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PREFACE

Ever since the dawn of history man's constant effort has been te
fight apainst the sufferings of his fellow-beings, Among these, pain
has attracted his maximum attention. Thus, from time immemorial,
allevigtion of pain has been the primary aim of physicians and many
methods have been tried to achieve this. Nost of the prescriptions
in the early scrolls are towards the treatment of such conditions.
From the cave man era when people aﬁf@x@d sacrifices to spirits to
set relief from suffering down to the present day, great advances
have been made in the field of medicine. Much intersst is still being
shown in the search for agents that will kill pain. Although numerous
pain zemedies or amalpesics are now availsble, presenteday scientists
are constantly trying to develop safer and more effective apents to
relieve pain.

One of the carliest analgesics used was opium which the early
CGreek and Roman militgry surgeons mention, In 1803, Sertéirner
separated morphine from oplum. This was the first time that an active
principle - in this case an alkaloid in the fowm of a whit: crystalline
powder - had beon separated from & crude plant substanee. Today,
morphine stands as the most potent and most widely used analgesic.
Unfortunately, the many side effects accompanying the use of morphine
and its derivatives and, sbove all, the development of tolerance and

addiction, have made necegsary the continued search for othey
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anglgesics lacking these unwanted effects. CGousequently, in the past
half~century many new pain remedies have been discovered gnd tried and
still move sre currently under investigation.

Today, the pharmgeologist whe seeks to develop new remedies must
be able to say how effective g drug is, how 1t affects the body, bhow
long its action lasts, and, whether or not ite side effects or tomicity
are minimal or excessive thus either warranting or precluding 1ts use
in man. BDach of these asspects has te be tested on isclated tissues or
laboratory animals and thoroughly evaluated before a drug can be gilven
safely to man. In developing new analgesic drugs and testing them on
animals for potency, many laboratory techmiques have been deviged.

Fro a veview of these various methods in oxder to provide background
information for this thesis, it would seem that each investigator
asttespts to modify or improve existing procedures or to develop entirely
new techniques., An cvaluation of these different methods would be of

great benofit.
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INTRODUCTION

In the study of the analgesic potency of a drug several mcimiquas
have been used; however, in gll the methods, the first step takea i
the production of pain in the experimental animal. Various types of
stimuli such as heat, chemical, electrical or mechanical are euployed
for this purpose. Those techniques employing these stimuli to produce
pain and devised to memsuxe the prolengation of the reaction time after
drug administration have proven valuable and statistically reliable in
screening the narcotic asnalgesics such as moxphine and codaine, But,
as far as the non-narcotie snalgesics such as the salicylates are
concerned; no one particular testing nethod has been very satisfactory
for obtaining precise and measureable data so far. Some investigators,
however, claim that the production of pain in small animals by using
graded clectrical stimuli dees provide s reliable method for studying
and comparing the analgesic potency of these nonengrectic analgesics.

Soveral different methods ave claimed to be useful and relisble
laboratory procedures for determining the analgesic potenmcy of the none
narcotic drugs. The purpose of this research was to study and detexe
wmine the practicébil!ty of using two or three of these methods simule
taneously in the 'mm animal in oxder to evaluate the analgasic
potency of beth narcotic and none-narcotic drugs. To do this and to
obtain simultaneous recordings, it was necessary to slightly mod.‘.fy‘
some of these techniques. Most of these testing procedures have been

in use for many years while other newer methods sre still in the



experimental stage., In addition ¢to providing infommation relative to
the utility of using combined techniques for studying anslgesic potency,
this research presents the results of the analgesic potenty of several
new non-narcotic agents.

Goetzl, Burrill and Ivy (46) in 1934 wrote a critical analysis of
the then existing laboratory analgesic testing methods *"for the purpose
of designing en acceptable standard procedure for measuving and compar-
ing 'pain thresholds'.” They point ocut that most of the early studies
on pain were made on human subjects and that the use of gnimals was
only recent. This, they say, way have been because sarly workers were
mginly interested in investigating the pain receptive fileld in man.
Recently, however, attempts hagve been made to clarify the normal amnd
patholeogical physiology of the pain receptive organs, of the manner
of econduction of pain impuises, and of the nature of the responses to
painful stimuli, Further, Goetzl et al (46) designate the ideal
criteria for analgesimetric wethods:

1, Algesinetric metheds should pemmit the quantitative determing-
tion of threshold values of stimuli,

"2, Algesimetric methods should yield information in gquantitetive
texms as to the least discernible difference between the intensities
of two stimuli sl every point within the range of useful intensities.

43, Algesimetric methods should be applicable in beth man and
animals,

h, If the different qualities of pain exist, the algesimetric
methods should be applicable for the quantitative determination of each

quality.®
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These authors then discuss the different anai;;esimt;:*m methods
employed up to that time in an attempt te fommulate an ideal technique.
In 1945, Miller (81) wwote another critical gnalysis of the anale
gesimetric mothods then gvailable. Following this, much work contiumved
to be done in this fleld but it was not until 1957 that Beecher {(4)
again surveyed the subject and, from his extensive work in this field,
presented an exhsustive and fascineting veview as to the nature of pain
s well as the various analgesimetric testing metheds then in use. It
is asmazing to note in Beecherts {4) article that even such crude techw
niques as used by Haffuer (52) in 1929 and others later om have gilven

very good results shen compared to some of the more modern methods.

A PHYSIOLOGICAL COUSIDERATION OF THE NATURE OF PAIR

Even today, with all the great development and advancement in
science and modern medicine, pain is still one of the least undezstood
subjects. Thaere are too few kaown and definite facts upon which we
can base our thinking. Berger (5) quotes Sherrington, 1947, who
described physical pain as "the physical adjunct of an imperetive proe
tective reflex.” But iz is obvlious that protective xeflexes do not
necegsearily precede psinful senpations. As with most other sensations,
there must be an imtegration of peripheral stimuli by the central ner«
vous eystem in pain, too. It would be a great achievement when it will
be possible to discover how stimull are translated into perceptions owx
sensations. So far, neurcphysiclopists have offered very little in
snswexr to this important question.

Berper (5) has attempted to provide a phamacological deseription
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of pain by bis classification of the analgesic drugs into three latpe
groups

1. Those that modify the perception of the painestimuluvs at the

receptor site.

2. Those that modify the central perception of paln.

5. Those that change the reaction of the inmdividual to the pain

experienca.

To the first group belong drugs such as the local anssthetice
which paralyze peripheval sensory nerve endings to obtund paln, or
atrepine which relieves smooth muscle spasm by blocking the tvanse
nission of cholinergic impulses at the peripberal site. Previocusly,
Beecher {4) concluded that analgesic drugs seem to act mainly on the
upepction component' rather than on the Yoriginal semsation’. Derpger
adds to this conclusion that while morphine and its chemically and
phamacologically raelated syathetic allies and, also, alcohol and
anesthetics, no doubt affect the "seaction component) to a great ex-
tent, it 4s not clear as to what extent these drugs sffect the percepte
fon of pain. 1In this respect the recent work of 0O'Dell (85) may be
helpful since he used both of the asbove menticned components as experie
mental parameters in the cvaluation of analgesies. OftDell studied 7
codeine, meperidine, dextro propoxyphene and other analgesics employing
different methods to evaluate not only the analgesic preperty but; also,
to study voluntary motor sctivity and intermeuronal blockade or stimu-
lation. The effect of esch dxug on internsuvonal pathways was deters
nined by utlilizing two reflexes which required polysynaptic transmission

of Lmpulses. Thus, by this latter method, he could determine whether
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or not the drug possessed sheletal muscle relaxant or stimulant pro-
pertics. Codeine appeared to show moderately potent anslgeslc activity
over a falrly wide dosage range, but it showed mo indication of muscle
relaxant properties despite its central depressant effect. Sinece the
depressant action of codeins was found to be in the seme dopapgs range
as that where the gnalgesic activity was evident, the two actions may
be said to be inseparable. With veperidine 0tDell found that analgesic
activicty ranged from moderate to strong over a relatively short dosape
span, Some central nervous systen dulling or depression occurred but
0'Dell folt that this should not play as significant a vole in producing
analgesias as was the case with codeine., Thus, by using different pare
ametors, it does seem possible to evaluate and compare the cffects of
analgesics by measuring the central effects of the "reaction component™
and the peripheral changes in ﬁhe priginal sensation” at the site of
the stinulus.

Berger (5) also points out in his peper that "s substance that
would chsnge pevception of pain without sffecting the reaction to it
would clearly be of great scilentific and prasctical intevest. Buch s
substance would raise the threshold to paln zeaction., Such g sube
stance might not be addicting as it would not necessarily affect the

mind and would not produce euphoris,!



AN AATOMICAL CUNSIDERATION OF THL RATURE OF PAIW

The neurcanatanist?s work concerns what is probably the most cone
plex and least known area of the body. GCradually, an understanding is
being developed of the complicated mechanises by which the sensovy
stimuli are changed to nerve impulses, become modified, and £inally
arrive at various levels of the central nervous system.

The pensory mechanisn for pain is, in many ways, unique as Ruch
and Pulton (90) point ocut. These writevs call attention to the fact
that the sensory end-organs for pain are present throughout virtually
all tissues of the body and, on this basis, three kinds of pain may be
recognized and designated: (1) superficial or cutancous; (2) deep pain
from muscles, tendons, jolnts and fascila; and, (3) visceral pain., Toe
gether the first two comprise somatic pain. These workers state, alse,
that the pain endings are unique in that they exhibit only to a limited
degree the phenomenon of the adequate stimulus (by definition, sdequate
stimulus is the form of enorgy to which the vecaptor is most sensitive
vather than whether or not the stimulus elicits a vesponse). Many Lypes
of energy, such as electrical, mechanical, extremes of heat and cold,
as wall as a wide vaviety of chemicel stimuli are adsquate to elicic
pain, Thus, it would seem that the pain endings ave not specialized
to react to any one single form of emergy but te a variety of them and,
as well, to extreme degrees of different kinds of stimulation.

Ruch and Fulten (90) describe the dendritic processes from the

sensory nerve cells, the latter situated mainly in the spinal ganglis
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and sensory ganglia of the cranial nerves, as immervating the various
tissues of the body. For emample, the terminal £ibers conducting pain
which ave located in the superficial layers of the skin are found to
branch frecly snd to fomm a fine overlapping network of naked fibrils,
Because of this overlapping, each ares of the skin is imnervated by
two or more uerves. Ihese lnvestigators offer the following classificas
tion for the different types of nerve fiberss

(1) The A fibers - myelinated, somatic, afferent and sfferent
fibers.
{(2) The B fibevs - myelinated, ecfferent, preganglionic axons
found in the autonmic nezves.
€3) The © fibezs ~ (o) umnyelinated, the s.0 class being the
efferent postganglionic sympathetle amons, and, (b) the
doroC class which gre the smgll umnyelinated affevent axons
found in peripheral nerves and dorsal voots,
Using Lloyd's (76) classification, Ruch and Fulton deseribs the large
rapidly conducting A fibers as comprising three distinguishable groups:

Group 1 £ibers which are found only in muscle nerves and,
apparently, are not sensory. Impulses carvied by these fibers
have not been traced to the thalamus and cortex.

Growp II fibers found very infrequently in muscle nerves,
but which make up a large part of the branches to the cutanscus
DEEVES.

Group IIL Libers, also termed 4 fibers (A deltas), found

in both ousele and cutanecus nerves.
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Of these above mentioned fibers, there awve at least two types which
have been vecently identified as the ones conducting impulses initisted
by & painful stimulus (44). These ave the myelinated & delta (A group
113 fibers according to Lloyd?s termimology) and the der.C unmyelinated
fibers. The myelinated A delta fikers are mostly 2 - Guin diameter
and conduct at a speed of 10 - 20 meters per second (m/sec.). They
form one third of the total mmber of nyelinated fibers In peripheral
nixed neyves and carry a certaln type of psin $mpulse., For exasple,
vhen 8 single stimulue is applied to the ending of one such £iber,

the subject ewperiences a sensation similar to a tap. Bui, on applye
ing & tetanizing stimulus to the sane spot, there is a definite emperi.
ence of pricking pain.

The sccond group of paln afferents, the umyelinated ¢ fibers, are
very thin affevent azouns measuring only about 1l in dimmeter and cone
ducting at the slow vate of 1 « 2 mfsec. The mmber of ¢ fibers in the
somatic serve trunk may be four times as many as the total of myelinated
A fibere and comprise as much 8s Lwenty per cent of the £ibers in &
sympathetic trunk., Also, the threshsld for C £ibers is one hundred
times as great se that of the A filbers. 4s early as 1935 Clark gt al
(18) showed evidence of the existence of pain reflexes (and, therefors,
presunmably pain) being elicited by C impulses when the saphencus nerve
of the cat was used as the test object, These investigators stimulated
this nerve with graded stimulf, and observed the vesulting nexve ime
pulses using a cathode~ray oscillograph. Changes in respiration wexe

racorded pueumographically, When the strength of current was increased
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to a point sufficlent to stimulate the C fibers, the rate and depth of
breathing were found o be increased. When the & group fibers were
blocked by applying pressure, only the C wave activity wes detectable
in the electroneurcgram., Then, in 1939, Zotterman (107) confimmed the
relatﬁﬁn of pais to the C fibers. Furthermore, he found that the fine
myelinated fibers of Group III (A delta Eibers) alsc eonduct pain
impulses. The recent work by Brookhart gt al (10) demonstrated that
fibers from the tooth pulp, which may be considered as & classic pure
pain source, have the conduction characteristics of Group III fibers,
This finding is consistent with their being nyelinated. But they could
find no conduction at C fiber rates. Ruch and Fulton (90) alsc point
out that thers are fewer ummyelinated fibers in the cranisl than in
the epinal nexves.

With this background, an aspproach may be made to undewstending
the phenomenon of double pain. By double pain is meant the quick,
sharp, unpleasant semsation upon which can be related to conduction in
the relatively fast A delta fibers together with the slow dull, aching
or burning pain which is cerried in the € fibers. With respect to the
latter, it is known that drupge such as cocaine block the slow € fiber
components first. On the other hand, the € f£ibers appear to be blocked
last in the agony of asphyxia. In disease conditions such a3 neurcs
syphilis, the Groupe 1II and III fibers probably are damaged to a greateyw
extent than the € fibers. Thus, when the posterfior columms of the
spinal cord and the nmerve voots have been damaged by syphillis, thexe

is loss of touch and propricception but no change in the sensation of
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pain. However, there is a delay of 1 or 2 seconds in superiencing a
painful stimulus. This latent pericd for the pain vesponse in most
tabatic patients and, in the nommal individual for the awarensss of
second pain, ave approximately the same, In both tabes dorsalis and
nutritional neuropathy there is sarly loss of light touch, pesitien
sense, and vibratory sensibility. These smeurclogical findings can be
explained on the basis that the impulses mediating these sengory
functiong travel in the fasteconducting fibers of the A group. Another
observation to be mentioned here is that made by landau and Bishop (74)
who produced asphyxia in man in ordey to block out the Group 111 pain
impulses or, in other words, the gctivity of the A delta fibers.
Vhen the block was effective and an adequate stimulus applied, the
Crowp 111 pain impulses could mot precede the slow pain impulses along
¢ fibers go that the subject esperienced only dull, burning, disagresw
able pain.

From the preceding discussion it would appear that there are two
distinct afferent pain conducting systems. 7Two terms introduced by
Head and lolmes, which Gerard (44) quotes, f£it into these two systoms.
One ig called protopathic senzation which is diffuse and vaguely dise
criminated; the other the epicritic type of sensation which is discrete
and locglized. These pain~vecording systems function in one sense as
antagonistic to one another and, in the other, as complementary (44).
Thus, when the epicritic A deltas systen is stimulated, a clear sharp
pain is felt. It does not; howaver, cause continued suffering. Yet,

at the same time, it might be acting to inhibit that kind of pain
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caused by stimulation of the protopathic € system. 45 an example, 1€
may be wmentioned that aching pain experienced in the lower portions
of the body or itching, such as pruritus ani, may be relieved by secte
ion of the ventrolgteral columms. On the other hand, this variety of
pain is ezacerbated by section of the dorsal columns. Also, it has
been observed that itching « due to activation of C filbers - may be
velieved by servatching, the latter stimulus serving to activate the
4 delta fibers.

The pathways of the afferent pain fibers may be traced upwards in
the spinal covrd. ©Gerard (44) further memtions that those messsgas
ascending in the A delta fibers axe carried in the ipsilateral dorsal
column, The impulses travel primarily in relatively lawge €ibevs and
speed along at 30 - 50 me foec. The ispulges coming via the C fibers
eross and ascend in the crossed anterolateral columns or che spinothale
anic tract, Hare they ave carried by thia fibers which are perhape
2uin diameter and are conducted at a lower speed. The different syse
tems can be traced upwards in these colums to the midbrain at which
locele they can be sectioned separately. Thea they pass through the
thalanus and, finally, on to the semasthetic ereas in the cortex. Some
of these fibers go to the reticular formation frem which other fibers
orviginate to alartlthu cortex.

Apart from pain, seusationg of touch, pressure, warmth, cold,
sexual sensations, tickle, itch, and feeclings of muscular fatigue travel
along the gpinothalanic tract. However, some of the fibers carrying
touch and pressure sensations also travel along the dorsal column

tracts along with the Lkinesthetic pensations.
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TECINIIQUES 1IN ARALGESIMETEY

A review of the litevature over the past fifty years reveals the
trial of an amazing veriety of laboratory and clinical methods for
testing the gnalgesic potency of drugs. Many kinds of stimuli have
been used such ss chemical, thermal, mechanical, electxical and even
audiogenic to produce esperimental pain (4). The animals employed in
these studiees have ranged from mice, rats, pguines pigs, rabbits, dogs,
cats, to even horses and monkeys (?1;'3. While this review was concerned
mainly with analgesic testing methods used in the laberatory, mention
will be made of some of the clinical techniques now in voguc.

in the following description of various analgesic testing teche
niques abstracted from the 1literature, the methods are categorized

according to the type of pain stimulus employed.

CHEIICAL STINULATION HETHOD

Chemical stimuli for causing pain have been used only in man.
Most commonly employed has been the vesicant agent cantharidin to
cause a blister. The separated epidemmisz is then removed from the area
and about 0,2 ml. of ths test solution applied at intervals of 5 te 10
minutes. The pain threshold was detemmined by having the patient
squeeze a8 predsum buld which recorded s trgeing on a moving drum
indicating the intensity of pain. This was found to be quite cone

pistent for s given individual (4).
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THERMAL METHIODS

Barbour and Maurer (3) weported in 1920 that the heat of a lighted
match applied to the tip of the rat's teil could be used to test the
analgesic effect of morphine. later, in 1934, Hildebrandt (60) pro-
duced pain in the pguinea pig by applying & metal cylinder containing
water heated te 40°C, to s shaved area over the lumbar vertebrae. The
duration of the stimulus was 20 seconds. If no defensive veaction
developed; the temperature was increased to 43°C, lildebrandt found
that mest guinea pigs reacted at 45°C. while et 50°C. the reaction was
fomediate. Failure to show a response was taken as indicative of asnale
gesias. While this crude theimal technique evoked fairly constant
responses in some animals, in otherp considerable irregularity was
noteds

Another thernal method for producing experimental pain in man was
introduced by Welff, Haprdy eud Goodell (53) im 1940. Since then many
modificaticne of their technique have been made. 4lso, this procedurs
has been adapted for ese in animals. In the Wolff, Hardy and Goodell
experiment, the light from a 1000 watt bulb is focused on the blackened
foreheads of the subject. A shutter arrangement allows exposure to the
1ight radiation for ezactly 3 seconds, The imtensity of the zadiation
is regulated by & rheostat to a point vhave the subject just feels paiun.
This intensity of radiation cauging pain is meesured radiometrically
in gn. cals./sec./em.? gud may be defined as the pain threshold. These
workers observed that the thyeshold for pain was constant and indeponde

ant of the emotional and physical state of the subject. Also, the
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intensity of the stimulus required to produce pain remsined the same
regardless of the size of the skin avea stimulated. After drug ade
miéistratian, changer in pain threshold may be followed until all
thresholderaising action has cecased.

Androws and Worlman (2) emploved the Wolff.llardy-Coocdell apparatus
for measuring the pain threshold in dogs. The mid-doxsun of the
thoracolumbar region of the dog was depilated and then blackened with
India ink. The light beam wes aspplied to this spot by placing the
apparatus against the skin of the gnimal in the same manner as when
applied to the forehead im the human. These experimenters found very
close similarity in the pain threshold of dops to that of man. The
responge in the dog was & characteristic refiex twitch of the muscula-
ture of the back,

In 1941, DYAmour and Smith (19) inspived by the work of Welff,
Hardy and Goodell (53), adspted this method to rats. They used the
rays from a Masda 1184, € - § volt bulb placed im a reflector. A volte
age regulator, transfowmer and rheostat werc used to wvegulate the ine
tensity of the light beam. A stop watch was commected to the cireuit
so that it could be cperated by the same switch which tuvned the elece
tric current on or off. A grooved board for holding the ratts tall
was placed about 6 inches below the light source. For testing the pain
response, the tip of the tail was placed in the proove, the light and
stop watch switehed on and then, when the rosponse occurred, switched
offe The pain response was "a sudden, typical twitch of the tail.”

A light intensity which evoked the vesponse in about 3 geconds was
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found most comvendent. Using this technique, D'Amour and Swith (19)
carried out 8 comparative assay of the agnalgesic potency of £ive oplate
drugs obtaining good results. Individual variation in the animalt's
response was found te be small when studied under a variety of conditions
such 88 in the advenalectomized versus the hyper-cortin treated ¥ai,
the thyreidectomized versus the hyperthyroid wat, the castrate (male
and female) versus the Yhyper-estria®, the "hyperprogestrin® and the
thypertestosterona® troated animal, and whether the rat was uested in
the day time or night time, in the cold room vergus hot room, or when
the animal was starved. |

Several modifications of the D'Amour-Smith principle have been
introduced. Davies et al (21) used s small coil of resistance wise
cperated from a 6 volt battery as the heat source. The wire was of
such gauge and length that it would produce & bright ved heat when the
eircuit was closed. 4n asbestos plate was placed just above the heat
source with asbestos strips glued to the upper surface of the plate so
as to form a channel % inches long and 1/& inch wide. At the center
of the chaonel a 1/4 ineh hole was bored through the asbestos to allow
pessage of the heat from the wive coil. With the rat contgined in a
cylindrical holder of perforated zine, its tail wes placed ia the
channel go a2 to bhave the hole within 1% inches from the tip. The
voeaction time was determined similer to D'imour and Smith's techanlque
but the snalgesic effect was taken sz the diffevence between the mean
control and the postedrug reaction time. Chen (16) and his essociates

used this technique in 2 slightly nodified nannex.
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Brcoli and lewis (36) used ancther modification of the Wolff.
fardy-Goodell method in the vat. Instead of the tail, they used a
shaved area on the back of the rat which was exposed to a constant heat
stimulus provided by a 1000 lasda lemp, The lamp was covered with
a metal box contalning 2 small window., Light frem this window passed
through a bicomvex lens of 10.2 tm. diameter and was concentrated at
‘a focal distance of 13.5 e . 4 lucite screen in which a small hele
wae cut for allowing passage of the light was placed sgainst the shaved
arca of the rat., The animal was then placed sc that the empésed area
of the skin would be at the focal point. A transformer and a voltmeter
were used to vary the light intensity. When thig method was used it
was found that normal rats showed two distinct sets of reactions:
(1) twitching of the skin, particularly over the irradisted sone; and
(2) retraction of the entirve body in an attempt to oscape, or, ouly
escape movements. In the najority of animals the two responses occurred
simultaneously or in close goquence after 4 ¢o 5 seconds. The smallest
range of erver was found when 05 volts were used with the average re-
action time being & seconds. To exprese the analpgesie aetivity of
various drugs, Ercoli and lewis grouped the rate according to theiy
differant reaction times which varied from 2 to § seconds. They chose
snly those which had a reaction time from 3.0 to 4,46 sesconds, again
grouping them gecordingly. The sverage snalgesic dose of 3 drug was
taken te be that which incressed the reaction time to anywhere between
6 and 14 geconds in approximately 40 to 60 per cent of the group., The

rempining animals were unifommly distributed between Ygero and complete
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analgasia®s Stimulus was stopped at 15 seconds Lo prevent burning.
They found, also, that hamsters, guines pigs and cats could be studied
by this method, In man when a strxeagth of 83 volts was used, pain
occurred suddeanly in the fomrm of a pricking sensation. lengthening
the time of emposure by twenty~£five per ceant caused, instead, a buine
ing sensation. Pzin sensation became very pronounced on doubling the
exposure time and blisters appeared when it was increassed to 14 seconds.

Foster and Carman {40) modified the Ercecli.lewls method by using
bighey wattage (1500 watts) with lower voltage (110 V.) producing,
thereby, a greater proportion of heat to light They proposed a methed
for detemmining anslgesic activity quantitatively using the formula ‘E
In this fermula €3 is the nomal veaction time in seconds and “1
ty the reaction time after the drug. |

At about the same time, Thorp (96) tried several methods in ande
wgls starting with the original Wwliflavdy-Coodell method applying
the light on a shaved and blackensd arca of the flanks of gulnse pigs
and then ou rats, and later to the rat's tail. The last procedure was
found to be the nost seasitive. In their method the time exposure was
kept constant while the light inteusity was varied. 7The analgesic
effect was measured as per cent increase from contyrel threshold.

Winder et al (103) devised a somewhat complicated appavatus come
bining featuves of both the Wolff, Rardy and Goodell (53) aud the
Breoli and Iewis (36) methods. It was hopad that this modification
would overcome gome of the sbortecoanings of the other methods. The main

feature of their method was the epplication of the thermal etinmulus at
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mochanically regulated pericds of time with emposure of the thermal
stimulus for a set duvation of time. A 500 wett projector lamp was
uged with ite rays reflected by s concave mizror in such & way as to
pass through a metal tube of about 3 inches in diameter and to focus
on the skin of the animal. The intensity of the light was regulated
by a voltmeter, Dy means of e shutter placed ia this tube it was
potsible to interrupt the light bean. %his was dome by ¢onnéct£ﬁg the
shutter to an electric motor which wus equipped with a reducing head
of gears and an adjustabls notched wheel, the latter making ené SOl
plete revolution every 27.J seconds and opening the shutter. A dupli-
cate notched disc was fastened by means of a set screw on the imner
surface of the first wheel so that the gap of the notch could be
widened or narrcwed. The length of this gap detemined the interval
of lighe exposure through the shutter. The electric motor alse
operated a fan which drove alyr from & side shaft into the mstal tube
to cool the lawp. Culnea pigs, loosely confined iu a box, were used
and the stimulus was appliied to the depilated shkin of the dorsum.

The response sought was a shin twiteh,

Winder and his grouwp chose to use a stimplus of fixzed duration and
viriablc intensity. They undertook three diffexent approsches which
they described as (a) ascending, (b) descending, and {c) interval
splitting. In Yascending® approach the iatensity was inereased up to
& strength at which the reaction was elicited on two successive occasions.
In Ydescendiagh approach the intensity was decreased until thers was

failuye in eliciting a response on two successive tests. In the
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"interval splitting® approach, one vesponse had to be positive and the
other negative in two adjacent trials. The lgst approach was chesen
since these workers felt that it would sliow gystematization of the ’
tests. Furthermore, the results would not be influenced even when
large chenpes in thyeshold occurrved during the time vequirved in this
test. They also studied the minimum suitable recovery peried in
guinea pigs and found that by allowing 70 seconds between stimuld which
lasted for & seconds, the possibility of sccumulation of the effects
of stimulation was rencte. Buployment of dark skiomed guinea pigs
instead of blackening the fair skinned, lowered the variability of data
but further blackening of the skin did not show more improvement.
Winder and his group also noted that changes in the room temperature
had a remsrhable influsnce on the radiant hest threshold in gulnea
plgs.

Comparing the D¥Amour gnd Smith and Ercoli and lewls techniques,
Winder et gl (103) mention that they chose fixed duration of ezposure
to stimulus in contrast to Lixed intensity of stimulus because the
former yielded move uniform results, Desides, they claim that the low
intensity radiant heat used by their predecessors may have been one of
the factors zesponsible for the frequent nonefinite duration values
cbtained and which made them treat their date in a semiquantitative
mammer oy on biased sverages.

The sb-callaci hot plate method for testing the analgesie potency
of drugs and using the mouse was Lirst described by Woolfe and

MacDonald (77) (106), The apparstus was & zinc plate which could be
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maintainad at tenperatures of 45°C. or upwarde. A hollow pglass cylinder
15 cmg. in dlaneter and about & inches high wes placed on the plate to
encase the mouse when it was dropped on the plate, The endepoint was
taken as vaising, kicking or dancing of the hind limbs eor if the mouse
triad to hump out of the cylinder. After trying varicus plate temperae
tures, It was found that at 55°C. all the tested animals reacted within
30 seconds and at 60°C. all reacted within 20 seconds., Since mice,
nommally, often sit up and lick their front paws, the movement of hind
linbs was used as the criterion for acute digeomfort. Thirty seconds
was taken as the standavd cxposure time, groups of 10 mice were tested,
and the sumber of nice showing anslgesis (those not responding in 30
seconds) was noted. The tempersture of the plate was increased in
incremonts of 5°Cs from 55°C. to 70°C. Higher temperatuves caused
damape to the feot.

Eady (32) (34) modified Woolfe and MacDonaldis hot plate technique
in order to get s better control of the temperature of the plate. ie
fizst vsed 2 wooden box frame to support the copper plate and a 40 watt
bulb was placed ia the box as a heat souree. In order to get a unifomn
temporature, he further modificd this by placing the copper plate over
a solution of equal parts of ethyl formate and acetone contained im 2
pan. Shen this mizture was kept boiling, the covering plate remained
at a censtant temperstuve of 35.8"C,

Another device employing a thermal stizmulus and used for testing
pain responses inm uics ip the “conduction dolovimeter®. It cnnsis,és

of & small wooden box measuring 12 by € by 6 inches. Attached teo it
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are a rheostat, the off-on switch, a heating coil, and a ring there

mometer, the latter gerving to indicate the tewperature. The mamie
facturers recommend not to excsed the 60 point on the rheostat dial.
The mouse’s tail is placed in the groove above the coill and the pain
reaction noted by & stop watch when the animal £lipe its tail away.

0'Dell (84) (85) used the “conduction dolovimeter® teo apply the

stimelus to the hind foot of the mouge. This procedure gave consiste
ent vesulte when groups of 20 mice were tested following administration
of each dosage of a drug and compared with control groups tested cone
currently. The analgesic activity was based en the percentage increase
of the weaction time in the tveated group from that of the control

ETOUP e

MECHANICAL HMETHODS
In 1929, Heffner (52) produced a measurcable pain stimulus in the
mouse by placing & scvew clamp neayr the base of its tail., Whea the
screw was tightenad a certaim amount, the pain veflex occurred. While
only & rough estimation of the potency of & drug could be made with
this proceduvre, it is to be noted that it was this simple test which
led Haffner to the discovery of the analgesic properties of meperidine.

In 1936, Knigsuk (67) tested analgesia by squeezing a mousetls
tail with a dissecting forceps which had a wedge-shaped disc mounted

between its blades to limit the degree of closure. The smallest Se~
gree of compression making the animal ery when the forceps were suddenly

closed was taken as the pain threshold. A group of 12 mice was used
cach time., Latex, Molitor and Latven (82) used this technique forx

conparing a mwmber of analgesics.
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smpler (1) tried to produce pain on the skin of a zat or a dog by
pinching it with forvceps, by prvickiag it with a needle, or by burning
it with an electric cautery. If no vesponse was elicited after ade
ministration of a drug, it was considered to have an analgesic
response.

Hesse, Roesler and Bhler (5%9) used guinea pigs whose depilated
gkin had been previcusly injected subcutanecusly with 0.05 mi, of
croton oll to produce an inflamsed asrea which became very sensitive to
pressures dbsence of reaction on prescure was taken to be the criterw
fon for analgesia.

teiss (98) studied the local anesthetic effect of procaine by
using & mechanical device to stimuvlate the rabbit's cornes with a
100 mg. welghted halr at the rate of & times a gecond; complete ancge
thesia was obtained when stimuli applied 100 times in 25 secends
failed to eause & tesponse. Keil and P#hls (66) modified this teche
nfque when they favestigsted the potentiasting action of morphine on
local aneathetics. |

In 1932, Eddy (26) used & cat in ovder to apply pressuve to the
tip of ics tail by means of a specially calibrated device which made
the animal cry or struggle a8 a response to pain. When 4 of the 5

aninals tested showed an incresse in the threshold of the requived

pressure to cause pain, analgesia was considered to be pregent. Eddy
was able to diffeventiate between decreased sensitivity and complete
analgesis. Slaughter and Munsell (94) later used this method to

study scme other aspects of the scticn of morphine.
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Krueger et al (71) (72) mention that Amadon and Craige used the
horse, The techaique was to pinch the skin over the shoulder using &
long heavy hewmostat with rubber covered jaws. 4analgesic potency of a
drug was determined by the degree to which the jaws of the hemostat
could be closed befors eliciting a response.

Friend and Harris (41) (52) used Eddy's (26) technique in rats and
observed that 1f the tail became irritated and tender from earlier
tests, subsequent tests would not be successfuls (This holds true for
most pressure methods whare a certain amount of trauma {s unavoidable.)
In order to overecome this objectionable feature, Creen and Youang (49)
introduced a new pressure method for studying snalgesic druge which
had many advantages over the earlier pressure techniques. A& carefully
graded amount of pressuve was applied to the tip of e vat's tail by a
squeezing device consisting of the head of the plunger of & hypodemmic
gsyringe below which the tail tip was placed. 4s the pluager was lowered
vertically the tail was pressed against a £imed wooden board. The
plunger was operated by conmecting the outlet of the syringe to a
Tetubs, one ara of which was commected to 4 Yeghaped mercury manometer
and the other to another syringe which was placed horisontally. The
plunger of this second syringe was drivenby a "constant injection
type of device ("Synclock® electric motor) for the sake of convealence
and standgrdization. 4 mixture of equal volumes of kercsene and liquid
paraffin was used to displsce alr and for tranamitting pressure changes
in the system. When the test was te be dome, the distance between the
bead of the plunger and the board was adjusted to adnit only the tail

tip and the mancmeter scale on the Ustube reeset to give @ zero reading.
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With the pressure being slowly increased and measured by the mercury
manometer, the rat squealed when the psin threshold was reached. Creen
and Young {49) reported that this technique caused no tissue danage
even when the pressure was increamsed to four times the control value.

Drodie, Way and Smith (9) modified the pressure method for elicit-
ing a pain stimulus and found their procedure of some value in evaluate
ing the salicylate-type of snalgesic drugs. 7The method consisted in
applying a sharp pressure stimulus on the rat's tail gbout 1 to 2 om.
from its base., The gunount of pressure given was calibrated in graus.
An aluminum welding rod tapered at one end to a sharp point and manipe
ulated in the barrvel of a modified microscope to give the desired gramse
pressure produced the stimulus. A full description of this technique

is presented in the next chapter under laterials and Methods.

BLECTRICAL STIMUIATION

Von Helmboltz (97) used slectrical current as early as 1851 for
stimulating nerve paths in animals and cbserved the time values which
impulsas take to travel. Fleisch and Dolive (32) mentlon that Rucke
stuhl and Gcrﬁuneﬁf intreduced the modern use of electricity as a
pain stimulus in rabbite almost fifty vears ago.

Sivadjlan (93) stimulated the paws of rats electrically by putting
them in a box with its floor made of bare cross wires. The pain threge
hold was the smallest stimulus necessary to make the animsgl cry or try
to get its feet off the wives.

Hirschfelder and Ridges (61) applicd platinum electrodes connected
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to a Harvard inductorium, te a shaved area on the skin of a rabbit.
Changes in the reépiratory activity of the animal following stimulation
indicated a response to the painful stimmlus. Macht and Mache (78)
applied graded clectrical shoeks to the scrotum of adult rats and
studied their response to pain (a characteristic squeal) bafore and
after the adeinistration of vavrious drugs. Enowlton and CGress (6B)
measured the widening of the palpebral fissure in dogs es a response
to electyrical stimulation of the skin., These workers felt that this
electric shock method did not elicit the muscle reflex eor skin twitch
which could be utilised for detemmining the pain thyresghold. However,
when Andrews and Workmen (2) used a radiant heat method, they noted a
charvacteristic reflex twitch of the musculature of the back in the dog
after g definite leval of stimulation had been reached. andrews and
Workman (2) claim great constancy in this response regavdless of the
site or size of the area stimulaved. Dodds gt al (22) placed rats on
a wire grid and used the jump reflex as the thresheld when varying
intensitles of electric current were applied.

The tooth pulp of the canine tooth in the dog was used by Eoll
and Beffert (69) (70) as the site for applying an electric shoek to
produce a painful stimulus. The electrode was cemented in the drilled
tooth and could be left for many months. A typical response to the
stimulus was a marked defensive movement of the whole body. After
adninigtration of an analgesic drug it was necessary to inerease the
strength of the current in ovder to produce the same regpouse, Cone

sistent vesults were veported with this technique. Goetzl et gl (%6)
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appiied clectrical stimulation to aualgam £illings in man and in dogs
in order to compare the effects of analgesic drugs. Unfortunately,

L they did not give adequate detalls of their procedure so that whan
Miller (81) tried to repmdﬁce their work he was mwuceemftn;. in
sumnarizing his paper, Miller (81) comments that the tooth pulp method
is one which "had scarcely been studied encugh to evaluate it faixly."
However, Gostzl and his coworkers (45) (46) (48) used electrical
stimulation of smalgam £illings to evaluate many analpesic drups and
believed this techmique very useful, Coetzl does not comsider skin

as a good eite to use for stimulation since the stimulus is diffuse and
other affeorent systems will be stimulaced along with the pain pathway.

From the findings of Bjdrn, who did a systematic study of the tooth
pulp methods, Beecher (4) mentions that the true measure of stimulation
is the current applied and not the electromotive forece, that it is best
to use & single rectangular pulse of 10 milliseconds for stimulating
and, also, that it is important to use the same point on a carvefully
8rled tooth te get uniform vesults,

Fleish and Dolive (38) stimulated the exposed tooth pulp in the
rabbit as a test for analgesie and Othell (84) (85) used this techunique
for studying saue non-narcotic analgesics. The tzoeﬁh pulp was stimue
lated through & hole drilled in each of the two upper teeth isto which
weve inserted shieclded spring electrodes. S$Square wave shocks ware
given with each ghock lasting not longer than 5 seconds. Intervals of
30 secomds were allowed between shocks. The strength of the ghock was

varied by changing the voltage. The pain threshold was taken when the
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rabbit wiggled its nose and uppexr lip.

Frommel, Fleury and ScimidteGinzkey (43) used the guinea pigts
tooth pulp to demonstrate the analgesic property of the drug cariso-
prodol. MHowever, Berpez st al (6) who oripinally had discovered
carigsoprodol; had failed to detect analgesia with it when tested by
the techalquas of Wolfe and MacDonald (106) or with the silver anitrate
wethod of LaPelle and Tislow (73). Frommel et al (42) (27) had used
the tooth pulp technique with success in other studies. Their method
was somewhat similar to 0'Dell?s in that the perforation was made in
the upper incisor tooth with a 0.5 mm. dentist's dxill., The tooth pulp
was stimulated by placing the active electrode in the perforation with
the peutral electrode being lingual. A Grass stimulater was used with
a frequency of 40 cycles per second, square wave, and the time of
stimulation was for 0.5 second. The pain threshold was detemined
when the guinea pig raised its head in 2 particular manner. Only those
animals reacting to & voltage between 2.5 and 3.0 were tested. The
analgesic potency of the drug was deternined by noting the increase in
voltage necessary to cause the same veponse as previcusly and exprssse
ing this in percentage.

An electrical method devised by Reinard and E. M. delecyr for
testing analgesics in wmice was used by CGrewal (50) and found to give
good results. DBura (11), with the permission of Reinard and de Beer
who did not publish their method, described their technique which
involved applying electriec shock to the tail of a mouse held in &

plastic holder with 4ts tall protruding, In this method electrodes
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made of two pleces of clock spring 1 cm. wide weve placed 1.5 oms.
apart on the tail. A small weipht attached to the end of each spring
held the electrode apgainst the tall. OGood contact was ensured by
cleaning the tail with ether and using electveds jelly well rubbed on
it and not fust smeaved. Shocks were produced by & variac and a trans-
former, with the variac sc ndjutzed' te give 8.5 volts at the electrodes
as indicated by a voltmeter, With a special votsting device shocls were
appliéd once & second for a duration of 1/26th second. The vesponse
sought was & sgueak and the stimulus stopped when this was evoled. With
this apparatus, 85 per cent of the mice squeaked within five shocks and
only these were selected for the experiment. Croups of 10 mice were
used and the same dose of the analgesic drug was tested in not less
than siz different groups. Bura (11) sugsested that instead of detere
nining the degree of analgesia in cach mouse, the percentare of mice
showing some analgesia should be taken into consideration. For exanpls,
if any score greater tham five or six is taken ss evidence of analgesia,
te rvelate the dose of the drug to the percentage of mice showing anale
gesie and, thus, to find the dose causing analgesia in 50 per cent of
mice. %The aguthor's claim that using 'squeak! as @ response to 8 pain
stimulus appears to bo a better way of ueasuring analgesis since the
higher centers are imvolved in this type of rasponse.

Carrcll and Lim (13) evaluated these vocal response methods and
reported that they noted tail and hinde-limb wovements in thelr rats when
voltages lower than those necessary to produce the squeak response were

used,
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MeKenzie and Beechey (79) used 8 modificedd on of Grewalts (50)
mathod for causing pain in mice by epplying electrie shock to the tail.
The slectrodes were a pair of modified small crocodile clips, the teeth
of which had beeun £iled off and the shape a&ju&ted to fit the tail.
Shocks were produced by using pulses of 50 c.p.s. current for 3 cycles
duratien and at intensities betweon 10 and 35 volts which could be
varied in steps of 1 volt. Inastead of {inding the percentage of mice
ghowing analgesia, these investigators calculated the snalgesic incree
ment by noting the difference between pra> and post-drug thresheld.
Pre«drug threshold was devermined by stimulating each gnimal by three
shocks at ecach voltage level and at the rate of 1 per second beglsning,
and then ascending with a 4 velts increment each time, The lowest
stimulus iatensity at which the animal vesponkled by a squeak to at
least two of three shocks was considered as the "voltage threshold®.
¥Each mouse wae next stimulated with an intunsity of 2 volts above its
voltage threshold by & succession of a series of 1 per seceond pulses.
then two such successive pulsea evoked the squeak response, the serigl
wamber of the first of these two was noted and designated gs the
‘repetition threshold?, If it exceeded 7, then the stimulus intensity
was increased by 2 volis and the estimation repeated.® Six or seven
mice wexe used for cach experiment and the difference between a
twepetition threshold! after the drug and the ome observed in the same
animal before the drug was called an snalgesic increment. If no rvee
sponse occurred with 60 shocks efter the drug, it was designated ass

tcreater than 60', and the gnalgesic imcrement as 60 regardless of the
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pre-drug repetition thresholds Thus the range was betwsen -0 and +60.
"The difference between the mean analgesic increment of a treated group
and that of the control group was taken as the analgesic effect.” The
suthors also point out that the contzol group mean was usually zero,
Apparently, theee workers used the mmber of shocks required to elieit

a vesponse at a particular intensity as thelr experimental parameter,

HISCELIANEOUS METHODS

The Production of Mrmwngﬁl Arthritis Method

To simulate clinical conditions for which snalgesic drugs eve used,
lafielle and Tislov (73) produced a markedly painful snd inflsmmed joiat
by injecting 0.2 ml., of a 1% silver nitrate solution inte the ankle
joint of one hind leg of the rat. In 24 hours time, the joint showed
all the signs of acute inflanmation and the animal reacted to the painm
caused by flexing the inflmmed joint, Only those animsls which develop-
2d an scutely inflammed joint were used for testing analgesic drugs.
Twenty-four hours after the injection of silver nitrate, the drug to
be tested was given by stomach tube in @& starch suspension. Other
similarly prepared animals served as controle. The animals were tested
at hourly intervals for five hours with gradiag of the snalgesic come
pounds done according to the degree of pain relief. The authorg found
this method quite successful as adoquate dosages of the effective cune

pounds afforded marked protection from pain.
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The Phemylquinone Test

This test was introduced by Seigmund et al (92) as a valuable and
alse specific test for comparing and evaluating the nonenarcotic anale
gesice. They found that intraperitensal injection of G.25 ml. of &
0.02% aquoous solution of Z2-phenylel-i«benzoquinone {commonly called
phenylquinone) produced s syndrome iﬂxﬁiﬁe consisting of %intexmitient
contractions of the abdomen, twisting and turning of trunk and extene
sion of hind legs, begiuning 2 to 10 minutes after injection and per-
sisting for more than 1 hour.¥ Only those mice showing the syndrome
within 10 minutes after the injection of phenylquinone were uged.
After the syndrome appeared, the analgesic drug was given and the anie
ol wvatched for 5 minutes at 15 minute intervals. 411 untrested anis
rals showed the ’syndvome’ at least once im 5 minuteg. When the mouse
did not show this syndrome after the drug, analpgesias bad been produced
and this determination was made on an all or none vesponse basis.
Other depressant drups such as the barbiturates (phencbarbital sodius,
pentobarbital sodium ox butobarbital sodimm) did not prevent the syndrome
even st doses producing loss of body righting reflemes. Tranquilizers
{eeprobamate or chlozpromasine hydrochloride) and ethyl aleohel did pre-
vent the syndrome, but only at doses causing marked depression. Also,
mugcle relazants such as mephenssin prevented the 'syndrome! but, again,
only at paralyzing doses. Intestinal antispasmodics suech ag atropine
sulfate and some of the gynthetic atropine substitutes (adiphenine
hydrochloride) alsc failed to prevent it., Antihistaminics (diphentydra-

mine hydrochloride and tripelennamine hydrochloride), however, did
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prevent the 'syndrome?, thereby possibly favering the view that hista.
uine could be a poseible chemical mediator in cutaneous pain. Iotrae
peritoneal injection of 0.5% procaine, too, immediately suppressed the
gyndrome for about 10 minutes suggesting that the centripetal impulses
arieing after the Injection of phenylquinons Intraperitoneally ave ine
volved in this 'syndromet. After carrying cut the phenylquinone test
using many different kinds of depressant drugs as mentioned above, the
authors feel that it is specific for testing and evaluating the anale
gesic potency of both narcotic and non-narcotic analgesics. ©fDall
(84) (83) has used this as a second method in mice to study the snale

gesic property of drugs in his experiments.

Combined Foot Inflammation and Pressuze Method

Randall end Selitto (B88) introduced a combined foot inflamation
and pressure method in the rat which they found satisfactory for studye
ing the analgesic effoct of even the sallicylates which, sc far, has not
been dome with any degree of accuracy. They first produced inflmmmation
by injecting 0.1 ml. of a 20% suspension of brewer's yeast inte the
plantar surface of the rat's Foot. Pressure was then applied to the
foot by means of an apparatus somewhat similar to the one used by
Green and Young (49). This consisted of a 10 ml, syringe beld vertice
ally with a bullsteshaped wooden peg sttached to the head of its plungew.
Through the tip of the peg, pressure was spplied te the plantar surface
of the foot of the rat at the zate of 20 mm. of Hp using a pressure
gauge connacted by & T-tube to the syringe and an air line., The

response was the struggling of the rat,
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The suthors found that the anslpesic effect of the salicylate drugs
and phenylbutazone could be measured only on the inflamed foot while
that of aninopyrine and the narcotic analgesics could be noted on the
inflacned as well as the control foot.

Several people have worked in this laboratory in the past yeavs
using some of the methods mentioned above. Bverett (37) in 1949 used
the technique of stimulating the tooth pulp of dogs by epplying elec~
trie shocks to an amalgan filled tooth and with this procedure compared
the effects of various strength solutions of procaine.

Semler (91) in 1953 studied the enhancement of analgesic activicy
of morphine sulfate and levo-iscmethadone when given with verious
sympatholytic drugs ueing a modified D'Amour-Smith apparatus. In this
method, the rat was placed on a wooden box with the tip of its vail
kept on an asbestos platform in & groove, the center of which had a
bole 1.5 cm. in dimmeter. & nicroswitch operated a camers shutter, cone
nected to an electric timer which opened and closed the esposure through
the opening. The leagth of exposure wes messured in seconds. The heat
source was placed below, vsing a prefocused lamp of 02 candle power and
of 6 to § voltage (G.L. #2530) with the bean almed at the opening by
means of & biconvex lems 10,2 om. in diameter and a focal distance of
15.5 em. To avold unnecessary stimulation by handling, the rats were
regtrained in small wire cages. Carter (14) made 8 further modification
of this apparatus when he stqdied the modification of tolerance to
narcotic analgesics by phenothiazine derivatives. He abandoned using

the electric timer and regulated the shutter and stop watch by hand.
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Algo,; be used a rheostat to control the voltage. The source of radige
tion was & 300 watt lamp operated by 120 wolts. The veason he dise
carded the electrically operated shutter commected with the timer was
because the heat caused significant sticking and slowing in openiag

and closiag the shuttex.



MATERIALS AND METHODS

Five diffevent analpgesimetric methods were tried in order to study
their effectiveness in evaluating analgesic drugs and to compave these
wethods with one énot:hera The three species of animals used wexe rats,
mice and guines pigs with the drugs being given subcutaneously to zats
and guinea pigs and intraperitonsally to wice.

The pain stimulus was applied to the tail of the rat by three
methods: radiant beat (19) {(14), electrical stimulation {50) (79)
aend traumstic pressure (9). The mice were subjected to the first two
testing methods used for the rats as well as by a thivd test consiste
ing of epplying conducted heat to the paws (34) (106). In guinea pigs,
only stimulation of the tooth pulp was dome (43). A feature of this
research was the applicatien of multiple testing stimuli co each anie
mal given in close sequence and at gpproximately the same time during
the esperiment. Sultable rest period intervals were allowed between
these battexy of tests. It was hoped that in this way comparisons
could be made of the accuracy and utility of three different analgesic

tegting methods when the animels were given a certain dose of a drug.
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RADZANT HEAT TECHHIGUED
{(Figures 1 and 2)

Carter’'s {14) modification of the D'Amour and Smith method was
uwsed. The gpparatus consisted of a wooden box in which a 300 watt
130 V. G.E. lamp was housed with its beam focused om a hole in the
top of the box by means of a biconvex lens of 10.2 cm. dimmeter and
a focal distance of 15.5 cme The current flow was vegulated by a
Powerstatstype of rheostat set at 120, The tip of the rat's tall was
placed in a channel over the opening (1.5 cm. in digmeter). By means
of an asbestes shutter agérated manually, the light beax was allowed
to either pass through the hole or to be interrupted. The time from
the opening to the closure of the shutter was noted im seconds by a
stop watch.

Male Sprague-Dawley rate weighing 150 to 200 grams at the start
of the study and white male mice weighing 25 to 30 grame wera used.
Each group consisted of 10 animals. A4ll tests weve dome in a quiet
room kept at uniform temperature of 24°C, to 20°C. Studies using dvug
injections werxe dome only once a week.

Before the baeginning of the experiment esch rat was put into &
wire mech cage made to £it its body with the tail hanging out. Before
testing, the rat was kept inm the cage for 30 minutes in ovder to
sccustom him te it. The tests were performed with the animal still
in the cage; this pravented say further ezcitement from handling.

Similarly, mice were encaged in wire wesh screens when tested.



Figure 1

EXPERIMENTAL SETUP FOR ANAICESIMBIRY IN RATS

Ao
Be
Co
Do
e

Modified Didmcur«-Smith Apparatus
Brodie«ay-Smith Apparstus

Type 502, Dual Beam, Oscilloscope
Powarstat

Output Indicator

{The arrow points to the beam of light couing frem the heat soures,
300 watts, 130 V. G.E. lamp, concentrated on the 1.5 em. circular
opening in the center of the asbestos platform by means of & Biconvex
lens with a dimmeter of 10.2 cas. suspended from the wvoof of the bex
by three adjustable metal yods,.)

Pigure 2

CLOSE-UP GF SEIUP POR ANALCESIMETRY IN RATS

£, BRBatts tail ia groove with shutter closed before thermal

stinulation.

2., Electrodes attached to rat's tall for electvrical

ptimulation.

3. The rod in position t¢ glve pressure stimulus.



Figure 2

Figure 1
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The response to pain was the tail £lick. The time from the bew
ginning of exposure to the heat of the light besm when the asbestos
shutter was openad to the time the tail £licked was the reaction time.
Two control readings were made ond the drug then injected, The reactw
ion time was detemined agein at 15 or 20 minute intervals for the wat
and at 30 minute intervals for mice. The pogk response was noted.

The averages of the mean of the two control regponses and of the peak
responpes after drug injection of the 10 animals io the group were
caleulsated separately. The increase from the contrel threshold was
ecalenlated as follows and noted as the per cent analgesic response.

The per cent of analgesic responge = BA x 100, where A = the group

average contrel mean value and B = the group sverage post-injection
peak value. 7o avoid burning the tail, a cuteoff time limit was set
at 15 seconds for rats and at 12 seconds fovr mice with the reaction

tima in such cases taken as 15 and 12 geconds, respectively,

ELECTRICAL STIMULATION
(Figures 1 and 2)

& nodification of Mcelenzle and Beechey's (79) apparatus was used.
This counsisted of a palr of electrodes made of alligator clips with
the teeth filed off and the deep channel filled in with welding matere
ial in ovder to get an increase in the area of contact. The stimulation
was applied through thé electrodes at gbout the udddle of the animalls
tall after electrode jelly had been thoroughly vebbed on te the area
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as suggested by Grewal (50) and MacKenzie (79) to ensure good contact.
Curzent was obtained frem gn output indicatoy which modified the ine
tensity of the stimmlus, the pulses per second, and the pulse width.
The last two were kept constant while the intensity, read in volts, was
the variable parameter. Since the increase in voltage could not be
measured accurately beyond 10 volte by the cutput indicator, & type
502 DualeBean Usecilloscope was uvsed to read the intensity correctly.
This showed that the pulses/second as registered on the output indicge
tor was alse inaccurate. Finally, the whole apparatus was adjusted so
that the animal received curvent with variable intemsity, but with
the pulsesfsecond fixed at 35, the pulse width at 1 millisecond, and
usiang repetitive shocks lasting for 1 second cach time. The minlmm
voltage at which the animal squesked on three successive shocks at
1 sec. intervals was taken as the control threshold. This was detex-
mined twice, and if the two readings diffeved by wmore tham 5 volts,
the stimulus was piven a third time, After drug injection the threse
hold was again detaﬁain@é, at intexvals, and the percentage increase

in response caleculated for groups of 10 animals.

TRAUMATIC PRESSURE METHOD
{Figures 1 and 2}

The apparatus described by Drodie, Hay and Saith (9) was used to
produce a painful stimulus by pressure on the vat's tail, Only xats
ware used since the tails of mice would be too small for testing by this

device. Pressure was applied by an aluminum welding rod 13% inches
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long by % inch in dimmetey and tapered at the lower end to a shary
point. This rod was placed in & brass tobing 7% inchas long with an
inpide digmeter slipghtly greater than % tnc&. A gpring attached to

the rod was arvanged to produce graduated pressure when the rod wes
pressed on the rvat's tail. The spring snd rod attaciment had been
calibrated to emert pressures from 10 to 170 grams using 10 gran ine
crements as shown by marks on the upper end of the vod. For convene
ience, the adjustabls barzel of a wmicroscope « from which the eyee
plece, vevolving nose piece, the stage and the mirvor were vemoved -
was used to mount this device. The screw mechanisme of the mierescope
were used to set the rod at the desived gramsepressure calibration mark.
Although the authors suggested the use of young rate weighing froon

40 to 60 grams for best results, heavier rats were used in these

studies in ovder to compare their reaction with that of radignt heat
and electrical stimulation. When the rat squeashed or showed extreme
digeomfort on application of a certain grams-pressure, the weight used
was read from the calibratiom, This was the control threshold reading
wiiich was detemined twice. After drug injection similar determinations
were made at regular intervals with the percentage of snalgesic response

caloulated.
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CONDUCTED HEAT TECHNIGUE
{rigure 3)

The method used for applyiag heat to the paws of a mouse was somae
what similar te the Woolfe and lMacDonald technique (53). & copper
plate measuring 12 by 24 inches was hested by means of copper wirzes
distributed underneath it and unifernly spread. In addition to small
screws holding the wires agsinst the plate with a thin insulation in
between, an gsbestos sheet helped to maintain close contact between
the wires and underside of the copper plate. The temperature could
be decreased or increased by tightening or loosening a regulating
screw. A thermomoter with its mexcury bulb covered by copper wire in
order to give accurate readings by removing the dJdead space between the
bulb and the plate was placed on the top of the plate, The plate was
kept at & temperature of 50°Cs The mouse wms dropped on the hested
plate and restrained by a glass cylinder of 6 inches diameter. The
time in seconds was noted from the time the mouse wae dropped on the
plate to when it stazted licking ite hind paws or tried to jump out of
the bottle. Two control readings were taken before giving the drug and
following injection and two move were taken at 30 end 60 mimute inteve
vals, The peak vesponss, measured in seconds, was acted and the per

cent of analgesic response detemined.



Pigure 3
MODIFIED WOOLFE-MACDOMALD APPARATUS

{The modified hot-plate for giviang conducted heat stimulus to the
paws of the wouse, showing thermmmeter in position with its mercury
bulb covered with copper wire thus removing dead space between the

bulb and the plate to enguve exact temperature of the plate.)

Figure 4

EZPERIMENTAL SETUP FOR BLECIRICAL STIMULATION OF THE
P007H PULP 1IN THE GUINEA PIC

(The figure shows the charsctevistic mammer in which the guinea pig
vaiges its head during stimulation.) ‘



Figure 3

TYPE 502 OuAL-BEA OsTHIOSCORE




BLECTRICAL STUMULATION OF THE TOOTH PULP IN GUINRA PIGS
(Figure &)

Male puinea pige weighing frem 250 to 300 grams were used although
their weight soon exceeded this amount after a few weaks, At fivst
silver snalpan £11llings were made ia cavitiles drilled imto ene of the
upper incicors of puinea pigs after anesthetization with 30 mg./kg. of
sodium pentobarbital given intraperitomeally. later, instead of using
smalpam-£illed cavities, just two notches were nade on the lateral side
of cach of the upper incisor teeth in order to ensure conduction
through tha clactrode te the tooth pulp. A4As it was found necessary to
repeat these nmotches about every three woeks as the teeth erupted, the
procedure was changed to stimulation of the pulp by attaching the
electrodes dirvectly to an unprepared tooth, making certain thet the
electrodes were well ghiclded and that only the tooth was im contact
with them.

Two alligator clips were used as electrodes, one of which was
ghieldad for the tooth and the othew, which had been £lattened,
applied as the nmeutrsl slectrode to one ear which was rubbed well with
electrode jelly.

Otheywise, the same appavatus was used as mentioned above for
electrical stimulation of the tail of rats and mices The pain thms-{
hold voltage was noted 1f the animal rescted in g characteristic man-
ner by squealing and raising ite head te three successive stimuli of

ths same inteusity and given for 1 second duration at 1 second
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intervals. The vest of the procedure and calculation was emactly as

performed for the electrical stimulacion of rats and mice.

ANALCESIC DRUGS s8TUDILD

The drugs tested in this resegrch were the narcotic analgesics
worphine sulfate and codeine phosphate, ths salicylate antipyretic
analpesics sodium salicylate and salicylanide, the nonenarcotic anale
gesics dextro propoxyphene hydrochlowide and ethoheptaszine citrate,
and the investigational drugs EXP-104, SU-0629 and SEF #1340.

liorpliine esulfate, because of its general acceptance as a potent
analgesic drug, was chosen as a wodel ﬂmg of the navrcotic group along
with codeins which is the methylated form of worphine and, bence,
closely zelated o it &i acidon (51): The formulas of these two come
pounds with the phenanthrens nucleus, an oxygen bridge and a tertiary
anine attached to the phenathreme ring are shown in Figure 3.

Sodium salicylate was chosen as a nodel drug for the antipyretic
analgesic group and salicylamide (Dwopsprin®, SalamideR) was included
as a very closely related compound. The chemieal fommulas of these two
canpounds are shown in Figure 6. Sallcylamide, the smide of salicylic
acid, although not superior to the salicylates has the same gctions
and uses of salicylates. Salicylanide {s specially indicated in
patiente allexgic to the salicylates '(83).

The more recently introduced drugs,dextro propoxyphene hydroe

chloride (Darvon®) in 1957 and ethoheptasine citrete (Zactane CitrateR)



Pigure 5

CREMICAL STRUCTURES
or
HORFHINE &9 CODEINE
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CHEMICAL STRUCTURES
or
SODIM SALICYIATE AND SALYICYIAMIDRE
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in 1958, were then studied (35) (83) (85) (69). Both drugs are given
ovally and their onget and duration of action are similar to thoss of
codeine, Thelr tomicity is low and the margin of safety adequate.
They beve been extensively studied in animals and in humans., Clinical
evidence indicates that they ave useful for the relief of mild to
ooderate pain and are f£ree from tolerance and addiction, Their structs
vral formulee sre showm in Figuwe 7.

SIF #1340 ('Dieindamine!) is & new analgesic, introduced in 1959,
A communication from the Smith, Kline snd French lcboratories {95)
states that, "although sx# #1340 i a potent analgesic and has seme
morphine«like activity, studies suggest that the incidence and the
degree of side zeactions may be of minor sipgnificance and insufficient
to interfere with the value of SEF #1340 to the clinician and his
patient.” With ouly limited clinical studies on this active naw drug
{20) it was felt it would be of specisl value to include it in this
study. ¥or the same reason, SU-~850629 was aigm included. This is
2windamine hydrochloride developed by ths Ciba Research Labovatories.
it has certain phammacological properties which vesemble thoge of
amphetanine, and others, which resemble morphines A communication
from the Ciba Research Laboratories {17) describes it to be "an snsle
gesic with stinulant properties and more potent and less toxic than
worphine, yet effective in the entive range of pein - mild, mederate
and severa.”

The struetural fowxmula of both SKF 1340 and SU0629 gze shown

in FPigure 0.



Figure 7

CHEMICAL STRUCTURES
oF
DEXTRO PROPOXYPUENE AND CTHCHEPTAZING
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SELECTION OF DRUC DOSACES

In 1960, Carter (14) using Sprague-Dawley rats and a modifiled
Blamour-Suith method, detected a 72 per cent analgesic response with
2 mg. /kge of morphine sulfgte glven subcutaneously. Accordingly, the
same dose of morphine sulfate wae used in the presant studies on the
vat as well as the puines pig.

Mice are known to tolerate much larger dosages of drugs. ﬁc!@nf:i@
and Beechay (79) reported that intraperitoneal injections of 16 mg./kg.
of mmrphiz;a sulfate in the mouse showed only g ninimal analgesic zee
sponse with electrical stimuplation of the tail. It was decided, therge
fore, to use 20 nmg./kg. of morphine sulfate in the mouse in this study.

lickenzie and Beechey alsc report the snalgesic dosapges of codeine
to be about two and cne-half times as much as that of morphine. Cone
sequeatly, a dose of 5 mg./kg. of codelne phosphate was used in the
rat aod guines pig, snd 50 mg,/kg. in nice.

When 10 mg./kg. of sodium salicylate were tried in the vat; noc
analgesie wags detectable., With dosage of 50 mg./kg. of both sodium
salicylate and salicylanide in the vat and the guinca pig and
500 mge/kg. in mice, measureable analgesia resulted. The dosages
chosen for the other drups tested were selected from the wveports of

the phamacology studies made by the manufacturers.



STATISTICAL TEST FOR ANALYSIS OF DATA

Statistical analysis of the data wms done using "tY test for

- correlated measures.

B d

)
LR / £ 0% (gp)?m Where B = XpeXy
V (=1} ,

B = £ (RyeXy MW

Xy = posteinjection peak
wglue of each animal

Xg_ = gonteol mean value of
oach aninal

B = number of pairs of scores
(or the number of animsls
in each group)

df = li=l1 {(the mmber of
dagrees of
freedon)



BE8ULTS

The following tables show the r&ﬁuit; obtainad when the various
drugs weve tested for potency using the different metheds described
above. These vesults alse show the advantages and disadvantsges ene
countered when two or three tests are performed concamitantly in the
same 3t or mouse befors and after drug adninistration,

Wine different emmlgesic drugs were studlsd in the rat and guinea
pig and four in the mouse with the drugs being given subcutaneously
te vats and guinee pigs and intraperitoneslly to mice.

HMORPRINE SULFATE
{tables I and 11)

Doses of 2 mg./kg. were used in rats and guinea pigs and 20 fge kg,
in mice. In rats, although significant analgesic effect could be
detected by all three methods, the responses obtained by electrical
stimulation of the tail were less significant than those noted when
the radiant hoat and pressure methods were used. In guinea pigs, the
results from tooth pulp stimulation following 2 mg./kg. morphine
sulfate were even less significant than those for electrical stimulatbn
of the rat?s tail. In mice, although the chenges in the analgesic
responses when tested by radiant and conducted heat wers highly signif.
icant and almost complete, it is of interest te mete that no change in
response to electrical stimulation of the tall occurred after morphine

in the same grewp of snimals, Taking into account the musber of
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animals which did not respond within the cuteoff time, complete anale
gesia following this dose of morphine was noted when the radiant heat

method was used.

CODEIHE PUCSPHATE
(Tables IIX & IV)

Doses of 5 mp./hg. were used in‘the rat and Guinea pig and
30 mg. /kge in mico. In rats, the changes in the anaigesic zesponse
from codeine when tested by radiant heet and trawmatic pressure were
both very significant while the changes when tested by electrical
stimulation were not significant. The anslgesic response after
codeine when tested by guinea pig tooth pulp stimulation was greater
than that obtained after morphine and was very eignificant. The
changes in the responses for mice were samewbat similar to these
obtained with morphine. With electrical stimulation of the tatl,
no significant increase in analgesic response was noted following
codeine but with the radiant heat method, the same animals showed

complete analgesia.

SODIUN S4LICYIATE
{Tables ¥ & VI)

Doges of 30 mg./kge were used in the rat and guines pig and
J00 wge/kge in mice. With this drug, the pattexn of response was
changed from that of the former two drugs. In the rat, sodiwm salicylm

ate showed a significant analgesic response which could be detected
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&0
only by the method of electrical stimulation of the tall. The guinea
pig tooth pulp stimulation method also showed very significant analgesia.
In mice, an analgesic regponse was noted both by radiant heat and

electrical stimulation, but not by conducted heat.

SALICYLAMIDE
(Table VII)

Doses of 50 ags fkge were used in the wat and guinea pig. The
mouse was not used. The analgesic response was similar to that ob-
tained with sodim salicylate. Thers was no significant anslgesia
produced when tested by the radiant heat method in the rat, but a very
significant response was noted when the methods of electrical stimula-
tion of the rat's tail and the tooth pulp stimulation ia the guinea
pig were used, The traumsatic pressure method of testing was not used
on these rats becaugse of the sorenmess of the tails in several rate

from the previous experiment using this same stimulus.

DEXTRC PROPOXYPHEIE
(Table VII1)

Doses of 2 mg./kg. were used in both the rat snd guinea plg. All
the methods used in both the rat and guines pig detected significant
analgesia with this drug.
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ETHGHEPTAZINE CITRATE
(fable IX)

Rate and suines piges were given 25 ng,/kp. doses of this none
narcotic drug. In the rats the changes in the analgesic responsas
weve slight but significant when tested by radlant heat and electrical
stinulation. Sinilarly, this deug effected very little analgesic
response in the guines pig as judged by the tooth pulp stimulation

mathod,.

BiPal4
(Tables X, X1, X11)

This experimental drug was tried in dosages of 0.1 mp./kge and
0.5 mg./kge 4n rats and gulnea pigs and in a dosage of 1 wmg./kg. in
mica, When .l mp./kg. was used first on vate there was very little
change in the analgesic wesponse. Similarly, although the per cent
of anglgesic vespouse was over 70% in the guinea pig when given
.l mp./kg. of EXP-104, this change was not statistically significant.
However, with 0.5 ng./kge the response in the rat wes somewhat similar
to that obtalned with codeine, i.e., highly significant analgesia by
the radiant bheat mthoé, very significant with trausatic pressure
but not sipgnificant with electrical stimulation. OGuinea pig toeth
pulp stimulation detected the maxfmum anslgesic response when
0u5 mpefhge of BXP-104 was glven. In mice, too, although the analgesic
rvesponses by the radiant and ceoaducted heat techniques resembled the

responses obtained for morphine and codeine, similarly, the clectrical
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gtimulation method failed to show any significant change in the snal-

gesic response when drug EXP-104 was testeds

SKF #1340
{2able XXI1)

& dose of 10 mg./kg. was studied in the zat and gulnea pig. Ale
though this produced a significant anslgesic regponse with each mathod
used, those obtained by electrical stimulation and traumatic pressuve

in the rat were vexry highly sigaificant.

SU-5629
(fable %IV)

A 5 ngefig. dose of this experimental drug wes given to the rat
and the puinea pig. This dose showed significant snalgesis by all of

the three metheds in the zat, but not in the guinea pig.
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DISCUS3ION

Because the same dosage of the different drugs was used for both
the rat and the guimes pig, amd only omeanalgeaimetric method used in
the guinea pig, it was decided to compare the ratios of the analgesic
responses obtained by guines pig tooth pulp stimulation with those
obtained by the three testing methods in rats. In order to do this
for each drug, the per cent analgesic response obtained for the method
showing the minimum analgesic response was given an arbitrary value
wln, Then the ratios for the rest of the anslgesic responses obtained
by the other three mathods were calculated accordingly. As an
exsmple, the per cent analgesic responses and their ratiocs {in paren~
thesis) for morphine and codeine sxe given below,

Rad- Elect~ Traumg- Tooth

Dosage iant rical tiec Pulp
Drugs mg./kg. Heat  Stim. Pressure Stim,
Morphine 2 mg. 111% 1% 47% 42%
sulfate (2*6) (1u 7) (1;1) (1)
Codeine 5 mg. 22% 8% 34% 48%
phosphate (2.2) (1) (4.3)  (6.3)

while this particular method of comparison has not been used by
other workers, it was thought that this would allow a comparison of the
data obtained for tooth pulp stimulation in the guines pig with the
three testing methods used in rats. In mice, instead of comparing the
ratios, the per cent analgesic respomses obtained by the three methods

bhave been compared as there is only one species involved,
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Figure 9 shows a comparison of the vatios of the analgesic re~
sponses obtained in the rat when tested by radiant heat, electrical
stimulation and traumatic pressure, and in the guinea pig subjected
to tooth pulp stimulation following udninistration of morphine sulfate,
codeine phosphate and sodiw: salicylste. The most striking feature
of this compariscn is the difference between the respensscs to vadiaat
heat which were great and to electrical stinmulation which were slight
when morphine and codeine were s#udied. The changes in the analgesic
responses when tested by tooth pulp‘a:imulatianbia”tha guines plg were
congiderable for codeine and sodiun salicylate but, peculisrly, much
lese with morphine, the strongest snslgesl ¢, Exzcept for codeine, the
changes in the analgesic response to trauwmatlc pressure following drug
adninigtration were lese than for the othey wmethods.

Figure 10 shows a comparison of the ratios of the snalgesic res
spongses to some of the move recently introduced nonenavrcotic drugs,
dextro propoxypbene, othobeptazine end salicylamide. With all thwvee
of these drugs, the changes in the analgesic response stand cut prome
inently when the guinea pig teoth pulp stimulstion method was used.

The other test eliciting maximum chenges in the analgesic response was
electrical stimnlatian of the ratis tail.

Figuve 11 shows a comparison of the ratiocs of analgesic responses
for some new imvestigational drugs. & comparison of the graphs plotted
in this figure with those im Figure 9 shows that the rvesponses and
ratios for SKF ¢1340 resemble those for morphine while EXP.104 produced

regponses and ratios similar to codeine. SU-L629 dees not fall into



Figure 9

A COMPARISON OF THE RATIOS OF THE AMALGESIC RESPOHSES 70
MORPRINE SULFATE, CODEINZ PUQSPHATE
AlD SODIWM SALICYLATE I RATS AND GUINEA PIGS

(The analgesic responses to Uorphine Sulfste, 2 mg./kge, Codeine
Phosphate, 5 mg./kg., and Sodium Salicylste, 50 ng./kg. obtained
by the methods of applying radiant beat, electricsl stimulation
and traumatic pressure as pain stimuli to the rat's tail and by
the method of electrical stimulation of the teoth pulp in the

guinea pig.)
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Pigure 10

4 COMPARISON OF THE RATIOS OF THE ANALGEZIC BESPONSES TC
DEXTRO PROPOXYPUENE HYDROCHIORIDE, ETHOHEPTAZINE CITRATE ARD
SALICYLAMIDE IH RATS 4D GUINEA PIGS

(The analgesic respenses to Dextro propoxyphene hydrochloride, 2 mg./kges
Ethoheptazine Citrate, 25 mg./kge, and Salicylamide, 50 mg./kg. obtained
by the methods of applying radiant heat, electrical stimulation and
traumatic pressure as pain stimuli to the rat's tail and by the method
of electrical stimulatioca of the tooth pulp in the guinea pig.)
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iine with any of the other drugs studied.

Figure 12 shows the per cent of analgesic vesponses detected by
the three testing methods used in mice following morphine, codeine,
sodiun salicylate and EXP«104., In mice, the difference between the
aarcotic drugs (morphine and codeine) and the nonenareotic drug
(sodium salicylate) stands ocut even mere clearly than was cobserved
for the vat (Figuve 9). With both morphine and cédeine, the mice
showed alwont complete analgesia when tested by the radiant heat method,
whercas, with electrical stinmulation, no noticeable change cccurred.
With sodium salicylate quite the opposite wasz seen inlmim since a
remarkable increase in analgesic response wes detected by the electri-
cal stimulation method., But, with radiant heat, the per cent increase
was iess than half of that found with electrical stimulation. With
‘conducted heat, the per cent inerease in the analgesic response is a
negative valus,

At this point these findings can be correlated to those obtained
with the pharmacological studies done on these three experimental drugs
in tha respective laboratories. A coomunication from the Smith, Kline
and French Laboratories for SKY #1340 states that definite "morphine.
like activity was observed in animal tests as imcrease in intestinal
tone, and decreass in the intestinal motility in dogs, decresse in
respivatory minute volume of short duration in rabbits, Straub tail
vespouse and mydiiasis in mice, and antagonism by Heallylnormorphine

in rats. Becsuse of these, the cuupound sbould be treated as
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petentially addicting.” It is interesting te note that in ocur studies,
too, the analgesic responses with SKF #1340 by the various methods and
their ratios resemble those with morphine as ie shown in Figures 9
and il

EXP«104 &5 claimed to be & very potent drug by E., I. DuPont de
Nemours and Campany, Inc. 4 communication from these laboratories
state that when tested by the radiant heat/tail £lip method in rats
and the hot plate method in mice, the EDgy of morphine wes 20 te 23
tives as great as that of EXP104, both drups being given intrgperitone
eally; also, that EXP-104 &id not produce any narcoticelike symptoms
in the cat such as salivation oxr mydriasis.

Frem the study done on this drug in this laboratory, it showed
potency about & times that of morphine by the radiant heat method In
rats but about 20 times by the hot plate method in miece.

These £indings suggest that EXP-104 differs slightly from morphine
and could have some of the characteristics of a nomenarcotic asnalgesic.
Howaver, from the results obtained in both rats and mice it seoms move
proper to include them emong the codeine«like drugs. Besides, EXP«104
also showed a mavked gnalgesic response by the method of gulnea pig
tooth pulp stimulation as was also showm with codaine,

Prom these findings, the writer feels that EXP-104, though a
potent drug, should be treated as potenmtially narcotic and, hence,
addicting although it is claimed to be otherwise.

8U-8629 is described as an analgesic drug different frem other

drugs with stimulant properties. Although nothing as to this effect



Pigure 11

A COMPARISOR OF THE RATION OF THE ANALGESIC RESPONSES TO
SU.8629, SK¥ #1340 AND EXP-104
N RATS AMD GUINEA PIGS

(The analgesic responses to 8U-3629, 5 mp.flig., SKF $#1340, 10 mg./kg.,
and EXP-104, 0.5 mg./kg. obtained by the methods of applyiang radiant
heat, electrical stimuiation and trewatic pressure as pain stimuli

to the ratts tail and by the vethod of electrical stimulation of the
tooth pulp in the guinea pig.)
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can be eoncluded from the histegram of this drug (Figure 11), it is
interesting to note that it has & pattern of ite own very much
different from the other drugs studied.

In addition to these results; one realizes the importance of
employing several methods in seversl species of animals in ovder te
get a true picture of the drug and leasm a8 to its potency; besides,
thie also emphasizes the importance of controlled clinical studies
to evaluate a drug completely.

From the regults obtained by the use of five different analgesimate
ric methods, it would geem that the non~narcotic and navcotiec drugs
follow a different type of curve pattern with respect to tha amalgesic
responses shown. A coneideration of the differences in these responses
which were obtained when the game drug was tested by different methods

in cne or more animals follows.

Radiant Heat Versus Electrical Stimulation Mathods in the Rat and louse

In vats and mice the radiant heat technique zeveasled almost the
maximun gnalgesic response when the narcotic drugs morphine snd codeine
were used (Figures 9 and 12). On the other hand, when eclectricsal
stimulacion was used the per cent of analgesic response was considorably
less in vats while, in mice, that with codeine was still less wheveas no
snalgesic regponse occurred with morphine. Sodium salficylate, however,
did show significant snalgesia in both the rat and mouse with the
electrical stimulatlion method but caused caly a slight rvesponse which
was not significant when radiant hest was used in the rat. %¥Yet, in

the mouse radiant heat produced g significant



Flgure 12

4 COMPARISON OF THE PER CENT OF THE ANALGESIC RESPONSES
TO MOEPHINE SULPATE, CODEINE PHOSPIATE,
SODIW SALICYLATE AND BEXP-104 IN MICE

{The analgesic responses to Mozphine Sulfate, 20 mg./kg., Codeine
Phosphate, 50 mg./kg., Sodium Salicylate, 500 mg,. /kg. and BXP-104,

1 mge/kgs, in mice obtained by the methode of applying radiant beat
and electrical stimulation to the tail and conducted heat to the paws

as pain stimuli,)
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analgesic response.

In rats subjected to the three analgesimetyric teste the more
recently introduced nunenarcotic analgesics dextre propoxyphene,
ethobheptazine and salicylanide showed responses very similar to that
obtained by sodium salicylate. These drugs were not tried in mice.
SKF #1340 and EXP~104¢ showed greater analgesic rxesponses with the
radiant heat testing techniques than with electrical stimulation,
while SU-8629 bhad the opposite effect.

EXP«104 was further studied using mice subjected te the three
types of painful stimuli. Even a greater diffevence between the ve-
sponse to radiant heat eund electrical stimulation was noted than
with the other drugs, With the radiant heat method the analgesic
response was maximue and highly significant while very little changs
was noted with electrical stinmulation. As reported above for the
other drugs tested by different methods, similar differences were

found for the rat when given EXP-104.

Radignt Heat Versus Traumatic Pressure in Rats

In general, the response to traumgtic pressure followed a pattern
somewhat similar to that for radiant heat. MHowever, many difficulties
wers encountered while using this technique so that it was scmewhat
difficult to compare vesponses obtained by this method with those
obtained by radiant heat. The appavatus used could register caly a
maximon pressure of 170 grams and in animals where the contrel response

was above 100 grams, this method did not allow for larpe increases.
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Brodie, Way and Snith (9) designed this apparatus for use in vexy
young rats from 40 to 60 grams in wedght whose comtrol response
should be at about 10 to 30 grems of pressuze and they also suggested