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creas_l ill ,Unl,lilude :lnd i,r,d,,t_cd ill Ihe curve. N,, ell ect was noted on the rate
duration. ,,f :ldaptali,,n. I;ec;luse of the consistency of

In ,qher rel_>rts i,l,t; ,\l,te r IIqflt'd lilt' subject resl,,mscs Ihe author did not feel
same I,'Rt; findings ill cats ;Ifler ;tdtllitlislra- thai ill;dft'llli'ql, i,nl_aired ability to con-

tion of mescaline, str)'chl|itle. ;llld air.pine. Ct,lllrilte, _r p,,ssil}le interfering visual hal-
In ;_ddition. all drugs used were f_}tmd t- luchl;tl_}ry t.tTects caus(nl the elevation of
prohmg the presence of a delectahle 1;R(; lhreshohl.
in enncleated cat eyes. I.SI) prohmged this In the previ_,usly cited studies, LSD and
resl_}nse to 5 to 12 minutes ,is against tilt" nlescaline, drugs with similar central and
usu:d duration of 2 to 4 minutes in c_mtrols, autonomic nervous system effects and chem-

l"vans. Jacobson, and Gestring i_ studied ical structure, were the hallucinogens em-
the effect of LSD (5(}p.g.-75ttg. per kilo- ph}yed. In the present study, the two drugs
gram} on the ER(; in the Ol.}Ssum and used, I.SI) and Jl; 318, are similar in hal-
noted, in most records, "spike-like activity" lucinogenic properties but differ in chemical
which disappeared within 24 hours. Jacob- structure and in certain autonomic and
son and Ge_tring ]_ found that doses of somatomotor effects. LSD is an indole
LSD smaller than 25#g. per kih_ram had a,uine with adrenergic autonomic effects;
no effect on the ERG of the cat, but doses 11; 318 is a piperidyl derivative with

greater than 50p.g'. per kilogram sometimes anticholiner[¢ic properties. The hallucino-
produced spontaneous potentials. The att- genie effects of the two drugs overlap but

thors noted no effects of I.SD on the ex- differ in some reslmcts. LSD is more likely
cised retina of nmn, cat, or monkey, to induce brightly colored, vivid, but simply

structured hallucinations such as mosaics,
Only one electroretinographic stud)" with a

human subject has been previously rets)rted, rings, dots, and clouds ; after JB 318 images
This subject, studied by Jacobson 14 received are 0tore likely to be gray, white, or black
50ttg. of LSD and did not report hallucina- and include people, faces, landscapes, andanimals.
tions. No changes were noted in the ER(;.

It is evident that hallucinogenic l}roperties
Visual threshold studies have been re- of drugs can be studied only in conscious

ported both in animals 2° and in man. 2_
Blough studied the effect of I.S1) on the and c_perative man. The purpose of the
absolute visual threshold _f the lfigeon _ present study therefore was twofold: (1)

to evaluate the effects of two hallucinogenic
and found a substantial elevation of this

threshold. The largest rise was about 1.8 drugs on retinal function in man, and (2"I
• to relate l_ssible retilml effects to the oc-

log units and the elevations had diminished currence of hallucinations.
considerably in 5 hours. Within 24 hours
all thresholds were back to normal levels.

Method
Carlson 2] studied the effect of LSD on

the absolute visual threshohl in man. tie Retinal functi_n was studied with the

tested 9 normal subjects and varied the I'_R(; and the dark-adaptation curve. Color
pupillary control by using a 2 ram. artificial visilm testing was also done in 7 subj_ts. A
pupil in 4 subjects, homalropilw dilatatiem l_flal of 411exl_erimeuts was carried out on
in 2 subjects, and a natural pullil in 3 Iq medical students. Twelve were nutles, all

subjects. The drug was t._ivt'n intr;tven_nsly._ were belween 21 and 30, and :dl were trained
one ht_r hefore testing. A dose _[ 501tg,- subjcets, having particil_ated in drug studies
was used in 3 subjects and II}(}/t_. in 6 previously. All had n_rmal ol)hthalntological

subjects, tie found that thresh_dd v;litles fi_r tindings and were ft't_t"of psychotic or major
the entire adaptation curvc were raised a ilettr_flic disorders. The subjects were in-
small but definite amoutfl. The t'_ne portiere formed tirol they would receive either a
was elevated more than the r.d porti_,_ _f hall;win_genic or n_mhallucinogt'nic drug
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anti were instructed to relier( all Ix)dily and "I'^IiL_l.--Distribution of Drug and Control Trials
mental changes in detail. ])rugs were ad-

Fill bJectl;
ministered by the oral ronte with subjects r_o.of ReporttnK No.or
in the fasting state, nrue Vlaual Control

Three kinds of dr(it/, experinlents were Drug 1.)o_ Trials Chanlte* Trials

carried out. 1. Ten subjects on 13 _,e:tsiotts t,_o _.0_. 2 0
received large halhlcinogenic doses of I,SI) 7n.0s,_. r 7 7
or Jll 318: i.e.. 751_g. to I(l()ttg. I.SI) -r at_31s znm_. 1 0

h.0 rag. 2 0
7.5 to 15.0 nlg..]B 318. 2. "1"odeternline if r._rng. I t 1
retinal effeets of these agents were dose 10.0ml_. 6 .5 6

12.5 trig. 1 1 1

dependent, 5 subjects on 5 occasions received l_.0rag. l t

smaller nonhallucinogenic doses, i.e., 2.5 UML 2.0rag. 1 0

to 5 rng. JB 318 or 23#g. I,SD. 3. |:our 4.0m_. 1 0

subjects received one nonhallucinogenic J_SOs 5.0rag. 1 0
anah_ue of LSD or JB 318. These 10.0m_. l 0
analogues, 1 methyl-d-lysergic acid bu-
tanolamide tartrate (UMI.-491) and N-

reported illusions and/or hallucinations; if
ethyl-3-piperidyl diphenyl acetate (Jl; 808). these effects were not reported, the studies
in the doses employed herein, exhibited no were repeated in about an hour. When

psychotomimetic properties in preliminary retinal functions were not being measured
studies but induced autonomic effects qnalita- dim illumination was maintained in the
lively similar to the hallucinogenic agents. 2z room. Brief interviews were carried out at

The rationale for employing the analogues interTals of 5 to 10 minutes to determine

was as follows. If retinal effects occurred the occurrence of psychological effects.
with both hallucinogenic and nonhallucino- Simple hallucinations were defined as those
genie agents they probably were n_t related

consisting of circles, dots. clouds, mosaics,
to the hallucinogenic properties but to some

etc. Complex hallucinations were defined as
other effect that each drug and its analogue those consisting of faces, people, animals,
have in common. On the other hand, if only landscapes, etc.
the hallucinogenic drugs induced retinal
effects, these effects are probably intimately In all subjects one eye was used for
related to the hallucinogenic properties, adaptation studies and the other for ERG

Approximately half the subjects received testing ; the untested eye was always patched.
Both eyes were dilated with cy'clopentolatea drug on the first trial and no drng at
hvdrochloride (Cvclogyl) : the testing wasthe second trial, thus serving as their own "

controls; the other half served as controls begun 30 to 45 minutes after the last ap-

first and received the drugs on a later trial, plication, at which time the pnpillary size
Fourteen subjects l,articilmted in onc drug usually measured between 8 and 8.5 ram.

The l_:ltient was first plact_l in completetrial, and 5 subjects participated in at least
two drug trials. The frequcncy distribu- darktness for 3 nlimltes ;ind then exl_sexl to
tirm of drugs and doses is shown in Table 1. :t l,re;tdal_ting illumination of 2.4(X) hlx for
For both the c(mtr_l atl(I the drug trials tilt' 7 lllilUtles. 1)ark-:tdaptation threshohl nleas-
sttbj,et-ts reported to the lal_ratory in tile Itretnellls were begun immediately at the
fasting slate; their pUlfils were rill:(ted: and c_nlqdeti, m _f preadaldation ; st-t_tol_ic tilt'-
an initial I'_RIJ and dark-ad.tl_t,dion curve Irq,rctinogral_hic tt'stiu_ W;IS >tarred 10
were r_btained. In tilt: c.,_lrol trial tilt" tlti,ttltt.s l:ttt'r.

studies were repeated after _mt' horn. Ill .\dal_t,,Hctty XV;IS dr,tie will( tile ¢,old-
the drug trial the ;tgetll W:IS advninistered IIKillll _Wet'kel's adaldon)eter, l'rior to ex-
r,rally and thc I".R(; ;tUl,I dark :ldal,t:ltioll l'CU'illlelll;l[ Iri;tl', all subjects received one

stn_lit.s were relic.deal after the snbject_ It.truing _t',,i_m in which tile full It's( was

1116/726 I',,I ¢,1.V,,:. 1o60
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carried oul. The pro'pose ,_f the tc_t xva_ ,,f this lamp. The :,clive electrode, a Burian-
explained .It that lime. The subjccl tixalt'd ,,\llt,n COll|:lClI(',lS, W;is placed on the cornea
,}n ii 2 ram. rt_l light .f varial}le I}ritzhl,lcss ,,f lhc (.yc Ii} In' It.sled and the imlifferent
h_'alt_l ,d_}ul 10 degrees als}ve Ihe cenlcr cl_.clrlsh, i,_ lhc bridfge of the nose. The
of the test objecl, which w,Ls an _pal disc _rl}und clcclrodcs wcrc placed either on the
,,{ .:,.t_cm. in diameler subtending a visual f,,rchead or on I_lh ears. The stimulus
;ingle _}f al_}ul II degrees. The stimulus inlcnsity was varied by using the different
was presented in Ihe form of lighl flashes intensily settings on the photic stimulator.
of one second in durati{}n, the dark illterval ,\1 each intensity an attempt was made to
also l_.ing one scx'ond. The lest light was .btaiu at least 3 g_r_l responses in terms

calibratt, d at a maximum it:tensity of 6 lux ¢}f steadiness of baseline and consistency of
and al the onset was presented at an in- response. A time interval of at least one-
tensity of 0.6 lux with the subsequent direc- half miuute between the lower intensity
lion of change dependent on the response stimuli and one minute between the higher
of the subject. An attempt was made to intensity stimuli usually sufficed to prevent
maintain a constant rate of change of slim- a change in amplitude in succeeding scotopic
ulus intensity. Both the "on" and "off" responses. A blue stimulus was obtained

thresholds were noted and the approximate by the use of a Grass Wratten filter which
true absolut: _hreshoht was calculated as an had a peak transmission of about 55% at
average of these values according to the 450 m/_ with less than 1% transmission at
method of Gunkel and Bornschein. 24 Each 370 m/L. Recordings were obtained with
subject was tested for a total of 30 minutes the direct ink-writing Grass electroenceph-
with the responses being charted con- alograph. The pens were calibrated so that
tinuously during the first 3 minutes, at a deflection of 4 mm. equaled 100/zv.;
half-minute intervals during the next 7 a second channel with a calibration of
minutes, and every minute for the remainder 4 ram. for 200/_v. was also used with large

of the test. The subject was always notified a,nplitude responses.
immediately before the test light was pre- The evaluation of the ERG included 3

sented and before a rest period. Between measurements, on a millimeter ruler, of the

each rest period 4 "on" and 4 "off" re- a-and b-wave amplitudes at each intensity.
sponses were charted, and the consistency of Two observers made measurements to offset

these responses gave a good indication of possible errors.

the reliability of the subject. Color testing was done with Hardy-Rand-
The evaluation of the dark-adaptation Rittler (H-R-R)pseudoisochromatic plates.

curve was based on measurement of (1) Seven subjects were color tested before and
the times of the final cone threshold, rod- after the administration of a drug.
cone break, and final rod threshold; (2)

the value of the final cone threshold, and (3) Results

the value of the rod threshold at 8, 10, 15. Fifteen subjects experienced visual hal-
20, 23, and 30 minutes, lucinations after the larger doses of LSD or

The electroretinographic examination in- Jl' 318. Only 2 subjects of this group
eluded an evaluation of scotopic single describexl complex hallucinations (both with
flash responses at 4 _,r more intensities and JB 318), and all of this group described
scotopic single flash responses at the lowest si,nple hallucinations. In addition, 2 subjects
intensity with a blue filter. The subject receiving LSD and 4 subjects receiving

was at rest on a bed and the lamp, a JB 318 reported auditory hallucinations. In
(;rass I'S-I l,hotic stimulator, was centered all 15 subjects illusions were also noted.

24 in. above the tested eye. A 1.5 ram. red Six st,bj_'cts who receivexl the lowest dosage
fixation light was placed below the center of these drugs did not report hallucinations
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Fig. 1.--Dark-adaptation curves for trials with Fig. 2.--Dark-adaptation curves for Irials wilh
nonlmllucinogenic analogues and low-dosage hal- hallucinogens and with no drug (control). Values
lueinogens. Values of each curve were plotted frmn of each curve were plotled fn_n averages of all
averages of all trials, trials.

(Table 1); 5 of these 6 subjects received were almost the same for first and second

a larger dose of drug at a different trial curves--the largest difference being about
and at that time did report hallucinations, one minute. The dark-adaptation curves
One subject did not hallucinate at an ex- during the period when hallucinations were

pected hallucinogenic dose (10 raft. of reported (Fig. 2)showedadifferentpattern.
JB 318). All the rod thresholdvalues of this cur_'e

Dark-adaptation studies revealed essen-

tially similar findings for control, non- were noticeably higher than the predrug
curve, and the rod-co_e break usually oc-

hallucinogenic analogue, and low-dosag.e curred later. The average rod thresholdhallucinogen trials (Figs. 1 and 2). The
average differences between the threshold differences between predrug and postdrug
values of the first cum-e (first control or cum-es ranged from 0.4 to 0.7 log units and

predrug curve) and those of the second the average rod-cone break was delayed

curve (second control or postdrug curve) abot*t three nfinutes in the postdrug" curves.
were always less than 0.2 log. unit--most An example of the findings in one subject

often less than 0.1 log unit. All values of is shown in Table 2. This subject ex-
the second curve tended to be slightly lower perienced some l_eripheral antonomic effects

than those of the first. The time vahtes with the 3 rag. dosage of JB 318, but re-

TABLE2.--Dark Adaptation Findin_ls in One Nubject

(" ]l_tllges

.1H 31M 5 ._'lg. .I I( 31Y+ l0 +%lg. + ..... __

Control 'trial ........ ('ontrol Jll 318 JB 3IS

#1 ,'2 Ih'fiwr Aflrr Befon, Afh,r Trial 5 l_lg. I0 .MR.

Time of Final Cone

Thrrshold 2,5 2 ;1+.5 4 2 2.5 + 0.5 +0.5 +0.5

of Rt_q-Cone Break _ +;.5 x 7.5 t; _,..: 1.5 0.5 +2..5
of Final tirol

Thrpshohl 23 23 2ti k4; kJI; .r+ 211.5 0 0 ._' t)
Vahte at Final f,'orle

Threshnld 1.3 4 3 I :/ I I 4+:t 1.5 0 O. I 4 (I.2
IOwI-Threshhld

_lt 8 I/IJnutl._ 4 2 4. I 4 ;I.7 :1,_ 4..', ql. I (I._] +tl.'_"

;It l0 lnJnlttOs 3.7 :l+i :1.3 ;I :l :l:l I J l) I _1 _¢II.N

;It 1.5 fllJlllllt's 2 :| _,4 2 | _ _t 2 _ 2.t _ (I I It I

:it _fl fllJflUt+'_ I.N I _ _ 2 _ I li 2 I II tl_ _'|1.2f0.5

;It _.5 InJ/jIjll._ 1.7 l.ti I M+ I h I [+ k_ IF 11 I l) ++tt .5

;If ;_1 inJntltes I ;I I.I I t; I [0 I :l I II _ II I I). I _ It tl

"rl|llf' ili /llJnltll,S lO ++6 I,lJl _, :iJftl'm IIi I,+ll.' I Iiii',
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I..'lrd halluclrIations only after the IO Ing.
III )se.

Thrt'e subjects showed a slight variability
_ ;.- .$ 8 _ .f resl.mSe during the first five minutes of

'_ £ .9,° £ .9,°_ 2 l.)shlrug tcsling not noted in the predrug

. " _ ° ._ + _ trial: h,,wever, in no other instances did the
7; +

!, ,_ reliability of I_erformance appear to be

_ g _; = _ _ affected by the presence of hallucinations or+ + + + + _ other effects. This reliability was estimated

-= hv the consistency of the responses, even-

"; t_ ..... hess of tile curves, and spread between the
-7-7,. ¥ + 7- "lln" and "off" thresholds.

The l';Rt; changes are summarizexl in
"2 'q 'q _..
g___ _ Table 3. The effect of the retest on a- and

I I I i! !a _ _ _ _ _ t)-wave amplitudes was similar in control,

..... nonhallucinogenic atmlogue and low-dosage
trials. The a-wave usually remained about

_" I_ a a " _;t a the same or showed a slight decrease in

"_ i I t I I I amplitude whereas the b-wave usually de-
._ creased in anqflitude on repeat testing.

'_ 7//_'$tl In contrast to these results, records ob-
tained after subjects reported hallucinations

almost always revealed an increase in the

"_ m _1_1 _1_ _ b-wave amplitude and very frequently the

_ _ _ _ _ o a-wave amplitude. The average amplitude
to _¢_ Qo =

I increase for the b-wave was 27 to 41vx.
.11

(Table 3); that for the a-wave was from

t_ ff _ _1_1 7 8 to 16_tv. The range of b-wave amplitude
changes included increases up to 100_tv.

,_ The changes in amplitude at 4 intensities are

I.< © ': _ _ shown in 1 subject at a 10 mg. dose of
< J+ I I

<
_-t CONTROLTRIAL fib 318 I0 MG

I I I I I I

¢_ ¢_ INT. 1

_ _ _ I'NG I*IN()INGS In ONE sURJI!;cTL_L_._._- _. _ _t',,... ,.,_

i_.1 .- .'1
_ _-=._.= <-_x l,'ig. 3.- I:1,_(; tin(lin_ in one subject showing a

control trial and it halhlcit((_.;cn trial (Jl_ 318).
N.te decrcase in :lnlldiludt's in sex'ond column

(control No. 2 record) and it|crt_(se in ;implilude

itl fo(trth t'tdlttnn ( l._,,IdruR rt'cord).
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JB 318 (Fig. 3). In this subject the second There was n,, maj,,r difference in an),
record ill the control trial shows a slight aspect of the data between the first and
decrease in a- and b-wave amplitudes second control measur¢lnents, and between
whereas an increase in amplitudes is seen the predrug and postdrug measurements for
at all intensities after JB 318. the smaller doses of JB 318 and LSD and

Color testing of 7 subjects with the for the nonhallucin+Pgenic analo%_lues. In
H-R-R pseudoisoehromatic plates did not general, there was a tendency for both
reveal any differences before and after a- and b-waves to diminish slightly in size
either hallucinogenic drug at the larger doses, during the second control measurements as

A statistical analysis was made of the compared to the first. The same minor de-
changes in the ERG and in (lark adaptation, crease on retesting was also apparent in
The ERG data analyzed included the a-wave those experiments in which a smaller dosage

of the hallucinogenic agents or nonhallucino-
and b-wave amplitude changes at all intensi-
ties for all experiments. The adaptation data genic analogues were administered.

evaluated included the change in time of the The analysis for the larger doses of LSD
rod-cone break and the change in the rod and JB 318 was done both for each drug
threshold values in every experiment, separately and for the two drugs together, i

The only essential difference between the !
The question asked of the data was: Is two analyses was in the significance of the

there a significant change in pertinent aspects a-wave changes.

• of the electroretinograms and dark-adapta- The calculations for the two drugs to.
tion curves after second control trials, gether are shown in Tables 4 and 5.
smaller doses of hallucinogenic drugs, non- Significant changes (p<0.01) include (1)
hallucinogenic analogues, and larger doses delay in the rod-cone break, (2) elevation
of hallucinogenic drugs? No assumptions of the rod thresholds at each time period,
were made about the form of the distribution and (3) increase in the amplitude of the
of the data and the direction of results was b-waves at every intensity. The changes in
not predicted in advance. Therefore, a two- the a-wave amplitude were not uniformly
tailed nonparametric test, the Wilcoxon significant. For the attalysis involving both
matched-pairs signed-ranks test, was era- drugs together the changes in the a-wave
ployed. =5 were significant (i)<0.0.:,) at intensitie= 1.

TABLE4.--Statistical Evaluation of Adaptometry Differ,'nccs
by Wilcoxon Matched-Pairs Signed-Ranks Test

Differences Rod- Differences Rod- DJffer_qtct_ R{_l- Differences Rod-

Drug Do,_,. ('one Break Time • Threshold 10 Minutes t Threshohl L)0 _.|il|llte!_ t Threshold 30 Minutes ¢

I,S D-75 _g. +2.o +0.6 +o.3 +o. I

-75 +,IZ. +3.0 +0.,; +02 4-4) 3

-75 ug. +3.0 + 1+0 +0.3 +0.6

-75 tsg. -_ t Y'_ +1,O 4 0..'_ -4-11 I

"7'r) _f_+ _ 2.0 +0.!_ _ IFtl +0G

-7'_ ug. +7,& +I.I f III -_l)_

-7,5 ul/. _ 15 +Ollk + 112 l)

,Ill3IN-I._UlI_. i:lIt {+IIG l"II_ II

"12.._ IlIIZ+ _' ;I II t II !l t II .'t _+II 7

-I0 lnl_. 41 (I II 11

-Ill IllJ!. { _.-1 t n _, t II "I $ ii lk

- lip IIl_ J I .; + II I II + It I

- Ill lll_. +Z .'i III/1 l I; I * II _"

Ill II1_, t Z .'l I II ;I t 11_1 ¢ n I

- 7 P'I llll_ 11 l) I II ¢ II ;1

_ +

• In nlJllllIl,,_
\ 13 \ I| \ 12 \ 12

t Ill h+l+ I|IIIlN 'i II +I l ," T II I + II'. ill I'' III l'' Ill I'- Ill
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"FABLt:5.--.'_'l,lislica/ I'.va/mllionof liNG DiOerences* by IVilcoxon Malched-Pairs ._'ig_u_d-R_mksTill

Dlflelx,nees |hi, I Differences hit, 2 |)lffereliO[_g lilt. 4 I)|fferen(_,s Int, 8 I)lffereneem Int. 16 Differences
............ Blue Flltcr

Drug l_ A B A B A B A B A B B

L_ D.?$ _g, +_'_ 425 ,425 +25 0 ,425 425 +2fi 0 +rio +lift

-75 _. +._1 +2_ 425 "4_ 0 ,42_ O 425 0 +26 "4_
-_$ I_R. 0 +25 0 +2_ +_ +_,_ O +_.I$ +2._ +2_ +2._
-_5 _. 0 ,l, ,_ll O +_o +80 +_| +_0 +I(NJ +._o +100 +S0

-7_ _. 0 +2._ 0 +2_ +_ ,4_0 ,4_ +_o +._} ,l,_ +11o

-_ _,R. o +2._ ,4_ +_ +_ +_l o ,4_) o +_ .l._0
l B31g I_ mR. +12.5 +60 0 +12.5 --_7.6 +2_ --_ +_) 0 +76 O

-12.5 n_g. 0 -/-73 0 +_7.ll 0 +37.5 +12._ +l_O 0 .l.2_ +_0

-I0 mR. 0 +450 450 +37.5 0 412.5 0 437.5 +25 0 + 1_.,6
-I0 mg. +2,_ +4O 0 +_0 +2.5 +12.5 +37.5 +37.5 +_* +_
-10 m_. 0 +25 0 +12.5 0 +12.5 --25 +12.5 --25 +2_ 0
.iomg. ,l,_ +_0 ,l,_o +_0 475 ,l,_ ,4_5 ,4_0 o +26 +75
-1omR. +2,5 +25 +25 0 o +5O +25 425 +_ +25
- 7.5 mR. +12.5 +67.5 +25 +37.5 450 +37,5 +12.5 +50 +25 .42_ +37.fi

N-7 X-15 N-7 N'-14 N-7 N-14 N-10 N-IS N-9 N-14 N--13
TIn0 T-0 T-0 TIn0 T-6 Trio T-12 T-0 Tmfi T--0 TIn0
P <.0& P <.01 P <.0,5 P <.01 P < N8 P <.01 P < NS P <.01 P <.05 P <.01 P <.01

• All diffel_no0s in micr0volts.

2, and 16 and not significant at intensities change. To interpret this change as an im-
4 and 8. When the effects of both drugs were provement of retinal function is mlrea-

evaluated separately the a-wave changes sortable in this study, since a corresponding
were not significant at any intensity. Since improvement of dark adaptation, rather than
the a-wave is usually more resistant to the impairment which occurred, would be
circulatory or drug effects it is not surprising expected. It is also unlikely that a change
that the amplitude changes were smaller and in retinal blood flow occurred, since it has
less frequent than those of the b-wave, been shown that there is no change in

cerebral blood flow under the influence of
Comment LSD. _

The results of the dark adaptation and An increase in the scotopic
b-wave has

ERG studies demonstrate significant changes been noted in mild circulatory disturbances
in retinal function in association with in man. This response, designated as
hallucinations. "supernormar' by Karpe, _ has been de-

scribed in patients with papilledema, _s early,
The changes in visual threshold or dark ,v,,:ncom_le*e,or branch venous ut,_u^t's'ruc':ons,_

adaptation were evident in the entire rod branch arteriolar obstructions, _ hyperten-
portion of the curve and indicated a mild sion? 1 and in the con-es':vegtz t_ri--Laseof acute

impairment of rod function. These chan_es glaucoma. 2_ Finally, a retinal toxin in low

consisted of an elevation of the entire rod doses or as an initial effect of any dose may
adaptation cun'e and a delay in the rod- produce an increase in the scotopic b-wave.
cone break. The absence of change in the Noell has noted this effect in rabbits with

cone I_)rtion of the adaptation curve indi- sodium ,'_ide, pentobarbital (Nembutal),
cates a rack of measurat)le drug effect on and trichloroethylene in low doses? s Granit
cone function, demonstrated that the scotopic b-wave is

The finding of an increase in the aml)li- markedly decreased in amplitude during
tude of the b-wave of the ERG can be prolonged use of ethyl-ether, u He indicated

interpreted in several ways. An improve- that, at times, an initial effect may be a
merit in retinal function or an increase in tCtnl_)rary increase in the b-wave amplitude.
retinal bbual flow could produce such a Nakajima demonstrated an increase in the
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scotopic b-wave amplitude as a teniporary tanolamide tartrate (UML-491), had au-

initial change caused by many of the amino- ton(relic and central effects similar to the
phenoxyalkane compounds in rabbits; these hallucinogenic drugs but did not pro-

agents eventually produced a depression of duce hallucinati_ms. The retinal functions

this wave and ultimate retinal damage, s4 In studied were dark adaptation and elec-

another study the same author reported the troretinographic responses.

effect of 6 compounds causing an inhibition Fifteen subjects hallucinated after larger
of retinal respiration and 4 compounds doses of either JB 318 or LSD 25 and

eauslng an inhibition of retinal glycolysis, s_ significant changes in the ERG or in dark
All of the inhibitors of retinal respiration adaptation values occurred. In the ERG

and certain dinitriles (glycolysis inhibitors) the primary change was a consistent increase
caused an initial increase in the _otopic of the scotopic b-wave amplitude. The

b-wave. The b-wave eventually decreased a-wave amplitude also increased in many

in amplitude corresponding to a degenera- records after larger doses of the hallucino-

tion of the retina, genic agent. In dark-adaptation studies the

In the present study, in view of the changes were an elevation of the entire rod

visual threshold findings, we interpret that threshold and a delay in the rod-cone break.

the increase in amplitude of the scotopic No significant changes in retinal function

b-wave is caused by an impairment of retinal were found in 6 subjects receiving smaller
function such as might occur after a mildly nonhallucinogenic doses of LSD and JB 318,

toxic agent or during a hypoxic period, in 4 subjects receiving nonhallucinogenic

We have not attempted to measure effects analogues of these agents, and in 14 subjects
other than those on the retina. Whether or participating in control trials without drugs.

not the hallucinogenic agents had other The changes noted were interpreted as
effects on the visual apparatus, it is clear hypoxic or toxic retinal effects of the

that they induced retinal changes at the hallucinogen. The findings indicate that

same time they induced hallucinations. The_ the hailueinog_ic effect of these psy-

findings suggest that these hallucinations chotomimetic agents is related to concomitant

may be mediated, at least in part, through changes in retinal function.

changes in retinal function. A previous re- Department of Ophthalmology, University of
Illinois College of Medicine, 1853 W. Polk St.
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