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INTRODUCTION

In recent years scientists and physicians have worked indefatigsbly
to ascertain the nature of pain and to improve the methods and druge
available for its alleviation. The chief disadvantages 1limiting the
full employment of the analgetic drugs currently available to the
physiclan are lack of potency, short duration of effectiveness, high
ingcidence of untoward actions and the rapid development of tolerance and
addiction with continued use. Much work has been done to find the ideal
analgesic but morphine, as "Uod's gift to medicine", still stands
supreme as the most effective and dependable drug for relieving a1l
tyves of pain., Unfortunately, however, its analgetic effectiveness is
offset by accompanying side effects and the propensity to develop
tolerence,

Two lines of endeavor appear profitable in the search for more
ideal analgetic agents than those now available. One approach is through
the discovery of new drugs which retain the potency of morphine yet are
unlikely to cause side effects or develop tolerance. Through chemical
msnipulation of the morphine molecule it was hoped to synthesize analgote
ic agents coming near to morphine in effectiveness yet lacking its
dissdvantages. An endsaver of this type wss the organized study esrried
on between the years 1931-1940 in a2 number of universities in this
country and sponsored by the National Research Council. The structure
of the morphine molecule was torn apart and resynthesized in many
variants. These reassembled compounds along with many new compounds

were screenad for toxicity and analgetic activity. While a great deal



was learned about the relationship of chemical structure to anelpetie
activity and other actione of morphine, only one new compound, methyle
dihydromorphinone (H@tapan{a)) was found to be of value, This monument-
al investigation was described in 1540 in $wo volumes by Sumwalt, Eddy
and Krueger (31). For some reason the study was concluded at this time,
Just before World War II and the discovery of meperidine.

Another method 4o provide betier pain relief is by the use of
combinations of analgesic druges with other drugs., A number of drugs
chemically and pharmacologically unrelsted to morphine potentiate the
analgetic action of morphine without enhancing its toxie effects (19).
This is of great usefulness in the manapgement of pain since it 2llows
dosage reduetion of the analgetic agent and, because of thie, the
incidence of side effects and tendency to develop tolerance and addicte
ion are materially decreased.

Drug potentistion of analgesies is based on the premise that analge-
sla equivalent {o that eliecited by full dosasges of the drug is obtained
when only a fraction of this dosage is used in combination with a
potentiating druage Thus, with only pert of the usual effective dosage
being empleyed and, in many cases, being sdministered less frequently,
there is less likelihood of undesirable side effects appearing, Since
dosage and frequency of administration are decisive factors determining
the rapidity and severity of the development of tolerance and addiction,
any procedure which reduces dosage andfor prolongs duration of action
should lessen tolerance development. Fortunately, drugs have been found
which not only potentiate anslgetic activity of marcotic agente bub
definitely decrease the incidenecs of untoward effects occurring with use

of the latter drugs (25, 28, 29, 33, L8, 52).



Undoubtedly, the chief drawback to the full utilisation of morphine
and the other narcotic analgesics is the inexorable onset of tolerance
and sddiction. It is hoped that %hrough-th@ further study of drug
combinations and the iynthesim of new analgetic agents more effsctive and
less dangerous ways will be found to conguer paln than these presently
in the hands of the physician, The schisvement of this goal requires
the mutual efforts of the synthetic chemist to provide “made to order®
snalgesics, the pharmacologist to "screen® and evaluate these new drugs
in the laboratory in ordsr to select those of moat promise, and the
clinical investigator to carefully evaluste these analgetics as to
safoty and therapeutic effectiveness in the patient.

These, as yet, incompletely explored approaches to solving the
problem of anslgetic tolerance and addiction are a challenge to the
investigator. This subject appears to be a promising field for further
laboratory, as well as clinical, study. Hence, a laberatory study
dealing with tolerance and sddicticn to morphine and similar analgesics
was ghogen as & field for endeavor by this writer. The purpose, then,
of the research investigstions done snd reported in this thesls was to
explore methods suitable to laboratory techniques for modifying or forew
stalling the developmgn% of tolerance {and addiction) which sppears in

man and aenimals with repeaied use of all narcotlc analgesicse



TOLERANCE AND ADDICTION TO MORPHINE

A, Analpetic Tolerancest In the case of morphine and related

narcotic analgesies, tolerance develops readily to the analgetic action
of the druge Some of the other actions of morphine such as respiratory
depression, diaphoretie action, and emetic action show tolersnce less
rapidly. Little or no tolerance is developed to morphine's miotic or
constipating effects.s Tolerance occurs wiﬁh répeata& adminigtration of
the drug and is a condition where larger and larger doses are required
to provide the same degree of effect, in this case, pain relief equal
to that initially obtained (19)e 4s deseribed below, the development
of tolerance to analgetic drugs in man or animal progtesses hand in
hand with addiction,

B, Addictiont MNumerous writers have attempited to define addict-
ion since the problem was first recognized, Within recent years clinicw
al and laboratory researchers, in general, have come closer to agree-
ment. A cross section of modern views can be found in the work of
Wolff (62), Himmelsbach and Small (24), Krueger, Eddy and Sumwalt (31),
Vogel, Isbell and Chapman (57), Reichard (Lk) and Felix (15).

Himmelsbach end Small (2l), writing in 1937, gave a very concise
definition and explanation of what constitutes addiction in man or
animal. Their treatise is a sound point of departure for any considerate
ion of the nature of addictions however, it is to be noted that these
writers were thinking mainly of the opiate series of drugs (this was Lo
fore the discovery of meperidine which differs chemically from the

opiate alkaloids) and their definition should be considered with that



point in mind. They says

"Addiction to opium and eimilar drugs embraces three intimstely
related but distinet phenomenas (i) tolerance; (2) physical dependencej
and {3) habituations

Tolerance is defined as a diminishing effect on repetition of the
seme doge of the drug, or, conversely, a necessity to increase the dose
to obtain an effect equivalent to the original dose when the drug is
adminigtered repeatedly over a period of time. Physical dependence
refors to an eltered physiologic state, brought abnuﬁ by the repeated
administration of the drug over a long period of tiwe, which necessitates
the contimued use of the drug to prevent the charscterisiic illness
which is termed abstinence syn&romg. Habituation refers to emotional,
psychologic, or psychical dependence on the druge-the substitution of
the drug for other types of adaptive behavior. Habituation is closely
related to the drug's euphoric effecty l.6., relief of pain-ar emotional
discomfort,®

To this deseription, a further requirement for addictlon may be
added. This 1s, as the fourth phénamﬂmnn, the appesarance of the withe
drawal syndrome upon abruptly stopping further administration of the
narcotic in the addicted individual or animal (25),

A diatincﬁian should be made betwsen the terms £olerance and
addiction although it is realized that these two words are often used
interchangeably in referring to narcotic "addiction", As mentioned,
one condition implies, and occcurs along with, the other.

True addiction is a condition where, by some process, the subject

needs frequent use of the drug o experience lte effects. In the case
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of man, the drug is needed aantinu&iky to satisfy conscious desires or
to escape painful sensations or thoughts., In the contimed use of
morphine thers readily develops some degree of tolerance 4o the
depressant action, and without this feature, true addiction cannot be
held %o have occurrads

The factors causing tolerance and addiction are not well under—
stood, Several theories, based on laboratory studies, have been
advaneed to explain the underlying mechanisms concerned in addiction
and tolerance. Some of these ares that morphine is transformed 4o
axymorphine with resulting stimulation, causing the individual %o seek
further morphine to rvelieve this (L6)§ anti-texin formation %o morphine
ocours due to repoated exhibition to the effects of morphine. This
leads o0 increased destruction or immobilization of morphine in the
addicted animal or to a decroased rate of absorption (43)e None of
these theories are generally accepted dus to lack of sonclusive
evidenze (h2, L3, L6, 55)

A theory of causation of addiction accepted by meny pharmocologists
is that of Tatum and Seever (55)s The basis of their theory is that it
¢an be readily demonstrated thet morphine simultensously produses both
stimulation and déprouaian of different parts of the central nervous
gysten. The stirulatory action is shown by niesis, vagal slowing of
the heart, and, ag brought out in Tatum and Seever's article, there
is an increase of execitability in certain parts of the cenbral nervous
system @3 a chronic manifestation of repeated administration of morphine.
Becovery from the manifestations of depresslon is more rapid than
recovery from the incrsased irritability., This leads to a condltion where,

with adoquately repeated dosages of morphine, a& higher level of



irritability results., Thersfore, morphine given to an addicted animal
(or man) depresses certain areas in the brain, possibly ss much as in

& normal animal, bub having to overcome the excitability resulting from
the preceding doses does not appear to depress as much as before. For a
few hours deprﬁgsg@n from morphine predamiﬁateﬁ but this wears off nmore
rapidly than the stimulation, with the result that the irritability of
the exeitable structures is incressed. The exaggerated excitability re-
quires meré of the morphine to produce the same grade of depression
equivalent to that produced in the normals thus, the state of tolerance

and addiction is reached.
DEVELOPMENT OF NARCOTIC ANALGESICS

In order to appreciate the problems involved in carrying on an
experimental study dealing with narcotic addiction and snalgesic
potentiation, some background information on the history of narcotiec
drugs, analgesic potentiation and the phenothiazine derivative chlor-
promazine is presented,

The knowledge of oplum must go back many thousands of years since a
description of its cultivation and preparation is included in the clay
tablets left by the Sumerians dated some 7000 years B.C. (L1)s The
Sumerians passed on their knowledge to the Egypﬁians and the latter
then to the Greeks and Persians. The Arabs are thought to have taken
opium into China by the 9th Century, although the extensive modern
use of opium in Chins stemmed from India and did not become widsspread
until the 19%h Century (37).

While opium was used and known in Europe as a medicant, at least

since the time of Christ, the widespread use of it as a drug to satisfy



addiction did not develop until the East India Company imported it on e
large scale. Opium was used widely for medicinal purposes in the
American Colonies from the 18th Cantury on and apparently its promis-
cuous use often led to addiction.

It was not until 1805 that Sertuerner isolated morphine from opium
in Germany. By 1832 the French had obtained codeine and numerous other
glkaloids from opium. In 1898 Professor Heinrich Dreser of Germany re-
ported & new chemical, a synthetic derivative of morphine, which was
presented to and accepted by the medical profession as & miracle drug
with all of the virtnes of an oplate without any of the dangers thereofs
This heroic drug was called heroin. Its dangers wers not realized at
first and heroin was used freely not only in Burope but in America also.
Four yoars after its discovery it was finally recognized by the medical
profeseion that the toxlelity of heroin was greater than the texicity of
moyphine. As an addicting drug, it exceeded all known subsitances at
that time (51).

In 1852 Dr. Alexander Wood developed the use of the hypodermis
needle to get morphine into the blood streame The first needle addict
to morphine was probably Mrs. Wood (37).

The Civil War in America provided the first opportunity for the
widespread use of morphine administered hypodermically and resulted in
mltitudes of Civil War veterans becoming addicted to morphine or other
oplates.

Since 19b@ mora refined injectable preparations of opium such as
Omnopon (Pan%opongg}) or synthetic compounds such as dihydromorphinone
(Bilaudid(ﬁ)) have been introduced only to be found just ss addicting

a8 theiy mother compound. In 19hL0 compounds of different chemical



structure than morphine, mepesridine (Eamarol{a}) and methadone (Dolo-
phinséa)) were heralded as great new non-addicting analgesics only to be
proven to be equal to or more so than morvhine in their liability to
addiction development.

Thus the search contimues for new compounds which retain the pain
relieving properties of the opiates while the undesirable side effects,

especially addiction, are separated from the action of the molecule.
POTENTIATION OF ANALGESIA

A, Historical. Possibly the ancient FEgyptiasns felt that wine and
powdered oplum gave an analgesic potentiating effect since they used this
combination for trephining skulls (61)s In the 16th Century Paracelsus
introduced tincture of nplum {Laudanum), a mixture of powdered opium in
alcoheol. Perhaps the alcohol facilitated absorption and produced an
indirect type of potentiation in addition to providing a pleassant flavor
and desirsbility as a beverags. With Sertuerner's isolation of the
morphine molecule in the 19th Century, the physician now had a pure
chemical and could use accurate doses and study the exact effects of
these measured amounts of morphine., The later preparations of opium
such as paregoric, Dover's Powder and Brown Mixture were not designed
for the purpose of obtaining enhanced analgesia but rather they were
an attempt to modify the unplesasant taste and offset the side effects of
oplume |

Probably the first purposeful uss of drug combinations to potentiate
analgesia was described by Meltzer and Auer (21), who used combinstions
of injectable magnesium sulfate and rectally instilled ether. The
potentiation relationship was clinically proven by Gwathmey and Hooper

in 1925 {21). These workers took one=half the hypnotic dose of magnesium
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sulfate given intramuscularly along with approximetely one~ninth the
anesthetic doge of ether when reetally adminisﬁarad and produced full
surgieal anesthesia without any increase in toxicity. They claimad
that the magnesium salt deepened oy enhanced the effect of ether. While
Meltzer and his associates did not work with morphine, Gwathmey (21)
demonstrated potentiation of morphine by parenterally administered
megnesium sulfate in 1925, He noted less respiratory depression and
nauses and vomiting by the use of these drug combinations than when
morphine alone was used in a dosage high enough to get equivalent
analgesia.

In 1940 Slaughter and OGross (52) reported that the alkaloid
physostignine potentiated the action of morphine on the intact dog's
intestine. In the 1ight of these vesults, they extended their work
o investigste the possibility that cholinergiec drugs might increase
the efficiency of morphine as an analgesic. They found that prostigmin
potentiated the effect of morphine on pain.

Ivy and coworkers in 194} found that dextroamphetamine enhanced
the analgesic effect of morphine and tended to partly counteract and
delay morphine depression. Wausea and vomiting, weakness, drowsiness
and dizziness were decreased by the additiun of dextroamphetamine to
morphine (29). PFurther work by Ivy et al (28) in 19LL showed that
ephedrine alse potentiated morphine's analgesic action, Work by Gross
ot al (20) then demonstrated that epinephrine effectively increased
morphine's snalgesic actlon,.

Dedongh and Knoppers (10) found it was possible to enhance, with

more than additive effect, the Intensity of the morphine analgesia by
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gimltansous injection of gquinine. Use of guinine slso tended to prolong
 the stk of morphine in some cases.

Previous studies in the pharmacology laborstory at the University
of Oregon Medical School have shown that the dihydrogenated ergot mixt=
ure H}rdargina(m potentisted the analgesic effects of morphine and
certain synthetic anslgesics in rats (8)e

B, Phenothiazine Derdvetives as Analgesic Potentlators. Interest

in the analgetic potentiating asetion of various drugs has recently been
further stimlated by the discovery that some of the phenothiegzine
derivatives possess this quality. By the concommitant use of a éhenew
thiazine darivative such as chlorpromazine and an oplate, it is possible
not only to potentiate anslgesia but to prolong ﬁm daration of
snalgesia (L4). Clinically, with the use of chlorpromazine there are
fewar pide effects as well as reduced freguency of administration and,
thereby, less cost to the ‘pataient both finaneially and emotionally (LS)e
From this consideration of the advantageous properties of chlorpromasine
when ueed wlth narcotics, it would seem that this drug, or another
phenothiazine, may offer some hope in forestalling the development of
tolerance and addiction %o narcotic analgesics,

(1) Pharmscology of Chlorpromazines Im 1951 workers at the
Bhone Poulenc-Specia Research laboratories in France discovered the
diverse properties of the phenothiaszine derivative known generally as
chlorpromezine. This agent was synthesiszed in the course of systemie
search for a compound that would have a less powerful antihistaminic,
and a move powerful central action than promethasine (Phen@rgan(a) |
Phenothiagines alraady: had been used as antihelminthics for livestock,

as urinery entiseptics for man, and their antihisteminic activities were
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also known. Studies in animals by Courveisler and her assoclates (L)
ghowed thet this drug possessed a diversity of pharmacological properties
that suggested a great number of clinical applicotions. Chlorpromezine
was shown to be a depressor of metabolism, a cix’gulatory deprosgsant

drug, was able to prevent apomorphine induced vomiting, had a mild but
longeacting sedative action, s weak anti-gonvulsant and potentiated and
prolonged the action of hypnotic and analgesic drugse

(2) Chlorpromazine as a Potentistor of Hypnotic and Anslgesic

Drugs. Experimentally Courvoisier and associstes demonsirated that
chlorpromazine intensified and prolonged the action of nareotics,
hypnotics, anesthetics and muscle relaxants. Clinicslly, these results
were confirmed by many workers (16, 3i)e From the findings of these
investigators the premise was made thab one could expest that chlorpro-
mazine, by augmenting the action of narcotics, might be useful for re-
lieving pain in patients who no longer obtained adequate analgesia from
large doses of narcotics. In 195k, Sadove et al (LS) explored this
premise and they reported that chlorpromaszine given vith narcotics
'signiﬁcantly reduced narcetic requirements and provided squel or betlter
analgesia than higher doses of nareotics alene. In further clinical
research, Wallis (58) and lehmann (35) both reported that chlorpromazine
had & strong potentiating effect on analgesics and the combinaticn was
effective in treating the large majority of pzilents, dJackson and Smith
(30) reported results that indicated that the addition of chlorpremasine
4o morphine sulfate and meperidine hydrochloride increased the analgesic
properties of minimamy effeetive doses of these narcotics. While

David (7) in 1956 mentions the use of chlorpromazine to pohentiate
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analgesia and forestall tolerance in 9 clinieal cases, he was unimpress-
ad with its usefulness for thess purpossgs

This analgesic potentiating effect was investigated in the laborate
ory by Worth (6l), Friebel end Reichle (17), and Murphy et al (39)
and they substantiated the clinical impression that chlorpromazine

significantly potentiated the analgesic action of narcotlcs.
LABORATORY METHODS FOR STUDYING AWALGESIA

The principal methods used for testing analgesia in animalsg can
be divided into four groups. The first of these is mechanical which
uses techniques of pinching the ratt!s tail (22) or adding weights to
a cat's tail (12). The problems involved in employing this method are
indefinite end points and causing @ double stimulus (pressure and pain).

Siegmund et al (50) have recently proposed a method to test
snalgesis which relies on chemical stimulation by‘the injsction of benzo-
quinone with & resulting syndfwme which is antagoniged by an snalgesice
The major problems with this metﬁod are varistion in the snimals response
to injection and end points which are very difficwlt to evaluate. The
action of salicylates has been measured by studying thelir effect on
chemically induced arthritis (32),

The method of eleetrical stimilation of teeth to provide objsctive
analgesic information has been reviewed and supported by many workers
(1h, 18, 23)

The use of radiant heat ss the painful stimulus has gained wide
accepbance as an effective laboratory method for measuring enalgesic
response, Woolfe and MacDonald (63) proposed a method where mice were

placed on a constant temperature surface (vize., a hot plate) snd the
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time interval was noted when they raised and lloked their pews., Thermal
stimalation of the skin of the back of a dogy with a muscle twiteh rew
sponsa as an end point, hae been suggested by Andrews and Worlmen {2)s
Davies and coworkers (9) placed a rat's tail noar & hot wire end moasure
ed the time until it was Jerked away.

Probably the most used methed is the D'Ampur-Smith technique (5)
which measures the duration of @ constent lntensity heat stimulus
required to produce & taileflick respouse in the rat. However, this and
other methods are most suitable for measuring compounds with a high
dogres of analgesia. The ai’femis of mild analgesic agents, such as the
palicylates, are usually mot dstectable by this means of testing (36).

In testing representative methods previcusly discussed for the
present study, it wae found that the end points of mechanical stimilat-
ion studies were difficult to evaluates The constant temperature
. surface method of Woolfs and MacDonald (63) was discarded because 1%
was impossible o tyein the nice sufficiently to arrive at a reproducable
sontrol valus.

In ths study reported on in this thesis & modification of the
D'Amour and Smith method (5) was used to determine the pain threshold
resp«msé in ratss This procedure was chosen because there was &
relatively eonstant response to pain and reproducable control values
were obtainable. By using smsll animale adequate numbers could be
tested and s£111 allow for individual variation. %The intanéi'by of stinalat=
ion does not have te be altered in this method to reach & ®pain
thrashold® on each subjecty rather, a fiwed intensity stimulation is

allowed o act until a response is elicited.



HETHODS AND MATFRIALS

1. IDetermination of dnalgetic fctivity in Rats.

Analgesic activity was determined by a8 modification of the radisnt
thermal stimnlas method of DtAmour and Smith (5). Male SpragucwDasley
rats walghing {row 100 to 150 mme., housed and fed under uniform oundite
ionss were used in groups of 1O animals cache All tcste were made in
a8 guist room kept at 8 uniform lewnerature sf 2&0 0 26%C,

The met od, as illustrated in Figure 1, roguires foousing a beom
of 1isht of constant intensity on the vat's tall by meang of a converge
ing lens antil the snimal "flicks™ it= teil sway. The pathway of the
Light beam was opened or closed manually with the simalisnecus ooorsie
ion of the timers An elentrically oporated shubter with ccordinated
bimery previcusly deseribed in work frow this laborstery (L9), wes not
used gisce it was found that the he’t sourse wes couging simnificsnt
shicking and slowing of opening and clasure of the shuttere

The tiwe batween the beginning of the exposure and the taileflick
vosponse 1s the Mreaction time ® (5), OUnly eaimals having an sverage
contrel roaction t1 e of L $o 5.5 seconds were useds When analgesia,

<

affer drag adainistration, was sreat enough Yo orewent & hsil flick ot

A

the end of 12 sceonde, exposurs was diseontinued to aveid burainy the
tail and the aninnl wzs considered as having a resetion Live of 12
seconds (5)

In preliminery studies the analcosic notency for the snalgesic
drue wos fiest detarmined asing several dose rangee for each drog. The

dosmagaes seloctsd for the analpesice and the anal-osicechenothiazine
A i (3] =

combinations gave spuroximately sn equivalent degree af analpesias when



Figure 1

Specifications of the Modified D'Amour and Smith
Analgesimeter.

The source of radiation is a prefocused narrow spob
lamp of 300 watts and 120 volts, The biconvex lens,
with a diameter of 10,2 oms. and a focal distance of
15.5 cms., concentrates the beam of 1ight on the 1.5 ome
circular opening in the center of the asbestos platforme
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tested by the D'Ameur-Cmith ﬁaﬁhaﬁ*

Before tesiing, the animals were placed in individual conical
cages made of wire mesh in order to provent much movement. HReadings
were taken at 15 minute intervals for 2 hours, By thus subjecting the
animels to 8 preliminary conditioning period; it was found that the
individual varistions swong rate of & group decresseds This cbservate
fon has been previously reported by Irwin et al (27) snd Bonneycaetle

and Leonard (3)e

2 Hethod for Studying the Development of Analgstic Telerance

to Harcotic Druge in Rats.

In order to demonstrate tolerance development, groups of 10 rats
each were useds The rats were given daily subcubtansous injections of
the anaigasic drug either alone or in combination wﬁth a phenothiazine.
When the drugs were used in combinstion, the phenothiazine compound
would be injected first, followed in 20 minmutes by injection of the
sanalgesic. Saline was substituted for the phenothiagine camgbunﬂ in the
groups in which the analgesic alone was being testede Injections were
continued over a period of nine weeks, All golutione were made in such
concentration thet each animel would receive one cubic milliliter per
kilogrem of body weight (ml./kg.) so thet all injectiocns would be of the
gama volume. '

On days when tests were done, following a 1 haur‘annditicning
period, two control resction tivmes were obtained for each rat at 15
minute intervals. These readings served as & control baslis for later
changes in the resction time. Reaction times were tested at 15 minute

intervals during the first hour after the injection of the anslgesie
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or phénothiazine-analgesic combination and the maximum reaction time was
used as the peak analgesic response,

Daring the nine week injection period the maximum thermostimulus
response was measured the first day and at the end of the first, third,
fifth, seventh and ninth week to provide the per cent change in the
mean reaction time. During withdrawal, the mean resction time was
determined on the third, seventh and fourteenth day using the same pre=
withdrawal drug dosages. Dosage increments were not ussed nor were the

drugs injected more than once daily.

3¢ Analgesic Dwugg.Studiad.

Morphine sulfate, phenazocine, meperidine and raceoramide (SKF 5137)
were the snalgesic drugs studled. They ere further describsd belows.

Morphine sulfate, because of its frequent use and its general
acceptance as a model example of a narcotic analgesic, was used as the
control drug in these experiments to establish the base values for mak-
ing comparisons. Structurally, most organic chemists agree that the
moyphine molecule consiste of the phenanthrene nucleus, an oxide bridge,
a tertisry amine attached to the phanénthrane ring, and two hydroxyl
groups, sach attached to oprosite poles of the phenanthrene ring. The
commonly accepted structural formula for morphine is shown in Figure 2,

Raceoramide (SKF 5137) is a relatively new synthetic analgesice
It had just recently been made available for clinical and laboratory
study in 1956 when this study was undertaken. Raceoramide was selected
in order to compare its tolerance liability, if any, with that of
morphine. 4s can be seen in Figure 2-4, raceoramide is an amidone-like

campound gomewhat similar in chemicel structure to alpha-acetylmethadol,
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It has Eeﬁn reported to have & repid onset of action similar to that of
meperidine and to bs more effective on a milligram per kilogram basis
than morphine (6).

Meperidine is known to have a rapid onset of action and, compared
to morphine, a shorter durstion of actions It was thought that 1t would
be of interest to test this drug, as well as raceoramide, to see il the
maﬁhsd used in this research would accurately compsre the effects of
those analgesics having a rapid onset and short duration of action wilth
those having a slower onset snd longer achtion sach ag morphline and
phenazocine, The formula for meperidine is shown in Figure 2-A,

Phenazocine (Prinadcl(n), SKF 65Th=C) is a new snalgesic recently
synthesized by May and associates (38)s It is derived from a class of
compounds designated &s bengomorphanes whish are strusturally related
to, but simpler then, the morphine molsculs. Tedeschl et al (55) found
phenazoeine %o be 15 to 35 times as potent as morphine as an analgesic
in rats. Wendel and his associstes (59) suggest that a cross-over
tolerance batween pheragocine and morphine does not exist to a great
degree and, thorefore, phenazocine may be a better analgesie than
morphine and other narecotics. A communication from Smith, Kline and
French Laboratories (54) states thet "studiss in both enimale and bumen
subjects suggest that tolerance to the anslgesic sffects of phenazocine
develop very slowly and that the addiction liability is lower than that
of morphine and possibly even lower then that of codeine®. With only
limited clinical studies (B, 13) tc date on this active new drug, it
was felt it would be of special value to include it in this study. The

formula for phenasocine is shown in Figure 2.



Figure 2

Chenicel Structures of Morphine and Phenazogine.

~J
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Figure 2-4

Chemical Structures of Raceorsmide and Meperidine,
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lis FPhenothiszine Derivatives Used ns Potentiators of Anslgesia,

The phenothiazine derivatives studied as possible potentiators of
the analgesic drugs were chlorpromazine, prochlnrperu#ina and thioperae
%ine (Yantilin), SKF 5883 ).

One of the striking actions of chlorpromazine, as previously dise
cussed, 1s its ability to potenilate the effeects of analgesics and
anasthetic preparations, although, in itself, it has 1ittie or no anale
gosic schion (17)s This potentlating action is accomplished usually
without change in the toxiclty of the primary drug (53). Chlerpromae
zine's chemical formuls is shown in Figure 3.

-Prochlorperazine; like cﬁlarpramaaﬁne, was developed by the Rhone
Poulene~-Bpecia Research Laboratories in cooperstion with Smith, Kiiﬁn
and French Laboretoriess The actions of prochlorperazine are gimilar
to those of chlorpromasine with the varions phammacologic and therapeute
ic effocts being attributed to the changes in the side chain of prochlore
perazine, s illustrateﬁ in Figure 3. Proochlorperagine is reported to
be a very safe drug and more potent than chlorpromagine as an antiemetic,
enbipsychotic and as a tranquilizer in that it ies effective at loway
doses, It does not seem to have the sedative effeot that chlorpromasine
has (53)s It is believed that echlorpromagine exerts its potentiating
effect through its ability to alter the patient's reasction to pain and
resulting in a move relaxed and cheerful patient (26, LO)e Therefore,
it seemed of interest to test this similar eompound which, as stated,
lacke the sedative action of chlorpromagzine. Prochlorperzsine is
reported to be lese sctive than chlorpromazine ia prolonging and enhance
ing marphiﬂs effeets in mice (53).



Pigare 3

Chemical Structurss of Chlorpromazine,
Prochlorperazine, and Thioperazine,
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Thioperazine (?émﬁiliﬁ), SKF 5883) is 2 new phencthiszine derivate
ive recently made avallable for elinicsl and laboratory study by Smith,
Kline and French Leboratories. Since it has been reported that SK¥ 5383
has & mild side effect of gedstion (60) it scemed of interest to sompare
this new phenothiazine derivative with chlorpromezine and prochlorpera-
sine as an snalgstic potentiator. Thioperazine®s chemical formula is

shown in Figure 3.

5o Reliability of Method.
The response of untrested and saline treated rats to pain was

quite uniferm with the method used, The resction timo for all control
enimals studied, before injection, was & mean of L8 seconds with a
gtandard deviation of individual animals of 20,51, However, individual
variation in the rﬁspanée to the action of analgesics was great, as
shown in Table 1, with some animals showing almost no analgesic effect,
others the maximm degree. Tests on individusls are therefore of little
value and the unit employed is the mean of a group consisting of 10

animals, The variability of this 10 animel mesn is thus reduced ﬁa,m§__,

Vi
giving a considerably incressed stability and preciseness to the estimate

of response.

To determine if the response to the sgent injected was significant,
the campariga&‘usﬁd was the peak mean response compsred pairwise to the
control velve. This is estimmted with 95% confidence to 1ie in the
intervals




2

The hypothesls being tested is that this difference is zero. If
the 95 per gent interval ineludas sero, the hypothesis of no difference
is accepted. If it does not iﬂclude gero, the conclusion ie that the
difference is real,

To compare two different groups of aninals to determine if a
significant difference exists between thelr respective responses to
analgesiecs, the difference between the two independent means is esti-

mated with 95 per cent confidence as lying in the interval:

X"'R;:.’Z'tsp T_NLT*'—I'VL’

[ 2
The hypothesis being tested is that the two means are equal.

If the 95 per cent interval includes zero, the hypothesis that the
two means are equal 1s accepted. If it does not includs zero, the
conolugion is that the means are nol equal and the difference is

real (11).



P
L

RESULTS

The per cent increase of the peak mean reaction time following drug
injection is interpreted as the index of analgesic activity. This was
caleulated as per cent chenge by taking the peak mean reasction time
(seconds) afber injection and subtracting the mean control response
time (seconds) and dividing by the mean control response time and then
multiplying the result by 100. 4 portion of a typical protocol, which
illustrates thie, is presented in Table 1.

4 curve of the analgesic response over an eleven week perlod can
be constructed by plotting as ordinste the per cent change from the
control threshold (index of anslgesic activity) and as abscissa, the
period of time injections were given, in weeks, for the drug or drugs
studied (Figure 1)e The docrease in the analgesic response occurring
over the nine week period was used as a measure of the development of

tolerance.

1. Controlse

In the control studies smingle injections of chlorpromazine, pro-
chlorperazine, thioperazine and saline showed no significant analgetiec
activity nor was there any evidence of analgetic tolerance when these

drugs were given in repeated daily doses (Table 2).

2. “D!ﬁ!im.
Pigure l shows that tolerance developed rapidly, and to a great

degree, with 2 mg./kg. of morphine sulfate, ¥hen the initial dose of a
phenothisgine preceded morphine the greatest potentiation of amalgetis

response was observed with chlorpromazine, next with thioperazine
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Table 2

The Per Cent Change in Mesn Reaction Tine (Analgeric Responge) in Groups

of Rate Injected Daily For Nine Weeks With Saline end Phenothiazines.

Pey Cent Change in Analgesic Response

ection Period Withdrawal
Init~ 1 g7 9 3
Drug and Doaagg ; ial wke wWKsSe. wkse wks., wks, dgs vilte WHSs
S £ 5 ¥ «

Saline - -2 L wly 7 L s -2 7
i mlcf kgo

Chlororomazine N 0 0 w3 2 g -y -2 6
5 mg-/ k?{a

Prochlorperazine -11 0 =9 -] -l b -7 w11 =6
5 mg./Kge

Thioperagine [ R 1A 0 -2 [ 0 -i

0'05 Eﬂg./kge




Figure

Comparison of the mean response curves of rats
to 8 radiant thermal stimulue during 2 nine week period
of injeetion and two week withdrawal period. Subcoutaneous
injections of saline, chlorpromszine, prochlorperazine,
and thioperazine (SKF #5883) followed in fifteen mimutes
by morphine sulfate were useds
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(SKF 5883) and least with prochlornerasine. This generally held true
for all of the analgesics testeds

By the third week of the study, when injections of chlorpromazine
or prochlorperazine preceded morphine (Figure L) there was no signifie
cant difference in the curves for the percentage decreases in the mean
reaction time from that noted for morphine slone. But when thioperagine
{8KF 5883) preceded injections of morphine, the degres of tolerance
development throughout the nine week period was significantly less than
+that seen with morphine alone,

Figure 5 demonstrates litile tolerance development to a lower
dosage of morphine (1 mg./kg.)e Vhen imjections of chlorpromazine or
thioperazine preceded morphine there was not 2 significant difference
in the degree of analgesic activity between the various groups over the

nine weck periods

30 Heggridina-
When meperidine (Figure 6) was studied and compared using the

same methods there was slgnificent but less repid or marked develope
mant of'tolemmea than that cbserved for morphine., The pre-adainistrate
jon of phenothiszines, with the exception of thioperesine {SKF 5883)
which was effective through the fifth week, did not further decrease

the rate and degree of analgetic tolerance %o meperidine.

he HRaceoramides

With raceoramide (SKF 5137) (Figure 7) given alone, tolerance
developed slowly and to a mild degreej this was sven less marked when
chlorpromazine or thioperszine (SKF 5883) injections precsded this

analpesics



Figure 5

The mean response curves of rats to a radiant
thermal stimulus during 2 nine week period of inject
jon and two week withdrawal periode. Effect of '
saline, thioperazine (SKF #5883), and chlorpromazine
followed in fifteen minutes by morphine sulfate

1.0 mge/k s 8¢ compared to saline followed by morphine
gulfsts 2.0 me./kge _
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Figure 6

Gomparison of the mean response curves of rats
to a radiant thermal stimulus during 2 nine week period
of injection and two week withdrawal period, - Subcutaneous
injections of saline, chlorpromazine s prochlorperazine,
and thioperazine (SKF #5883) followed in fifteen minutes
by meperidine wers used,
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Pigure 7

Comparison of the mean response curves of rats
to a radiant thermal stimmlus during a nine week period
of injection and two week withdrawal period. Subeutansous
injections of saline, chlorpromasine, prochlorperazine,
and thioperazine (SKF #95883) followed in fifteen minutes
by raceoramide (SKF #5137) were useds
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‘5o Phenazocine,

Phenagocine 0el mge/kg. (SKF 657h~C) (Figure 8) showed the least
tendency to cause the development of tolerance of the four anslgesics
studisde Probably this is why pre~injection of chlorpromagine and
thioperazine (SKF 5883) {prochlorperazine was not tested) did not material-
1y furtheyr delay analgetic tolerance development, slthough a significante
1y higher degree of analgesis was maintained with the pre-administration
of these two drugs than in the group which received only phenszocines

Figure 9 demonstrates that no significant tolerance develops to
phenazocine (SKF 657h~ﬂ) 0.05 mg./kg. and the pre~injection of chlorpro-
mazine did not sigﬁificantly increase the analgetic response after the
third weeke

6e Withdrawale

The other observations used to measure and compare the degree of
analgetie tolerance resached by the end of the injection period were
those made during withdrewal. On the basis that the tolerance developed
to morphine ls more slowly dissipated than that seen with leses addicting
analgesics (1), the analgetic response was egain measured on the third,
seventh and fourteenth day after drug withdrawsl. In the withdrawal
period percentage incresses in the mean reaction time damnnstrata the
disappearance of tolerance.

For morphine (Figure L) 2 mg./kg. only slight loss of tolerance
had occurrsd by the seventh day and by the foﬁrtaanﬁh day, the analgetic
response was still below the value recorded at the start of the injectw
ion periods On the other hand, meperidina, raceoramide and phenazocine

all showed some losa of tolerance by the third day and, as evidence that



Figure 8

Comparison of the mean response curves of rats
to a radiant thermal stimulus during & nine week period
of injection and two week withdrawal period. Subecutansous
injections of saline, chlorpromazine, and thioperasgine
(SKF #5883) followed in fifteén minutes by phenazocine
(SKP #6574~C) were used,
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Figure 2

The mean response curves of rats to a radiant
thermal stimulus during a nine week period of injectm
ion and two week withdrawal period. Effect of saline
and chlorpromazine followed in fifteen minutes by
phenazocine (SKF #657h=C) 0.05 mge/kg. 28 compared to
saline followed by phenazocine (SKF #657h=C) 0.1 mg./kge
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tolerance had completely disappeared, all three drugs showed a roturn
to the original ansligetie response valuss by the saventh day. Im
general, loss of tolerance occurred more rapidly when phenothiszines

had been given with the analseticse
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DISCUSSION

When repeated daily injections of morphine, raceoramids, meperidiﬁa
and phenazocine are given to rats, analgetic tolerance develops. While
the dosages used were selected because they all produced sbout the same
degree of analgesias initially, the severity of the tolerance differed in
degree and in the $ime it reached its pesak. MNorphine rapidly developed
marked tolerance but that resulting from meperidine, even when given
in five times the dosage of morphine, was barely significant.

An explanation for this difference in tolerance development between
morphine and meperidine may’be provided by Tatum and Seeverts theory
of narocotic tolerance and addiction (55). They point out that morphine
has>a double action on the brain, the more prominent and importent
depressant (and analgesic) action being of short duration is followed
by emergence of an excitatory effect which lasts for a considerable
period of time. In addition to causing symptoms such as nausea or
emosig, the stimulation may intensify pein and epprehension in the sick
or agitate the ctherwise normal person. If ancther dose of the analgesic
be given at this time, the depressant effects are again exhibiéad for a
sho-t time ouly to be followsd by a somewhat severer period of excitat-
ion. Thus, as dose follows dose of the narcotic drug, tolerance develops
to the depressant effects, but not to the exeitatory effects. Because
of the development of tolerance each subsequent dose, uhleaa inoreased,
is unable to suppress the stimulstory effects for more than a short
while, Actually, following sach dose the subject suffers withdrawel
symptoms during the longer-lasting excitatory phase. Consequently,

when & drug possessing & short duration of depressant and analgesie
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action such as ﬁep@riéine is usmed in the manopement of sevaﬁa pain, or
is taken by an addict, larger and larger doses are required at more
frequent intervals. Probably when meperidine was first tested in the
laboratory for the development of tolerance and addiction only single
daily doses wore used in the same manner as the experiments reported
here; hencey it was heralded as a noneaddieting drug in comparison with
morphinel

The present investigations were not patterned according to the
recammaﬁdatian& recently suggested for demonstrating tolerance develope
ment when short-acting snslgesics are studied (L7). While the vresent
studies showed that tolerance to meperidine did develop, had meperidine
been administered several times daily in the same dossge, the resnlte
way hove boen more dramatic.

On the other hand, the small degree of tolerance develoned to
phenazocine cannot be explained on the basis that the drug has a short
duration of aﬁalg@sic action., From other observations (13) and clinical
studies done at this school (67), the durasion of analgstic action of
phenazocine was found to be similar to that for morphine. Thus, in
comparison with morphine, the resulis suggest that phenazocine is less
likely to cause addiction than morphine,.

Lower doses of morphine (1 mg./kge) and phenazocine (0.05 mg./kg.)
were used 1in order to determine if phenothiazine potentiation produced
significant analgesia, comparable to higher doses of the narcotie
used alone. Initially this proved to be so but by the third week of the
trial, there was no significant difference in the analgesie derived from
the lower dosage of narcotiec plus the phenothlazine as compared to the

higher dose of narcotic drug used alone,
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The modification of the development of tolerance to narcotics by
the phenothlazines may also be explained on the basis of Tatum and
Seaver's theory. Not only did the combinstion of the phenothiszine
with the analgetic serve to potentiate the analpgetic effsect but the
continued, longer-lasting depressant action of the phenothiazine
probably suppressed the excitatory effeets of the narcotice. While the
phenothiazines did not particularly delay the rate at which tolerance
developed, they did lessen its severity.

It may appear from inspection of the graphed data that combination
of the phenothiagine with the analgetic simply allowed measurements of
the mean resction time for analgetlc responses to begin at higher
levelss With the rate of tolerance development (decrease in mean reacte
ion time) being the same for either the narcotic or the phenothlazines
analgesic combination, it would seem that, actually, there was no
difference in the results. However, the fact remains that the degree
of severity of the tolerance reached was, with one or two exceptions,
not as grest for the combination as the single analgesice

In each instance the combination of chlorpromazine with the
analgetic showed decreased tolerance development. It is of interest
that thioperazine, which is a potent antiemetic agent (71), was found
to be nearly as effective as chloropromazine both in potentiating
enalgesia and in lessening anslgesic tolerance development. Prochlop=
perazine, while fairly effective in votentiating narcotic analgesia,
in the dosages used in this study, proved to have 1ittle effect im

wodifying the development of tolerance.
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In the withdrawal periods it was noted that loss of btolsrance
oceurred more rapidly if phenothiazines hed been given with the analges-
ic drags. The groups of rets given chlorpromaszine, prochlorperazine or
thioperaszine with morphine showed gome incresse in the mean reaction time
on the third withdrawsl day. By the seventh withdrawal day there was 8
marked decreame in analpetiec tolerance and by the fourteenth day, the
analgetic responses had almest all returned fo the originasl values.

logs of tolerance in the groups given phenothiazine-mepsridine
combinations éccurred less rapidly during the first week of withdrawal
than for meperidine alone. However, by the fourteenth day the analgetw
ic responses for all three groupe had returned to original values,

With the group given raceoramide and pre-injectiocns of chlorpromé-
zine or thioperazine, there was cowplete loss of tolerance in one week,.
However, the group given rsceoramide-~prochlorperazine lost tolerance
slowly., This group had shown but little differomee in tolerance develope
ment from the group civen only raceoramide.

Phenazocine developed the smallenst degree of tolerance ocbserved
for the four anslgesics tested. It would be expected; then, that
combination of this drug with a phenothiszine would not only further
lessen tolerance development but would materially decrease ths severity
ané duration of the withdrawal period. This was demonstgated when
thioperasine or chlorpromazine was used with phenazocine; by the seventh
day of withdrawal, both groups showed complete loss of tolerance,

It is to be remembered that laboratory procedurss are most effect-
ive in classifying compounds with & high degree of analgesia, such as
morphine. The study of analgetice in animals is least satisfectory

when compounds of & low order of activity are assayed (36). Algo, these
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laboratory techniques are complex, time consuming, and unsatiefantory
in many waysy; yet they do provide a rough screening process and more
important, they set the foundation for eventual trial in msn, While
snimal experimentation can sauggest, but not accurately predict; the
effests of a drug in man, such studies are a necessary prerequisite
to human experimentation.

We, therefore, are well aware that even the best methods laave
wnsolved many fundamental problems of analgesic research and that rew
sults obtained in the laborstory muet be applied in the clinic with the
ubmost ears. DBecause of these difficulties which sre inherent to analges-
1o research, the followlng point is madet the results reported is such
studies ap this investigstion sre necessarily limited to the influence
of drugs on the reaction thresholds in the animals tested toward thermal
stimnli. Whether these results can be interpreted as analgesic actions
comparable with those to be found in the human being 1s not within our

present knowledge.
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SUMMARY AND CONCLUSIONS

The purpose of the work deseribed in this thesis wae to explore
the effectivenesd and practicability of the use of a new group of
drugs, the phenothiazine tranquilisers, as potentiatorg of the analges-
ic drugs such as morphine and meperidine (mznemlm) ) and, when so used
together with analgesic drugs, to determine their effectiveness in
forestalling the davelameni of tolerance and addiction to the narcotic
drugs. In addition to studying these effects using standard analgesics
such as morphine and meperidine, it was thngh;h of interest to study
two new, reesntly introduced analgesic drugs, raceorsmide (SKF 5137) and
phenagocine (Pr'imdolm)) which are claimed %o be potent analgesics have
ing a low ordsr of addictive propensity. Alsc, a new phenothiazine
derivative, thioperazine (‘Van‘bi’l{ ﬁ)) s which is 8 potent antiemetic
agent, was studied in comparison with the clinicelly established phenow
thiazines, chlorpromazine (Thoraam(m) and prochlorperazine
ﬁcmpmina(ﬁj e

The technique of D'Amour and Smith was used for measuring the
chenges in the analgesic activity produced by the narcotic analgesics
when used alone or in combination with the phenothiazines. Tolerance
to analzesia daval@pﬁd most rapidly with morphine, next w:tth the new
analgesic raceoramide, less with meperidine, snd least with phenszocine.
When lower dosages of morphine and phenazocine were used, only mild
analgesia was produced and, consequently, tolerance development was nob
demonsiratede

When used in single doses, chlorpromazine was the most effective
phenothiazine potentiator of morphine analgesia, Thioperazine was nearw

1y as effective as chlorpromazine, while prochlorperazine was the
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weakest potentiator, Thioperazine was the most effective in forestalle
ing the development of tolerances.

Used alone in single experiments or when given over & long period
of time, phenazocine proved to be a potent analgesic with & low
tolerance liability compared to morphine. FPhenazocine, given with
thioperazine, was found to be the most effective combination for foree
stalling the development of tolerance in the rate.

From these results, it would appear that the cemblined use of a
phenothiagine derivative with an improved narcotic analgesic, such
as phenazocine, should provide effective analgesia with suitsble durate
ion of effect, minimal untoward effects and less repid development of
tolerance and addiction than is now achieved clinically when morphine

or meperidine, alons, are used to provide pain relief,
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