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PART II - Evaluation ot i-Methyl-4-(3-Hydroxy-

phenyl)-4-Piperidy.i zthyl retone

Following the aisclosure or the high analgesic
activity of l-metnyi-4-(3-hyaroxyphenyl)-4-piperidyl ethyl
ketone (19) (referred to as WIN 1539 in this thesis) we
undertook a study ot some ot the actions of this compound.
Scott et al. (28) published a report of several compounds
irn the German series. They also reported high analgesic
activity for tnis compouna., =XRepor+ts ot its clinical use
by Kircnhot (29) and Luna (<0) appeared more recently in
the i1iteraturs.

This compound was ot special interest becauss of its
ciose chemical similarity to Demerol. Schaumann (15) and
MacDonald e«_al. (16) reported on a large series ot conm-
pounds related td"Bem2rol, but tie reports of thuGermans
and ot Scott indicated that WIN 1589 had the highest anal-
cesic activity ot any Demersl derivatives previously
studied. In our investiration the actions of WIXW 103y
were comnpared with Demerol ana/or morphine. o

Action on the Centrat llervous System

Analecesic activity

Evaluation i1n Kats:

In order to determine the analmesic activity of
WIN 1939, the nethod of Zrcoli and Lewis was used as

descrioved previously. Four groups ot ten rats each were
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tested at tour dose ievels at weekly intervals tor rour
weeks. The cesign of the experiment was such that each
group received each dose once auring the period. The
compound was 1njected subcutaneously as an aqueous solu-
tion. Reactlion times were deternined at U and 60 minutes
foilowing administration ot the drug. The maximum reaction
occurred within ouU minutes which time was used in calcula-
tion oIl activity. «~ summary ot these results is given in
table v anad a graph ot averagce responses is shown in

ticure 6.

From tae gruaoh 1t is anparent that WINMN 1539 is much
nore active than morphine or Demerol. The slope of the
vemerdol curve ditfers trom that of 'IN 1lbdy so no direct
conparison ot activitises can be nace. Tlowever, in general
WIN 104w appears to pe about ten times ~ore active than
Demerol. This is in agreement vith resulits reported.previ-
susiy (19, %8) and obtained by aifferent metiods. Our
results obtained in rats incicate that WIIN 1539 is about
5 times more active than morphine.

Potentiation ot Analgesia:

The fact has iong been recognized that some of
the actions of norphine resemble those of stimulation oY
the autononic nervous system. Slaughter ana !'unsell (31)
suggested that acetylcholine plays a rols in morphine

anczlgesia by demonstrating that Prostis;mine potentiated the

eftect of morphine ana that atropine antagonized the eftect.
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Slaughter et al. (32) (35) also reported that good pain
reliel was experienced by humans with a combination ot
Prostigmine ana morphine. Iowever, Smith et al. (34)
observed no potentiation ot morphine analgesia by
frostizmine in rats but aid rina that scopolamine antaco-
nized the etffect of morphine. Seevers (7) and Hardy (8)
founa aliso that scopoilamine reduced the degree ot anal-
gesia produced by rorphine.

Ivy et al. (35) reportea that epinephrine producea
analgesia in man ana coss. The earlilier i1iterature »>n this
subject is reviewea by Ivy. Ir later articles (36; 48)
Ivy ana co-worKers aemonstratea that cextroampheta-ine
proauced anualigesla anc potentiated morphine anaigesia.

~although a completely adequate explanation ot these
actions ot morphine with sutonomic aruss has not been
given, we tnought a comparison 91 morphine with WIN 153y
in combinatinn with certain crugs zactins orn the autonomic
nervous system woula 1ndicate similerities or cifferences
oY analgesic action between the two drugs. The method
previously aescribed was used to determine the degree of
analgesia in rats. The analgesic drus and the potentiating
arug were 1njected subcutaneously simultaneously. The
potentiating drugs used were pilocarpine as an example of
& cnolinergic drug, eserine, an anticholinesterase, ana
epinephrine, a sympathomimetic crug. A summary ol results

obtained is given in table 4. It is interesting to note
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that with pilocarpine and eserine evidence ot parasym-
pathetic stimulation was observed in acdition to the
analgesia.

It is anparent that the analcgesia ot morphine and
WIN 1lo99 1s potentiated by pitocarpine, eserine ana
epinenhrine anu the degree ol analgesia is increased with
an lncrease in the dose oY potentiating drug. The tact
that anaigesia is notentiated by both cholirer~ic ana
aarenercic arugs ma, seem paradoxXical, nowever, some recent
investigations oIler a partial explanation ot this
phenomenon. Puharicn ana Coetzi (39) and Friend and "arris (40)
have reported tnat the analgesic action or morphine was
reaquced in zdrenalectomized rats incicatinz that the
release ot epinephrine 1rom tnhe adrenal medulla plays a
role in norphine anaigesia. Similsr results were obtained
in aarenaiectomized cogs by Gross et al. (41). These
workers ar.a Christeinsen znd Gross (42) have reported on
studises maade on the reiationship between the action or
several analgesic arugs anc autonomic drugs.

If epinepnrine is a meadiator in analsgesia as suggested,
then the errects o1 piiocarpine and eserine may be explaired
on & similar basis., Felabers et al. (43) have snown that
acetylcnoline stimuiates the secretion oY epinephrine from
the adrenal meadullia and eserine enhances this action. They
tourd that pilocarpine also acts similarly. It nas been
demonstratea (44) (4¢) that morphine has an antécholines-

terase action and causes a secietion ot epinephrine. The
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anticholinesterase action or YIN 1549y has not been stuaied
but such an action has been reported for Demerol (41) and
it may be assumea that "IN 158y also has this action.

we have maae pno atte..nt to determine the mechanism ot
analgeslc action in inese experiments but belleve that
these resuiis and pyners reported below inaicate that the
anaigesic action o1 WIN 1lovy is mediatea tﬁrougn the sane
mecharism as that or morphine.

Lxecitatoly actlon 1n cats:

Somne species o1 animals e&re stimulatea by morphine
whereas & dep:ression is more commonly observed in others.
The stimuli&aling action or morphine is most easily demon-
strated in cuts. The ei11ect ot “WIN 1539 in cats has been
stuaieo anc ithe resuits compared with those ot morphine
excitation. The druss were injectea subcutaneously and
the animals observea tor several hours. These observations
are given in table b,

The 128t Constant observation was mydriasis which was
seen 1in ali cats. Two out ot twelve animais that recelvea
morphine voriitea, put over hall ol the animals in each
zroup ShowecG eViGence OI nausea such as excess salivation
ana retchineF.

Takin:® intd sccount the variation in response between
animals, tnere 00gs not appear to be any a~preciable
girterence between the action ot “/IN 1b3Y and morphine in

regard to the excitatory action in cats. This action or
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Table b

Excitatory aAction in Cats

Cat Dose Observations
Number mZe/Kge
l'orphine
# 4108 1 Mydriasis, salivation, animal

quiet, anparentiy normal.

# 4470 b Myariasis, restliess, many sense-
less rancom movements, hailucina-
tions, circus movements, clionic
convulsions lasting two minutes,
very apprehensive.

7 4174 b4 I'yariasis, evidence o1 nausea,
very nervohus and excitable.

i 4148 _ 3 Mydriasis, emesis, salivation,
animal sits in one position and
stares at wall, occasionally
strikes at an imaginary object.

F 40487 3 l’yariasis, emesis, apprehensive,
hallucinations, some ataxia,
nervous, rubs against objects
ana other cats in cage

¥ 4vey o Myariasis, av»prehensive, hailiu-
cinations, intoxication, rubs

against objects and other cats.
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Tatle ¢ cont'd

Cat Dose Observations
Ilumber mee/Kee
WIN 1osy
# 4173 1 Mydariasis, evidence or nausea,

excitable, apprehensive, some
senseless backward riovements.

n 4171 1 Mydriasis, evidence of n&ausea,
slishtly nervous.

# 4549 1 lMydriasis, animal sits quiet
crouched in one position, stares
at wall, anprehensive, sleeping
at o hours after injection.

i 4543 1 Mydriesis, emesis, asnprehensive,
sits in corner, stares at vall,
cleepirg at 6 ours after injection. '

i 4l4¢ 2 llydriesis, evidence ot rausea.
restless, hellucirsztions, strikes

at imeginary objects on wall.

i 417% b Clight mydriesis, cuiet ro
excitemert.
i 4168 ) l'ydriasis, evidence ot nausea,

emesis, quiet, sits in ecrouched

position, no excitement.

iF 4167 3 l’ydriasis, evicence of nausea,
snhprehensive, very excitable and

nervous.
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cont'd

Observetions

Mydriesis, evidence of rausea,
sits in erouched position, hallu-
cinations, anprehensive, rubs
acainst other animels.

Mydriasis, apprehensive, hallu-
cinations, runs back and forth in
cage, VEry nervous.

'ydriasis, sits ir corner, steres
at wall, hallucinations, some
rnervousless.

Mydriasis, evicerce of rausesa,
anprehei:sive, hallucirations,
mnuscle twitches, rubs asainst
objects enc¢ other cats in cage,

nervous,
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WIN 1539 resembles more closely morphine then Demerol,
since Barlow (46) found that the vilce or csenseless random
movements which characterize the action of i.orphine in

the cat ere not seen followins the asdministration of
Demerol.
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aCtion on Gastro-intestinal tract.

In addition to its action on the central nervous system
a seconc important action of :izorrhire is on the rastro-
intestiral tract. Its constipatins action was used by the
~ncients for reliet ot diarrheas znd dysenteries. The
followirg experiments were pertormed with WIN 19539 to
determire its action on the gastro-intestirsl tract.

EBffect on exciseé¢ intestiral segments:

WVIN 1989 and Demerol were tested for their activity
against barium chloride an¢ acetylcholire induced spasms
of the rabbit ileum anc agalnst histemine inouced spasms
0of the guirea pig ileum by ﬁhe procedure described by
}iller, Becker enc Tainter (47). The results are ~iven
in table €. These data indicate that the spasmolytie
activity ot WIMN 108y is considerably sreater than Demerol
against all three spasnogernic acents.

Effect on intestine in situ:

Kymographic recordings were made of a segment of the
intact ileum ot anesthetized dogs by a modification of the
Barbour methoc¢ as described by Jackson (48). Aqueous
solutions of the drugs were injected into the exnosed
femorel veir. . total ot six dogs was useé¢ in these experi-
ments. The most markea effect on the intestine tollowirng
the cémiristration of WII' 1b8Y wes a decrease in tonus.
There was no significant change in smplitude or frequency

of the contractions. Doses of "WIN 1539 as low as 0,01 nee./Kee
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proauc=d a detinite decreace in tonus. These snall doses
haa n> ettect on %looo nressure, heart rete or respnirution.
Larser coses (l-z m:./K:’e) ¢id ndt csuse stinulation of the
intestine but only &« relaxation o: loan~er curation. The
results obtained 1n & resres=zirtziive ewneriasnt are chown
in fi~ure 7.

SDEnTU,e (O runie study 0o the rate >2 mdivement o0: a barium

meal taroasl tie mazstro-intectinul tract:

I

The metnoa usea wus & mociticatisrn »f the one descrited
by Tershon-Sohen &anc Shay (4¥Y). adult nale zalbino rats were
Sturvec 10r udproxXximately 24 hours. ‘They were then acminis-
terea « barium meal, conrsistinzy or & LU saspension of
Dariw. saliate n vey,. muL tra~acunth, oy irtubation in a
cose 21 Ueo cc/luv ie 0L TOG. velrnt. The zralgesic con-
pourds vere injected subcutaneously as anueous sd>lutions
immeciately prececirn:; tne bariui 7neal. The 2oses used are
iscdicatec in tuble Z. These ¢2zes hac been IHuand to »nrocuce
approxiz-tely taie sanc cesree J2I ane.lrecia in ruts,
nyentgengrans were —iae L 1, £, & anc¢ 4 1ours ftoilowlnno
tne sauainistratior St the barium mezl. The resalts are
sunrnarizea in tacle 7. ‘the trne for cHominlete evacuzation
was rot determinea, but tie «ata dotained inclicate that
there is & a=lay 1in the e .ptyin,c tirme o: the stomaca cue to
the cetion »>f eacih 2% tiae analzesic crurs. ['dorpaine caused
tie rreatest arc Lemerol the least aelany. The delay resultinc

from WIh loow was alioct as .‘reat as from morphine. Yornhine
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arpeers to act sonewhat longer than WIN loey which is also
true 0ot its analgesic etiect. farr (£0) revorted that
morphine caused a decreace in cistence traversed by a
carbon suspension in the intestine of rats and that Demerol
was nmucli less active in this resvect. This 1s undoubtedly
related to the enptyins time 0I the stomach and our results
agree with these,

Zffect on stomzcn in situ:

Since the roentrerogfgraphic study showed that the anal-
cesic cru:s testec’causec a celuy in the time of passsce of
a psrium meal irom the stomueh, the effect o0f these drucs
on the motility anc tone ot the intcct stomacn was investi-
rFateG. Jaciicor's met::oc (48) of recoréing contractions of
tne dog's stomach was ~ocitiec ror use with rats. The rats
were anestnetized with socium pentobarbital anc the anparatus
attached so that recordings o1 the pyloric portion ot the
stonach were obtaired. The drucrs were injected into the
exposed supherious veine.

A tota' ot twelve animals were used in these experi-
ments. figure & is a recorc¢ obtained in a representative
experirert. It was observecd that VIMN 1539 in & dose of
Uel mE./Kse Caused a murkec decrease in the motility of
the stomach. In contrast, i.u me./Ke. Of Demerol procuced
an increuse 1in torne anc in sore exnreri-entes also an increase
ir treqguency of contraction. In tw-o experiments .:orphine
caused & resnonse similar to that obtained with I 15¢9 in

that the peristaltic waves were abolished.
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The merked decrease in the motility of the stomach
caused by WIN 1ltdwy or morphine could account for the delay
in the emptying time. The delayed emptying time ot the
stomach is an lmportant fector in the constipating ection
ot morphine. Gruber, Hart ana Gruber (51) reported that
Demerol produced a stimulation of the stomach and pylorus
in unanesthetized dogs. '‘Ve obtzined similar results in
rats. In clinical use Lemerol uoes rot have a constinating
eltect. &ven thoush morphine has en irhibitory action on
the stoimach of some species o1 animals (Krueger, et al. (1v)),
Veach (52) found that it is predominantly motor to the huaan
stomach. DBecause 01 differences in the dicestive processes
ir-m species to species it carnnot be stated that the actions
obtainea with "IN 1b%Y in tnese experiments would be the

csame 1or man,
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Development of Tolerarnce

The development of tolerance to analgesic action is
one o501 the disadvantages of the repeated use of oplates in
the treatment of chronic pain. This makes 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 Iimmelsbach (53) as "The gzradual
decrease in the etfect produced by repeated administration
ot a drug necessary to produce the same effect as did the
initial dose." !"ost investigators believe that tolerance
is intimately associated with the addiction liability of a
drug. The development of tolerance to morthine has been
investicated in severeal speciecs 0of animals and this subject
has b.en comprehensively reviewed by Krueger, Eddy and
Sunwelt (1%). The criterion ot the development of toler-
ence to ..orphire in :o0st animal experiments has been the
disanpeararce ot the narcntic effect whereas in clinical
practice the decrease in an: lgesic eftect is more important.
It has been demonstratec that toler:znce to the various
actions of morphine developns at different rates and to
ditterent cegrees. It is or corncsicerable importance that
the Gevelopment ot tolerance to the anzlgesic action of
VIN lcdy be determined.

Studies in rats.

A number ot other nev synthetic analgesics which are
listed below were includecd in tnis study for purroses of

comparison. aAndrews (54) has reportea that in patients,
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previously addicted to morphine, tnlerance develops to the
pain threshola raising ettects of Demerol. By measuring
the duration of analgesis, Scott et al. (55) found that
tolerance develops to this action of methadone in rats.
lsbeil, et al. (56) reported that tolerance develops to
methadone in mice, dogs and mé&an.

Analgesic activity in male albino rats was cetermined
by the Ercoli and Lewis (26) modification ot the radiant
thermal stimulus method ot D'Amour and Smith (20) as
described previously.

The compounds investigated were morphine sultate
(10 mge/k~./0ay), WIN 642-4, l-methadone hydrochloride
(2 mg./kKg./day), WIN 1783-2, l-isomethadone hydrochloride
(3 mg./Kg./0day), WIN 158y, l-methyl-4-(3-hydroxyphenyl)-4-
piperidylethyl ketone hydrochlioride (3 mg./kg./day) and
WIN 1161-z, l-ethyl 1,l1-diphenyl-s-dimethylaminobutyl
sulfone hydrochloride (3 mg./ke./day). The dose of each
compound was selected s0 that the value for the average
initial analgesic resction was between 90 and 100U per cent.
Date from a group of twenty rats were obtained tor e&ach
compound. These rats were given cdaily subcutaneous injec-
tions and their snclgesic reactions and body welghts
determinec at weexly intervals.

The administration o1 the drugs was discontinued at
the ena ot six weeks. a4t this time, each group was sub-

éivided into three smaller groups. On the second, tourth



and seventh aers :oliovins witharavol osne 251 these smalier
£roups vas aceln testec tor tne unelresic response. On

the sec»Hrc anc taira weexk ziter withceraral tns wnole group
on eacn conhound was tested 10r cnwlgecia. The [roups were
cividec in tnis manrier so that the time interval oetween
tne test coses DI ThC COmMPOULC 10T any one unimal woulc be
ilarse enoush to huave s little inrluerce &s nossiole on
tolerance. e haa previdusly aetermined thst no tohlersance
develons wnel: TNe GOs€E ure ivenL at weerKly intervals,

The results »1 tne unelgesic deter:inetions are ~iven
in tirures v anc lue. Taily ccministration of these com-
Tounus leacs to & progrescive decrease in the cegree of
ancl¢&esia DiduuceGs 4aere 1s si)me citterence among tae
compounGo, however, witn re~ara to tae Cegree anc rate ot
cevelovment o1 tol=zrence. Tolerence cevelopec most rsnicly
o I 1llel-c.e The ancifcsic response to tiis comround
WwWesS 4J per c¢=rt DI 1ts iritiael value vitain two weakxs ana
it r=mcirec ot thiz 1ow level urni1l thne sirth weer wnen
administration ves ciscontinued. The leacst smount ot
tolerarnce cevelopea to "IN 17&86-z. At tne enc o1 the 1tirst
week, the ressponse was 8D per cent or its initial value

S5 tnat it wes stild

@

=zLCG chanfed litile alter taics tim
eLIOXimalely oU Der ¢ent at iile enc 21 ¢1n weexs. The
ceveloprart 01 toloraence 1O all e OUNEI COLIPOULGS

-

irciucing VWIIT louy was guite sim.lar anc «t thes end or
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S1x weeks ol caily scministretion the an+-lgesic response
was !founc to be only about 4vu per cent of the initial
value,

It is interestin~ to rnote that there was no sirnifi-
cant chan~e 1n tnhe preinjection reaction time of the
enimals auring the course ot the experi:ent.

Fizure 1y shows the time-uction curvse for the c¢om-
pounds. These indicate that morphine has a greater dura-
tion 21 =zction thcn the other conmpounas. The :aiimum
etrsct 21 riorniine is reached at 60 minutes following
injection whersas tie pecr elfrect ot the osther compounds
ic oHuteain=sc ut ¢u minutes. a~»s tolerance develops there is
a cecresase in curatinn of action tazt is probably rzslatec
to> tae cecr<use in maxizwl eilfect,

In eccition to ths decr=azcse in the anclresic recsporse
that recilts from cally sGainistrz=tiosn > these dru-s,
there were deiinite chenres in the csiace-erfects, The
charzcteristic sice-2riectis observec with all the comn-
pouncs, excent mornhine, with the coses used nere are:
slizht catalepsy, aovsence 21 coarnezl zna wink reflexes anc
exoniataalimos. ihe rats receivius~ morrhine s3hiowed a slisht
depressinn. «»fter the animals had been :mecicuted ior one
weel, ta€e 0S8t charucteristic side-etlects were rnervous-
ress ~nd excitability waiich .aae their hancline more

¢irrie.lt. The dspression culsed by morrhine disappeared

)

nr. zi:¢ was renlacsc Ly

o

por

:fter threse w.eik3 o1 acsicistrat

R4



ditfic.lt

excitetion. These effects were observed afrter each daily
injection zna cortinuea tor tne curation of the experiment.
The excitation occurrea viitnin about ¢U iinutes etter
injection and lested 1or =bout two ours.

Joel ana Zttincer (L7) also> observec that curines the
develorment 0! tolerance to morn»nine in rats the initiel
narcHtic phase disuppesred @na excituwtiosn became promient.
Tatun, Seevers anc Collirs (LE) renorted taut the excitation
phaseg oI morrihine actiosn masxed the Cepressani - hase in the
trierunt state. The compourcs tested in this experiment
diao 1ot ciiter essentially Irom mornnine in tals respect.

e sla ot see tne increwse 1 preianjectiosn hyper-
irritsoility cGurin~ the caily eaminpistretinon of the cHon-
pouncs taat lHimmelsbacn, Gerlach and Stanton (£%) found in
rauts receiving morphine anc which they interpretec as evi=-
dence 21 wadiction.

The rutes ot recovery fro: the tohlerance after with-
drawval o1 these compounds are ~Tiven in ti-ure 9. The fact
that smallser numbers 01 aniiwls were used for the tirst
three tests arter withdarzwel »robably &cecou.:ts tor nart o1
the variatidns observec in sxne of these responses. at
the end of three weexKs aiter witherawal, none o0i the groups
haa recoaovered tiaelr original ancslzesic resnonse, althouzh
diiierences were nibservec in the qerree ot recovery with
the vazrious compiulGse.e 1. 1l700=-2, w.aicl showed the izast

=moant ot tolarunce, ~wve vu per cent o1 the initial response




et the enc ot three weesgs zafter viithcrawel. Of the compourcs
aevelopin~ the ~reatest derree ot tolsrw.nce, the :ost rapid
recovery was observea witn —morovhine sna II7 €4z-2, tnese
civing resnonses O0I wu anc 3z per cent »r the rormals respec-
tively at the ena oI three wecxs atter ciscontinuance of
medication. Compounas "IN 1b89 and "IN 1161-2 showed the
least recovery ror three veers arter withdrawal. 71V llol-&
cave & response 01 nsbout bz per cent ot rormal snd TIN 155y
about <7 ner cent.

~ft=r withcecrawal 2% the dru’s, the animals were observed
for possible atstinernce symptoms. 0 symptoms were observed
gt 24 h»ours, bu% =t 48 ours atfter vithdrawal the aninals
cxi1ibited a nar<ed cesrce ot excitation azs evidenced by
inereasec¢ sctivity, ficatin: anc biting one andother anc by
chewirn;” on the wires ot the cages. This excitation corres-
poncec to thal w..ich was observecd followins the cdaily injec-
tion o2& the ¢rws curin~ the test perinc. at ¥6 hours tnere
was still soie excitatisr rresent burt it was less taan that
obcserved at «8 hours. This excitation was increasec after
the injectinn ot the cruss curing tne witherawesl period.
Two weers ctfter witharawal, the ~roun receivinsg morwvhine
still deve'onec & markeda decree ot excitation following
injectinn. .« siirht excitation vas observed in animals
receiving "IN 1oov and LIN llé€l-xz. ‘.ith IY €4z-4 anc

1 17&8%-2, sli-at catslepsy, uzbsence of corneal reiflez,




exnnrhthealomos ena only a ver; sli~ht excituzbility wus
observecd. Lssentially the sume eftectes were obs<rvea three
weexs tolliowin withara al.

Ir. oraer o> cetermine vwhether croszs tolerunce had
ceveloped between VI 1loéy anc morphire, ten >f the aninals
which were tolerant to the action "IN 1looy we davs Tollowing
witharawal were ~iven 1lu me./47. 21 rornhire. There was an
incication tmt . ittle Or nd cross tolermnce hac develoned

v

from "JIX ltovy to morranine. The c¢ross tylerunce from or-
riiire to I lcow wee :ot‘cetermlned.

The ever=zre weirats along with the percentace ~ceirns in
welsnt are -ivern in tigcure 1ll. There wvas & decreasec rate
21 ~rowtn in eill rrouns recsivirs~ d=1ily dru~ irnjectiors,
Lltioury it wes DU mezsurea in tnais exreriment, we believe
this 1s due in part to a cecrezsec consuamniion 2% 1H0d.
Zven arter withdrzveal or the crur there was Lo anpreciable
ciaan~e in tine rate or ~srowih. ‘‘orrhire causec the reatest

=nd .1l, 1ooy¥Y the L

[¢Y)

ast c2rression 9% crowth.

These experinents lrnaicate tnat tohlercnce develons to
the ualecic action or W1 looy at a r=te anc to a cegree
comp=r&acls to that or oHrpnine. Llhe recover; from the

1 T
PN

tolerznce vus 0t as ranid with ltoy 2e wwith mornhine.
The s¥aptHa8 observed tollowin~ withadrawal ot the drugs

vere sinilar with all compouncse.
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Stuaies irn Dors
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In view o* the results obiaired in rats anc the
imnortance ot tolerunce in the tresztment of chroniec nein it
seemed aavisuble t» determine the development ot tolerarce
to t . actions o1 I Lood in anotner species.

~0{t3 were selectea &s the exnerimental arimals inasmuch
as several actions oI the comroun:d coula bae converiently
swudie¢ simultarcously with the analgesic actions. Six dan~s
were ~iven VIl 1luuy ana three were rciven morvhinze sultrate.
ite aruvs were injected subcutarenusly caily in acueous solu-
tions. ithe irnitial dose 01 uLOTa CTruss vwas 1 MiZe/a”. anc as
tolerullCe devetlored t:iis vice increasec.

eLaliteslc action 2I tne ururs was Gesernmirned at wee-ly
irtervulds oy a mdGiticution >f tae ..ndrews ana ..oricen
methoa (zlj. 1he time 1in secdncs necCessury to e -icit =

Tiscle twiten wus cdeterainea when a thermnl stirmulus or
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shavea, blacxensa area
oI t2g o~ 's bacx. The a paratus corsistea o1 a rortavle
lizat conteinirt ¢ snutter which was synchronized with an
electric siop Clo2C¢x €0 T2l wWnen tae chutter was opened the
ClocK startec arc &t tne tiwme tne muscle twiteh was noted
the cautter was relesasect wiicih stonned the cloacx. The
intersity of the stimulus vas acjusteq Ly .~eans 21 a
vuriacle voltaese trenslormer ara sisaterdizea s-o that the
LOT el reactlon tiae was »abHUL VeU=0.7 SEeednaS.
sca=r&illc ar=win.s o1 tne avvaraiLus is swown in :ic~ure lz.

v.e observecd tnat there was & lar~e var‘atinr in reaction
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time witn Gliierent &rsas H1 tne buck; .owever i1or a
Jlven sladl ereu the reaction tirne wes conetanty s> 1or
enl Sne cetervination, the stme area o7 the bacr was stimu-
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letec. L.fter the injeciior ot ar anelrec
increcese in the time o7 stirmletlorn srezter thaer twice the
POTuu-1 vould nracuce & burn 2t the <iin. Tor thise reuason
the maximum time o1 exrosurs wos linitzc to 8 se¢eoras,
thils beir - cesi-nuteu s cornlete una ~eciz, Lver “anursh
LO recstonse coule be elicited witn the trermsl stirulus a
Strors jircn 051 the = in woulc elicit & iuccle tviteh ir
sSone casesg; £0 thée Gerree Ji ehielsoeglie wogs AT comnete O
“ll Mmet dus oL SnIMuLiTion.

The nhizrer 1
o tne retlou 95 Seheles wit el les (L% on 4 CO+,& TeE-

cedviom: I Llae wra - co.s recuiviic osrchire.  Zlood cuTar
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tion oI the crur eonc ot L, &, © &LG © .ours 107 10wil the
irjection.

Other obtcervetinne ride ot weekly irtervels followirne
the cumiiistratior 21 the crurs rcluceé heurt rate, body
temrers ture, res-iretion, siGe-e’fecis and henctolorvy,

~t the erc o1 7 vweeks the cdmiristration of the Grurs
ves ciscontinnec ~nc the s«rniriales observed tor possitle

avstinence sy .ntoms. Wt rerinds Hi 1 s2rc » waeks after

b

viticre =1 ot the d¢rurs the winule vers ~~uir ~iver test
coszs 21 tlle cru~c To ceter ire tne recHovery ir-om the tol-
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el Cce, e rec.lts ootairec itk TIN l1LOC are shown
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alaleesie:

nfter <2 dalily doses ot Il 1539, et 1 mg./Kkg. only
one animal fave & lower analgesic response fhan initially
but the duration of anslgesie was somewhat shorter. ‘‘hen
the cuaily aose was increasec to © mg./ke. for 6 ceys, a
test dose of 1 mg./kge produced a snaeller response than
initially in &ll but one arimel. There wes .o evidence
0ol a decreased response to test doses of L mg./kg. until
the Guily dose had beern increasec¢ to 20 mg./kg. After thnis
dose hac been given for © days the anslgesic response to a
Y mg./Kg. test dose was cdecreased in two animals but in the
other tour there was comnlete analgesia.

The develonment of tolerance to the anclgesic action
ot morp:ainre wee more ranic than with WIN 1849. On the
l4th day ot the 1 ne./kKe. dose level there vias definite
evidence ot a cecreased ansleesic response but a © me./xe.
aose on tne loth day procuced complete anzlgesic. ‘lolererce
aeveloped to t:is aocse in one week in two dogs anca two
weeks in the other. /.s the dose was increased tolerance
developed rapidly so that on t he 49th cay no anzlgesia was
procucec by aoses ol 4U ng./sge. 1in one Gog anc 80 mg. "kg.
in the other. One animal receiving morphine died on the

ooth auy ol the experiment as a result of a laboreatory

accident.
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One week after withdrawel Iour cogs showed complete
analgesia with a dose of 1 mg./kg. ot VIN 1939 and on the
second weekKk all but one had recovered from the tolerance.
The two dogs in the morphine group had recovered from
tolerance to the wnalgesic action bty the secord week but
at doses of & mg./Kkg. and 10 mg./Kke. respectively.

Heart Rate:

The average pre-injection heart rate of the WIN 1506y
group was slightly greater at the end of drug adminis-
tration than at the bersircning. 4s the dose of the drug
was increasec¢ the cegree of bradycardies tollowing drug in-
jection beceme greater. This incicates that no tolerance
developed to this action of the drus. Vhen the animals
were tested with a 1 mg./Xg. dose on the first and second
week following withdrawal ot the drus the pre-injection
heart rate ana the prer cent decrease following the injec-
tion or the drug were essentially the ssme as at the
beginning of the experiment.

The pre-irn jection heart rate of one édog receiving
~orphine had increased at the end of 4 weeks but it was no
greater in the otlier two animals at the end of 7 weeks of
morphine administration then ut the becinrning. There was
ro sigriticant change in the bradycardéla following the

irjection of the crug curing deily administration.
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Body Temperature:

There was no appreciable chanre in the pre-injection
rectal temperatures curing the course of the experimente.
The hypotherinia produced by "Il 1539 increased slightly
with the increase in dosage. ‘e interpret t:is as an
incication that no tolerance developed to this action of
the drug.

There was an incication that tolerance developed to
this action or morphine in one dog inasnuch as the decrease
in body teripersture became less as the daily eaninistration
was continued anc the dose increased.

Hyperglycewmia:

There was no significant change in the aversge pre-
injection blood sugar level during the course of the experi-
ment. There was a development of tolerance to the hyper-
glycemic action of WIN lboy. A slight decrease in the
hyperglyce:ia following the irjection of the drug was
sbserved atfter & weeks ot daily administration of 1 ng./Kge.
When the dose was increased to & mg./Ke./day for 6 days, &
test dose of 1 mg./Ke. on the seventh »nroduceé no increase
in blood sugar. There was evidence of development of toler-
ance to the £ mg./K5. Gose by the end of 7 weeks during
which time the dail: dose had been increased.

One c¢og receiving norphine had developed & tolerance to
the hypergl.ycenic action of this drus by the third week. The

other animal showed no hyperclycezic resronse to morphine at
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any time curing the experiment. It ig assumed that this
animal had developed a tolerance since a hyperglycemnia
woulc be expected from the higher doses usegd.

Henetology:

There was no signiricant changes in hemoglobin concen-
tration, hematocrit, red cell count or white cell count
during the adnainistration of the drugs or followin~ with-
drawal.
nespiration:

The etfect o0t the drugs on respirstion was not deter-
mined cuentitatively because of the many factors which in-
fluence this action. One consistent observation with both
drugs, however, wes an increase in resniratory rate which
aspeered Y-1b minutes following injection ot the drugs.
This increase,which was so great that the dogs panted ftor
several ninutes, was tollowed by a marked decrease in rate
which appeared to> be associated with the degree of seda-
tion procucea by the drug. Wwe observed no marked ch&ange
in these responses during the dailv adaninistration ot the
drugs.

Sice Effects:

Both drurs produced a marked sedation in the dogs.
Fowever, it was not of such a degree to be classed as nar-
cosis. The animalis were drowsy and guiet but could be

aroused easily by a sharp rolse. This sction appeared
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about 30 minutes following the injection or the drugs.
tviadence ot the development ot tolerance to this effect
was a decrease in duration ot the action vith continued
cdaily administration ot the drugs.

Vomiting occurrecd inrrequently and was not observead
in any or the dogs receiving VIIN 1b3y.

A conditioned salivary response appeared prior to the
injection ot the drugs during the second week ot the
experiment. The tiow ot saliva became greater following
the injection of the drugs but usually ceased about an
hour arterwards. Occasionally a sliight rhinorrhea was
observed tollowing the injection.

Body Welght:

Of the dogs receiving WIN 1lo3y three gainea weight
anc the other three lost whereas all of the adaogs on morphine
lost weight. This 1o0ss in weight was apparently due to a
decreased intake ot fooa since the animals which lost
weight rerusea to eat their recular rations. For this reason
they were given supplemental leedings ot milk and raw meat.
Two of the dogs on morphine became constipated but there was
no evidence ot constipation in any ot the animalis receiving
WIN ldoove.
Wwithdrawal Synptoms:

After the aagministration ot the drugs was discontinued,
the animals were observed for abstinence symptoms. The

average heart rate ot the WIN 1ldo¥ group was only slightliy
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hicher 24 hours atter withdrawal than on the day ot with-
drawal. The do~s receiving morphine had an increased
heart rete which reacned its maximum 48 hours following
withdrawal. Twenty-four hours 10llowir:s withdraval or
I 1839 there was a slignt increase in the gveraze blood
sugar level, but at 48 hours it was practically normal.
lie observed no pyrexia following withdrawal >f the drugs.
The most noticeable reaction observed was that of excita-
bility. The animals appeared aouite restless and whined
arcd barked. They also evidenced a desire for attention.
Trese reactions were most markea the first day after with-
drewal but by the ena ot a week followine withdrawal the
animals acted normally.

From a practiezl standpoint, the most important facior
in tne charonic eaministration oI analcesic drues is the
develonment ot tolerarnce to the pain-relieving &ction.
1slerance to the otner sctions of esnalrcesic drugs is variable
both in degree anc rate ot Gevelopment. lorpaine tolerance
in the dos has been studied by many investigators anc there
are a tevw reports on tolerance to some of the newer synthe-
tic drugs. Scott et al. (&db) observed that tolersnce
developed to the analgesic action oI methadon and Vikler
ané Frank (60) reportec that coss became tolerant to the
secative, an=lgesic ana hynothermic ettects or methadon.

‘e have fourd thet tolerance develops to the enalgesic

sction of "IN 1539 in dogs but not as rapidly as with mor-
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phine. This difrerence between the two druzs was not
observea in our previous experiments with rats. Towever,
the dosage schedule was ditferent anc there may be a species
ditference in this resrarde.

We noted that tolerance developed to the sedative
actions of WIN 1lbsyw but there was apparently no tolerance
to the carociac slowing eftect. Similar results have been
reported for methadon (56, 60). Unlike the results with
methaaon, we oSbservea nd tolerznce to the hypothermic action
of WVIN 1lb3%. Finnersan et ali. (61) re-ortec the develonment
ot tolerance to the nyperglycemic action of morphine and
methaaon. Ve have observed that tolerasnce also cdeveloped
to the hyperpglycemic action or WIN 1b4Y. The development
of tolerance to the analcesic action appears to parallel
that ol the hypersglycexic ection ..ore closely than any
ot.ier eifect stuaiead.

Ths witharawal synptoms observed were n»>t mariked. There
was only a slicht increase in heart rate of our animals in
contrast to the tacihycardia reported by Scott (55) in dogs
receiving rethadon. ‘e observed no pyrexia following with-
¢rawal o! the c¢rugs as was reported for methadon ($6). If
the excitability and restlessness waich we observed are
incdications of physical dependence, there was no difference
between those dogs receiving WIN 1539 end norphine. There
are many factors which intluence the develooment of tol-

erence anc addiction to drugs in experimental animals. Of
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these, frequency of administration and rate of increase of
the dose are importart as well as the curation of the
administration. Our animals received daily injections for

7 weeks., ~lthough we were able to cemonstrate the developn-
ment or tolerance with tais regimen, the withdrawal symptoms
viere rot marked. Isbell (£6) saministered methadon to dozs
4 times a aay for 10 weeks anc obtained abstinence symptoms

more severe than those reportea here.
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Summary

Several algesimetric methods were studied for their
applicability as screening metiiods for testing compounds
for uanalgesic activity. The one found to be most suitable
in sur hands consistcd of stimulating a shaved area of a
rat's back with a raciant thermal stimulus and deteruining
the time of reaction for a twitch of muscle of the back.

1-llethyl-4-(3=-hyaroxyphenyl)=-4-piperiayl ethyl ketone
hydrochloride (.III 1b5%y) wes found to have anzlgesic
activity about rive times that ol nord>hine anc ten times
that of Denerol.

‘‘he analgesia produced by WIN 1089 was potentiated by
pilocarpine, eserine and epineohrine. This action was
similar to tnat ot morphilne.

ViIN ibsy proauces excitation in cats which is incéis-
tingzuishable from this action oI 1orphine.

Wi 1539 was found to havVe & stronger spasmolytic
action than Demerol on the stimulated isolated intestinal
strip. & decrease in tone of the intact small intestine
of tae cog was observed. VIN 1059 caused a greater delay
than Demerol in the emptying time of the rat's stomach
but morphine retarded emptyinz more than either of these
drugs. Demerol caused a stimulation of the intact rat's
stamach wnereas WWINK 1bd¥ anc morpnine decreased the motility

ot this orsean.
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Tolerance developed to the analgesic action of
wIl" 1559, when administered daily to rats, at a rate &and
to a degree comparable to that ot morphine. The recovery
from the tolerance was not as rapid with "IN 15389 as with
orphine. The withdrawal symptoms observed with JIN loovw
anc orphine were similar.

The daily administration ot WIN 1lLd9 to dozs for
scven weeks produced toleresnce to the anzlgesic, sedative
anc hyperclycemic actions ot the drug. o tolerance
developed to the braaycaraia or aypothermia caused by the
druz. xecovery trom the tolerance occurred in l-2 weeks
followins witharawai. Tolerance did not develop as
rapidly to MWIII 1bovvY as to morphine in contrast to results
obteired in rets. anorexis ana loss of weisht was not as
mursed ir the animals receiving VWIMN 1539 &s in those
receiving morphine. & slisht increase in heart rate,
slight hyperglycemia, excitability and restlessness were
the only symptoms noted roliowing withdrawval ot the drugse.

The pnarmacological actions of WIN loov are very

s1miiar to i1aose ol morphine.
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