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FOREWORD 

The work described in this report was authorized under Project 
Nuaiber DAl8-035-AKC2i>3“(A), entitled ''Study of the Role of Central Nervous 
Systea Cholinergic Mechanisms in Behavior and Learning". The period covered 
by this report extends from March 1, I966 until August 31» 1966. The 

experimental data are contained in notebooks entitled "Delayed Response •• 

Wisconsin Box (non-automated)" and "Delayed Response - Automated Situation"» 

In conducting the research described in this report» the investigators 
adhered to the "Principles of Laboratory Animal Care" as established by the 
National Society for Medical Research. 
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REPORT 

Introduction 

Tho principal purpose of this study we to investigate the possible 

differential effects of LSD ss a function of procedural variations in 

performance of delayed response tasks.(If such a differentiation exists, it 

my bo inferred that performance of the tank. i. eubeeW.d'by divorce ' 

neural mechanieme. -That difference, in procedure are of importance was 

demonetrated by Pribram and Michkin (19») employing the object alternatlcn 

tack. In the acme context, Battlg, Roevold and Miahkin (I960) ahoved that ' 

monkeya trained and toetod in an automated apparatue manifeeted no deficit 

on a delayed alternation taak after bifrontal ablation. The claaaical 

finding of poat-operative impairment una aeon, however, in animala trained : 

and teated in the manually operated Uteconain General leating Apparatue 

(WU). Ihia finding haa been corroborated in our laboratory (unpubliehed 

data), V .-‘ .. 'r-.. 

These procedural differencea may account for acme of the apparent 

di.crepanci.a in the LSD Uteratura. Jarrtk and Chorovar (I960) reported 

that ISD produced impairment in accuracy of performance of a delayed 

alternation taak in monkey, trained in an automat* apparatue. Employing ' 

the VOTA, Evart. (19») report* no deficit in delayed reopona. performant, 

following WD adminl.tr.tion in monkey, trained to high-level criterion. 

Since the ebility to perform delayed «.pone. * daLayed alternation talca' 
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is affected by prefrontal ablation in anicals tested in the WiTA, it may be 

hypothesised that the paradoxical findings reported with LSD are related to 

the procedural differences of itanual versus automated training* In order to 

test this hypothesis, monkeys in the present study were trained in one or 

more of three types of delayed response tasks, each differing in the manner of 

cue presentation and environmental situation* 

An additional concern of this study vas that of dose-effect relation¬ 

ships with respect to the three tasks under consideration. Widely discre¬ 

pant dose-response results have been reported by other workers. Evarts 

(1958) showed little or no effect on accuracy of delayed response 
V - 

performance in monkeys after total intravenous doses up to 950 meg. of 

XSD, By contrast, Jarvik and Chorover (I960) reported impairment of 

delayed alternation with doses as low as five mcg./Kg. of body weight. 

In pilot testing prior to the present formal study^ve evaluated dose 

effects of I£D in increments of 10 mcg./Xg. ranging from 10 to 12*0 mcg./Kg. 
► I ' » ‘ 

The highest doses tended to produce generalized behavioral alterations.such 

that the animal would frequently remain unresponsive in the test situations. 

Doses higher than 1U0 mcg./Xg. were therefore not employed. Having obtained 

this information relativo to dose-limits, an investigation was then under¬ 

taken which forms the basis of the present report. The doses of LSD 

• ' ‘ ' i . 
studied were 10 mcg./Xg.,.70 mcg./Xg., and I30 mcg./Kg. Sterile 

% 

water (whichwas used as the diluent for the LSD-25 substance) served as a 
• ' * * i 

• . / . /., 

control agent. . • / 
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Methods 

! I 

Experimentally naive monkeys in the weight range of 2,2 to U.l kilo¬ 

grams served as subjects in this investigation. Seven groups* consisting of 

four animals per group, were assigned to training on one, two or all three 

. ▼.riations of the delayed response task. The various task combinations were 
>-/ • 

designed to enable an evaluation of the relative significance and interaction 
V 

of the respective procedural variations in relation to LSD (Table I), 

"V; .r;'- 

t 
• * . ; » •; 

• • • • . * 
• V .. *..•••. V*. •. ^:• f 

“••’V 'ï * i . ; .• /" -■ 

Table I, Delayed response task combinations far each 
groups of animals. 

of the seven 

r. *■: 

Oroup 

; , ’ V». ' ' 
3 Vi - 

;Vv U -.¾¾ 

* 'y 
>>■.1 • - 

6 ! 

V *i' ■ r 

i y ■ « 

.'"1'v: -I'- 

: .it * . V. .• • 

i« Assigned Tasks 

Direct 
\ 

Indirect 

Direct * Indirect 

Automated 

Direct * Automated 

Indirect ♦ Automated 

Direct ♦ Indirect 
; ♦ Automated 

s ■ 

'• ' : . :V ! ‘ i;; . ■I'--" :/ -- . V:';A' ^ :;v 

* Î t ‘ * 

a 

> ’j 
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enhance the probability of the aniaal'a attention to the 

cueing stimuli which are presented on one of two adjacent 

translucent windows approximately 12 inches in front of the 

«ni»al's head. The cue in this situation consists of a cir¬ 

cular beam of light on one window for six seconds, the other 

remaining unilluminatcd; the right-left sequence is prede¬ 

termined by Gellermann series. When the projectors are 

turned off, a six second delay period ensues. In this 

situation, an opaque barrier is not interposed between the 

• and the Endows, me animal is prevented from 

./. ^««ponding prematurely by an air-driven door which allows 

•. accessibility to the windows only at the conclusion of the 

. • delay period, me monkey then responds by pressing one of 

the two windows. A correct response is rewarded by food 

,. which drops into a midline food-well in front of the animal. 

/ Incorrect responses result in mild punishment, a puff of air 

directed at the animal»s head. 

Drug testing was introduced after the animal achieved a 

criterion performance of 00 percent correct responses per test session 

for five consecutive days. After mooting the criterion, a specified 

dose of LSD or sterile water was administered daily for five days. The 

animal was tested daily on each of the tasks on which it had received^ 

training, starting 15 minutes after intraperitoneal injection. The 

sequence of tasks on a particular day followed a predetermined order to 
• . ». 

- • j . e 

overcome possible differential effects of the drug related to the timo 

following Administration. At the conclusion of fivo consecutive days 

jr t 

-5-: .. 

. 'VI 

; ^ 
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on a particular doso or the druj, testins continued until the r.onîco/ a^ain 

achieved fivo concec* ivo days of criterion peri'orrancc, Testing with tho 

next doso of LSD was then begun. A counterbalanced order of drug doses was 

employed so that the effect of doso-scquence nay be evaluated. ^ 

For the prelirdnary analysis of the data, statistical significance was 

daterainsd by the binon!al approuination to the nornal distribution. Tho five 

day pre-drug sessions were used to establish the nornative values for eac a aa^n. • . 

Percent correct responses over five days for any given drug dose ;;as then 

compared to the animal's normative scores. Each animal thus served as its own 

control. 

Results 

Over tho past six mouths, further progress has been made toward com¬ 

pletion of the experimental design. Lata have been completed on the performance 

of an additional 1; monkeys under various doses of LSD, thus bringing to 17 

the total number of animals studied. The tasks on which each additional animal 

•was trained and tested were dictated by the particular experimental group of which 

the monkey was a member i 

n . • 
. I 
• 

Konkcy Experimental C-rouo 

662 3 
668 5 
597 -6 

653 - 7 

All animals were tested at the following doses of LSD: 10 mcg./lCg. 

• 70 mcg./lg. 

130 acg./Eg. 

Sterile water (whichwas used as the diluent for the LSD-25 substance) served 
as a placebo. 

¿I* * 



Figures 1-U graphically illustrate the compiled data on an animals 

studied, including the four additional monkeys evaluated over the past six 

months« Each of the Figures represents performance äi"a'given dose of LSD 

(or sterile water placebo) with respect to the three delayed response tasks« 

Each graph depicts average performance of those monkeys tested at given dose 

on the three respective tasks« 

I3O mcRy/Kg, (Figure 1)« 

The most significant behavioral changes were seen at the highest dose 

level, I30 meg./Kg. but the effect was not uniform across all tasks« Perfor- 
, ’ 

manee on the three tasks was depressed on t he first day of drug administration« 

Automated task performance remained below the 90% criterion for the succeeding 

days that LSD was given. The non-automated direct and Indirect tasks, 

however, were deleteriously affected only on the first drug-day,following which 

the I£D effect was no longer evident« 

70 mcg./Kg. (Figure 2)« f 

At the intermediate dose-level, 70 mcg«/Kg«, the effect on the automated 

task was similar to that at the highest dose* The average Indirect—task score 

vsa $% below criterion for the first two days of drug administration after which 

performance improved« The direct task shoved only slight initial depression by 

comparison with the 98»5% pre-drug level but, nonetheless, performance never 

dropped below the criterion level« 
' : • . ' ; . ' •' - . . /. ' V ■' 

10 meg.Ar« (Figure 3)> 

At the lowest dose, 10 mcg«/Kg«, the difference between the automated 

and the non-automated procedures was less evident« The LSD deficit was again 

present in the automated task but not to the same extent as seen at the higher 
t- 

doses« Neither of the non-automated taska was appreciably affected« 





r 

The differential effect of I5D on versions of the delayed responso task 

demonstrated in this study indicates the importance of procedural factors in 

training and testing. It is interesting to note that the differential effect of 

LSD appears to be directly opposite to that observed in frontally ablated 

animals (Battig, Rosvold and Mishkinj I960). Conceivably the procedural dif- 
* 

ferences in the apparently similar delayed response tasks may be subserved by 

different neural systems which aro selectively affected by LSD. These findings s 

are consistent with those of Evarts who found only minimal LSD effect on per¬ 

formance in the aiTA. The results of the present study are also in agreement 

with those of Jarvik and Chorover (1960)j using an automated apparatus, they 

reported a decrement in delayed alternation ability. The method '.unployed in 

each of the studies cited above nay have accounted for the apparent disparity 

^.n LSD effect. !.. 

From the standpoint of dose-effect relationships, the results suggest a‘ 

positive correlation between magnitude of dose and extent of functional impair- 

. ^ 
ment. This hold true, in general terms, for both the automated and TOTA 

! 

situations. Although the non-automated tasks appeared relatively resistant to 
\ » * 

LSD, there was, nonetheless, a positive relationship, between dose and degree t 

of impairment. 

While statistical analysis has not been completed with regard to drug toler¬ 

ance effects, data shown in Figures 1 to k. demonstrate a tendency toward rapidly 

developing tolerance. Maximal effect of LSD is seen on the.first day, following 

which there is an apparent trend in the direction of criterion performance. 

These observations corroborate those of Jarvik and Chorover (I960) who likewise 

concluded that tolerance effects occurred. Evarta (1958) has suggested that the 

apparent improvement in performance was an effect not of tolerance but rather of 

it- • 





Legenda 

Figuroo 1-U grtphically illuatrato the cor.ipilod data of the 17 nonkcyo 
studied. Each graph depicts mean performance of thoso subjects 
tested at a given doco on the three respective delayed response 
tasks. 
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ABSTRACT 

This report covera work accorapliahed within the past six months, and 

is incorporated in a summation of the entire project to date. JJata have 

now been completed on four additional monkeys, thereby expanding the series 

studied to a total of 17« 

Following is a summary of the overall findings* 

1« In general, 1SD was found to impair delayed response performance in 

the monkey. There is, however, a distinct differential effect of LSD 

on the three versions of the delayed response task studied, indicating 
i 

the importance of procedural factors in training and testing. The 

three delay tasks under consideration are affected in the following 

descending order of magnitudes (1) automated, (2) indirect TJQTA, 

(3) direct VOTA. 

2* From the standpoint of doss-effect relationships, the results suggest 

'a positive correlation between magnitude of dose and extent of func¬ 

tional impairment. Dose' rangei 10-11*0 meg./Kg. In a pilot stuty 

prior to the present formal investigation, doses under 10 meg./Re¬ 

produced no consistent behavioral disruption. 

3. A tendency toward rapidly developing tolerance was observed. 

U. A "placebo effect* in response to the control agent (sterile water) 

was encountered in a significant number of monkeys. The implications 

of this observation for further exploration are discussed in the text 
4 • - 

of the report. 

s 

t ■ • 
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