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ooar Doctor I -. Enclospd arc six copies of our f1n~l rc~art on 
•studies of Screenin9 of Chem1cal compoun~s for Detectlo~ 
of ach~viora l Ef t~cts." • 

Plcaso noto that only tho title p~qc bo3~s the 
letterhead of our laboratory and the ~pproprlatc siq~aturo. 
1his page can.bc rcmovcd · from any or all copies of tho 
report at your discretion. 

If th~rc arc any qucsti~ns or eorr~cnts, please 
do not hcs1tate to lot ~5 know. 

Sincec~ly y~~cs, 
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rt:I,\L nt?ORT - -;.Ill.----- ..111.:. .. =--- ....... 
$H!OIES O:l SCRJ:E~It::a OF C~E~t;C,\L Cc-::?Ot:~:os FOR 
- · ' ,- .·.-·~ ·* · . .:. -.,_._ __ .,: ,.,..· . ._. _,...,""'' "' - ,.., •·~ ··"·-..;. .:;,.'-' ~:;.; . ._..... ~ -or--. . ·'·'··"" - ,....---...·:...:. .... .:;:- _.. ..- .. :;..:. - ·• ., ~ .,..- ,. .. __ -.,. 

£Jt'f£C rtm; Or ntU,\VlOi>AL tf F!:C fS - .,..._., .... __ .,.. __________ -~ .. " .. ··· ....... ··-·· .--...---. - =--

I~~.~L~~I?,l!S~!.t~s Th1s report· cn~C~r:1pd!lscs t.h ccc ph~s"ls ot fi:)Ck. 

lnit1ally, the task was to scl~~t fro~ nu~erous p~bltsbt~ 
procedures tho best to:hn1quos foe ~ci£n1n1 th~ behavt~tAI 
and nourolog1cal profile of a chcmJc~l. Jn ad~1t1on, a 

11 tor a ture .rovuw on musclo tccOF -:.-:.rs c1nd dru~s at Lee tlJ•') 
thesG sens~ry organ~ was prep~ted. 

Potont1ally usoful s:reen1n9 m~thods were te~ted ut1l1zJnj . 
four modol compounds 

• . . . ·= ... _ ,-Test procnd•ucs do3m·ld worthy of fur .. 
• 

ther study wero cho~cn on the b!sls of rosults obt3ined 
~ith these fo~r compounds. Th~se ~r~:a1~rcs were appliQ~ 
to a furth~r ser1es ot comp~unds tor class1f1~~t1on pur­
pose:~ and to ga1n f•Jrthe c 1nform~~1.on abo•Jt tho tos ts. 

The second phase ot work undarr.o~k a study of tha bch3v• . 
ioral prof1le of a ser1es ~t well known cl1nically and 

exper1m~ntally ~sed compo~nds, as well as of 10 relat1vely 
unknown exper1mental materlals s~bm~~~cd for s~roen1ng. 
The screen1n9 tos~s selected 1n the 1n1t1dl ph~se ot :hls 
work were used tor thls purpose. 

A th1rd aspece concerned ln•depth stu~h.es ~f 1nterese1ng 

mater1als selected on the bas1s ot scr~on1ng results, A 
: part1cular compound, wh1ch showed un~su3l and s~sta~ned 

behav1oral effects was subJected tQ deta1led 1nvast19at1on 
us1n9 pharmacologl= 1nh1bltocs a~~ potenllatots to eluc1-
date the rnachan1sm of actlon. A method was devel~p~d for 
study1ng drug effeccs on mo~1vat~~n and ~hen FUt 1nto 
prac~~ce us~ng the 10 experlmental co~pounds subm1tted for 

·-------·------ ------' 



. . 
C00021828 

• 1 • 

, 

A, 1..1 1 lP.A Ht;. L f' LV H.~ I- NfYS f()LI)-j'( J.~i [J ftHA fi.':f,t;Ot'/} '1 CJE' 1' ,, t; 
r - -- · - - - -~- -------·- --:: :._';:'" -- -- ---- . ~ .. ---.-. : .. ---- · - -- ~·-- • 

PU:ittL\71(•~1 t)f POSiUR& M;o ~:o•n::t.~;a·, An Oi<t'lrt,lVe revle·"' of 

n. 

r · · ~ ;-= ... . -. .:..: - _ ·,;;. ., .. -~~-:::.c· ~- ...,.., - .,..._ .,._,_ _ _ _ _ __ _ , _ ~ 

tho Utor"l'Jf~ ""' r .Hfo in tho pt.:tslol{rJY "n'J f·hHM1~·)1'/J~ 
o( provri~~~pt~rs, ~nd on tho tr~ns~l,,ion ~f t~v~l!!J fr<~ 
th~so receptors ~nd the inl~?r"tlon of '~n!ocy et1n~lt In • 
th~ ccntt.tl norvou~ systc~. This rovi<:'"' Vd5 sutJ:"''ltto'J wltta 
tho first lntorin rc~ort. 

SYS1fHATlC STUO'i OF THE F.FFEt.:'i'S OF FOUR C•)MPO•R:os Ul VAAf~l'3 
------:- - - --·- ·- - · -- - --- -·: :··- - - - - -- -..- ·.-·---- c·- :_·_,..-~..., -~-~ =c.-.-~~~~-----------·- -- --··- -:,:_;,__ ,.. .·::: - • .·-· - · -:-- -~--- -- ':"" ·--· -··--· ..,.-····---.- - -- -- ""f 

1~~-'-t . ~F_Q_c_t~OtJ~~~~ Co~pound5 tll5l4l<l woro lht> 

1. 

I 
.. ; __ -/.-: . . 

Yt_Cat.1: O,ll_,., . , \J_Il_~IJ9,aA .R ·'·JO - ~!l~ _ _Q_n_~:1I9_,,1v~: 
ness t~ Mtcos CJt1 Qf oach sox rccoivcd' 1 
• ' - ·- ···- • J and l n l.uo r to s t s · f to 

f n~~Jce a . r.d?~ . rod~t lon r · ~· 
.. \ 

~b1lity of each of tho four compound' to subd~o this 
behavior w~s tostcd. Add1tion~lly, tho b~h~v1or of 
tho suoJcct cats to roico was tested. Tho dotatls woro 
submitted 1n tho first interim report. Results 4ro 
su rr-,:nllrlzod 1n ~ lator section of this t·cport. 

2. On tho f.laze Perforr'lance of the R~t: Long-Ev1.1ns strain ·~-·-·-----------------~........__. ~; -~- - • ·•.• . .. · _.: . T~-- -- ......... _ _ .. __ _ ~o'\---·-

O hcoded mala rats wore trained to run a Lashly III alloy 
maze for a food reward. The procedure and maze were 

( 

as described by Carlinl, E. A., and Kramer, D., Effects 

of :...,_~- \ on Nazc Performance l 
\ - . 
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of the Rat, 
-

The effect of each of the four compo~,ds on the per-

formance of a trained rat was determined by the time 
and the number of errors required to complete the 
maze. 

3. On Shock-Induced Fighting Response C:.tice): Fighting · ·· 

in mice was ex~~ined. Pairs of male mice selected 

because they were previously shown to fight were intra­
venously inje.cted with graded doses of the test com­

pound 30 minutes before testing. Five pairs of mice 

4. 

. . 

were used per dose level. 

below. 

The results are summarized 

. 
Soontar.eous Activity (!>lice): Spontaneous activity 

of mice was studied. The test compounds were admin­

istered intravenously at graded dose levels (three 

mice per level) • The mice from each level were 
immediately placed in a~---· . ·- ~ ~- _· . ~- - .· '.·\ 

. . .. . 
.. . .. .I The act1vity (number of times a beam of light 

~ 

was interrupted) was recorded for 60 minutes after 
injection. The results are summarized below. 

s. Seouential Resoonse Performance (Rat): t-1ale Long­
Evans hooded rats were tra1ned to a criterion of per­
formance on a B-D schedule of reinforcement (\-later) 
in a Polidora Apparatus (~. exoer. anal. Behav. ~, 

271-277, 1963). Graded doses of test compounds 
were adm1nistered intravenously and the effects on 
rewards and total responses were recorded for an 

interval of 10 m~nutes immediately afte~~ard and 
2, 4, and 6 hours post-treatment. The results wer~ 
reoorted in the f~rst 1nterim report. 
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COHPARISON OF COMPOUNDS IN BEHAVIORAL TESTS 

. ......-=-=~=-=-"'-- ·-- --- ·· ·--- - ~--

' 

. . . ' . ' .. .. , .. 

DISCUSSION: This battery of behavioral tests was used to 
determi~e minimal (MED) and median (Eo50 > effective 
doses of the test drugs and differences in patterns 
of response. From the results summarized above, it 

may be seen that_ lyield similar 

effects, as do · 

' ·--

but that differences in dosage and spectrum of activity 

cart· be discerned between these pairs. 

,.• . 

! 
I 

I 
I 
' 
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The most sensitive tests are those for Grouped Activity 
of Mice and the Polidora Sequential Behavior for rats. 
Both .. ) were effective in increasing 

activity of mice and in inhibi~in~_responses of rats in 
these tests at a level of . \ Ho\.Jever, - · ---- -

l.ncreased resp.onses in the sequerit-iai response (Polidora) 

apparatus at/ \.and occasionally at lower levels: ·· 
--~was much more p-ot;zrtin inhibition of mc,use fighting 

behavior ··-- -- _. ··---. --·----. ··\ than was~ . . . ·-·· \-

. "_). - Siml.larly lmore effectively inhibited 

learned goal-oriented behavior of rats in the Lashley III 
maze at lower dosage levels - · . · ... . ,....... ·--- 1 

·---
·tively 1nhiblted the 

cats 

given, 
• 

1.: ... ~0~~-
. finduced 

\, wher~-~s even 

inhibit the "snarl1ng" reaction. 

•. . 
Three compounds tested 

, .. 
ref fee-. . 

rage response of 

at the larges~ doses 

/did not fully 

-~~-\ 
"\ "J. blocked cats • aggres~ion to nice at different 

·-- .. \ was not minimally effect1ve dosage levels · 

tested 1n this fashion). 
, 

I were active in inhib­
iting rats tested in the Polidora apparatus and the 

Lashley III maze, but the effective doses were higher than 
those for t~e other t\-.'0 compounds. 

N1.th \grouped mouse 

spontaceous ac~1.v1ty showed s1m1lar biphasic responses 

of !at similar dose -levels. Ho\;eve·r, \effectl.vely inhibited 
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cats' aggression to a mouse at·-----] whereas~ ------\ 

. -:-\~as necess~ry .in this test. In mice, 

induced fighting was effe~;ively inhibited by a smaller 
~?~.:~ ---- · --·-· · · .-~~than of ·- ·--. . .. \. 

. ·-

· --·\induced effects at much lower doses 

than did ---·· --- · ~--- . - ·· · J.could be 
• I 

dist"inguished from~ Jon the basis of a stimulant . -
effect in which low doses effectively increased. responses 

in the Poli~ora apparatus, Other tests were necessary to 
. \ distinguish -

C. ELECTROENCEPHl\LOGRAPHIC RESPONSE TO AROUSAL {RATS AND RABBITS): 

A technique for monitoring EEG response to stimuli {sound 

or light) ·was investigated in rabbits and rats. The use 

of the rat with this procedure appeared to be of possible 

value for incorporation into a _primary screen. Samples of 

recording were included in the first interim report. 

PHASE 2 

On the basis of the prel1minary work described in the preceding 

section, a series of screening procedures were established for 

the study of candidate compounds. 

The screen1ng procedures included: 

A. ACUTE TOXICITY AND PRELIHINARY SCREENING: l-1ice (2 per 

qosage level) rece~ved test compounds orally or intra­

venously at l/2-log dosage intervals. The pharmacolog­
ical signs ""'hich \"ere sought \,·ere listed on a salnple 

work sheet Hhich was appended to the first and second 

interim reports. For this test, s~gns which were ob­

served at each dose, the number of mice reacting, the 

.. · ... 
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time of onset of these signs, the degree of their 
· severity, and the t1rne for recovery were recorded. The 

median lethal dose (LD50 > and the ·_ m~dian effective dose 

(Eo50 > were estimated. This information was tabulated 
by electronic data pr6cessing equipment, and was pre­

sented in tabular form. An explanatory sheet, which 
is a guide to the tables, was also appended in the . 

second interim report. 

B. LOC0!-10TOR ACTIVITY: t-1.1ce (male, 3 per dose level) received 

graded doses of test compounds intravenously. The mice of 
each dosage group were then placed together in the· . ··· ·- · .·- ~~: : · ·\ · 

.. -~ The _activity (number of times a beam of 

light was interrupted) ~1as recorded by digital accum?- '· 

lation and printing equ1pm~nt at five minute intervals for 

60 minutes after inJe.ction. The tabulated data (number of 

counts for each five-minute interval) were also presented 

graphically in the second interim report. 

C. PHYSICAL AND NEUROLOGICAL EXMHNATION · OF CATS: The purpose. 

of this screen was to determine effects of test compounds 
on phys1cal status, propr1oceptiv~ funct1on, and other . . 
behavioral and neurological parameters. Cats (2 per dosage 
level) received test compounds orally or intravenously, and 

were exam1ned periodically after treatment. Doses were 

determined usually by levels which yielded significant 

effects in the mouse tox1city screen. Because of limited 

quant1t1es of test compounds, only a few animals could be 
used for each. 

' Observat1ons 1ncluded determ1nation of heart rate, respi­

ratlon rate, body temperature, pup1llary size and reaction 
to l1ght, and neurolog1cal signs and reflexes elicited as 

cescr1bed by l-lcGrath C.Neurological Examination of the Dog, 
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Lea & Febiger, Phila., 2nd Ed. 1960), modified as appro­
priate for the cat. A list of the test reflexes and signs 
was attached to the . second inter~ report. An interval of 
at least two weeks was allowed for recovery from drug 
effects before using any one cat again. The data were 
1ncluded in the first and second interim reports. 

One monkey was also tested with one compound in a preliminary 
experiment and reported in the second interim report. 

EFFECTS ON THE AUTONOlUC NERVOUS SYSTEM (DOGS): Mongrel 
--- -'t . 

dogs, anesthetized with .\ were us_ed in a 
. . . . . . . 

test system in whic~ baseline recordings of the electrocardio-
gram, arterial blood press.ure, respiratory movements, gastro­
intestinal activity, and surface electroencephalogram were 
obtained. The responses to . / 

.. . (in e~ch 
preparation were noted. Selected test compounds were injected 
into the femoral vein until an effect was noted. The 
responses to previously fixed doses of 

••••• ·- ·· J • • • ... . . .. .\ ·· · ·.. :· .... .. _ ..... - ~J after the administration of 
the test compound were noted. The data were submitted in the 

first interim repo~t. 

E. POLIDORA SEQUENTIAL RESPO!\SE APPARATUS: The technique was 

. 
'• 

' . 
utilized as described in the preceding section. The data 
were submitted with the first and secondiinterim reports • 
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'l'ES'l' COZ·tPOUNDS 

"' Com~ounds tested were assigned code numbers in order of 
receipt as follo\·ts: 

Code 
No • Compound 
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PHASE III 

SPECIAL STUDIES 

A. The compoqnd -.: · ) showed interesting pharmacological effects 

and was a subject af special study. The stu~Ues include.i 
prolonged investigation of its effect on locomotor activity 

- - . 
of mice, on behavior of rats in the Sequential Response 
Behavior apparatus, and interaction with possible potent­
iators and inhibitors. The details were presented in the 

second interim report. 

- - ··--
were mediated 

.. \ 

B. DRUG EFFECTS ON NOTIVATION: To supplement the various testing 
procedures employed in this program, a method for the study of 

drug effects on motivation was tested. 

/ 
I 
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c. To further screen candidate compounds, 
-------··· ---· 

. .. 

. 
'· 
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