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1. INTRODUCTION

The present raport covars the wvork accomplished from June 25, 1983 to
June 30, 1964, and represents the first year of the contract ressarch on
nev cheaical tncapacitating agents.

Pfize. Resesrch Laboratories began contract research on new cheaicsl
tncapaciracting agents on June 28, 1943. The research spproach undar-
taken {n th.s prograw is an integrated chemical-dbiological effort. The
synthesis of sgents for biologlcal evaluation is guided by avaflable
leads and through correlation of chemical structure and biologleal
activizy. Eapirical scresninrg ard the syanthesis of compourds for eepirti-
cal screaning has not been a significant factor {n this progrsm. The
overall strategy of this program coneists cf:

1. Selectton of ludlvdenvcd from the literature or {rom previous
Pizer resssrch cxperisnce. :

2. Cheatcal studies to explotc proatsing leads, aud synthesis of
racionally designed aralogs of prototype compounds wvhich possess
potantial or demor-trated incapacitating activity.

3. Praliminary screening of these analogs snd other compounds fer
pharmacological sctivities and toxicily vange.

4, Studying promising compounds more intensively to gather psriinent
{nformation on tox:city and =zode of action, and

$. Devalooc:nt of opecific test procedures eppropriste to the type of
iraapscitating sciivity shown by the comprund selected,

Dazs sheets for compouncds screened during the fourth quarter of the

contract -« baing submittad in a separately dound Part 1l of this

report.
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11. SUMMARY

During the first yuattw: ol the conrract periad, i was recessary to
devote a large part of our efforts to organtzing the research prograa.
Emphasis hat been placec on (1) personnel sssignmsent, orientation,
briefing and training, (2) procurement and design of equipment and (3)
(nitiation of the technical program. Siice the end of the first quarter.
the chemical synthetic prograa has been ocperating at full capacity, and
the procedure for basic screening of new cumpounds has baen standardized.

A variety of leads have been considered in our research program on
incapacitating agents. Because of the si{ze and budget of the contract,
we have decided to limit the progr=a to the selection of two prime groups
of chemical structures for exploration This {g NeCessary in order not
to spresd out and dilute ouv resesarch efforts. Aftsr a compreshensive
reviev of the litersture and also of leads originating fram previocus
Pfizer research experienca, Our Tresearch program on nev {ncapacitating
agencs has been directed toward two mejor groups of cheaical structures
for exploration. The prototype of each is reprasented below:

1. The thysol ethers and

mHzcﬂzN(CzHS)z -HCL

230,017 p-Thymoxvethyl diechylasine hydrochloride
H3

2. The substituted 2-sainoimidazolines

H
NH
<\

-Hl

400,386: 2-(1 vaphthy lastno)-2-1atdazoline
hydroicdide
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In the thyaol echer research progiram, primary efforts were directed
toward the synthesis of analogs of the cdiethylamincethyl ether, 430,017,
and the developmant c¢f specific biological teats in antmals which weuld
correlate with the desirad incapacitating effecte observed with this
compound in ssn Bacause of tha lack of pharmacologic test procedurss
capable of clearly characterizing the incapacitating effects obeerved in
san with this type of compound, we sTe 8Ci{ll not able to tell /hether
the many anslogs prapared ara potentially soce potent than 430,017,
Prime efforts will be continued to sucressfully develap biologtcal
ssthode that could be used to tast newv compounde in animals for the
desired activities (n man.

In the substiiuted aminotmidagoline prograa, 21 compounds wers found

in the MOTS to have an MEDSO of less than | mg/kg, 13 uf vhich had an
MEDI0 of 0.5 ag/kg or less, and 6 of which had an MEDso of 0.1 ag/ig

or less. Afrer secondary scresnings and furthst pharsacological {nvesti-
pations, ] compounds {(400,386; 400,483, and 400,487) were gshown 20 be of
exceptional {nterest.

Lasearch on thywol ethers and sudstituzed 1-aminoimidazolines i{s supple-
msoted by the selection from the Pl izer research program of other com-
pounds on the basis of potential intapacitating sysptoms as edditional
saurces o new lesds to incapacitati~g sgenta. No new leads vith incs-
pacitating potential have deen discovered. -

Als> included in our program is research on behavioril evalustion of
amrgstic drugs. The objective in this part of the progrea {s tO

develop raliable snd practicable snimm)l screening methads for testng

of compounds which may interfere with rscent msamory and disallow retens
tion. Critical review of work to date on the retrograde sanesis Tesearch
has recently been mede. No satisfactory drug leads vith retrograde
smrsetia sctivity have thus far Deen gensrated and certainly nons spproaches
the potency required by the ACRDL objectives. Wa discussed with contract
project afficers Drs. Wills and Witten during their visit to our labers-
tories on May 25 to phaee out this progras and employ the {reed potentisl
io & tew research program, that 18, reeearch on nev agents derived from
microdial sources. The aesay procedurs for retrograde amnseia will,
bowever, continue to be availadle should sgents having retrograde sanesia
effect became of interest.
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10, CLcMICAL SYNTHESIS PROCRAM

A. Selection of Lueaeds

“The rverall research scrategy adcpted consists of the selectivn of
specific lesds derived from the literature or from prior Pftz.r exper-
tence, followed by the development of these leads, through the coor-
dinated synihesis and evaluation of aus:2gs, into cowpounds possessing
the properiies BOUGHRL L an {azapacltating agenc.

At the ouleet, the potential leads consisted of those described in the
project proposal suomitted by Pfizer to che srmy CROL. These had
originated either from previout in-house Frogisas of from {nvestigations
reported in the literature. The number «f potential lesds vas then
augmented by & survey of former Pfizer clinical candidates, tearching
for potenzially incapacitating side-effacts that had baen obssrved in
wan. A therough reviev of these prototypes from various sources end

of their potential for development into effective {ncapacitating agents,
followed by consultation with the Army CRDL, led to the selsction of the
tvo wost promising ones for {mmediale investigation, and of several
others ag alternate possidilities.

1. Thveol Ether Analogs. The disthylazinoethyl ether of thyasol,
430,017 vas selected as Lhe pilas pTaisijpe o0 rhe hanta of high potency,
knewn azzivity Ln san, structural simplicity, and other criteria dis-
cussed belov. 1T appears to represent 4 lead of exceptivnal intsrest
vhich (8 entiraly new to the research programs towards incapacitating
agents carried out and coordinated by the Army CRDLL.

The {ncapacitating activity of tRhis compound n man vas described
by two independent reports {Staub, A. N., Ann. lnst. Pasceur., £3: L8s,
1939 and Ashford, A., et al., Naturse, 197: 963, 1943). 1n thy report
by Staud, an oral dose of 430,017 (1.5 mg) produces suscle fatigue and
pain, d1ificulty in breathing and swallowing, hypersensitivity of the
skin and hypotenaion. ln the repoT: by Ashford, et el., 10-12 og of
430,017 produces severs suscle aching and tenderness throughaout the
body ard tachycardia on exertion. According to Staub, a 20 g dose pro-
duces violent suscle pains, violent bheadache, vomiting and prastration.
Mors recsntly, difffculty tn bresthing and pronounced suscla sciffness
veTe alsc observed in & human volunteer at ths Army CROL after an oral
dose of 1.5 ag of 430,017, lesaving little room for doubt that the com-
pourd adversely effects suscie function in aan.

The expertencs of these investigatsrs with 430,017 suggested that
e fuifilles sufficlently the biological and chemical requiresants of
the progras to warrant detailed tuvescigacion. 1t 1 & vall defined,
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2. aAainoimidazoline (400,386) Analors. Naphthylaminoisidazoline
(400,386) was selected as & sscond protc for synthetic development
on the basis of previous P<izer research . . ace. It is known tO
have C\S depressant and cardiovascular as. vy in san, i3 highly potent,
produces effeccs that are cleaTly detectable in the souse toxicily screen
at very low dosas, and has a stiucture that can be readily varied in a
weter of ways. la addition, iX ig free of the chemical {r3cabilicy
probless encountered with some related types of compounds, e.g. smino-
oxazolines, which produce similar biologtcal effects.

3. Miscellaneous Compounds. Several other prototypes were selected
as alternate posaibilities:

a. A number of quinazolones which produce tremors in various species,
tncluding =an. -

5. Dimethylhistamine and 2 aumber of other compounds vhich either
relezse histamine cr have histamine-liks prooarties.

c. N-Nitrosopiperazine which produces pronounced hypotension.
d. Several crifluoromethyl- end ha lo-subs-ituted smphetasines which

produce CNS effects such as dysphoria, tremors and confusion in
oan.

B. Svnthesis of Thymol tzher Analogs

The first synthetic efforts 4n the progras vere devoted to preparing
430,017 and 3 other refsrence compounds to aid in the developaent of
wpecific blological testing procad ites. The terciary butyl aralog,
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Thvmol Ether Analogs

Aromatic Varisnts

em———

Ry
RS Odlzﬂ'lzlﬂczﬂs)z
2 3

ll lz l: 5
430,017 HiCH4)2 aiy B H
430,021 KLY H H H
430,022 Ql(ﬁs)z H G‘I(G'l;)z H
430,919 ClGi3)s aiy H H
430,027 c(ei3)3 x Ctia H
430,031 c(Hy3 H H
430,062 c(ey)3 C(Gi;)] H H
430,026 CHjy (>, 5 B H
430,028 Ccl cl H H
430,023 Cels 1 H H
430,024 o, " H
430,040 ooy { benzo ] H
430,034 cocsHy G, H ct
430,032 0CH3 H H 1 =Gy
430,038 H OCgHs H H
430,036 S=AOEH,y H H H
430,043 Qi CA=CHy H Oi2C=CHy H

. -

430,076 _(1 H S H
430,077 _(QD H H H
Commercial-Discrest
402,084 &02,232 L2, Ikl 402,684
402,122 402,295 402,826 403,208
L02,148 402,310 402,562 403,248
402,229 02,519 403,753




430,018

430,092:

430,028

438,038

430,030

430,037

Table 11

Thymol Bther Analogs

Mine Variants
G(CH,);

1>

N(CHy),
N(,Ql(ﬂ'l:;)z]z

)0

WCH 5 CH 204

O

C

7 N

CHy

OCH CH A

430,039

430,046

430,086

430,063

430,038

Pege 7of 87

>

@

N(CH CeHg) 2

- x® ﬁ
2
°}

o1
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Table I1 (cont,)
4 ’
s30,078: /Ny 430,068:
N
430,070: /7 \
— 2
430,072 /——\ 430,088:
N 0
430,091: ™\
" 5
G,
430,096: . :
430,123 ,CHy
N ° N,
“CB L
& : a,a
430,099:  MNHCH, 30,133 %
\
uCH
430,106:  NH CH(CH3), Qi
213 »
430,107:  MH C(CHy3 B3 paEen
\eH,CacH
430,109: A
L 430,110: ,CH(Q3)y
X
Net c=c
430,108: /@ ‘ 430,132 . /TGl
Y
CH,C=CH
2
NHCH
? 430,128:
430,122: KHCH,Cg B 3: NG,
430,129:
}'— IG'IZQl3
2
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- 1‘2 le 11 (cont,)
Thywol Sther Analogs

Anine Veriants

-mizﬂlz-k

430,080: O 430,086 \
430,071: ,
M 430,089: /—\
X n;

\—/

430,074:
/ \ 430,093: W CR(GH,),]),

530,‘15: - Q{(Ql;)z
430,118: mcs,

530,127:
430,110 WecH,CRy , }— wa,
2
430,97 ocEy - :
430,102;
@mzﬂzl ocB,
\ -
OCHy cr,
430,101:
|

oCH, X M RN, ,],




4

430,066;

430,067:

430,065

430,048
430,047

430,05

430,055

430,087

430,058

Page 10 of 57

Table 111

Ihysol Ether Analogs

Chain Variants

)

<) O

ci

cl

5

N(Czﬂs)z

,G(Q3)2

a:xzfecxzq
od

4£30,07S:

430,081:
: 2

430,04: Gicam
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Table 111 (cont,)

430,064 C
©,C.R
2°20s ~
CHyCelg
o's
QU(TH,y),
ocH_
2 = 2
430,02 cn-/cﬂz 430,048 c"”?‘zm3
N 0CONHOHy




. Tad v
L ]
1B 1
%
G(G3)z

o A
9 L
430,121: l(QzG))g 43,
: LN
o,131: 472 4m,07:
N an.0n
Dy)y
b o
3
4%,138: op %03, 10%:
2
l‘:
.za,r-ro
Ry
t
M 2 S
430,134 o, Xy, a
430,133: g Celg N ycuy
00,136: g, acay),
>
L 3
430,139; Ry Cly)y cazu,
——

Page 17 of 57




Tabls V

T 1 Exher Analo

Migcsilaneoysy

G Cells

o

0, N(CHy), Cig0 @0,

400,836 (Bristamine) 430,041

&3¢,051 R=H

Y

za‘:’;‘ P
) 430,089 1=¢C
/ N\
N o
iy Ces
caly),
A - 001, G N(CAy),

3

430,033 (Opilom;
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430,019, s repoc.ed to be accive in man; tve uther closely related com-
pounds, 430,018 and 630,023, are reportad not to shoe this activity in
aan, one of thea, 430,023, even in doses as high as .00 =g. in addition,
sasples of two related commercially avatiladle drugs, Optlan (430,033)

and Bristamine (400,836), which do not show incapacitating activity tn
san, have becen procured for comparison.

A nuaber of comsounds related to 430,017 were then prepared with the ais
af develooing an &gant that will produce the saoe Type of i{ncapacitation
as 630,017 at aven lover dose lavels. These ar= arranged tn Tadles 1
through V according to structure. 1n the mosC general sanse, the aryl
motaty, the am{no group, and the chain connecting the tvo verd varied.
<able 1 shows variations, such as changes i1 the size and nature of the
gubstituents tn the arcmatic ring and changes in the posiitons of these
susstituents on the ring, that were meant to dafine what fsatuyres of the
arxacic moiecy confer saxiaus eceivity.

Variaticas {n the amino group {Tadble 11) seemed particularly appropriace
tn view of the fe=t thac & staple change froo dimethylastne to diechyl-
asino is fnvolved 1n the transition from an fnactive ceapound, 430,018,
to san acuive one, 430,017. In aany casss, another functional group --
saide, olafin, prooargyl group. basic nitvogen -- vas added 40 Zhe hope
af ctheraby incressiurg {nteraction with recspeor sitas and, hance, potency.
Cne of these compounds, 30,038, vas found to be about 7 tizes as active
as 430,017 in the mouse screen, sut fatled to show any potsncy advantage
(3 othar apecies Or any activity in oan in doses u> to 5 ag in testing
canducted at the Army CROL. A aumber of analogs with hindared aaine
groups vere also prapared.

The le.gth of the caatin connecting the amino group and the aromatic
group was l.ngthersd by one car>on atom Ln sooa of the ccacaurds (Tadle
111), and & .ydroxyl gLup vas added 30 as to form s substizuted l-amino-
2,)-prooanediol pharse-cohore. Various aa‘no gIoups vere 1sed, cany of
them Soring sdditional funcr ~onal groups ae in the shorce: chain series.
These variants included & gToup chat te related in sructure 2 the
§-ten: neuroleptic halopertdol, which produces suscular {ozoordinativn
8" low dases.

m ¢ Lack of currelation betveen the results ubsecved wiid 430,017 and
ke related Teferenca compcunds in Me., wish those obtatned to data in
o jerimenca’ anisals. could pussily be dus to s astadolic tra.sforma-
tton af 30,017 Inat 1 u.clgve TO man. In particular, san sight be
relatively tneersitive o 430,017 ttself, but -- a8 sugge-ted by the
slov onsav uf action -- change it {nto an active mstgbolits. ™is
possidility pror.piad the preparation of a nuaver of hypothetical sstabo-
lites of 430,017 (Table 1V). One logtcal possidility for such a setabo-
' te would be the correspordinrg N-dewlXkylated asine, ©10,100, vhich has

e
2w le Y G

S '..3’—-,,

g
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s struccure suggestive of an adrenargic 8-dlocking agent and aight block
the activation of muscle phosphorylase. This ccapound vas therefore pre-
pared, together vith several octher related N-monocalkylated thymoxysthyl-
aaines (see also Table 1) Resulcs with 430,100 {n the souse screen
vara, however, disappointing. This bis-deslkylated compound, 430,073,
was sore &czive thar 430,017 ta the mcuse scredn, but not sufficteatly
20 to te the active metabolite.

Another hypochattical setaboiica of 430,017 is the N-oxide 430,121, which
appeared 5 b 80 atrractive candidace from several potnts of view: being
more polar, tt would be more apt to be concentrated in suscle than the
highly ltpephtlic 430,017 frea base; iC aight relate pharmacologically

to the N-oxides which are physiological conszituents of suscle in £ish
and, possibly, tn mammals; and there are precedents saong other quactser-
nacies for some of che structural requiTemencs for high sctivity --
diechyl cather than dimethyl suhszttution on N, & mediun-sited ortho-
subszizuent -- which seass 8O puzzling tn the aasines. ~he N-oxtdes of
the other reference standards vers prepared for cosmparisen. The sysptosa-
tology of 30,121 in the mouse acd the dog fafled, however, to raveal any
‘obvious potent {ncapacitacing aczivity. -

Other types of hypothatical secabolizes include 430,131, vhich could
arise by stde-chatn hydroxylatioca, and 430,158 and 405,106, by daamiration.

The 96 analogs of 230,017 that wers prepared lpcctfica'\ly for the project
vers supplemented by 15 ralated compounds from the Pfizar filas and &
compercial drugs, 80 that sltogecher 115 compounds of this type are
presencly avatlable for svalualtion.

C. Svnchasis of Aminoimidazoline Aralicgs

The prizary objsctive of chemical mcdification in this series has also
been the attainment of higher poteacy. The best results to date have
been schieved by substitution of cthe aramatic ring with chlorine atoms
(Tables Y1 and V11), which gave the sost potent compound obteined 60
farv, d:chlcronaph:hylntnoiaxda:oum. 400,683, and 2 potent echloro-
anilinotatdszolines, 400,487 and 404,407. 1ln the an{linoimidagoline
series, 2 and 2,5-subscitucion by chlorine appearsd to confar the highaset
aczivity; chlorine atome located in the p-position and other types of
substituents - alkoxy, triflucrosethyl, diechylsulfamyl — led to less
active compounds. Alkyl subscituzion on the isidagolline ring generslly
decreased activity, vhile ac the same Time {ncreasing lethality.
Several aralkylasinodazolines (Tad5ls Y1I1) were less active than the
arylastnodasolines.

SOt
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A nuaber of modifications of the amincimidagoline function aave also
been cried, but 80 far nona of these has ylelded a compound that is
soce active than 400,386. They tnclude & six-asabered ring snalog
(400,432), guanidines, acylauanidines, glycocyaaidines (Table 1X),
thiouress and {sothiunrontum salts (Tablae X). The &% eubmittais l{stad
{n these tabdles tnclude & coasiderabdle auaber of compounds that had
been previously prepared at Peigar, a8 well as the compounds preparted
for the first time during the project. This list vas supplemenced by
the following 31 edditional relaced encries obtained from the Pfizer
files:

40,463 202,714 04,768
400,465 %02,715 404,833
400,559 %02,720 405,066
400,648 402,722 405,267
400,806 403,639 405,269
401,236 ©03,686 - 408,506
401,273 403,696 405,508
401,627 %06,013 Qs ,506
202,008 404,404 406,060
402,026 404,405 452,559

457,080

Yany of these passed the 3CUSE toxicicy screen, although nons ves as
sctive as 400,386.

D. Miscsllansous [~ unds

Continuing efforts are being made to uncover additional sovel leads dy
perusal of the currsnt literaturs, examination in depth of the published
litersture pertaining CO certain types of compounds and use of the Pfizer
f{les. The sections of the lattst that are available on punched cards
vere searchad by machine for compounds which had shown tndications of
{ntecrfering vith msuscular function. 1a addition, the results of current
{n-house therspeutic research prograss verts scanned tegularly for com-
pounds that had produced potentislly t{ncapacitating stde-effects. These
efforts resulted in the 101l compounds listed below being submitted to the
souse toxicity screen; however, nons showed sufficient potency i3 the
MOTS to merit further developmeant.

CaoNmEETTIA




400,945 402,016
401,262 402,023
01,269 £02.033
01,32V 402,036
401,356 402,072
401,460 402,073

401,500 402,079
401,523 402,166
401,539 402,188
40L,641 402,253
01,724 02,269

401,727 402,278
401,846 402,280
«01,908 402,281
401,942 602,282
401,977 . 402,284
401,991 402,302
401,993 402,303
401,994 402,304
401,998 %02,308

P a2 A~ -
: Ty

402,307
402,316
402,317
02,320
402,326
02,329
402,334
402,337
402,264
402,365
402,367
402,381
L02,473
402,492
402,499
02,514
02,528
402,537
£02,563
402,747

402,753
«02,951
403,215
«03,315
403,316
403,326
403,340
403,413
4£03,636
404,081
&L04 , 2658
604,348
L0, 466
404,580
404,825
404,966
405,017
403,160
405,165
405,228
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405,236
405,263
405,430
Lu5,53%
408,700
408,77
403,773
406,006
406,007
436,729
%56,730
456,731
656,732
456,733
L56.736
456,733
456,736
636,737
456,738
456,739
456,740
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Tabie VI

Analogs of 400,386

Naphthviam{ncimidazolines

| J
R 3 .
R
“ Rz . ‘3 Hots Mso'
A0, 385 B - M L] 0.032
400,483 Ct, H L} a.ol
400,413 L} H Me 0,75
400,456 H Me H >1.0 *

400,628 H G, o, Gy | o.178

400,499 H mélls T >0
- /
400,432
B—
a
~ng/kg

2)
A
#

PP Roe

- sé%?:%t
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400,777
400,735
400,611
404,407
400,751
400,740
400,391
400,679
400,465
400,487

400,725

400,549 -

400,772
400,683
400,759

400,760

reg/kg

Riageiy - 3 -7 ey

OO 5t 7

Substitutad Anilinoiaidagolines

M-EtO
0-C1
0-Ct
0-Cl
p-Cl
p-Cl
2,4-C12
2,5-C12
2,5-Cl2
3,4-Cl2
3,4-C12
3,4-C12
3,5-C12

AR
3,5-Cl2

Tuble VII

Analogs of 400,386

4

PSR,

MO1S MEDSC*
>1.0
>1.0
>1.0
0.056
>1.0
>1.0
>l
>l;0
1.0
c.01
>1.0
0.316
>1.0
>1.0

>1.0

3
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Moo no o e .
430,126 2-C1-3-CF3 R 0.1
430,103 2,5-Di-OCH3y n >1.0
430,105 2,4-D{-0CH3-3-C1 H >1.9
430,120 2,3-D1-0CH3-4-Cl B >1.0
430,130  2-0CH3-5-(CRyCHg) NSO % >1.0




400,350 -

400,378

400,185

400,769

e

I | ! I | Page 21
T ble VILL
Anslogs of 400,386
Other Amincimtdazcline
]
~<)
N
H
WITS MEDgq*
N- 0.318
0'130
0.562
-
013 ,
]
R
e
| >1.0
\8
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2 e Table IX

Anslogs of 400,386

Cuanidines and Glycocyamidines

]
l
At XHCYNER
At
430,082 l-Raphthyl
430,085 l-Naphthyl
430,049 l-Raphthyl
400,803 1-Naphehyl
430,083 2-Nephchyl
430,080 2-Naphtiyl
430,082 2-C1-5-CT3CgH3
§36,0M 22C1-5-CT4Cghy
) u"
e
|

430,090

430,111

A

XTI &

1 MTS mﬂ'
B >1.0
m: >1.0
CoCgHg >1.0

CH2CH2NRCH3 >1.0

B >1.0
COCgHs >l1.0
B >1.0
CoCgds >i.0
X
B >1.0
Qi CH, >1.0
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msc
Hy
cl
N/
0430
0@13

430,118

430,093
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MOTS Dot
430,00 ->1.0
a0, 310 Lo .
430,098 >1.0
630;119 >1.0 >i.0
430,104 >1.0 >1.0
430,117 >1.0 >1.0
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1v. BIOLOGICAL BROGRAM

A. Screening Procedures

|. Primary Screening - lIntravenocus Mouse Toxicitv Tesc (HOTS).
The wide variety of measuradle or observable drug effects ~hat may
result in incapacitation Sakes {C a staggering undertaking €O achieve
new incapacitazing agents. 1t ts itrportant to obtain in the earliest
phase of screening the taformation essencial to dectde whether a coa-
sound is potentially incapacitating, 8O that coapounds of little or no
apparent value can be discarded quickly.

Obgervationa. screeaing of Siological activities and toxicity in
the mouse has been adopted as the standard primary scTeening procedure.
The prograac i designed To screen OT discinguish compounds having
incapacitacting potential froa these that do not, at rapidly, comprehen-
stvely and {nexpensively as possidle.

The following procedures have been adopted in the pregraa for
screening and evaluating new agents.

1. Unless justified for s soecific reason, intravencus injection
s used throughout the encire prograa as a scandardized procedure.
Diluents used are, in order of preference: saline or walerl, dilute
acid or alkaline, 103 aqueous echanol or polyethylene glycals. Coan-
pounds which are tnsoluble in these solvents are injecied as fine
suspensions in 0.5% mechvlcellulose.

2. Pricary screening (s done in a minimal nusber of wnite male
Swiss mics of approximately 20-30 gos. Observacions of gross signs
are oade -- activicy, sydriasis, ataxia, mysculsar signs, et, Because
of szall nunbers of animals per dose level, the statistical oathod of
weil and Thompson is used for zhe estimation of the D5y and the MEDSQ.

During the year, 290 compounds vaere testad in the prisary scuse
screening. Fifteen chywol ether related, 21 asincimidazoline related
and . miscellaneous campourds produced biologic activities aC i{ntra-
venous doses of less than 1 ag/xg body veight (Table XIJ.

. R TR
o et TRy £




Type of Cospound Compound No. ag/Xkg m/kg LD50/MED
Thyaol Ether Related 430,038 Q.26 3L.6 133.0 R
.. 403,208 0.316 8.2 89.2

430,039 0.316 31.6 100.0 :

430,233 Q.562 Lo,7 79.5 .

430,035 0.562 39.8 710.38 )

430,043 0.562 8.2 50.2

430,048 . 0.562 10.0 17.8

430,064 0.562 79.4 141.0

430,373 0.562 447 73.5

430,075 0.562 447 73.5

430,076 0.562 35.5 63.2

230,027 C.733 5.1 33.5

436,051 Q.750 20.0 8.7

430,05% Q.750 35.5 47.3

430,056 0.75%0 12.6 15.8
Amgnciaidazoline Related 600,483 0.01 22.% 2240.0

400,487 0.91 31.6 3160.0

400,388 Q.032 20.0 525.0

400,648 0.0%6 89.1 1591.0

404,407 0.056 A 795.0

430,126 Q.10 39.8 398.0

400,559 0.178 15.58 88.8

400,628 0.178 2.5% 16.1

404,404 0.178 22.% 125.0

400,348 Q.316 79.6 251.0

400,350 0.316 17.8 51.6

400,466 0.36 28.2 88.1

L0Q,5%49 0.316 0.0 83.3

400,378 0.562 3L.6 56.2

402,714 0.562 719.6 141.0

404,405 0.562 31.6 $6.2

L0L , 746 0.562 7.08 12.¢

404,833 0.562 15.8 8.1

405,267 0.562 70.8 126.0

405,504 0.562 35.5 63.2

400,433 0.750 28.2 7.6
Miscellanecus 402,514 0.178 12.6 70.8

456,736 0.237 14.1 9.5

402,278 0.316 2.2 7.09

402,316 0.316 7.94 5.0

403,315 0.316 7.08 5.76 )

02,747 0.562 15.8 8.1

406,825 0.562 5.01 8.91

SONTTUCT T T
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7. Secondary Scrsening. Dogs (racs, guinea pigs, rabdbits and/or
cats) are used in secondary screening for pharmacological sczivity.
Lethaltty is checked for rough tiaits only. ALl nev cospounds having
an MEDSQ of @R \»ss per kg body weight in the HOTS vare subjected
to secondary screening. In gsecondary scresnings, no thyasol srher
relaced compound produced bislegical activicy at lese than L aa/ig
(Table X1I). Eight of the acinoizmidszoline related coapounds produced
siological activities at lass than 0.1 mg/kg tn the dog. The sost
potant among these are 400,683 and 400,368, The pharaacolegicsl
activities of these compounds will Se discussed in section v.C. of
this report.

3. Pharmacologic Studies of Thvmol Ethers

Given the fact that 430,017 s active in man, the ficst probles that
presented {cself was to find an assay that could be used to scraen nev
zcmpounds tn antaals for the desired activity in ean. The selection of
such & screen ts rendered morve meantngful by the fact that husan data
are available on three other very closely related compounds. One of
them, 410,019, has the saze affect {n man as 430,017, vhile the other
tvo, 630,018 and 630,023, are fnnocucus in man st auch higher doses.
One of the obvious requirements of an appropriate animal screed is.
then, that it should clearly differenciate betveen the two coapeurls
that are incapacitating in san and the zvo thal are noC.

The four reference compounds were £irsr f~tectad into varicus IpC ‘{es
of animals to See vhather any syapto=s relacabla to the effzcis in man
could be uvoserved. These studies led To two aain conclusions. First
of all, no syaptoms oT signs appeared in the acuse, dog, OT aonke, with
any of the compounds until doses which were well in axcsss of those &t
which 30,017 produced {ncapacitation in aan were reached. Secondly,
aone of the syaptoms produced .could be corrslated with the known
sczivity of the four compounds {in san. For iner-nce, thers vers a0
asrked diffarences smong the rathar high MEDSQ the Eour compounds
in the mouse syaptomatology screaen.

One of the thyamol ether related compounds, 430 ., which vas shown to
have grsater biologic activicies zhan 430,017 in the souss and ral
toxicily tests, was latar found by the ACRDL to have no incapscitating
activity in man at a dose of up to 5 mg vhersat 430,017 producad symp-
toms in man st 8 doee of G sintlar to thoss reported 10 the litaca-
ture. lt would appear, the refore, that neither the souse nor the tat
toxicity test i{s able to discinguish between the {ncapacitating and

the non-iucapacitacing thymol ethers.
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Secondary Biologica. Screening lata

Type of Compound

Thymol ether related 430,038

Aninoimidazoline
related

‘;3?;?;§gf??

Compound
# Species
Rac

430,038 Dog
430,038 Honkey
403,208 Dog
430,038 Dog
230,015 Dog
430,063 Dog
«30,248 Dog
430,064 Dog
430,073 Dog
430,073 Rabbit
430,075 Guinea Pig
430,075 Dog
430,076 Dog
430,027 Dog
430,051 Dog
430,054 Dog
430,056 Dog
430,021 Dog
430,021 Rabbit
430,022 Rabbic
400,483 Rat
400,483 Sog
400,487 Dog
400,386 Rat
400,386 bog
404,607 Dog
430,126 Dog
400,559 Dog
400,628 Dog
404,404 Dog
400,348 Dog
"500 » 350 DO‘
40,646  Dog
400,549  Dog
400,378 Dog
402,714 Dog
404,405 Dog
404,746 Dog
404,833 Dog
405,267 Dog

§1 /%05 5080  Dog
400,333 Dog
405,505 Dog

MEDSO . LOso
og/kg ag/kg

1.33 17.8
>1, <5 >5.0
>10 (i.p.)

>1.0, <5.0 >5.0
>1.0, <5.0

>1.0, <5.0

~‘

>l

>1 .

»>1.0, <5.0

>3.16

>3.16

>1

>1

>$

>l

>1.0

>1.0

<0.1

<0.1

~1.0

<0.03

<0.1

compd. not avatl.
>1.0

<0.1}

>1.0

>1.0

not dons

1.0

compd. not avail.
1.0 or less

S
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A lack of correlation was also ottainea vhen other criteria, such as
various specific sympLoms OT the LDSO,vere applied. Siamtlarly, the
dog required relatively high doses CtoO elicit symptoas, and of these,
ataxia did not correlate with the known activity in san at ail, while
eesis did show some correlacion wiuen a ceitain dosing regicen was
folloved.

The campounds were also injected into dogs and monkeys thaz vers sub-
jected to the various performsance tests at the Army CROL. All four
compounit vere again found to be alike in potency and effects in these
animals.

Pharmacologict . studies macde on aiethylamino thymoxy ether (430,017}
and tts 3 closely related derivacives (430,018; «30,019 and %30,023)

are suzmarized below.

|. Primarv_and Secondarv Screening

a) Mice and Rats. Symptoas produced by the four thyool ethers were
compared tO see {f there wvere any comeon Lo the compounds active in man
and ibsent in the others. lc seemed from these studies that no corre-
lation existed.

Recently the ACRDL had raquested that the Haze'ten Laboratories
comparc the {ntravenus MEDSO of &30,017 and 430,038, Their tests
suggested that tremors weTe produced by 430,017 and not by 430,038.
Re-exanination of our earlier data showed that &£30,038 alsc produced
tremors. The LDSO and MEDSQ of 430,017 and 430,038 obtained dY Pfizer
Laboratories and Hazelton Laboratories vere very simflac.

Table XIl!

.LDso and MEDSO of 30,017 and 430,038 In Hice

MEDSO LDso
Compound Species Bg/ kg . ng(!g
430,017 acuse 1.78 35.5

(1.07-2.96) (28.2-46.7
L30,038 mouse Q.237 31.6

(0.133-0.421) (14.1-70.83)

&3C,017 ratC 0.215 22,4
(0.065-0.715) (17.8-28.2}

430,038 Tat 1.33 17.8
(0.750-2.37) (12.6-25.1)
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b) Guines Ptgs. In guines pigs, no significant sysptoms or signs
were noted sicher nfter oral or tncravenous administracion of 1l to 5 mg
of the following thymol ethers: 430,017 430,018; 430,019 and 430,023,
1t ts to De recallad that coampounds 430,017 and 430,019 have deen
reported to produces incapacitating effects in man, while 630,018 and
430,023 d1d not.

c) Rabbits. Tou see whether using ocher species would 1aable us to
diffarenciate among the thymol ethers, &£30,017; 430,018; 410,019 and
430,023 were administered intravenocuwsly and orally et i og/kg to rabbits.
All four compounds produced the same minor symptomacology afrter intra-
verous sdministration. The only unusual sign was incrsased muscle
response vhen the haunches were squeezed, but Cthis response vas elicited
by all compour ts. After oral administration, this muscle responge vas
the only observable sign.

d) Degs. The outstarding 3vmpioms produced by some thyzol ethers
are acesis and bloody urine. A positive correlacion aay exist between
{ncapacitazion {n man and emesis tn dogs after large doses, e¢.3. 20
ag/kg (Table XIV). However, if vecching £s also considered as & posi-
tive response, this <orrelacion cisappesrs. Furthetr investigation con-
cerning this phencmenon is in progress.

2. Advanced Pharmacologic Studies

a) Effects on Blcod Pressute. Since the thymol ether, 430,0l7, has
been reporzed Lo lower the blood pressure in man, each of the & thymol
ethers vas given intravenocusly, 2 and 8 mg/ kg, Lo mnestnatized rats.
All cauced a substantial drop in blood pressure. There vas nc apparsnt
difference betveen the two groups (Tablie XV).

b) Effects on Slectrolycs Mscabaolism. A aechanisa vhich aight ex-
plain the observad auscle pata i{s che loss of tntracellular potassium.
Accordingly, studies vere made i{n rats to invescigate Che effects of
the thysal ethers on electrolyte sxcrstion and Ctissue alc .trolyte concen-
crations. Racs dosed orally with 430,017, 20 and 60 ag/kg, exhidited
a significant (ncrease i{n urine volume, oulput of potassiva {on and
uric acid, dut no change in sodiua or chloride ion excrecion. However,
stx scructurzlly related compounds including 430,018; 430,019 and
430,023 vare also tested ac 20 ag/xg, and none had a pronounced effect
on potassiua excretion. It s concluded chat there is no correlation
between effects an potassium exsre=Iien in the rat aad incapacizaiing
syaptoas {n man.

To test the sffect on tissue electrolytes after repeatad doses,
430,017 was given orally to ten vacs, 60 ag/kg/day, for 15 days. At
the end of this period, sodifum and pocassium {on concentrations vere
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Taole X1V

Compourni &

g lncravenous Injection of Thymol Ethers

Dog 3 130,017 ] 30,018} &)0,msl 230 023 Emesis®  Retching®
asas E (L) ] u-R (N} 9 (2) /3 1/3
D-8 E (2 o-R (1) v L3) /3 1/3
3283 0 (Y 0-R (2] E (U | /3 1/3
D-106 9 (3 £ (2) E (D 2/3 0/3
Esests | 2/3 0/3 2/3 /3

Retching [0/3 273 1/3 0/3
anul

Response| 2/3 2/3 373 \ /3 _J

( ) = day compound was tnjecced
E = emesis; O-R = retching: Q = no

aNo. of animals showing responses:

Compound
430,017
430,018
430,019

430,023

response

'no. Of animals cested

Table XV

_ Effects of Protocype Thymol Ethers

on

Blood Pressure in Anesthetized Rats

DGSE | i.v.
2 og/wg 8 mg/%g
. 135 mm. (>30 mtn)
¥
§ LBO o, (>30 ain)
-
- = 1 .
- s «65-90 m..f 10 am. (<20 ain)
> L2025 m., 4 10-25 &= (<20 ain)
-
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measured {n skeletsal muscle, aorta, and plasma (Table XVI). Although
there appeared to he some changes in aorta and plasma aelactrolytss,
there vere no alterations {n either socdium or potassium content of the
skeletal muscla.

Table XV1

Efrects of 430,017 on Tirsue Electrolytes {n Racs .

M IS CLE® A O R T A8 PLASHMA
rar 'S Na~ X+ Na* X+
mEq/g mEa/g mEq/g nEg/g efa/l mEq/1

Control 103.2:2.9 400.3:5.1 400.4:13.3 169.5:1l.0 127.7:5.9 6.72:20.5
430,017 100.021.6 395.1:23.4 367.3213.6 149.5:4.5 136.721.6 4.9820.3
8The values of Na® ard K’ 1n muscle and aorta are expressed afq’/g of

Aty tissue.

c) Histaminic and Antihistaminic Effects

1. Bronchoconscriction. Since the literature suggests that
430,017 hag histamine like action in addttion to being a potsnt anti-
hiscaminic, the four protatype thymol ethers were compared for cheir
bronchoconstrictor effects in the guinea pig (Konzett preparations).
After intravenous injection, 10 mg/kg, all four compounds have drancho-
conacrictor effacts. Quantitative differences seemed tn exist between
these four compounds. The order of activicy was as follows: 430,017 >
430,019 > 430,018 > 430,023 (Table XVII}. )

Almost all of the four compounds are antagonists to the broncho-
constrictor aczion of histamine, serotonin or acstylcholine, but ne
d{fferenciating oattern could be established o distinguish the tnca-
pacitating from the nun-incapecitating thymol echers.
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Table XV1I
Comparison of Prototvpe Thymol Ethers

Bronchoconscriction®

Dase

og/xg wa. % luctease 2 _Iohgdition to
Conpound {.v, Animalsg {n Baseline S-HT Hist. Ach.
430,017 3 3 3 7 74 31
M 2 25 74 97 9
0] 1 304 .- -- .-
0 2 54 .- .- .-
430,018 1 3 Q 56 S0 17
10 1 121 100 100 89
20 I3 294 100 100 36
430,019 1 3 : 0 0 15 ‘
. 5 -1 9 21 93 )]
10 3 20s 63 100 ]l
430,023 1 3 7 6 Y} b}
10 3 87 81 100 52
20 -2 3868 .- -- .-

*onzett Preparation, male guinea pigs anesthetized with sodium pento-
carbital, 40 ag/kg t.p.

1i. Dermal Wheal. Although 430,017 was originally reported in
the literature as an antihistaminic agent, it was alsc dsmonstrated to
posses: histasine-raleasing properties. We have furthe= explored wvhether
a correlation aight be found berveen histamine release and the tncapaci-
tating action of thymol echers {n man. The four key thymol ethers,
430,017; 630,018; 430,019 and 430,023, wers injectad fntradermally to
groups of guinea pigs using 0.1 al of 1.0, 0.1 and 0.01% solutions.
All compounds avoked equivalent wheal rasponses.

In guinea pigs precreated by sn antihiscaaine (Benadryl, 20 ag/ig
1.p.), dermal vhesls were produced by & 0.012 solucion of both 430,018
and 430,019; vheal formation did not occur or was much reduced for 430,017
and 430,023, Coaparable vheal formation wvas seen for all compounds at
the 0.1 and 1% concentrations. Thers is, therefors, no correlation
between histasine or histaaine reileasing activity and fncapacitating sc-
tion in humans.
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4} Behavioral Effectcs

{. Army CROL Evaluacion. The four prozotype thymol echers,
43¢ .017; 430,018; 430,019 and 430,023 were tested at the ACRDL {n the
condizioned avoidance response, suscained physical exercise and visual
discristnaction tescs. The Tesults, as provided by Dr. Wills, are shown
ir TaSle XVIIl. The high dose levels required and the absence of corre-
lazica between the effects of 230,017 and 430,019, as compared with
430,018 and 430,U23, indicata cthat chese cests are notC disc-iatnacory
for the incapacitation seen with the former pair {n man.

Retching, usually slighc to moderate and not dose consiiiant, was
reported to occur in rhe cestc animais wicth all compounds ac tne tw
higher dose levels. Aadditional sympcoms seen in these tests included
decreased acti.ity, hyperpnea, ataxia and convulsions.

t{. Pfizer Evaiuvation. 430,017 was tested lor its effecis on
condizioned avoidance behavior in a standacrd rat assay procedure. Mo
disruptive effect on conditioned avoidance was observed at 3.2 or 10
wg/kg L.8. tn Che rtat.

This compound was also 1njected incraperitoneally inco six
pigecas, three ac | mg/kg and three at 3.2 mg/kg. At L mg/kg, there
vas no consistenc effect, alzhough two animils exhibiced ptosis, and
one appeared bloated. AC 3.2 ag/kg, ptosis and a crouching posture
were noted. The experimencs in pigeons are to be expanded. in additienm,
studies are planned for the investigation of the behavioral efiects of
the thymocl echers in squirrel acnkeys.

e} Rat 3wim Test. in the rat swim test, which in effect is a test
of muscle performance, all four compounds significantly decreaszd
svicming tive. Preliminary trials witch 430,017 did noc desonstrate s
significant effect on swimaing Cime after a single dose. However, a
pronounced reduction was seen i{f the compound wes given during recupera-
tion from a preliminary swi@, and then the animals vere put for &
second time in thc tank. Addtttonal evidence suggested that this
eifec: was greatest when the drug was injected shortly after completion
of the first swim.

The methcd employed was essenzially that reported by labortt, et al.
(Comp. tend. soc. Btol., 1St: 1383, 1957). The Lath Cewperaturs vas
maincained at 20 ¢ 19C in order to shorten the swimming time. The tank,
approxisately 2 feet Ln dismeter, was filled wich 18 inches of viiel
leaving approximately 7 inches to the top edge of the tank so that the
racs could not climb out. The watar was agitated by a strsam of air
from the bottom of the tank. Racs, {n groups of six, ware lefc to swinm
in the wvater until exhausted {scaying below the surface for at least
20 seconds aud having spparent diffgculty returning to the surface).
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Table XVIII o
Comparison of Behavioral Effects of Pro:ocyp; Thymol Echers

CAR, SPE, VDT2

3.16 mg-kg i.v. 5.8 mg'kg {.v. 10.0 ee/kg {.v.

Cumpound Physical Behavioral Physical Behaviora: Physical Behayioral
and Test Effeccst Effects Effects Effects Effects Effects
30,017 -

Car -, + 0,0 ., 0,0 - -, +,

SPE 0,0 0,¢ .’ 0,++ -, o,

Vo1 3, g,r ., ., > ., o,
430,018

CAR ., 0,0 v, . 0,0 - o,

s« 0,0 0,0 v, .. 0,0 e, o,

Vot 0,+ 0, r,r e, b -, N
430,019

CAR 0,0 0,0 ,, e 0,0 ., 0,

S?E 0,0 g,0 e 0,rr+ - >

voT 0,C 0,0 0,0 Q,se+ Q, -,
430,023

CAR 9,0 0,0 >, .. 0,- -, res

SEE 0,0 0,0 ., .. 0,++ - 0

v " 0,0 0,0 o, 0,+ rec +4eC

(a) CAR = Conditioned Avcidance Response; SEE = Sustained Physical Exercise; T =
Visual Discrimination Tesc. Daca provided by ACROL.

(5) 0= No Effect; » = Slight E£fect; ++ = Moderate Effect; o= = Severe Effect
(c¢) Serub Monkey - at 10 mg/kg - convulsed 1l to 5 @in posc drug.

VDT sonkey at 9 mg/kg convulsed 1 to 10 min post drug. Marked VDT elfects
during lst hr only.
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They vere then reuuv'ed from the tank, wiped dry, and the elapsed
swimming tise recorded for esch rac. The animals wers returned to
the tank 60 minuces after the beginning of the firsc swim,

The four prototypes were injected (10 mg/kg i.v.) S minutes after
the firsc swim along with a saline control and swimming times in the
second svim were compared. The data (Table XIX) indicate that all four
compounds significantly diminished swimming time as compared to the con-
trol in the second swim. 1ln order of potency they were: 439,018 >
430,023 > 430,017 > 430,019. 1t was of interest that the greatest
effects vere seen in the second swim, and appeared to be related to
interference with recuperation from muscle work. We have to conclude,
however, that the test was not discriminacing for the type of activity
of presenc interes:.

Table XIX
Comsarison of Prototype Thymol Ethers

Rat Swim Test

SWIM TIME K MTINUTES

Controls 430,017 430,018 430,019 430,023

31 82 1 S2 sy S2 S1 2 31 =2

9.62 13.32 9.32 7.93 10.C0 3.45 10.83 11.82 8.92 5.58

9.68 13.95 10.35 - 10.92 5.50 11.28 8.03 9.83 6.75

11.35 11.38 10.70 7.97 12.17 3.8 12.23 9.62 11.67 3.53

12.90 10,40 12.58 6.25 12.75 1.88 12.50 8.15 12.43 8.03

164.53 9.03 12.63 5.95 13.13  5.67 12.92 7.60 1&.,27 6.53

14.83 15.12 13.38 7.80 18.62 5.53 18.62 A.78 18.82 5.68

Madian - 12.35 - 7.80 - 4.47 - 5.0% - 6.10
Mean - 12,20 - 7.18 - 4.20 - 8.67 > 6.03

£) Blood Lactic Acid Levels after Exercise. A comparison of the
similarities of sysptoms and signs in individuals affected by McArdle's
disease (Rowland, et al., Arch. Neurol., 3: 325, 1963; J.A.M.A., 185:
860, 1963), and the clinical manifestacicns {n man recaiving an oral
dose of 430,017, have provided a clue to the possible sechanisa of
action of 430,017 in man. McArdle's disease is attributed to a racte
hereditary absenca of muscle phosphorylase. 1Its characteristic symploas
include pigmenturia and the inab{liZy to sustain exercise due to the
development of painful cramps. Biochenmically, in McArdie's disease,
there {s & lack of utilization of muscle glycogen so that the usual
elevacion of lactic acid after execcize, especially ischemic exarcises,
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does not occur. The marked zimilarities between the symptoes of the
disease and those noted after the administration of 430,017 suggest the

- possibility that the latter may act by interfering with muscle phos-

phorylase. Accordingly, animal experiments to measure the effect of
430,017 and its congeners on lactic acid levels aftar exsrcize vere
sade.

Table XX

The Effect of Thymol Ethers on
Blood Lactic Acid Levels in Rats after Exercise (Swia)

Mean
Doge Laczic Acid
Comoound  mg/kg f.v. (N) pg/ml, Blood 1_of Concrol pt
430,017 10 (L6) 387.43 62.1 <0.001
Control . - (14) 624.07 100
430,018 10 (14) 405.78 64.8 <0.01
Control - (14) - 625.86 100
430,019 10 (13> 635.54 95.3 >0.10
Control - (14) 666,71 100
430,019 T (1w 556.9 95.2 >0.10
Contzrol - (14) 584.4 100
430,023 10 (14) 303.00 67.6 " <0.01
Control - . (143 447 .86 100
430,018 6.3 (14 497.79 A . 9L.3 >0.10
Control - {143} 544,86 ’ 100
*430,017 10 (14) 164.00* 35.3 >0.10
*Control - (l4) 172.00* 100

*Sasples drawvn from urexercised racs (no swim)
+Not:-parametric (Rank Sum) test .
(¥) = rumber of rats per treatment group.

Compound 430,017 depressed elevation of blood lactic acid after
exercise (swim), but 430,019 and 430,038 both failed to have & sizilar
effect. Compounds 430,018 and 430,023, which vere reportsd not to pra-
duce incapacitation, alsc showed a reduced lactic acid level (Table XX).
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g) Effscts on ATP-Creatin:
test conducted by the ACRDL d-
inhibit the enzyme AIP-creat:
very iaportant role in muscle
pharmacology branch of rhe AC’
Jan,-March, 1964)indicated b
thymol ethers, 430,017; 430,C
significanc inhibitory effec:

h) Adrenergic Blocking ££
43G,017 in man seem to resemb

disease, which is characteriz-
since epinephrine is known to
forn b to form &, it was post
duce the i{ncapacitating sympc
vation of phosphorylase., Sev:
demongcrate this paint.

{) E£fects on Free Farc:-
segments of rat epididymal adi:
ephcine, Sree fatty acids (FFA
ethers, 430,017; 430,018; 43C,:
and the per cent inhibition of
vas neasursd (Table XXI1)., Thi:
thymol ethers.

Inhibition of Norepi-
Release from Rat Epic

Compound <
430,017

430,018

430,019

430,023
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-_Trans-phosphorvlase. This in vitro
:rmines the ability of & compound to

e trans-phosphorylase, which plays &
.nction. A recent report from the

. (Quarterly Progress Raport, U.S. ACRDL,

a concantration of 1 x 10-5M of the five
430,019; 430,023 and 430,038, has no

- muscle ATP-creatinine trans-phosphorylase.

:28. Since the symptoas produced by
these noted in patients with McArdle's
by the lack of phosphorylase a2, and
: able to aczivate phosphorylase froa
zad that the thymol ethers aight pro-
. by interfering with epinephrine acti-
. experiments were made atteapting to

icid Release bv Norepinephrine. When
e tigsue are incubacted vith norepin-
ire released. Each of the four thymol
+ and 430,023, was added to this system
“A release produced by norepinephrine
cest alsc failed to difZaerenciate the

:ole XX1

:zine-Induced Free Fatty Acid
'nal Adipose Tissue in vitro

2
:antration Inhibi{tion
10-3M 42
10-4¢1 0
10-3M 30
10-614 22
10-3u 59
10-4M 36
10- 41
10-4M 0
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1{. Isolated Cat Papillary Muscle. In {sclated cat papillary
suscle preparations, iscprotersnol induces an increase in contractile
force of the heart muscle. A B-adrenergic blecking agent blocks this
phanomencn. We have tested only compound 430,017 at a concentration
of 1 x 10-5 g/ml. 1t did not antagonize the isoprotersnol induced
increase in contractile forca of isclated papillary muscle. DCL and
Nethalide both have a blocking effect at this concentration.

{) Effacts on Muscle Work and Muscle Glvcogen

1. Cats. In further pursuing the analogy of effscts produced
by 430,017 to symptoms manifested i{n individuals affected witk Mcardle‘s
disease, it vas considersd worthwhile to examine the response of auscle
to vork as well _s the fate of muscle glycogen after the acainistration
of the dif ferent thymol echers. The tendon of each gastrocneaius in
spinal cats was sttached to an isometric lever. Both scigtic nerves
vere cut high in the thigh and Lhe peripheral ends placad on shislded
eleczrodes for stimulation. Repetitive stimult of 1-5 v., 1.0 asec,
duration, 2 per cecond, vere applied from a Grass S4C scimulator, while
125 ga. veights vera placed on the tendons. There was no significant
difference in muscle performance during this forced work betwveen thymol
ether dosed or undosed ani-mls.

Snall samples of the gastrocnemius were taken during these experi-
ments for glycogen deresminations. A sample taken before scimglacion
was used a8 the control. Samples were taken jmmediately after a 20-
ninuce stimulation and then aiter appropriate pericds of resc. The
glycogen values wers expressed as per cent of the controi. To date,
no clear-cut pattern of muscle glycngen response {s discacaible. Fur-
ther work will be underzaken to clarify the effects of thyesol ethsrs on
zuscle givcogen.

ii. Guines 2igs. Groups of 5 guinea pigs each vers treated with
430,017 and 630,038, 1 2g/%g L.v., on three successive days, One hour
after tha last dose, muscle samples were taken for glycogsn dataraination.
A decrease in the muscle glycogen level vas noted in animals receiving
430,017 (Table XX1I). The large standar’ deviaticn fourd with 430,017
arose from a oarkad decrsasas of muscle glycogen in some anisals in each
gooup, vhile the muscle glycogen lavels of the resainder wers sisilar
to that of control animals; {t is difficult to interprec these Tesults
at the zoment. Further axperiments will be undertaken o explore the
effects of the diffarent thymol athers on muscle glycogen.
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Table XXII

£ffect of Thymol Echers on Muscle Glycogen in Guinea Pigs

Muscle

Dose* Glycogen
Compound DR/kg Route —ogt
430,017 1 i.wv. 596 £ 720
430,017 1 p.o. 658 * 389
430,038 1 i.v, 912 = 62
430,018 1 p.o. 980 * 165
Cc atral - - 1,000 : 103

*For 3 successive days

iti. Mice. In preliminacy experiments, attempts vere alse
gade to tast the effect of thymol ethers on muscle glycogen after
exercise in aice. Normal undosed mice were forced to exercise for tan
@irutes cn the rotorod. Gastrocnemii and diaphragms vere analyzed for
glycogen content immediately after exercisc and after rest periocds of
1/2, 1 and 2 hours. The daca (Table XXIII) showed a decrssse in gly-
cogen content of borderline signtficance only in diaphragms {mzediately
after exercise. The glycogen content of both muscles was significancly
elevated after a rest of 1 hour.

Table XXIII

Norzal Mice i
Muscle Glycogen after Exarcise

Rest (Hours)
Concrol 0 1/2 1 2

Gastrocnesius 181 £ 78 180 & S1 213 = 62 273 £ 39 236 = 61

nge 0.9 0.5 <0.05 0.3

Diaphraga "p" 167 &+ 68 96 + 36 218 = 77 297 £ 99 201 £7°49
0.1 0.4 <0.05 0.4
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C. Substituted Aminoimidazolines

During the course of the rasearch progras, 8 total of 88 2-wminoimidago-
1ine related compounds wvers scrmenied in primary scrsening sxd 21 in
sacondary screening., Of those tescad, compounds 400,386; 400,483 and
400,487 were found to have unusually high bjological activity, and
cospound 400,483 1is the aost potent of all.

The pharmacological profile of tha 3 compounds are sucpatized below:

1. Primary and Secondary Screening Data for 400,386, 400,483 and
400,487

a) Mous~ and Raz Toxicitv. The MED50 and LDsg of the 3 amino-
jaidazoline derivatives 400,386; 400,483 and 400,487 in the aice and
rats, ars shown in Tablas XX1V.

in the mouse, 40,483 and 400,437 both have an M=Dgg of 0.01
zg/kg. 1In the rat, 400,283 is unusually potent and alsc higily toxic
(MEDsQ = 0.0018 and LD5C = 3.16 ag/%g .

b) Dog

{. Genersl jvmotomatology. 1n dogs, 400,583 i3 sove potant
chan both 400,386 and 40,487, Like 400,386 and 400,487, it3 principal
pbarmacological eifeczs wers those related to the centzal nervous and
cardiovascular systems (Table XXV). Bradycardia vas noted after the
{ncravencus injeczion of 0.00l =g of 400,483 per kg body wveight. The
heart rate vas reduced Zrca 100 beats per minute to 60 beats per
-imte aftar this dose. A slight decrease of motor activity vas also

/ident. With increasing doses up to 1 @g/kg, the over: syaptoas con-
sisted of: blanched gums and ears (indicating vasoconscrictor effects),
acaxia, exophthalmos, aydriasis, recurrent clonic spasas, clonic-tonic
convulsions, salivatior, nasal discharge, pilosrecctica and eousis.
Compound 400,483 seemed Zo be 5 to 10 times mors potent than 400,386
and considerably scre potant than 400,487, The lethsl dose of bath
400,483 and 400,385 Lo dcogs vas apgToximataly 1.5 lg/k; {.v. The
lechal dose of 400,427 was greater than 5 og/%g -

{4, DPorsntiacion of Effects by Atropine in Dogs. The duPont
Laboratories Teportad :hat the cantral nervous systes depressant effects
of 119902, & substitutasd oxtgzoline, is potentiated by ths sisultansous
administr=-ion of atropine or scopolamine, ve have explored the effects

T atTe, 7T ~on ther gsntIal nervous systeam depressant offects of 400,386,
JO48 4 . 400,487, A iliih’::‘-%iauon of the central nervous systea
depressanc effects wes noted with &G&U,386 and 400,487 (Table XXVI). A
dafintte potentiation af the QNS depressant effects vas notad vhen 400,483
ad atropine wers given together. ACTopine also antagonized the brady-
cardia effect of all 3 compounds. Instead of bradycardis, tachycardia
wes usuall® nbserved in dogs rscsiving one of the substizutad 2-amino-
iaidagoiin - d atropine.
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Table XXIV
Mouse and Rat Toxicity Screen

400,386-Ralated Ccmpounds

MOTS
MEDSG Lbso - L
Compourd ag/kg ag/kg LD /MEDSQ ag/kg Svaptoas and Sigrs
A, MOUSE ’
400,483 0.0l 22.4 2240.0 (0.01) exophthalmos
blank stare
phonation-induced
piloerection
400,487 0.01 - 31.6 3150.0 (0.01) muscle tone inc.
sensitivity to touch inc.
aggressive
phonation-induced
dec. activity
piloerection
400,386 0.032 20.0 625.0 (0.032) inc. tespiratory depth
+ rate .
{(0.1) exophthalmos
piloerection
dec. activirty
ataxia
phonarion-1induced
B. RAT
400,483 0.0018 3.16 1859.0 (.003) dec. act., v2s0ConstT.
400,487 0.018 56.2 3160.0 (.1} exoph., pilo.,vasoconstT.
400,386 08.0056 22.4 4000.0 (.01) vasoconstr., Tespir., rate
dec.
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Dose

Bg/kg i.v.

Q.001

g.0c3

g.01

0.032

0.1

1.0

1.3

General Symptomatology in Dogs

of Coampounds

400,483; 400,487 and 430,380

400,483

400,487
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400,386

Blanching ++
Dec. activity +
Bradycard. 100-60 b/min.

Blanching

Dec. activity ++

Ataxia +

Bradycard. 104-76 b/min

Blanching -

Dec. activity +

Ataxia +

Bradycard. 104-80 b/min.

Blanching +++

Dec. activity +

Ataxia ++

Exophthalmos +
Bradycard. 10444 b/min.

Blanching +++

Dec. activity ++¢
taxia +++
Exophthalmos +
Convul. of H. qtrs.
Muscls spasticicy

Fasciculation of H. qtrs.

Bradycard. 76-40 b/min.

Blanching ++r++
Mydriasis

Sub-convul. jerking
Clonic-tonic convul.
Exophtha lmos

Nasal diacharge
Piloersction

No mffects

No effects

Dec. activity +

Blanching ++
Dec. sctivity +++
Ataxia ++
Exophthalmos
Tremors
Convulsion

mﬁl«nccim
Recurrent;glonié s msi> Bradycard. 8034 b/ain.

Enesis 77
3radycard. 76..26 b/min.

Death -- 1 hr.

No death up to 5.0 me/kg

ST MR~

Dec. activity
Ataxia

Blaaching ++

Dec. acti (ty ++

Ataxia +

Esasis

Bradyeurd. 80_40 b/min.

Blacching +++
Dec. activity ++
Acaxia +++
Zsesis :
3radycard. 80-36 b/min.’

.

Mydriasis
Ixophthalsos
Irreg. respiration
Ezesis
lactimation, salivation
Isability to welk
Tresors & convulsions
Catatonia

% rate not taken
Deach -- 4 1/2 hr.

Death -- 20 hr.
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Table XXVI

Symptomatology in Doxrs

Effects of Atropine on 4C0,38s, 400,487 and 400,433

Dose

Compound Rouie =545 Syzptezg § Sians

400,386 » i.v. 0.).% Dec. activity and ataxis +* .

Atropine {.v. 0.2 Slight tachycardia .
Zaests (at 2 min, & 5 hrs.)
Piloerection
£xophthalmos
Mydriasis
Bupillary light reflex loss
FTasciculation of h. quariers

400,487 + i.v. 0.1} Dec. aczivity and ataxia ++

Atropine i.v. 0.2 Slight tachycarcia

’ Eaesis (az 35 min., 105 min. & 12 brs.)

Mydriasis
Supillary light reflex loss
Fasciculation of h. quarters .

400,483 + i.v. .03 Dec. activity and acaxia

Atropine {.v. .2 Tachycanlia
Zupillary lighe reflex loss
Mydriasis

Deep sleep. Can be arcused
Muscle weakness

2. Advanced Phammacologic Srudies of 400,386, 400,%87 and 400,483

.- a) Effects on Blood Pressure. The effacts of the 3 aminoiai-
dazolines on blood pressure of anesthezized rats vere determined (Table
Vi),

Compounds 400,386 and 400,433 both have very potent pressor

effects.

-ﬂ:im:lk?z&ﬁi% - 1
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Tadle mll

The Effact of Aainoimdezoline Related Compounds
on Blood Eressurs in Anesthetized Rats

Dose Blood Bressure o Hg
Compound uglkg L.V No. Test Control ABE
400,386 0.63 b} 96 £ 7.3 +13 5.8

2.5 5 92 = 9.5 4 = 4.8
10 5 98 = 7.8 +89 2 7.5
40 b 93 = 5.1 277 = 3.4
400,487 10 A 103 = 2.4 +13 ¢ 6.1
&0 4 110 £ 6.4 +36 = 11.9
160 4 109 £ 7.4 3 = 9.2
400,433 0.63 3 102 - +18.6
2.5 5 95 = 6.3 +18 * 5.9
10 5 98 = 8.4 +66 £ 6.6
40 s 113 £ 5.0 56 = 4.2
100 S 117 £ 4.8 +55 £ 4.8
1000 2 95 +70

b) Behavioral Effects. The thrae most active {aidazolines,
400,386, 400 ,483 and 400,687, wers tested in rats on conditioned avoidance
behavior by &8 standard assay procedure. Compounds 400,386 and 400,487
have no disrupctive effscts at 1 and 3.2 mg/kg i.p- Disruption of
avoidance behavior was observed in 1 of 5 rats with compound 400 ,483 at
1 ag/kg 1.p. At 3.2 wg/kg i-p-» 2 racs died vithin 1 hour, 1 vithin
2 hours and 2 within 24 bouTrs. -

¢) General Pharaacologic Profile. As notad earlier in chis
raport, the principal pbsmcoxcgiusl effects of 400,483, like 400,386
and 400,487, are those relating to the central narvous and cardiovascular
systems. The outstanding effscts ars: bradycardia, Tise 1n dlood pres-
sute and central nervous system depression. The comparstive pharmaco=
logical profiles of 400,483, 400,487 and 400,386 ats sumaarized in
Table XXVIII. It is apparent that 400,483 is the mosC potent of all
the sminoimidazoline derivatives tastad 8o fax.

We are planning to compare ths phamcologiul profile and coxi-
city of 400,483 with the duPoat compound, 119902. 1f 400,483 should
prove to be as potsnt as the 4duPont compound, it W4y meric considera-
cion for limited study in m&d.

e
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Pl 2 .
'rm
Pharmacclogical Profile of 400,338
400,487 and 400,483
Dose (mg/ka)

Test_or Symptua

Auimal Species

700,386 600,087 400,483

MED-50 Mouse 0.032 0.01 0.01
Rat .0.0056 0.018 0.0018
Dog 0.01 0.1 0.00L
LD-50 Mouse 20 31.6 22,4
Rat 22.4 56.2 3.16
. Dog ca. Ll.5 >5 ca. 1.5
Bradycardia Dog ¢.032 0.316 0.00L
Dec. activity Dog 0.0l 0.1 0.00L
Ataxis Dog 0.01 1.0 0.003
Convulsion Dog 0.316 1.0 0.1
Emesis ] Dog 0.032 >5 1.0
Atropine potentiation Dog + . *
Prassor Effect Rat Ranas - R aad
{0,00063) (0.01) (0.00063)
Condltioned avoidance Rat >3.2 >3.2 l}O
(1/5})

D. Ratrograde Amnesia Research

Ratrograde amnasic has been considersd as a oovel type cf incapacita-
tion that & drug may produca and was, therefore, included as a parc of
our research prograad.

Retrograde amnesia is the disruption of acquired {nformanion by a sub-
sequent stimulus, usually traumatic. 1t may be produced in man by con-
cussion, brain damage, acule carsbral anoxia, savers hypotheraia and
alactroconvulsive shock.

Tha follcwing cousideracions indicate that & cheaical agent capable of
inducing retrograde amnesia might be daveloped.

(b))
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During the pas: year, the retrogride amnesia research has been dirsctad
to:

1. The development of appropriate assays. -
2. Exploitazicn of leads in the literacure with the eventual goal of
developing potent amnestic agents.

l. Assav Mathod

To screen compounds for retrograde amnesia {n rate, we have
adoptad with acdiiications & method origiraced by Pearliman, Sharpless,
and Jarvik (J. comp. physiol. Esychol. 54%: 1C9-112, 1961). The ongoing
procedure is dascTibed below.

Retzograde amnesia is produced wkan cerctain stimuli or drugs
negate a ehavioral suppressant {nfluence af prior foot shock on ongoing
stable condiz{oned behavior. The assay procedurs is as follows:

a) Zscablishment of stable conditfioned behavior.

b) Suppression of coiditioned behavior by fooc shock,
¢} adminigeration of the amnestic agent

4} Datamaination of suppression.

a) Iscadlishment of Stable Conditioned Behavior. Naiva male
Sprague-Oavwley rats are first acclimated to the laboratory for four days.
All rats are then trained during Lhe coursza of & week t1 press a laver
for vater rainforcemenc after 48 hours of watar deprivation. Initial
training takes placa in automated Skinner boxas (Lehigh Valley Rotor
Wheels), When each rac completes {ni:ial training, {t is kept on ad
1ib vater and fcod until the antira batch of rats for the assay i3
trained.

Begianing tha next Monday, each Taz i3 exposed, a“ter 24-hour
watar deprivacion, ta a l0-minute levar pressing session for thrae con-
sacutive days in & Foringer-type Skinner box. Durzrirg the sassions,
each aniaal resains on a simple rontinucus reinforcsment (CRF) schedule;
that is aftar every laver prass, 4 3-gecond accsss to a dipper of water
is peraitzed. Following a session, the r2c is removed to an individual
hone cage and allottad 10 minutes of access =0 watar. Food pellets ars -
alloved ad 1ib. During the three daily CRF sessions, laver pressing
behavior {n the tadividual raz becomes fai-ly sctable, although consider-
cbls variabilicy sxists amcng rats.
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b) Suppression of Canditioned Behavior by Foot Shock. The

fourth CRF session begins just a&s did the preceding three, vith vater

reinforcement following each laver press. This session, however, is

abbreviated as follows: When § minutes have elapsed the £irst subse-

quent lever press {3 punished wizh 1l-2 mA foot-shock of 5 secouds dura-

tion. The znimal {s then rapidly removed from the Skinner box. The

foot shock delivered to the ral has the effect of suppressics subse-

quent CRF behavior (gsee below). o

¢} Administrativn of the Amnestic Agent. Within five minutes
following foot shock, the racs (in groups of 15) are given shelr treat-
ments. The negative concrol treatment consists of the same volume of
the vehicle. The positive concrol treatment consists of suprasaxizal
electsaconvulsive shock. The pazameters of ECS are 150 mA, 60 cycles
AC, 0.2 seconds, passed through ear clip electrodes. The ECS source is
a Hans Zleczrosheck Seizure appaTatus in which incternal resistance and
voltage are extremely high in order to counteract the variability of
excernal (cranial) resistance. The vamnestic" drugs chosen for investi-
gation thus far have peen derived mostly from the litarature vrere they
have heen reported under cezzain conditions tO induce amnesia or inter-
fere Jith memory.

Dosage administered depends on the acute toxicity of the come
pound. Ordinarily based on these data, & dose-multiple of 1 oz 3.2
mg/kg is chosen which is becween 1/3.2 and 1/10 of the escizazed LDs0.

Following treacment, the Tarts are raturned to hcoe cages, but
no water is allowed. This procedure will equate the various drug-treated
gToups, which would otherwise drink different amounts.

d) Determination of Suooression. About 26 hours afzer treat-
ment (on Friday) each rat is exposed to a final 10-minute CRF session.
In general, fatlurs to resgond with the usual response races during this
gession indicates that laver pressing has been supprassed by the foot
shock on Thursday. Relacive stability of Tesponse rtates {ndicates that
the usual suppressing effects of foot shock hive been negated.

In order to quancitsce the suppression exhibited by tnadividual
animals or groups, & recrograde amnesia score has besn adopted (Pearinman,
Sharpless and Jarvik, J. ccap. physiol. PBsychol., 54: 109, 19615, This
consists of the following percentage!

Responses duriag firsc 5 minutes on test day
x 100
Responses during first 5 minutes on pretreactment day
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This score is detsrmined far each animal end the zedian retrograde
aanasia scors of the group serves as an index of the amount of retro-
grade amnesia caused by the proposed amnestic agent. When the suore is
lov, suppression is in evidence, and retrograde amnesia {s not. On the
contrary, retrograde amnesia is indicatad by a high score. A zcore of
100 prasumably would indicace that ratrograde amnesia is "complets.”

Other scoring systems are feasible. For example, one can
deal direczly with the latency of the first laver prassing response on
the test-day (friday) session; latencies approxinatuly equal to pre-
creatment latencies would indicate the presence of recTograde asnesia;
abnorzally prolonged latencies could indicate suppression.

Puring the past year, twd ma jor procedural changes vere mada.
The first was an increase in the number of pre-treatment sessions from
4 ts 9 in order to provide a more s-able baseline with vhich to make
ccaparison. The second was an incTease Erom 1 to 3 days in the interval
between treatment with a potential amnestic agent and the following
tesc session. This was done o make certain that the anisals vers no
longer under the dirasct depress at effects of the drug while deing
tasted.

2. Results

During the year 5l compounds were tested in 27 separate assays
(the time required per assay is 2 weeks). Fifteen cospouzds vers sither
recested several Cimes oT Ctasted at more than one dose level. Each assay
had its own positive ceatrsl, consisting of electroconvulsive shock
treatment (a reliable retzograde amnestic stimulus) and negative control,
consisting of saline treafment. The dats from these experiments are
summarized in Table XXIX. The last colusn of this table gives the
neelative RA index" of the retrcgrade aanssia score for each drug. This
index {s a crude attempZ IO comparle retrograde amnesis scores smong experi-
mencs by makipg them relate o thair own saline controls. 1 ths index

= Saline RA Scors - Drug RA Score x 100
Saline RA Score

Relative RA Index

ts negative, it indicaces that thers is & Tatrograde sanssis sffact.
1f zaro, no eifect is indicatad, and if positive, che score oight
signify either a non-spacific prolonged depressanc effecc, oT isproved
tgemory” for the aversive Esot shock. The index should be viswed with
caution sinca spuricusly large negative relative indexss can rasult
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Table XXIX '

DRUGS GRCUPED 8Y PHARMACOLOGICAL CLASS

Drug Dose (1.B.)
—W.
+ Adrenolycic
Etboxybutamoxana (405,476) .5
.5
.4

Anesthatic

Sthyl Ether (405 ,481)

Hexobarbital (405,884)
tentobarbital Sedium (405,334)
Secobarbital (405,885)

-29505 (405,887)

Anticholinergic
Atropine Sulfate (405,3542)

Csgentin Methanesulfonate
(8enzotropine) (406,066)

Dibutoline Sulfaze (405,938)

Dic':sa (406,063)

Ea 3443

Methanthsline Bromide (405,3432
N-Mathyi-3-Piperidyl Benzilate

Propanthaline Bromide (405,347)

1 1/2 min. expos.
to &.4 cc/l

125
40
S0

150

30
10

10

10

v

10

10

50
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‘. 1.

+95

+57

+38
-2

<27
-13

-5
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Taoble XXIX (cont.)

- Drug

Scopolamine HBT (430,020)

430,006

Anticholinesterase

Neostigmine (405,886)

Physostigmine Salicylate
(405,389)

Anticholinergic
and Hallucinogen

Mescalina HCl (406,075) and
Scopolamine HBr (430,020)

Central Amine Depletor

Tetcabenazine (402,937)

Cholinerzic
Carbochol (456,597)

PLlocarpine HCL (405 »693)

. mg/kg
100
100
100
100
100

10
10
10

10

0.200
0.200

0.75

30
100

Dose (1.P.)

(Mes.)
£Secop. )
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R 1.

—

+*67

+15

21

-164

+25

+43

+10
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Table XXiX (cont.)

Drug ‘ Doge (1.B.)° g . I.
B .

CNS_Stimulant
" Aminophylline (400,768} : 30 0
Caffeine (405,304) 30 +87
d Amphetamine sulfate (403,329) 3 -19
Nicotine (435,63%) 1.8 +ol
6 +33
Strychnine SO, (aso,oiS) 0.3 ’ -52
405,304 ' 30 +*24
430,015 ] : 0.3 %5
430,016 ' 10 +50
Estrogen
430,012 30 -189
Hallucinogen
AL 25 +89
LsD-25 (430,008 Lot P-5291) 1 -39
1 -7
Mescaline BCL (406 ,075) 30 -14
Mescaline SO, (405 »290) 30 -152
30 +61
Psiloein (406,152) 20 -29
405,290 30 +44

430,008 ’ 1 : +50
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Drug Dose (1.P.) R I,
- kg =
Hypothermic
2,4-Dichloraphenoxy 0 e
Acstic Acid (402,831) S
. 30
30 o a7
MAC Inhibitor !
Nialamide (401,133) 100 R ¥
100
100 +14
430,011 30 +9
Norepinephrine
Brecursor
d,1-DOPA (401,047 32 ’i&
Parasyspathomimetic
405,337 10 -33
RNA Inhibitor
8-Azaguanine (400,226) 30 *52
- 30 .
30 +43
Serotonin Precursor
S-HTP (405,386) 32 +89
32 +28
Tranquilizer
Chloropromasins HCL (400,225) 30 -78

400,225

.30 +56
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Table XXIX (cont.)

Drug IR Dose (1.B.) R I.
kg
Vagoconstrictor
Ergotaaine Tartrate (405,352 7S R
400,386 : 2 -1
400,483 - 1 33
Vasodilator

ATP? (405,6936) . .75 -49
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fcom unusually low control retsograde amnesia scores. This sppears to
be the case, for example, with tetrabenazine in one of the 2 experimmats.

In each of the .éxperiments, the positive control, electiro-
convulsive shock, produced rezrograde anmesia. On the average, the .
negative control respunded at 34% of their preshock response rate levsl,
signifying ratention of the aversive foot shock, wheiwas cais treacad
vith eleciroconvulsive shock following the aversive foot shock responded
at 752 of the prashock level, signifying impaired retantion. This dif-
faranca vas statistically significant (p <0.00l). No drug tested resached
the retzograde amnestic effect of L{ts own ECS control. Altkough in many
{nstances the retrograde ammesia score of a drug was higher than the
score of the corre.ponding saline control, this difZerence vas never
stacistically significant. Perhaps the most suggestive resulls vere
producsd by the anticholinergic drugs which almost consistently caused
scores indicating some rectTograde amnesia. Excepticns wers Ditran and
one tast of Atzapine. Mescaline gave initial evidance of a retrograde
aanesia effect, but the resylts cbtained were not subsequently corrobor-
ated. Drugs with vascular activizy aisc ytelded scores sugg-sting mild
ratzograde amnesia effects.

3. New Technigue Devclcsment

In addition %o testing of drugs for retrograde ammesia by the
techaiquz descridad, several aztenpts vere sade during the past year
to daveiop & ziwple appetitive Zask with which to examine drugs for
the{r amnestic effect on pcsizive reinforcement. The ongoing assay,
which tests drugs for retTagrade amnesia of an aversive aven: (foot
shock), aight not have sneleczed potential amnescic drugs working on
such positivaly reinforced responses.

To evaluate drugs that aight produce an amnestic efisct for
positively reinforced responding, it vas necessary o develop a task
vhich could be reliably and very rapidly conditicned. After a series
of unsuccessful pilot studies, the following tachnigue was shown to
work sati-factorily: waCer deprived .sts wers placed ints a chamber
vith a hole in one wall. The chamber i{s a 12.5 c=m. high plastic box
vith a 15 x 23 ca. grid flsoor. Centered on the 23 cx. wall, 3.5 <.
sbove the floor is a 3.8 x 53 <m. rectangular opening to & tapering
tunnel. A photoelectric cell and opposing light bulb were placed on
the tunnel wall 2 ecm. Srom the opening. Incerruption of the light
beanm wuld operats a counter and zimers. Initially the rats rspeatedly
explorsd this hole but aftear a Zew such sessions, the Erequency of hole
exploration diminishel markxedly. The rats vere then given very brief
access to vater at the hole (positive reinforcement) and rmmoved.
During subsequant testing, <he fraquencr of hole exploration with thase
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reinforced anizals vas shown Co Se sigatficantly higher than that of the
controls. This procedure, when srandardized, was used in conjunction
with elsccroconvulsive shock to see if it were scnsitive to a retrograde
amnasia agenz. Animals were given & faniliarization (pra-teinforcement)
sessions of 4 minutes each; aftervards, watst reizmforsement vas give

£or ten seconds. The relevant findings wers: the fraquency of hole
axploration of the reinforced group was signiicantly higher taan that

of the non-reinforced group, demonstrating learning and retemtion. The
cainforced group scored also significancly higher in hole explorations
than a group givea electroconvulsive shock {mmediataly afcer reinforcs-
ment, desonstrating that the tachnique is sensizive 0 an amnastic stimu-
lus. Fyrthermore, 'n order to detarmine if an aversive event folloving
ceinforcesent disrupts recention, ona gToup racsived a Eoot ghock famed-
{ately following the reinforcemenc. Since this foot shock group exhibited
retrograde amnesia scorss about as high as the veinforced gToup and sig- -
nificantly higher than the non-reinforced control group, {t vas concluded
that this technique is sensitive o agencs inducing recrograde amaesia,
but not to agents scting as negative reinforcements. No potential
retrograde amnesis drugs have, hovever, been studied uaing this technique.

future Plan

After a careful review of woTk &3 dats on the retrograde amnssis
ressarch program, NO sacisfactory drug leads with retrograde amnesis
activity have thus gar bSoen generatad and cercainly none approaches the
potency required by the ACRDL objectives.

procedurs will, nevertheless, continue to availabla should agents sus-
pacted of producing retrograde amnestic effects come to our attsntion.

E. New lacaszzizating Agents From Mic.obial Sources

Since May 1964, we have supplemented our casearch on nav agents by che
{ncorporation of a program t2 darive compounds from miczobial sources.
This sddicion vas made possible by an agTeement with ACRUL project
gfficer, Dr. Wills, To terminate the Tsssarch prograa on retrograds
amnaesia.

The rationale for the use of miczobiologically derived subatances in
these investigations 1is foundad =, T=e large varieties of poarma-
cologically active compounds £ound in {noculated broths. Ain intsnsive
lizecaturs search has provided suppoT?: fsr these contantions. The
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general pharmacological effects (malaise, abdominal cramps, nausea,
voaiting, diarrhea, neurotoxicizies, ats.) of toxins a.d antibiotics
have been well documented (4,5,6). Of special significancas are the
extrsoely high potencies of some tuxins, notably, botulin and tetanus
toxia (7)., Other exo- and endotoxins, a.g., enterotoxins, are wvell
known for their incapacirating sffects. With respect to the anti-
biotics, thers are some, &«.g. Aucwolic Acid, Carzinophi{lin A, Xantho-
mycins, etc., vhich manifast excaptionally potent toxicizies (6). In
add{tion to the foregoing substances, one can ¢ite the pharma.odynami-
cally active compounds derived from mushrocas and other fungi, e.g.,
psilocybin, peilocin and d-lysergic ac.d diethylamide (1,2,3), which
4act to temporarily derange humans. It is eaphasized that these com-
pounds act at exceedingly low doses.

% i3 evident from the examples specifiad above that {z {s fesasible
to discover naw incapacitazing agents £rom microbial scurces. In this
regard, Chas. Pfizer & Co., Inc., is in a particularly advantageous

pcsizion because of {ts vast background and experience in farmentation
Tesearch.

The program will proceed inicially along three lines. Firstly, some of
the toxic compounds of microbiological origin, which are already avail-
able from the J. L. Smith Memorial for Cancer Research at Maywood, New
Jersey, will be screened. Secondly, a number of substances of aicro-
biological origin selected from the literature will be producad in our
laboracories for similar evaluation. Lastly, those microbial cultures
from Mayvood known to pruduce eapecially toxic broths will underge
further scruciny.
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