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INTRODUCTION

The wide application and large mumber of central nervous system
depressant drugs now utilized in clinical medicine warrante an extensive
and contimied study of their various effects upon both human snd animal
sabjects. Numerous new compounds are being released for peneral clin-
ical use with great frequency and often before adequate and sufficient
fundamental experimental and clinical knowledge as to their various
effecte has been obtained. Therefore it is always expedient to compare
their therapeutic activity and untoward actions with the older well~
established drugs by as many suitsble tests as cen be practicably used.
Before a new drug can be accepted and released for genersl elinieel use,
its toxic effects and therapeutic index of safety must be evaluated in
camparison with the tried and tested drugs with which it is to compete
as a safe and meritorious therapeutic agent.

The narcotic analgesiecs and the barbiturates, zs well ss the mors
recently introduced so-celled tranquilizing or ataractic druge are smong
the most widely employed of those agents possessing potent central
nervous system depressant effecte. Because of their extensive clinieal
usage and since their depressant sction may cause severe toxic effects
or even desth, it is extremely important that accurate and valid methods
of pre-clinical study precede their release for therapeutie trial.

For the most part appraisal of the effect and activity of such
drugs as the barbiturates and ataractics in small animals has been a
natter of subjective measurement, rather than by more accurste, care-

fully recorded and gauged objective experiments. Such methods as



determinations of sleeping time (1s2:3:45556), of the righting time
(75859:20) | 1o 1088 of postural reflexes (11), measurements of the
performence time (7512) and of hypnotic sction (13s11515,16) are, at
best, approximate and certainly do not provide an objective recerd for
evaluation and the comparison of different drugs and dosages.

Winter (17) .and other workers have devised different types of appar—
atuses employing such devices as photoelectric counters or suspended
balanced cages (18,19) for quantitatively studying the changse in the
activity of small animals following administration of depressant drugs.
Observation of the slectroencephalographic change in cersbral activity
resuiting fram increasing dosages of barbiturates also has been
employed as & method for messuring the depressant effect (20),

However, the majority of these methods reflect only indirectly the
actual physiologie changes which such druge induce. Farthemmore, they
fail to demonstrate the taxic effects, short of death, which may
simltansously occur. Since these hypmotic, ataractic or amlgesic
drugs ave widely used in debiliteted patients and for intravenous
anesthesla or as adjuncts to general amesthesia, it would seem desirable
to evaluate their useful therapeutic effects and their toxie qnnut.;.ns
at the same time.

4. Pharmacologic Aspects of Central Nervous System Depressant Drugss
Central nervous system depressant drugs in general depress all

types of body activity. In particuler they depress respiratory active
ity, this being the most dangerous untoward sctiom since it divectly

threatens the patient's life. Both the opiates and the barbiturates are
primary respiratory depressants by virtue of their direct effect on the



respiratory center (21). Courvoiser (15) » in his excellent review of
recent experiments with some of the new ataractic drugs, has shown that
those druge also depress metabolism and decrease respiratory activity.
With all of these dyug groups, the depression of respiration and
metabolism is proportional to the dose admimistered (21}, Further, it
has been shown that thers is a direct correlation between oxygen aptukc
by tissue cultures proportiomal to the tissue content of the depressant
drug (22,23) and also that the arterial-venous eaxypen difference

decreases regularly with increasing blood levels of these drugs
(22,2L,25).

Be. HNew Methoda for Measuring Effects of Central Nervous Systenm
Depressant Drugs:

It would seem that more accurate methods for determining the
effects of these depressant drugs than those mﬂmly mentioned could
be devised. One such method which appears to possess certain advantages
is the measurement of changes in the basal metabolism to provide
objective measurements rather than observations of merely sedative
effects or subjective changes in performance. Recent experiments by
Labort (25) indicate that the depressant drugs depress metabolie
activity by peripheral as well as by central action and that changes in
the respiration are more physioclogie than heretofore believed. If a
drug's primary action is to depress activity, it follows that it should
proportionately depress calorie requirements and, thereby, the oxygen
consumption. A method employing the measurement of basal metabolism
should then be applieable to a study of these drugs,
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Mangy different oxygen consumption methods have beem used by workers
in several fields for the measurement of such functioms as thyroid
activity (26527}, nigenergetics (28), the ventilatory function
(29530,31) gna the effects of a nltim of drugs. Thers are mmerous
refersnces to the changs in respiratory rate (32!3333“). the respiratory
quotient (28:35), the caloric requirement (28), the tissue axygen
uptake (22:23) ang the plasma, oxygen and carbon dlaxide levels (24s2%)
a8 a result of the admindstration of central mervous system depressant
druge. However, to this writer's kmowledge, there bave been no attempts
to establish 2 dose-respomse curve in yelation to the above experiments
and to compare other drugs to the results so obtained. |

It is desirable to have an accurate and reasenably rapid method of
measuring these drugs alone as to their partieular qualities. Also
needed is an objective method by which the new and experimental
sedatives, staractics and amalgesics could be compared with the older,
well-established representatives of that particulsr field. A dose~
response curve based upon the effects om metabolism, witdleh at the same
time wonld illustrate the respiratory toxic effects of the drug, would
gppear Yo be of pgreat value. Murthermere, such a method would be
applicable to the evaluation and study of the potentiating effects of
various agents on the hypnoeis produced by» the barbiturates and the
analgesic action of the narcotic or symthetic analgesie drugs.
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G. Diug Potentistions

Interest in the potentlating® action of variocus drugs has recently
reached an sllebiwe high with the discovery of the antihistamines and
phenothiazine derivatives such ss chlorpromazine and pmﬁazim. 1% now
seems {0 be cvident thal cerbain of these drugs, although depressant in
themselves, exert more than an additive effect in reducing the metasbolie
and respiratory activity while at the same time enhanoing other
 desirable effects of the barbiturate hypnotics and the narcotie
analgesics.

Various writers have reported results of the potentiating effect of
disul furan (Ant&b%:n(n)} (‘36‘3?’33), aleahc:l(”) ’ Hydsrgina{m (40,242,
U3skh) | cortain phenctiiazine derivatives‘OMSHGITIE) Lo oo et
_ minea(é’w’gg’ﬁ), brain netabz:lima{sa) and many other ag@mza(ﬁ o5k
55456) upon the effect of the barbiturates and snalgesie drugs. MNest
of these experiments were concerned with studies of the hypnotic effect,
changes in the slesping tima, the degree of snesthesia, or differences
in the pain threshold, i.e., the major desirsble therapeutic effects.
¥hile these observations are not to be gquestioned as to their validity
or accuracyy they fail to reveal evidence of the "potentiation" of
possible undesirable slde~effects, the most serdous again being

resplratory depression.

# "There are instances in which the combined setion of two drugs is
greater than that which can be antieipated from the sum of theiy
individuel actions, For exsmple, the administyation of acid-forming
saline diuretics prior to s mercurial diuretic results in a greater
volume of urine than is predictable on the basis of individual effects"=
quoted from THE PHARMACOLOGIC BASIS IR THERAPEUTICS, Second Edition,
by Goodman, Le 8. and Gilman, A., The Maemillan Go., Hew York, 1955.



é

With respect to the analgesic drugs, although the cbvious desived
effect is an incresse in pain threshold and most determinations of the
activity of these agents are based om this effeect, there is s direct
correlation between the degroe of respiratory depression and the degree
of analgesia (®1). Therefors, analgetic sction could be indirectly
neasured by oxygen consumption methods. As for the barbiturates and the
new tranguilizing dyrugs, & divect correlation has been demonstrated
betwaen the dosage used and such effects as peripheral tissue
metabolisa (25) , Gxygen consumption (16,43) , respiratory rate (21) a4
the degree of central depression (23sb7),

YMeasurement of the effects of combinatiems of these drugs as
regards the changes they produse in basal metsbolism and respiration
would, therefore, bc of grest importamce clinieally. Such studies would
also provide an acourate index as to the presence and degree of any
"potentiation” which may oeeure



In other studies in this department, a mmber of imvestigations
dealing with the effect of various drugs on the oxygen consumption have
been carried out (5s26s13), Since we were familiar with the use of the
Peoples® apparatus and m;thad- for measuring mn.oomuptim in small
animals, we decided to extend these studies to the investigation of
other drugs. In the past, considerable work has been done in the
department dealing with the pharmacological and clinical aspects of new
amalgetic drugs. In one of these investigations, certain interesting
and clinically applicable effects of ths dihydrogemated ergot compound
esliod ybezgine (P) ou cabancing She sncigesie avtien, medifying the
mutipl;bive effect and forestalling the development of talerance and
addiction to the narcotio oplates and symthetic analgesics were
cxploved (MOSMLI2,k0,57,58559) | 1o tos of imterest, therefore, o
extend these studies to an investigation of the effects of the analgesio
drugs on oxygen consusption and respiratiom in the rat. Ve were
particularly interested in determining whether or not 1t would be
possible to quantitatively measure these effects of the analgesie drugs
by the Peoples' method. It was felt that it would be of additiomal
value to sttempt to correlate amalgetic activity with changes in oxygen
consumption and respiration since at the same time we could cbserve the
taxiec qualities of these drugs. We therefore selected a new synthetic
analgesie drug (SKF #5137) = not yet relsased for genersl usage - to
compire, a8 regards effecte on oxygen consumption and respiration, with
the changes induced by morphine.



Begause of the intense interest in the action of the new tran-
quilizing compounds such as chlorpromazine (I‘homzim(n) )} when used
in conjunction with snalgesies, an attempt was made to quantitate this
"notentiating® activity through measurement of central nervous system
depressant activity, Many olinicians have expressed the belief that,
although the snslgetic effects of morphine-iike drugs are certainly
enhanged in patients also roceiving chlummmne(lé’%’hg’hé’é‘)"‘é’l’62) s
the toxic qualities imparted by the analgssic compound are also greatly
enhanceds Singe respirstory depression becomes a serious side-effect
in clinical procedures such as anesthesiz; obgtetrics and in the elderly
patient suffering a variety of pulmonary difficulties, it was felt that
a method of determining activity of these drug combinations by measuree
ment of respiratory effects would be of pgreat value and clinical

inportance,



METHODE AND MATERIAIS

8ines the purpose of this investigation was to measure and compare
the depressant effect of several analgesic or hypnotic drugs when used
alone or im combination with other draugs such as Hydergine ®) or the
ataractic drugs to study potentisting effects, it was decided to employ
two procedures. The first procedure utilised a modification of the
Peoples' apparatus for photographieally recording the changes in the
axygen consumption of small amimals. The second procedure was employed
later on during this study whem it was decided to make divect
observetions of the changes in the respiretory rate of the animal hy
counting the fluetuatioms of the water meniscus in the mancmeter of the
Peoples' apparatus since these fluctustions were due to the respirations
of the animal, Part A describes in detail the Pecples' apparatus and
its use in measuring the oxygen consumption of rats while Part B deals
with the procedures used to count the respirstory rate simultanecusly
with the measurement of the axygen mnmptim.
A Measurement of ions

liost methods used for determiming the rate of oxygen uptake in
animals consist essentially of methods for measuring the volume of
axygen ntﬁiﬂ over Inown periods of time (27’32’63’&"65) e These
meagurements are expressed as average values only for the time interval
cbserved so that any rapid changes which may have oecurred are obscured.
More recéntly, several methods of medsuring cxygen consumption by means
- of a recording spirometer have been developed (66,67,68,69) o Employment
of the later apparatue, although providing data similar to the Peoples’
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device used in this study, wes felt to be cumbersome and the results
somewhat difficult to imterpret.

1. Deseription of the Peoples' Appsratus: |
The apparatus, first described by Peoples (70) in 19k1, was
designed for use in experiments vheye changes in metabolism ocour
rapidly and vhere a prolonged contimuous vecord is desived which allows
the estimation of instantanecus values for the rate of exygen
utilisation. This apparatus was further modified by Phatak and
Saxey (33) 1n 1947 and used by them to illustrate the effects of
barbiturates upon oxygen eonsumption in rats. Vidgoff and Stempher(26),
working in the Phamaeology Laboratory of the University of Oregom
Medieal School, used this apparatus and method for determining the
effects of thyroid when fed over long periods to rabbits. The writer of
this report, in conjunction with other workers, has previcusly reported
on a study of the potentiating effests of Hydergine (R) on certain
barbiturates, using data obtained fram this method.(’) During these
investigations, further modifications of Peoples' apparatus, as
originally desoribed, have been devised.
8ince this apparatus hed besn found satisfactory for measurement
ef the respiratory effects of drugs in rats and rebbits in previcus work
done in this laboratory, and since it made possible long range
determinations of omygen consumption - taking into account rapid changes
in metabolime, it was selected for use in the experiments reported here.
2. The Peoples' Apparatus: |
Figure 1 is a diagram of this appsratus as modified for use in
our experiments. In using this apparatus to measure omygen consumption,




FIGURE 1

Peoples' Apparatus as Modified for Use in the
Experiments for Determinations of Oxygen Consumption
and Respiratory Rate in the Rat.
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the animal is placed in an adir=tight glass chamber such as a Mason Jar.
Oxygen, contained in a flexible plastic balloon reservoir filled to less
than the capacity of twe liters, passes to the animal. Expired garbon
dioxide and water vapor within the chamber are ebsorbed by soda lime
held in several small copper screen containers, Care was talken to see
that the animals used were of such zize and welght that aativiﬁy within
the chamber was minimal and limited, The temperature within the
chamber, as measured by an indwelling thermometer, was maintsined at
2Beks § Ool degrees centigrade by immersing the jar in a large water bath
and maintaining constant circulation of air within the room.

Oxtygen utilized by the animal first passes from the balloon
container through a cepillary tube and over & glass manometer mounted
directly in front of a slit-like opening in the light-proof box. The
water in the manometer reservolr contains & small amount of quaternary
smmonium comoound as & webbing agent to decrease surface tension. The
stopcock distal to the oxysen reservoir is opened to bypass the
capillary tube while the apparatus énd the contained oxy en flow come
to equilibrium, The stopeock is then closed. As the oxygen is taken up
by the animal and carbon dioxide is absorbed, the pressure in the animal
chambeyr falls. This causes a difference of pressure across the
capillary tube xeosuiting in a flow of oxygen into the chamber. When
this flow balanees the uptoke of the snimal, the pressure remains
stationary and the rate of flow, as registered by the manometer, gives
the true rate of oxygen utilization by the aninal. For this reason the
manometer record is only exact where the mte is constant since it will

lag slightly behind a rapidly increasing rate and give high readings
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while the rate is actually falling. However, this lag is very slight so
that changes cecurring over & period of a few mimtes are fairly
accurate and the direction and magnitude of change can be determined
within a few seconds. Following Bernmoulli's theorem (72), the rate of
cxygen flow determines the pressure upon the water in the manm ard
the column fluctuates in accordance with utﬂilltinﬁ of oxygen by the

A vertical besm of light is focused upon the manometer tube snd
through the slit in the front of the apparatus onto the photographie
paper pasted to a kymograph drume The kymograph revolves slowly and is
ﬁmm so that the paper just clears the vertiml 8lit in the boaxe
The light is of such intensity that it only slightly exposes the slow
speed (AZ0 P-Y single weight) photographic papere Water in the
nanometer tube, however, acts as a lens to concentrate the light rays
and fully expose the paper, except where the centimeter marking threads
eross the slit and where the signal marker lines break the light beam at
the bottom of the slit.

be Standardization of the Pecples' Apparatus:

In this investigation a battery of four apparatuses was
employed. Each device was calibrated so that the mla*%ionéhip to the
height of the water column and the rate of axygen flow was knowne
Gﬂibraﬁion was carried out as follows: cxygen was allowed to flow at a
constant rate from the balloon and through the eapillary tube mo as to
maintain o constant height of the water oolumn in the mencmeter tubss
The oxygen passing through the rubber tube supplying the animal
container jar was collected in & volumetric flask by the displacement of
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oxygen saturated waters This calibration was carried out for at least
five different manometer heights and, for each, the time necessary to
colleet 8 knowm smount of oxygen was determined,

The results obtained by these procedures were graphed by
plotting the oxygen flow, measured in cuble centimeters per mimte,
against the height of the water level registered by the manmmeter, as
showm in figure 2. These graphs show the relationship to be almest
perfectly linuar. By measuring the slope of the graph, it is possible
to compute the oxygen flow per centimeter height of the water column
when it :uf photographed directly by exposing the photographic papers
Barcmetric readings were taken and the temperature was maintained, as
previocusly mentioned, at 28+ & Ouli degrees centigrade. All records
obtained were computed to standard conditions.

2. Caloulation of the ¢ on from the Phot ]

Becards

The measurement of the animal's oxygen comsumption at the differ-
ent periods while the animal was kept in the glass container utilising
axygen; iz made from the developed photographic records. The vertieal
axis of the exposed part of the record is measured in centimeters and
represents the volume of oxygen consumed at any one time. The relation-
phip of mgygen volume utilized to the height of the exposed portion of
the record is linear and therefore the pre-injection and post-injection
heights of the record are proportional. The horisontal axis represents
time, each thres centimeters being equal to approximately one hour with
a fifteen mimte interval, showm by vertical 1lines at the base of the

record, between each signal magnet exposurs. The average axygen



FIGURE 2

} Graphic Representation of Calibration of
Oxygen Consumption Apparatus to Determine Relation-
ship of liancmeter Levels to Oxygen Flow.
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consumption for any period can be calculated from the photographic
record by measuring the exposed area on the film by means of a compen-
sating planimeter and thus determining th;n average height of the water
ecolunn in the manometer during the periode Figure 3 is shown as an
exanple of this photographic reecord.
3. lethod of Reporting Results and Datas
2. Measurements made from Photographic Records:
Each detemmination of oxygen consumption in the rat was per-

formed in several steps. Figure 3 is a representative photographic
rsm of one of these tests made on a rat subjected to two injections
and taken over a period of several hours. Each experimental etep or
period 1s designated in the record and further desoribed and explained
belows

The Four Periods

of an Experiment to Determine Effects of Drugs

LY et

1) The Pre-injection Control Perioed:
Normally, aftter the rat is placed in the glass container, the
animal shows a ten to fifteen mimute period of acclimitization during
which time 1t moves sbout im the container seeking escaps. This

increased activity is reflected by an increase in axygen consusption.
This phase is then followed by 2 reasonably stable utilization of cxygen
as shovm by the nearly "emooth" level of the record. The last forty-
five %o sixty mimutes of this initial period iz measured and reported as
the control value for oxygen consumption.
2) First Injection Period:
After the rat has been removed from the jar for injection and

then replaced, the animal'e axygen consumption shows ancther sharp,



FIGUEE 3

Sample Photographic Recording of Oxygen
Gonsumption Changes in the Rat Showing Time
Intervals and Portions of Record which were
Heasured.
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transitory increase dus to the effects of handling and the injection.
The time of injection is indicated on the photographie record by the

wnexvosed vortical line,

3) Second Injection Period:

The second drug used was injected during this %ime which
is represented on the photograph by the second white vertical lins,.
The record obtained immediately after this period when eontrol (saline)
injeotions were gilven shows another transitory inersase in oxygen
consumpbion but of slightly less intensity and duration than seen
after the first injection. Depending upon the depressent drug and
dosage : iven, otha‘z‘ records show varying changes in oxyzen consumpte
ion. Often the brief period of excitation is entirely eliminated
when repidly-acting drugs are used,

L) Post-injection Period:

Dopending upon the drug or drug combinations used, the
change in the oxygen consumpiion over an extended pericd of time is
carefully meesured and e¢omparcd with that of the control pericd. That
portion of the record which shows the maximum drug effects, or the
entire record, whichever is desired, is messured by means of the plani-
meter, From several such planimeter readings made during this period,
the average oxypen consumption values for any time period can be
caleulated.

The accuracy of the photographie method for recording and |
caleulating changes in the oxypen consumption of a emall animal was
detormined in the following way. This special experiment wes devised
and garried out to mnswer two questionss Mirst, does the photographic

record register only the maximum veluss of oxygen consumption during the
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period under observation and fail to record transitory minlwum values?
Considering the faect that the kymopraph drum speed is only 3.2 cenbi-
meters per hour or 0,53 millimeters per minute and the respiratory
rote for a rat unéex“ normal conditions is approximately one hundred and
twenty respirstions per minute, 1t could be thét only maximum values
would be recorded, Second; since the water ¢olumm of the manometer
acts a3 a lens to expose the paper to light, is it possible for an
occasional high reading to become superimposed over preceding low
values?

b, Speeial Experiments to Determine Accuracy of Photographie

Records used for Measurements of Oxygen Consumpbion:

Two sots of experiments wers ecarried out for the express
purpose of testing the amceuracy of the photographic rwecords cobtalined
and used for measuring the oxyren consumption et any one period and
under varying conditions,

1) Manually Produced Ghsnges in Meniscus Helght of Manometert

Oxyezen from the supply tank was permitted %o flow i‘i}.iing

the rubber balloon to full eapacity and from this poist allowed to
pass through the ecapillary tube at such speed as to maintain s
constant height of 3.2 centimeters of water in the manometer tube.
By manually squeesing the balloon reservoir and foreing an increased
volume of oxygen to flow through the caplllary tube, the water level
was raised to the desired level in the manometer and was held there
for a certain length of time. The kymogryaph drum was allowed to
rotate at the usval glow speed in order Yo expose the photographie

regords Various direct observations were made and a photographiec
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record obtained for sach test made. The varying eonditions and
results obtained are tabuloted in table 1.

From the rcsults of this speeial expeviment it can be
seen that the water level in the manmneter must reach a given height
at 2 minimum rate of somewhere between twelve and forby-five fluctuate
ions per minmte (experiments 3 and h » table 1) Sudden increases in
height for less than twe seconds do not foous sufficlent light to
expose the photographic record {experiment 6, tavle 1). Water columm
levels flnctuating ot the rate of seventy-five times ver minute %o
a given height for eight sscondes do allow, howsver, sufficient time
%o expose the record (experiment 5, table 1), lLevels rising to a given
height for a brief pe;‘iaﬁ at the rate of twelve per minmute are not
vecorded (experiment 6, teble 1).

2) Direst Measurements of Respiratory Rate:

Other observations providing information as to the
sensitivity and aceuracy of the photographic method for messuring the
changes in oxygen consumption were made later. The results of these
obsarvatlions are mentioned here as additional support to the findings
cited aboves Over fifteen hundred one to two minute observations of
the fluctuating meniscus were made while counting the respirstory
rate, During this time the effects of many different drug and dosage
combinations on oxygen consumption were studieds This study showed
that during approximstely 90 per oent of the cbservations, the smount
of change in the Eaig»;ht of the water column level was barely percepti-
ble, i.0¢y approximately 0.5 $0 1.0 millimeters exeursion. When the
rats were severely depressed by large doses of drugs, the meniscus

fluctuations attained their meximum velues. Even then, only
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osegasionally did the water lewel fluctuate as much 88 2 to 3 millie
meters, Also, follmﬁng stabilization after drug administration,
there were no extreme, sudden chenges of the meniseus height and at
no time did the rat appear %o bs bréaming periodically,

Probably the most important factor concerned in limiting
the axtent of the changes in the manmmeter water level is the
construction of the Peoples' apparstus itself. The experimental
oxycen sjstem of this apparatus embedies a large volume and the changes
in the rat's respiration causing oxygen to flow over the manometer tube
are al, the extreme distal end of the eirouit so thas the degree of
these changes, as shown by fluetuations of the water column, sre
greatly diminished. Moreover, due to the compressibility of air and
axygen, the change in the lavel of the menlscus of the water columm
in the manameter tube brought about by a mormal tidal volume exchange
of the rat is harézl;? peroaptible. Sudden changes in the ret's rcspirete
é:y volume are, therefore, not recorded by this apparatus, Sinece this
experiment is dasigned %o compare drug effvets upon the oxygen
consumpbion over a long range period, and since the animalls oxygen
eonsumption after drug administration is being compared to that of
his omn gontrol periods it was folt that the sccuracy of the records
was within tha‘ range of experimental error for this study.

B. Measurement of Respiratory Bates

A random pemple of seventy three rats was obseyved while subjecte
ed to the usual oxygen consumption experiment using all varietics of
drug combinations, as well as saline controls. Their respirstory

rates, as reflected by fluctuations of the meniseus in the manometer
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tube, ware observed and counted for one to two mimute periods ab
6.«90 and 120 minutes diring the control periody S-10-15-20 minutes
after the first injection; and 5101 5w 202 Eom 30mls Oai008 3w 051 2] SO0
180-210 minutes alter the second injection. In all, almost 1500
respiratory rates were counted during all conditions of the experiment.
Results of these experiments showed:

1. The mean control period rospiratory rate per minute for all
rats was 120,10 § 3.93 respirations rer mimste (95 per cent confidence
level).

2, The extreme aversge control values for any one particnlar
drug group were 72 to 146 respirations per minute, while the average
range was 54 respirstions per minutee

3¢ About 50 ser cent of the rats which had received larpge oses
of depressant drugs and thus had slow respiratory rates, i.c., from
80 to i{}i} respirations per minute, Occasionally showed irregular
fluctuations of the meniseus, ranging from 2 to 3 millimeters during
the period of meximum drug action.

ke It was observed that during no single period did the snimale
breathe periodically. During the three eontrol period observations,

repeated counts gave very similar respiratory rates,

Ce Statistical Anag:nia of Recorde and Method of Rnpurbing Results:s
1. Men Conm:lom

@#e Control Recordsi:

Table 2 shows the change from "basal® oxygen eonsumption for
rats after receiving two saline injections 30 mimutes apart. The

average change in axygen consumption following the seeond injection
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falls ‘gradually from an initiasl peak inarrase of 125 per cent of the
"basal® value %o 115 per cent at the end of the fﬁ_mt hour, to 109 per
cent by the end of the second hour and to only 102 per cent at he end
of the third hour. It should be noted that this fall is stesdy and
gradual, oxhibiting no reversals or sudden changes. The average
axygen consumption for the entire pomteinjection period was exactly
110 per cent of the control period value. From this table it can be
seen that only in rare instances did the rate ever gonsume less
oxygen during the nost-injection veriod than during the eontiol
periods Thie fact adds additional sipnificanse to the low values of
oxygen consumption seen after sdninistration of central nervous
sywtem depressant drugs.
be - Bolationship between Weight and Oxygen Consumptions

Table 3 shows the average "basal® oxygen sonsumpbion values
for all rats testeds The mean values of each weight group diffeved
less than one standard deviation from the population mean of 5.50
cublc gentimeters of oxygen per minute; howsver, it was shown (table L)
that this difference was significant (p = 0.0001). Farther i1lustrate
ion of the expectenl corrvlation between body weight and basal oxyzen
consuwsption valuesiis shown in figure L. I$ is of intmfést to note
that the methods whiech weraﬁsezd to determine oxygen consumption values
in the rat were aansitiia enough o show differences in animsls whioch
differed in weight by only 10 grams.

An analysis of basal oxygen consumption values for the same
animal which had been tested at two different welghts showed thet the

mean difference in oxygen consumption walues ias only 0.06 cubis
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Statistical Analysis of the Relatiomship
of Qxygen Consumption and Respiratory Rate

to Rat Weight

Application of Rank Correlation Test” to Group Means Shown in Teble 3 to
Test the Hypothesis: "The Two Varisbles (Weight and (xygen Consumption
or Respiratory Rate) are Independent and the Difference between the

Population Means is Zero."

Formilas

Relationship of Oxygen
Consumption to Rat Weight

€ =22
N =10
3‘8 = 0.93
P = <D.001

Conclusiont Thers iz 2 signif-
Toant difference between the
meansj therefore, there is &
direct correlation between
axygen consumption and animal
weight for rats between 190 and
290 grams.

634

r Olnm

N(IF-1)

Relationship of Respiratory
Rate to Rat Weight

& =100
LT
= 0.39
= 50,10

s
P

Conclusion: There is no sig-
niiJeant difference between
the meansj therefore, respira-
tory rate is not directly corw
reloted with difference in .
woight for rats weighing
between 190 and 290 grams.

% Dixon, W. J. and Massey, F. J., Jrey

Introduction to Statistieal

Analy=is, 2nd. Bd., MoOraw-iill Book Co., Ince, New York, 1957.



FIGURE L

Histogram Showing Relationship between Weight
and "Bassl" Oxygen Consumptiom of Rats Used in the
Experiments.
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centimetors per minute although the average weight incoreoase had been
20 grams, The expected difference in mesn oxygen consumption values
fdr'rats selected at random at these two different weights is O.LS
cubic centimeters per mimute. It would appear, therefore, that the
individual variation among the random rats was greater than the
var&at?on'with respect to dlfference in weight alone. While
statistical anslysis of these results did not gonfirm this hypothesis,
they indicate that if the sample size was larger, or if the
difference in weights of the smme rats tested twice had been greater,
this hynothesis would probably hold true.

oe Method of Heport Rasultss

Bach rot served as its own conbtrol and all of the drugs
were adninistored on a milligram per kilogram basis. Therefore, the
slight diffevencses in eﬁygen consumption with respect to weight neoed
not be considered in reporting the results. 'Althanqh exact oxygen
unngumption values can be easily ecalculated, they were not fell
necessary since the drug effect could be readily demonstrated by
gomparing the posteinjection and control perdod values. The difference
in post-injection oxygen consumption valuss from the gontrol value
as & result of administration of various drugs is reported as the per
cont changes

A direot indication of dmg effect upon the animal is thus
showny not merely a& relative difference between drug effects, whieh
is a1l one could evaluate if each animsl did mot serve as his own

santrole
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2. Rospiratory Rates

2, Control Recordss
Three oy more observations of the regplratory rate were made
at from 15 to 30 minute intervals during the last alnety minutes of the
preeinjection "control™ period., The variastions in yote during the
control period were very minor and the average rate for all animals
observed was 120.1 reaspiratimg per minute. Table 3 shows the average
respiratory rates for animals of different welghbs; tisia relationship
of welght to respiratory rate is more clearly iliustrated in figure 5,
Purther analysis of these mesults showed Shat thers was no diyect
correlation botween difference in enimgl weights and their yespiratory
rates as was shown %o be true for oxygen consumption (table Ii)e
be Method of Reporti Rosuliss
Againy, esch snimal has sewéti as ite own controly furthemore,
the eontrol respirabery rate values showed thai all aninals observed
came from the seme statistiocal population. The changes in respiratory
rate as & result of drug adninistration, therefore, are reported as
per eent change from the control respiratory rote. As with the results
for changes in oxygen consumption, this allows not only compariscn of
effects of diffevent drugs, but in addition, shows the direct effect

of the drug upon the animal tested.
bu ﬁa'&ﬁﬂ&lﬂi

1. Animals and Injectionss
' Sprague-Dawley albino msle rats wedghing betwsen 190 and 290
grams were used. PBach animal wes used not more than three times, and

then after at least a one week interval, so that drug tolerance would
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Histogram Showing Relationship between Weight
and "Basal® Respiratory Rate of Rats Used in the
Expor&mutso
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not develop. Animals were so selected that for each drug group %.:.hesx?e
wes a representative sample of weihts and of animals which had been
subjected to one, two or three previous experivents. It was shown
earlier in this pepeyr that the animal's response to injection was not
sigﬁitiamtly sltered as a result of previous éxﬁerimams. The
experiments wore garried out at the ssme time each day and all animals
were allowed a free dliet of water and Parina Laboratory Chow.

A1l solutions were made in such concentration that each animal
would receive one cuble centimeter per kilogram of body welght
{ces/kze) so that all injections would be of the same volume., The
injections were adainistered subeutancously into the back of the
negk with ovposite sides being euployed for cach injection. It was
felt that intraperitonesl injections would be less desirable since
they cauve more initis]l exoltation of the animal, therehy leading to
ummegessarily high levels of oxygen consumption which would mask
minor changes caused by small doses of depressant drugs.

The periocd between injections was thirty mimutes. In ouwr
owny snd in other workera' experience, this interval proves most
satisfactoryy furthemmore, most of the comparetive axparﬁ:n;ents hove
used this time intervale. Although maximal potentiation is produced
within g period of sixty minutes. The difference betwoen thirty and
sixty mimntes is only slighte There is, however, considerable differe
ence between the effccts noted at fifteen minutes and thirty minutes

after drug i‘ajectim(ﬁ).
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2s Drugss
Sinee this investigation comprised two different problems, the
drugs used in each study will be considered separately.

s. Barbiturates snd Potentlation of their Activitmm__;im( R)i

1) Barbiturates:

Aceording to Goodnan and Qilmmn s the barbiturates produce

a rather uniform depreasion of the respiratory center roughly propert-
ional to the dosape administersd. The depth of respiration is ocharacterw
istlically reduced wheress the rate is more related to blood earbon
dioxide tension snd may be increased or decreased, Others, working
with the rat, have showm that the barbiturates significantly depress
oXyen ccmﬁmnm:lm(‘?’?’ 734 ﬂ*). Lue(?m in his experiments on rats
has further shown that increasing dosages of lmvt.alm) s administered
both suboubaneously and intraperitoneally, cause eorresponding decrease
in the basal metabslie rate. %ﬂé@l(vg ) states that the "reflex
irritsbility® u}? an individual under general anesthesia parallels the
mebabolic rate, which in tum reflects the oxygen demand of the body

cells. This is in genersl agreement with Peepls's(?é}

feeling that
the effects of barbiturates on oxygen consumption are no mere than
would be expacted from a sisilar degree of relaxation in sleep.

Sinee previous work has shown that there is a dirvect
relationship between dosage of barbiturate administored to the rat
and the resultant change in oxygen consumption, it was felt that
initial studies uasing these druge would serve to help establish the
volidity of our particular methods and anparatus.

f‘mcmal(m {secobarbital sodiwm) and Hembutal(m
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(pentoberbital sodium) were selected for use in these studies because
of thelr frequent ussge in ganeral practlee and because they are
ewployed as pre-anesthetic adjuvants. Since the chemieal structure
{figure 6), as well as the duration and degree of action of these two
barbiturates is very similar, it was felt that a study of both these
conpounds might serve to illustrate conmon dose-response curves for
changes in oxygen consumption in the rat.
2) Hydergine™s
This drug is a mixture of equal parts of the dihydrogensted
ergot alkaloids: dihydroergocownine, dihydroergooristine and
dlhydrosrgokryptine (figure 6). It has been shown to p@t@ﬂtiét@ the

(uo, 41)

analgasic{l‘ﬂ and congtipative acbions of morphine and

synthetic analgesics whon given suboutaneously in doses of 0,06
milligrans per kilogram to rats., However, the respiratory depressant

effect of l-isomethadone, a synthetic analgesic, was not changed in

(n)(aS).

rabbits pre-treated with Hydergine With respect to the

albteration of barblturate action by Kychrginn{m » little is known so

R
far. HRothlin and Garlatti( ) have suggested that Ib'dargina( )

exerts an inhibitory effect "on the function of the vegetative centers

110878 and Baext?)

of the brain stem.” , Previously, both Rothlin presente
ed experimentsl and clinical evidence that the ergot alkaloids ergota-
mnine, ergoeornine, ergocristine and ergokryptine intensify the sedative
effect of the barbitﬁmtas through & central action. Since the
dihydroegensted gomponente of H;rﬁargim(m posssss the same lysergie
aeld basic macleus as the nétural ergot alkaloids, it would be expected

that it would have a similar notentiasting action on the barbiturates.



FIGURR 6

sﬁwl.h'uga Used in Barbiturate and Hydergine'®)
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We undertook to explore the rosalbllity that ernrgim(m,
used in the small doses of 0.06 milligrams per kilegran which were
previously found eﬂeeﬁi’m in intensifying some of the actions of
morphine, could enha:ce the action of the barbiturates. An attempt
wag made to show modification, by pre=treatment with Hydargim(a) s of
the depressant effeets of the barbiturates as iilustrated by changes
in oxygen conswmption. In addition, a toxieliy study involving forty
to £ifty determinations upen combinations of Hyr:hrg:lnem) and
secobarbital was made %o find out if Bydargi.na(a) protected a ainst the

lethal effecte when large doses of the barbiturates were useds

be Analgesies and Potentiation of Their Aetivi Chlorpromasines
1) Morohine Sulfates |

Morphine sulphate, beca:we of its frequent use and its
general aaeeptaima as g model example of a narvotic analigesic, was
chosen ag the standard to debtemmine, if possible,; s dose-response
curve for changes in respiration and oxygen consumption in the rat.
Purthemmore, as previously mentioned, a great desl of exporimentation
to detormine the vhysiological effects of morphine, 2lone and in
combination with "potentiating™ agents, was already evelilale for
esunipsrim.

The effect of morphine and related compounds upon respirate
ion hag been showm to vary greatly depending on the experimental animal,
doszge schedule, route of adainistration and concomittant druge used,

In barbiturate anesthetised humans m(ﬁ@)

found that 50 milligrems
of Ib.marcl(g) pradominately produced a decrease in rate of respiration

and response to inhaled carbon dicxide. anhassarwm hae demonstrated
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‘the effect of 10«12 milligrams of morphine on snesthetized humans do
be primarily a slowing in respiratory raté. Ooodman and &ihnan(gl)
stete that all phases of respiraiion are depressed, The results of the
extensive experimental work of Breckenridge and Hoff(al) elearly
demonatrate the effeets of morphine in dogs, | They used both normal
dogs and animels with mid-eollicular decrebration, pontine section and
vagotomy in an attempt to localize the action of morphine. Their
results show that 10 to LO ni/ll:!.grams of mowphine given intravenocusly
to nomal dogs produces an initial polypnea followed by deep sighing
respiration superimposed on a pattem of slowed eupnsa. MHiller, et
, al.(Bl), working with rabbits, observed that a 50 per cent decrease
in both respiratory mimute wvolume and rate was produced by L
milligrams per kilogram of morphine given intrevenously. In contrast,
the cat is uniformly stimulated by morphine, the end results being an
exhsusted convuleive daath(m). In a cursory search of the literature
no information as to changes in oxygen consumption in the ret after
regeiving morphine was found,
2) SEF #5137

This new synthetic analgusic has only recently been available
for clinical and laboratory study. So far, it is designated only by
the Smith, Kiim and French Laboratories! new drug investigational
mmber. SKF #5137 was selected in order to compare its effects upon
oxygen consumption and respiration with thowe of morvhine. It wes
hoped that there mig;ht be a correlation betwoen its analgesic activity
as compared Lo morohine and with its effects upon oxygzen consumption
and respiration as compared to morphine, therehy showing a corrclation

between analgesie activity, respiration and metaboliam,
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As can be seen in figuve 7, SKF #5137 is an smidone-like
compound somewhat similar to zlpha-sgetylmethadel. 411 reports and data
on effeets of this drug, except. those previously demonstrated in our
laboratory, were reccived in a confidentlal report from Smith, Kline and
French Labamtcriea(ae). It has ;bearz reported to have a rapld onset of
aotion similar to that of meperidine and to be move effective on a
mi}.ug?am per kilogram basis than morphins. Z’h& drug was supplied to us
by courtesy of Bmith, Kline and French Laboratories as the base
dissolved in e-mal molecular amounts of hydrochloric acid in water. It
~ has been shown by other workers that SKF #5137 is approximately five to
t-_,an times as getive as morphine and twenty times more active than
mmridﬁ.na when given auhuuhmnaﬁly(sz'a'” e At the same time,
(82)

SEF #5137 has a higher therapeutic index of safety’ ' Reports
rogarding its relative respiratory depressant effect have been conbra-
dictory amd unrevealing; but, f@{ the most part, it has been c¢laimed

that SEF #5137 has relatively imnocuous side affaa%(az).

3. Chlorpromazines

Chemieally, chlorpromazine is 10-(r-dimethylaminopropyl)-2-
chlorphenothiazine hydrochloride. This compound has been extensively
teated both experimentally and clinieally in Europe, particularly in
Prance under the name Largactil(m and in Germany under the name
uegaphen(a). Smith, Kline and French Company have American patents for
this drug under the proprietery name ‘fh@mzins(a). |

The most inberesting pharmacologic aspect of chlorpromazine is
its effect on the centrsl nervous system. I causes reduction in motor

activity, culetness and drowsiness without trae hypmmsis or anesthesia



FIGURE 7

Analgesic Drugs Showing Chemical Relationship
between SKF #5137, Horphine Sulphate, Alpha-
acetylmethadol and Meperidine.
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(8L,85,86,87), g1ectroencephalographic records of animsls given chloxr=
promazine resemble those observed in z normal state of drowsiness or
aléap with rapid and normal appearing arousal in response to stismli
(86,89 "90). The drug blocks maﬂitiamd responses, but does not
interfere with responses to unconditiomed stimuli such as eleectric
shoak (16517586,91,92) |

Chlorpromaszine has a multitude of actions, some stimlatory to,
and othere dopresamt upon the ecentral nervous systeme. It is strongly
antiunetpic, hniug effective in clinical states camplicated by emesis and
in counteracting most emetic dru.gl(16’ 93, 9!595”6'97). 4&lso it lowers
body tempersture in various laboratory animals, the extent depending
upon the dosage and the room temperature(16:98,99,100),

Fate given single subcutaneous or oral doses of chlorpromazine
 from 10-50 milligrams per kdilogram usually showed little change or a
slight decrease in oxygen mmim(m’h?’lgl’loz’lm ) s whieh
eppeared to be in proportion to the decrease in body mtuny Ho
antagondsm £o the metabolic effects of tiyroxine was found(7s103,20k)
when the differences due to change in body temperature were taken into
consideration, nor were the effects of dirdtrophenal,(mB’lm*"mS) or
ldrmline(ms) antagonized even at low body temperatures. Farther
evidence that the changes in oxygen consumption were due to changes in
body temperature is found in coldreem studies(16:191:295), pooy have
shown similay effects im that little change in metabolic rate was noted
at normal room temperatures, while there was an increase equal to that
of untreated snimals when they were exposed to wm(PS,lﬁl). In human
subjects, the basal metabolic rate changed but little after chlor-
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promezine in doses up %o 2 millipgroms pay k:llagjrm{mé’ 107) « Cercbral

oxygen consumption was not changed after intrewenous or intramscular
doses of 5C-300 miliigmms, unless blood pressure dropped considersbly
(108, 1()9)' Anesthetised dogs elso showed no change in cerebral axysen
eonmp:ﬁiaﬁ‘ after 2«10 mﬂii.igrnm of ahiorpmagim parenterally,
One of its many other actions, now becoming very important in
modern therapeutics, is the ability of chlorpromazine to potentiate
the effects of analgesic snd snesthetic medicationsy slthough in itself
it has 1little or no analgesic aationw?’ 110) « This potentiation is
ascomplished, usually, without change in the toxicity of the primary
arag7, |
The potentiating action of chlorpromazine resembles, but is |

stronger than, the potentiating effect previously ascribed to many
antlhistaniniec compounds, Much experimental work has been done to
show that the antihistamines, particularly Phemrgan(m » have a

potentliating action on the effescts of amesthetics, hypnoties and

{lp Ty 12y 16, 45y U6, L9, 111, 1‘1?}‘ {B)

analgesics Phenergan / 2 conbraste

ed to crther‘ antihistamines, is a phencthiazine derivative and is very

closely r~lated to chlorpromazine (figure 8). The potentiating action

of ehlorpromazine appears to extend to all hﬁrbimra’s.es(]‘é’ b7, 92, 113)

and to some of the general amsthetiasw’é’ M). The time of onset of
anesthesia is shortensd and the duration is considerably inercssed in
mice, rate and puinea pige after a 1.25 4o 20 milligrams per ld.lal"mm
dose of ehlarpromaine suboutaneously. Marked increases in the
analgesic effects of morphine, meperidine and salicylates werve observed

(16),

in mice pretreated with chlorpromazine Furthermore, chlorpromasine



FIGURE 8

Gmp:mon of G?ﬁi::; Struct\l;z&gf Chlor-
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significantly reduces the requivement for narestics in petients with
ehronie pain, ?.‘h:is valuable elinical action is apparently through
chlorpromazinets ‘ability to alter the patient’s reaction to pqi.iz,‘
producing 8 more relaxed and cheerful mﬁjacﬁ(&).

Since potentiation 'af a s&ulti%ude of desired therspeutic
effects of many drugs has been well/demnstmtéd, this study was
directed at determining if it were possible to quantitate this potente
iating action of chlorpromasine through measurement of changes in
oxygen eonsumption and respir-tory rate; thus, aimiﬁammxsly
dmﬁsﬁrating any increa es in central nervous system and respirstory
depression which might secompany other desired effects. It seemed
possible that there might also be a correlation between the
potentlation of analgesia as measursd by other workers and the

potentiation of central nervous system depression as measured by this

methods



RESULTS

A, Barblturate Studys

Changee in oxygen consumption In rats injected with the several
drugs used are shown in figure 9. The caleulations for oxyyen con=
sumption obtained from these recordings appear in tnble S. In all
experiments when saline slone was used for control studiea, the oxygen
songumption was measured for the entire pariod of three to four hours
in order to provide s base line of effect for the rat being subjected
to the oxperimental conditions of the apparatus. When drugs were
used, the post-injeetion period varied in lengbth de;iuuding on the dose
of barbiturate used. Wien small doses of from 10 to 25 milligrams
per kilogram of body weight wore given the post<injection pariod,
megsured {rom the photegraphle record, was 2 mntmtaﬁ {sbout thirty
minutes). With larper doses the psriod measured was 3 centimeters
(about forty~five minudes), since the durstion of maximmm drug action
was lengthened,

Figure 10 shows the effects on oxygen oonsumption hen increasing
doses of sodium seccbarbital were given elther after saline or after
Hyduargium). When these results are expressed as per cent of change
in axygen consumption from conbrol valus, it is noted that administrat-
ion of Hyﬁergim(a} prior to adninistration of secobarbital in dossges
up to L0 wmilligrims per kilogram further decreases oxygen consumption,
If, however, more than L0 milligrams of secobsrbital per kilogram of
(R}

body weight was used Hydergine lossenad the decreese in oxypgen

consumption eaised by secobarbital aime. This supgested a proteective



FIGURE 9

Camposite Photograph of Oxygen Consumption
Records Obtained from Rats Reosiving mﬂmx&)
Dosages of Saline-Secobarbital and Hydergine '™’ -
Secobarbital Drug Combinations. »
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25my/ig

SECONAL
75mg./kg.

Fig. 7
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SAMPLE REGORDS OF OXYGEN CONSUMTION IN THE RAT
SUBJECT TO VARIOUS DOSES OF SEGCOBARBITAL SODIUM

WITH SALINE AS WITH HYDERGINE AS
“POTENTIATING" INJECTION “POTENTIATING™ INJEGTION

i e spaane s sho o _

A BC D A BGC D

A = PRE-INJECGTION {CONTROL) PERIOD
B = AFTER SALINE OR HYDERGINE

C» CONTROL OR SECOBARBITAL

D= POST-INJECTION PERIOD



TABIE g

Changes in (xygen Consumpticm in Rats Injected
with Saline-Secobarbital or Hydergine-Secobarbital
as (alculated from Photographic Records

vt i LR Gl
Record mgm:xrh Sw:;l ;t
- ¥o. Yte nruﬁ barbi @QGe g[ggto

~m . Jmine F‘

. ﬂgcﬁ: CCa o OCe

1 250 Saline (Saline) 6.27 5.98 - 1180
2 210 Hydergine (Saline) L.80 ko3 ~ Lkt
3 250 Saline 25 5.T2 Lo98 12470
h 220 Hydergine 2% 6402 Le36 2760
5 220 Saline 50 66  3.62 =il o 10
é 215 Hydergine 50 6ui6  3.92 38,60
7 230 Saline 75 5.72 2.77 =51,60
8 238 Hydergine 75 5.73 3.76 =3l 460

# Saline used in 1 ece/kge of body weights hydergine in
0.06 mge/lege of body weight, both given 25 minutes prior to
injection of secobarbital.



FIGURE 10

Dose-response Curve Showing Effeet of ﬁ?ﬂ‘ﬂiﬂg
Doses of Saline-Secobarbital and Erdo:rgine( ~Seco-
barbital Drug Cambinations on Oxygen Comsumption in
the Rat.
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mgm/kgm Secobarbital Sodium
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action spainst the lethal effects of the bartdilturate.

In addition, figure 10 shows & dose-response durve constructed
from the date in teble 6. The graph f’or adninistration of secobarbital
preceded by ssline is nearly a straight line up to the maximel tolerated
doéa undayr the imposed &xpeﬁmni:al ponditions) ef 7% milligrama per
kllogram of body wedght. When Hydsrgim(a) was adeinistered before
segobarbilal, however, some deviation of the dore-response cuIve was
noted in the range from 15 to 30 milligrems of secobarbital. The
dosage range for secobarbitel of 15 to 30 milligrams per kilogrem of
body weight is émaidemd as the Y. H, D. (minimal hypnotic dose) for
the mi;(]‘lh) o Ceomparison of the saline and w&argﬁu(m pretreatment
velues in this renge was found significent (P = 0.05), Also, when
pentobarbital, in coneentrations within this M, H, Ds range, was pre-
ceded by Iﬁ'dergin-(m

oxygen conswmpbion, compared to that for pentobsrbital alone, resulted

» more than a twofold decrease in the smount of

as shown in table &,

The eurve for the combination of Hydarg:‘mem) and pacobarvital
erosses that for secobarbital alone (figure 10) at the dosage of LS
milligrams per kilogram, but with ingreasing dosage of the barbituraste,
in the toxie range, less decresse in oxypen consumption is noteds. This
suggests & pro ective action upon toxicity caused by lorge doses of
gecobarbitsl. Therefore experiments werxe performed to deterwine
whether pretreatment with Hydargina(m caused any change in the LDSO
(dose at which fifty per cent of the animals tested do not survive)
of secobarbital.

Table 7 presents the results of the toxicity studies for

sasbinations of Hydevgine and various doses of secobarbital. The
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TABIE 6

Changes mm’gencmunpﬁohinthohtumr
Injections of Hydergine and Sodium Secobarbital
or Sodium Pentobarbital Combinations

' Per cent Ghange in Oxypen
No. Aver- Pre- Secobarbital

of :%‘ treatment - oy Six

Rats Be Drugh ntobarbi Avera o leaxe
Gas s mge/kge % £ %

? 23? Salins Bsline s : 0.2_2 - gtg : 2.2
22 8ald # 0. - G o0

g gig w ig S::cglrh. - ggg * g.s -ﬁ

9 259 saine = 15 ® -8 -2 a6

7 267 Hydergine 15 " ~10+59 -5 =19

7 2&9 Hydergim 17. 5 n w22 00 30 -2

g 240 Saline 20 » ~1he7h -5 25

i 227 Hydergine 20 E «22 .46 ~1lj -39

15 225 Salime 25 " ~15.17 -6 2665

I S S

C i e 3 : EB B 3
22 u . . R

g 232 Seline ;l:e " -ga 12 j:{ : -gg
22 Hydergine 0 " =30 1 -

5 2k Saline i:g " -332.552 :g%.s :ggg

6 233 Hydergine 4 g =32 o5

11 219 Saline 50 " «36430 29 «ih

YOS memm 2 BR 3A F
2 ; °. -

P 08 oL @5 v 2632 A2 8

10 222 Hydergine 62 05 . 413470 =30 «52

@ B i BR O3 %

3 2o e B s (Animsls Did Net Survive)

3 242 |Hydergine 60 . ~1164 70 -39 ~56

aline barbe - Fe - I#oz =12 92
3 234 Saline g5 ¢ <1403 =120 “164k
3 229 FHydergine 25 " 29,03 26.3 =339

# Hydergine, in dosages of 0.06 mge/kge of body weight or saline,
1 cee/kg. was given 25 mimites before secobarbital or pentobarbital.



TABIE T

Toxicity of Subeutansous Injections of Saline-Secobarbital
Hydergine-Secobarbital in the Rat

50

Vo, Average Sod. §ocoharbih1“-m’ﬁm__lo Per Cent
Rats Wte(gm.) (mgo/kege) Drugt Died

8 286 100 Saline 0 0

8 287 100 Hydergine 0 ¢

7 269 125 Saline 1 13

13 27 125 Hydergins 0 0

6 260 150 Saline 1 16.7

o 262 150 lil!xdtrg!.m 2 2242

6 257 175 Saline 3 50 (Ibg,)
7 25% 175 Hydergine 2 28.6

15 277 200 Saline 8 53.3

8 263 200 Hydergine 2 25

5 21 228 Saline 7 7.7

6 282 e28 Hydergine 3 50 (LDy,)
5§  26h 250 Saline g 100

6 2m 250 Hydergine b 66.7

b 272 275 Saline b 100

L 26L 278 Hydergins b 100

- - 300 Saline - -

kL 28k 300 Hydergine h 100

# Saline 1 cc./kg. or Hyﬂergino(a) 0.06 mge/kg. wore giveh 25 minutes |

before injection of Secobarbital,



mSQ for segobarbital given subeutaneously was between 175 and 200
milligrams pver kilogram of body weight while that for Hydergim(R) -
secobarbital was 225 to 250 milligroms per kilogrsm or some 30 per

(R)

cent greater, Also, prior administration of Hydergine gerved in
each instance Lo reduce the toxdleity of sacobarbitael when given in doses
of 125, 225 and 250 milligrams per kilogram in that fewer deaths
ogeurred with the combination of drags (figure 11).

B. Anslgesic Study:

1. Comparison of SKF #5137 and Morphines

Changes in oxygen consumption in rats regelving eilther saline
alone or graded doses of SKF #5137 preceded by an injection of saline,
are shown in firure 12, Values were calenlabed for the time intervals
indicated (O=5, 5=10, 10-15, etc. minutes) and reported as per cent of
the pre-injection control level of oxygen consumption (table B). It is
to be noted that the curves for inereasing dosages of SKF #5137 show a
defiaai_'ﬁe doge-peoponse patbern. Dopression of oxysen consumpbion
from the conbtrol valve unifomly begomes of groater duration and ma niibe
udey and, also, shows a more rapid onset of depression as the analgesie
dosoge is increased, Changes in oxygen consumption following adniniste
ration of morphine are shown in figuvre 13, Again, for the major portion
of the period ubservad, the changes in oxygen consumption can be scoen
to ecorrelste with the concentration of morphine adninistered. Both of
these drugs cause initial increase in oxygon consumption following small
doses, the increase being roughly proportional to the dos-ge of dmg.
However, in large doses thore ls initial dvpression of oxygen consuvmpte-

jon with SXPF #5137. This effeet is exhibited much later when morshine



FIGRE 11

Dose-response Curve Showing Toxieity of
Subouta Injestions of Saline~Secobarbital and
Hydergine'"/.Secobarbital Combinations in the Rat.
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FIGURE 13

Dose-response Curves Showing Effect of
Increasing Doses of Morphine Sulfate om Oxygen
Consumption in the Rate.
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56
is used.

Since the major differences in the ourves for the two drugs oecurred
during the first ortion of the record, amp:wimﬁ of the average per
cént change in mqr”fen consumption for the first hour after cﬁmg
"’dninistrz?zﬁicm is shown in figure 1lh.

According o literature received from Smith, Kline snd French
Laboratories, SKF #5137 is fyom five to ten times more active than
morphine on a milligram per kilogrem bssis. We have arbitrerily selecte
ed a ra 1o of .35 ¢ 1 for comparison of these two drugs. A comparison
of the dose-respmse curves for SKP #5137 and morphine, as regards

| change in oxygen consumption, ‘s illustrsted in figzure 15, From
examinetion of these graphs it can be seen that the changes in oxygen
eonsumption for both the drugs in eq&a’i anslgesic doses are pragtically
identical, éx:c@pi; with the larger doscge. Here 1% can be seen that
oxyzen _oomﬁgtioﬁ was markedly depressed after administration of 0,75
milligrams pey kilogram of SKF #5137, sn effeot not observed with a
comparable dose of morphine. It should be mexitioneei that abserrati@n
of the rats showed that those wﬁiehhad received this concentration of
SKF #5137 wore subjectively much more severely depressed during the
first thirty to forty-{ive minute period than wers those which had
received morphine,

Of interest at this point is the faet that the first hour change

~in oxygen consumption for 0.625 milligrams per kiicgmv‘ of *‘*‘:KB' #5137 was
exactly the same as that for 9 miliigrems per kilogram of morphine,
Farthemore, the entire dosee-response curves for 0.625 miiligfama pey

kilogram of SKF #5137 resembles more closely that for 9 milligrams per



FIGURE 1h

Dose-response Curve Comparing Effect of
Increasing Doses of both SKF #5137 and Morphine
Sulfate during the First Hour after Injection on
Oxygen Consumption in the Rat.
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FIGURE 15

Dose-raspongs Curves Comparing Effects of
Similar Analgesic Doses of SKF #5137 and Morphine
Sulfate on Oxygen Consumption in the Rat,
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| 59
kilogram of morphine than does the curve for SKF #5137 at 0.75
milligrems per kilogrom {figures 12 and 13). BSince the change in
axygen consumpbtion esused by the two dmygs is of a dif ferent ra*ﬁia at
the higher lsvel, it is possible that the analgesic sctivity of these
drugs may parallel this findings This may account for the differences
in opinion as %o the relative anslgesic activity of these drugs
repoyted by other mrhm(hﬂ o

Changes in yespiratory rete following administration of SKF #5137
and morohine are also reported as per cent of the pre~injection
control value (table 9). Effects of ineressing doses of these drugs on
vespiratory rate are depieted in figures 16 and 17. Agein it is to be
noted that these figures show a definite dose-response relation for
both the drugs. Depression of the resviratory rate is shown in ail
vaurve%s, except that of the swallest dose of morphine. A comparison of
the dose-pesponse curves for approximately egual analgesic dosss of
the drugs is shown in figure 18. Although there is more depression of
respiratory rate with large concentrations of SKF #5137 than with
norphine, the curves are culte similare

Dose=response curves gomparing deug offects upon both oxygen cone
gumption and respiratory rate after injection of “KF #5137 and morphine
are shown in figzures 19 and 20. It can ba seen that the simuitaneocus
depression of both respirstory rete and oxypen cnnmyﬁicn iz evident
only with relatively large doses of these analgesic dmgs.

2. Chlorpromamine "Potentiation® of Analgesic Cenbral Nervous System
Depressant Aetivitiys

Afber esteblishing doseepesponse curves for SKP #5137 and
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FIGURE 16

Dose-rosponse Curves Showing the Fffeot of
Increasing Doses of SKF #5137 on the Respiratory
Rate in the Rat.
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FIGOURE 17

Dose=pasponse Curves Showing the Fffect of
Ingroasing Doses of Horphine Sulfate on the
Hespiratory Rate in the Rat,
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FIGUEE 18

Dose-response Curves Camparing the Effects of
Similer Analgesie Doses of SKF #5137 and Morphine
Sulfate on the Respiratory Rate in the Rat.
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FIGURE 19

Campoaite Dose-rasponse Curves Showing Effect of
Increasing Doses of SKF #5137 on Oxygen Consumption
and Respiratory Rate in the Rat.
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FIGURE 20

Camposite Dose-response Curves Showing Effect
of Increasing Doses of Morphine Sulfate on Oxygen
Consumption and Resplratory Rate in the Rat.
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&6
morphine when pi'eceded by saline injections, the studies were repeasted
using 5 milligrams per kilogram of chlorpromaszine injected subcutsnecusly
thirty minutes prior to the analgesic drug (tables 8 and 9). Figure
21 shows the difference in effect npon oxygen consum tion after
| adninistration of SXF #5137, preceded by saline and by ch:mrpr@a:aim.
The graph for chlorpromazine alone shows s slirht decrease in oxygen
consumption as compered to the control. This finding corresponds to
the resulis of other exporiments previously citeds These graphs show
only slicht increase in the depression of oxysen eonsumntion when
SKP #5137 is given in concentrations less than 1.0 miiligram per kiloe
gram following chlorpromazine injection. Also, the curves obtained
for both drug combinations appenr very similare When one takes into
consideration the fact that chlorpromazine alone decreases oxyran
consampbion slightly, 1% would apnesr that the effect of chlorpromazine
was merely additive. However, when this drug precedes 1.0 milligrem
per kilogrem congentrations of SKF #5137, there is much less depression
of oxygen consumption than would be expscied. These rosults ars
sinilar to thoze seen following large doses of segobarbital when the
animal had been pretreated with P!;rdergim{a} (figure 10). Figure
22 shows the effect upon the respirastory rate of saline=SKP #5137 and
chlorpramazine«sKPF #5137 drug combinstions. It should be noted hem
that chlorpromazine alone caueéed less depression of respiratory rate
than ssline, but when it precedsd adninistration of SKF #5137,

. slightly move depression of the respiratory rate was chserved.
The effect of pro-treatment with chlorpromasine on morphing
induced changes in oxygen consumption is shown in figure 23, It cen

be seen that the depression of oxygen consumption observed when



FIGURE 21

Dosa~response Curves Showing “Potentiation®
of Bffects of Increasing Doses of SKF #5137 en
Oxygen Consumption in the Rat when Combined with
Chlorpromazine as Compared to Effects of SKF #5137
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FIOURE 22

Dose~response Curves Showing "Potentiation®
of Effects of Increasing Doses of SKF #5137 on the
Respiretory Rate in the Rat when Combined with
Chlorpromazine as Compared io Effects of SKF #5137
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FICGURE 23

Dose-response Carves Showing "Potentistion®
of Effects of Incressing Doses of Morphine Sulfate
on Oxygen Consumpiion in the Rat when Combined
with Chlerpromesine as Compared to Effects of
Horphine Sulfate alone.
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ehlorﬁmaz«im ig combined with morphine is far more than an additive
effects Furthermore, the curves are stirikingly parallel, indicating @
direct tgmmmiatim of the morphine-induced changes in oxygen comsumpbe
in. The changes in rospirstory rate with ch}.erprmnamnenmorpmne drug
combinations {“gure 2L) tend to parallel the changes seen with salinew
morphine combinstions and fail to show much potentiation of the depress—
ant effect of morphine. The small number of animals used in the series
receiving ¥ milligrans per kilogrem of morphine plus chlorpromazine
tends to decrease the significance of the resulis of this group in whieh
f’iﬂy pey cent (two)} of the animals died. Hewever, when this record is
compared with that of changes in oxygen consumption for asnimals recelve
ing this sams drug ca::-;bin..t.im (fiure 23), it is again seen that the
aniimals receiving chlorpremszine were much more severely depressed.
Sinee the maximum drug effects upon changes in oxygen consumpbion
end respirstory rete induced by SEF /5137 occurved within the first hour
end sinee the differences in changes ecaused by the iwo analgosic drugs
were most ymmmxﬁced during this time, figures 25 through 28 are shown
to illustrate dose-response curves for the different drug combinotions
daring the first one hour period. The potentiasting effect of pre-trogte
ment with chlorpromazine on mrphmafindamd changes in oxygen consumpbe
ion is much mor: marked than with SKF #5137 (figures 25 and 26). Again
note that the curves for both drug combinations with =3l ne and chlor=
promazine are psrallel. The curves showing changes in respiratory rate
for chlorpromazine and SKF #6137 and for chlorpromazine and morphine
during the first hour are very similar to those produced when these

drugs wore combin-d with saline {figures 27 and 28),



FIGURE 24

Dose=response Curves 8haw:tng "Potentiation®
of Effects of Inereasing Doses of liorphine Sulfate
on the Respiratory Rate in the Rat vhen Combined
with Chlorpronazine as Compared to Effects of
Merphine Sulfate alomne.
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FIGUEE 28

Dose-responee Curves for the First One Hour
Period after Injection of Saline-8KF #5137 and
Ooigatag oair: Hftocts npem CRpoms Sembsmy

: : upon ;
in the Rate
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FIGURE 26

Dose-response Curves for the First One Hour
Period after Injection of Saline<iorphine Sulfate
and Chlorpromasine-iiorphine Sulfate Drug Combins-
tions, Comparing their Effects upon Oxygen
Consumption in the Rat.
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FIGURE 27

Dose-response Curves for the First One Hour
Period after Injection of Saline-SKF #5137 and
Chlorpromazine-SKF #5137 Drug Combinations,
mﬁm& Effects upon the Respiratory Rate
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FIGURE 28

Dose-response Curves for the First One Hour
igia!lafmmmimufsaum-g‘gpbmm
tions, Comparing their Effects wpon the Respirvetory
Rate in the Rat. . a
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DISCUSEION

These experiments have been undertaben to show the correlation
betueen the activity of central nervous system drugs, such as the bar-
bituretes, analgesics and some of the newer potentisting druge; and the
changes which they produce in coxypen consumption and respivetory rate.

Of prime importance in a study of this type are the wvallidity and
reliebility of the investigative procedures. This reguires the wse of
wethods and apparatus which can be depended upon to glve comnistent and
sceurate measurements. Some of the outstendlog sdvanteges of using the
Peoplea® wethod for weasuremsnt of oxygen consumption and respiratory
rote ave:

1. Each snimsl serves &s his own combral. It has been pointed out
earlier ino this paper that the individual varistion smong rate, even
though they are of the same strein, sex and age, ie considersble. This

agrecs with the findings of others(*9:66)

vorking with the ret as well
as with the sbudies of Orkin and Mor&lea(g‘w who, in experimente on man,
found that individuale of the same age, sex end with the same basal
metabolic retes after drug administration showed highly individualized
chenges in oxygeun consumption. In the studies reporied im this paper,
each enimal's response to the various drug coubinetions edwinistered

is reported im relation to this ;sama rat’s own conbtrol or "bassl" oxygen
consumption value. In addition, the results oblained from suy ome drug
group are compared Hto the entire control group of animels for inberpre-

tation of the findings; thus & "double control.”
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2. The changes caused by the druges are recorded and measured object.
ively, leesving permanent records which cen be evaluated and compared to
those of other experimenta. Thus few, if suy, subjective errors enter
into the results. This is of extreme Iwmportance. The majority of other
wethods for evalueting central nervous ayctem depression, anesthesis o
hypoosis Involve techniques such as egtimetion of the time for the animel
to go to sleep, and the duration and depth of sleep. Such subjective
chservations are not oply Aifficult to interpret, but lack control
oboeyrvetions to which the results can be compared. Furthermore, it would
peem dlfficult enough %o accurstely Judge oneet and durstion of drug
action, let alone gquanbitate depth or degreec of dyrug activity and thereby
compare it to ancother drug.

3. Dose-respouse curves obtaiped through this method illustreste not
only the activity of a depressent drug, and quite possibly other drugs,
but ip addition glve an indicetion of the concomitant undesiresble side-
effects of depression of cxygeﬁ consumption and respiratory rete.

b, The reliability of the methods used in this study wes proven in
the statistical spalysis of the controi racordaf Successlive experimentis
showed that the resulte were reproducible, tlemean velues and their
stenderd deviations for both cxygen consumption and respiratory rete were
within the limits of »xpected veristion as compared to the studies of
other workers 207115} | ppay the method is valid wes eleo shown. The
average oxygen consumption and resplratory rate values obtaipned were in
close sgreement with accepted normals and the changes in these values
after drug administration vere similay to those foumd by other workers

(5’33’35}, It was slso shown by separste experiments thet the accuracy
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of the photographic method for recording changes in oxygen comsumption
in the rat was withim the expected experimental error of the experiment.

Before starting this study, it was hypothesized that there should
be & direct correlation between the depressant ectivity of & drug and the
changes it ceused in oxygen comsumption. Purthermore, since the hypuotic
effects of the barbiturates and the snalgetic effects of wmorphine and
similer compounds ususlly parallel their depresseant effects, it was
believed that these effects should elso correlate with changes in oxygen
consumption and reepirstory rete. This was clesrly illustrated by the
results obtaiuned when secobarbital and pentobsrbitel alome were studied
(table 5). The dose-respomse curve for secobsrbital (figure 10) showed
& linesr decrease in oxygen consumption for rats receiving increasing
dosen of this drug. These barbiturates have very similer hypaotic ectivity
end, as would be expected, the velues obteined for changes in oxygen
consumption were also simllar.

An ettempt to demomstrote a dose-respomse curve for changes in
oxygen consumption caused by analgesic drugs wes also succeseful. The
results of the experiments usipg e nev synthetic snalgesic (SKF #5137)
shov an axtmmiy regular and directiomal decrease in oxygen consumption
with increesing dosege (figure 12). Similar results were also obteined
after administration of morphine (figure 13). Although both drugs ceused
e slight incresse in oxygen consumption when given in minimal amounts,
vith increasing doseges the oxygen comsumption ves proporiionately
depressed.

The changes im respirstory rate efter administretiom of the two
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analgesic druge also shov a definite dose-response pattern. It wss
observed (figure 16) that SKF #5137 caused luitial depression of respir-
atory rete In sll dossges tested. The degree of depression was directly
proportionnl to the dose, snd all of the dose-response curves were of
gimilar shape. Respiratory rate changes after injection of morphine
shoved similar results elthough the initial depression was not as
merked (figure 17).

The foregoing results would tend to confirm the original hgpatheaié:
changes in oxygen consumption end respiretory rate should correlate with
the dosage of depressant drug eduinistered.

& comparison of dose-response rurves obtained for equal analgesic
doses of SKP {5137 and morphine show the changes both in cxygen con-
sumption and in reepiratory rete to be practicelly ildemtical except
there is wore initisl depression of activity following large amounte of
SKP #5137 (figures 15 and 18). _

Furthermore , these same dose-response curves ghow thet the actiom
of SKP #5137 is of o move rapid onset and of slightly greater initiasl
intensity but of shorter duration than that of morphine. IExperiments of
other workers concerning the relative snelgesic activity of these two
drugs have shown these seme diffevences inm activity(o283),

The aforemention=d reoults would also tend to confirm the hypothesis
thaet & comparieon of snalgetic end hypnotic activity of drups cen be
mede through experiments of this type.

The experiwente concerning the effect of potentieting agents upon
the activily of hypnotics and enmlgesice es memsuved by this method ere
somevlat move difficult to interpret. When Hydevgine'®) was combined
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with the barbiturates in amounte within the minimal hypnotic dose range,
more depression of oxygen consumpiion was observed than wes seen after
adninistration of the barbiturate alome (figure 10), Since the dose-
response curve for the berbiturate alone showed the depression of oxygen
consumption %o be mroporéional %o the dosege, which in turn parallels
the degree of anesthesis, it is not unressonable $o comclude that Hyder-
gine(a) pignificently locresses the hypaotic sctivity of barbiﬁuxates in
this dose yrange. It was further cbeserved that efter sdministering teomio
doses of barbiturates, pre-treatment with Hydergine(R) prevented depves-
sion of oxygen consumption to the expected velue (figwre 10), This
appears o indicate a probective action of Hyuﬁrgiae(ﬁy when admin-
1atered pri@rlto toxic doses of barbiturete. This wes proven by the
vesults of the Lﬂgﬁ studies (figure 11).

These vesults might be interpreted to indicste that Hydergine (R)
in combinetion with the barbiturstes would be of valve in decressing
the poeaible silde-effect due o barbiturate overdosage which might
occur in aneethesia. Since the concentration of Hydergime(g) used
{0.06 milligrems per kilogrem) is not known to heve undesirsble clin-
ical effects in iteelf, and hes beep ghown to be of value &s an soti-
hypertensive, coumbimetion of this drug with the barbiturates may have
value in treabtment of wmild hypertension.

Chlorpromeszine, when combined with the analgesic drugs tested,
caused little alteration in the dose-respousc curves for chenges in
respiratory rete cobserved after the snalgesics were given alone
{figures 22 end 24). The chenges in dose-response curves for oxygen
consunption, sfter pre~treatment with chlorpromezine, were much more

dramatic.
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Vhen 5 milligrams per kilogram of chlorpromezine preceded administradion
of SKF #5137, given in dosages of 0.12 to C.75 milligrem per kilograw,
the change in the dose-response curves could be explained se werely an
additive effect. That is, the dose-response curve for chlorpromazine
and SKP #5137 was parsllisl to the curve for SKF #5137 alone, but at a
glightly lower vaelue, vhich wes spproximately equal to the depression
seen after administration of chlorpromezine alove (figure 21). However,
vhen chlorpromezine preceded imjection of 1.0 miliigrem per kilogram of
SKP /5137, there was fer less depression of cxygen consumption than seen
with this dosage of SEF #5137 elone. These results may be apslogous to
those scen after lnjection of the larger concentration of Hydergine ®),
barbiturate combinations indicating s protective action of chlorpromazine
upon the toxic effect of SKP 4#5137. Confirmation of this poseibility
through LDW studies would, of course, be desirable,

Changes in oxygen consumption observed after chlorpromezine-
worphine drug cowbinetions sre quite consbent. When combined with
morphine, chlorpromezine eppears to directly potentilete the depression
of oxygen consumption seen with morphine alome (figure 23). The dose-
regponse curves for saline-morphine and chlorpromezine-moyrphine drug
combinetions are strikingly similer, excopt that the decremse seen after
pre-treatment with chlorpromazine is far greater then can be abiributed
to an addltive effect due to the depression caused by chiorprouszine
alone. Agein LJ:)SQ ptudics would be of considereble interest and would
probably show whether this increased depression of oxypen consumption
contributed significantly Yo the toxicity of morphine.

Experimente by other workers studying the analgesic activity of
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SKF #5137 and worphine in rets vhich had received 5 willigrems per kilo-
gram of chlorpromazine subcubsneously thirty minutes prior to injection
of the smalgesic drug, showed & sipgnificant increase in both degree and
duration of analgesia. In the present study it was shown that chlor-
promazine does not cause & significant increese in the depression of the
respiratory rate or oxygen consumpbion when coubined with SKF #5137. In
Tact; chlorpromezine acbuelly caused a decresse in the expected depres-
elon eeen with larger doses of SKF #5137 elone. The clinicsl signif-
icance of this is evident; a coubinstion of these druge should be of
wore therapeutic value then the spelgesic alome. It 1s not unlikely
that other possible side-effects of the snalgesic such es nauses or
emesls would also be decweased since chlorpromazine is known to have
strong sntiemetic acbion. PFurtherwore, the tranquilizing action of this
drug would probably be bepeficial to the majority of patients in need of
pain relief.

With respect to %%ie clinical uBe of chlorpromazine-morphine combin-
ations, 1t would appear that the polentietion of the depression of oxygen
consunption was of sufficlent degree %o contraiodicate thelr use, at
leget ln cases where on additional depression of oxygzen ~onsumpbion
would be demgexous. It hes been thought that in some obstetrical cases,
mothers given cowbinations of these druge are often dellvered of 'babies
uore cyenotlic sul severely depressed than would be expected aifter
administration of the analgesic or chlorpromazine alome. Our studies
show that the respiratory rate is not significently altered vhen chlor-
promezine precedes the aduinistration of the analgesic drug. BHence,

observation cul, of the wother would fail to revesl the change in oxygen
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consvmption which gquite possibly could be the ceuse of the cyanobic
infent since both of these drugs readily cross the plscental bearrier.
However, in the continued treebtment of chronle pein, &8 in carciunoms,
the potentistion of worphine anslgesie by chlorpromazine should cutwelgh

any responable depression.



SUMMARY AND CORCIUSIONS

1. Bvalustion of the activibty of barbiturate and analgesic drugs was
determined through chengep in the oxygen consumption sud the respiratory
rate in the rat as measured by e modification of the Peoples' wmethod.

2. The Peoples' appavetus wes shown %o be both relieble and valid for
meapurensnts of this type.

3« By the methods wsed, it is possible to not only compare ections of
different druge through the changes they cause in respirstory rate end
oexygen consumption, but, also, %o evaluaste the direct effect of the drug
ypon the snimls tested.

bk, Doseges of pentobarbitel and secobarbitsl were shown to correlate
directly with the depression of oxygen consumption observed. HMemsurewent
of their relative activity was shown to correlate with the known clin-
ical effects of these drugs.

5. Doseges of a nev synthetic analgesic (SEF §5137) snd of morphine
sulfate were shown to corrclate dirvectly with the changes in axygen
copsumpbion and resplratory rate observed in the rat after subecutensous
injection of these drugs. The relative analgesic activity of these
compounds , as well ss their therapeutic index as messured by other
wethods, was found to correlate with the resulis of this study.

6. It wes found that depression of oxygen cousumption did not persllel
depression of respirstory rate except vhen lasvge dosages of anslgesic
druge wore aduministered.

T. It was felt thet this wethod of messuring ectivity of centrel nervous
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systen depressant drugs, such es tle barbiturates sand some of the
analgesics, wes more objective then mont other methods used. Furthepy-
more, 1t offered additional information im that the major undesireble
toxic effecte of respiratory depression were coucomitently showa.

8. Hydergine () wap shown to potentiete the action of seccbarbital and
pentobarbital in the rat when gilven in ewounts within the minimal
hypootic dose range, although by itself it ceused no change in oxygen
consumption. However; when tomic &%ea' of seccbarbital were edmin-
istered, pre-treatuwent with Hydergine (r) showed a protective action in
that less than the expected decreese in oxygen cousumptlon cccurred.
Furthor studies showed that pre-treetment with Bydergine(R) coused a 30
per cent increese in the Lﬁse for secoberbital alome.

9. Chiorpromasine, when combined with morphine, directly potentisted
the depression of oxypgen consumption observed after edministration of
morphine alone without cawsing significant chenge in the respiratory rate.
10. Chlorpromszine sdministered prior to SKF #5137 caused only

slightly more depreseion of oxygen consumption then did SKP #5137 alone
in doseges from C.1 to 0.75 willigram per kilogram. This effect was
thought to be merely additive since chlorprowszine alone caused a slight
decrease in oxygen consumption, Chlorpromezine-SKF #5137 drug combin-
ations ceused lLitile change in reepiretory rete vhen coumpered 40 changes
atiributed to SKF #5137 alone.

11. Rets which had been pre-treated with chlorpromezine showed far less
than the expected depression of oxygen comsumption efter recelviog 1.0
milligren per kilogram of SKF #5137. The voseibility thet chlorpromzine
also decreassed the towicity of large dovages of SKF #5137 was not explored.



12, Some clinical implicetions of these results were discussed. A4
comsideration of the possible sites end mechanisws of the combined

actions of these drugs wes felt to be beyond the ecope of this study.
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