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INTRODUCTION

The vesearch studies desoribed in this thesis are cancernsd
with the comparative effects of a mumber of new narcotic snalgesies
on the gastrointestinal itract of the intact aniumal, To serve as a
basis for comparison, wmorphine has been used as the standard drug.
The purpose of this work hss been to cotpare the constipative sffects
of these newer analgesies with morphine in an effort to find lsss
gonstipating bub still potent pain mlieving agemts, While such &
study may seem, at first sight, to represent only s specialised phase
in the sver-all evalustion of new analgesics resenbling morphine,
further consideration will reveal that no single effect of morphine
or other narcoties can be proverly and intellipgently appraised withe
out taking into account their many diversilfied actions on the animal
body. Moreover, while the constipative acition of morphine is congidered
l'mre as an undesireble fside-effect®, it is zéea}.had that frequently
merphine is smployed in medicine for this single effect. Also, it is
appraciated thet other effects produced by norphine such as resplratory
depression, sweating, itehing, nausen am}'miting, dimmess ol visiocn,
dimsiness and other symptoms may oscasionally mrove more objectionable
than constipations Hevertheless, runwing throupgh the history of nants
attenpt to find efTective analgesiec preparctions free of objectionable
antoward actions we [ind the problem of modifying the constipative
effects of oplunm, morphine and, more recently, the synthetic analjesies

being given foremost consliderstion. Only in the past ‘few years hag



this problem been superceded by that of finding ways and means to
overcome the addictiva properties of morphine,

In erder to apprecists the efforts made in the past to provide
medicineg with patezxﬁ 'p&iin relieving drugs lacking undesirable nropertlies,
and to unders.and the diflicultlies and Larriers eacountered in trying
to achleve this poal, the following review of the historical development
of opium and its nareoile alkaloids is o’fered. In this presentation
major emphasis has been placed on the attenpts to nmodify the constipative
effects of opium and morphine, keeping in mind that these efforts often
led to ascentuation or lessening of the other effects, good or bad, of

these drupse

HISTORICAL REVINW

I. A Review of Attempis To Provide Preparations Equal To Opium

or Horphine in Analgesic Effect and Free of QlbjJectionable Side~Fffects.

Since aaﬁ-.ﬁiqxﬁ.ty medieinal preparations of opium from the orie
ental poppy heve been used to compel slecp and relieve pain. meﬁ
(1943} (1) poinbs out that the story of nan's efforts to combat pain
achieved eaﬂy attention, beginning as thin threads of lsgend, fact,
and fancy all winding theiy way through the mytholoesy, eulture and
raligious rituals of man's early civilizations., BEven ancient Babylonian
clay tablets, presumably dating from 2250 B.0., mention an analpesic
remedy for painful dental caries.

As man's experience with preparations of the poppy progressed,

1t was realiged that this substance produced s wide diversity of effecte



en the humsn body and that these effects could be amployed to treat 2
number of afilictions. The Ebers! papyrus (2) of alout 1550 B.Ce records
many prescriptions containing the beriy of the poppy (opium) reconmended
for coughs, for deiving out pains or to stop & child's erying. However,
none of the various remsdies suggested for diarrhes in the Eberst papyrus
conbained poppy berry. Bibliesl medicine closely parallels that of the
Egyptians (2). Machi (1915) {3) cites the probeble biblical references
to opium, btut states thet the first authentic report of the use of opium
iz tfmﬁ by Theophrastus about 300 B«Ce This statement is quobted exe
tensively by present-dey writers,.

The do Medecina of Celsus (L) written early in the first cenw
tury A.Ds lists poppyeberry preparations and pills containing poppye
tears for such various purposes se to relieve pain, to promote sleep,
to suppress coughing and to Quiet restless ehlldren. A waralng sgainst
untoward effects iz implied in this fornulsry since it is recommended
that smme of the more potent opium pills be wsed only in overwhelming
necessity. Spencer (i) expresses the observation that (elsus knew only
the wild poppy (Papaver rheeas) and the prickly poppy (Papavar argemm} 8
but not Papaver somniferun, because he fasiled to include poppy preparas
tions in "is poison list. Later writers during this first century A.De
such as Scribonius larpes and Diascorides provided more definite in-
structions on the produstion, prepsration and use of these opium drugs
pointing sut the adulterants used by unserupulous merchams and warning
of the dire resulis or even death resulting from overdosage. These

latter writers refleect the greater undersianding of the source of the



drug with counsequent more sffielent production, the selection of a
high=yleld spocies, the great commercial extent of its use and that
cenaiderable knowledge of the therapeutic and toxie properties of oplum
had bean sequired during this centurys

It is difficult to determine, however, whether or not these sarly
medical records suggest Lhat the constipative effects of opiun were
known or thet comsidpation inveriably resulted when the drug was used
so that lamative substances should be emploved to offest this effect.
Hevertheless, somgbine durding the thiyd or fourth centuries A.D. the
constinative effects of opium were apparently apprecisted as suggested
in the writings of Arabien physicisns, Indeed, during the Dark Ages
it would seem thal the main vse 1o which opivm was put by the Arabs was
for the relief of dysentery end dlarrhea, probably one of the most
eonmon disorders found smong the peoples of Asia Minor in those tines.
Avicenna the Arabian physicien, 280~1037 A.l« especially resamended
opium for diarrhea {cited Ly Macht (3) )« Dubt, while the use of opium
preparations progressed to the far sast over the Arasb trade routes where
ite ehief use was to control dysentery, the cother valuable medicinal
uses of opiun were either overlooked or consldered of less importance.

With the advent of Paracelsus who heralded the medlcal Renaissance
at the beginning of the sixteenth century, a revival occouwrred in the
medicinal use of opium. Paracelsus introduced Leudanum (still retainsd
as Tincture of Oplum in the current U.8.P. XIV) which he preseribed
freely and liberaliy for meny eonditions. Dxcept for recommending some

restriction in dosage in some afflictions, Poracelsus made no attespt
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to alter the actions of his beloved Leudanun by the addition of ade
Juvants or correctives. Laudanum, in itself, seemed such a superior
panacea 10 other preparations of opium that Paracelsus saw no reason
to try to ilmprove upon it. Bub, with widespread usage and the gradual
influx of polypharmacey into apothecary medicine, 1t was soon discovered
that the use of other subsiances along with opium would either eshance
or diminish certain effects attributed to oplum. Peregoric, named after
Paracelsus, was introduced as a very palatable, sweetened and "de~bitterw
iged® liquid preparastion to supplant Laudamm for the treatment of a
variely of conditions withoub ecausing as wmuch constipation as Laudamm.
Dootor Dover of Englend, around 1700 A.D., inbroduced his mixturs of
powdered ipecac and opium as 2 palliative remedy for upper respiratory
conditlions and the grippe. Through causing powerful diasphoresis and
lessening bronchial irritetion and cough, Dover!s Powders proved an
useful addition to the drug armamentarium of those days; im fact, it
remained in the U.8. Pharmacopoeis up to 19L5, Also introduced about
this time was the nixture of oplum and lleorice knowm as Histura Opii
Glyeyrrhises Compositas intended for the relief of soughy even boday
one finds this improved mixture of oplunm relied upon in large insiitubions
as a cheap and effeciive cough remedy. Thus, by the use of adjuvanis
or correctives, it was found that it was possible to some degree to
bring oul eertain desirsble aecticns inhervent in opium or to suppress
those actions not desired in the partienlar condition being treated,

One hundred and fifty years age, in 1805, Frisdrich Wilhelm
Adanm Sertuerner (cited by Tainter (1) ) first isolated the pure alkaloid,



morphine, from opiums It was hoped that this pure, white erystalline
powder which Sertuerner named morphia afver the goddess of sleep and
solace from pain would be free from the other undesirable properties
found in the parent subgt\amé opiyme. Yet, the intestinal side—effects
of morphine prevented Sertuerner from using this potent snalgesic later
on in life when he was sorely afflicted with gout. Experience soon
showad that while more powerful then oplum in relieving pain or come
pelling sleep, it was ‘also more likely to ‘cause conatipation and other
undesirable side-agtions, In fact, not until the introduction of the
hypedermic syringe in the latter part of the nineteenth century did
the use of morphine become populer in medicine. And then came the
realization that this pure substance was much more likely to cause
drug addiction, & condition which the physician had known was possible
with the counbinued use of opium, bul congidered of 1ittle serious conw
sequence in the medicinal use of this older drug. As the physleian
began o place more and more dependsnce on the use of injesctable more
phine for the relief of acute and chronic pain and other disorders, the
realization grew that all too frequnis*&l;r the benefits to be derived
from the use of morphine were more than negeted by its addictive
gualities, The search f‘mr\ substitute mmfjl.f;@sics to replace morphine
eontinued.

Powards the turn of the present century the other important
alkaloidal fraction found in oplum, codeine, was introduced in medisine.
It was found suiteble as an effectlve cough suppressant and while

possessing some of the painerelieving qualities of morphine, it alse



produced the same untoward side-eflects ond; on continued usage was
habiteformings Herolin, 8 symthetically altered morphine, was introe
duced in 121] 25 3 noneaddictive substitute to replace morphine but
expericnce soon proved the fallacy of this optimietie claim with its
banishment {rom medical use in this coundry. Hor have such refined
injectable preparations of opium such ss Pantopcm{ﬁ} been found to be
less addietive or freer of such untoward effects as constipation,
respiratory d_apms&i-m, etes than morphine. Dihydramorphinone hydrow
chloride (Dilaudid(R)) introduced from dermany in this counbry in 1934
while possessing the good featuresof morphine similarly retained many
of the undesired and was found to offer little, if any, lmprovement
over morphine. Bul a ray of hope was held out by the introdustion
of these synbhetic derivatives of morphine in that, through slight
alteration in the structure of the morphine molecule some of the
dominant actions of morphine could be accentusted and others mussied
or held in abeyanse, if not entirely slininated,

Thus the goals of this search were more clearly defined: o
develop, through synthetic chemistry, compounds retaining the desirable
feature of morphine such as analgesis, céu.g}:x suppression, or sedative
agbion without at the same time manifesting the undesired properties
of addiection and tolerance, respiratory depression, micsis and dimness
of vision, sweabing, constipstion, etcs The object was o find &
compound retaining the potent aomlpesic pwmr‘tmﬂ‘ of morphine withe
out the many side-effects being exhiblied either at all, or, at least

not o the samo degres.



This challenge wag met, in part, by the researches undertalen
by a mmber of investigators in this country working under tho auspices
of the Netlonal Ressarch Counsil (5)s Over a period of ten years this
group studied many newly synthesized compounds and our knowledge of the
pharmacology and bioghemorphology of morphine wes enhanced by & wealth
of significant observations and explanations. But, unless one sxcludes

(%) s this group was unable to provide

the new synthetle analgesic Yatopon
& substitute for morphine,

t remained lor the (erman workers, Eisleab and Schaumann
(cited by Taimter (1) ) in 10LO to show that compounds of a somewhad
different chemical structurs than morphine such as the phenylpiperidine
esters ccmid provide noarly as effective analpesia without many of the
sceompanying untoward effects. The drug they Introduced under the
name of Dolantin (Dmnrml(ﬁ) » Heperidine, U.5.P., Isonipicaine) is a
potent analgeslic and less constipative or addietive than morphine, In
1945, at the end of World Wer II, it was found that the Oermams had
continued thely investigations along this line and had discovered that
another somewbat different sompound then Dememltm » which they called
Amidone {Methadone, WeN«Re, l‘blaphine(m) also was an excellent analgesic
and, while more sonstipsting than Dmeam};(g) s resembled worphing some-
what more closely iun its other actions such as cough suppression and
respiratory depression. Thus, through smathetic chemistry and the
biocehemorphologie study of the velation of chemical structure to
vharmacologic activity, the patlway hag been opensd to man's long sought

endeavor to find a way to retain the painerslieving qualities of morphine



without its undesired features. We are now in the era of synthesising
new gompounds which retain these chavacteristics or chemical combinations
and groupings in the moleculs known to be responsible for effecting
analgesia and of altering, by addition or subtraction, other parts of
the molecule thought to contribule to certalin undesirable actions of
the compound, Then, through sereening experiments designed to test
these various actions on laboratory animels, date may be gathered o
reveal the pharmacolopgie nsture of these now coapounds before selection
of the most promising compounds for huwan trisl. It is this part of
the effort to develop effective substitubtes for morphine which may
lack, or be nresent to less depree, the undesirable property of causing

constipation with which we are concerned here.
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IT. & Review of Methods Used to Study Lhe Constipative Effects

of Oplates and Related Analgesics in Yan and Animals.

The problem of constipation fron prolonged use of analgesics
has been a botliersome one to practitioners of medicine for many
years and has resulbed in a great amount of study conceraning the
effect of anslgesics on the intestine.

A, Physiolopicsl Aspects.

The magnitude of the problem may be appreciated by consider-
ing the evidense (G,7,0) thst the intestinal tract has & basic or
intrinsic musenlar rhythm of inherent conbractility and possesses
many plexuses waich have their own ability to modify the activity
of the intestinal musculature. In addition, this tract is supplied
by both sympatietic and parasympathetic fibers which are in turn
influesnced centrally. The situation is further complicaded Ly
the evidence that there ave apparently both inhibitory and excitatory
fivers in each of the two sutonomic systenms and Qmae are distributed
in different proportions to different areas of the intestinal irzct.
This means, then, that the response elicited frem & ;iven stimylus
depends upon the tonic state of the various componente at the time
the stimulus is applied. Another fact tc consider is that the effect
of & given agent or stimulus may a:f‘fe:et only & part of this sysienm,
or different parts in diverse manners, or may possess thweshold effects
to different degrees on structures of this complex.

Krueger (%) wentions that constipation was recorded ss a
sequelse a few years after morphine was isolated. Legras (1823) (9)

reported an sffective cure of persistent diarriea with sboub 15 mgn.



of morphine in a syrup. In 1836, 6. G. Sigmond (10) mentioned
that nsrcoties "lmpede the digestive organs and prevent the Senw
sation of hunger; hence the (perveried) use of opiwm by those

who are incapable of purchasing sufficlent food. Sometimes they
(vizn., narcoties) obstruet chymification going forward, if talken
during a meal the 8liment is sometimes rejected, without having
undergone the usual change. Some of then produce constipation,
and the large intestines become sluggish, and ineapable of obeying
the usual stimuiue; they lose thelr habltusl power of contractions,
and the largest doses of active medicines which should stimilate
them to expel their contents are unavailing.® Subsequently, a
great many studies were undertaken to explain the gastrointestinal

effects of nmorphine.

By Techniques Used for Study of Consilpative Effects of

Morohine .

(1). Development of Techniques and Methods for Study.

The first method used was direct observation in the hmman of
- the effects of opictes on the hernisted intestinal loop, on fistulae,
by exposure by laparotomy and on isolated segments. Magnus (1906) (11)
first produced a diarrhea in caged gats by a milk diet and then
constipation by the sdministration of L0 to 50 mgm. morphine.

The X-ray technigue of Cannon {1898 and 1902) (12,13) greetly
increased the opportunity for the study of intestinal motility.

Magms (1903) (1h) used thie technique on cats and demonstrated



12
gestric delay with morphine. In humans given 10 mgm. morphine subog-

taneously, von den Velden (1909) (15) woted constriction of the pylorle
sphineter and the marked delay in stomach eaplying time.

The béliman-t@ehniqpe, first used by Legros and Onimus (cited by
Krueger; (5)) in 1869, showed that 80 mg. of morphine given to a dog
with an intestinal fistuls deoreesed the frequﬂndy of conbractions.
Pal, 1700 (eitation by Plant and ¥iller, (16)) using curarized dous,
and balloon recording devices found $hat denervating the intestine did
not alter the iﬁﬁeﬁtiﬂal response to morphine.

Uhlmenn and Abelin, 1920 (eitation by Plant end Willer, (10))
using anesthetised rabbits and guinea pigs, tled canmlas into each end
of a segment of small inteetine which was counected to a reservoir of
Tyrode's solution. Changes in the wolume of fluld indicated the
gontractions of the segment. They reporited thet low doses of opium
decreased both tone and peristalsis while hirh doses inorsased tone
and gontractions.

Plant snd Miller (1926) (16) using Thiry«Vella loop dogs with
resording belloons showed that tone inecressed with an ineresse in dose
~while atrovine had no effeot on the morphine intestinel response.
Epinephrine, on the contrary, given after morphine was found to relax
the intestine for brief pericds. But in & denervated preparation the
normally minimal effective dose of morphine (0.12 mgm/kgm.) used was
found to produce mawimal increase in tone whille atropine again had

g affest.
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Grubar, fgran and Richardson (1932) {(17) showed that the

decreased Lonus and increased peristalsis of s cathorble were quicikly
raversed by morphine. Toxle catharties often caused death because
merphine allowed time for the absorption snd syetemie distribution of
the cathartic. |

Krueger, Towes and Gay (1935) (1) using ¥rueger's isobaric
technique (19) on Thiry-Vella fistuls dogs found the lowest dose of
morphine and other oplates giving & reco nizable response caused a
decrease in intestinal tone and peristalsis. Thise work clearly

P

resolved the conflicting date as ﬁo the tanus gffect of morniidne on
the gub.

In 1936, Abbott anﬁvF@md@rgross {20}, conbined the Miller-ilbott {21)
balloon technique for humans with roentgenclogicel studies in order
to resolve the verisnces in interpreting the two techniques. Tneir
ldea was that in all hollow viscera the normal movement of conbents
depends on reciprocal contraction and relaxation, & dominance of
either phase impeding progress. They showed that the delayed pastric
emptying time wos due to duodenal spasm instead of pylovospssm. The
duodenum was very sensitive to morphine and constristed tightly within
twe nimutes afier the drug wes injected. This hyperactivity was
followed by subnormal activity which persisted for as long as 2 hours,
In their opinion, the chief cause of comstipation might be this leng
period of subnormsl activity which was present in the entire intestinal
tract.

In checking the so called "peristaliic woves" and "tomus wavos®,

Abbott and Pendergross found that forword movement of the barium =esl



1h

pould be seen under condiiions whieh did nol alweys correspond Lo the
standard interpretotion of the balloeon records., While there was a very
high ecorrelation with the standard interpretations, the balloons could
not be relied upon Yo measure peristalsis. They also ahowed that
adrenslin in o normal animal caused constriction of the pyloric sphincler
it after morphine it caused rﬁiaxaticﬁ¢ Thiz is in acecordance with the
observations thot eplnephrine is inhibitory te contracted intestinal
masgulature und aﬁiﬁuiatory to the atonlc or relaxed bowel.

Le leux end de Kleyn (1932) (22) veviewed the work of Kremer and
of Splegel and Demetriades which concerned the offect 6f galoric |
shimulation of the labyrinth on the imtestinal tract. In an sttenpt
to evaluate this effect they extirpated the lebyrinthe of cats and
observed the intestinal activity by Cannon's X-ray technique. Stomach
emptying time snd intestinal motility were merkedly reduced, They also
reported that the central constricting spasn of the stomach, which
had been reported by Megnus (22) to be a property of morphine, was
usually cbserved in these labyrinth-free animcls. Ingelfinger and
voss {19h2) (23) elso demonstrated by Yiller-Abbott balloons in hwsans
that en immediste end generslized contraction of the ducdenws could be
elicited by caloric stimulation of the labyrinth or after the
administration of morphine. This contraction apparently did not involve
the pylorie sohincter beagause the coustricting duodenum would readlly
push the balloon past the pylorie sphincter back into the siomech.

Loomis (1948} (2L) found that morphine stimulsted the eireular
muscles of the duodenum, but relaxed the longitudinal ﬁusales. The

presence of nhysostigmine or atropine did not change the intestinal



regponge o morphine.

The statements usually found in the text books concerning the
action of morphine are in general confusing with such statements aes
"The tone émi motility of the small intesiine are inereased by morphine.

The passage of the food bolus is delayed (25)". In sn attempt to

answer this problem, Vaughen Williams and Streeten (1951) (26) used
special Thiry-Vella loop dogs (27) to measure the ability of the
intestine to transport water against pressure. By means of this very
sensitive pz’aeeriuré, they demonstrated the shorteomings of balloon

- and hard bolus progedures and resolved the apparent diserepsncles of
interpretation of such data.

As demonstrated by Vaughen Williams and Streeten, a primary factor
to be considered in morphine econstipation is the closed lumen which
requires pressure to distend it. When the gut assumes the sausage
appearance, a characteristic morphlne effect,; the diémmm mugele [libers
cammot exert encugh coordinated pressure to push 2 soft bolus beyond the
conatriction. All previous work had demonstrated the speed-up of
intestinal activity lmmediately and during the first hour after morphine
by noting the progression of hard rubber balls, metal spheres, turgid
balloens, and other solid materials, The formed faecal mass contained
in the eclon llkowise is promptly elininsted after administration of
mrp’gzixze{ These observatlons gave vise to the erroneous belief that
morphing stimglated intestinel motility in contrast to the observabis
fact that the patients begcame constipated, Other workere had mentioned
but did not fully appreciste the observabion ihat considersble force was

required to push a hard bolus into a fistulae after wmorphine. Thus, the
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manual, forceful insertlon of a rubber bell bolus into the morphinized

animal had the adventege of an artifieially produced initisl higher
enargy level, Such @ eénﬁiﬁicm could not be duplicated naturally in an
intact animel except in the eolon. |

The explanation for the initisl inereased speed of propulsion of a
hard bolus or ball resides in the inecreased tonus of the tract and in the
ability of iho contracting fibers (and residuel peristaltic sctivity) to
push & hard bolus againstkthe elosed lumen to force it open. Sinﬁé
this is not possible with a soft bolus whiech is'ﬂarmal for the intestinal
contents, coustipation is the result.

Vaughan Willlame and Streeten point out thet for trensportation of
fluid, 2 closed intestinel lumen must be assused which ls progressively
maintained whils trsversing the segment. Too much pressure will prevent
the lumen from closing, too grest a closing force will prevent it from
opening; if peristaltic progression is diminished, the propulsion of
material will be reduced or stopped. In & few instonces where other
workeré had sontinued thelr experiments for longer then an hour, it was
found that the bolus moved much slower than nomally., However, this
observation was neither explained nor explored., This important observa-
tion will be considered later.

Streeten (1950) (23) has shown that sodium ehloride lack will
decreagse intestinal motility. As the concentraiion is decreased,
the peristaltic movenments are the first to drop Gut; Acetylcholine,
physostignine, and neostigmine are ineffective in sodium chloride
lack but tetra ethyl ammonium bromide is efrective, perhaps dus to

its abllity to substitute for the Na ion. Streeten also resolved the
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conflicting data concerning the atropine reversel of the morphine

offact. At doses of morphilne below 0.32 mgn./kpm. the atropine would
reverse the effect but above this dose there was no reversal, as is
generaily reported Ly uost research groups. Considering their

in vitro morphine effects, they explained this as the ef;ﬁ‘ac€ of low
doses on the cholinergic mechaniems, which atvepine will reverse s énd

the direct muscle component which atropine will not counteract.

The mechaniem of constipation now being conveniently divided into
the two components, neurotropie, and musculotropic, the problem then
is %o find an anelgesiec whieh will not »produce the intestinal effects,
or a eorrective drug to ounteract this effect. This paper will
then attempt to compare the intestinal activity of the newer synthotie
~@analgesics with the stenderd drug, morphine, to evaluste the surrently
used testing methods, and to provide control data for future sonparison
in the determination of the effects of other drugs wnich can be
administered wiih morphine, its derivatives, or its substitutes, It 48
thereby hoped that the road to effective amalyesia withoud constipation

may be made a little less remote.
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{2)« 7The Excised intestinal method of measuring in wvive drug

effects.

Ascording 1o Macht and Barba=Oose (1531) (29), the terminal
axcision and neasurenent for inbestinal propulsion studles in the inlagt
animal {mice) wag firet used in Germany. They eited Lequeur, 191L,
Fuhner, 1925 (30)) ond Loews end Faure, 1925 (31)., The last mentioned
authors tested laxatives with indis ink ¢35 & merker; but stated thei
it was not oo satisfactory end suggested the use of finely divided
garbon. Following this adviee, Macht and Barbs-(ose used carbon biack
suspended in & gum tragacanth carrier in the study of the laxzative
effect of Ruvebtbtus oil and Haeht (32) later, higher aleohols in rats.
The index used wus the percentage of the distanve that the carbon
black traversed from the pylorus to the rectw: in 50 minules. HEmerson
(1933} (33) used the Macht technique on rats to test the laxative prin-
oiple in prunes. lHe nsed gum tragacanth and charcoal; his time interval
was 50 minuies.

Patterson, Smith and Hale (1933) (34) studied the intestinal
response of rats to 00. Using food contalning Faply as a marker, they
sompared the distance traversed by the carbon mesl in 2 L0 minute
period and found a 33% slowing when compsred with a eontrol group.

They substantiated 4his claim by messuring the evacustion time whidh
was 227 prolonged over the normal., They pictured a very ingenious
excrementometer with which they worked, Smith and Penrod (19h1) (3%)
used both these methods to demonstrate the diminished motility produced

by amphetamine exeept that they used & time interwsl of 30 mimubtes and



expressed the distance as percentage of total length,

Van Liere, Stlckney, Northrup and other workers have used a
modification of Hachtts technique as & method to compare the effect
of a great number of agents on intestinal metility (36-15f. They used
10% carbon black and 108 gum acacla preparation administered by
stomagh tube. For dogs the time intervel was usually 30 nminutes, for
rats L0 minutesy Lut, slways comparing with @ control, they used
different time inlervals as the experiments warranted. Because they
had noticed conbinued intestinal movement in animals killed by a blow
on the head; they sagrificed many of thelr rats by using ether which
they belleoved assured stoppage of movement in the intestinsal tract.
They demonstrated that the intestinal contents moved faster in theo
uppar part of the small intestine than the lower and showed that the
rat and c‘lag were coumparsble as test animals. While the material moved
faster in the intestinal trset of an adult than in the pup, and the
sorrelation between the speed of movement and intestinal length was
not alweys apparent, the percentage of distance traveled by the meal
in the total inbtestine was the most scourate and reproducsble method
of comparison. In general, the materizl moved faster, the longer the
intestines. DRecause of the pyloric sffeet, they suggested that the
material Le placed in the duodenum, if possible, further mentioning
that administrotlion into the duodenun by present techniques #ou}.éi
ceuse undue reaction. Sinece 194k, these workers have shown that
ergotamineg and prostigmine increase intesilnal motility, while atropine,

Banthine, Bentyl, T.S5.A., Bphedrine, Amphetamine, ether, C0s, and ancxic



anoxia, to which they later demonstrated some acelimatization,
decressed motility while cocaine had 1iltle effect in the intestinal
tract.

Karr (L6} in 1947, in this depariment used Macht's method, but
selected 50 minuies as the time interval. His procedure has been
followed in this study to verify technigue.

The Merrell Resecarch group deseribed the testing of spssmolytic
drugs by the Hacht method in 1250 (47). They uwsed a 30 minute {ime
interval and measured the per cent distuonce traveled in the small
intestine only. Their mixture of 5% carbon black and 5S¢ gum trageneanth
was found satisfactory in this laboratory.

A regent variation by Holtkamp, Whiteheod and HiX1 (1951) (L8) im &
study of antihlstimes was to feed carmine impregnated briquets to
starved rats using the time of appearance of x-ad feces ag a measure of

intestinal activity. This method involves less trauma to the rat.

(3}« Ihe Rebbit Pellet Mothod of lessuring in vive Drug Lffects.

In order to evaluate the constipating effect of a new sories of
analgesle drugs which he was then studying, Bddy (L9,50) in 1932 devised
a method which depended upon the dose required to completely supress
intestlnal evacuation in each of 10 rabbite for one or mors 30 minuie
periods for several hours after imjection. Bddy, by this procedure, found
the minlmal effective dose for morphine to be 6 mgm./kgn. He further
demonstrated that peneral depression alons c}ici not produce this effect
as evidenced by the aduinistration of uwretlune and seversl barbiturie

acld derivatives which failed %o produce consiipation.



21
Emerson {33) using Eddy's technique to messure the laxative

effects of prune extrachts found that the percentage of rebbits defesating
in the allotted perlods was increased by these prune extracts. Their
control average was such that only about one-third of the rabbits
defecated in the perlod of time measured, As this was considerably less
than Bddy's control value, they advanced the explanation that the diet
was different. '

Sato (1936) (51) modified Eddy's method and showed that constipeting
druge would statistieally reduce the number of scybala passed by the
rabbit each hour from 9100 AM to 4100 R, His ninimal effective dose
for morphim might be 1 mgm./kem., but more deta should be presented to
determine ihis, Hruegerts (5) tebulation of these results would show
2 mgne/kon. to be the minimal effective dose. The pellet count regularly
ranged between LO and 58 for the ‘?.hmir period ol observation. Bddyts
" observations lhat urethane had no constipsting effecht wers substantiscted,
Hewever, in animals which hed been sympathectomiszed, Sato found thab
morphine exhibited little effect on scybala passing and his dose range
was 5 to 20 mgm./ken.

Eary in his studies on methadone (E}mlcgaimze(ﬂ)) and meperidine
(Demerol{R)) in tuis laboratory in 1947 used Eddy's method to study
constipation effects.

Seott, et al (1947) (52), used this method, emong others, in thedr
comparisons of intestinal effeect of morphine.

The method of feeding carmine impregnated brigquets used by Holtlamp,

et @l (LB) in their study on rete might cosily be applied to rebbits.
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EXPE4IMENTAL

In this study, an attempt has been made to compare the synthe-
tic analgesies with worphine. A preliminary check of the Lbgg
value of L-isomethadone hydrochloride and Heallyl=-normorphine (Hal-
mm(ﬂ)) wag first done. The comparison of the @‘fféc‘h of the drugs
on :Imsé&ﬁiml motility has been undertaken by means of Machtls
method of exeised intestine measurement in the rat and the Eddy

method of measuring changes in rabbit scybala production.

I. Toxicity Studies on Analgesie Drugs Used.

A+ 1In order to check the dose ranges used in this study,
a few of the several analgesic drugs to be investigated were selected
" for determination of their IDgy. Since our main interest was in
I~isomsthadone and Hallim(ﬁ) s toxicity studies were dome first on

these drugs.

L~isomethadone has been reported by Jenny & Pfeiffer (1948)
{53) %o have an LDgg value of 25 mgm./kgms when administered
intraperitoneally to & mouse. Winter and Flataker {1950) (5hL),
twing subcutaneous injections, found the IDgy to be 21 mgm./kgnm.
in the méune. On the basie of this data a preliminary group of 20
mice was given a dose of 30 mgm./kgme intraperitoneally and no
deaths occurreds Further experimentation roughly placed the
LDgg for our group of white mice given I~isomethadone to be in the
néighborhoed of 60 mgm*/‘zcgm' This 1s considerably higher than that

of the authors previously mentioned. The results of intraperitoneally
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injected mice with L~isomethadone were as follows:

Dose
ngne/kgn. Wo. rats Ho, deaths
30 20 0
L5 20 3
€0 20 12
i’ 20 12
9 20 20

It is of inberest to note that when the time of death of the
miee in the LDgy experiment is plovted on a greph, the curve assunes
a biphasie chaeracter which calls to mind the ’biphasie intestinal
motility ocurve (Graph 1, Page 25).

B. N-allyl-noxmorphine (Nalline (7))

Unna (1943) (55) reported the LDgy of Nalline to be
670 mgm./ken. and Morphine Sulphate 660 mgm./lgn. when administered
subeutaneously. A1l Halline deaths were due to respiratory failure
because the hearts were still beatin: terminally. Death was always
within 15 %o 90 minutes, as contrasted with morphine, where deaths
were within LS minutes to 3 hours.

Harbt & McCawley {19hh) (56) substantiated these findings for
Nalline when they reported the subcutaneous LDgp to be 700 mgm./legme
They also reported that intraperitoneal injections produced an Ldgg
value of 491 mgm./lkgm.

In a preliminary testing of Walline by intraperitonsal injection
of white mice, the results in this laboratory would tend to place the
LDgp value slightly over 600 mgm./kgm. Most deaths ocouwrred within
L minates to 15 mimutes. The time of death curve appears to be
hyperbolic and the point of survival is near the critical point of

the curve., This is somewhst like the I~isomethadon curve except that



the second phase is missing,.

We also investigated the antidotal effects of Halline on
IL-isomethadons toxielty, sinsce recent %*mr}% has indicated that Nalline
effectively reverses the respiraetory depressant action and other toxie
effects of narcolic agents, We found that when Nalline(R) is
administered at an equal dose with L-isomethadone at a dose level of
90 ngme/kgme, the first part of the biphasic curve shown in graph 1
appears to be potentieted, while the second part is inhiblited. This
dose level of Nalline is well below ils own LDgg value of about
600 mgme/kgn.; we have observed no NHalline deaths below 40O mgm./kzm.

in our limited seriss.

II. A Study of the Effects of Various Amlaexics on the

Intestinal Mobility in the Rat Using Mecht's Method.

A. Progedure.
1. Animals:

The Sprague-Dawley styain, albino reits, were used
in most 5:*: these studiss. They wers chiefly wmsed, excess-bresder
animals from the Department of Blochemisiyy (Medical Sehool), or
discarded rats used in other expe:iments. All rets had a rest period
of three weeks or more to recover from any effects of drugs previously
administered.

The Wister rats were unused, excess stock anmimale obtained from
the oolony at the Eiaahemistry Department at Oregon State College.
Because of some apparent differences, the different strains will be

considersd separetely.



! THE L-ISOMETHADONE DOSE EFFECT ON
¥ TIME OF DEATH IN GROUPS OF 20 MICE

20

I - L-isomethadone
90mgm/kgm

J’ L-isomethadone 90mgm/kgm

l N- allyl-oormorphine 90 mgm/kgm

// 102 min.

- L-isomethadone
75 mgm/kgm

-L-isomethadone
€0mgm/kgm

NUMBER OF ANIMALS
o
SURVIVAL FOR 72 HOURS

L-isomethadone
45 mgm/kgm

5 10 15 20 25 30 35
TIME OF DEATH IN MINUTES

Graph 1. ‘z‘lja time of death for mlce administered warious doses
of i-isomethadone. A1l animals (except one at 102 min-
utes) which lived beyond 35 minutes survived until t};t;
experiment wae terminated 72 hours later,
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2. Chargoal Heal:

This consisted of & partly fluid paste of {tragacanth
to which animal charcoal was added by careful and thorough mixing in
a mortar. The material was made thin enouch to be used in a8 10 cc.
hypodernic syringe. Usually a 5% carbon black and 5% tragacanth
mixture was found satisfactory.

3. Intubation:

Administration was nade in the unanesthetiszed rat
held in the left hand by using a solder-tipped, curved needle rather
than a catheter. Approximately 1.0 cc. of the charcosl mixture was
instilled. The animels were in a fasting condition before use.

L. Controlss

With each group of rals used, a number of anlmals
served as controls. This was essentisl to the experiment since those
animals served for obtaining date for the length and percentage of
intestine traversed under the conditions of the particuler charcoal-
tragacanth suspension used, room temperature, atmospheric pressure and
other conditions. As nearly as possible, animals for controls were
selected at random from the selection avallable at the time.

2. Drugs:

The various anaigesies were injected subcutameously
between the scapulae in the doses listed in Table I. Usually the dose
was caleulated %o be contained in a solubion which could be converted
directly from two times the weight of the animal to the calibration in
hundredths of a cc. on a tubereulin syringe. A similar amount of
saline was administered to the animals receiving placebos. The volume

of the solution was 2 ce./keg.



27
The drug was given one~half hour before intubation of the

charcoal meal.

Doges used spproximately equalled the dose which would lncrease
snalgesia 100% as previously estimated in this laborstory (Semler and
Bavid)w?) or else where for the rat. The dose range was later extonded
extensively in order to explein the ¥pylorospasms® obtained willh some

drugs, and to make & comparison of dose relationship to effect of drug.

6. BEstimation of Length of Intestines the Chargoal

Meal Traverseds

Ons snd one<~half hour after saline or drug injecbion
and ong hour afver charcoal mesal, the aninal was killed by a blow on
the head., The intestines were then excised and stripped of omental
sttachments so that they cowld be laid out on a plece of paper towel.
The total length of intestine (from pylorus to anus) was messured,
then the distance the charcoal meal had traversed was measured. The
distance itraveled by the charcoal was then expressed as & percentage
of the totel lengith. Al)l comparisons will be made on the basis of

this percentage figure.

1. lethod of Sacrifice:

Van Liere's growp mentionad that ether, because 1t
"immediately" stopped intestinal motility, was used to kill the
animal, A series of animals was dropped into a hell jar saburated
with ether vapor and the average time required to produce "sleep" was
two minutes (119 seaonds).
Considering the fact thet in 2 mimites and 22 seconds (S.D. T

12 seconds) 2 rat could be saerificed by & blow on the head, the
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intestines removed, scleazned of mesentories, and measured, the error
produced by such astivity was conslidered insignificent. As soon as
the intestine iz removed from the body cevity, it cools rapidly; just
a few deprees :-mt% 211 motility ceases. Onmission of the ether procedure

saves tww ninuvtes.

IIT. Rosults of Study of Effect of Analgesics on Per Cent

Distance Traversed by Charceal Meal in the Bat's Intestine {Macht's
Method). |
A. Presentation of ’I‘ab‘legt and Fipures Showing Resulis.

The vesulis, expressed in nercentage of the total
length of the intestines traversed by the charcosl meal when
different drugs or the saline placebos were administered are
graphieally shown in a number of figures and scconpanying tablss.
These dats are presented in suech fashion herewiih; a brief discussion
of significant resuits and pertinent comments follow.

Figure 1 shows the relationship of the dose used to the percentage
distance of the intestingl tract traversed by the earbon meal for the
geveral analgesic drugs studied. Only one point is shown on this
figure for the followling drugs since it was nol in the scope of this
study te establish curves for all the drups: wmeperidine hydrow
chloride, dl-isomethadone, di-methadons and le-methadone. An
examination of the curve shows that l-isomethadone has z biphasie
action on the intestinal tract while morphine and Helline show a
more progressive response effect to immésad dosage. This biphasic
action is apparent for another snalgesic ﬁseé in this study,

dl~alpha acetylmethadol. The curves also show that l-isomethadone at
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doses below 2 mpm./kgm. is lees constipating than morphine, but at

higher doses this drug is considerably more constipating. At
comparable analgesic doses for rats, 25 debermined by other workers (57)
in this laboratory, it is seen that dl-alpha acetylmethadol is less
eongtipating than morphine. However, when considered on an equivalent
mgn./kgn. dosage basis, then dl-alpha acetylmethadol is found to be
more constipsting than morphine.

The dota used for constructing the graphs in Figure 1 is listed
in Table 1. Table 5 is a supplementary tabulation which may be
gonsidered at this time since it has been ineluded in order m compare
the data for several drugs we studled with the dets obtained previously
in this laboratory for the same drugs and dosages by Kerr in 1947.

The very rlose correlation of these aiaizé P obﬁaineﬁ by different workers
at different times, indicate the practicability of Machi's technigue
for this type of investigation.

In many instances following drug administration, but never when
only saline vmé injected, it was observed on exposing the intestimsl
tract in the rat that the carbon neal hed failed to pass the pylorus
and was gtill retained within the stomach. This phenomenon has been
called, for convenience, "pylorospasn” which condition, as part of
the drug action in the rat, it probably is.

Table 2 and Figure 2 shows the muber of animals, expressed as
mmm%ga of the number studied for a given drug and dosage, wﬁiaﬁz
showed "pylorospasm® at the end of the observation period. That
there is 2 g)ai*allel relationship of the paréan‘tﬁge: of pylorospasms

engountered to the dose administered is apparent in the graphs of
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Figure 2. Domeroil®) and Walline(®) ave plotted at multiples of ten

times the abscissal doses because they appesr to fit the graph as
one-tenth strength compounds.

0f ineidental but somewhat pertinent interest in this study
gomparing the constipative effects of a number of new analgesic
compounds, is the supplementary inwestigatlon msde of the antagonistic
effects of Neallyl-normorphine (ﬁallinefﬁ)) to the gastro~intestinal
activity of l-isonethedone and dl-alph acetylimethadel. The resulis of
this preliminary experiment are showm in Table 3 and Figure 3. The
graph,shaws the antagonistic affect of Nalline{R) when administered
at several doso ranges (abscissa) te the percentage distence traversed
and the percentage of pylorospasme {ordinates) when L mgm./kegm. of
l-igomethadone or di-alpha scetylmethadol were employed. I¥ is
apparent that ﬁallinafﬁ) considerably offseis the "eonstipetingh
affeets‘af these twe drugs sinee, under lts influence, the diﬂtance
the carbon meal moves in an hour is increased end the ineldence of
pylorospasm reduced. That this increase in the percentage distance
teaversed by the carbon meal when.NallinaﬁR) is given along with &n
analgesic drug is an sctual one and not an artifeet of the datas
ealoulations is substantisted by the fact that animals showing
pylorospesn were not ineluded in the percentage-distance~traversed
determinations, The data in Table 3 and Figure 3 further sugpest
that the activity of dl-alpha acetylmetlhadol is sounteracted mors
effectively by Nalline(R) than ave the effects of l-isomethadone,
in the doses used, on the intestinal tract.

Table  shows the data obtained for Wistar strain rats with a
comparison for similar data with Sprague~Dawley rats. For ﬁailine(ﬁ),

some divergence of sffect appears.
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HE MEAN PRRCENTACE INTESTINAL LENOTH TRAVERSED BY A CHARCOAL MEAL

IN THE BAT'S INTESTINE FOLLOWING INJECTION

OF CERTAIN ANALGESIC COMPOUNDS

HO.

MEAN PRRCENTAGE
INTESTINAL DIST.

o TRAVERSED BY STANDARD STANDARD
DRUG DOSE RATS MEAL ERHOR DTATION
mze/kgme
Controls (no druz) - 25 8l 6% 1.3 643
Gentyrols, Saline 2 co./kg. O 63.9 0.8 2.9
Potal Controls 165 61; qﬁ Ge ? 9 CS
Morphine Sulfate 1 13 394 3.0 13.5
" " 2 a2 30.1 2.6 13.6
- . L 3 23.6 2.6 T3
H " 6 22 17.4 1.8 3.8
" n B bk} 13.5 1.8 Ge2
” L 10 9 a8 1.5 Le5
ﬁemridine HCL 20 3-9 5609 3.2 13c9
dl=nethadone 11CL 2 18 Li5.0 3.8 16.1
1-methadons HCIL 2 20 17.4 2.5 11.4
dl-isomethadone ACL 2 20 558 2.5 11.5
1~isomethadone HCL 1 36 51.1 2.2 13 .3
3 3)4 6'3 l ] é é. 1
L 7 8.9 2.7 Te2
6 2 3.3 - -
N-allylenormorphine 2 19 SlsT 2.4 10.5
10 15 571 3.9 15.2
20 ic 36.9 5.0 15.9
10 11 30,5 ha  13.5
Eﬂ 1& L] 5 - 2 3.{3 L3 6
120 ;s 2.3 0.5 1.3
160 2 0
Alpha Acetylmethadol
HCL 1 23 E&nﬂ 1.6 7«8
2 3k 28,3 243 13.6
6 3 33 0.4 Ge7
Heptasons HOL % ns: E%% E:g 3:3:3
1‘ h )lch 5 ul 16-3




TABLE 2

NUMBER AND PER CENT OF ANTMALS ATMINISTRRED CHARCOAL MEAL AND GIVEN

CERTAIN ANALGESIC GOMPOUNDS WHICH SHOWED RETENTION OF MEAL IN

STOMACH ("PYLOROSPASHM)

32

TOTAL ANIHMALS SHOVING
NO. RETENTION OF CUAB-
oF COAL MMEAT,
DRUG DOSE RATS M0«
mge/ Kgo
Controls (no drug) - 25 0 0
Controls (Saline) 1.0 se. h 0 0
Horphine Sulfate 1 19 0 0
2 43 11 2546
L 1y 1 7ol
6 26 k 154
8 12 1 8e3
12 ie 3 25,0
Meperidine HOL 20 20 1 50
dl-Met done HOL 2 22 L 18,0
1-Methadone HCL 2 26 6 23.0
dl-isomethadone 1ICL 2 21 1 540
1-iscmethadons HOL 3 37 1 2.7
2 L2 2 b7
3 23 9 20.1
k 21 1 8646
6 i 12 856
¥=allylnormorphine HCL 2 19 0 €]
10 15 ] 4]
20 io 4] O
Lo 1 0 o
8o 10 0 4
120 10 3 30
160 2 2 100
Alpha Acetylmethadol 1 24 1 L2
HCL 2 38 L 10.5
k 32 22 68408
6 11 8 72,0
Heptagone HOL 1 g 0 0
4 18 L 22,0
L 10 6 60.0
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IARLE 3

THE REPRODUCIBILITY OF RESULTS USING VACHT'S TECHNIQUE

% DIST. TRAV. S.Be

DRUG DOSE VAN ARSDEL __ KAWR VAN ARBDEL _ KANN
2./ kgme ) | )
Gontrols - 6lia0 6641 0s7 2.6
Morphine 8024 2 30.1 - 2.6 -
¥orphine SOy 3 - 23.6 - 3.
Horphine 30 L 23.6 - 2.6 -
Meperidine HOL 20 5649 5647 b3 & I.;‘E
Dolophine 2 b5.0 LB 3.8 2,6

# ot stated in paper; preswmed to be 2 /k:gm.
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“PYLOROSPASMS"

PERCENT AGE

Fig g:e g‘.
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FIGURE 2
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DOSE OF DRUG Mgm /Kgm.

The mmber of rats, expressed as percentage of the
number studied for a given drug and dosapge, which

showed "hylorospasm®™ at the end of the observation
?@I’i@dt
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PERCENT

Figure 3.

30

Fig. 3

THE DOSE RELATIONSHIP OF NALLINE ANTAGONISM
TO 4mgm/Kgm OF TWO SYNTHETIC ANALGESICS

X — &~ Acefyl Methadol HCI
® - L - isomethadone HCI

—— Percent distance traversed
-—— Percent pylorospasms

1 1 1 1 | 1 ] 1
[0} 2 4 8
DOSE OF NALLINE IN Mgm/Kgm

The antegonistic effect of N&lline(ﬁ) » at several
dose ranges, to the constipating effect of I mgm. /gme.
of alpha acetyl methadol and l-jsomethadons when
measured in rats.



Be A Comment on The Phenomenon of Pylorospasm

Encountered in Rals When Administered Certain Analpgesic Drugs.

During the early experiments performed with Machtls
method using standard analgesie drugs such as morphine and meperidine,
the chorcoal meal failed to pass from the stomach into the intestines
in gome rats. This effect has been considered as "pylorospssm'.
Northrup, Stickney and Van Liere (1952) (37) must have hed this same
experience since they mentioned that those animals were discarded where
the meal failed to progress 10% of the distance of the intestinal
tract.

This condition of Mpylorespasm' might possibly be explained on
the basis of irauma to the animal incurved during intubation with the
curved injecting needlej however, since no animals used as controls
ever showed pylorospasm and narcotized animels were much easier to
intubate, this was considered as a drug effect. After using several
dose ranges of the different analgesics, it soon beczme apparent that
there was a direct dose relationship to this aspeet of drug effect,
as can be seen in Figure 2.

Inereasing dosage of the drugs produces an increase in the
percentage of animals retaining food in the stomach. Apparenily
morphine i the exceplion to the rule. This mey be an artifact of
interpretation. A% high doses of morphine, the pyloric snd upper
duodenal area iz so tightly constristed that it is blanched, In many
cases, the "golor" had pessed the pylorus bub the volume of contenbs
was not normal. Most of the data had been gathered before this

difference was appreciated, Gruber, et 8}, (58) noticed that the
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duodenum contracted forcefully within 2 minutes of injestion, then
after a perind of extreme spasm, was hypotonic for long periods.
Perhaps this effeect, or %ha» anoxia prodused by the blanching ,‘ gould
produce intermittent relapses of the muscle tonus to aliow the carbon
{0 pass indo the duodenum, Alsc, while not investigated in this
study, there is also the possibility that higher doses of ilhe ther
analgesic drugs might heve produced this sase effect.

The dose of 2 m;‘,m./kgm. was selected for several of these
analgesics because it allows comparison with the analgesic effectiveness
of these agents which, st this dosage, show & 100% threshold increase
in activity. As determined by Herbert Semler in this laboratory, the
somparable analgesie effects for some of the drugs when expressed as
percentage inecrease in pain “’chmshdl& deﬁamine& by the DiAmour-Smith

technique ore as followss

Drng ) Dose Per gent inerease
mgme/kgn. in "pain® threshold

Morphine Sulfate Y 50
6 100

- dl=-alpha acetyl-methadol | L5
3 125

 1~isomethadone 1 -
B 120

While it ean be rondily seen on the basis of the sbove data (Figuve 2)
hat a cosparable analgesic dose of morphine (L or 6 myne/kine ) produces
greater inlestinal side effects, we have compared, for convenience,

the intestinal effect of 2 mgm./kgm. of the analgesics (or their ten

fold multiples, as used for Hallim(m or meperidine).



33

¥orphine at 2 mgm./kem. caused the highest incidence of

pylorospasa (25, é,&) followed by l-methadone {23%) and heptasone (227
with the lowest ineidence being for meperidine (5%), dl-isomethadone
(5¢) and Ll-isomethadone(.7%). Nalline at 20 mzm./kgm. showed no
pylorospasms. Apparently, this effect 1s related to the other
analgesics as a 1/L0 strength effect since the one-~twentisth &ase
eurve ¢an be moved over to coinelde with the other curves at the
one—fcr'ﬁié‘rh position,

G+ Per Cent Intestine Traversed. -~ Table 1 presents this

data. This information was obtained by excluding those rats which

showed pylorospasm since the charcoel meal did not enter the

intestinal trsct and no neasurement could he made. The statistieal
standard deviation and standard error are also shown. The results
cbtained for sach group of rats are considered separately.

1. Control Rats Administered Seline. - The first 25

"eontrol" animals were not injected with a seline placebo. Such an
omission appears to have a minimal effeet, because when these resulis
are compared with those given saline injections (Table 1), very liitle
difference is noted.

All subsequent 1O control animals, studied in small groups at
the same time drugs were used, were injected subeutaneously with
2 ce./kg. of a physioclogical saline solution.

The distance traversed by the carbon biack in one hour averaged
6h% in a1l the Sprague-Dswley conbtrol animals with a standard error
of 0.7. This is assumed to be the normal for rats., Remarkable

agreement of this figure with Karr's average of 66,1%, formerly
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obtained in this leboratory (Teble 5), leads one to accept this as
the aﬁemge mean per cent of the length of the intestine traversed
by the charcoal meal in the normal rat one hour after receiving the
meal.

There tends to Ve scome drift of the average value due to the
rat source, sisze, time of day, weather conditions and perhaps seasons
While a comparison of the animal ggmzip with its conlrol for that day
would change an average value occasionally, still the relative
positions of the poinis on the curve would not be changed. 4o
examination of the :{’oilnwingg dete demonsirates this drift, but even
the lowest average is well above drug effect averages. Consequently,
all groups have been placed topether with the overall average of sach

drug and dose plotted. (see Table 6)

2, Morphine. ~ This drug was med.m 8 "reference
‘eontrol™ to allow comparison with the other analgesies temted. TWhen
several dose levels were used, it was noted that the percentage
distance traversed by the charcoal meal varied inversely with the
dose, cesurring in a linssr fashion.

At a dose of 2 mgm./kegm., 32 rats showed a mean distance
percentage of 30.1% of gut traversed compared with 6L4E for the
gontrols, st.ﬁ?;% for meperidine, Li5% for dl-methadone, 55.3% for
dl-isemethadone, and L2.7% for l-isomethadone. This suggests thab
morphine was more constipating than any of these drugs but it was
less constipating than l-melhadone {17.L%) and slightly less so
than dl-alpha acetylmethadol (28.3%) at a dose of 2 mgm./kem.

However, at doses which produce comparable analgesia, morphine



TABLE 6

Elacebos ~ Record of Average Per Cent Distence
Traversed in Iptestinal Tract in Sprague~Dawley
Rats Injected with Salinme

Ave. Per cent

Date No. Rate Dist. Traversed
8/8 - 15/51 258 Ehe6
9/13 & 19/51 6 754
Date not recorded g 706
10/20/51 3 T23
11/9/51 5 6842
3/9/& 7 6642

5/52 8 578
2/10/52 6 707
3/2/%2 8 61.8
5/5/52 8 - Gbaks
5/27/52 9 69+5
6/29/52 9 6l efs
9/10/52 10 53.9
9/12/52 5 6145
9/1k/52 8 6647
10/10/ 4 5 5840
10/12/52 7 6heo
11/12/52 6 5649
w%f?: 2 gﬁ.f
11/26/52 L 62,5
12/7/52 7 597
2/3/53 6 5640

# No saline injection.
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appears more constipaiing than all drugs tested. Harr (19L7) (L6)
using presunsbly the same dose, found 1hat the average for morphine
was 23.4%.
Incidental observations made on the rais glven morphine show
some with constricted pupils, many with dilated pupils, a #Straube
tall reaction® and excitement, provoked by noise or toueh, the two

latter responses oceurring with larpe doses.

3+ Meperidine HCl. - Twenty rats given & dose of

20 mgm./kgm. of meperidine showed an average percentage of gut
traversed of 56.9%, (S.E. L.3%). This corresponded closely to

Karr's average of 56.7% (S.E. 4.6%).

L. dl-methadons. - This drug, injected imto 1B rats
in a dose of 2 mym./kem. produced an average percentage distance
traversed by the carbon black of L5$, closely comparing with
Karrts figure of W5.9% (2 2.6%). Dilatation of pupils and a

Straub tall reaction was noted in most raits.

5. l-methadone HCl. - With 2 ngm./kgm. given to

20 rats, the average percentage distance traversed was 17.4%, signa
11.h. Most of the animals appeared ecatatonic with a "spread eagle"
stance of the hind legs, some lscrinmated, and many had dilated pupils.
On post mertem handling many rats developed intestinal intussception
(may have been presemt before handling) showing continued activity

of the drug after death.
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6. di-isomethadons HCl. - In the 20 rats glven this

druz at 2 ngn./lgn., one female rat wont into convilsions 18 minutes
after injection and died L minutes later., One other rat appeared
fdopey® 30 minubes after injection tut thls effect was short~lived.
All rats in this series had tense abdominal muscles and a "Siraub-
tail® reacciion, Only one animal showed a "pylorospssm®. The mean
per cent average distance traversed by the meal was 55.8%, sigma 11.5.
At aubopsy the longitudinal muscles of the intestine appeared to be
relexed.

7« l~isomethadone HCl. - In the group of animals

injected with 2 mgm./kgm. of le-isomethadone, differences were noted

in three groups {Sprague Dewley Strain) when ztudied at different
Yimes. The mean averages of the percenlage distance traversed for
these groups were: #£. {15 rata)-53.7%; b. {15 rate)-38.7%;

¢. (10 rats)=32,08; these LO rats iza;:’i the listed average of 42.77%.
At the same iime the first fifteen Sprague-Dawley rats were studied,
23 animals of the Wistar strain were also given 2 mgm./kgm. of
l-isomethadone and an average of 34,67 found;a marked statistical
difference.

Inspection of Figure 1 glves an impression of biphasie action
of le-isomethadone on the énima‘l gsysten. A specisl series of 23 rats
given a dose of 3 mgm./kzm. showed no different results from a dose
of 4 or 5 mgm./%gn. This biphasic action partly explains the
different effects produced by l-isomethadone at the dose level of
2 mgn./kgm. Therefore, we camnot attribute the apparemt strain

differences to Lhe animsl systems, withoul further dsts, because
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this Liphasice actlon partly explains the different effects produced
by l-isomethadone at 2 mgm./kem. Smaller doses do not possese a marked
effect on the intestinal tracts however, larger doses suddenly produce
a large effect which shows no further change even with twice the dose
producing that marked effect. Thus, 2 mgm./Xome must be the threshold
level of some powerful physicloglezl or pharmecological mee?xanism
which takes effect suddenly. A% this dose level, the percentage of
tylorospasms is changing rapidly, a factor aéizieh may or may nob be
related to this precipitous effect.

Table 1 also shows Lhe laverse decrease in average distancs
traversed as the dose of this drug increuses.

A "travb-tail® effect was nmoticed at all dose levels ’am} with
most dose levels many rets showed exophthalmia. At a dose of 1 mpm./kem.
the intestinal tract éppeamd hyperemic in & number of animals.
Considerable fluid wes noticed in the infesiines especially at the higher
doses, Pupil sise was variable espaclally at lower doses but as the
dose incressed, the pupils tended to be dilated. The cornea was dry
at doses 3 mgm./kgne or higher. Lacrimstion was noticed at 3 mgm./legm. 3
the corneal reflex was absent at the higher doses.

This drug caused commlsive deaths as followst One at 2 mom./kgmg
one (in Il min.) et & mgm./@..; and two (55 and 60 min., resp.) at
6 mgn./legm.  Csbatonia oecurred for doses of 2 mgm./ksgm or higher.

8. Alpha Acetylamethadol ICl. ~ At 2 mom./kgm. dl-alpha

acetylnethsdol was responsible for an average carbon-black movement of

28.3%. There was a 10% incidence of "pylorospasm®. In those showing



L7

pylorospass when the intesitines were excised :nd the stomsch manually
squeszed, preat lorce was required to florce the stomseh gontents Leyond
the pyloric valvey however, this could also be demonstrated with other
drugs in this series,

Pupil size wss mostly unchanged 2% the lower doses. At & mum./kam.
all pupils were dilated. FExophthelmia and xerophthalmia were noticed
at 6 mgn./kgne

At L mom./kgm. this drug produced 70% "pylorospasm®, this is of
the smme order of magnltude as similsr doses of Heptazom(ﬁ) and
l-isomethadone (Table 2, Figure 2). While i% appears that one
1 mgn./kgm. (Figure 1) has more effect than 2 mygm./kgm., inspection
of Table 1 will show that this is not a significart difference.

Catatonia was general for all doses above 2 mgm./kgm. with &
strange "spread eagled" condition of the hind limbs noted in nany
animals at 2 mgm./kgm., when sacrificed, bul not noticed at the ! igher
doses DLecause of ihe persisience of catatonia at the saerifice tinms.
However, at b mgm./kgn., the hind foet in many animsls showed convulsive
Jerking after cubting the spinal cord in the thoracie region.

Hypersenia of the mesenteries was peneral for the 6 magm./kom.
group of animals, and the intestines conltained large smounts of fluid.
&% b mgn.flegm., one desth occurred before ithe experiment was finished
and one animal was eyanotls amd eold. While none died at & mgm./kzm.,
twe had their teeth tightly clamped on the wire screen floor of the
cage, and another was very cyanotic, and might presumably have died

had not the experiment terminated at that point.
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Apparently, Alpha acetylmethadol is very irriteting to the animal

on injectlon because the rais rubbed the injection eite with their paws
and appeared to be slightly irritated.
Under the expevimentsl procedurs used, & high inoidence of
intussusception was noticed with Alpha scetylmethadol.
7. HNalline-Merck (HN-allyl-noymorphine). = Examination

of Figure 1, in vhich Nalline is plotted at one~tenth the dose

administered, tends to show that by measurement of intestinal motility
with the Machi method, Nalline has similer activity but 1/10 the
power of the morpyline molesule.

Figaure 2, however, in which Halline i5 plotted at 1/20 the
adninistered dose, shows thet for the econdition of pylorospasm, Nalline
has 1/LO the morphine effect in the Sprague-Dawley strain. However,
the 100% point is stetistically unrelisble and further dats is needed
before this curve is accepted.

It 18 of interest that in the Wistar strsin one pylorospasa was
recorded in a group of 10 rete at a dose of L mgm./kgm. The marked
difference which might be atiributed to the different strains of rats
uged is apparent, and so far :inaxplainablé, only for Nalline., Al s
dose level of 2 or 10 mgm./kgm. the Spregue-Davley group response was
between 50 and GOF while k or 10 mgm./kgm. in the Wistar group produced
an average of 3L%. Apparently, the drug is more potent for the Wistar
animala,

The "Sirauvb=tall-lffect” was noticed with all doses of Nalline
but was gemeral at doses above 10 mgm./lkm.

A high ineidence of intussuscention wee notieed in this serios as

well as exopthalmia and & high inclidence of fiuld-filled intestines.
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10. lHeptazone. - This drug &b L mgm./kgn, produced g

cataleptic condition in the animels with a "Straub-tall® and s high
ineidence of dilated pupils. “Pylorospasus® were presemt to the
extent of G0%, 'The sverage of the other four snirmls was Sl.l%e
This is a high aversge uand may be due Lo a selective fastor or the
sudden precipitation of pylorospasme. The intestines of this group
of animals were 1la general, relaxed and hypersemic,

At 2 mza./ken. there were only 227 of the animels in whon the
carbon did not pass the pyloruss The average was 47.7. Several
animals of this series were cyanobtic and the blood was noticeably
discolored. At 1 mgm./kgme. the animals 21l had "Straub-tails® bub
in genersl they were otherwise normal eppearing. Many had dilated
pupils, but in ‘gjesmral there was little puplilary effeet. The averaje

distance traversed by the meal was 62,170

D. The Antagonistie Effect of ’failime(m on the Aetion of

L §
3 =

1-isomethadone and dl-Aloha acetylmethadol on Rat Intestinal Mobility

1: 1~iz0om '-7",}13‘:10!;" vs. &

When rats were given 2 dose of L mgnm./kom. of

1-isomethadone and then one-half hour later either 2 op L mgw./km.
of Evt%afi.}.im(m s the usual consﬁipétive effects of l-isomethadone were
markedly counteracted. As previously mentioned (Table 1) when given
alone, L =gm./kgn of l-iscmethadone allowed the garbon mesl to troverse
only B.9% of the intestinal tract in an hour with 66% of pylorospasma
being produced.

Upon the administration of 2 or b ngm/kgm. Nalline, after this

dose of l-isomethadone, the average traversed was 26% with only aboub
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33% showing pylorogpasm. Bight mgm./kom. Nalline given ab the smme
tine az the corbon meal was slightly more eflective, as shown in
& ol ¥

Table 3.

2. Alphe-acetylmethadol ve Halline.

At a dose of L mgm,/ltgn. dlwalpha acetylmethadol
reduced intestinal motility to the extent that, in those without
pylorouspesm, the intestinal contents progressed only 10.2% of the
intestinal tract in an hours At the seme time this dose produced
68% pylorospasm.

Nalline in doses of L or 8 mgm./kgme gilvem at the time of the
carbon mea;l and after dl-alpha acetylmethadol allowed the intestinal
contents to progress beyond L0f while pylorospasms were reduced to 16%.

| Higher doses of Halline, 20 and LO mgm./kgm., blocked out the
pylorospasn responge to alpha acebylmethadol but had but little more
effect on the motility. These effectis at higher dosapes nmesy be the
vesult of the rapid destruction of Nalline in the body; two small
doses may hove effects similar to these larger doses, The point is
better shown by the portion of Table 3 showing the resulis for
#istar strain rets. Here it is obvious that b mgm./kgu. alphe-
acetylmethadol followed by B mgm./kgm. Halline st the tims of the
carbon meal produces s result identical with that of the 8-D Strain.
In the group in which 8 mgm./kegm. Nalline was injected first, then
a half hour later alpha-acetylmethadel b myme/kgn. with the sarbon
meal being administered an hour efter the Halline, an average of 32.9%

of intestinal tract distance with 168 pylorospasm wes found.



When I ngm./kgn. each of Halline and alphe agetylmethadol were
mixed and given together there were no pylorospesms and the average for

distance traversed was L129.

B. Cbservations on Wistar Strain Rats.

1. Intestinal kgﬂtzili'tz;

Table L shows the results obtained using Machits
method when these drugs were used in the Wistar strain, 4 comporison
is made for similar doses given the Sprague~Dawley strain. Two columns,
one for the number of Wistar snimals showing pylorospasm and onge for
the percentage expression of thet number in relabtion to the tobsl group
permit tabuletion of this date with that fs:r‘ma'tilitr,

a. QControls. = For L Wistar controls, the average
distance traversed by the carbon meal in an hour is 61.2 ¥ 1.6 (S.5.).
Comparing this with the average of &4 J 0.7 (8.E.) for the Sprague~
Dawley Stroin, we find that the "I" value equals 1.75 which allows
only about a 95 chance of the Wistar sirain belng differsant from the
Sprague-Dawley.

b. Worphine Sulfate at 2 mym./kpm. - There is no

20
Reraans d

%]

ignificant difference between 30,18 for the 32 Syrague~Dawley Rats

ad 28,97 for the 12 Wistar Rats.

o

¢» l~isomethzdone at 2 mgn./kgm. - The group of

23 Wistar rots exhibited inhibition of intestinal motility to the

extent that the ocarbon meal progressed only 27.6% of the intevtinal
length in an hour. Considering the fact that one group of 10 Sprague-

Dawley rats had an average of 32.0%, and that inspection of the
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l-isomethedons dose-vesponse-curve (Figuwre 1) could lead to the
oonelusion that 2 mpm./kgn. 18 & threshold dose for a powerful
physiclogical mechanism, opinion as %o strain differences must be

reserved mrbll further date is assenbled.

d. Alpha scetylmethadol. - There is no significant

difference beiwsen the average of 28.3% for the 31 Sprague-Dewley rats
and 23.6% for the 22 Wistar rats 2t a dose level of 2 mgm./kgm. The

same may be sald for the dose of L mgm./kam.

e. HNalline. - When the distance traversed by the
carbon meal in an hour is compared in the two strains of rats, we
find that the average distance of 57.1 % 3.9 (8.8.) for 15 Sprague-
Dawley Strain, when contrasted with the response in 19 rsts of 3L.0 *
ko3 (S.8,) for the Wistar strain, produces a *I" wvalue of 3.8. Thie
has a probability level of greater than 0.005,

The same corder of magnitude of response can be sean with the
other doses of 2 and i mgm./kem. Apparently, this dose-response
difference is present at low doses, Purther work is needed before
this difference ¢an be explained for the sirains and for the drug.

It hardly seeme possible that Nalline alone will give a strain-

different response while the other snslgesies do not.

2. Incidence of Pylorospasn in Wistar Rate.

a. Oontrols. « The Ll control rats showed no
pylorvospasmy this is similer to the observation on the Spragus—

Dawley strain controls.
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b. MNorphine Sulfate. - Hone of its 12 rats given

2 mgn./kgn. of Morphine Sulfate showed any pylorospasm. This probably
is not significent, Two groups of Sprague~Daviley rats, one with 7
animals, the other with 12, showed no pylorospasms, Apparently this

ig 2 threshold dose area.

€. L~isomethadone HCl. = Only one rat of the 2k

given this drug et 2 mgm./kgm. showed thils effect, or L.2%. This is

gimilar to the L.7% shown for the Spragus~Dewleyts.

ds Alpha agetylmethadol. = At 2 mgm./kgn,

6 (21.4%) of the 28 rats showed pylorospasm while at the dose of

by mgm. fkgme, 3 (30%) of the 10 rats showed this. It is to be noted
that ab 2 mgm./kgm. the incidence of pylorospasn is twice as high in
the Wistar rats as the Sprague-Dawleys, but only half as high at

L mgn./kgn. However, the date is insufficlent to attempt a comparison.

e. HNallins. = Ab I;mga,;’kgm., one animal (10%)
in 2 group of 10 hed p/lorospasm, but none of the 19 at a dose f}f
10 mgm. kgn. showed this response. No Sprague-Dawley animal showed
pylorospasm below 120 mgm./kgm. At the prosent time there is
insufficient date to attempt an explanstion.

f. Summary., ~ In general, it may be said that with
few exceptions (notably the Nalline response), there is little difference
in the strain of rat used in testing the effects of these analgesic

drug.
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F+ Conclusionss
The following conclusions may be drawn from the sbudy
of the effects of seversl snalgesic druge on the yatts intestine using
Macht's Method in Sprague-Dawley and in Wistar strain rats:
} 1. The synthetls analgesic drugs, like morphine
decrease motility in the intestinal tract. The intestinal motility
is inversely proportional to the dose administered.

2. The synt}mtic analgesics tested (alpha amﬁyl;
methadol and l-iscmethadone) exhibit a biphasie action which has a
threshold at about 2 mgm./kgn. Below this dose, the l-isomethadons
is less constipating than morphine, above this dose range, more
constipating.
It i8 conceivable thet lemethadone, dl-methadone, and
dl-lsomethadons might exhibit this same activity, bul such an as;amgtim

should be subjected to experimental inguiyy.

3« Pylorospssm, & sondition in which the charcoal meal
does not pass the pylorus in the hour test period, was a property of
all anslgesics tested in this study. The inegidence of this condiﬁim
is directly pm;;articsnai to the dose administered. INorphine apparently
allows an intermittent interruption of this process at higher doses,

probably due to loeal snoxia.

, L. A c¢lose correlation or a good explanation was showm
for the results obtained in the two strains of rats (Wister and Bpragig-
Dawley) used in this study except for the effeects of Nalline. We can

offer no explanstion for the persistent strain difference exhibited to

this drug,.
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Iv, A 5‘&-—&% of the Effecls 3{ Yfariaus &mlgsics on the Intestinal

¥otility in the Rebbit Using Eddy's Meihod.

A, Procedures and Modificstions of Hddy's Methed Used.

When thils phase of this study was first undertaken using
rabbits, the method used was that of Rddy modified by Sato's
recommendation that the production of scybala Ly a group of rabbits
in & given time be tabulated. This was attempted for severzl weeks
during which time it was noticed that soybala counts made during the
daytine were either very low with the majority of snimals falling teo
defecate at times for periods of several lwurs or the faeces were
passed in a soft malformed mase so that individual seybala could nob
» be counted. IY was thms prastiecally impossible to obtain pormal
scybala counts for control values during the daybime. Consequently,
on this basis and ressoning that the rabbit (Lepus) still retains its
nocturnal habite, it was decided to carry oubl the observations from
5500 B, on, at night.

For each separate determination to study drug effects on the
intestinal motility in rabbits, groups of 16 rabbits were used. The
progedure {ollowed was to perform the sontrol observations, using
saline injections, on & group of animals and, then, the following night
to make seybals counts over a perioed &f‘ time following drug injeection.
In this way, each growp of 16 rabbits served as its own comtrol. Fop
many of the earlie:r studies, the rabbits were given the saline or drug
injection at 5100 PM, Scybala counts waﬁre then made st the end of

three and again four hours later for & totzl observation period of
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seven hours alter injection. Later in this study it was noticed
that more detalled information might be obtained by meking scybala
sounts consecutively at the end of one, tures, five and seven hours
after drug injection.

In the case with the use of one drug, alphs scetyl methadol, it
was found necessayy to extend the ébaervatian period to fifteen hours
because of the marked constipative effeet of this compound in rabbits,
as evidenced by a noticesble decrease in the production of scybala
during this time. In some Instances, the sgybala eounts for the trial
with alpha acetyl methadol could not be made until twenty hours after
injeetiony practically, this difference in five hburs is insignificont
because ol the ﬂnrmﬁlly'loW'&aytime seybela production.

Following each separate determination of the mmber of scybals
passed by a group of rabbits per unit time, the results were tabulated
and by scevmulating this dats the gross averages obtained, This wmethod
of evaluation is not as sccurate as would have been possible had the
results been expressed as a deviatlon from an average of the closest
thres control perlods for the particular group under study. This
latter procedure would have eliminated the small variation in group
average aaybal# counts due to seasonal (longer or shorter days) drift
of data which may have cccurred singe this sbudy extended over more
than one year's time. However, this gross eompllation and averaging
of the accumnlatsd‘ﬁaﬁa, especially for the normal control values, was
considered adequate for this sﬁudy,v

The presence or sbsence of food inteale by the rabbit effects

gignificant differences on the produstion of scybala., When the rabbits



are allowed food during a study period, it is difficult to
distingulish whether 1% is the anorexia; with reduced food intake, or
the constipatime effect of the drug which causes s reductlion in the
soybala count. Of gourse, more marked changes in intestinal activity
would be expected after drug sdminisirablon than caused Ly starvation
glone. In view of the fact that a majority of patients on morphine
therapy will have Yo eat and, if thie information is to apply to
wWitimate therapeutic use, it would, therefore, seem more appropriate
and infomative to carry on such a laboratory study wiu‘;h food offered
ad 1ib. In spite of the objections and difflculiies encountered when
food is allowed the rabbite during an experimental period, this
procedure was followed.

In the discussion that follows the presentstion of the resulis
in soma of the sraphs and tables shown below; reference is made %o
certain of the drugs producing a "high tonus® or a "low tomus" iype
of gonstipation. High tonus constipation might be considered to be
the same effeet which has been recorded by balloons and water transpord
studies. Above certain threshold dosez the opiate analgesics will
characteristleally show an increased tonus and ocelusion of the lumen:
This inereased {onus causes & hard bolus or formed faecal mass to be
propelled more repidly. This iz represenied by an immediate increase
in seybals production in meny rabbits, herein assumed to be those having
formod pellets in the colon. Sinee the semifluid contents are obstrusted
by the closed lumen, no seybala are then pasged for several hours,

By low tonus effecty; we would mean that dose range which Krueger

reported %9 ccused & decrease in the tomus as recorded by balloon
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exporiments. Io this case, the hard bolus would not be propelled

by the relaxed musculature, and the pellet production would be normal,
or less than nommel beceuse of the lack of motility. 1In this case,
many fomed seybala would be pessed in the second collection perdiod as

noticed at the lower dosage lewels.

B, Experimental Results Usinz Eddy's Modified Nethod of Making

Periodic Rabbit Sgybsla Counts As An Index of Intestinsl Notility.

l. Desecription of Results Presented in Oraphs and Tables.

The results of this phase of the study are presented Ly
means of a mmber of tables and graphs, as follows:

@ Table 7. =~ This table is a compilstion of all data
obtained during that part of this study empleying observations of
seybala counts in the rabbit to study intestinel motility., It shows
the aceumulated gross everages for the saline injected control animals
and the offect of different dose levels of alpha acetylmethadol,
l-isomethadone, nmorphine sulfate and N«ailgl«mmmrpéxim on the average
results of the tabulated seybala count for definite perilods of time in
the rabbit. Time intervals of observation are 3, 7 and, where determined,
15 hours after injection. Where 2 recorded effesct is not the property
of all observations of the larger group, the number of observations
for which the record applies have been separately listed. These
separete groupings may or may not overlap.

Control studies in the saline injected animals showed that



TABLE 7

HE EFFECT OF CERTAIN ANALGESIC DRUGS Ol TNE AVERAGE NUMBER OF
SCYBALA EVACUATED OVER PERIODS OF TIME IN RARBITS,

29

N0, OF  AVERAGE NUMBER OF SCIBALA FOR
OBSER~ PERIODS APTER DRUG INJRCTION

DRUG DOSE VATIONS O=3 37 0=7  7-15
MR e] K hrs,  hLre. hrs.  ars.
Saline Control 0.2 co/kgm. 664 60,8 B7.3 W1 -
W i 0 H 126 - -~ v 119.0
n LTS LI S 1. 28.h 2.7 50,1 -

Alpha Acetyl-

methadol HO1 0.5 16 5.3  18.6 2L 12h.0
) 1 15 17.0 7.1 249 Ti.6
o 2 32 11.3 5.8 i7.1 5041
1~igomethadone 0.5 16 16.5 9.6 108.1 -
HyEH oo 16 2647 91 117.8  105.3
" 2 30 23,0 26.0 42.9 -
Morphine Sulfate 0.05 16 L5.7 37.6 133.3 -
n " 0.5 16 12,1 103.9 122.0 -
" " 3§ 32 18.3 TTeT 96,0 -
. s 2 59 1?“3 2?1»@ ullg e
] ] 2 3§] - ™ L &6.1&
n L 2 16 66 13.3 12.9 313
n " 6 23 13.2 17.8 n.c 1.3
H=L1lyl-siop=

2 15 17.4 97.6 115.0 -
i 15 12.5 6849 8l.h  109.0
20 16 a7 33.9 39.6  121.3

morphine HCl
"

]

# observetion at 20 hours.
## food removed at time of injection of drug.
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when the rabbit is fed ad 1ib, the approximote average number of

seybala passed per hour is twenty (estimeted by dividing the mumber
of hours in each observation period into the sverage number of
scybala for that period). The deviation from this average figure

of 20 seybala per hour produced by administration of a drug may then

be considered in comparison with this norm.

L. Table 3. - While the data presenmted in this table
has also been included in the previous table 7, the results shown
here are for shorter individual pericds of cbservation with the
scybala counts being made at 1, 3, 5, 7, and 15 hours after drug
injection, A comparisen with table 7 willl immediately show that
abundange of comparative information which the shorter periods of
observation provide. This is especially evidemt for the scybala
gount made for the first hour simce it permits a diffarentiafim
between the high tonus and the low tonus type of constipation

considered garlier.

By comparing the number of scybala passed in the first hour
with the mumber shown for the next two hours in table 8, it is seen
that l-isomethadone and alpha acetylmethadol have a high seybala
gount in the {irst period followed by a lower count in the next period
at higher doses. lLower doses, howavei*, tend to reverse this effect.
fihile net ®o apparent with morphine the seme trend may ba. discerned.
The gradusl slope of the morphins dose-effect eurve for the rat
studies shown in fipure 1 as conitrasted with the steep slope for
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i~isomethadone and alphe-acetylmethadol mey be seen to have a counter-
part in these rabbit grapha, though not expressed in the sams marmer.
This qualitative difference of responge; affectinr as it probably

doee many physiologieal mechanisme could easily account for the slipght

differences seen here.

In order to more elearly picture this material, several graphs
have been constructed for seleched groupings of the data shown in

table 8:

1, Pigure L. ~ The several graphs in this figure show the effect
of comparsble dopes of the various snalgesic druss used on the rabe
bit?s intestinal motility as measured by the average mmber of scyw
bala passed per bour in each collection period, With this graphic
mothod of comparison it is seen that l-isomethadone at 2 mgm./keme
is less constipating than morphine, and alpha acetylmethadol more
eonstipating when given in the sape dosage. Neallyl-normorphine, ad-
ministered in a dosage at ten times that shoun by its position on the
graph (ie6., 2 mem./kgh. X 10 = 20 ézgrz.}’lﬁma actually administersd),
corresponds roughly with the effeect of rorphine at 2 mgm./kgm. whigh
follows the one to ten ratio found in the rat studies. Howsver, it
may be notieed that the production of scybala during the first hour
is markedly inhibited insteed of potentiasted. We therefore class

this as a low tonus constipation.

2, Figure 5. ~ This graph portrays the effect of the various
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doses of morphine used on the rabbit's intestinal motility. The
grapha show the relationship of morphine dose to intestinal effect
and, further, depictes the sensitivity of this method of measuring
the response to graded doses of an analpesic in the rabbit. At the
low dose of 0.05 mgm./kgm. morphine was found to be somewhat stie
mulatory (high tonus effect) during the first hour observation
periocd but *&lsiﬁsligm; effect i lost when comparison is made to the
gross control average instead of the avepsge of the nearest three
controls. This first hour reading is the one affected by the variae
tions in daylight hourss The downward displacement of this 0,0% mEme/legm,
curve ie an effect of the drug and is not to be found in comtrol

records. We therefore must class this dose as still constipating.

3+ Figure 6. - This graph shows the effect of different doses of
l-isomethadone and alpha acetylmethadol on the intestinal motility of
the rabbit, expressed as average scybala count per hour. All doses
of alpha acetylmethadol used were more constipating than l-isomethadone.
It should be noted, however, that the doses used here arevcamyara-
tively greater than the clinical dose used in the human and, therelore,
might well be sbove the %hrashold of intestinal effeect reached with
clinical doses. A marked continuation of the drug inkdbitory effeoct

is apparent with alpha acetyl methadol.

he Pirure 1s» = This graph shows the effect of Nallive(R) in inw

creasing doses on the intestinal motility of the rabbit. Thie re-
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sult sugrests that clinical use of‘ﬁalliv@(ﬁ} might Sﬁ&ﬂ’iﬂtaﬁﬁiﬁ&l
sequela, It micht be noted that all doses tested show a low produce
tion of egybala during the first hour which i5 in contrast to the

other analgesics.



&
TABLE §

THE EFFECT OF CERTATN AUALGESIC DRUGS On TIE NUMDER OF SCYBALA EVACUATED

BY RABBITS OVER SUORT PERIODS OF TIME DURDIG A FIFTEEN HOUR OBSERVATION

PERIOD.
DRUG DOSE MO, OF  AVERAGE NUMDER OF SCYDALA FOR PERIODS OF
: OBSER- TIME (hours) SHOWN AFTER INJECTION
VATIONS  O0-1  1~3 3«5 57 Totals 7-15
i 07
Salina Control - 28? 18% 0 39 !1 !&9 - 5 h3¢3 1}’,9 09 .
0.2 ce./kgn. 126 - - - - - 112.0
Saline # e &5 9&5 133,? ld?uh 9’3 mcl -
n #» - 16 Food replaced at midnight - 2048
" * - 16 - - - - o 19.5
" * - 16 2.8 20,0 12.9% }5.5 - -
Alpha Acobyl~ )
methadel HC1 0-5 16 Gcs 5:3 6‘? 11.9 2&:2& 12}4&&
u 1 15 17.6 0,1 1.8 5.3 249  71.6
B 2 32 11,0 0,2 0.8 5.0 17,1 50.1en
1-isomethadons 0.5 16 ?-5 9-0 52 " 3905 1&801 e
Hol ® 1 16 18.6 8.0 32,7 58.4 117.3 108.3
8 2 16 22.0 10k 8,6 18.8 0.0 -
Horphine Sulfate 0.05 16 .8 30,9 37.7 L9 1333 -
" " 05 15 900 Tl ﬁl«.l 213 122.0 -
" 1 1 32 13.0° 7.3 29.9 L7.8 96,0 -
® % a 32 ?q? hgé étz 19’3 32.‘-'1 -
n " 2 30 - - - - - 6.4
" "a 2 16 6.5 0.1 kS 8.8 199 3.3
" L 16 5.2 0,1 1.3 18,5 24,7 1259
NeAllyl-nore |
morphine HO1 2 16 3. 13,0 38,6 59.0 115.0 -
" b 15 5.3 7.2 32,8 36.1 8l 1090
“ 20 16 O 5.3 6.6 27,3 39,6 1213

3 Food removed at iime of drug injeetion,

#t  Food rveplaced at the 5th hour.

##8  Observations made at 20th hour,
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Figure L. The effect of comparable doses of analgesic drugs on

the rabbits intestinal motility.
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¢. Table g,. « ¥4 48 nob wnusuel to find a8 few pabbils

whieh produce no scybala during the obssrvation period, but usually
the nmmbey of animals in this catsgory is small. These nonconbtribubors
sre caleculated as @ percentage of the totel number of rabbits tabulated,
Thevefore, & mr‘.«téd inerease of nonevacusting animels following drug
administration may, then, be csonsidered s an index of the consti-
pating effect of the drug. |

1. Figure 8. - This figure shows the marked effect
of compurable doses of the several analgesic drugs used in this study
on the percentage of rabbits which failed to defecate during an
observatlon period. The comparable analgesle dose of morphine
é; ngme/kgnes 1-isomethadone 2 mgme/kgn.s alpha scetyl methadel
2 mome/keme & weight oomparable dose (2 mym./kgm.) for morphine; and
a ten~fold dose (20 mgr./kgn.) of I%allimm) are plotted for comperative
effects.

Two controls, one with food ad 1ib, and onc withont food during
the observation period, are provided for comparison with the drug effects.
By graphing the results in this way, it is seen that slpha acebyl
methadol ig the most constipating analgesic and l-isomethadone, the
least. The no-food control tends to show that the enorexia produged
by the drug is of litile consideration in this study.

d. Table 10. - This table is essentially the same as
Table § except thal the averages do not include the non-defecating
rabblts whieh are tabulated in Table 9. The purpose of this Labula-

tlon is to show thaet upon the administration of the analgesie, the
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rabbit, with nost dose levels and wost anslgesics will either

suddenly produce great mumbers of seybala in the first hour, or few
or nong at all., =xceptions %o this effeet are i‘%allim(m and the low
doses of the obher drugs Mﬂah; bacauge of the decrease of intestinal
tone they effect, fail to move the hard bolus faster than normal.

e. Table 1l. - Frequently ihe mess averaging of data
sheeures trends which might otherwise be evident were additional data
presented. This talle shows the stimulating effeet of the drugs used
at high doses which produce immediate defecation. The trend at low
doses of the drugs is to inhibit immedicte defecetion. Of course
this tabulation hae a definite dissdvanbage »bema‘use the sscond period
is a two hour paried, while the first period is only ons hour.

The control animals normally show & vratio of 1 to § or about
1 to 3 for the no food controls, Considering the staetistiecal
limitations of the small aumbers presented, it is apparent that
this ratio may s:till be seen for the lower doses but shifts usrkedly
for the higher doses of the drugs tested. Halline does not show this

ratio shift.
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TABLE 9

THE EFFECT OF CERTAIN AUALGESIC DRUGS ON THE PERCENTAGE OF

ANIMALS PRODUCING NO SCYBALA DURING THE OBSERVATION PERIOD.

DRI} DOSE MO. OF ORSERVATIONS IN WHICH O

mgme/lgm. OBSER- SCYBALA WERE PASSED DURING
VATIONS OBSERVATION PERIOD EXPRESSED

AS PERCENTS (%).
Ol  1-3 3«5 57

Baline - 287 21 3 1 i

LA - 48 35 10 12 22
Alpha Acetyl-

methadol HCL B Y 16 73 62 75 0

¥ 1 15 33 86 g3 26

L 2 32 L6 a7 90 &2

1-isomethadone 1HC1L 0.5 16 20 6 é 0

f y § 16 25 37 é 0

" 2 16 ) o 37 25 0

Morphine Sulfate 0.05 16 12,5 4] o 0

1 " Oe5 16 50 6 0 0

" " ) ] 32 317 13 3 3

’ " 2 32 56 50 3k 3

" "oy 2 16 L3 87 37 12

o " 6 16 81 9k 56 12
N-Allyl=nor-

morphine HCL 2 16 78 25 é 0

d L is L6 Lé 6 0

" 20 16 59 69 31 12

# Food removed at time of drug injection.
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Figure 8+ The percentage of rabbits producing no scybala after
adafnistration of comparable doses of analgesics.
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TABLE 10

EFFECT OF ANALGESIC DRUGS ON NUMBER OF SCIBAIA EVAGUATED OVER SIORT

PERIODS OF TG DURLIG A SEVEN HOUR OBSERVATION PERIOD WHEN DATA ON

RABBITS PRODUCLNG 1O SCYBALA ARE REMOVED FROM THE CALCULATIONS.

AVERAGE NUMBER OF SCIBALA ¥OR
li0. OF PERIODS OF TIME AFTER INJECTION

DRUG DOSE OBSERw {hours)
ngme/kgne  VATIONS Ol 13 35 5=7
Saline - 287 22.0  Lo.7 50.0  L3.0
W E - hg lf;t? 21.1 ﬁ}ag 12.1
Alpha heetyl-

methadol 0:5 15 309 11}..3 2?05 11»9
" 3 15 26.5 1.0 L0 Te2
. 2 32 20,8 1.7 B.6 1.3
1*13“%3&&& Os 5 1.6 l,c;i 4] 9 & 550 é 3?& 5
.  ; 16 25.0 12.9 35.0 58
’ 2 16 35.2 16.7 11.5 18.8
Morphine Sulfate  0.05 16 17.0  30.9 37.7  L%.9
- o 9'5 lé 13;0 ‘ t? 53.01 5258
i . 1 32 17.7 2.0 30,9 Lol
" » 2 32 177 9.2 9.5 15.8
" L 2 16 11.6 1.0 7.2 10.1
® " 6 16 28.0 2,0 3.0 20.5

Neallylenors-
morphine
##

L]

2 16 13.7  17.4 .2 59.0
L 5 0.1 13.5 3k 364
20 16 .k 17.0 9.6 312

# Food removed at time of injection.
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TABLE 11

NUMBER OF RABBITS WHICH HAVE MORE SCYDALA IN OME OF THE FIRST TWO
COLLECTION PERIODS THAN THE OTHER OF 7HE FIRST TWO PERIODS.

WUMEER OF RABBITS PRODUCING:

No. OF a. more scybala in b. 10 or more scy-
OBSER=~ one period than the bala in ome period
DRUG DOSE VATIONS obher than the other
0= hr. 1""3 hra, Owl, hre D“"“s hrs.
Saline - 1 22 117 16 20
’ #* - i 15 L2 1o 29
Alpha Acetyl
methadol 0.5 16 1 6 0 3
» 1 15 9 0 é 4]
ud 2 32 17 r 10 g
i1~isomethadons Cab 16 3 13 2 5
" : § 15 9 3 7 3
" 2 16 10 4 8 L
Morphine Sulfate 0,05 16 3 13 2 7
™ , # 0.5 14 N 10 3 3
® 9 | 32 16 11 10 L
8 " 2 32 15 3 12 1
" e 2 16 8 0 L 0
* " 6 16 3 1 2 0
Neallyl=nor-
norphine 2 16 2 11 1 6
% L 15 5 7 2 L
2 20 16 kL 5 G 3

# Food removed &t time of drg injection.
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2. A Summary of Effescts of Morphine, I~Isomethadons,

Alphg Acetylmethadol and NwAllyl-normor iilne on Intestinal Mobility

a. Results on Cmr&;gol Rabbits. ~ The normal rabbid will

produce about 20 pellets an hour over the long term average. The
lower apparent hourly average for the § hour morning period would
be higher could they be observed at sn earlier hour Lecause the
production practically ceases with the advent of daylight. Two types
of controls have been tabulsted in the toLles: (One for énimafm fed
ad 1ib and one in which the food was removed at the time of the drug
injection. TFasting produces a marked effect on the aversge scybala
production, bul the effect is different from that produced by the
drugs in that the average shows & steady decresse with time. The
druge show a marked initial depression with later recovery.

In Figure § it can be seen that fasting has 1ittle effect on
the percentage of non-defecating animals while the drugs produce 2
merked effect. When food is withheld and thenm replaced st midnight,
the animal almost doubles the € hour average seybala level and the
total for the night is asbout the sme as it would have been had he
had access to food for the entire night. Bven morphine 2 mom./kpme
with no food shows Lhis tendeney when compared with the no food
gontrols This effect is also seen 4o some ertent with the drugs whnse
average 1is penerally higher than the conitrol average. As can be seen
(Table 8), veplucing the food et the Sth hour (10100 Fi.) returns the

Tth hour aversge to normal,
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bs lorphine Sulfate. -~ The effect of this reference

drug has been determined at several dose levels in order to get a
 pattern of dose relationship to effect and to determine the sensi-
tivity of the testing method. This is shown in Figure 5. The
relationship of ineressed elfeact to incressed dose is immediately
apparent. lorphine is more constipating, when tested by this method, .
than l-igomethadone but less so than alpha acetylmethadol. Apparently
morphine oxerts a different effect during the day than at night,
bacause contrary to the findings of Scott, et al (1947) (59), morphine
sulfate at 2 mgnm./kgm. was very constipating when tested by our medifi-

cation. Even a dose of 0.05 mgm./kgm. was still constipating.

¢+ Alpha acetylmethadol. =~ By the rabbit scybala method
of detemining intestinal motility, this drug is more constipating at
1 mgn./kgnm. than morphine at 6 mgn./kgn. Another effect of this drug
noticed was that the majority of rabbits would sneese and many had
profuse nasal discharges following administratiom of this drug. This
effoct was not notieed in the other druogs tested. The animals alse
became stiff and cataionie, indicating 2 low grade opisthotomy. Only
one animal at 6 mgme/kgm. morphine sulfete showed opisthotomy.

de  I~isomethadone. - This drug had the least effect on

the intestinal motility of the three analgesie druge tested in this
sarios.

€+ JMeallyl-normerphine. = The effect of this drug at

20 mgme/kegn. roughly compsres with the effect of morphime at 2 mgme/ken.
(Figures 7 and 8) both for reduction of the average number of soybala

from normal and for percentage ineresse in the mumber af non-defecating
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animals. This tends to sirengthen the observation made with the rat
motility procedure that H-allyl-normorphine has one-tenth tha effect
of morphine on the intesilnal tract.

Anothey importent factor is thai l\zal}dm(m dos® not cause
immediate defecation of the formed seybala which are in a position to
be eliminated. Krueger (19) has pointed out that morphine derivatives
at their lovest effective dose level will cause a decrease of intestinal
tone and motility. Dog experiments in this laboratory have shown that
Kallinﬂ(ﬁ§ is no exception to this observation and that this effect ls
8641l present st doses greater than the 20 mgm./kgnm. dose used for
these rabbits. This Jeorease of tone instead of immediste stimulation
of the lower intestine is shown by the lack of immediste scybela
production for the first hour after drug injection., This ean also be
noticed for the low dose of A-acetylmethadel and l-isomethadone at

0.5 mgm,/ kgme

3. Conclusions: « A modification of Eddyts technique, as
outlined in this report, inoresses the sensitivity of the method for
testing intestinel effeets of morphine from the use of the high dose
of 6 ngm./kgn. to 0.05 mgm./kpn. Drug intestinel effect may be
compared with a high degree of efficiency by this method.

L~isomethadone 1s less constipating by this method of testing
than is morphine at comparable dosss, Alphs acetylmethadol ot
1 mgn./keme is more constipsting than 6 mgm./kgme of morphine.

¥hile the lower limits of sensitivity of this method have not been
investigated, it is belleved that this modified method will prove to be
& sonsitive and vseful indicstor of drug action on the intaet imbestinal

tract.
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DISCUSSION

I. A Consideration of the Constipative Effects of Analgesics

Usad in this Research.

The present or future c¢linical use of the never asynthetic anal~
gesic compounds will depend eonsiderably upon the incldence of side
ef fects produced by the drug as well as by the affieieney of the
drug itself as an analgesic.

This research was undertaken primarily to compare the side efw
fects of the newer snalgesics to the side effects of M¥orphine, with
special emphasis on constipation. That has been done with a limited
numbay of m@ihads of compsrison. At the same time differences of
action muet be noted. Th& morphine derivatives possess the same acw
tivity but in different deprees of effectivenesa. The study which will
separate the analgesic effects from the side effects is one which
finde a difference in action and uses this separation of properties as
an entering wedge %o the solution of the problem.

A. Alpha Acetvimethadol. This analresie is more effective in

the l-form according to Fraser and Isbell (19%0) (59) because the
d-form appeare to have a lag perlod before becoming effective. Thie
lag effect wos also cbserved by Sung and Way (1953) (60) iﬁ parente-
ral but not oral administration. Beecher and Keats (1952) (61) how=
ever, report the lag to be with the l-form and the description of the
effect of their doss of 0.5 mgm./kgnms on human subjects wherein they
became comatose was markedly greater than the effect on vabbits at that

dose. FHowever, thedr work alse tends to point out the rapid increase
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of systemic eflect with increased dosages,

David and S8emler (1952) {62) reported alpha acetylmethadel to
be very effective clinically es an analgesic while constipation was
not noticeable to a degres that could be evaluated. However, from the
evidence which 1s presented in thie thesis, it might be expected that
alpha acelylmethadol would be very constipating although the doses were
larger than the comparative amounte used clinieally. The constipative
effect is seen to decrease rapidly as the dose ig decreased. Possibly
the dose range (0.07 to 0.5 mgme/kegm.) employed for clinical use (and
applying rebbit dete to humans)} is below the dose level where consti-
pation ig a factor.

Bs I~Isomethadone. Tiis recently developed analpesic has been

used extensively by the army in Korea (Beechsr et al, 1951) (63))
where it was found to be an analgesic about as effective se morphine
but with fewer side effects. Keats and Beecher (1951) (6h) found
it %o be similar to morphine for the depression of respiration.
Denton, et al, (1948) (65) reported the side effects of 10 mgm.
l~isomethadone given ﬁﬁbgutAneausly to have a higher correlation with
the placebo than with a similar dose of morphine, "which indicated
low toxicity."

The resulte of the studies in this thesis on the rabbit and rat
tend to show that l-isomethadone has less constiepting effect tham
either morphine or alpha acetylmethadol, thouph the difference in the

rabblt i8 not so evident ss in the rats



B0
Since thie only deaths in this serdies of tesis have occurred in
the isomethadone series, it mipght be a considerstion in high doses
for clinieal use to watech for toxic manifestations.

Ce Morphine Sulfate. This long-used anslgesic has been used

in this study as the reference drug for compsrison and to serve as
a control for cbservations made in the newer sythetic analgesics.

Ds MNeAllyl-normorphine Hydrochloride. Recently given the pro-

prietary appellation of Nalline(R) s this compound was first synthe=
sized in 1940 by Dre. Elton L. McCawley, Associate Professor of Pharma-
cologys University of Oregon Medical School (66). Hart and MeCawley
(56) were the first to investigate the pharracologic properties of
¥al1lineR), They found that 1t, like Neallyl norcodeine (first pre-
pared by wvon Braun in 191L), antagonized the effects of mﬂr@mm;
Weijlard and Frickson (67) also reported the synthesis of n-allyl
normorphine in 192,

Other reports of studles of the antagonistic effect of Halline (i)
to the opistes have heen extended to inelude all opiates and synthetic
narcotice 8o far tested (68-B1) with a review by Vernier (82).

II. A Consideration of Constipation.

‘Intestinal motility has been reported to be decreased Ly emo~
tional states, anxieby, rage or distress (respiratory tract ceclusion)
(13,12); distention (B3); anoxic anoxia (Ll), deficiency of Sodium
Chloride (20); decrease of blood volume by 20 of¢ or decrease of plasma

proteins (£k)s vapotomy (85); COp (36)3 CO (3L} by Pentothal and es-



pecially ether ansesthesia (27)3; Bphedrine (h2); amphetamine (25,
1i5,86) 3 epinephrine; atropine (L2,87)3 Tetrasthylammonium chloride
(38)3 and even after placebos (20,89,90,91,92)« Ergotamine and
prostigmine (L2) inecrease motility while the increase observed with
Sodium Amytalfﬁ) is probebly dus to the effeel of this drug which
has been reported to speed the emplying time of the human stomach
(93), bubt there is alse the possibility of & central relcase of
anxiety. Thus, it can be readily seen that intestinal motility is
decresged markedly by conditions which discharge the sympathetic
syatem of the organism as well as a preat number of sympathomimetiec
'érugﬂ, or by conditions which block the normal cholenergic effects.

Contrary to most prevalent ideas, the absence of vagal effect
often produces pylorespasm, as shown by Deaton and Bradshaw (85),
and the spasms are not reversed by atropine, Banthine(R) Procaine,
Trasentin or Pavatrine, but anaesthesiaz will relax the sphincter.
Sato (EE)yﬁimilarLy showed that vagal section in rabbiits did not
prevent morphine comstipation, but that removel of the coelisc gang-
lion or section of the spinal cord between C«7 and T-1 would abolish
the constipating effects of morphine.

This is in line with the observation that morphine discharges
the sympathetic system producing & rise in blood sugar which resches
a peak in one hour and with the hyperslycemic response lasting for
several houwre. Hypertrophy of the adrenals is produced by prolonged

administration of narcotic analgesics. Further evidence along this
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line is that removal of the adrenals msxkedly decrsases the analpew
sic response to morphine. Nitta (1952) (L) has throughly reviewed
the studies on the hypsrzlycermic response to narcobics.

This hormonal component of analgesia has been explored by Win-
ter and Flataker (95) who found that desoxycorticosterone acetate
enhanced the effect of anslgesia while eortisone the adrenocortico-
tropiec hormone decreased the analgesic effect of the opiates,

The labyrinth has a profound effect on the duodenum as has been
shown by Ingelfinger and Moss (1942} (23), because ealorie or gal-
vanic stimulation will cause immediate contrszetion of the duodenum,
as does morphine when it is administered.

Worphine, meperidine and methadone produced a marked increass
in the sensitivity to these labyrinthine tests (96) and made the
mechanism so penaitive that even ambulation following the administra-
tion of these druge increased markedly the incidence of nausea and
vomiting in patients (97)+ This central effect could be blocked by
E?amnminetg), however, in the case of nauses and vomiting. While
this effect of the lebyrinth stimulation on the duodenum which can
be auymented by morphine needs proper evaluation, it is an effect
of & transitory increased tone and will not be further evaluated in
this discussion.

The observations of Abbott and Pendergrass (20), and of Gruber
et al, (50) showed that cliniecal doses of morphine caused an immddiate
duodenal spasm which lasted up to thirty minutes followdd by a prolonped
period of dilatation which lasted for L or 5 hours (even detectable
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for 2} hours). This period of decrsased tone wae presumed by Abbott
and Pendergrass to be the chief cause of conetipation. Krueger re-
ported thut the firet response to a minimal dose of morphine or its
derivatives is that of decreased tone and wotility. In the dog the
morphine dose that produces this effect is in the range of 0.01 to
0.0 mgma./gme

In Summaltts (5) review of the fate of worphine, it is pointed
out that the kidney immediately starts to dispose of the drug, but
at a decreasing rate as the blood level decreosses. Therefore, while
70 0/o of the administered morphine is excreted in the first day,
morphine 1s still detectable in the urine for L days. Epinephrine
immediately reverses the spasm and motility due to morphine, even at
high morphine doses. This effect, like the epineplirine effect on the
blood pressure, is transitory, lasting only as long as the émaentrtw
tion of the drug remains high. This effect has also besn mantioned
previously by Plant and Miller (16) and Vaughan Willlams and Stresten
(98).

We now have a picture of a clinical dose of morphine (0«2 mgm./kgm.
producing immedistely an increased tone or spasm in the duodenum which
lasts up to 30 minutes; & discharge of epinephrine from the adrenals
which produces a hyperglycermis which reaches a peak in an hour.

¥hile it is doubtful that the body can produce enough epinephrine
to reverse the intestinal spasm effect of morphine in high dozes, it
is apparent that the decreasing morphine concentration in the body
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eoincides with an incressing epinephrine level, as judged by the
blood sugar rise, at which time the intestinal tract develops a state
of prolonged atonia which, along with thehyperglycemia, lasts for
many hours. |

Either the morphine blood levels produced by the dose of 0.2
meme /kgme are decreased by kidney exeretion and other metabolie
processes to the order of blood levels produced by 0.01 to 0.0h
mgme/kgme ¥ith the resultant decreased intestinal tone or the epine-
phrine reaches a ratio of effectiveness at which i;im@ the int%stinal
tract will have a decreased tone and motility. Further evidence of
the invelvement of the sympathetic system is that the pressor sym-
pathetic response blocking agents tend to potentiate the apalresie
effects of these drugs. This has been shown by David and Semler
(1952) (99)s The evidence presented by Smith and Penrod (35) that
Amphetamine at low doses reduces the activity of isolated intwmnai
strips, while high doses increass activity may well point out the
need of future studies on the effect of epinephrine in the préblem of
intestinal tonicity.

The morphine induced intestinal spasms whichare obtained from
isolated strip ex;)erim«.anta are not reversed by apim;ﬂai*im or Ly
atropine, but these morphine concentrations are beyond those possible
in vivo, and represent toxic symptoms. Vaughan<iilliams has shown
that atropine in vive is not effective apainst morphine above con=

centrations of 0.32 mgms/kgm.; but that it will reverse the effect
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below that level. This is in the rauge of the spastic or increased
tone effects of the drup, which may well be cholinerpic. Above that
level, the direct action of moxphine on the snooth muscle may play &
part and prevent atropine reoversal. The antlcholinssterase effect of
morphine may not be too important in the constipetion effeect because
¥alline () , @35 reported by Blohm and Willmore, {1951} (100} has a
slightly grester anticholinestersse effeot than morphine.

| Considering the fact that opium was used for centwries as a
specific for diarrhoea snd dysentery, snd paragorie is still used for
this effecty; at dose levels below that reguired for analgesia, we
find that an important factor in eonstipation is the lack of tone and
notility produced by low doses of the oplates. The intestinal spasms
sesn at }ﬁghei' doses in the laboratory animel, and the itransitory
spasm seen with clinical dosea of morphine maj be & secondary consldera=
tion in oplate constipation. |

The point of attack for relieving this eflfect of comstipation,
therefore, is not to try to relieve the spasm which 1s ¢ransitory but
to prevent the lack of tone and motility which lasts for hours and
against which gsthartics are ineffective and may be dangerous, (17).

0f course the reduced secretion and inereased threshold teo the
defecatory sibmmius contriinte to constipation, but lack of motilily
is perhaps the largest factor.

III. Consideration of Antagonistic Effects of l\ialline(m on

Constipative Effccis of Analpesics.
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Woolley (1952) (101) advances the idea that Nalline(®) may be
considered an antagonist of morphine which iiself acts sz an antime-
tabolite of some as yet wnknown metsbolic process. His statements:
"The observad facts of antagonism between structurally related drugs
usually show that one of the pair is much weaker than the other when
they are tested singly] tends to be bourns out in this casze because
xalline(ﬁ) appears to possess one-tenth the strength of morphine.
Papavarine has been raported by Schroeder {1933) (102) to counteract
the effect of rorphine on the pylerie sphincter when used at a ratio
of 3311 in the doge Demerol also has been reported to diminish the
tonic action of morphine on the intestinal tract, mccording to Yonk-
man {194L) (103)s Morphine (10L), which has as one of its wajor eide
effects, the property to cause nausea and vomiting, wii:i, in subelinie
cal doses, sbolish the effect of apomorphine on the vomiting mechanism.
All of these effects appear to be a competition Ffor an activity site
of a wesker molecule for a stronger one.

Another factor in this problem is that the intravenous injection
of many seridine compounds, as reported by Shaw and Dentley(105,106)
will cause & dog under narcosie with 10 mgme/kem. of morghine to Jump
up and often run wildly away as if in a panic. The panic reaction may
be & pert of the morphine complex unmasked by the aeriding in view of
the report that Nalline(R) by ftself will produce dysphoria (107). The
scridives themselves are antimetabolites and are used in antibiotic

th ErapF
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That mwpmm can be nhai;gad to apomorphine and produce a highly
specialiged vomiting center stimulant seems to have a parallel with a
a Demerol substitution according to Seott, et al (108), A violent
emetic compound can be produced by replacing the ethoxy radical in
Demerol with a methyl group. That such chemical changes can cause
selective effecte on activity centers always encourapes one to seek
the one compound that will ppoduce analgesia with practieally no side
effects. After a1l "lother Nature® haés already accomplished the job
by producing individuals who are congenitally indifferent to pain
(109, 110, 111, 117, 118).

Summarys

1. The synthetic analgesics alphe scetyirethadol and l-isometha-
done have been compared with morphine in rats by means of the Macht
¥Method of measuring intesiinal motility; in rabbits by a modification
of the Sato modification of the Eddy method of measuring intestinal
motilityg with a few preliminary experiments in a dog with an iscla-
ted intestinal loopy and with a few doge prepared accordine to the
Jackson method. N-allyinormorphine was also included in these téwbs
as a derivative of morphine ﬁ*ich has assumed clinical importance.

2. L~Izomethadone was found to be less constipatine thah morphine
while alpha-acetylrethadol was more constipating by these methods.
N-allyl normorphine seemed to possess an effect which was about one-
tenth the effect produced by morphine.

3. The rabbit motility metlod if comparison of drugs for theiy
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intestinel elfects was found to be a very sensitive indicator of drug
activity.
L« HN-allyl normorphine tends to antagonize the constipative efe
fects of opiates; but apparently its own inhibition is substituted

for the prealept effect of the more potent drugs.
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