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he reascns for undertaking the roscarsches deserided heroin are
prosountod fiswt Yo acquaint the reader with the mabure of tho problem
solootod by the candidetas

'!hn aaln objoctives and purposes of this investipation may be
statods They are to further oxplore and corvelate the various syotonic
and horoonal obanges ococursrin: in She anlmel bedy during tho devolops
went of Solersnce and addiction o amelgesles of ¢he morphine proups A
bottor understanding of thy moshanlams of d=ug sebion sonvernod in She
devalopoont of the addlotive state in desireds Through study of the
lntererolntod activities of the amboncalo worvous system it assocladion
with shanges i the emterior pitultery and the adrenal oortox, it is
hoped that some ratlonal modical procodwre might be suggested for dalave
ing or preventing the development ¢f drag addictions

For olorifloation several of the terss monbioned frocuently Shecuhe
oub this dlecourse abould be definod st this Sime, The mame morpidne is
afban used alono, for convenionoe to desoribde o oondition, stobe or aoe
tion causod aloo Uy the odther oplate analgesies and the synthobie annle
geales glnoe Lhose actions ere owmon 4o SMda croup of druges The bom
addictlion, o horein used, refers ¢ that condiilon procduced only by row
pratod use of morphine end the allled myndletic analgesicss Only thdp
prowp of amalpoale druge enuses true addiction with its charaoterisbie
featuras of Loloranes, memtal and piratcal dependence and the ApEaLe
ance of the withdrawmal syndrone on cossation of the drugs OGhor hobit
forming dwugs sueh as the barbituraten, cuoalne, chlowal wdrabe,
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nlootine or aleohol do mot Pully meet the rogquiresents of an addiotive
drvg mor devalop Grue addiction on vepoatod uses Alge, & dlstinetion
should bo mado Lotwoon the terms folerance and addlebion weed horeln,
slthough 16 1o ronlised that those two words are often used interchangoe
ably in referring to morohine addietion ecinos the prosence of one cone
dition fmplice, and ocours along with, the other offects Tolormure
devolope Yo many drugs beaides the morphine group of mnnlgosies, In
morphine addiesion tolorance, whils lsportant, is W one feature ond
this Miﬁm doos not dovelop 4o all of tho many offests of worphine
on $he Yodye

n ondor S0 appreclate the problemg lovolend in carsving on an
exporinontel study dealing with addlotion, some baokground inforaation
of the hlatory, chemistry and pharmacology of morphine and the sytw
thotlo ammlgoalen 4o offoreds Provicus omperimentsl approschos to
M}im; the prodlem of worphine addichion aro ostialderod alese



FUARNAGOLOGY

Ae Istoriealr Drosest Ciislesd Status of Norphins

Forphine atends out as tw firat alimlold feclated from orudo plant
souroes and used Jor medicinal purposos; this significant medicnl ode
wance vas aecompiishod by the Freneh pharmmolet Sertusrner about 1007 1),
Provicus Yo Ghils, oplun, obtalnod as the dried julos of the incisvd cape
oule of the orfentel poppy, had boen usod sinte antiquity ss o sloepe
producing marectic and as an analgosic for the relief of pains

The spperlerity and veefulness of morphine as & pain relieving drug
and Jop othor tharapeutie purposes, suoh se cough suppression, allaying
of approhansion, stopping of diasrhon, and compelling sleop reowing me
ekhallenged evon todaye o other deug has proven as relisble or s ofe
footive for these warious sliniosl conditionse Dut, with morghinoesns
is truo for othor wortiwhile end besofiolel contributlons in this worldes
there are compensatory dreshacks in 1ts uses Thoso are the many undoe
wlrablo sotions Wat are an intogral pard of tho gaowml systenie effeots
of mowphloe on the andml bedy snd which appear 4o Mgh incldence even
with thomapoutic dogsoss These wndosirubloe aotions, suoh an heucen and
volding, dlesiness, ccnetipation, respiretory depression, swoeting, and
the 3iko scen inceparably bound dogotle® with the benefiolal aotions of
porphings ‘owovur, in eove disordors thoos wnbownrd aoblong avo $horme
poutionlly uwseful, eush e exploping tho meapiretory depressent offects
for vellof of the dyepnos and sirwiungey of heart failuse, the conebipnte
ing eotion for dissrbea ov $he diaphoretic aotion for produsing swetlng
mmmmmm Noverihologs, Yoo wmny divergent
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aotlong, Loth beneflolal end wdosimable, ave wesldent in the molesule
¢f porpidnoe Tho Meal prepasebion sought would be wno retaining the
thampouticelly useful festurus of morpiioe wlthout the undosisadlo cnosy
Side souma lupossidis for a singde agent & Shat the seare: mush Yo ooe
Yonlded, at prosct, to the developmst of sevarel proparaticha 4o snidoe
£ Wds noods

Tadoubtodly, tho one whowrd notdon of sdrphine ad the gyuiiwbio
wanlgosios wdel 1o noad objectionablo and wortalinly of mo wmius thome
poutically 1o tiat of wleranse and addietdons Throug: an eluwoidetion
of gaw of o wderlying factors and nedwnlsss concernsd In ihe
dewolopamt of the addletlw stete, Wy s and meeas nidhi be Jowd bo
logeen: tho dogros and Papldity of Ibe progresse

Se i Dperinedal Aporeach b0 Ptudlng the Problen of Nevphing
Addiobion o, lndoatrable Avhicnge |
Two gemeral epproachos o the problon of finding wedthods So reluce
tio addiotion Labllliy of morphing and the froguansy of lta undesirnile
sotions aro ewilbles ot baw boa esplored previoualy Lub the
possililities Wey offur in providing scue solubion to thls problen ore
for fron aigvoteds The sblack may be varried oul Lhrough & ayshemblic
Gioshenorpbiclocie appralaal of merphlne and the synthetle amlgesicse A
cuplete evaliation of the rolatlensilp of the thanloal atyucture to
Yat of pranacclogleal adivity of the muy analgesties now awmilalle i
nooleds liore experizental Infewation 18 requlred ag t %hoir relntive
ﬁmhmw‘mmmurWamwtwmmﬂg,
partioularly, tielr propensity o produce addictions The monuental
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work carvried oa fron 3080 to IO by the pharmmeolagiate Mathen 3, D44y,
Tuge Dmoper and thoir cosworlors ond tho chendet Lyndon Srall swswe
risod g1l e khowm bl cehenorphologic imwuledge of porpidne snd newly
digoovored ralated compounds wp to theb t4me{2), Dut, sineo tien, smy
now gynthotic emnlgesios have been made avallable with oaly inccoplede
swnluatioha of thon having been made ¢huw furs Whils thore lws bom a
novor-ending search for drugs thed possess mariod wml esio proportios,
ot ladk She uiesireblo notlons, 1% has boon impossible thus far to
find so analgosie whieh o llows » soparation of 019 analgesio compononte
of the uorphine nolovule fran the other couponontss levortteless, the
approach to Sidg problom Shroupk a study of the relatiounship f clwwdeal
sangtitution o sobivity with $ho purposofal synthesis of now cuspowsie
has proven fMrudtful in Sip pest end appoars prosising for te fubtros

Anpthor spregdh to Siv problen of finding loss objeotd onabls end
eddiotive drugs tian morphine lles in developing wethods to ecboracs
or antagonise thope proportlese Othor drugs, weed in conjunotion with
norpidne, have boon found o not only modlfy some of the unbowand
aotions but o intanslly tho amalgedio offocts Sueh druge as magnesim
eulfato(3), prostignin(l), damphotmatne(5) and cortatn wmeosonstrictors
sath av splnepirine(G) injected wrovious to tim use of norphine inbevsis
£y the resultmnt snalgesis Wt do not egpreciably lessen tio wnbtosmsd
effoctne loomitly, as en ettenmion of %ie cdesrwvedlons o bo roported
hare, other worbers in tho Dopartnent bave shown thet preliminary ade
memwwwmumwm
phine and lelsoothadone ooalgesia 4o e (7).

Tu thde presost study both nothods of approacidng the probles of
doareasing the undesirable aotions of morphine lave been followods
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fow and roordly o uthesised enelgesics wiich, fros o Woohemorphologle
standpoint, apoear to offer adwutages over norphine in scue reapoots
hawe boon etudlods Tho mejor interest hpe boen in studying She offecta
of repeatod uso of cordadn dilydrogunatod emppt sxpounds owr a poricd
of dime on the dowvelopuont of hyporglvesnis in the rabblt s an index
of thw degres and estont of addfotions

G+ Cwpdster end Sreotws) Fommuls of Norphine and leletid Armlgesiese

The nove loportant sspocts of tbe shomfatry end the pharmacolor;
of the morphine emalgeslios are reviewsd heroe A basle kmowledgn of the
diverse actione of porphino on the anioal body with an explamation of
the phasmesvlogical mechesisss concernod provides o backpround o starbe
Ty polnt fron whieh mey be launched sn attaul ou the problen of tolope
anso in morphing addietion,

le ftrusbural ‘ormulase Struoturally, most organie chenlets agroe
that the morphine noloonle conalets of the phonanthrene nuolous, an
exide bridge, a tortiary anine atimehod to the phenaunthrese ring, and
two hydraxyl groups each attached te opposite polos of the phesanthrene
rings Tho comsonly accepted structural formuls for worshine is shows
in Plgure 1¢ The Pormulac of some of the newer synthetic snalprenios,
angh as meperidine, methedons and leisomotimdons is prosentod in Thpe
upre Os

2s Lame Slochenorphologle Aspests of The Sorphine Holosales The
structural femmula for morphine (Vigere 1) shows two hydroxyl proups ate
tachod %o olther ond of the hemanthrens ring. The hydroxyl on the left
is knowe ws %ho phemolie hydreayl and Wmt %o the right as tho slooholive



Figure l.

MORPHINE

Structural sormuls of i.orphine,
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Tarsugh the ploneer lLmvestigmtions of Hddy, Krueger and thelir ocowwurkess
'2), 5t has oem ehown tha$ definite und very Lmportant proparties ohare
acteristic of morphine may bo sssigned to aach of these hydroxylse Iow
emnple, massliing of the phemollis hydruzyl by substitublon with e methyl
group ohangos the morphine moleculs to sodeine. Dy this rather siuple
ohange sany of the astive properties of morphine have been guantitativel;
reduced with codeine abvill reteining cossidorable amulgesic sctivitye
vompared o morphine, codeino shows a lowsr Ineidence of unbomard noe
tlonms, i2 lesa depressant to reaplration, loss conetipative, snd la loas
addictivos "hom the alecivlic hydromyl in morpiine s masked {elong
with esturation of 4%e adjecent double bond in the phemanthrens ring) Wy
replacemeont with a ketonle oxygen %0 fors dihydremorphinone (4ilawdid)},
bobh the analgusic and the respiratory doprossant proportivs of porohing
are sangporstods  Vhen beth the phonclic and alsoholio hydromyls ere
muszled by replacament with acobyl groups to forn beroin, not only 48
the compound nore annigosie and denressant 4o msupiration than morohine
bud it rapldly snuses addietions Como ponmeral principies demling with
the blovhewsrpioiogie relationahips dotswon worphine end othor raelatoed
amlgosiocs may be formulateds Unflortumately, they do not poralt an loe
uwodiate predietion of whut propertiocs or acticts may bs expected from
tho synthesls of movphilneelike soupounds whieh vetein somo of the struoe
tural features dut are alterod to dlrfer alightly fron the sorphine vole
soulse It s only by axporlmontal soroening and pharmseclogle sbody
shat these proparties eas bo discovered(),

With the dlsocvery snd intyoduction of peperidine by SBisled and
sehawenn( ) 4n 1939, it becsmo ovident Ghat potent amalgesie activity
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oould he reeldent in compounds of di/ferent structure Yhan 4hnt sseicned
morphine (Flgure 2)s From preliminary olinfeal stody end early ssporie
aneo, along with ineufiiclont experimenteal inwestipation (due %o inbere
uption by the Yar), 1t was Clest thought that meperidine &id nob cause
sddiotions For the first time 16 appeared that 1%t night bo possiltle 4o
soparate the propardy of potent analgesia of the %ype provided by 1200
phine fron that of addletione Dut, within o yoar or 80 afbor ite Ambros
duction and widowaproad use in tho United PYates, it soven booane ovidood
thet meperldine was nearly as vielous as havoin in its propetsity to
saupe addiotion(30),

Stomdng “rom the original chenioal and pharmmnslopie studise which
ied %o tho dissovery of meporidine was the Introduction of the esidene
(mothadone) serles of snslgesion by She Cersen workerss Hobladone, Lbe
s0lf, wes nob dovoloped or used very oxtensively by the Germens during
the Var but, when brought back to this country in 1906, 3% wae subjocted
to {ntensive oxparimmtal towatigasion'1l) aug scon fownd widewsprend
clintent +23a2(32)(23), Since metimdone rather closely resmdled moperie
éine in chouical etructurs and eome of 4%s other pharmecologic aotions
besides that of amalgosia, 1t was oxpocted that 14, %oo, wuld prove

nddiotive,s lecontly, this hns beon ehown to be the case a&htm:yfme

Soworal cnaloguss or fscmors of methadone are now beinp studlied axporie
nontelly and olinjeallys ee far, the nost promising of thees 1s lelste
nothadens wileh has boon used in the studies reported on in this dige
—

A olossr exmaloation of the etructural formulne of morphine, moperis
dine, and nethadons (Figure 2) reveals soweral structural areasgeccnts
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Figure 2, Structursl formulas vor meperidine,
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1
metiiadone, and isomethadone,
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ousnet 4o cachs 411 scopoutida ghow a tri-aliyl nitrogen and all show o
kobono o obher omyens Chen and his sesociates{i5) have studled more
Ghan tw lundred ayuthetic cumpounde related to methadone. It has boed
found that tho elinination of the emiuo=l atom destroye complotely the
sotivity of the compoundy end, the ketomde end snino proups gt he o
the opposite eldes of the dipheayl Ceatnns

Ps Phazemoologlc Aotlons of Norphing

Unly the nost prominent actions und proportles of morphina having
& éirest bearing on the problem of tolerancs and sddictdun require mope
tion hares Huphasis will bo placed on the sotions on the autonanle
narvous gyston sinco 1% 1 in thle mumer thet the influsmes of morphine
is extondod to sotivate cortain endoorine orpany during the developuent
of afdiction,

le Ihe ColiaSe Aotions of Yorphine sad She Sishetie Analgeeicss

- The wost prominent sctlons of thuse compounds ie anmalgoesia wideh fe

. DRt

nm n:mtu. m!&ly um by t!u m of nptmphrim mll
dosws wre offoollive in relieving some types of paine The seversr the
pain, the larger the dose reguired up %o the maxtwmm tolembed single
dooe of 30 willigrans given intravenousdy for he emervtlating pals of
covonary throobogles Dayond this dose, no proster analgoaia can bo proe
dused se the Yeric offects llmlt the emownt of dmug miéh osn be saloly
glvons Thus, the ineremse in enalgesic potomoy with dosage obtedns in
linear fashion only up o & cwrtain points Out, of all the drugs mown
to man=eyith the oxception of compleds anostheaime=morphine i3 the sole
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- agent which comos most noarly %o belng of'setive in corplote oltundation

of pain without emuelng weconseliousnoese

The marcotie offeet of morphine compelling sleep when only there-
poutie excuntte are adninistered ig lose proninent than its amipesie now
tione 1% s thie actlon, resident in opiuy, whioh laprossod the muimh
more that 1te palvnerelisving gualitios, In feot, Sortuerner raned the
allmlold ho extrected Prom opiunm, morphise, after the god of sloopy Vore
phouss The newor synthetlic enalgesivs such ay moperiding and wsthadone
di%er quantlitatively Nrow morphine fn that they oauss sleep only when
usad dn felrly large doses end some ewmulation of the drug cocurgs

fuphoria, or ¢he produotion of plossant thoughts and & senyo of gue
parior well=belng, or if slowp ensuwes o happy npbm:e!.c o sonmobinos
eroblo dreams, “roquordly o-ours following the adninistration of theras
pable dosss of morpiines It is more 1ilely 40 ooour 4 morphdne hag
boen taken by a pereon nod auPerisg pelns Thers is a dietum provalemt
in the minds of medical men that pain Lo the “antldote™ for the tonie
and untowsid oifecty of murphines This sosma trus with respect to the
seeurrones of ouphoria in thoes suffering pein,~ethey Mmrdly over eue
porionos this aotions Fuphoris is clalmed by some 40 be one of the e
darlylng causes of $he development of addiotion brought on by the desire
ol the individual %o ropost the plossent oxpsrimmees acain and apaline
Heperidine and mothadons, however, rondily produses euphoria in addicbs |
il

Yentlon should be made of the fmet thet morphine dopresses the host-
regulatory cambor iz the hypolinlamus whiieh leads to & loss oF heat “vm
the body &hrough vasodilatation and ewesting as woll sa doorensed



i
metaholie acsivisy(38), Mds wscuotor sotion with smsediletation may
be of woas fmporbanss in the mechanism 5 werphine snelgeetal?),

On the nmedullary eomters the actions of morphine sid 1%e songoners
oonaist 1n & confuwing niztwrs of etlmdation and depressions ‘wonoR
is the deprossion of the rouplrabiory conter evidont even with wery small
fdogeg. The nownr synthetdo mmlgesics are less dsproasaunt bo the respire
atory sonter tham She oplum anslzosices The wordting cwmrtar 48 otinuloe
tod 1y morphine end 2o & leoger degres By tho gynthotic snplgeeioss The
oough contor is doprassed by morphine and were 1% nol for i%e addiotive
propartion; 1% prodably would be the most weful drug svailable in the
treatmont of the d&ry noreproductiee soughe

Ca mgmmmc Rovwous Svaten. In eddition o the
proninent sedativo and anelgoale astiond of norphine, the sutoncmis

nervoug aysten sentors and perigheoral resifications sre Influonced Ly
sorphings Hosphine hea hest fowd 1o produte & definite entiecholinnse
terate offoet in the panglin and et the poripherel onds of tle parpeyme
pathotlic nerwe widoh Jeids S0 cholinergic stimlabion of the lnnervetsd
organgs At the mesd time there Lo 1iterniden of epinephrine duo du bhoth
eentral stinelation end from chollnesternse lnhibition with acetylohole
ine relonss in tho adrondl mefulln, Generslly, for o gliven dose of core
phire, the perammoathetic sffoobs outweigh hose of adrenercle sbimilge
tiome While 1% g elaired that the aubonomis offoote of mosphing epposy
logs proninent then ite Gulele actions, 1% 45 the oroer which are row
npongible “or many of the witoem~d sebiohs,

e« Actions on Peamovethetic Diviglons The fellowlng yptons
notod from the administsetion of merphines are sugpentive of pemazmpe~

L



thetie stinuintions Poliowing ordinary dosea of morphine, the hoard
reto 19 sloweds This motion is contyal since ssotioning of tho wagi o
adnindstration of sufflelent atropine will provent tide slowing of thw
hoart ratoe The constipative setlon of swrphise is due largely to ostimue
lation of ¢he paresympathotio gystem, both ocontrally on the warus contor
and peripherally shrough cinlinestorase inhivition with scetyloheline
reloasos Added Yo Hds efToot which causes gegmental poristalols eind
provents the dowmmerd proprossiont of intostinal contonte through sepmene
tal constriction as well as clamping of the sphinsters, 1s the drect
stimalatory sotions of morphine on Intostinal smwoth nuscles Compounds
auch as moporidine and metledono are speemolytio $o She fsolated Lntons
tiral ateip bul in the inteot aninmal their parammpathetic sctlons oube
wolgh sy looal dopressant offect o0 thet these drupe ere ecnstipative
ulgos |

Un artorial soooth musole morphine has some d4root touic actions
owover, any Sendeney to osuse & rise in blocd srosgsure s counburacted
throuph coutval vasomotor action loading Go periphoral vasodilatation,
Ginoe %W syvthotio smalpgesios Sond $¢ dopress smooth musole and abill
rotain mbed of 4he parasympathetic setlons and ¢ffoots on the waeonotor
contors, they aro more likely 4o cause hypotonia whem glven in large
dosoae

bs Astions on Ihe Gmpethetle Diviglgns Tho actlons of more

phine oo the eympathetico norvous aystem are difficult to ovalunts ohjoow
 tlwely as disbinet activities eince, as previcusly menticned, the poras
sympathotic ayetes aleo 4e stimdated slnudtamscusly. Through droct
stlnulation of thoe gyupathetle oenters centrallr and by cholinestornse
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inhibition iz ¢he adronal wedulls, morphine lssds to epinopheine roe
leases The offevts of this relosse of epinopicine are menifoid, Our
interest in thess myupetivtic setions of movphine 1lee &v tiw feot Lied
the libersted epinepirine eauses hyperplyoedallT), probebly aotiveboes
 the pituttaryeadrenceortical system'20) ang pleyn & role, Shroush ofther
aaing vasocanstriotion(®) or wasodtietion!T) in the production of
analresing

Jo Ihg Mdesiwble Aotlons of Norplidngs

8 CUlindoal Agpomtge With the omooption of Gho anmalgeuio noe
tions of morphine, auy of its other offeote may in certaln conditions
bo conaldered undesirsble, Convorsely, many of the side effocts may
~ be ublilged f‘w thomapoutie purposese Already suggested have bom the
apleynent of the vespiretory depresgant, the diaphoretio and the ocommti-
petiivo actions thomapouticallys In other situatfons suoh me it tho cone
trol of chronic pain in patienta who desire £o bo uwp and around, the
hypnotie effocte of morphine are undosirablep here, reoccurse g had %o
Yoss varcotio agents sush ss mobopon or emerol, In heard condibions,
tho stimulation of tho wagus by morphine may be desireble in slowing 4he
hoart retes Ofthiuss the nauses mad vomiting prowobed by the morphdne
derlvative apomorphine mey be enployed in the treetemnt of polecninge

be fddictlcn end Tolevmuoss The duvelopment of sdddetdion and
pretenl dopendonoe to the analgostes greatly 1imit thelr usefulness
both from a therepevtic ax woll aw an econcnio stendpoin, Yers 4t nob
for this outwtanding undosirable mction, the furereaching bemefits of
morphine, or other amalgesics, could bo mado available for & longer tinme
to eountless thousands of petionts who rapldly Decone addicbodt and
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tliorant, The weo of large and Jrocuent doses no lonper controls paln
sod she toxie actions rosulting preclude suntinuation of the drugs And,
wors iU not M this abhorront prooerty of morpiine, thousends of mle
diote now Gependend upon morphine would zo lohzer be subjoet 4o the wwe
told wiosry Ghis offllotion causes and the millions of doliwmrs now apent
e oare for them snd vontrol the catent of addliotion would Lo mvody

& pharasoologie definition snd ewplanatfon of addietion may now be
offerads leferonve rms boon mude alreadr to the addietive state {(rsge 2)
a0 thet the following applies to the requirements of a drup for causing
aldiotlione

Definition of Addiction: True eddfcticn 3s esused omly by the
oplun or synthetie maligesicss Other drups, lneluding the entipyretie
svalgenios such a8 the salioylates snd voebanilid do not meet the ree
wlramste statod bolows & olcarecut distinetion fe to be wade botween
the tor Mabiteforming and thet of sdilotions

The feur roquirements for a drug to oause sddlotion ares

(1) Ability %o dovelop tolermnce o its offectsy Ui
weans ot vith mbeoguat wese, lavger end larger doses of the drug amed
he adeinieberad to produoe o original desirable anmipesic or sedative
affacte Vith thig necessery sdminiebemtien of Jarger end Iarger dosos,
the factors whieh develop addiction are civen mowe opporbunity to owerd
Ghel ¢ notions and go lead $o addictione

(2) aviisuy 4o develop dapendentg to the drug 6o tat res
ponted adnlnistrations ave soughts By thie s sesnt that ropoated oxhie
bitlon of the dung offects in the body Jead to both s montal and & physe
loal daglve Cor the druge Olmply sbatod, %14 sffect uay Do loolknd uen
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a8 & "gubstltubion”® effect with the ropphine meleculs, thwugh 1%0 o
pontod achlons, roplacing snd teking over ocortalin Mmobions ondfunrdly
sorved by othoer agente or mutritive substenoss ossorbinl to the wolfare
of ¢he bodye Vithoud the preswnce of worphine, these celle undergs
eorbain shanges which are sbnorml end load $o She production of the
withdrmnl gymadong,

(3) Anility to exhibdé withdraral mymptoms upon vemowal
of tho druge The aymploms of whthdresml from morhing follow & chamw
actoriatic patlors ¢)pical for Sids drug ar the syuthetic anmelzenicos

() A3ty of a drug o g loviate the symptoms of withe
érevmle Only miephine or cortain alllsd amymthetic analgeaics have Um
sbilby to dmediately stop tho aympton complex of withdsewele This mey
be seplained se dus %o tho faot that the adninisteation of saeh Svugn
fulfillsthe noed of the oell for their presence; hemoe, the soil is now
returned %o the state or sondition exfating durlny the addlotion sbabes

1% Lo ovidmt fron tho abowe that the featurres of tolerance, dow
pendenoe and the exhibifion of withdrewal sysptomy on deoy withdreasd
are claaly interwoven ol dependent one on the othore Thus, the pro-
penoe of any one feature following »epestod sduintetretion of mwphing
fmpllen the prosmmoe of the ctlory this faob s not conerally apprecis
ated Wy the olinieian,

B Iacbors Conoormed in the Developnam$ of Addiobion.

The dewlopmant of ¢olermanor ie & chamoteristlo property of the
phomanthrone alinlodds of oplus and the nowor smidetic ammigoeions
Tolorance doos not develop unifomly 68 sli e nobione of worphines
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The deprossant action o Mespimation md the apelgesle o obion deorvase
with cntimed ugo of 4o drug uiless the dose of the drug &s fncvenseds
But, Solorancs 4o the ovoltetory elfoots sudh ag pupllilawsomateriction
e 4o conaipetion, another paresympethetic sblmulatory uffect, dood
not dovelope A5 o mile, eftor tuo woslm of contined use of ths s
dogw of porphing ao that its effects are maintained, the usual deproge
oatt offechs dleappoars After of thidmmml of the drug and allowing tine
for (o voeogtablishuent of the momal mdlou of the celle, tolorence
Alaapposrse Put, 1 tho drug i ageln resumed, Solermnso dovolops even
nors moldls than befars. _

e wleplying factors or mechenime comvormed in the dovelopment
of Solomsnes end addlotion afp mot wall wndergtood, 'ﬁnﬁ. addiotion {2 o
frue ahmoral phystesl oondition, rether tan o psychie isbalance, hae
boan danonatrated many times by the cupericental production of addietion
in andmals,  In manm, 1% 40 Yve, thet Yoth wemtal and plywical factors
are condernad Tut even bave, addation on beo r_&ﬁ:@ sroduced in the
perfoctly nomad, wollesdjusbed prsehologionlly, individual, Thas, o
attontion ahould b nors drenbed to tho physlonl chwnces csnsed Yy
sorpiine in addicilon, |

Thearigs of Addictlons Various theorlon have boen offered o ame
plain the widerd;ing wechanisms concornad in addtotions Treamsformation
of morsidne to comorohine has boen mroposed with Shig compound sunHDOOe
edly boing respormidls for the stimulatory affects, anoh as thoge wite
nessed drring withivemal, Towevor, suth actual dranafortation of mowe
phine o ccymorphine has deen &eprored{l?), Anotler theary which my
now ba dledosed i3 et of mtitoxin rommbion dus to Pepeatod
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exhibition of the offovta of morphines 7Tho dlein that thw serum of
addiobed anlmaly i provective azainst ibe sotlon of worphine hms book
d1soarded(0), Inereassd destructlon of mrphine tas boem reported, bub
later stodles found that the destrustion mate of btoth addeted snimls
and ip vorcal anteals wes he eame(21), 56411 anothor theory advanded
war the deereassd rate of cbeorption. lowever, adifobs tolerant %o
large oral donos are also tolorut Go tho eame dose given lnwmnlg,
a routs whish sllvew for the full concendmadion of morphine o reach the
braine

The Sheory of the ceusatien of addiebisn whish appeals most S0 the
pheruscologlst 1a that of Tetum and Seovers P2/, elerly, this theory
iz tasod en the Moot thet morphine hes n biwlent sobion, one deprossant
and the othor stloulant, st Shet tolerunce wapidly forms to many of the
deprossant offotts auch ap analgesis and narcogis, but not to the stlne
lunt actionos Thus, with a certain doss of worphine, the dopressent o
sodatlve and amalpvele offecds sapidly wear off after 40 has beon piven
over & poriod of time, but the stimolant actiona persiste The unogual |
and sharply difforentiatod tolerance gxisting betweon those two offoole
of morphine alse emplaing the mppoarance of tho withdremal ayeptons, In
fack, the varly spplone of withdremml are of exvitetory oripin end fole
lowing emech dose of morphine some manifestationg of abatinence eppears
(no wdght oven go 80 far s o olals that soue of the afbereefrocta,
such s nausesn, dissiness, wervousnoss, consbipstion, and other wbomsard
yyuptome are actually expressions of withdrmwmls Mﬂy{& has polinbed
out that in Yrensferring tho addleted petient from one auslgesio %0 ane
othor Shet the aymptons sewn, ouoch ms mauscn and vomiting, swomtiag,
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apprehonsion and the ltke, during this prosess are oftan nlsintorpmobed
as boing due 60 the new dryg when actumlly they are expressions of witbe
drewnl from She proviously used analgesic. As Solerance %o the deprooe
sant offocks of sorphine develops, $he indiviiual bosmos disturbed and
unonsy cavlior and sarlier following administration of the drugs Tlms
ha seela o dmve morphine wore freguently and in larger emounts slinoo,
through osperlenos, he knows this will temporarily allsy withdresal mane
ifeatationss The dese and the rhybtlm of freguensy of merpbine edolulpe
tration iz inerensed wp to whore g polnt Lo reached where his tolerance
%o the tomic offects is brokon. He either suvoumbs $o the orfests of

worphinge or it bocomes necsasary $o gtop further aduinistrabtion of the

aruge

Te Hethods for Studying S Dovelopaont of Addiutlome

1. Cilvdcal Tbserwationg, In the human reveiving oplate annlgeseiocs
for the rellel of shronie protrected pain addiction ongues even moro
rapldly than i patlents physician thinks, Hany patients demand move
and more froguent deug 0ot a0 much bocnnse of the severity of thelr puin
as bocause they actunlly ebow withdrawal symploms soon Cfollowing ednine
isbration of the dmg and beccme walaful, spprehensive and wsenfortable
6% ghorder and shortor foterwlss

2« Dmperimontal Methods Aveileble for Studying Addictions The dow
volopmant of ¢olerunos and sddiotion in the exporimental anfmal g usue
ally oontrolled by limitisg drug edainistrations do onoe daily at e

opoeified tine and by compensating for the effeets of tolerancs by alloww
ing predunl increments in tho dosape each wasit,
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Several nethods may bo suployed G0 moasure the degree and exbont of
addlotion in the anperimental animals In suech studios §% e .Qulntm
Wt contrel or base levels be first @mbuma o thet tﬁc SHENIE Tow
#idtling durlng ndddotion can be owumpared with the originel, mormsi vale
Uy |
Among the Gests used f'or weasuring the development of tolorence snd
addiction Go amulpenic drugs aves
a» Joste for Deoromsing Anelreale Pobensye Varicus teclhnigues
may bo enployed for wmeaguring the chances in the threabold te psinful
etimuall s-ur.a porded of tlus and whon the same dose Lo continueds The
D amouresntih’ 83} rat tall mothod, W Brootielowiel®) or the Andeowts
nothod{®5) all eaploy radient heat ea the painful ntimuluse
b Jests for Giances i Nopiotic Bifeckse Iefner's mothod(26)
of tho abllity of the snimad S0 "rigi” L6self or stand up, Parlow'e'Z7)
tranquilising mothod measuring shenpos in the Jusping or twitahdng aoe
sivity of %he supine, tied down rud, or atroutsl2%) guspended oage mokhod
for meansuring activity of tho rat hive all beon used for adilotion
studica,s
o Ysasurement of Hespiratosy Doprossast Iflsotgs Various
‘mdiﬁnﬁsm ol Mr'a(e?) wetbod to neasure the resplratory rate and
w;irmhwhnpromﬁdutm Lor mesuring the
changes In this offect ccouwrring durlng addietions Phatek snd Sexay(30)
inve waed the coypem conswption chamber nothed to moasuyre the effpobs
of longwoonbizusd adninistration of Barbiturates $0 cuinea pigs and thie
methed could Do omployed to study the offvebs of contioued admindstrmtion
of anelgesicds
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do Simges in $he Hperglicente fosponse to Morpiipes “ingle
injectione of morphine csuse & prompt rise in the blood sugpr lsvel in
rons and obiwr antmeda{17), s later dlacussed vhen rorphine is cAvem
ovar & period of time, thia hyperglyomsde rosporse beeomes losa and logs
end predually dimmc
Doecause workora in this Iadoratory lunve boen concerned fur gotl
time with studice dealing with the hyperglyoonie responses of both the
norphine-liln analgesios and the borbiturates, this method is looled
upon aa & practicable experinmentsl toshnique forr atud:ing addiotion end
toloranoces, Dlnoe the ressarsh reparted here ims deelt lnrgely with the
hyperglyeomio responss folledng adalolsbration of morphine, the lnpore
tance of thin subjoot domands that it be dizoussed in & sorarate sections
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& presentatlon of the imowledge gained from previcus studlon donle
ing vith worphine hypargipoenls is offoreds This ia bast done in
ordarly sl Lon o separatoly songidering the offects and mochaniams
conearied whap oply single doses mwe Ywen glven, or when ropeatod gde
ninjstration cvet & porded of tine tmg boon pacticods

he Zffoets of Suyde Poses of imalgesios o the Meod Sugr levelas
A mubor of workers in the past hawe boon Intercstsd fu the hyporw

glyoenin aauged by ainé;la doasy of morphline spd relatod oplum derivas
tivos®l, Duged on the anrtier obwerwations of Asehe f%e{3H) and ne Dode
(38 naeraon ant Phatak(3®) 10 1937 showe2 that atngle doses of more
phine, dihpirocorphinons (dilandld) and dMniSrophonyleorphine preduced
yporglyeanis in the fasting wabbit, Jtudion on the nower gymthetic
annlgeaios of the methadeng sertes by Phatak, Valoney and Pavial®) in
1242 kave shown that those substances eause hyperglycenis in the came
fashion bub %o leax degroe than nerphines Momw rosstly Rinure and
Do Boers'35) have employed the hypergiyeonte method to oemmere soveral
of Sho newor syuthetic amslgesion as %o adiiction potontialitiens

From thoge studiss 1% bas bown fourd that single deses of morphing
{15 milligrens por kilogram), mwperidine (70 = 100 milliprems por tiloe
gram), sethadome (2 » 3 millMgrans per kilogren) and other smynthetde
analposion onuse & rise in the blood gugar of the feating rabbit fram
the norml afmﬁﬂnmnimmmwlfm?duswwm
The poak of the response is reached about one hour afber sudevtancons
injostion and the hyperglyvoesio response laste for gevoral hourss
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larper doses, up %o & cortaln polnt limited by the toxlo sotions of 4he
drug, provole greater rises in the blood sugar ac Wit sons linear roe
laticnship exigte betwoon the dose and responsoe

Use of the hyperglycenic response in anieals allows cheerwmifons to
be made on other offects prodused by morphines Thie pormite a corrdlas
tion betwoen the degres of %he offoots exhibited end Ghe extont of
mperglyosniay 4% aleo pornita cbservetion as to vhether or not respire
story depredsicn can be ruled oub an ¢ factor in osuaing hyperglycanins

e lgelmnlan of lorphine fvperglyeenise
The mecimnion conoorned ip morphine hyperglyeonia appesrs o b9 &

Mnuln§§.¢n of the sutonomic cenbters whioh fnwolve aress of the postorior
hypothalmyuse The patlmays evneerned heére nro the sympethetic centers
fn the kypothalamus {diencephalon), thonco via s)upethetie patismys in
the apioal ocord tu the splancinie nerves and %o the sdrenal medulla, The
hyperglyeonin is dus Go the mympathotie stinulation of the adronsl medule
8 loading to n lideretion of epinephrine eeoondarily infuelng glyote
genolyein in the livery The sctual l{doration of epinephrine by the
ndrenal medulls 13 effected by the ralonse of acotylioholine ad the siow
pathetic endings of the splancimic, |

hile oaly indirect proof bas beon offored 4o support the hypothonis
that morphine hyporglycenia resulte fron direct stinulation of the syoe
pathotic cowbors to indirectly ocause epinepbrine roloase, sevoral experie
nonts would soes Yo support this contentione Drooks, Goodwin and Willard
(35) ghomed that docorebresion through o midesiliouler sren, perfomsed
twelee to tvendy fowr howrs proeviously, prevents morphine hyperglycenin
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in eats,. &153-:5. Kohnya:mifﬁ?} ghowad thot oplapchidcotemy oy adrennl
demedullation would prevent this hyperglycomis as would mhh adrenni>
SeLomy« Iatuxw; found %hat removal of t;zu adrenal cortices, withoud
demedullation, decreassd morphine hyperglycemln but not to the sams
extent as 4id ailrsualestony. ﬁ'&t&ﬁaba{mi founl thet the larger the
- dose of morphine sulfate given, the grest.r were the incresscs in blood
gugay and lsctic acid and that both Shese responses were suppressed by
splanchnicotonys Thus did de Bods et alwm from these studies and
those of t\heir nﬁn performed on spins 1 animals conclude thet "the more
phine hyperglycemla is due $o stimlstion of supraepine) cemters with
the subsequent release of epinephrine vhifh csuses glyeogemolysis in the
Iivem’.”’

8incs morphine causes respivatory aepraaéion, the factor of asphyxia
mast Do considered in explaining the mochonism of morphine hyperglycendas
Conditions such as asphyxia vhich limit the supply of oxygen to the
4$issucs leads t¢ rapid lose of liver and muscle glycogen. Anecxia
produces tissue acldosis leading %o an increased rate of glyocogen
vroakdowns (40} E11as'4) nas shown thet the intravemous injection of
acid into dogs causes rapid breskdown of liver glycogen with resulting
hyperglycenia. Stowart and Begaffi 42) found, ag did others, that
denervation or demedullation of the adremals will prevent morphine
hyperglycemia but does not prevent asphyxial hyporglycemlas Alse at
a time whem the hyperglycemia induced Ly morphine wes disappearing, and
the blood sugny might have returmed to normal, the respiration was apt
to be even more depressed than earlier, at a time when distiuch

hyperglycemla was present. Stowart and Rogeff further concluded that

morphine hyperglycemis was essentially differenit from asphyxial. It has
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bmambymfw’ shat hypervontilation does not guppross morphine
hyperglycanine

tangley and Clarim(UY) cbosrved that the increase in blood sugar
and &n the liver glycoges whioh lo charmoborietie w‘% requires tho
prosence of tho adrenal cordas, Uowever, when o doge of adreval corfle
¢l exbiraot, widch {n iteell does yot affect the carboludrate lewsis is
adminigtored as maintensnoo thowapy to the wirermloctonfsed ral, 1%
pornits Ghe £011 dovelopnent of the carbohydrate changes charasteristie
of ancxia ¥V,

Ginve hyporglyconmis o but one of the fentures of morphine aobion,
intareat hae boon ohown in sbudying whether o not morphine hypergiyesnio
ovuld be provented, fuctessful attompte along this line heve booh the
ohwormtion ¥5) wat Lneulin Jovers blood sugar lowsls in morphing hyper
glycomia oo mush a8 in other hyporglyoesiasy thet movphine hyperciyoecde
s much greater after perilal dostrnetion of the pancrens i)y caat
phencberbital provemts tite hyperglycemia by axtagonisiag the morphine
effocte comtraily 7)) and thet totraetiylawwnion ehloride (ebemon), &
ganglionic blodcdng agent, eimilerly affecta morphine hyporglyceaias

Thue, fron the previocus experimental evidenoo It may be concluded
that the hyperplyoemia following single injeotions of morphine o proe
wied due to eploophrine relcase and the resulfant glycogencliysis which
takes placo in the livers Other offests dus to morphine such e respise
astory depressicn play o minor role in producing this distinetive type of
hperglyomine ot only doos thia veloase of epilnephrine ssused by
worphise lead %o porglyeemia, but othor neasuwable offects such as
ascordle neld deplotdon and sosinopenis mey Lo cbserved when morphine
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provoliss epinophirine ag thelr instigating factor, will be conoidered in
tho next svetdon of this thoeles

Co Iffests of lepested Adeiaietrarion of Amigasios on the uperilosde
Desponsgs

Vo lerpo doses of morphine or other amalgesto drugs of this type
are givon dally te mbblts over o pericd of governl woolks, the usual
hyperglyeanls responses bovome progrovsively lesss Thia phencwmonon wme
firet noted by sscho Yo' I}, end laber by Bsevson and Phetak{ %), Pretel,
mloney and bavid{ ), xmow and Dedeer(33), and, recently, by Hinave,
veBoer, Valts snd tetth"), men tho amme inttie) dose of morphins ig
umed dnily and blood suger determinations vmds woeldy, ab the ond of
four or five wonls thery s practicelly so lyperglyommic response showty
lowover, 17 one allown lneremonts in dosage ab the beglming of ench
weoult, the kyporglyoanie respouse, slthough lessonsd, ccowrg dus to the
increased atioulus from the added amouwnt of drug civens

Another phanomstion mey be cbesarved during the dovelopmat of addiow —
tion vhen the blood sugar responsos are studleds Fmoraon and Phatals
polnted out thnt afbor a poried of twenywfour o fortyestght hours of
withdrawnl, the fasbing blood sugar tende to increase compared 4o Uhe
originad fasting lovels Ory 40 the ouporinent is stopped et the and of
soven or eight wosks with the abrupt withdrawal of morphine, the hypors
glyoomdc reosponec redemurgs The hoight of this hyperplycondc response
voinoldes with the helght of the withivewal cymphoms, “oih lasting for
sovorml dayes« Vith codoino, mothadono and medperidine, the withdrewni
hyperglyosnic responge ls nover as gread as that for mhimfm)n
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Sindlarly, the hyporglyeanic response soourring during the dovelunpment
of tolorance 4o twee compounds is not oo great as with the worphdne
oo of aaalgosioge

Ve Lifgabs of “eposted idmlofstrubivs of Amalgesios on the Advemald
Lorkome

An orderly econsideration of the lndirect actions of morphine would
oall for dlsouanion of this subdjeot later. lowevar, early studios row
vealod that mlbite given datly adninletmtion of norphine with wookly
inoracatite 10 dogage for poricds of eix to eight weelm shomed cortical
hypertrophy ab awtopsy (merson and Phatek){ 73}, uteh ena cortiond
myporbrophy cospression etvephy of the edreml modulla ococursods This
importent obserwiion, wmade owe Fiftoon years ago, pointod cut the
olose rolationsidp bobwoou the acdion of repeated aduinigbration of motw
phing end the activity of the edromal corbexs

timilarly, n 1927 meiay and taeiay ) found adrenal cortex
hypertrophy in rete giwen repested injections of wotphinge The corviesl
hypertrophy was graster the larger the dose used and the Golerance
sttained and, especlally, in those rate widch resisted large dosen of
morphines Thins led thess workers 30 boliave that the renson wenlo
individunle of%en Bolorated vory lavge doses of morphine wis booouse of
adromal cortical hypertrophys They inforsed that in scue way Gho nobive
by of the Iypertrophied torbex allowed an incrossod resistance t more
phing, oo thoy had noted in thelr rate,

hatal: and hia co-wormsrs 3P, (2} gpudien e addtetion 1abiliey
of several s nthetic amplgonion b comparding the phenomona of doarecased
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hyperglyoonic response during reposted adninistration of the druge, the
roappearanss of the hyperglyosnio response upon wilthdrawel and tho
changes in the adrenal ocortex with similar changes effected by murphing.
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IUTRTHBLATED CHANGED DUNING TOLIBANCE

The interrelated ohanges cooupping $n the functicnal activity of
wricus organa frow repoated aduinistratlion of morpldne and othor auple
gostos wiil .'.ﬂ Lo oomsidoreds OSince ¢ prowvocative agont reevohoible
for thweo changos is epineplwrine, (hw firet part of Yids discuscion
deals with tho verlous actions of this substance durlng the develcpmont
of morphine Cclorances It has Doon poluted oub above Wat the hypore
glyoenie roaponse following morphine adadnistretion s dus o 1iberetion
ef opinephirine whieh, in tum, ochusos gliroopenciysiss The hypergiyoenioc
vosponge Uhen may L9 wead ar an lodex of eplnephirine released, and indle
rectly az 6 moasuro of epinephring action on othor o pans Woon adadnloe
tratlon of merphine ¢ repunteds Thue, during developuont of Lolorance
to morohine, She hyporplycenie offect of opineghrine eantinues along
with its of Teots on production of other lhormonal secrobionss

% 4s cur purpose here %o swsider those Interrolated changve timd
coour in tho Lody due v corblaued eplngpivvine relsuse and pubsequent
atimulation ‘E;- 5% of mricus ond organs such ns Uhe liver, tle astorior
pibuitary, end the siremal cortexs Wiwn eorrelated, thege activities,
from an loglgdd doko thelr meehanisms, ey rewvenl somo of the featuros
of morphine tolerences

Ae Cosorgl Zffocta of Zpinephvine Seloages
Exeitetion of the synpethetio nerwous wysten by verious strose

- obimall vl slurn end actiwbo many parts of the bLodys 7The 1iberadion

of opluophrine Oron the adromal medulia results 1o e marked auplification
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of the ini.h:?.ai nervous ifmpulse through stimuletion of adrenergio nerve
ondingse Ome mi ht cousider that the autonenic nervous systom serves as
the ey to the activetlon of the organis: as & whole 1n responge o acube
stressose The liberation ¢f epinephrine makes an izz&ividml o animal
nore responsive mentally, resulis in dilation of the ptxps.lé for bhetter
vision, mobilizes liver glycogem %o provide glucose as a source of ready
enerpy for muscle and brain, mnd stimuletes the anterior pituitary %o
seorete adrenotrophic horuones o build up & stross resistance through
inoreased adrenal corbical activity. Thus, as o resuli of etress active
ity, the sympathotic mervous systom produces readily awaileble enorgy at
the expense of carbohydrate reservess Although meny of the sympathetle
manifestatlons dus to morphine injection are masked by the simultancous
aetivation of the parasympathetic nervous system, nevertheless the role
of the sympathetioc nwm@s gyaten in elarming the body ww oope with

streseful conditions cannot be minimizods

Be %wmge mgaﬁ of Epinephrine leleage: Stresss

Selya(g'o ) has shown thet the relense of epinsphrine occurs followe
ing certain "stress" situmbtions such as shock; sold, hunmger, poisoning
by toxie substances and tissue damapges Honoe the administration of
morphine, which provokes epinephrine release, may likewise be looked
upon a8 & "stress” sitvetion. BEspecially is this Yrue when repeated
injections of morphine are given and there is repeated release of epin-
ephrine resulting from thie sbresss It i3 the relemssd epinephrine which

conbinuelly stimulstos target orgens and {tissuose
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s ZIpthepiwine Jolesss and Sarbolndrato Holabolimme

Darlag sbross, whether duo %o repeated morphine injeetiona o cthar
conditions, the uillimstion of the readily awilahle carbolydrate roe
sorvos Je sounberbalanced by the stimmlation of thw advennl coarbem. lor
smapie, Bupodl) gtates.s."sin0e 811 typos of stress are followed by
evideoce of lnoreasod protein ostadolism end activation of the adeenal
sorben in nomml, but net in sdvesalectouised or hypophysoctonired ande
mals, wharens stress ragularly reoulle in ypoglyoecis and death in the
latbor, 4t say bo thet s Inerensed neod for carbohydrato is tho firet
offoct of atrass Lo gemeral. T4 hag Doon ghown thet the indtlal vo
gponas bo Injury S0 an elewmtion in blood glucoss with smallor inorengos
in lactate and pyruwbe, due presumbly, to roflox stimulatfon Yy
epinoplrine. lowewer, at o lstor otago the adrenal sortloal horewnes
ore invbived in 4he Pormation of nsw cardohydrate Shrough the mobillape
tlon and fwollitetion of probeln catebolimme Ales, In obross senditions
it baa beon found that the adrenalectondsod animmlts Llood wupnr falls
progreasively, shoming "en inadequmte ubility to eall imdo play those
wochanleng by wihieh the normal aninel protects {teal? sgninst earbolyw
drate deprivations Utarhohydrate utilization appeare to be procecding sb
& rate whioh 1s ememsive in torms of awallability o sardohydrate from
poESmrmad sources and by glmmia(%}"‘ But, in the m o
wtross, tuoasid (P gnowsa thet nomml and adrenalectonised rabs mequired
the semp vate of glucose infuslon to maldntaln tholr bBlood suger levels
aftor ovievarations
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Ds Dglotionsip Setwoem Hpivephrine Induped Nelemss of Adremocorficoids

The rate ot vhich the liver releascs glucoss dependa primarily en
the lewel of blood glusose %o begln with snd is inversoly related So
16(55), rowover, the lewel ut whid: the "glussetnt® tiveshold is eut is
dobermined by & balesos of certain howmonss from the asberlar pltuitesy,
the adrenal cortex, and the insuline The rbhphyﬂ’wlgnﬂhwu
domonstyatod by the depanorsatised animel which fails w depoalt [lyooe
£on 5wt ahows & rostoration of thie Pmotion whew emogenous ineulin
is ingocted'T7), Tmen the amborior pituitary hoveone fe io exsess, the _
livor thresinld for glyoopen is mainteined st high levely cunversoly,
Inok or abgsensw of tl‘il hermone roduses thls threahold and hypoglyconin
roeutta(50), This effect of the anterior pitultary hormens &8 a diroot
ono and is also Drought ebout by stimulation of the adremal cvortoms
Ingulin fuwu the weilization of glucose while, on the other hand,
cortain hornonos fram the adrausl cortox and the pitultary feoilitate
gluocenecponesis fron protelin, end alsc inhibit the uwtilisetion of glum

cosat i),
y.roIA

vith mpm o the part ﬁny«! in blood supar ropulatiom, its role
ia olaractorised by $ts tendency tommrd clovetione and depression of
bleod glusons lavels, and are manifosted in the respoctive states of
hyporthyroldian and hypothyroidien(57)e I & depencreatised, hypephyme
esotondaed animl, the bleod sugsr spprosches normal!®), ohe wole of
epinephrine id an emerponsy mochaniss which prevonta sudden changes of
the blood sugare

Inorensed relsase of oorticogboroids alse alfects the blood lucosn
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lovolns 2An explonntion of the phonomenon o the progressive decreasd in
quwam“WWWM1mw
be tho shablilsing offect of corticostercdds on tho Mood sugars Tith
the incrongod dlood titer of wrticostercids dus to repuated morphine o
epinophrine (oteesa) injectinona, there would do o tondency to limdt or
tnhibih the usual hyperglyosnic response & provent the hypergiyoends
fron belng s mrkod as 46 othorwise would bes Selye(6) tms found that
cortisone would Inhibit, although not completely suppross, epluepherine
Iyperpiyosuds whon sortisons was adninistered prlor to epinopivring ine
Jocbion, Chin and Neodhen(®®) mave showm $lat corteln adrens) extructs
und sberolds when edled in vitro %o liver alices inereased the plyosgen
produstion and inhidited ¢lyoogen brealdosn shoring thet the polmt of
action of tho reloased cortisceoids 1s on the liver insofar as reduotion
of hyporglyomia is conecrmede Alem, degenyeorticostercnc(63) has been
ahown $o ishidit hyperglyomda dus to epineplrines

Other evidmoo mey be olted to show that epinephrine, or its roe-
loase induced by norpline, actiwtes the edvenal certome The deplotion
of adremul cortox as corblo aold, whilch resulds after adinistvation of
epinephrine, dooe not csour in hypophysectonised anteale(@), Puthere
mors, sdranotrophis homeone, ot epinephrine directly, is the stimlee
ting faotor acmting on the adremal cortox % osuse the elaborstion end
1ideretion of Lts hommones(65), Thus, fn order for opinephrine o
inflvenes the adrenel curtex, s prelimioary relesso of pdrenotronhie
bomono 1s necvessey s that 1t appears that Ahe inbegrity of the
pltuitaryeaivonnl ocovtical sysben is cosentinle



B igborior Ptutary hobivity During Depested iduinisteation of

Tho part played by e anterior pitultary amﬁwwmm
latlon and o eudaoquint Wrlogated ofluvts produced have boon Lnvostie
@teds Thme and ittenstoin{fd), finding that the destrustion of mucled
in the mterder Lypotialaass abolishes the sbdlity of epinephrine o
oRuss umm«/ammy._ moported What there must Lo a nmorul
agent reloasec from thoss anterler nypotlalasis nucled whieh stimilates
the anterior pitultary 50 coorebs adrenseorticotropide howwones o
gvorr, adrocooorticobrophle seoretlon lo netk prevented aftor (he sovasw |
anco of moural comiootions betweon thoe pliuitar and the hypothalesue,
nor is Wi dlescharge of ACIN prevented Irom pltultary transplent in the
. antordor clamber of the eyolST), Therefors, 3t ls evident Ums nelther
éiroet ooursl nor sourcmsculor somsoctlons with the hypothelamus ere
recsssmry b7 the release of sdranotrophis hornone, wnuf&?}
found that & trunsplanted pituliary will rospond 4o the diveot applicee
ion of oplmerphrings On the basls of %ils evidenve, and other work,
Loag snd his assoolates{9) believe wpinephrine o be the nomml sblsee
lus for tlw relgsse of adronotrophle hormons, |

The decrsaso noted in cholestercl sonbent and ascordic acld vonted
of the advensl glondserves as & mmsurcable index of adremotyophls
activity{T0)y 2% kae boen showa also 4imt morphine will couss sdrenad
ascorble soid depledton(Tl) although 14 does not eot directly en 4he
asdroml oortex(78), An tndex of o geerebory astivity of the advessl
corbax, iteeld, iz Ww intrense in ciroulating meubrophiles topotdus
with & doerease iz the eceinmopliles snd lympheoybes(T?). This aleo



holds twue in merphino nddletian({7h),

Prom the evidenos prosented, it whould be oloar thet movphine
gtimalates the reloase of opinephrine which, mtun. aots direetly on
the emterior pitultary % liverate adreactrophic Lomone ssusing edvenal
agoorbic actd évphtim. a0 well ag the other poriphosal ncotions attribe
uted $o epinephrine relenese rwnmaam, thvough otime
loting tho adromal corbom, causes o rolense of oxyeorticosberoids widdh
influsnce the hobe mervew and lymphatic Slssves resulting in aeutvophile
Jovoooyboste, Limphonpanis and ecalnopenia,

Ts Dpinephrine Iffects Influenclng Amioesis.

The effecta of morphine on the sutonomie nervous o sten may exerd
an nfluvensing factor on the dogroo of analgzesia produaed, While ¢he
uajor locus of acbion of morphine in producing snalgesia is by depros-
slon of the tialame centrally, recont studies indicate & wodifying
offoct on analpesia by olther scetyleholine or epineplrine, or bobhs It
has bean shovm by Sleugtber(l) Shet optate anslgesta le pstentioted by
prostigadnes The moclanisn coneerned hare, scoording to Oress(®), is
possibly cholinesterass iniibition st the splanalmls Gormimatdons 4n the
adronal medulla leading %o ingreased supplios of sosbyleholines Aocohyle
cholino sorves s the aotivator of thn adremal medulls end $hus sorphine
indirectly loads %o an ocubpowring of epineshyine, Oross and his cow
wriors{6), ns woll as others aush as Tvy end Gooted(3), and Zeudes(75)
mainteln et oplnephrine playe an imporéent role in snelgeels and thet
epinephrine and othor vagsoconstriotor diuge nione eun produce analcoalse
‘mmﬁ&mmmmﬂmmazu o
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loager producod amlgesis in adrenelogbouised dogs, fasris and Friemd(/C)
showed exporimenial evidence tiwt the adronal wedullsry porddon, bub nod
the corden, Ao sssential in oplate mnalgeaine

Ge Yompiine a9 g “Stvess® Oyimlus in Addetlons
Taving prosented ovidones o ghow Wt e close rolationship esdsts

betwoon the adninlstration of morpiind amd opinepbvine release, and that
mny of the phermocloglo uffects of morphine are aotually dus (o ople
nophring, *@ may £0 ¢ stop Durther and conalder those offects as & reow
sponge bo ptronss Dased on Scl;w“x{m} afforte, 1% 1o eeon that wopoatod
expoaurs Yo any stross rosults in o sequance of eventa Selye calla the
“adaptation syndrone”, This 45 an atteupt on the part of tho body
Slasuen and otruoctures o compensate or adjust to tho stresss Thw adape
tatdon syndrome may be divided into three distinet stagws, s followss
(a) The "alar rosction® in which resistance %o the stress s not, s
yot, been acguired or developeds This stage is accompanied by s mariwd
Mboration af opinophrines (b) The “stege of reslotence” duwing vhich
tho edaptation 19 optisal, with the interrelated potivitles of he anboe
rior pitultory and adremal ocorter respunding sdequately to maintain
adjustmont of Hho body to the etress situatlons (o} Tho “atage of toe
haustion® whwn, Yhrough overactivity, the ocquired resistance is logts

It should bo poinbed out tlmt during the stage of resistance, tho andmal

my s4lll regpond to new or 4ifferent strossos.

Since morphine provokes epinepheine relesss, and the chain of pharw
moclogle oventie rosrlting are in many ways identical with the shengoes
coourring in etress situatlons, mwrphine may be considered ag e oiroess
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sbioniug, Slmilerly, Whe repostod administretion of worpbine pay bo
considerad ne ciling fortl e adaptaticn sndrome in the enlmal with
the three stages slivited dsponding on how long the strese is soutlmmods
Az bSelorence 3o o certain Jdose 1a soquired, yporgiyeenis dros ot oocur.
Howovar, 12 the dose of movphing Ls inoressed during the development of
tolovence, lyperglyoenia veoppoare as a rosult of the inorensed atresty
The hypertrophy of the adremal cortex is but anolhor phase of this stege
of registance duo % rupoatod or gontinued injections of morphine serving
ae the stressore Ulthirawal of morphine, likevise, represents o nhow
stross and ovoime o hyporglysenis as indleabsd by Phatak et adl20) (3,
That withdrawel of morphine servos as a now otress Lo also liluely, as
soon in morphine addiots win oxbibit sowere and dramatic withirewal
'm, though quite dissiadler from those attributed 4o merphine
dupdng osteblishmont of tolovanes and addiotlons

From consldoring Selye's adaptation ayndrome, one galns the luprogs
alon thet wille actiwmtion of the pitultary-adrenscortiosl systes ewives
slowly, once this w stem has been salled inbo play it snebivitios are
not ennily atopped or inteorfered withe During the alamm resction Glw
avmputhotlic norvwona syston is oxeited with lideration of epinephrine
whieh secves to oall forth gsertain pretootive reactilonss For emuple,
epinephrine sorwma as the "trigger® nsotanien $o sot the piiuvitarye
mMm ayeben into operations Onoe this oystem lms boon ackie
watod, 4% peine moamthm. lowewer, owe of $he rogulatory liniting
festers controlling these seoretory activitios in the adility of the
poriphoral tlsauce §o utilise reloased cortioal hormonoa’(7), Sayerts
conoopt of tho rato of utilisation e & poverning factor sontrolling



ritultarp-adrennoortioal sobivity comss fpom the sbsermtion thab
cortical homaone will prevent the lyportroply which ccours following
prolenged exposure to streas(®), Tiue, advintstwatlon of exogenous
ecorticogtorolds obviales the necansity for the sdremal cortax $¢ Wypote
trophy 66 ingreaso ite secrotion to meet the dormnds for the homenos
induond by stwesse On this dasls YeDemnott{7T?) velioves thet twe
fastors povern e regulation of the edrenctyophic searetione 1)
epinepiiring and (2) the rate of utilisetion of corties) hopnsuege 4
praphic presentation of ¢hde oconcept of lMaDermot$ iz presanted in
Flgure Be Two spproaches to modifioation of tsloranse sowms evident vhon
govorning fuotors are unterstoods (1) To cheal tho astion of epinephe
rine on the anterdor pitultary so thet the sdeencoortionl svabm {a nob
aotivatods Poumafhly tids may be done by She use of edrenergle bloding
apmts whic: aloo may prevent hyperglyosnis or protect amslpeaia. This
posalbiiity is what we intend o esanine In ouwr esperbewnt, (8] %o
mive the Mood tlter of worticoutorolds emopenously so el a stete of
funetional hypophysectony 44 orested, tlme produsing an  brophy of the
adronal cordex(%0),  an expression of this ebate of Mnchioml lupos
piysectony ia shawnm by hypersenalbivity o insulin due 4o & deficiency
of sortisons whon overdosage of desoxmyoarticosterons is piven(Ol), ¢
has been olaimed that desoxyoortioostorone will enhence morphine anaie
gosia and 4hat cortisone reduoes 14(08), Sinoe it mppears ttet tiese
o cortloostercids are antagonist with respoot to merphine amirmais,
oo mipght eonsider tho wse of desaxyoorticostorcne slong with morphlive
when 1® is necossary $o use the latbor over o poriod of tinme, Mlorine
mabely, with the produstion of & funotiomal hypophysectomy mnd
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PROPOSED MECHANISM OF CONTROL OF THE SECRETION OF
ADRENAL CORTEX STEROIDS

(McDermott et al; Yole} J. Biol. Med: 23, 1950)

Pigure 3, Pronosed mechanism of contiol of the secretion
of adrenal co:-tex steroids,
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fnaufficiont searotion of cortlcoids, the use of desomycorSicogderute -
contiinuously may Yo required aince withdramel of degoxyccrticosterono
1o followed by signe and eymptons of Addison's Dissase(®3), s, nowe
over, would nob be an inberdiobing factor in the pationt dying of
malignent disconse who, at best, laa only a fow monthe ¢o 1ives

T84k reapect o repeated adninistretion of mowphine end edrennal
cortez aotivity, 1t lme been alveady montionod that repeated Anjectlions
' of momphine lead %o advensl corbex hypertroply, as seen st autophy of
tolorent rabbite’ 9) and thet, as found by Yeoay and Mectey ') tret
adrenal hypertrophy was creater, tho rreater the tolesanes cxbiblted So
the effecte of morphine in both men and evirale, Hove secantly, Tisber

and Platelor' %) ghowd that eortisons and ACTE reduos nerphine malgos
sia end antagonise tho narcotio and towlo effeota of worphine, Cone
vorgely, 1t lag been showm thet adremalectony renders the antral nove
suscaptidle to movphine lataxicetton'®), Thua, 56 appears that the
aotivity of the adrenccorticolds Limite the oxbent of the desirblo
actions of movphine, namely thet of smlgesia and marccels, and, bhrough
this action, 45 & rospense Go stress during 4he period of incromsed
regigtanoo, is responsible, in part for tolorances If advomed corbem
hyportrophy could bo ldmited, with linitetion of the seorobion of the
sorticolde, an approsch might bo made o the problem of forestalling
morphine tolorance and thus the need for rapidly inoreasing the doso of
morphine %o effect astisfactory pain roliof in the suffering paticnte



He Egaoons Por Uso 9f the Norphine Epposgizoonto Besponse ms s Sest
oL Zelownog.

Hyperglycenic responses bopome looy and lest ad about the time
$olerance %o snalgesis and marcosis is established. The undesrlying
mochanisn producing toleramce to hyporglyeonds and, slse, tolérance
‘o anmalgesis are eithoer ldentical or vely closely interdependamt,
As morphine 1o mtu:y adndnt ~tered $ho adrensd cortex hypore
trophies shich, in effcct, would raise the bDlood titre uf corbicom
stevoldss The axposs soriicostercids than are produced aa o noPr-
mal rosponse %6 morphine ciress eand would Do cxpectel to mullify
both the hyperglycenmis ani analgesic rosuliing primerily froa the
relonced epdoephrine, Coptdsone appoers Lo 1-hibES or rotamd
Mﬂg{ﬂ“ﬂﬁl‘ I% also reducec rorphine miauh-mz}
®mo an appraieal of e developed tolevanco o hyperglycemia may
Do talten az a acasure of compensatory ¢hanger gscurring in the
funciional ackivity of e adrenal atries in respon:e $C ropeatod
strose 9F morphine admind tRoticie



LXPER DOOTTAL

ihe ressarch work reportad in this thesis lavolved three soparate
axperimmts, 7o proceduros followsd and matevisis u»ﬁmmm
in the dlscussion of each cxporiment, Sinoey unh of ﬂmﬂ exparincnbs
vove oarried out on rabbits, and pard of the study dealt with the lypore
glyooudie and othor respenses, tho pemeral mothod followed and the drugs
used my bo mountioted firab, |

Animlg, Albino male rabbits, welghing from 2 4o 3 kilogmus ot
the start of the emperimmt, and about four mouthe of age when prooured,
wore useds A fow femsles were inadvertontly ueod although el animals
wero ept in sepavebe cegns during the eomporiments Purtim chow wee fod,
with groms riven onve or twice s wooke For obbtaining blood sesplies,
the andmly were brought from tholr guarters 4o the labommborys othore
wise, the anlmals wore kept snd given tholr deily injections in quarters
maintained at & constent, ewn tampsrature of 24,° C. Yhe aniosls wove
mainbained in pood condition throughout the mporiments slthous: several
of thoso injected with l-igomothadome showed sore irritaticn at tlw eile
of injection. Al} snimals wewe wolchod daily and the amalpesie draps
wore injooted on the bdasis of ng. per kilopvan body welpits Sallne and
COx {179 wowe injected at o constant total dose of 0.5 o6 for the
former and 0.1 mge/lige for the latters This seme dose for OO J479 wma
injoctod ledf en hour previous to morphine and leisomethadons in $he
chronie dlodiads of hyperplycomia produced by these drugss

 Drags. lowphine Sulfeto served as the camtrol drug in these emporie

moks ¥o ogbablish the base waluocs for making compartscnss Its formuls
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{Pige 1) hos Doen shown end 148 aobions have been previcusly describods
timdlardy, the fomulae {Fige 2) for mothadono and leigomeothadone have
boon prosonted, Since the other symthotlo anelgesio used in this study,
alphs acotyd notiadol, has not bosn proviously desorided a brief deucripe
Sion of thig drug 1o offered herss Tho formmla is ohown in Plgure L
Alpha acobyl Nethadol is & now drug recently released for emporinortal
trisle 1ittle publichod work on this drug has appeared 5o fare Iraser
end 2ab011 (% g0 tho thres forvs of alphn scotyl methadol awaileble,
the dsatro votetory (leantiner), the laovo rotatory (deantimer) and the
mammqrmmmummmm.
mmmmmmﬁwm. 1Mtniuumrphim-
mwwumﬁu'dnaurjbm Buphoria was avidont withe
In thirty minubos afer the injootion and poraisted for thirby to
Portywolght houree Cumiletive offects were obgerved when the deantimer
(laevo yotatory fom) was given in o dosnpe of 15 mgse twice daily fop
three dovge ALl forma reliowod abgtinence from morphine end when given
omally ¢o addiote that were toleovant ¢o 160 to LOD ngee of morphine
stlym&y,ﬂiMw_wmm&mm
pidnos In obher pabionte clven the drug for two wocks with abiuph ree
noval ofmm.'-amﬁm s ptame ware nobode

Tn the mineograghed pamphlet(®7) doseriting the prelintmary phase
maoclogio atudy on alpbe noatl m&ﬂ, proomably done by
Charles Ay Winber ab the Merck Inshitube for Thevapeutio Teseareh, 1% 1
podnbod cut Siwt the 1D/0 of all threo forms for nice by subowtancous
tnjoction 4n rouhly L0 ngefkgs, that the Jovorstatory (Geantines) fom
produces delayed toxlelty as doss the recenic fom containing the
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lovorotetiory (ouclions Alsp, the racemic lovm Lg more active than notha«
deme with respect to amipenlo ackividy, Wintor saysess"ly oomparizong
nothadone hos boon ealoulsted by wricur investigatora to have an 1U/A0
vanging from 20 %0 50 ugefige” Thus alphn acetyl nethadel compercs
favorubly in tids respact with nethedoncs Deschor and Neabs' D) mambicn
the curious propestios described dy Fraser snd Tebetd(®) Man sows
that thes levolsomer (30 mge) on subogtancous adninistration dd not proe
duse o worphite=lite offeck, which $hay desorided ns "euphorial, il
after sone nine hours, whereas ofter orel adninistretion the chain of
morphine=iils rosctiong appeared in I or 2 howrs™, In olinioal otudles,
Beooher and Roats fouwnd that suboutansous doses of 20 mge given cbee
sabisfactorily velioved the paln of 54T of tho patients whioch, ng they
podnt out, 413 well bolow the eoffoctivensds of 10 mge of morphino. liows
over, David and Sosder'C%) in o sbudy of $he ues of d1 alphe sostyd
sothadol over a perlod of %ime find thia conmpound excellant Por the roe
linfafmhmatmmldmw5%&1&!@%@!!&»@%
datlye | | | -
The dilgdrogumated ergeb alkmlolds and erpotanive wsed for advane
srglo blogking actlon in Shese exporlnonts may be deseribed very briefly,
It has long boon lnown that erpotandins, in smll dsees, eausve arboriclar
wgoconsiriedion and o stlaulstion of ampoth musele, particularly the
uberuse This motlon appears o be direst on the smooth magsle concersod.
Then orgotamine ia given in sovoral vepeabod dosen, the é;ipam. to both
pressor and Inhdbitory adrensrzio stimlation is blosked {nmzn‘%},‘,
and thipg effect prodused on the blood wossels nesating the offecte of an
injoctlion of sninephrine, u‘m ag advenslin roversals The
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Alpha=acetylmethadol

Figure L. Structural Formula of Alpha-acetylmethadol.
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dhydrogenated orgot compounds guch me Dihydroergotamine (DIT {45),
DMhyéroorgoscrndne (U0 #380), and ¢OK {179 ("iydergine”, an oqual mime
ture of dihyiroerpocorning, dihydcergooristine and Allydroerguisypblne
dorived fron ho sllmlofda of ergotoxin) lack some of (he prominent
n;mmatwmmm«m Por esmmple, in anll doses Ghooo
drags do nob canso emooth musele sbimulation nor vascconstrictieny (91
tbo wborus is not sbimuleteds and, thelr main action is ndrenclysise 72)
They are muoh more pobent than ergotemine in causlng edronalin rovors
saly (93) |
| Although both DI 15 and DI /290 are dihydrogenated compounds and
thoreforo olaimed Go act mainly as "sympathiceolytic® agonts, & dlotinos
tlon 1o to Yo made pharmeologienlly botweon dihydroerpotenmine and the
two newer ccopounds dihydroerpgocormine (DHD J100) and its sesbination
salled 6K {179 (fydergine!’))e Dihgdvosrgobanine retains a cortasn
anount of ddroct vasocomtrictor action in umll dose Lut not to tho
dogroe Ghat orgotenine doess Usually, with ordinary therapoutic dJdoses,
as in man, the edrenceympathloolytic effecto ave prepouderant although
1% i QiPPloult 4o predich emotly in which way the organs immervated by
the smpathotic systom will respond 4o & given doge of DUE IS in the
thomapoutic, o amall dose, runges Dopondonco on the wvasoocongbrictor
actions of DIE {5 is tho basls for tho wse of swall doses of this dsug
in migraines " On the other hand, dihydroerpocornine (DD F160) and
GCK {179 show pmactically no direct constrictor aotion on mmooth muscle
and the effect thoy penerally produce is wvasorelammtion in emll doson.
tpealding of both the "constrictor” type of erget prepareticns, ergotanine
and dihpdroergotanine, and the relamant type, dihydroorgocornine and
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oo 2179, Mickorson O says, "Alibough the ergub allmlolds sre true
adrenergice blocking ngonts, ﬁhi;} wfortunately also luve very pobaut
effectn upon the (e Thay all act on the CBS to depress reflexes in
concontrebions loser uan these royulred o produce trve adresergie
blockmde”, hile Nickerson rig@fully vhjects to tho use of such torus
a8 adrencl;tio, syagpathelytic and edrencsiupatbisclyile, vimtover the
torus et may be used Yo doshgmeto tho wodu of action of these drugs,
1% sbill helds true Lhat, in eali doses, the newer dihydrogematod orpob

slialoids such as dihydroergocornioe and COX J170 are nere likely (o

effech depression of the tone of amooth muscle, particulerly srterials
femee, the wlue of those newer dihyéregennted erget cumpounds 1z the
troatmont of poriphoral weculer disesces!?5) and ftn hypertonatcanl76),
Deteraination of Bloed Glusoss. Anivele wors divided Sibo proups
of fowr 4o alme An initial fasbing plucces cebermimaticn following onoe
hal? suble cerdimoter of physlologicsl selive, given intrevenously, wme
made o onch rebbit,. Following thie, %o chserve the reaponee of ihe
aninal, further deterzinations wers smde at one=hall hour, ope how and
o bhourss In the seocnd end thisd emperimend, the blocd gluccas ues
dotorndned 2inilarly tub at one muué, twe how* and four hour pericds,
Plocd gpeclmons were sbiained by autting end bleeding the left merginal

our voln, Deterulngtions vore made In duplionte uslsg the lngedorne

Jenpen nlevo method(97), 411 antuals wore fasted from twelve o Coue
boan hourss Drugs %o be tested wre dnjocted Lukmwesously lnbe Wie
right marginal ser voln or muboubnpacusly in ths bLoel,

Zosinonidle Cowdas Provicus refersmce T3] has been made to the
observation that epinephrine, throuch 1%e sntorior pitultary~adrevweortios
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frophla peatanisn, cmuses & depreanion of the ousinophile cout, ‘ore
phine hae beor fowmd o produce thde offect elselT), Acsordingly, we
vndertook to gbudy the cosinophile reepenses followlng injosticus of

| morphing to rabbits twb found that the responpes waried errsticelly end

that 198510 oomsistent offoot was noticeable on the & hwnys gosinophile
dopression with the dose of morphine (175 mpefige) we useds Consecmently,
tata which have shown o reliable response 1% the npasy of ACTH pchiviiy
waro uged for this studys Yale Sprapveslewley tets, wolphing foom 100
to 200 preme were injooted muhovtmnoongly -!&h anevboll oo of galine
suboutanoously, with #el mgefigs of morphine sulfete, Oel mee/iigs of

con X790 and o sombination of €48 mgw/lie of morphine mulfete ane-hell
hour following an injootion of Oul mpe/lipe of 00X J279¢ Pireot comts
of blood sosisophiles were ugde on froahly flewing wsnaplos of tell Dlood
provions fo injoction srd four homs afber tho injecticns ueling the
mothod doseribed in Fam's "A Sylladus of lsboretory fmmipation in
Ciintenl Magnoets®, (), Diruting £1uid (5 mle BY cosin, 5 nle acobane,
90 mls of distilled waber) wae oSored in tho refrigerator and £1ltersd
before usings Using two standard pipettoo, e 180 dilution of the blood
sample vas than plavced on the shaker and alaben for thivdy eecondss
Drops from the mdddle portion of eath pipette were placed on each side
of 0.1 s dopth of the levy special cowmbing chenberss After tho count
was made, the celoulation wes done as Tollows. '

s Muber of gosinopilles/ /o

Advounl Corbon Changess At the conelusion of tho clronie exporie
monts the animals wore administersd intravencus godium pounbtobarbital,
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infuged with formalin fixetive end saoriliced. Doth sdrenmal glands were
romoved in thelr entirety, woighed, and lamedlately sectioned for histow
logical oxaminetion end plemoed in 10 per cout formalin fimative. Other
¢issues euch as the liver and kidney wers alac rowowved for study of
tissue chenpes. Sections of ths liver and kidney were made, bub are not
reported on in this study sinse the changes observed were nwot sipnifi=
cant to thia study.

Absorbic Aoid Contert of Adrenal Cortex. An attempt was made bo

make deberminstions of the ascorbio acid content of the sdremal cortices
chtained from the rabbits at autopsy both by tisaue staining ant ::m:%.ml
nethods, but due 4o toohnicel diffieulties, it wae impossible 4o malte
guch observations in & relisble manner, Such studies have to be made
under the rather emmoting oconditions and careful laborstory facilities
which we did not have &% the time. Furtbermore, the Vissues wore ree

moved from Jormnlin infused enimala,



Tho rooulfs are pregented in tabuler fowm Yor the three exporinents
porformed in this researche The Tirst exporiment, called Nmperimend I,
doals with the study to deterndne tho blocking effects of the ergot
allnlolds on morphine hypergiyoenis, the soccnd stody, Pxperinent 2,
porvoz as ¢ control shudy for tho subsequent exporiments In cwperi~
ponts £, the hyperplycemic recporses Srem incveased domes of morphine end
l=isopothadone riven over a perlod of nine woslks, were studied, The
of'foots of o consbant doso of saling glwm to one group of readbdbite and o
congtant Code of OC {179 given to ancther grouwp vere alvc studled es
controley Trporinont 3 fe the orucial omperiment in this studys To two
groups of rablits increments of dosage of morphine and of alpha nootyd
potiado) wors glven for a prolonged porlod of thirteon wookse The pure
pose of this wap to compare the effects on tolevance to hyperpliyoomia
from alpha sootyl mothadol with morphines Thoe growp piven inorenents of
dosage of morphine served ap & vontrel for comparieon with twe othar
groups given corbined treatment with COK /179, adninistered onowhal?
hour before the amalgeslieys One of theee wae plven the combimpbion of
OCK 379 and morphine and the other (OR {179 ond lelsonotledonos In
thie omporinent, ve wished %o find out whether or mot continuous dally
uge of OCK {179 with 138 blocking action on hyperglvemda et the mininal
offective dono of Ol mpefitge would bave any effect in modifying Ghe
developmont of 4olerence as meagured by weristions from normai blood
gluccne concentrations ;

The rosults of theee three exporinonts are best considered by an



analyeie of tho tablos made for cach exporiment, which followa:

Bpovipeny 3

Ewmlustion of Desulte hown in Jables I, 11, ML XV, ¥ and Mo

Zablos I %0 IV ghow the normaal warlationa found in the blood gloe
cooe Jowod of rabbit when saline Os5 0o %8 injocted; for morphine
sulfato 15 ngefkgey for DO 7180 Ou5 ngefiige alons, DO 100 Oub nge/iige
givu:wwur.prmvem%ﬂmmwmg i Jhs
0u6 nge/lige alone, DIE (15 Osb nge/iige ndninistered onemhalf hour prow
vious o morphin 15 ngefkiges Evgotantne Oeb nge/tge and 0CT 1379
042 tige/lige o 045 uge/kige given onewhalf hour provious to morphine
sulfate 15 ngeflice The results are complled in Tedle V which shows tho
mwtmvfwmowglmﬁmmmm,
onB LS and DIO {180 16 shows that morphine intrevenously in & dose of
15 nge/koe produces en olewation of blood glucose which persiste or
steadily rises ovon two hours after such an injoctione Doth IR0 {180
and DIE | 1§ produce an upward wariation in the blood gluoose lovel from
the fasting conbtrols which may or mey not bo equivalent to "hypere
glyoonia®e

Table V1 prosonts the group averages for blood glucose changoe
after prolisinary injoctions of Ergotenine, DNB Ji5, DO 160
(006 nge/ige) and CCX 279 {042 and 05 nge/hige) followsd by intwavemous
morphine sulfete 15 ngefigs A1l the orgot compounds, at the spooifiod
doge lowls, wore quito guccessful in the complete blockmdo of morphine
hyperglyconias Thia ccourred and is ovidont in epite of the possidie,
pild upmerd wriation in the blood glucose level produced by DN (I and
DIO 7100, as soon An Table Y. (See also Figure 6)
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Exporinent Hos 2

Ewiluetion of Segulte Shown in Tables VII, VIIT, I, and Ze

Tables VII S0 X ehow the results of control studies for Dxporinent
Yioe %» Tablos VII and VIII show the maturel veriation in blosd glucocse
regponge of rabbits ¢o prolonged dally injeoctions of saline and CCK (379
under the experinental conditions of the handling and housing of the
animalss Tablos IX end X show sinilar obserwations with prolongsd troate
ment with morphine end l-isomothadones

Tabde IX chows the expected hypergliyeeuic responge to iniltial streos
of injecting 15 mge/kge morphine sulfate and $ts modiffeation and dlsape
pearance during developmont of toleranse whioh follows the contimuod,
prolongation of the same stress by gradumlly inoreasing Sts inbensitye
When tolorance 1s aeguired to & particular doss, 8 sufflolent increase
in the dose atlll provokes the hyperglycenia as indicated by blood glue
oose rise at the bogimning of the seventh wooks Thus, the animals still
rotain their ability to respond to such an intensified stimulus by the
sane mocheanisn of resistence or defonsos Instead of the intensifiention
of the specific stimulus, s different ono such es withirewal of the drug
can also oorve as an adoquate stimulus provided ite intonsity or sbrenghh
omceeds the threehold for the nowly esteblished compensatory mochanioms
of alterod homooetasiss It is not necossary for the animals ‘Im rogort o
the identical mechanigms of resistence ae those utilised during dovelope
nont of tolerance, such as epinephrine=ACTHeadromml cortex hyporactivity
by morphines 7Thoy nmow respond with the stimulated activity of the
adrenal cortex 4o moblilse carbohydrato reservos as suggested by the
dolayed rise of blood glucose duriag the withdswwed phase’J3),
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5%

Epineplrine hyporglyoonia is proopt whon nonetolerated doses of morphine
are injovted in andimals otherwiso tolerant o soaller dosos of morphing
{eeps, the blocd glucose ries shown in Table IX after the soventh wool:
ono)s

The withdvamal of ssline or CCK 179 i the douwss injected (Tablos
VII and VIII) can act only as a nonegpooific strems and ita offocta are
canily overoome within the physiological linite of homoostasies Thoy
are ot suffisiontly noxious %0 produss any moticeable ohanges in the
uotabolie activity of tho animales
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Imporinent os J - Dogulls

The results of thls exporiment ere shown in Tebles X3, X131, X111
and XAV The average blood sugar lowwls aro chown for the group of
rabbits Gosted fur initiel conbrol hyporglyoenio responses at the begine
ning of the coperiment and for sach woolk that these dotermimations wore
mados Tables I1 eghow the reosults obtaived whon morphine alone wms used
and Tublo X1l for the new synthetic amalgosic, alphasscetyl motimdole
These two experinents wore performawd simullanecusly in order to provide
o worphine comtrol g0 that, wnder identlienl conditions of cur emperiment,
the usuel hyperglycmais responses cbeerved with continued aduinistration
of morphine could serve as points for couparison for slphe-pootyl
nothadols Algo, the experinent using morphine alone served ss o ocontrol
exporinont, in ite entirety, for comparison with tho hyperglyosmic ros
sponses sud obher offocts resulting froo the coubination of CCK J179 and
l-isomethadons (Table X1V) and OCE #1790 given prior 4o morphine owor &
poriod of timve A oinilar oxperimont for leisomethadone slonis, civen
ovor a pericd of nine wosks discussed proviously (Table X) serves, in
part, as the cmtrol for the coporimont sdudying tho coubined effosts of
CCx 179 and leiscusthadone {Table XIV)s

b dotalled swluation of the resulty cbesrved in each emperiment,
as shown in the respective tables, fellowss

Zable Xis The initial euboubancous dome of 15 mgeflge of morphine
sulfate produced a =ild rige of the blood sugar level not, however,
oufficlent %o produce glycosuria as, this rise, is still below the
kldney threshold for glucose exorotione This dose did not eignificantly
dopress rospliations 7he gradual ineresente of dosnge given oach wosl,
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fron 15 40 60 ngefige showed the follewing resultas (a) By the ond of
the sizth weols, a gradually deoreasing dlood suger level, rewoaled whon
the blood sugnr determinations were made at the degloning of the sizth
wook and & plus wristion of only 3 mge/ was cbgorved. This indicetos
the establishment of a good tolerence to the hyperglysemic eoffeota of
morphine sulfate injoctions b;r' the absonce of eny but nomal variations
in tho festing blood suger lovels during the four hours of the testy
(b) The drop in fasting blocd sugar level to 57 mge/7 at the begimming
of tho soventh wook (aftor tho dose of 60 nge/kge had boon contimued
during the proceding woek) indicates developing tolerance; (o) Whem nowd
the dose of morphine was raised ©o 70 nmgefkge, a mild hyporglyeenic roe
sponse wad noted with the blood sugar level sharing a plus varistion of
30 mge/s  From the olxth to the thirtomth wook with a dadly dose of
70 nge/iige, which was not rafsed until tho founteonth wook, the detormie
nations abow definite tolerense %o the hyporplycemio response sinco no
rioe in blood gluccee was noteds With the dosage raleed $o 80 mge/lgs,
on the fourtesnth week, thore is atill no added hyperglycemic rosponse,
the blood gluccee lewels remaining within the noreal rangee Eithor the
ineremont of 10 nge/? in the doss of morphine sulfute was insulficient
to prowke added relonso of epinephrine or, by this ¢ime, 1¢ can be
agsunod that the animels were in o state of an anterior pitulitaryeadronal
cortex homooatasis adjusted at an socoleratod etages '

The withdrewal pericd, started at the end of fourteen wooks troate
ment with worphine and studied for five days, show no shanges in the
fasting biced sugar respenses which can be oonsidered as other than in
the rango of nomml variationss In faet, the average blood glucves for
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five daye of the withdrewnl period wae 07 age/! which s lowor than the
initial blood glucose mpomaf;éu.ﬁq Thie rosponse doos Do
differ fron Chab soon during the flve day withdremml period for the
group of rabbite given morphine aulfute over a poriod of pine wools
(Table IX)s The fallure of the hyperglycemic response to appear during
the withdremal poriod might be ounsideorsd as due %o tho animals ronching
a stape of high rosistance afbor a prolonged treatmont with morphines
Sufficiont tinmo was allowed for full dovelopment of tolarance o hypors
glyoemia bofore doses were inoreasode And prior 4o withdrowal, tho ane
inele wore maintainod on a woll bolerated dose which neither metorially
bandisappod then nor sapped thoir resistunce ¢o the exhavetion wtaroe

Teble XIl. The suboutencous injections of 3 mge/kge of alphaeacetyl
methadol produces a significant rigse of the blood sugar level in rabbits
when given as Sho initial dose, Vhen coupared %o morphine {Table XI) it
is goon that doclorance %o this dose dovelops vory slowly and gradually
ss indicated Ly the slow and gredusl oubsidenos of the hyporglycecdc roe
sponses  Tolorance %0 3 mgefkige wao fully evident by the bogimming of
the soventh woelk, when the gluocse determinations wore made and, instond
of & plus wriation & winue waristion of 19 mge/ vas cbeorveds The
doso of 3 mge/ige wme continued to complete tho soventh woek of troate
mont and st the start of the odghth wook, as shown in tho teble, an
inevemeont in the dose to L mge/kgs wae found %o produce a mild rise in
the Blood glucose levels With continusnce of the delly dose of L mge/ige.
and wookly chasorwmtions of the dlood glucose responso, it ia found that
2 geod hyperglyoemic respense i noded for the bogloning of the ninmbh
wool:, and Ghen for the subsequent four wooks, up ¢o the start of the
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fourtoenth wesl, On withdrewal, Shoro L¢ & contimued tolerence shown Ly
mmuuormumdglmlmuhmmnthmnfmmuuw
grans per conte |

Compared to rorphine sulfute adulnlstored in the dose range of 15
to 80 ngefipe, alpha acotyl mothadol porsits only a very restricded
1imit for raleing the dosage for tosbing the repid development of toleare
ance booaune of i%e narrow rangs of porniesible dosage. 'Vhilo the
initinl dose of J ngefige produced satisfactory hyperglycenie responses
and maintanined those responge for ¢ poricd of sin weoks, an incresse o
I ngaflige appeared the larpest tho rebbits could withstand without
govoro toxle offoctads Doses abevo ! nge/kge produce mariod mugouler
corrulalons wich doath due Yo respiratory pamlyeis, even when tho anie
mal ia bolorant to the hyperglycenia of 3 nge/kge
. Thab the enioals do dewelop tolesmnce to hyperglyoania produced by
alpha soetyl motindol by injoctions of this drug ia ovident fyom the
rosults shown for the dese of 3 uge/itge civen over s poried of the firet
sowen wookn and, again, with the inarecsed dose of L ngefigs given fyem
the »ighth wool: 4o the end of the esperinent, & period of six woukes

Ipble XITIy AV the beglnning of the firet week, the initial blood
glucoge roeponoo to 15 nge/kge of morphine sulfete, without wodification
by provious injootion of COK {179, indicabos established expected hypae
glyosine At tho begluning of ¢l second wook whaen the dose 1g raloed %o
85 mge/lsge, bt now preceded by Osl ngeflige o OOX J179 half en hous
previously, the hyperglycenie response is blodsed whorens in the control
unprotected grouwp (compare with Teble XI) mowphine sulfate at (1w samo
dose st1l1 produces & hyperglyconiss At the begimning of the siwth weels,
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whore tolorance 40 50 nga/lige of marphine sulfate is ovidet in the morw
phine omtrol group (Table XI), a elmiler lack of hyperglyosuis 18
cbserved hore oven though the anlmls wore not protocted by the blocing
offocts of OCK {179 on tho day of the Gosty The camo 19 true ab Glo
oighth wook and the twelfth weels,

Tho uge of COK {379 previcus to morphine injection in tested anie
mls doos modify thoe initial hyperglycenia or subsoquent hyperglycenis
due 6o nonwbolorant dosess lowever, onoe tolorance to the hyperplyoenia
for a particular does is ostablished, withholing of CCR #3179 injections
provious 4o tho pame test dosos of morphine sulfute fails 4o diow o rlso
of blood sugare The challenging dose inoremant was nob sufficlent o
oot the offionoy of COR {179 in protecting hyperglyocenia in our coperie
notibsy

Zoblo XIVe From this table it 10 seon thad weekly inorements in
dosege wore nob allowed due to the Pact Vut the dose of § mge/lice
sommod bigh and would cconsiomnlly omuse tamic reactions, suoh as ocomwule
alons, in tho anlmale. Whon en attenpt wns made to inorease the dally
dogo to & ngeflige ono animal of this group dled soon afber the injection
in comvuledons aud reepiratory failures Consoquantly, the doso for tho
growp wia lowered 40 5 nge/lge afbor a wook's caublous trlal of tho
6 ngefiige doave A% the beglming of ths £4fth weels, the four remining
anisals were ablo o withotend o deily doge of 6 mge/ige and, ot o
begimning of tho elghth weok the doso was relsed vo 7 mgefige Acndn,
this higher doso was not well tolsrated go that ot the beglmming of the
olovesth woalz, the doge was roduced to 6 nge/kge and mntimued at this
Jovel witil the comolusion of the exporimente
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t4noo we wore interestod in obudying the offects of maintaining o
ocombimmous blocmde of epinephrine hypergiyosda resulting from injoow
tione of l-lpcmethadone over  poriod of time, it was hocogsary to asoay
mﬁamwm-mummct;-m 4 Goso
of G ngefligs of l-loomethadone injected at the begianing of the £iret
woolt's test, withous the previous adninistredion of COK {279, indicates
e subgtantial bleod eugnr ralsing offocts Thoreafber, CCK {170 was
always injoocbed dally onowholf hour prior S0 the doso of l-lsometimdono,
exoopt on tent daye, the beginning of tho elxth wodk, the eleventh wool:
and the thirteonth wooks The results of tiw sixth woolk show that whon
toloranco ©o & ngefiige of lelsonobhndons was still wndoveloped, blood
wagar Jovel sb11 rises, watded by the blocking action of COX 179

Thoro was no signifiomt upsard change fo the fenting blood supas
MWMMMwaMmmnmmm
MWMWntMMmﬂudww-
_ The range of doses usod to dovelop tolerance ¢o lelsmmetiadono ia
vory mch MMudted, from 5 to 7 nge/itze, owing to the texde convulsive
effecty of the drug Yo whioch tolorancn does not appoar o dovelop oven
with or without COX {179 interventions
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AVEBAGE BLOOD SUGAR VALUSS FOR A GROUP OF RABBITS GIVEN DAILY SUBCUTAN-
BOUS INJSCTIONS OF 0.} MILLIGRAM PER XILOGRAM OF CCK #)79 PRIOR T0 IN=

CREMENTS IN DOSAGCE OF L-ISOMETHADONR AND DURING PERIOD 0F WITHDRAUWAL.

AKX
OBsEE-~ DOSR YARIADION
vAPION  nmg/kg. REMARKS
CONTROL 5] 88 @6 83 84 - 12
1ok, Wke B 78 132 140 - 82 = CCK not given 4&y»
of test.
20, Wke O 84 99 86 73 B 2
Sxds Vk. 8 o6& 10B 98 70 g 17 One animal died
in convulsions

éth, k. & ar a9 84 2 2 15
Bthe Wk & 94 100 g9 88 6 &
6ths Wke 6 71 83 104 79 as = CCK not given
Tthe Wke 6 92 82 74 - - i8
8th, Wk, 7 jos 101 92 - - i1
9th, Wk, ¥ 108 168 111 103 ! B
’&%‘k. 7 ?8 H 85 b ﬁ -
11th.ik, 6 82 91 80 - - g CCE not givem
12th, ke 6 80 B89 91 - 1 1 CCK not given
15%he vk, 4 & M 94 7 - - £ ¥e CCK glven
J4th.Tke Yithdraw«

al Period 94 92 22 e - Z
2, Dye " a6
Sed, Dy. 96
dth, Dy. * 96
Sthy Dye " 73
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TPLUENCE OF SINGLE YNJHECTIONS

OP UORPITHS SULPATE ON THE BOSIHOPHIL OOWR

Tho romlto cbtained from cosinophdl counts made on rat's blood
before and four Louwrs afber injections of saline, CCK 4179, Morphine
Sulfeto and & conbimatdon of COX 279 and marphine are ehown in Tuble XV
. The folllowing conclusions may be mdos

is Norphine sulfete, in o singlo doeo of D mge/kpe coused o signie
fioant roduction of oosinophils at tho four hour poriods The average
peromt reduction for the nine rate otudied wes lD«2 por oconte

£y 00X J179, in & singlo dose of Os) mge/ige iven G0 slx rate
couned o eignificant reduction of tho eosinophils of !i240 por cmibe

3s Vhen OO {179 was adainietored cno-holf howr befare norphing,
in theoo seme dosages, thare was & reduction of 53e3 por ceubs

Lie Undor the conditions in shich this etudy wne porformed, and
with the mzbor of aninale used, no statoment cen be rade whothor o not
proviouws adnintstretion of OCK 7179 before norphine had eny off%w in
blocldng the action of opineplwine on tho anterior pitulturys Doth
GCK {179 ond norphine, in the doses used, caused approximately the couo
reduction in the mmber of coeluophile as did the cambinbion of CCT
279 and worphines



Bosinophil Counte in Rats Pollowing A&s.iniatratwn
ef Seline, CCK #179, Morphine Sulfate and A Combie

‘I‘ABLE IV

nation of ceK #179 and Yorphine

Eosinophil Counts
. Paroen~ upn
Drug Dose Hormal After Injeow tage Ro- Signde-
Used Used Control  tion 4 hours dustion fieance
na/ kG
Saline % cte
total 08 105 15.1
19% 152 21.5
200 164 18.0
167 130 23.&
181 159 12,1
184 1 21.6 ,
OCK #179 0.1l mg/kg 188 136 277
200 113 L3.5
22k 7h 66.9
120 87 hh.1
231 162 - 29.8
220 132 0.0
Average . L 0.08
Yorphine
Sulfate: 0 mg/kg 255 117 sm
200 55 72.8
166 115 30.6
266 100 62.4
228 100 56+1
266 222 1645
212 71 86.4
160 50 72.2
156 137 12,1 ‘
AVEX‘&K@ ° LY 0.0L
: - 8 ’ﬂ{;ﬂﬁ: 248 e |
Sulfate; 112 e
CCK m:er 0.1 mg/lkg 169 88 L7.8
228 100 5641
159 82 LB.4
150 88 51.1
9L 7h 61.8
Averags D5i. / 6;%5
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HYOTCLOCICAL EXAMTHATION OF ADNENAL CCRTICES

The adronell glande obbained from the rabbits used in Hmperinmb
Tioe € and in Sporinout Nos 3 wors socbioned and tho adrennl corticss
exmnined by a pathologiets Comparisons wore made by emanining sections
of tho afrenal gland obbained fyom nemal rebbitss The degroe of collue
layr dmnges observed in tle treated aninals was pgreded on tlo basle of
the hydropls ohan;es nobed with definitoe csllular ateophy desipmbed 6o
5 plug, varted hydreple degeneration as i) plus, definite hydropie dopone
eration en J plus, moderabte hydrople degeneration as £ plus end no
apparont hydrople change ¢ Op These changes, as graded, are shomn in
fudlo XVI. The results shown in Table XVI reveal that morphine mnd
%wm.mammumwdwmhwm
dofinitoly show more cellular changes than hydergine (COX {279) or
saline controlse mmwmmﬁmammg
I-igomotihndons 414 not vreduos the degroo of tho oelluley changos notied
in the adreml cortioss, compared ¢o morphine o le-ismmethadone whon
adninlotored alonse The collular changes of lw-igsonethedons were warie
abloe
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REFORT O HIBNOLOGIGAL EXANDIATION OF AURRIAL CORTICES OF RABDITS
OIVEN PROLONORD THEATMENT WITH SALING, OCK 179, MORPHINE SULPATE,
T-TOOMTTHADONE,, NORPHING SULPATE ATD OON F179, AND LeTSOMSTHADWM
AED OOR M7

Is wum Ussd m Grade asnm ammw Acooriing To The Degrve
of lydropds Changes Noted In idromal Cartos

Atyoby ~ - plas
thpded hydropde degenarstion pluas
pdrapie yation 3 plus
Naderete mwt&.m 2 plus
i oa- idniwl change S <
1830 gndvople dagmms.m 1 plus

« Dogroe of Colinlar Changes Soted :Lg Corbices of Rabbite adven
?;agiu?ﬁ hﬁl‘,&)&i&& and GOK )77 with Contewld Tougp Over A Dape
L+ § *

HEDENGTIA BALINE 4 digby il HORPHINE

{cex N9 {045 00.) SULPATE STLFATS
01 ; 15 ag/lge 18 mg/ige
-ty Lmse, J.:.!:u.. L meeks
2 plus 1 plus 2 dus 3 plue
1 plos 0 3 plue b plus
1 plus 1 plus 3 plus 3 plus
o 1 plus ﬁ plns b plue
2 plue 1 plus ; - paus
: 5
Aver, Y PL08 b w TS YoT plue
LT SONEADONE S L ISCHTT e WORPHINES ALPIA AGETYL
PLUS DO s METHADOL
00K F179 00 mp/kg 3 ngfige gox #179 0l 3 mp/iy
LAl weoks 00 Sweeks 0 1) weoks
3 Hiue 1 plun I pdus b plue
£ plus 2 plue 4 plas L plus
L plue S plus 3 pive L plus
L plus 3 plue ;&‘ plas 2 plug
pvare TN e e vvws




SIENMARY OF RESULTS

he following summry is offered oo G0 tho conclusions %W bo drewn
fron the results of this researchs

s frgot alimlolds, such as orgetanine, dihydroergotasine (D18 15),
dihydroergocornine (PNO §100) end Nydergine®) (0CR J279) whieh 40 o nixe
ture of dllydroergooornine, dihydroerpooristine and dibhvdreerpolrypbing,
are found effective in blooking the adronsrpie hyperglycenia produced by
porphine in rabbitss ‘

2, lorphine sulfate 15 mge/lgs, lelscoothadone § mge/ige, and alpin
acotyl metiadol J mgefige produce o measwreble hyperglyoenia in redbbits
on initial injoction of thome analpesiocss

D ?MMMWMMMMym?MMmm
ereasing dosos or at the amw doso lovel for gucceossive weoks, the
indtinl hyporpiyoenia Go injovtions of those drugs diminishes or dige
sppaars, indicating developing or established tolorances

Le 1f guoh drugs ave given in doses higher than thono %o whdch tole
erance 1o ostabliahed, they again produce hyperglycemia, indieating tlmt
tho movhanien producing adrenorglo hyperpiyoomin 48 still capablo of ro=
sponding ¢ the inoroased gtrosae

Se Galine 045 00s, or COK 9179 Osl mge/kgs adninjstered dally to
rubbite shows no signifieant variations in the bleod glucoso lovels vo
duch o nonmgpooific etress under tho conditions of handling or housing,
during the aouto or chranle oxperimental procedures desoribeds

Ge Vhen tolerance %o hyperglyomis by the amalgesiocs studloed Lo
alw %o dovelop by whillaing elow inoreasos in Sholr dosage or using
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the nane dose over n fow wedks before the next inoromse, tolerance de=
wlops slowlye 7This 4s noted by oheerving the variationa &n the fasting
blood plucose valuos from woolk 46 weok or during withdrswal whioh are
mintsals On tho other hand, ae noted by Haoracn and Phataic'3) n proe
vious work, whon rapid build up of tolorence 1s attempted by rapld
inorements of the dosape, greater wariations betweon the initisl fesbing
blood lewvele and thoss from week S0 wook or during withdrawnl are coens
Tho results of our studies utilising alow incresses in dosages indicate
that the interrolated ondoorine mechanisms invelved In morphine hypore
glyoamia are capable of shifting o maintein higher lmia of gluoomﬁu
ocuilibriune .

Te Dally injoctions of COK #179 (adrenergle blocking agont) provie
ous to edministration of morphine mltaﬁ and leigonetbadone over a
portod of 1l wesks Blosks the rise of Blood glucoss resulting fvom eudh

8s finoo tolorant dogos of tho amalgesie drugs are not hypore
clyoemio, the “Moecking aotlon of COK 79 on tholr vhgwgls-uﬂe of'foote
could not bo bestod in rabbits recoiving both CCK $179 end the amalgeaic
‘druge by withholding CCX {179 eavm deys the blood gluocss deterninge
tions were mados Our results fail %o veveal whothor OOK 7179 did or 444
not modify development of tolerances ‘
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