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TUTRODUOTION

The desire to svoid pain and to protect otbars from paln bas bsen
ong of the most imporiasnt solivallng forees in the history of medicine.
The stady of analgosia has recently been given great impetus by the
developmont of synthetic analgesic apents such as meporidine and mothow
domo. Vorphine has beon used for the standard of cowparison in the
ligld of analposls 1o spite of ils many disadvantages. Theme inslude
the perrow nargin hotwoen analpesia and regniralory depsessant doses,
the high incldencs of alde effects, partisularly nousea and oconstinge
tion and the dampercous property of rapid development of tolerance and
addiction, Tn the effort to provide pain relief equal to morphine but
without 1ts objnotiomable side setions, two main lines of investiga-
tien have besn pursusd. Yost promising has been the research deallng
with the synthesis and pharmasologlo sorsening of new compounds to find
those providing poteat analgesia together with fewer antoward effeets.(l)
Less explored but meriting further study is the sbtempt to provide nore
effeetive analgesia through the conoomlitant use of petentlsting agents
with the palnerslieving drags. Tids procedure permits eitber an eshance=
ment ¢f the analgesia or, by reduecing the swount of amalgesie, less like-
lihocod of untovard sclions cecarring. For exmsple, sach drugy ss mags
nesiun sulfate (2), prostigaine (3), deamphotanine {k), epinephrine (5),
and quinine {£) injected previcus to morphine have been shown to inoresse
1tg soalzesls notivity,

Obsarvations is oar lsboratery have shown that smell doses of the
dilydrogenated ergot alitaleids block the rise is HNleod glucose cansed by



single doses of moyphine pulfate and l-isomethadons in rabbite.(7)
fmsed on this, & study wao anderiaken to detormine what offect dihydre-
penatod erpod alialoids (later other adrencrgic blocking agents sach ap
Didenwning and Priseoline) had on the analgesie activity prodused by
warphine and lwisonethadona.

Mach attentlon has heen doveted in recent yeara to methods for
eorparing the sctlons of anal-eaie drugs in anvimals end iz man. This
subjeet has boen reviewsd extonsively by Gostazl , Purrill, asd Tvy (5)
;hn have mroposed the follow!ng eriteria ihat an ideal method of testiag
analpesic activity should mest:

“1. 71 should purmit quantitative detersination of threshold valmes
of the msans of indueing pain.

2s It should discrizinats well betwsen graded doses of an analgesic
in modifying the responses to a standard pain stimalus,

3s Ib should bo universally applisable o both man and sxperimental
laboratory animals,

ke It should show quantitztively the rospociive effects of the anale
goale asalnst different qualities of pain.”

ller (9) hee added & £1%h requiresent in that the metiod should
have senslitivity sufficient ‘o revsal low grades of analpesio activity,

Since the functien of amslgesic druge is %o alleviato human pais,
the humen 1a the hest subjeot for their stedy. Put «hen the stady cone
corns new and untried dmgs or an extensive aseay of old ones, the human
gubjeet is odwicusly net availshle., Tecanse pain is a subjective phon-
omenol, the testing of analpgesie druge in sninuls has %o be 1inited o
the determination of and change in thelr threshold response tc & moxioss
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stimlus, The stizulus applied produces a protective rssponse of some
kind which 1o interoroted se & paln response, and the offect upon it
of the drug wnder lavestipation may then be studled.

The principal mothods of testing anslgesia in animals osa be
divided inmte four groups, depending on the stimalus used for wredscing
the pain: moctanieal, chemical, eleotricsl, or thermal. The wealene
ical techniques of pinching the rat's tail {10) or applyimg graded
- walghte to a cat’s tail (11) or rat's tall (12) are not sufficiently
sensitive and doudl exists as to the stimalus, l.0., whether it is
Minarmily touch. The action of salicylates can be measured by
thelr effsct on the painful swollom joinmt of chemically induced arthrie
sis {13}y but the stimulus is Jiffieslt to control. _

After reviewing 73 publications deseribing asalgesis testing proe
codures, Goetal, Marvill and Ivy () concladed that slectrical stimue
lation of teeth was most likely to provide objective alpesismetric
informations Juch s wedhod had besn doseribed by Kell and Reffert (1)
who observed *the twiteh of the lower 1lip in respomse to stimuletion
of & eanine tooth through olectrodes aorlied to mmalgew fillinps in ihe
dog.” The relisbility and validity of tils =methed has been reviewed
by Harris and Plookus (15}.ﬂnnintwhwnﬂwmmbedmim
techalque and apperatus for tooth pulp algesimetry. Although they re-
ported a signifiosnt verisnce between subjects' pain thresholds, the
investigators mraoferred elactricel stlmlation for its precision of
regulation, messurement, reproduction, and spplication,

Host of the surrently used mothods employ thermal souroes of pain
as vodifications of the Hardy-wolff<(oodell procedure.(15) These suthors
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messured the miantity of heat required o produce a pataful sensaticn
on the center of the huran forehwad using a constant camosure to the
stimulus of thrve soconds' durstlon. After sdainistration of a dragy
thresheld sstimations wore carried out at regular intervals of ten
eimiton, and any increase in the quantity of heet required to elisit
ain was rogarded as an analgesic affect. A-plicstion of similar teche
alques to asinals have besn uniforsly satisfastory. ¥To be sare, in
Mt?&ammtbaww;ﬁuﬁrarmmm,
but ratiar of 8 desction to a noxious etimilus, Andvews and Workman (17}
enploysd thermal irradiation of ths skin of the back of the dog and soted
the cetanoows maxinas suscle twiteh response ss an index of analgesic
effects This teehndque is also agplicade to the guimes pip (18) and
the white rat (19)s The DAncur and Smith modification (20) measured
the durstion of & vonstant intensity heat sbimlus required 4o produce
s tall-flick response in the rat, Tun the hot-plate method of Woolfe
and WacDorsld (21), mlee were placed on a oomstant temeratuve surface,
and the time interval was noted whenm they raised and licked thelr paws.
Bavies and comoritors (22) placed a rat's tail neer a hot wire and meage
ared the %Sime until it was Jorbed amay. A1l of thesse workers, sad
others, Lave Fegarded heat as ths most socurately measurable stimilus
offoring results with eonsistent reproducibility, Higwever, of all the
wetiods desoribod, aons is sufficlently sensitive, The offects of wild
analgesics, such as acelyloaligylic seld, are not usually detectable
and the maxisun possible analgesic offost is limited. Hevartheloss,
*eomparisoss of equi-amalgeaic doses of the more powerfal asalgesie
droge siow thet thermal tests in animals correlate guite well with



elinieal ohservations."(23)

Ia the present stody, s modificetion of the I'Amowy and Sadth
mothod (20} was used for deternminstion of the painethreshold responss
in rats. This procedure was chosen because it is convemient for small
animals, and thus fasilitates the use of adequste mmbsrs o allow for
individual variation. The techmique avoids the tedicus stepwlse proc-
ses of looating the “pain threshold® in sucosssive trials, several of
which are needed Lo determine the exast threshold intensity, as re-
quired in the method of Hardy, Woll% and Goodell {16). This is
acoveplished YWy fixing the intensity of the stimslus and allowing 1t
te ach antll a response resulis. This elinfnutes the cumidetive effect
from one exposure o the mext. e Dfimour end Snlth mpilod, ia the
suthor's experience, 1z lesg vilnereble t¢ the adverss influsnes that
emotional and psyehologiosl distrections have upon the "pain threshwld®
as detersined Y Hardy, Wolf§ and Goodell in humsn gubjects. This
sbaervation has recontly been comfirsed Ly Desongh and Knoppers.(2l)

Following thase gtudies, 1t was found that certaln adremergis
blocking agents potentiated the analgssie sotivity of morphine sulfate .
andl leigomethadons in the rat. The guestion then arvse as te whethap
other gystemic actions of the amalgesice wers modifisd by the previous
aduindstration of an anmti-adrensrgic drug, Ohservations were therefors
made of the respiratory rate and reotal tesperature of adult rabbits
before and after the injectlon of CUE F179 and l-isomethadone,



VRTIODS AD MATERTALS

Analzesic sotivity was determined by the rediant ther-al siime
ulus method of D¥Amour and Smith.(20) Sprague-Dewley rate, woighing
from 100 to 250 grams, were used in groups of 10 to 15 animals with
ons~half of the proup serving as controls for cach trial. Only one
pex wags stedied in any oms trials The animals were housed and fed
ander uniforn conditionse. All tosts wore made in & quiet room kepd
at a uniform tewperature of aboub 25°C,

The method, as illustrated in FPigare 1, requires foeasing &
“esm of 1ight of constant intensily on the tip of the rat's tail by
mosna of a converging lons until the animel *flicks® its tall eway.
Te open or close the vathway of the light boaw, an avtomatic shutter
way eomected %o an elootrie Limer so trat 1t was possible to start
or gtop the tinmer slmltanscusly with operation of the shutier. The
time botween the beglmming of Lhe exposure and the tall-flick re-
sronse lo the "roaction time*. (25) tuly animsls having a mormsl
rascticn time of from 3 te § seconds were used. Admialstration of
an opiate anglpesie, like morphine, delays t'is resnonse t¢ the
noxious stimslus, or in appropriate doses, abolishes it altogether.

& severe burn may be inflicted witbout amy resoomse altioocugh the sule
=al iz complotely cuasoiouns. Thus, the term "analgesia® is uged in
this diseussion to refur to the appurent loss of noelosplive reastion,
as indicated by the slowing or loss of respohse showa %y the ret when
big tall is burmed. Vhen analgoeia was deep enoagh Yo prevent a talle
flick at the end of 12 seccnds, exposure was discontinued to avoid



FINETY VIIONTO Oyy 04 JDIVNS Y3 SIVOUMND (2) YOJTHEOIDTE ¥

*{£) aefunyd v Jg pecoyo pov peusdo ST (1) sgymue oy *eIeyerd sogsegEe eu) Jo Jojueo
tﬁﬁg.ﬂ@ﬁﬁ»gm.ﬁcﬁﬁﬁmﬁ%gﬁagn:gm,mua
B ELP T80T ¢ YRR UL JO IMTEWIP T T4 ‘OG0T X0AG00Tq UL *{0£525 °T *D)
(-] %&?E@gguuwﬁgﬂﬂnﬁg!ﬁ

ISUTSATTRUY UITUS PUT WUV, O JO SUOTISILIIONCT
T ity _



HY3AWLL D1¥12373

v 01l =
£ “v\l.
ol
O S170A -9 .
=" a-]
2= STio
, ,
- SN37
" = e —
d311NHS — - .I._“..u !
ONILIINNOD T s o
HOLIMS OHIINW
vy

H3L3WISIOTVYNY HLINS ANV 4NOWvd




3
buraing the tall and the animal was eonsidered as having a reastion
timp of 12 seconds. ;

Before testing, the animals were ;laced in individusl conical
cages made of wire megh, molded to prevent mpuch movemant. Following
detoruinations of the rormal reaction time, intraperitomeal injestions
of 1.0 nls of 0,85 per cont saline wers given to sll the suimals, and
seniroel readings were taken at twenly-nmimate intervals for 120 to 150
minutes., The mean reacticn time was determined fyom the average of
these five or six control vesponssa. Hy thus gubjecting the animals
to o preliminary eonditiouing perdod, we have found thel the individaal
variations swong rats of a group decroased. Ihis allows a wore relisble
base-line for the compardson of drug offects and was proviously reported
by Trwin ot sl (26) and Borneycastle and Loonard {27).

Uorphine sulfate and levo~isomethadons (l-iscamidone} were the
enalgesic drugs studied. The dihypdroganated ergot alkalolds used were
dihydroargocornine methanssulfonate (D0 #150) snd COK #179 (Hydergine)
which 1s a combination of ogual parts of methanes:ifonste solutions of
dihydreergocornine, dihydroergoeristine wnd dilydroergolrypting. The
othar adremergic blecking agents employed were M, N-divengyl-betaw
ehloroetiylamine hydrochloride (Dibenamine}, and 2-bensyl-isidsscline
hydroohloride (Priseolime). For injecticn, Dibemawine was diluted with
isotonic saline and the other druge in dletilled water to a concentra-~
tion that would allow the injection of a total volume of 045 to 1.0 ml.

Te compars the effects on analgesic activity, the adremargic block-
ing sgent was injetted gubcutangoasly to ome half of ths group. Thirly
slautes later the saalgesic drug was given intraperitonsally to all the



®
raise Rescilon tlmes wore lwsted abt 15-ninute intervals during the
firgl hour aftar the injection of ihe analpssie, snd then st thirty-
smlmute Intervals watil these readlngs returned 0 near the previsusly
deterninsd contrel base-line resulis.s Care was talten durimg the tssts,
by haviog au assistant solect animals at random, to ses that the obewrvap
had no koowledgn of which animals had received the partigular compoumnds
studied, or the sequence in which the rate were lssted.

4y of CCK alooe aud in conbimsiion with 1

on the respiratory rate was deternined in the rabbit. Forty-two male
and female white rabbits, welghing from 2.3 to L.2 kg., wore sslected
at rendom wilh L voe animals in each group. Using tally counters,
control observailons of the respirstery rate were sede for ab lsast
50 mimates prier to the intravencus injoction of the drugs into the
margiogl oax veln, CCK F179 was then adminlstered in dosagess of 0.05,
0u15, and 0430 mgn./itp. fifteen mimtes before the l-isomethadons hydro-
chiloride (050 mom./Xg.) was injecteds Other groups of animals received
aingle intravencus injeotione of elther 00K #1179, l-lsomethadone, or
isotonic salime. Following drap adednistration, chservations were detor-
uined st 1l5-uinate lntervals for a poricd of 120 mimates. Rectal teup-
sratures were slso recordod before and after the drugs were imjected,
a1l teste wore performed in a gulet room having a tewperature of 25" &

@Qg’bgl
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RESULTS

Control Respomses. Control tafll«fllek responses to a radiant
therpal sllsclus were cbiained from I3 rats aftor the intraporitonsal
injection of 1.0 ml. zaline. “ased on the averape of five roadinee
for eash rat, tested at twemty-mimite Intervals, the individual rat
showed & mean resetion time of h.3) seecnds with a standard devistion
of & 0,86, Differences in the control responses botwesn the wale and
fenale ral were neplipible.

In asssgaing the remlts of this asssy proocsdure, we heve ponsidered
the reaction of the animal %o Lhie stimalus in the presencs of an anal-
gesle drug as & graded yesoanse, A cuvve of the analresie reaponse
oan be comstructad by plotting as ordinates the differences detween
pre-injection and post-infection reaction timess end as absotsss, time
after injestion of the druy studied. Pimre 7 shows a comparison of
the offent of worphine miven alone on e tail-flick response end when
preceded by an injsction of CCK #1779, The incresse in the Auwration of
the nean resction time is interproted as the imderx of apalpgesic astivity,
which is oonsidevably groater whom the combination of drugs is wsed. A
portion of a typlosl protocol is pressutod in Table 1-4,

The alteration in mean resstion time may be presented as the per-
cantege chenge from the ocatrol threshold hy comparing the difference
between the pesk regpenss time and the control response time as shown
in Table 1« The effools of the adrenergic Moesiclng agents given alons
on he Lall~fliek respomse (Jabls 1) did not dlffer appresiebly fyom



isotonie saling,

Both of the dihydroresated erget allialeids, O0F F179 and DHO
#180, wore found to previde a oconsliderahle elevation of the mesn
por cent increass im pesk reaction tims when injeeted provicusly to
l-igomothadone {Table 2) or morphine malfats {Tsbie 3). Statistieal
evaluation, using the Student's ¢ teat (28), showed these differe
enoes 10 be significant when P was less than 0.05. This data appeers
move sigmificant when the wesalis of the total nuwber of groups given
the drug corbinations are compared with Lhe groups given only the
analgesie druge

Fipure 3 donomstratos the greater inorease in nean reactien
time and duration of offest of l-isomwidons piven after 0OK F179
than whem the sams dose of l-isoamidone was administered alome., Himi-
larly, whon Didbenanine is injected before worphine (Pigwre L), there
is & larger incresse as well as a prolongstion in the mean rosstlion
time for morphine. The sdditionel data provided in Tedle L further
supports thls observation and shows that Prisecline likewise enhances
the analgesic activi'y of morphime. Table 5 shows the increase in
mean resction timg of l-isomsthadons was higher following the adeini-
stration of Dibenamine or Priseoline than when l-fesomethadons was
glven slone.

feet of CCE J177 on the rato on Produced by

ledisonethadons in tho Rebbit. Figure 5 shows that the l-isomethadons
produced a marked decroase in the mean respiratory rate withins 15
wlmites after intravencus adwinlstration. However, provious adwmini.
stration of OOK 179 aid not inerease the depression of the reaplretory
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rale caused by i-iscmethadones rather, the derression was less. 4
plight rise in rectal temperature »as produced by sach drup tested.
A1) animals survived the largs dosage of CCK #179 (0.30 mgm./kg.)
used. As shoen in Table 6, the change in mean respiratery rate of
rabbits adnlaistered OCK F179 alone did sot differ signlficantly from
the animals injected with isptonie sallnes The depression of the mean
resplratory rale produced by l-tsometbadone {0450 mgn./kg.) was sig-
niticantly greator (Pi <0,001) than with GCX 172 ar isctonic saline,
but was ot mapaented by the prior administration of COUX #179.
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MEAN REACTION TIME, SECONDS

13

mg./Kg.
11.0r CCK#I79 (alone) 0.10 A—-—A
Morphine Sulf. (alone) 6.00 X——--- X
Morphine Sulf. plus] 6.00
HRie cok#i79 J’o.os : :
(10)
X (10)
4.0/ R S SS e TR esael
g —a——p" ~A (10)
3.0F
0 15 30 45 60 90 120

TIME AFTER INJECTION, MINUTES
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TABLE 14, A PORPION OF & TYPICAL FROTOCOL

Oroup I Dilydresrgecornines 0,10 wg./kg. plus l-isometbadonst h.O mg./kg.

RAT  MEAN ,
¥o, CONPROL 18' 30"  kS' 60" 90 120t 1S0t  18o?

e —

he23 A A A A 'Y A 10 100
6 3.96 8.65 6.50 9.50 5,99 L.60 5.5 5.00 3.30
10 3.96 6,10 8.95 A 10.65 3.80 6.80 L.60 3.80

16 k.75 'y A r'y & 'y A 10,70 9.55
18 .3 +20 gé 10 Sc 75 ‘035 ggw 2 nw 3*}»@ 2 t‘& 2120
20 LS A A A 11,00 A A G.00 6,60

WEANS 5a09  Ou31  9.53 10.6h .53 71,92 B8.56 655 6.07
% DNCREASE® ¢ 328 133 160 133 93.6 109 0.1 L8k
o e e 1l b o R it o e b+ et <t e mam —rn e i =

Group 1IIs L-dsomethadones h.O mg./kg. (aloms)

BAT  MEAX )
¥O. CoNTRGL 1S' 30 kS' 60' 90t 1200 1500 1501

3.85 70  Lo80 3,15 3,00 2,35 2.60 .70 2.00
335 3.80 kOO 3,00 3.60 3.80 1.95 2,70 3.8
B30 6,80 6,30 T.75 8,50 2,90 5.0 7.50  beOS
L60 S50 5.30 9.05 3.30 2.5 LaS k85 3.20
306 7.00 685 k3O bSO 3.85 2,30 2,85 2.0
538 60 620 705 L0 195 2,70 230 340

TMEARS Lal9  S.T0 S5.51 5.7 keS8 2,87 3.23  5.82  3.03
SIRCREASE® s+ 36.0 31.5 36,7 9.3 5.3 205 88 2nT

| 4 far dixfm“ i
N y0.60 <0c05 {0, (0.0 {001 (ﬂ.ﬂs (G.ﬁS > 6,10 )G.GS

lean Comtrol represents the averuge of § or 6 resdings st 20 mimte
intervals prior to the injection of the drugs.
*A" refers to no responss by the rel afber 12,0 seconds exposurs %o stimlus.
% Moan per cent incoresse in reaction time.

#% P is the probabilily of rendom selection calculsied from ‘4’ walues
for the differemces betwesn the mean responses of groups I and II,

@ﬁ#-&rwl
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ADMINISTRATION OF CCK #179 OR DHO #180

TABLE 2
ANALGETIC ACTIVITY OF L-ISOMETHADONE FOLLOWING THE

15

MEAN % INCREASE

L -Isomethadone

NO. OF IN PEAK REACTION TIME AFTER
DRUG DOSE RATS TIME INJECTION P
mg/kg (minutes)

L. -Isomethadone 4,00 40 67.4 45
(alone)
CCK #179 plus 0.03
L -Isomethadone 4 00} 7 138.1 30 <0.005
CCK #179 plus 0.06
L-Isomethadone 4.00 L 95.2 15 >0.10
CCK #179 plus 0.10
L. -Isomethadone 4 oo} 6 86.8 60 >0.10
DHO #180 plus 0.05
1.-Isomethadone 4 00} 5 158.0 15-45" <0.005
DHO #180 plus 0.10 :
L -Isomethadone 4, 00} 6 160.1 45 <0.01
DHO #180 pl 0.40

et 4 oo} 6 69.5 45 >0.10




TABLE 3
ANALGETIC ACTIVITY OF MORPHINE SULFATE FOLLOWING THE
ADMINISTRATION OF CCK #179 OR DHO #180

16

MEAN % INCREASE
NO. OF IN PEAK REACTION TIME AFTER
DRUG DOSE RATS TIME INJECTION P
mg /kg (minutes)
Morphine 4.00 20 44.5 30
(alone)
CCK #179 plus  0.03
Morphine 4,00} 8 64.3 30 >0.10
CCK #179 plus 0.06
Morphine 4.00 i 98.4 45 >0.10
CCK #179 plus  0.10
Morphine 4, oo} 5 48.7 30 >0.10
DHO #180 plus 0. 05
Morphine 4,00 s 95.8 30 <0.10
DHO #180 plus 0.10
Morphine 4,00} 9 83.6 | 15 <0.10
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mg./Kg.
2.0~ 0.85% saline :1.00 A-~—-A
“Controls” 1 L-isoamidone (alone) : 2.00  X--—-X
e L-isoamidone (alone) : 4.00 X——X
! L-isoamidone plus } 200 oo
CCK *179 0.03
L-isoamidone plus } 4.00 —0
10.0 |- CCK %179 003 °
9.0
3
2
3
Q 8.0
0
W
3
= 7.0
S b (7)
e
g 6.0
3:4 X (40)
TsOf N SN Sac—=X(15)
W (10)
3 (5)
4.0
1))
3.0
A i ] L 1 | 1 |
0 15 30 45 60 90 120 150

TIME AFTER INJECTION, MINUTES
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SECONDS

MEAN REACTION TIME,

10.00

9.00

8.00

700

6.00

5.00

4.00

3.00

18

mgm./ kgm.
Dibenamine HCI (alone) 3.00A---A
Morphine Sulf. (alone) 4 .00 X--=-X%
Morphine Sulf. plus } 4.00 .
Dibenamine HCI 3.00

60 90 ‘ 120 150

AFTER INJECTION, MINUTES



TABLE L

ANALGESIC ACTIVITY OF MORPHINE SULFATE FOLLOWING THE
ADMINISTRATION OF DIBENAMINE HCL OR PRISCOLINE HCL

NO.OF MEAN % INCREASE IN TIME AFTER
DRUG DOSE RATS PEAK REACTION TIME* INJECTION
mgm. /kgm. (minutes)
Morphine (alone) 4.00 60 40,6 30
Uw‘owum.gwum plus 1.00 5 125.9 30
Morphine 4.00
Dibenamine plus 3.00 10 100, 2 90
Morphine 4.00
Dibenamine plus 6.00 5 115.9 15
Morphine 4.00
*Dibenamine plus 6.00 5 5E 60
Morphine 4.00
Huw.wmoo..ﬁao plus 10.00 11 55. 6 45
Morphine 4.00
Priscoline plus 20. 00 12 127.9 90
Morphine 4,00

61

*Morphine sulfate was injected 60 minutes after Dibenamine HCL in this trial,



TABLE 5

ANALGESIC ACTIVITY OF L-ISOMETHADONE FOLLOWING THE
ADMINISTRATION OF DIBENAMINE HCL OR PRISCOLINE HCL

TIME AFTER

NO. OF MEAN % INCREASE IN

DRUG DOSE RATS PEAK REACTION TIME INJECTION

mgm, /kgm, (minutes)
I.-isomethadone .90 24 15.3 15
(alone)
Dibenamine plus 1.00 5
1.-isomethadone 2,00 35.2 15
Dibenamine plus 3.00
L -isomethadone 2,00 9 72.9 15
Dibenamine plus 12,00 6
L.~-isomethadone 2.00 71.9 45
Priscoline plus 15,00
L -isomethadone 2,00 2 64.9 90
Priscoline plus 20,00
L-isomethadone 2,00 ? 68.0 60

o¢
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DRUG I.V. mg /Kg

0.859% Saline: 1.00cc. L= A
CCK # 179: 0.30 0----cn-ee®
L-isomethadone: 0.50 Xem— = X

CCK #179 plus } 0.30
0.50

L-isomethadone

MEAN RESPIRATORY RATE /MINUTE

190} b ’
] /
180} t &
\ /
i70F 2 Py
T e e i X
160} =
~J
i
W Q
Q
T
I
S —rzsob—————
% & 26.0F
Q | 5——43—0-—:;\0__0\&
W S 25.0 - .
'24'000ntrolT5 i5 30 45 60 90 120
Period

MINUTES AFTER INJECTION
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DISCOGBI0N

Tt has been staled elsewhare that the magnitade of pain thresbeld
mﬁ.mp;'udaou&w;dmgwmmm:skm»wm
andlgesie action of the drug.(8) However, cne may doudbt the walidity
of interpreting the human exporience of analgesis in terme of the obe
Jecidve respenss of an animal. In snower to this question, Jackson has

recently ovalaated anslpesios both in man and the rat.(29) He stated

that the results de appesr to show gome pavallel botssmen relative
anaigesio polenoy av satimotod in animnla m slinien) swoarisnss in
the ase of ’a&w marphine group of drupn, Mo date indlsated that thermal
stimulation teste in rate do in faet messurs "snalpgesia®,(30) |

| The petent amalgmeic agunts, sush as morphing and leisomsthadens,
have been asoumed to amert Shelr patn-relieving astion through a dee
pression of the thalanis region of the central nervous system.({il)
In support af tils theorwr, the barhiturate ssdatives have been W
to supplement the affects of morpidne shen adninlsbersd together at the
sane time.(32,33) It has been postulated that the dibydrogunuted alkaw-
loide of ergot owet & central depressant astion on the sympathetie
nervous systems(3l-36) Honce, one should wpest to find a £all in ro=-
spiratory rele and bhody tewpersture following the administraeiion of
COK 179, In the present study no significant Mmm in respiratory
rato or sedative effwot was observed in rebbite mdninistered OCX #179.
Hor can & poesible latent action of OSE F179 oa the respiratery center
be considored beecause of its imebility to further imcreass the respira-
tory depressicn produced by l-isomcthadome, Tn farther disagreement is
the obsarvation that when the edvenergic blocking agemts were administered
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alons to the rals, no lnorease in the moan rescticn ccourred. It was
therefora thought that depression of the contral nervous systen active
ity does not adeqrately explain the enhancemont of opiate analgoais
Y7 these adrenergie blocking agents.

Rsalising that the gubject of pain is & complex and eontroversial
e, the sathor has attempted to formlate s vossible mechanisa to
axplaln the incroase in analpesic offoct of morphine produced by the
airenorgic blocking agents.

& eleaver understunding of the relief of pain can be ashieved by
a digeussion of a genersl theory of pain, recently advocated by Good.(37)
He distinguishoed the following five different mechanisms known to e 2
duce or be responsible for pain under clinical or experimental conditionss

#1. Impaired blood cirgulatlons coronary oeclusion, angina,

2+ Prelonged and/or sasteined contraction of striped or smooth
mwelor intestinal and other visearal colics, labor pains.

3+ Pressure from within s bollow viscersl orgass pall stono.

Le Vasoular paimy lastersittent claudicetion.

Se Inflaznatory painm: in spite of visidle hypevesia, thera 18 in
inflasmatlon, a stagnation of the bYlood present YW reason of
pathologloally dllated csplllariee.”

The eommon denomingtor of the five different mechanisws of pain is dime
inished Blood flow, l.2. the quantity of blsod passing theough the unit
of tissue por aimute is decrsased. Gcod has therefore advanced the
‘theory that "diminished blood flew leading to as sxygen deficieney,
relative to the momentery functionm of the tissues concermed, is the cause
of pain, wherever 1t may coswr".(37) The precent satior does not agree
that hypexis is the cawss of all peim, but will aceept it as ar explana-
tion for the &mu-mnuamd mechanlens .
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Tt has hoon shown by Lewis and Hese (37) that when skin has bemn
injured and time rendered hyperalgesic dut not actually painful, simple
arrest of the cirenlation to thie injured area msy indace pain. After
eiting soveral eoxperiments, lewls states, “thers lo abundant evidence
that pain say arise out of malmtrition of tissuce cohsegquent upon
reduced blood flow®.(39)

The Blood supoly of nsrves has been demounstrated to be very abun~
dant by Roberts (L0) who has reported thet every nerve is nourished by
suall blood vessals, termed vass nervorum. The mutrient arterles and
some of those within ihe nwrve have & woll-deflned muscular media,
suggesting that the flow of hlood turough ths vesa nervoram is subjeed
to yasomotor antonomic scontrol.(l0). Aeate ocelusion of the vasa
narvoras produced severs paln, pareothesiss, and preogressive nerve
dipintegration, depending on the dwration of time thse noural ischemia
perslsted. (kD) On the basis of his experimental findings and obssrva-
tions on patients, Roberts proposed thal spasm of the vasa nervoruwa
with gubsequent ischomia of the nerves vauses painful impulses to ascand
over ithe spinothalamic tracts resultisg iz the sensation of pain. Thie
pain has often heen relieved by sympathetic nerve bloeks, vasedilating
drugs, and other afforte aimed at improvimg the decreased dlood supply
of nerves.{hl)

Among the most significant {actors governing local cvirsslation ave
the silonowic norves, which comtrol the arteriolar tomas. Uood elaime
the =cst irpoprtent Tastor reasponsible fox pain as 2 leading synpteon of
many diseases L2 the satononic nervous system, espeeially an iusbalance
of the gyepathetic and paresympathetic.(37) Te has atiriduted
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hyperactivity of the sympathetis division as rerforming the grestest
role in the production of paim.

ivpreelating the fact that one of the ohief fumetions of the
ayapatietic mervous eystom is vasogomstrietion, Leriche had long
taught the extremely important part that vasceonstrliction has in the
predustion of pains{lk2) DRased on this, Triskle and orrison studied
pationte suflering from intractable visceral paln due to advanced
nalignant disesse.(li3) They found thet grest rellsf of pain was
cbtained by interraption of the sympathetic morve paths involved,
theoagh the use of alesholis nerve blociks or surgieal dengrvations
Thelr conclusions were that the production of pailn was the result of
vasogonatriction, consequential ¢ the deficient blood supply im the
region of the nerve endings.

In the presant study, the moxious stimalus was vadlant-heat.
Yhen arplied {essperature to skin is raised to a point whare it besomps
painful, vasoconstriction coours.(lk) |

iz illustreted in Figure &, Kunts has desceribed im the wsalls of
the blood vessels of an extremity, afferent fibers which transverse
the sympathetlc trunk snd enter the epinal cord through the dorsal
roots of the serves which comvey the gorzesponding effereat fibers.(LS)
Be etated that these affgrent nerve flbers whioh reach the extremity

through the sympathetis tzunk not only conduct ispulses whlieh resul$
in palnfyl seosations, but also lmpulses which reflexly activate the
syspathetic nerves to that extremity. Ouch reflex stimalation tends

Yo increass vasomotor topas in the extremity and therehy agoravate the
paine. Symstheotony in the treatment of these patients not only



Figare 6
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interrupts the afferent nerve fibers through which the pain is medi-
ated but also sbelishes the reflex vasomotor tomus, thus imsuring
inprovenent in the siveulation of the iwbe(L5)

Tn patients with vascular occlusion, Livingston has postulatsd
that a siatlar reflex are, including the intermuncial centers of the
spinal gray matiar, acts, at tises, like & reverborating elrecult.(lf)
He has stated thal the afferent paisnful lmpalses initiate vasocone
strietiony this, in turn, incrdases the paln wiich then yeflaxly
agiravates the vasvooustrictlon.

Cross (5}, Friend and Harrls (L47) have presented evidence that
the Liberation of spipgniwrise from the adrensl medalla hy morpiine (L0)
is an important eomponent of the analgesie mmm produced Wy morphinag,
#hinephrine has been shown to participate in and enbance the analgesis
action of morphine.(L,5,49,50) Yasedilatation of the hlcod vessels of
the skeletal muscles cocurs im resconse te gmall doses of epinsphrine,
ut erdinarily it 1o obscured by thq mors powerful vasoconstriction
of the splanehmiec Blood vessels.{51,53) White and Switlwick have alse
found that small dosos of opinepirine regularly camise an increase of
1isb volams, due 10 vesodilatation of velmury mscles(5k) Thay re-
rorted that the vasedilator action of epinephrine iz increased after
aympathectonys |

The adrensrgic bloeking agents, C0X FI79, TR0 #100, Di-enaning,
and Prisecline 811 possess & comon action, 1.,6s they blook and reverse
ths vagopressor response to epinephrine.(55«57) Decauss they bloek the
responases of srooth masele to sympathotis nerve stimddastion (53), thess
agents =y bo likened to & *shemical sympstheotomy”.(63) The vasow




29

constrlotor agtion of epinephrine is blceked, but eplnephrine is not
destroyed and continues to elroulate.(56,57) The reversal of the
Prossor pesponse Lo @Wrm by the adrenercic blocking agents
representa a blocking of the vesceensirictor setion. Conssquently,
there is an wmasking of the vasodilatoy effect of eplnephrine.(556,60)
This resulls in wmarked dilatation of the peripheral blood vessels, aod
increases the blood flow through the tlsmues.(61-05} The incresse in
blood flow following the injestion of OCK #179, DFO #180, Didenamine,
and Priscoline is saggeeted as the faztor concerned in thelr notenti-
ating the analgesie sstivity of morpkine and l-isomethadons in the
rats flowever, cambtion should be urged in the imterpreiation of data
chbitained from laboratery animals, simce the ulbtimste usefulnuss of
analgesic effects wast bo determined by actusl clinical experience.
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Following & roview of the litewature on the numervus methods
of testing analgesis effects, a modification of the rediant thermal
stimulus algpeimeter of DtAmour and Samith wes constructeds Anale
gonic activity was deternined o Speague-Dawley rats by measuring
the time betwoen exposure of ihe rat's tall to the noxicus stimuius
and the tall-flick response, i.e. the resction time,

Sontrol tall-flick responsaes wore obialined from 334 vats aftoy
the intraperitonmeal injeetion of 1,0 wl. isotonic saline. Based on
the average of five readings for cach rat, tested st twenly-nimute
intervals, the individual rat showed & mean reaction $ime of L.33
seoonds with a stendard deviatlon of & 0,66, Following eontrol
roadings, one of the adremergic blocking agents was injected sub-
cutanscusly $0 one half of tha group of rate. Thirty miouies later,
morpliine golfate or lelsomethadons wos glven intraperitonsally to
all of the antrale in the groups

™we offects of the adrenergio blocking agents, CCK §179, dihpdroe
srgooorning; Dibonamine, snd Priscoline adninistered alove on the
taileflick meancuse 414 not differ appreciably from isotonic saline,
The adulnistration of CCK f179, dihydroergocorning, Ditenamine, or
Priscoline thirty mimbes befure the injeection of rorpdine sulfate
or l-igomeihadone olgndflcantly suhanced the intensity and duration
of malgesic activity compared to the effecis chialned from the samg
done of morphine gi:)lfate or l-isomethadone given slons.

Thgervations of adalt rabbits edministered l-iscmethedens showed
a maried deeresse n (e mean respiratory rate within fifteen minates
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after intrevencus injection. The intravenons administration of COE
F179 fifleon =ipates befure l-isomethadone 41d not inercase the
degree of resplrstory depression produced by l-isomethadong. IThe
ohangs in mean respirstery rate and rectal temperatuare of rabbits
adninlstered OCK #1779 alone did not differ significantly fros iso-
tonis seling.

Peseible wechanigms of explaiaing the potentiation of aual esic
effeat of worpiine salfate and l-igomsthadone by the edrenergic blocke
ing agents wore dlscussed. i gensral theory of pain has sttributed
the deovease in blood supply of nerve tissue, relative to the momen~
tary function of the tissue, to ha responsidle for the production of
painful lmpalses. This would Lnply relief of pain whem the dloed
flovw wes rootored or inoreased, The increase in Mood flow following
the injeetion of OCR F1L77, didydroergoosrnine, Dibenamine, and Prige
eoling Lz sugrostod ar the fastor oomcormed in thelr potentiating
the analgnale astivity of morrhime sulfate and l-iscmetiadone.
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