interference effect -
-0 The most significant findin_ of our study is especially in 'variable' subjects, i.e. in two-thirds tin' rex

the ergotropic arousal-induced lowering of the of the population - remains significant at any stil
SDT. Drugs which elicit ergotropic arousal, i.e. rate of presentation and thus. it can be safely tic,

.: a sympathetic (excitatory) state, interfere with stated that hallucinogenic drugs are 'unsafe at pa_
,: 'adaptation' to optically provoked distortions, any speed'! dr_

This interference is most marked in 'variable' But what is that which is being distorted,

_ subjects, i.e. those who display variable S.D.*s and, furthermore, what is the meanin_ of'adap- teritc,

i(_ on a variety of perceptual tests and/or behavioral tation'? We suggest that what is being distorted is ,,er
tasks. 'Stability' or 'variability' (i.e. the S.D. it- a constancy of relations [13] representing specific pc:
self) follows a log-normal distribution in a popu- perceptual information. Informational constan- thc

: !ation. as we have found, and, therefore, 'stable' cies are in fact the framework of our spatio-tem- on
_i_ subjects are rather uncommon since 'variable' or poral world. 'Adaptation', then is an attempt to luc

':_ unpredictable subjects constitute the middle counter-adapt with the aim of restoring the sta-
-i. range of the distribution representing about tus-quo through optimization of available infor- m,'ac

_', two-thirds of the general population. It is these mation.
:"_:_; 'variable' subjects who are more affected by ergo- What can be said about the nature of this en,

:_ tropic arousal-inducing drugs than the 'stable' self-deceptive restoration of constancies? Appar-
.... subjects represented bv the tail of the log-normal ently, in spite of the distorted imao.e on the reti- co__ no

distribution curve, ha, the subject 'sees' a re-stored image, i. e. an im- za r.

? Trophotropic arousal-inducing drugs, on age congruent with the subject's past experience mc
the other hand. seem to increase SDT's and thus and expectations. This re-storative procedure, a ch_
enhance the phenomenon of 'adaptation' insofar cortical optimization of perceptual information thc
as we are able to extrapolate from our pilot stud- in the interest of survival, could be conceptual- to 4
les involving chlorpromazine_'. The 'adapta- ized, at least in the case of vision, as a coordinate enc
tion'-enhancing effect of this tranquilizer is again transformation process, ma
most pronounced in 'variable' subjects. It is, however, arbitrary to detach the con- net

What about the possible practical implica- ceptual from the perceptual process. Conceptual tio_
tions of these results? The most common optical factors are at least as important in maintaining pro

,:,gl distortions result from the peripheral curvature the stability of the world, as exemplified by WIT- the
of windshields in automobiles and aircraft. TREtCWS data which show that an aniseikonic im:
Windshield curvature, indeed, can induce topo- lens-induced distortion of the human figure is cor
graphical distortions of the environment. Simi- differentially resisted according to the degree of
larly, any corrective lenses with high ametropic familiarity of the ol:server with the figure [14, co_
or prismatic components, sighting devices incor- 15]. Specifically, less distortion, i.e. more re- _h

?! porating prism systems such as periscopes, opti- adaptation, was always reported in a spouse than s._r

._ cal rangefinders, etc., may also produce distor- in a stranger: less in a mutilated than in a normal th_

.'_:"i,_}_ tions, figure' and Navy recruits reported less distortion m_In the light of our data, therefore, the excita- of authority figures than of nonauthorities. Chil- an,

:_ tory hallucinogenic drugs which interfere with dren describe less distortion in a parent than in a po
._;i_ 'adaptation' to optically induced distortions are stranger and, the most important, of all, the ex:contraindicated whenever performance depends younger the child, the less developed is his ability st, i

on such distortion-inducing systems. Tranquiliz- to readapt to distortions, emphasizing the grad- Bc
ers, on the other hand, although they do not in- ually learned perceptual-conceptual nature of tit_
terfere with 'adaptation', are not recommended constancies. Even phantom sensations, which are uc
either, but for other reasons. Tranquilizers in- readaptation phenomena maintaining the con- al,
duce an underestimation of chronological time stancy of the self [16], do not appear ifamputa- . in_
[12], (e.g.. a tranquilized subject arrives late to an tion is performed before the age of 4 years [17]. ha
appointment if without a watch) and may thus The re-storing of distorted reality is in fact bi,
impair or delay decision-making, an imaginary re-interpretation of 'reality as it lo-

Our finding, that the interference of the exci- should be'. Based on past experience and expec- _l_
tatory hallucinogenic drugs with 'adaptation' to tations, the image of distorted reality is re-stored dd
optically induced distortions is independent of through a 'normal' visual hallucinatory experi- re,
the rate at which the distortion is presented, has ence, a vision in imagination. Evidently, the op- co_

.4
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!: effect = timization proceeds in the mental dimension, ir- ual's repertoire of available symbolic interpre- ,_
nvo-thirds respective of and directed against the distorting rations gradually diminishes with increasing i
nt at any stimuliof the physicaldimension.Buthallucina- arousal [19,24].

be safely tions- like dreams - must not be necessarily In view of the above, aconcomitant study of !
'unsafe at pathological. According to our definition, both geometric illusions and spatial distortion thres-

dreams and hallucinations are experiences of in- holds (SDT's) under the influence of particular i:

distorted, tense inner sensations with concomitantly inhib- drugs can assist in the elucidation of the ergo-of'adap- ited or even blocked intention and ability to tropic and trophotropic arousal induced interde-
_storted is verify those sensations through voluntary motor pendence of cortical and subcortical structures.
mgspecific performance [18, 19]. Indeed, there is no need for

constan- the verification of the re-storing experience, since Acknowledgments
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Le.anim- zationinvolvedingeometricalillusionssincethe

_perience mechanismsinvolvedin theseillusionsare an- i
_cedure, a chored in subcortical structures, most probably in
fformation the retinaitself[20].Afterhavingbeenexposed _
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