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Stud les on ,uiul"esia: .mkl; sis of ..l-'-eslnetric

1 e t :.oc s ^nc Sv_l unt on ot 1-' e*hyl—i-

i S-ITyôroxypner.yl j - ^-vipériny 1 .letone

Introc octi on

He cisco ver;, oi the un..l jeoic action of ethyl-1- 

n.e thyl-4.-phen;’lpiper icine-^-enr co?;-late (Le^erol,

. epericline ; by -ilslet one -c .ann (1; in IH’J wus

probably tae greatest advance in the field or analgesia 

since Ser turner isole ted nor phi ne iron opiun in HUb. 

The importance oi tais discovery lies in the tact that 

this ; as the l irst exu.ple oi .:in mlpesic activity in

relatively simple chemical comsouno arc has led to the 

synthesis or other synthetic a..alpesiez.

The indispensable nature oi o; lu i vas e mphasized by 

^ycenham in ItcU ween he wrote, ".cons toe remedies which 

it has pleasea -Imiphty hod to -ive to men to relieve his 

sulferinrs, none is so universal are so efficacious as 

opium." ( m ) I .is statement ta s re: m ' l cc true until the 

present decade.

irst use o - opium a a mec icm mat - s no a ..a own ,

. .on ever, accorciny to so...e He crew scholars there is ref

erence to poppy juice in the aide. -he earliest del xnite 

authentic references to the milky juice of the poppy
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the chier écrive ; rincir^ c 31 leh v;c s r a...ed or; h i r.e .

r„is discover;. Ly ^erturrer leu t : the isolation oi other 

ulKuloiGS sac the use of pure a"Valoir s ratter than cr^ce 

extracts 1: t .erureutics soon . 1 ] om •



J

- e o-ats^LLcln • roperty di .orphir 3 , nr reluted 

o 1; tes is their ; 2 a 1 - s s 1 c action. thü'i: -h their sice-

erhects each ns nunceu , vo.-.itin *, o^nst lputioii, diarrhée., 

r i 3si s , respiratory depression und narcosis are ui.des • reh) e 

i 2 a-;.; c-s-.:s, rhe _ u c t taut tie op-it tes es use ucciction

is the .:)st serin ;s c isucvai.um e tot .sir chronic use. hor 

- is re.son nue 1 host aus u con devotee t o t .e di s cover y 

or c 0:.; ounds 'ossas sin • ar ,h -es io a c 11 v i t : c 0 . rarable to 

.or: h h o hut v;i trout the adc 1c t in ' pr orerties.

—t the present ti .o no c oapoanu has : et seen ciseov- 

cr= c v.hca ..us sat isi’actorp a.. 1 -es 1 a and is on-ac.cictin 

^s states previously it vus rot until l^ot that a ion-opiate 

era' v.us i ttu to ..uve :irh . u . 1 "es i e activity. I he tact 

t.r-1 t .is m a s over a centur; iro 1 ‘h tine of isolation of 

or y nine r. ises t: o .. nt* io •. t the ■ 0 s s i : le cause 0:

. _tc . si oa -n-o - ress in t. is ri elc. It certainly ns rot 

he cause the problem "ts unrecognized tut -;a s r robehly due 

to several reasons in coth the chemical nd iolo ic.1 liel- s. 

jne factor of i ..nor. a nce tr v i e : the cevel : prient of 

rea an l esic cru s depended vus the pro press in our anov.l- 

ec :e of tne basic n atony and physiolo -y 01 p?in.

Pre present concept that pain is a sr.ec : tie sense. tior 

is co ouraLively nev «.na our ovled-e o: the anatonics 1 

basis of pa in is even .ore recent and still incomplete, 

unis va 3 not considered as ore 01 the senses but vas classi- 

liea x.ith Pleasure umonp the pussier s of the soul (^ ). Ine 

tl.eorv that pain vus a separate s nc distinct sense vas i hst
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oy ..vicennt; in the eleventh century and

nitron -y it nas ini'natec several tines ir the years i ol- 

ioniny, it nc rot bee o-e y-ro: .inert ur t i l ? f ter the 

classical ex y crincuts of slix anc ^olescheicer in the 

i’nnh. by thi -• t im.e there i ere three prevailin'- theories 

the pe in-pleasure theory » intc..si ve theory ar g the sensory 

the Dry. burinn the iollo\.lr- ter years there v as a heated 

controversy in the literature a. on- the proponents of 

taese various L.o nies. >er. such vomers as mix are 

dolcscaeicer enunyee their allegiance iron tine to time 

as net. results a ere ort : i m d . the experiments of 

von r rey lec s trenytn to tm sensory theory and by It-CO it 

beyai. to appear in textcoons. .^1 though there were still

nary unsolved problem.s, the other theories were gradually 

c rop'pec.

In the development of the sensory theory von ?rey 

noted that if the s xin were probed with stiff hairs there 

were certain areas from whica nain alone coule be elicited 

he thou hit that the free nerve endin~s were the organs of 

rain but his direct emerimental evidence was mewer. "ne 

nearohistolopicul basis of cutaneous main was established 

in ls4C by hoola rd > heddell nd 'iarpr an (4 ) . They demon

strated that cutaneous ;>uin is subserved by the finer 

medulla ted ana n on-med a ..luted nerve fibers beariny free 

endin :s. Similar nerve endin-s nave been de aonstruted in 

other tissues, e.p. the center of the cornea, which ~ive 



only u sensation of pain (lj• In regards to tne conduction 

r erves, sser ( C J four;c that painf ul induises are carried 

by Loth nyel ina tec a ne un!nyeli..uteG fibers of various sizes 

/h taou." i there is nue a to be learned concernin': the 

central representation of pair one particularly the effect 

of analgesics on it, the pair pathways to the bruin have 

been described. nain I al impulses are carried to t e cord 

either directly by somatic nerves or indirectly in sy ipath- 

etic nerves via tae vlite rail cor unicantes. the cell 

bodies are located in tae posterior root •'unylia or con

oarable sensory an-liu of the cranial server . In entering 

the core tae posterior root divides into a lateral and 

necia1 division. The pain fibers pass through the lateral 

division une enter Lissauer’s tract where they send collat

erals up and down tae cord for one or two segments. These 

one in the prey matter of the posterior horn where they 

synapse witn otter fibers forming the End neurone in the 

path to the brain or with, s .ort internuncial neurones to 

anterior horn cells of the same or opposite side. From the 

posterior horn the Ena order neurones cross at tne same 

level anc ascenc in tae lateral spinotnalamic tract. The 

spinothalamic tract nroceecs without creak to end in the 

ventral portion of the lateral nucleus of the thalamus. 

From tils thalamic nucleus there are projections to the 

corten which a re prédominaitl; to the post central convolu

tion. ^t least nm an unu to: J. cal basis there are other 
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possible natm.sys by which pain impulses ^ey reach the 

cortex. In addition to the cortical projections there 

are numerous other projections iro.: this ^cleus oi the 

th*lamus to other thalamic nuclei, to the pulvinar and 

to the hypothalamus. Besides providin' additional path

ways ior pain impulses to the cortex it, appears that these 

association fathvays may be important in some of the reac

tions seen with pair or with some analgesic drups.

Following prool ana acceptance of the sensory theory 

it became possible to devise suitable methods for the study 

of pain. Uniibe other sensory receptors the pain receptors 

can be stimulated by any tyre ot stimulus i* of adequate 

intensity. Mechanical, chemical, electrical and thermal 

stimulation nave al J seen used in the study of pair.

The earliest expert;: ente or humans \ ere cone by usinp 

the von Frey hairs as the stimulus. Beevers and Fieilfer (7) 

in lyBu studied tae action oi some otiates vith the vor Frey 

hair method in normal humans and demonstrated the applica

bility of the method to the quantitative study of analgesic 

orups. The next acvance in ulpesimetry ras the tiermal 

radiation method or Marcy, Molif and Goodell (8) published 

in lyeu. The quantitative evaluation of numerous analpesic 

dru-’s were made by boll f and iis co-workers ( 9 ). This 

method is the one most widely used today.



7

The fact that pair is a subjective phenomenon accounts 

in part for the cirri cult; encountered in assaying the 

effectiveness of analgesic aru *s. The ^eusurenent of cm 

responses and ana lesia is ever lore difficult in experl- 

mentai animals thar humans. The far - e n ur.be r tre variety 

or met-OGS in the literature is an incicaLion of this fact, 

summary or the various animal une humm met.rocs vas 

published by ?o«tzl e i al. ( 1U ) in 194.0. These x.ill ue 

discussed in .-neater entail sulow.

Tre s’ nthe sis of new active cru rs is usually bases 

on the chemical structure or unom compounds. The deter

mination of the exact structural formula of morphine proved 

to ce an extremely difficult chemical problem. The fact 

that this problem was not solved for many ; ears delayed the 

synthesis of new unalyesic dru s. Knorr 111) in 166b was 

the first to su -jest a formula uno since that time many 

others nave been proposed. The ost probable of these is 

the one advanced uy Mullane mu uobinson (12) in 192b. It 

best explains the complicetec mu exceptional reactions )1 

the ..orphine y roup of alxuloics. The accepted structure is :

ri



morphine has not seen synthesizea, nary of 

its derivatives have been r'a c e ^nd st ud iec. In an attempt 

to line a potent a n , 1 : e s i e dru * that sic not produce 

addiction, several hundred compounds vere prepared and 

studied dur in" the ten years from 19n 1 to 19-19. This vorn 

vus carried out under the auspices ot tae Jonmittee on 

hru^ addictim or the lationul neseareh Council. host or 

these compounds \ ere derivatives oi tne ;-orphiae molecule 

or closely related compoui.as. - any of the results of 

this cooperative study are sum :ar ized by i rue^er, Eddy 

une ^umwult (lb/. Is.portant contributions relating chemical 

structure and ;:tiarrmcolopical action of the morphine 

structure resulted from this worn but the initial poal vas 

not reaches. The most promis in • compound of those studied 

was nethyldihyuromorphinone, met opon, w.icn although 

addicting, has some advantages over -or phice. The pharia- 

colo:y of this compound has been reviewed by Eddy (14).

The discovery of Demerol -rectly stimulated interest 

in synthetic analgesics since it is nos a derivative of 

morphine altnou-h certain structural similarities mve 

been pointed out by Tchaumunn (H):
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Le^erol

Sir.ee many c ?'ipounas basée on tne Semerol 

structure have been made ana studied (Schaumann (15), 

2 acDonald, ..oolte, -er :el et al. (16), Foster end Jarman ( 17 ) , 

vandal L an ô leh. .am (16) ). Followin’ or Id bar II the 

J. 3. Dept, oi Jon eroe imea - re; or* ( 11J of mnl maic 

comno'mds prepared by the '"ernw^.s. The activities of a 

number of com no un as related to Demerol were "iven in this 

report. The most active compounc in this -roup was l-meahyl 

(3-ayaroxyphenylj-a-piperiay1 ethyl ketone (also known 

as he man :o. Iu7^u, ..IT loo y, hetooemidone ) . This compound 

nas Lhe same basic ph«nyl-piperidine nucleus as Demerol, but 

contains a meta-nyaroxy croup on the phenyl rin; ana has an 

ethvi Ke tone in place of the ethyl carboxylate of Demerol.
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Its formaia i Iver, below:

OH

t

,0F

1.' soi.ie respects t iiu .cHs the :iorphl^e

structure . .are t 'ter. a aes Denerol. The Ter.sens reported 

thet it vus ten t ings ore active tü;.n -er.ieral. The results 

31 e stucp i^cô di the LCtiDxx et i .is cor.pound - re reported 

iii u er t II or tais tues is.

‘..ith the synthesis or u.rp new co impound s it been is 

necessery ta Develop suitable ne^nods nr screeniny ana 1- 

yesic activities in expori^entu] m i mls. “any methods 

have been proposed in the rust as noted in the suror y by 

loetzl et al. (lb) . In tais sunwary various alpesiuetric 

i ict :ocs are discussed with reference to (a) the choice of 

stimulus, (c) select!on of the receptive field and 

( c ; applicant lor. oi t he stimulus and observation of tue 

response.

Our experiments were directed toward finding a suitable 

nutnoc waicn could be usee routinely to sereon lar-e numbers 

of compounds for analgesic activity in experimental animals.
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-‘here are a number oï lectors to cor.sicer in 

selectin': a suitable scree: in : metnoc. The -.et od rust 

five accurate anc reprocucible res ilts which lend then- 

selves to statistical analysis. It should not be too 

time-cor. sn:ir ~ in order that 1er æ numbers of animals can 

be testec in a rive . time. It smould be relatively simple 

to operate.

The server in - ••?.-. t ho a s most commonly used in various 

laboratories t o c a ; utilize a raulant tnermol stimulus. 

..It hough there are certain or it lois: is to the use of a 

thermal stimulus, it is a coi veulent f or-., anc its intensity 

cun ue measure a anc mi nta inc-G constant curing the ourse 

ol an expert.rent. Thus we selected tu is form of stimulus 

1 or our stucy.

albino ruts were closet us the experimental ar iml 

for a number ol reasons, namely : (a) they are readily

available, (b) their cost anc maintenance are not too exyer 

give, (c i they are easily handled, anc (d) they are small 

enown not to require larme quantities of test material.

Our studies of metnocs us in?- a radiant thermal 

stimulus with albino rats are resorted in Tart l of this 

thesis.



I - 4%i.&lysls 02 si^etr i c : e t.ioc s

iûe ..ut ±od D1‘ 1'aray, uollï une "oouell (5) proved so 

success! nl in nie leisure.lent ov rie pu in threshold and 

& nul -esla in nur tout it. vus soon unortec +o nr iml exper 1- 

ne its oy L Lamour u n a ini th (rc, unc ..rcrs- s e ne '..'or knar (nl ) 

The letter vomers usee l he arcy-h o lf f urpurms arc t ech- 

ni ;ue vith co n us tie ex nor ire atu l u irl. They used ? 

characteristic re' lex tv.ilc c o: the i usonluture ol the bccK 

as un ii.u lent ion ol the sense t ion ol - - ' n . T .e Intensity 

o: the stin.ulus vus ..eu nue a; • rn t n .,ter connected in 

t nu iu„p circuit. They s urn. tout u lin .ar relut ion exists 

u6:ve.. t raiu in -s or t..e . u tt:..eter .ne t ne rucio-eter 

v .ic : is usee to - .e^m tie inter city or st inulus of the 

standard hardy- .olTT ay"urutus. ll^oor and ith usee 

ulD in o ruts in their novoG. The stimulus vus unpl let to 

the tip oi tav rat's tail arc tau resooi se usee as the end

point v.us a topical twitch oi the tail.

..e had un a parûtes niailtr to that described by 

..incer et al. (iiU ; available in our laboratory. It was 

erra n -60 in suca a v. ay t aat c oeci o i J i "n t could oe

l ocuseti on toe t v p oi ... ra t ' tail us î n tic r 'o u_ and

_-.ith iet ;od. Thu curat lor oi the st 1 ulus vus set at three

sscor.es anc the t hreshold sti:"iuiue as ' —asired 07 a va _t—

vôtsr vas ce termine c • * .*1 u .-us ne 2 1 r s t nu - - oc ^o Le con

sidérée ir our stuc y.

sscor.es


--s rus ali s :)i ■- typical itL - o^yhine are

c/iovai 11 : i -;ire 1.

-’.us ' .eû -od vss us rc t ? tesü s^'/eral nev synthetic 

COL LD uno 2 une 11 v.as Dune s ut enrl-esic activity could 

be cetvi’!.^ l'ro- une ir.jreu.se lu ?uiL threshold. This 

L.et soc di sc r s j1.11. nu s one : ;û . or c lsuuv..r. te "e anc x/as , 

shereïore, '■> : "L iii. . T..e cis: cv^rt. v arose f rom the 

diiïieilty lu u.r.-. ;e\ ai 1 i ty o; sba ■ ; ‘ ■ .a 1 s . lu oroer to 

o sia lis., s . i v; in t..rss^.olo 11 '.. . s ..eoessary to teze 

several r eu din - t ol m uni: .ai . 11 w s ; o ne that st i: till 

sho île ..ot be i: nùim oi t;r ‘.i-,. • oi.ee ’ ' r minute, 

(luis interval eotvc j.. sti'.uli .as ion t. t o be necessary 

t lso t. y . i. c o j et .. 1. l..e biiticil^y *: co inhered

u-s tu . t il ..esy ii. ’ t a an imul -uic t une its tail in yos i- 

: : o.. f or t.. v rtiuuluu ; or th - -anyth o: v-c required to 

r e terr:it i the t ire sb ila.

—rter " is tec ...i tns Ciscr tin c in our labora

tory, an artiolc ly Thorp descriliny the same ' ethod 

c y peured in the t itérât uro . "_"e yi disuse res tits or taired

a i t h - .or r'. inn .-.nd heroin a:. f i on c it vas ; ec essor y to 

train the rats del ore it !.. • t he.. i or the test.

The met .or stun ice r.ext a a s r i t proyosed by ihmir 

ai c T: .ith in able.. the reaction time of the urinal is 

res sured ' her a stimulus ol constant intensity is applied 

to th- tip, or a rat’s ta il. The apparatus used mas essen- 

tiullv the sane as that describee iy 'art L,e\ It consisted

ir.jreu.se
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intensities two to three tires the threshold value \.ith 

'uinen i s. ..e ..^ve observée !.. our str ênrd ' roceC are

thett the animals' uere oun.ec ezrosec t o the stirulus

1 or i-b t Ires their ..ar:1 values. ,e also observer toot 

il an unirai cia not react v itain a tine twice its nor ml 

tie probability was rsat taut it -, ould not react at a 

1 on yer tl..e o l eiuosare. 3n the basis of tir we felt 

that a value of twice tne ..or al reaction tire would 

closely a rro:.irate- the value we sou y.t to use in our 

calculations as representin'- c on l ete un .lresia. The 

yuest i oi arose, however, w_ etuer t .is 'would hold true for 

various reaction times or intensities of stimulus. In 

orcer to obtain ore 1'.lornuilon 02. this subject the 

follower- exrra.ent wi s - erf or. 1er .

The norc-.l react ion times of a proup of r»ts were 

octuine a when ex osec to ther: H radiation of various in

tensities. hen rats were useu at each of the various in

tensities. The unira. Is were t nu u t n ec uuc s u b c u t a n a o u s l y 

ri ta b 1 •./:.;. of . - iso-mu thusone , a potent analyse to arm 

Wile:, we h<. g f oanc rocucut complete an 1 "es it in a-nr oxi 

..atel'* all of the animals at thu standard intensity setti 

Thirty ml"utes I allow in : the injection each rat was 

enwo sec for L and 2^ times its nor if reaction time. ^ft 

"wer.t'-f our hours the animals were exa ined for possible



our ns. rhe course 9 ir.hiry r. s dec es lollov s :

1 = Sirull v.Cael (blister J

2 = 1er-e v het 1 ( olister;

b = ulcer

T.iû cvere'e de rec D: it. J ury v.u s calc ' Le ted by 

civiGir.. • - e. to tel ir. hi?2 score di cue rouy -y the i.rreer 

Di anl. .a It it th j -roup x.hrch » e r c ce irec . : ai/.ais

yave c: ..dselc twitch in less ' ww tee vtwosure t hue w rich 

prevented tissue ir/ury so conic rot be used in calculating 

the deyree oi in/ury. It ■ r.s too difficult to control the 

unirais rt t tv lor est intensity to obtain accurate results 

lor the Lo.. -er a m osure rer tous so they are omitted from 

the table.

Ine res ilts are ;iven in table ar d s . oau. -rar-hicul ly 

in fi are a.

The torrl reaction t Lu- r t various iate: sities is 

s own by the solid ! the on ; m- -myh. Twice those values 

b. e s . o\.n cy t^e dotted line v a c the broken line indicates 

a "oss idle curve o: sl rilicant 11suue in; :ry. Theoreti

cally there is an ir.te: .city selon uric . there would be no 

re., c iloi ever at un ir limite 11 -e. m ; he i i tensity is 

increases the react on t i us c gorease:., but even t m ir- 

iinite intw sity taere would ia a ce:i its reaction tine 

dug to tha tine oi passage of tu@ inpulse tarou-h fue 

reflex arc. In rem res to tissue injur; it is obvious 

that at very .A ; : Intensities cumin ; w~ 11 occur in ess 

11 i.e tim the reaction.
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Our experiment covers only the .icdle 'ortion of the 

complete intensity-reaction ti. ie curve. T _e information 

ootu^nec Inoicutes that for a constant percents ye increase 

over t.ie normal react ion t ir ,e ore t issue injur; occurs et 

- ai d intensity than at a low intersity. The degree of 

iujury increases considerably, even at the lower intensities, 

^:iun t:.v e..rosure time is increased from twice to two and 

one-hall ti;.ms the rwan.

-r o.. the exu .ir ut ion ol the ani-m is no the res ults 

octa inec it is.our opinion that an averm ~e c e ~ res of tissue 

injur; oi U.n or less does not rerresert an a ;nrec iable 

de res oi injury. 11 this value is t : hen a s the me /. in um 

s l Lowed e , t h e : tv ice tarn : or al react i or time at an ir 

ter d ty of a 7 i cr o nmrs i rm stun care i" ter: si ty , no ild he 

the - dir. r i"ti-;e o: ex -os are. ..t lover intensities a 

slirntit ireadr h crease in time i dt he allovec lut not 

exceed in - n t t i r.r s t ho : o r ul even at the lowest inter sity 

tried in this er y-r ive .t. ^t hipher intensities the dh- 

.ua exposure time would be less tda twice the normal. "

_ ram the results obtained in this experiment, it 

_- yea red that a value or dice the rormel reaction time 

saoule be the ..ax 1 mum value assigned to those ani als with 

complete analresia. -iace this value is an increase of 

ibid over the normal, then percentage increase in reaction 

time represents percent of complete analpesia. The calcu

lations of dspree of analgesia reported herein were made 

on this oasis.



The study of this r.et’iDd indicates th.^t it is suitable 

for the scree..ing of confounds i or analgesic activity. 

Quantitative data can be obtained and comparisons made with 

known analgesic drugs although these results may not be 

transferable directly to clinical human use. The method 

is comparatively eus; to perform and the apparatus is 

simple a nd et sily standardized so that consistent control 

results are obtained. The speed with which the determina

tions can be made enables ore to test large numbers of 

animals thus increasing the statistical si muif3 ounce of 

the res its. The disadvantages iotec with the"previous 

met.tod have been circinvented by this met.cd. The area of 

the bac wmich cun i e used is lur^e enou-h so that if one 

Lyot is burned other spots car. be tested • ithout 1:terfer- 

rinr with the cccurucv of the res tits obtained. Since the 

animal is held in position for stimulation, the difficulty 

in manageability is not eno mn tarod as vhe: the tail was 

stimulated.

although certain criticisms of the method have been 

made, the fact remains that it has proved to be reliable 

in the evaluation of potent analgesic drugs. (Equivocal 

results have beer obtained with analgesics like aspirin.) 

There are no known analgesic cru-'s whose activity has not 

been demonstrated by this method and it is very unlikely 

that in screening new synthetic compounds those which 

possess analgesic action will be overlooked.
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PART II - Evaluation or l-Methyl-4-(3-Hydroxy- 

pnenyl)-4-Piperlüyi ithyl Ketone

Following the disclosure or the high analgesic 

activity or 1-metnyi-4-(3-hydroxyphenyi)-4-piperidyl ethyl 

ketone (19) (referred to as WIN 1339 in this thesis) we 

undertook a study or sone or the actions of this compound. 

Scott et al. (28) published a report of several compounds 

in the German series. They also reported high analgesic 

activity for this compound. Reports of its clinical use 

by Kirchhof (29) and Lund (30) appeared more recently in 

the literature.

This compound was or special interest because of its 

close chemical similarity to Demerol. Schaumann (13) and 

MacDonald 'W «1. (16) reported on a large series or com

pounds related t3"'&»aerol, but t ie reports of th^ Germans 

and or Scott indicated that WIN 1339 had the highest anal

gesic activity of any Demerol derivatives previously 

studied. In our investigation the actions of WIN 1339 

were compared with Demerol and/or morphine. ' 

Action on the Central Nervous System 

Analgesic Activity

Evaluation in Rats:

In order to determine the analgesic activity of 

".VIN 1339, the method of Ercoli and Lewis was used as 

described previously. Four groups or ten rats each were 
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tested at tour dose levels at weekly intervals tor tour 

weeks. The design of the experiment was such that each 

group received each dose once curing the period. The 

compound was injected subcutaneously as an aqueous solu

tion. Reaction times were determined at and 60 minutes 

following administration of the drug. The maximum reaction 

occurred within ou minutes which time was used in calcula

tion of activity. summary of these results is given in 

table o and a graph of average responses is shown in 

figure 6.

From tie graph it is apparent that WIN 1539 is much 

more active than morphine or Demerol. The qlope of the 

Demerol curve differs from that of WIN lbby so no direct 

comparison of activities can be mace. However, in general 

WIN lbby appears to oe about ten times more active than 

Demerol. This is in agreement with results reported previ

ously (19, 28) and obtained by different methods. Our 

results obtained in rats indicate that WIN 1539 is about 

5 times more active than morphine.

Potentiation pt Analgesia:

The fact has long been recognized that some of 

the actions of morphine resemble those of stimulation of 

the autonomic nervous system. Slaughter and Nunsell (31) 

suggested chat acetylcholine plays a role in morphine 

analgesia by demonstrating that Prostigmine potentiated the 

effect of morphine and that atropine antagonized the effect
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®al• (32) (33) also reported that good pain 

relier was experienced by Humans with a combination or 

Prostigmine ana morphine. However, Smith et al. (34) 

observed no potentiation of morphine analgesia by 

Prostigmine in rats but a la fin a that scopolamine antago

nized the effect of morphine. Seevers (7) and Hardy (8) 

founo also that scopolamine reduced the degree of anal

gesia produced by morphine.

Ivy et al. (3b) reported that epinephrine produced 

analgesia in man ana cogs. The earlier literature on this 

subject is reviewed by Ivy. In later articles (36r 38) 

Ivy ana co-workers aemonstratea that dextroamphetamine 

produced analgesia anc potentiated morphine analgesia.

although a completely adequate explanation of these 

actions of morphine with autonomic a rugs has not been 

given, we tnought a comparison of morphine with ’7IK 1539 

in combination with certain drugs acting on the autonomic 

nervous system wouia indicate similarities or differences 

of analgesic action between the two drugs. The method 

previously described was used to determine the degree of 

analgesia in rats. The analgesic drug and the potentiating 

arug were injected subcutaneously simultaneously. The 

potentiating drugs used were pilocarpine as an example of 

a cholinergic drug, eserine, an anticholinesterase, and 

epinephrine, a sympathomimetic drug. A summary of results 

obtained is given in table 4. It is interesting to note
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that with pi Locarpine and eserine evidence ol' parasym

pathetic stimulation was observed in addition to the 

analgesia.

It is apparent that tne analgesia or morphine and 

WIN 1039 is potentiated by pilocarpine, eserine and 

epinephrine ang the degree or analgesia is increased with 

an increase in the dose or potentiating drug. The fact 

that analgesia is potentiated by both cholinergic and 

adrenergic drugs max seem paradoxical, nowever, some recent 

investigations oner a partial explanation or this 

phenomenon. Puharicn and Goetzl (39 ) and Friend and Harris (40 ) 

have reported tnat the analgesic action or morphine was 

reduced in adrenaiectomized rats indicating that the 

release or epinephrine rrom the adrenal medulla plays a 

role in morphine analgesia. Similar results were obtained 

in adrenaiectomized cogs by Gross et al. (41). These 

workers ano Christensen and Gross (42) have reported on 

studies made on the relationship between the action or 

several analgesic drugs and autonomic drugs.

If epinepnrine is a mediator in analgesia as suggested, 

then the effects or pilocarpine and eserine may be explained 

on a similar basis. Feinberg et al. (43) have snown that 

acetyicnoline stimulates rhe secretion or epinephrine from 

the adrenal medulla and eserine enhances this action. They 

found that pilocarpine also acts similarly. It nas been 

demonstrated (44) (4t) that morphine has an anticholines

terase action and causes a secretion of epinephrine. The 
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anticholinesterase action or WIN lbby has not been studied 

but such an action has been reported for Demerol (41) and 

it may be assumed that WIN lbby also has this action.

have made no attempt to determine the mechanism or 

analgesic action in these experiments but believe that 

these results and otners reported below indicate that the 

analgesic action oi WIN loby is mediated through the same 

mechanism as that or morphine. 

Excitatory actionin cats:

Some species oi animals are stimulated by morphine 

whereas a depression is more commonly observed in others. 

The stimulating action or morphine is most easily demon

strated in cats. The erlect ol WIN lbby in cats has been 

studied and the results compared with those or morphine 

excitation. The drugs were injected subcutaneously and 

the animals observed lor several hours. These observations 

are given in table 5.

The most constant observation was mydriasis which was 

seen in all cats. Two out or twelve animals that received 

morphine vomited, but over hair or the animals in each 

-roup showed evidence 01 nausea such as excess salivation 

and retching.

Takino into account the variation in response between 

animals, tnere does not appear to be any appreciable 

airterence between the action or uIN lbby and morphine in 

regard to the excitatory action in cats. This action or
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Cat
Number

# 41b3

if 417o

if 4174

,f 4148

if 4037

40^1#

Table o 

Excitatory Action in Cats

Dose Observations
rag./Kg.
Morphine ________________________________________

1 Mydriasis, salivation, animal

quiet, apparently normal.

£ Mydriasis, restless, many sense

less random movements, hallucina

tions , circus movements, clonic 

convulsions lasting two minutes, 

very apprehensive.

£ Mydriasis, evidence or nausea,

very nervous and excitable.

3 Mydriasis, emesis, salivation,

animal sits in one position and 

stares at wall, occasionally 

striKes at an imaginary object.

3 Mydriasis, emesis, apprehensive,

hallucinations, some ataxia, 

nervous, rubs against objects 

and other cats in cage

d Mydriasis, apprehensive, hallu

cinations, intoxication, rubs

against objects and other cats.
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Table b coat’d

Cat 
Number

# 4173

n 4171

if 4549

,7 4543

7 4149

% 4172

ft 4168

if 4167

Dose Observations
mg./Kg.
WIN 103V _______________________________________

1 Mydriasis, evidence or nausea,

excitable, apprehensive, some 

senseless backward movements.

1 Mydriasis, evidence of nausea,

slightly nervous.

I Mydriasis, animal sits quiet

crouched in one position, stares 

at wall, apprehensive, sleeping 

at 5 hours after injection.

I Mydriasis, emesis, apprehensive,

sits in corner, stares at wall, 

sleeping at 6 lours after injection

2 Lydritsis, evidence of nausea,

restless, hallucinations, strides 

at imaginary objects on wall.

2 Slight mydriasis, quiet no

excitement.

3 Mydriasis, evidence of nausea,

emesis, quiet, sits in crouched 

position, no excitement.

3 Mydriasis, evidence of nausea,

apprehensive, very excitable and 

nervous.
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Table b cont *d

Dose 
mg./Kg.
17ITI 1339

Observations

IF 4536 3

V 4538

ir 4533 5

Mydriasis, evidence of nausea, 

sits in crouched position, hallu

cinations , apprehensive, rubs 

against other animals.

Mydriasis, apprehensive, hallu

cinations, runs back and forth in 

cage, very nervous.

Mydriasis, sits in corner, stares 

at vail, hallucinations, some 

nervousness.

Mydriasis, evidence of nausea, 

apprehensive, hallucinations, 

muscle twitches, rubs against 

objects and other cats in cage,

nervous.
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V.'IM 1539 resembles more closely morphine than Demerol, 

since Barlow (46) found that the wile or senseless random 

movements which characterize the action of morphine in 

the cat are not seen folJowir.m the administration of 

Demerol.
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Action on Gastro-intestinal tract.

In addition to its action on the central nervous system 

a second important action of morphine is on the gastro

intestinal tract• Its constipating action was used by the 

f-ncients for relief of diarrheas and dysenteries. The 

following experiments were performed with WIN 1539 to 

determine its action on the gastro-intestinal tract. 

Effect on excised intestinal segments:

WIN 1539 and Demerol were tested for their activity 

against barium chloride and acetylcholine induced spasms 

of the rabbit ileum anc against histamine induced spasms 

of the guinea pig ileum by the procedure described by 

Killer, Becker anc Tainter (47). The results are given 

in table 6. These data indicate that the spasmolytic 

activity of WIN 1539 is considerably greater than Demerol 

against all three spasmogenic agents. 

Effect on intestine in situ:

Kymographic recordings were made of a segment of the 

intact ileum of anesthetized dogs by a modification of the 

Barbour method as described by Jackson (48). Aqueous 

solutions of the drugs were injected into the exposed 

femoral vein. A total of six dogs was used in these experi

ments. The most marked effect on the intestine following 

the administration of WIN 1539 was a decrease in tonus. 

There was no significant change in amplitude or frequency 

of the contractions. Doses of WIN 1539 as low as 0.01 mg./kg.
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produced a definite decrease in tonus. These snail doses 

hac no eilect on blood pressure, heart rete or respiration. 

Larger coses (1-2 mg./Kg.) did not cause stimulation of the 

intestine but only a relaxation of longer curation. The 

results obtained in a representative e-perin^nt are shown 

in ripure 7.

noentpe.LOpraphic study of the rate o: movement of a barium 

meal t troi ; i the psstro-intestinal tract :

The metnod uses was a modification of the one described 

by Tershon-Johan are Shay ( 4e ) . ^.dult male albino rats were 

starved for approximately 24 hours. They were then adminis

tered a barium meal, consisting of a LUp suspension of 

buriUri sulfate in u. %, y m tragacanth, ny intubation in a 

cose of u.n cc/luu gm. of coot weight. The analgesic com

pounds were injected subcutaneously as aqueous solutions 

immediately preceding the barium meal. The coses used are 

indicated in table 2. These coses han been found to produce 

approximntely tie sumo cerree of analgesia in rats, 

noentgengrams were made at 1, 2, L and 4 hours following 

tne administration of the barium meal. The results are 

summarized in taele 7. The time for complete evacuation 

was not determined, but tie cata obtained indicate that 

there is a delay in the e .ptying time of the stomach cue to 

the action of each of the analgesic drums. Porphine caused 

tuc greatest are Lemerol the least oelay. The delay resulting 

from '.7 IL loua was almost a s créât as from morphine. Porphine
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appears to act somewhat longer than VIN lbby which is also 

true or its analgesic street. karr ( 50 ) retorted that 

morphine caused a decrease in distance traversed by a 

carbon suspension in the intestine of rats and that Demerol 

was much less active in this respect. This is undoubtedly 

related to the emptying time of the stomach and our results 

agree with these.

Effect on stomaca .in situ:

Since the roentgenographic study showed that the anal

gesic drugs tested caused a delay in the time of passage of 

a oar i um meal from the stomach, the effect of these drugs 

on the motility and tone of the intact stomaca was investi

gated . Jackson's met on (48) of recording contractions of 

tae dog's stomach was -ocifiea for use with rats. The rats 

were anestaetized with socium pentobarbj ta J and the apparatus 

attached so that recordings of the pyloric portion of the 

stomach were obtained. The drues were injected into the 

ex nosed saphenous vein.

h. to ta? of twelve animals were used in these experi

ments. Figure 6 is a record obtained in a representative 

experiment. It was observed that NIT' 1539 in a dose of 

0.1 mg./Kg. caused a marked decrease in the motility of 

the stomach. In contrast, 1.u mg./Kg. of Demerol produced 

an increase in tone and in some experiments also an increase 

in frequency of contraction. In two experiments morphine 

caused a response similar to that obtained with ’.Il 15u9 in 

that the peristaltic waves were abolished.



WM 1539 
0.1 mg/kg

DEMEROL 
1.0 mg/kg

MORPHINE 
0.3 mg/kg
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The marked decrease in the motility of the stomach 

caused by ’«IM lbby or morphine could account for the delay 

in the emptying time. The delayed emptying time of the 

stomach is an important factor in the constipating action 

of morphine. Gruber, Hart ana Gruber (51) reported that 

Demerol produced a stimulation of the stomach and pylorus 

in unanesthetized dogs. We obtained similar results in 

rats. In clinical use Demerol coes not have a constipating 

eiiect. Even though morphine has an inhibitory action on 

the stomach ol some species or animals (Krueger, et al. (1b)) 

Veach (52) found that it is predominantly motor to the human 

stomach. Because ol differences in the digestive processes 

iron species to species it cannot be stated that the actions 

obtained with DID lbby in tnese experiments would be the 

same lor man.



Development of Tolerance

The development of tolerance to analgesic action is 

one of the disadvantages of the repeated use of opiates in 

the treatment of chronic pain. This maxes it necessary to 

increase the dose which in turn increases the degree of 

tolerance, thereby setting up a vicious cycle. Tolerance 

has been defined by Tlimmelsbach (53) as "The gradual 

decrease in the effect produced by repeated administration 

of a drug necessary to produce the same effect as did the 

initial dose." Host investigators believe that tolerance 

is intimately associated with the addiction liability of a 

drug. The development of tolerance to morphine has been 

investigated in several species of animals and this subject 

has ben comprehensively reviewed by Krueger, Eddy and 

Sumwait (13 ). The criterion of the development of toler

ance to morphine in most animal experiments has been the 

disappearance of the narcotic effect whereas in clinical 

practice the decrease in an;Igesic efiect is more important 

It has been demonstrated that tolerance to the various 

actions of morphine develops at different rates and to 

different degrees. It is of considerable importance that 

the development of tolerance to the analgesic action of 

nIN 1539 be determined. 

Studies in rats.

A number of other new synthetic analgesics which are 

listed below were included in this study for purposes of 

comparison. Andrews (54) has reported that in patients,
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previously addicted to morphine, tolerance develops to the 

pain threshold raising elfects of Demerol. By measuring 

the duration of analgesia, Scott et al. (55) found that 

tolerance develops to this action of methadone in rats. 

Isbell, et al. (56) reported that tolerance develops to 

methadone in mice, dogs and man.

Analgesic activity in male albino rats was determined 

by the Ercoli and Lewis (26) modification of the radiant 

thermal stimulus method of D’Amour and Smith (20) as 

described previously.

The compounds investigated were morphine sulfate 

(10 mg./kg./day), WIN 642-4, 1,-methadone hydrochloride 

(2 mg./kg./day), WIN 1783-2 , 1.-Isomethadone hydrochloride 

(3 mg./kg./day), WIN lbby, l-methyl-4-(3-hydroxyphenyl)-4- 

piperidylethyi ketone hydrochloride (3 mg./kg./day) and 

WIN 1161-2, 1-ethyl 1,1-diphenyl-o-d imethylaminobutyl 

sulfone hydrochloride (3 mg./kg./day). The dose of each 

compound was selected so that the value for the average 

initial analgesic reaction was between yO and 10U per cent 

Data from a group of twenty rats were obtained for each 

compound. These rats were given daily subcutaneous injec

tions and their analgesic reactions and body weights 

determined at weekly intervals.

The administration of the drugs was discontinued at 

the end of six weeks. ^t this time, each group was sub

divided into three smaller groups. On the second, fourth 



and seventh days 1 ol ldv. inr v.'itharav.cjl one di these smaller 

groups \as again tested for tie analgesic response. On 

the second ano tnira v/een alter v;ithcraval tn- whole group 

on eacn compound was tested lor analgesia. The groups were 

divided in tais manner so that the time interval oetween 

the test coses or the compound lor any one animal would be 

large enough to have as little influence as possiole on 

tolerance. ..e had previously determined that no tolerance

develops when the cotes are riven at weekly intervals.

The results oi trie analgesic determinations are riven 

in finures v anc 1U. Tally administration of these com

pounds leads to a progressive decrease in the cegree of 

analgesia produced. There is some cifi erence among the 

compounds, however, with regard to the degree anc rate of 

development or tolerance. Tolerance developed most rapidly 

to TIN 11L1-L. The analgesic response to this comround 

was 40 per cert of its initial value \ ithin two weexs and 

it remained at this low level ur. ni the sixth ween wren 

administration was discontinued. The least amount of 

tolerance cevel open to TIN 17bo-£. tne eno 01 the r irst 

weeK, the response was 80 per cent oi its initial value 

one changed little alter tais time so tnat it was still 

approximately du per cent at one end oi sin weens. The 

development oi tolerance to all tne otner compounds 

including TIN lo^y was quite similar anc at the end or
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six weeks or daily administration the analgesic response 

was rounc to be only about au p«=r cent of the initial 

value.

It is interesting to note that there was no signifi

cant change in tne preinjection reaction time of the 

animals ourinr the course of the experiment.

Figure lu shows the time-action curves for the com

pounds . These indicate that morphine has a greater dura

tion of action than the other compounds. The maximum 

effect Oi norpnine is reached at 6C minutes following 

injection whereas the peak effect of the other compounds 

is obtained at uu minutes. «s tolerance develops there is 

a decrease in curation of action that is probably related 

to tne decrease in maximum effect.

In addition to the decrease in the analgesic response 

that res fits f rom tally administration of these drums, 

there were definite changes in the side-effects. The 

characteristic side-effects observed with all the com

pounds , except morphine, with the coses used nere are : 

slight catalepsy, essence of corneal and wink reflexes anc 

exophthalmos, The rats receivim-- morphine showed a slight 

depression. dter the animals had been mecicated for one 

week, tne most characteristic side-effects were nervous

ness "nd excitability which ade their handing more 

ditfic.lt. The depression caused by morphine disappeared 

after three weds of ac.dds tra t lor. anc was replaced by 

ditfic.lt


O

excitetIon. These effects were observed after each daily 

injection ana continuea for tne curation of the experiment. 

The excitation occurred within about bu minutes after 

injection ano lasted for about two hours.

Joel ana Ettinger (57) also observer that during the 

development of tolerance to morphine in rats the initial 

narcotic phase disappeared ana excitation became prominent. 

Tatum, Geevers anc Collins (LE) reported tnat the excitation 

phase of morphine action masxec the depressant •hase in the 

tolerant state. The compour.cs tested in this experiment 

did not ailler essentially from morphine in this respect.

he did not see tne increase i; preinjection hyper- 

irritaoiiity curing the tally administration of the com

pounds tnat Kimmelsbach, Gerlach and Stanton (55) found in 

rats receiving morphine anc which they interpreted as evi

dence or addiction.

The rates of recovery fron the tolerance after with

draws l of these compounds are given in figure 9. The fact 

that smaller numbers of animals were used for the first 

three tests after withdrawal probably accounts for part of 

the variations observed in s xme of these responses. At 

the end of three wee xs alter withdrawal, none of the groups 

had recovered their original analgesic response, although 

differences were observed in the degree of recovery with 

the various compounds. TIA 17oû-h, w.iich showed the least 

nn)unt of tolerance, gave he per cent of the initial response 
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et the end of three weens after v. ithcrawal. Of the compounds 

developin' the greatest decree of tolerance, the most rapid 

recovery was observed witn morchine ar.o '.ITT 64h-E, these 

giving responses of y o anc 8x per cent of the normals respec

tively at the era or three w e e x s after o i scon tinuance of 

medication. Compounds '71'1 lbby and "'ITT 1161-2 showed the 

least recovery i or three weens after withdrawal. '7^'' 1161-2

gave a response or about 62 per cent or normal and "'ITT lbby 

about th per cent.

^ftr.r withdrawal of the drugs, the an mais were observed 

for possible abstinence symptoms. To symptoms were observed

at 24 hours, but at 48 hours 

exhibited a marked degree of 

increased activity, figutin ' 

chewing on the wires of the 

ponced to that w.meh was 

tlon of the drums curine 

was still some 

observed at a8 

the injection

Iwo weens after 

still deveLopec 

injection, 

receiving ' .'ITT

after withdrawal the animals 

excitation as evidenced by 

biting one another anc by 

This excitation corres 

following the daily inje 

period. nt 96 hours the 

but it was less than tha 

increased after 

period.

morwhine

following 

in animals 

642-4 anc

anc

observed

the test

excitation -resent

hours. This excitation was

of the crugs during the withdrawal

withdrawal, the receivin.

a marked degree of excitation

lboy and ’..ITT 1161-2. hith TIT"

;;ih 1788-2, si ip ht catalepsy, absence of corneal reflex,
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exophthalomos ano only a very slight excitability was 

observed. Essentially the same effects were observed three 

weens roliowin withora’ al.

In order to cetermine whether cross tolerance had 

developed between aIX Ibca anc morphine, ten of the animals 

which were tolerant to the action TIT lbo^ ai days following 

withdrawal were given lu mg./xg. or morphine. There was an 

indication t oat .ittie or no c cots tolerance had developed 

from ETE Ibou to morphine. The cross tolerance from mor

phine to 'VIT lubb was not determined.

The average weights a long with the percentage rains in 

weight are given in figure 11. There was a decreases rate 

of growth in al l -r o ms receiving daily dr ar injections, 

although it vas not measured in this experiment, we believe 

this is aue in part to a decreased consumption of rood. 

Even alter withdrawal or the cram there was no appreciable 

cnaage in tne rate oi growth. "orphire caused the greatest 

and TIT Ibdb the least depression of growth.

These experiments indicate that tolerance develops to 

the analgesic action or hl.I loua at a rate anc to a degree 

comparable to that of orphine. ihe recovery from the 

tolerance was not as rapid with ’IT Ibbv as with morphine. 

The symptoms observed tollowing withdrawal of the drugs 

v.ere similar with all compounds.
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Studies in Do^s

In view or me results obtained in rats one the 

importance or tolerance in the treatment of chronic pain it 

seemed advisable to determine the development of tolerance 

to t _e actions or ..II? ibuy in anotner species.

were selected as the experimental animals inasmuch 

as several actions oi the compound could be conveniently 

studied simultaneously with the analgesic actions. Six ao?s 

were -iven h'Ih Ibuü and three were riven morphine sulfate. 

The drugs were injected subcutaneously caily in acueous solu 

tions. ihe initial cose of uota drugs vas l an /a ne as 

tolerance developed t ms was increased.

analgesic action or trie drugs was determined at weekly 

imervais by a mooli ication oi the Andrews and ^.or^mn 

metnoa 111). ihe time in seconds necessary to e licit a 

muscle twitch was determined when a thermal stimulus of 

constant intensity was applied to a shaved, blackened area 

or the cog’s ba en. The a paratus consisted oi a portable 

light containing a snutter which was synchronized with an 

electric stop cioct so that wnen thn shutter was opened the 

cioci startec anc at the time tne muscle twitch was noted 

the shutter was releasee w lich stopped the clocx. The 

intensity of the stimulus was adjusted by means of a 

variable voltage transformer ana steaaerdizea so that the 

. or .61 reaction ti ^e mas ho.out o. u-o.t seconds. A 

scaema lic arhvdnr oi tne aimaraius is s i own in 1 inure in. 

e observed Lnat there vas a large variation in reaction
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tints w 11, n ci. x erent areas oi tie bacK; .owever lor a 

- iven s: .ali area the react i on t ine wes c one tax.t ; so : or 

c.n; one c e terx.h nation, tne sane area of the been was stiriu- 

lateg. -.ft er the injection oi an analgesic dr u*, an 

increase in the time of stimulation greater than twice the 

:orL1'-1 vould or x:uce a burn of the skin. For this reason 

the ma.-.imum tine ol exposure was limited to 6 seconds, 

<-...iis bein' cesimuteo as connfete ana re sia» liven though 

no response coule be elle ited vita the thermal stimulus a 

strong ; ii.c:x ol the s. ix. wouic elicit a nuncle twitch in 

sone cases ; so tne cerree ol analresis. was ot corn ete co 

an net ocs o. snrmiaion.

- a fee l}ce su c res r onse was ccter lix eu accord in" 

to tne re tn oc os ochales a x.c ten 1 a n (Lf ; on 4 co^s re- 

cci\ j .,1^ t.anc - cos reçui vlx." .oi-shine. Hood °u-a 

leva's were ce terminée on san Jes t .-.ex: Just prior to in iec 

tion o l tne cru- a ne at i, à, a ax.g a lours : o.' l oi. in. ; the 

inject!on.

Other observations rude at weekly intervals followinn 

the c Gr.in is tra 11 or of the cru^s : ne J uc ec heart rate , body 

tempera ture, res - ira tion, sice-effects and hematology.

xxt the enc oi 7 weeks the administration of the druns 

was discontinued enc the animals observed lor possible 

abstinence symptoms. At periods ol J arc n weeks after 

v i t h c r c.’ & l of the drums the co. i.r^ is -.ere n~u ir - i v c r test 

doses ol the cru-s to cetermine tne recovery from the tol- 

ce. he results o otaix.ee r it h " Tl" ILL2 are shown 

irupmcally in 11 -ux'e lb.

otaix.ee


RESPONSES TO WIN 1539
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analgesia :

After 2,2 üailj’ doses oi ’..'IK lb39, et 1 mg. / Kg. only 

one animal gave a lower analgesic response than initially 

but the duration of analgesia was somewhat shorter, When 

the daily aose was increased to b mg./kg. for 6 days, a 

test dose of 1 mg./kg. produced a smaller response than 

initially in all but one animal. There was no evidence 

of a decreased response to test coses of b mg./kg. until 

the daily aose had been increased to 20 mg./kg. After this 

dose had been given for b days the analgesic response to a 

b mg./Kg. test dose was decreased in two animals but in the 

other four there was complete analgesia.

The development of tolerance to the analgesic action 

of morphine was more rapid than with '-VIN 1539. On the 

14th day of the 1 mg./kg. dose level there was definite 

evidence of a decreased analgesic response but a b mg./Kg. 

dose on trie 10th day produced complete analgesia. Tolerance 

developed to tais aose in one week in two dogs and two 

weeks in the other. As the dose was increased tolerance 

developed rapidly so that on the 49th aay no analgesia was 

produced by ooses of 4U mg./Kg. in one dog and 80 mg.'kg. 

in the other. One animal receiving morphine died on the 

bbth any of the experiment as a result of a laboratory 

accident.
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One week after withdrawal four aogs showed complete 

analgesia with a dose of 1 mg./Kg. of I . IN 1539 and on the 

second week all but one had recovered from the tolerance. 

The two dogs in the morphine group had recovered from 

tolerance to the analgesic action by the second week but 

at doses of t mg./Kg. and 10 mg./Kg. respectively. 

Heart Rate:

The average pre-inject ion heart rate of the 'VIN 1539 

group was slightly greater at the end of drug adminis

tration than at the beginning. As the dose of the drug 

was increased the degree of bradycardia following drug in

jection became greater. This indicates that no tolerance 

developed to this action of the drug. V.hen the animals 

were tested with a 1 mg./Kg. dose on the first and second 

week following withdrawal of the drur the pre-inlection 

heart rate and the per cent decrease following the injec

tion or the drug were essentially the seme as at the 

beginning of the experiment.

The pre-injection heart rate of one dog receiving 

morphine had increased at the end of 4 weeks but it was no 

greater in the other two animals at the end of 7 weeks of 

morphine administration than at the beginning. There was 

no significant change in the bradycardia following the 

injection of the drug during daily administration.
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Body Temperature:

There was no appreciable change in the pre-injection 

rectal temperatures curing the course of the experiment. 

The hypothermia produced by '.'IN 1339 increased slightly 

with the increase in dosage. We interpret tiis as an 

incication that no tolerance developed to this action of 

the drug.

There was an indication that tolerance developed to 

this action of morphine in one dog inasmuch as the decrease 

in body temperature became less as the daily administration 

was continued ano the dose increased. 

Hyperglycemia :

There was no significant change in the average pre

injection blood sugar level during the course of the experi

ment. There was a development of tolerance to the hyper

glycemic action of VIN 1039. A slight decrease in the 

hyperglycemia following the injection of the drug was 

observed after o weexs of daily administration of l mg. /Kg. 

When the dose was increased to 3 mg./Kg./day for 6 days, a 

test dose of 1 mg./Kg. on the seventh produced no increase 

in blood sugar. There was evidence of development of toler

ance to the b mg./Kg. dose by the end of 7 weeks during 

wnich time the call: dose had been increased.

One dog receiving morphine had developed a tolerance to 

the hyperglycemic action of this drug by the third week. The 

other animal showed no hyperglycemic response to morphine at
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any time during the experiment. It is assumed that this 

animal had developed a tolerance since a hyperglycemia 

would be expected from the higher doses used.

Hematology:

There was no significant changes in hemoglobin concen

tration , hematocrit, red cell count or white cell count 

during the administration of the drugs or following with

drawal.

Respiration:

The effect of the drugs on respiration was not deter

mined quantitatively because of the many factors which in

fluence this action. One consistent observation with both 

drugs, however, was an increase in respiratory rate which 

appeared b-lb minutes following injection of the drugs. 

This increase»which was so great that the dogs panted for 

several minutes, was followed by a marked decrease in rate 

which appeared to be associated with the degree of seda

tion produced by the drug. ne observed no marked change 

in these responses during the daily administration of the 

drugs.

Side Effects:

Both drugs produced a marked sedation in the dogs. 

However, it was not of such a degree to be classed as nar

cosis. The animaus were drowsy and quiet but could be 

aroused easily by a sharp noise. This action appeared 
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about SU minutes following the Injection of the drugs. 

Evidence oi the development or tolerance to this effect 

was a decrease in duration or the action v.ith continued 

dally administration or the drugs.

Vomiting occurred infrequently and was not observed 

in any of the dogs receiving WIN lbby.

A conditioned salivary response appeared prior to the 

injection of the drugs during the second week of the 

experiment. The flow of saliva became greater following 

the injection of the drugs but usually ceased about an 

hour afterwards. Occasionally a slight minorrhea was 

observed following the injection. 

Body Weight:

Of the dogs receiving WIN lbby three gained weight 

and the other three lost whereas all of the dogs on morphine 

lost weight. This loss in weight was apparently due to a 

decreased intake of food since the animals which lost 

weight refused to eat their regular rations. For this reason 

they were given supplemental reedings of milk and raw meat. 

Two of the dogs on morphine became constipated but there was 

no evidence of constipation in any of the animals receiving 

WIN looy. 

Withdrawal Symptoms:

After the administration of the drugs was discontinued, 

the animals were observed for abstinence symptoms. The 

average heart rate of the WIN lbby group was only slightly 



68

higher 24 hours after withdrawal than on the day of with

drawal. The dogs receiving morphine had an increased 

heart rate which reached its maximum 48 hours following 

withdrawal. Twenty-four hours following withdrawal or 

'..TK 1539 there was a slight increase in the average blood 

sugar level, but at 48 hours it was practically normal. 

We observed no pyrexia following withdrawal of the drugs. 

The most noticeable reaction observed was that of excita

bility. The animals appeared quite restless and whined 

and barxed. They also evidenced a desire for attention. 

These reactions were most marked the first day after with

drawal but by the end of a week following withdrawal the 

animals acted normally.

From a practical standpoint, the most important factor 

in the chronic administration of analgesic drugs is the 

develooment of tolerance to the pain-relieving action, 

■tolerance to the otner actions of analgesic drugs is variable 

both in degree anc rate of development. Morphine tolerance 

in the dog has been studied by many investigators anc there 

are a few reports on tolerance to some of the newer synthe

tic drugs. Scott et al. (55) observed that tolerance 

developed to the analgesic action of methadon and Tikler 

and Frank (60) reported that cogs became tolerant to the 

sedative, analgesic anc hypothermic effects of methadon.

he have found that tolerance develops to the analgesic 

action of TIN 1539 in dogs but not as rapidly as with mor
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phine. This difference between the two drugs was not 

observed in our previous experiments with rats. However, 

the dosage schedule was different and there may be a species 

difference in this regard.

We noted that tolerance developed to the sedative 

actions of WIN lo^v but there was apparently no tolerance 

to the cardiac slowing effect. Similar results have been 

reported for methadon (56, 6U). Unlike the results with 

methaaon, we observed no tolerance to the hypothermic action 

of ’.."IN 1559. Finnegan et al. ( 61 ) re or tec the development 

of tolerance to the hyperglycemic action of morphine and 

methacon. We have observed that tolerance also developed 

to the hyperglycemic action of WIN 1559. The development 

of tolerance to the analgesic action appears to parallel 

that of the hyperglycemic action ...ore closely than any 

otaer effect studied.

The withdrawal symptoms observed were not marked. There 

was only a slight increase in heart rate of our animals in 

contrast to the tachycardia reported by Scott (55) in dogs 

receiving nethadon. We observed no pyrexia following with

drawal of the drugs as was reported for methadon (56). If 

the excitability and restlessness which we observed are 

indications of physical dependence, there was no difference 

between those dogs receiving WIN 1559 and morphine. There 

are many factors which influence the develooment of tol

erance and addiction to drugs in experimental animals. of 
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these, frequency of administration and rate of increase of 

the dose are important as well as the duration of the 

administration. Our animals received daily injections for 

7 weeks. Although we were able to demonstrate the develop

ment or tolerance with tnis regimen, the withdrawal symptoms 

were not marked. Isbell (L6j administered methadon to dogs 

4 times a day for 10 weeks anc obtained abstinence symptoms 

more severe than those reported here.
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Summary

Several algesimetric methods were studied for their 

applicability as screening methods for testing compounds 

for analgesic activity. The one found to be most suitable 

in our hands consisted of stimulating a shaved area of a 

rat’s back with a radiant thermal stimulus and determining 

the time of reaction for a twitch of muscle of the back.

l-IIethyl-^-(o-hyaroxyphenyl)-4-piperidyl ethyl ketone 

hydrochloride (’..IK lbby) was found to have analgesic 

activity about rive times that of morphine and ten times 

that of Demerol.

ihe analgesia produced by '.'IN lbb9 was potentiated by 

pilocarpine, eserine and epinephrine. This action was 

similar to that of morphine.

KIN 1009 produces excitation in cats which is indis

tinguishable from this action of morphine.

WIN lbby was found to haVe a stronger spasmolytic 

action than Demerol on the stimulated isolated intestinal 

a decrease in tone of the intact small intestine 

of tae cog was observed. V.IT. lbby caused a greater delay 

than Demerol in the emptying time of the rat’s stomach 

but morphine retarded emptying more than either of these 

drugs. Demerol caused a stimulation of the intact rat s 

stomach whereas WIN lbby and morphine decreased the motility 

of this organ.
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Tolerance developed to the analgesic action of 

’7IF loby, when administered daily to rats, at a rate and 

to a degree comparable to that or morphine. The recovery 

from the tolerance was not as rapid with ’TIN lbby as with 

morphine. The withdrawal symptoms observed with WIN lbby 

anc morphine were similar.

The daily administration or ’.VIN lbby to dogs for 

seven weeks produced tolerance to the analgesic, sedative 

and nyperglycemic actions of the drug. No tolerance 

developed to the bradycaroia or Hypothermia caused by the 

drug. Recovery from the tolerance occurred in 1-2 weeks 

following withdrawal. Tolerance did not develop as 

rapidly to NIK lbby as to morphine in contrast to results 

obtained in rats. Anorexia ano loss of weight was not as 

marked in the animals receiving KIN lbby as in those 

receiving morphine. A slight increase in heart rate, 

slight hyperglycemia, excitability and restlessness were 

the only symptoms noted following withdrawal of the drugs.

The pnarmauological actions of KIN Iboy are very 

similar to t nose of morphine.
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