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ABSTRACT

The ¡rurpose of thts study \¡/as to characterlze and determlne

posslble mechanlsms responslble for supersensltlvity produced by cocalnet

denervation and reserpine ln lsolated cat spleen strips and to compare

these results with those obtained wlth guinea-pig ileurn and rat uterus.

Cat spleen strlps were used because they provide a preparatLon whlch

contains smooth muscle which contracts when actLvated by varlous biogenic

amlnes. The cat spleen also has a high endogenous noradrenaline content

and 1s therefore sultable for the study of effects of cocalne, denervation

and reserpine on catecholamine uptake; the currently popular hypotbesls

to explain supersensitivlty is that the concentratLon of a catecholaml-ne

in the extracellular fluld lmmediately ln contact with the alpha adre-

nergic receptors 1s normally linited by uptake Lnto the adrenerglc nerves

and that procedunes which reduce uptake w111 therefore cause supersenslt-

ivity" However, thls hypotbesis does not provlde a sattsfactory explana-

tlon for potentlatlon of agonists whicb act on other receptors.

Experlments on the uptake of lsoprenallne and noradrenalLne ln

cat spleen are reported. Cocaine potentlated Lsoprenalfne and noradren-

aline 1n spleen strips from norrnal cats and from cats pretreated wLth

reserplne. Tbe experlments wlth denervatlon of cat spl.een showed tbat

the naJor sLtes of uptake of isoprenaline and noradrenaline are ln the

adrenergic nerves and although lsoprenalLne was taken up alnost as well

as noradrenallne by spleen strips from cats treated wlth reserpine,

cocaine blocked uptake of noradrenaline but dld not reduce uptake of

isoprenaline. It is concluded that lnhlbltion of uptake ls not the
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mechanisn by which cocalne potenti.ates the effect of lsoprenallne on

the spleen and mlght only be a contrl.butory factor in the case of nor-

adrenallne potentLation.

Cocaine did not appear to change the afffnity of the receptors,

since lt did not alter the pA, values of ptrentolamine against noradrenaLine

and histamlne. The flndlng that cat spleen has no adrenergic receptor

reserve allows comparl.sons of afflnlty to be made between dlfferent sym-

pathomlmetlc amines by a second technique, competitlve receptor protectlon.

Although values obtalned are ln good agreement wlth predicted values,

caution 1s advlsed ln the use of thls technlque Ín other than norrnal

tlssues, because changes in afflnlty of phenoxybenzamine, the non-equilib-

rium blocking agent used, courd lead to erroneous concluslons.

Cocalne can speclfically potentlate responses to catecholamines

in cat spleen and rat uterus or produce an unspeclfic supersensltlvity,

whereas denervatlon of cat spleen and rat uterus gives an unspeclflc

supersensltlvtty. Cocaine and denervatlon have no effect on maximum

responses to agonLsts. Reserplne also produces an unspecific super-

sensitlvity; responses to all agonlsts tested on 1leum, spleen and uterus

are potentiated. Reserpine causes the naximum responses to all agonlsts

tested to increase. No change in adrenergic receptor reserve could be

detected after cocal.ne, denervation or reserpine and because reserpine

increases maximum responses to agonlsts in gulnea-pig ileurn where there

arready fs a receptor reserve, lt is suggested that reserplne acts at a

post-receptor level on factors whLch normaLly llnlt the maxlmun contraction.

The unspecifictty of supersensltlvfty produced by cocaine,

denervation and reserpine suggests that they do so by nechanisms whlch
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are lndependent of thelr effects on catecholamlne uptake. Because

denervatlon and reserpine requlre tlme (1 - 14 days) to produce stlper-

sensitlvity 1t 1s suggested that alteration of nol.Inal medlator I'nfluences

causes syntbesls of proteins rillth structural differences whLch produces

supersensitlvlty. Cocaine produces supersenslttvtty in a fer'¡ seconds

and lt is suggested that supersensltivlty produced by cocalne can be

explained by changes in permeability of the smooth muscle cells in the

effector organ. New approaches to determlne whether any of the suggested

mechanisms are correct are described ln the dlscussion.
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INTRODUCTION AND STATEMEI{T OF THE PROBI.EM

The terms "potentlationt'r "synergLsmt', and t'supersensltivityt'

have been used 1n different senses by various authors to descrlbe en-

hanced responses of an excltable tlssue to stinulf; sucb'terms gfve no

lndlcatLon of what the underlying mecbanlsms may be, and wlll be used

here with no attenpt to lmply a knowledge of such mechanlsns.

The subJect of supersensltivfty has been extenslvely reviewed

frør tl.me to tlme (Cannon and RosenbLueth, 1949; Furchgott, 1955; Enme-

lln, 1961; Trendelenburg, 1963 and 1966), and varlous hypotheses have

been put foruard to account for observed supersensitivity; thougb ln

general these have not withstood the test of critlcal experlmentation.

This section will review some important procedures and drugs

that produce supersensitlvity and some concepts, ln connectlon wlth pro-

posed mechanisms of supersensitivi.ty.

Budge (1855) flrst reported that cat lris responded to as-

phyxla by "paradoxical dllatatlon" after its aympathetlc nerve supply

had degene¡ated "ád 
lat"r Lewandou¡sky (f899) reported chronlcally de-

nervated cat nlctitatlng membrane responded to adrenal extracts wlth

lncreased magnttude. In a review by Cannon and Rosenblueth (1949) it

ls apparent that lnitla1 observatlons of supersensitivtty were first as-

soclated with surgical denervation of smooth or striated muscle but it

is now known that many ff not all excitable tlssues may be made super-

sensitive by lnterruption of tbe normal lnne¡rvatlon or treatment wlth

various pharmacologlcal agents. For example chronic admlnletratlon of

phenoxybenzamine caused supersensltivlty of cat nictltatlng membrane,

aÌ"r':
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(Nickerson and House, 1958); cocaine potentlates responses of nictitat- : .::

lng membrane of the cat to nerve stlnulatton (Rosenblueth and Rloch,

1933; Innes and Kosterlltz, 1954a); reserpine has been reported to pro-

duce supersensltivlty ln a vari.ety of tissues (Innes, 196O; Scbntdt and

Fleming, 1963; Brutsaert, 1964) , 
' 

i.,:.,:.,,,.,:
r t: ^.: .-'; _-l

Cannon (1939) suggested that as supersensitlvity produced by

denervatfon was unspecl.flc an explanation mlght be permeabillty changes

to stlmulatlng substances in such denervated tlssues. Althouglr most

procedures cause an unspeclflc supersensitlvity, 1.e, responses to many

types of stimuli are enhanced; to produce a general field theory many

hypotheses have ignored thls lack of speclficlty and concentrated on

rnechanlsne whicb would explain increased responses to catecholamines.

The more pertlnent hypotbeses wfII be revlewed in cbronoLoglcal order.

ENZrn{E INHIBITION

Blaschko et a1. (r9gz) showed that extracts of varloug tLssues

caused the oxldatlon of adrenaline and postulated that an a¡nfne oxl.dase

ln their extracts was responslble.

Burn (1.952) suggested that potentlatLon caused by cocaine was

due to lnhlbttlon af nonoamLne oxldase (MAO) and Burn and Robfnson (1953)

reported that denervatlon supersensltlvtty could be correlated wlth the

fall ln I4AO levels In muscle. they proposed that supereensttivlty to

adrenergtc stlmull produced by denervatlon or cocaine was a result of

Ir{AO tnhibitl.on.

Thls hypothesls could not explaln later findf-ngs that nore po-

tent lnhibitors of MAO than cocaine failed to potentiate responses to

catecholamines (Grlesemer et a1., 1953; Furchgott, 1955; VaragL6,,1956).

::jl L.t':!r::ì
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Furchgott (1955) suggested that anotber enz¡rme was responsl.ble

for reducing tlre neta-hydroxyl group of adrenallne and noradrenaline and

that this enzyme could be lnhibited by cocaine and explaln tbe observed

supersensi tlvi ty.

Axelrod (1957) identifled thfs enz]¡Íre catechol-O-metbyl trans-

ferase (COMT) as an lmportant enzyne ln the noraal destructlon of cate-

cholamlnes. Though some lnhlbitorg of COMT could cause a sllght lncrease
:

in catecholamlne responses (Bacq et al.r 1959; Crout,1961) thls could

¡rsensltlvity produced by cocaine or denervation, Bincenot expLaln supersensltlvity produced by cocaint

cocaine or denervatlon did not inhibit COIrtr (Wy11" 93 gL., fgOO; MLssala,

1966) and Potter et al. (1965) showed that O-metbylatlon of catechoLa¡nlne

was actually lncreased after denervation.

REDUCED ACCOMMODATION OF EFFECTOR CELLS

Fleckenstefn and Bass (1953), realizlng both denercatlon and

cocalne reduced the normaL contÍnuous dlscharge of noradrenallne frs¡r

postgangllonlc nerve fibres, suggested that tbe normally released trans-

mltter keeps effector cells of smpoth uruscle ln a state of acconunodatlon

or subsensltivlty. Removal of normal transmltter functlon reduced this
l

accommodatton and increased sensitivlty of the effector ceIIs. Burn

and Rand (1959), abandonlng the "Enzyme Hypothesis", pointed out that

reserpine as well as denervation resulted 1n a loss of tissue stores of

catecholarnlnes. they agreed wlth Fteckenstein and Bass (1953) that the

normal contlnuous release of noradrenaltne mlght well keep the senslti-

vity of effector cells low and that removal of this released transnitter

inhibition would result in supersensltivlty.

Emmelln (1961) and Trendelenberg and ïlelner (L962) also favoured
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thÍs lnterpretation with an emphasle on inactlvity of tho end organ as

the important factor. This hypothesls dld not take lnto account that

cocaine does not abolish release of transmitter from nerve endlngs and

i.n fact cocaine potentiates responses of nictitating membrane to syßpa-

thetic nerve stimulation (Rosenblueth and Rioch, 1933; Innes and Koster-

Litz, L954a; Trendelenberg, 1959). Cervonl and Klrpekar (1966) showed

prolonged lnfuslon of catecholamines did not affect responses of de-

centrallzed nictitating membrane to subsequent doses of catecholamines.

Kirpekar, Cervoni and Furchgott (Lg62> showed the increase in sensitivity

to-exogenous noradrenallne in nictitating membrane was not related to

tt¡e decrease ln stores of noradrenall,ne ln the membrane.

Recently interest has been renewed ln thls hypothêsls by the

work of Barnett et aI. (1968) who showed cocafne increased the maximum

response of isolated vas deferens to noradrenaline and postulated poten-

tlation was due to preventlon of a desensltLzlng process of auto-fnhibltion.

The work of Flemlng and col.leagues (1968) shows that in guinea-plg l1eun

chronlc gangllon blockade produced an unspecl.flc supersensitlvlty whereas

chronic treatment wlth reserpine produced a speclfic supersensitivity

ln that responses to gangllon stlmulating agents were potentlated whereas

stisrulants acting on effector cells $ere not. They attributed this to

the fact that, although reserplne depleted the Lleum of catechoLamlnes,

acetylchollne content tÍas lncreased. They conclude that unspeclfic

supersenc¡itlvity is caused by proLonged interruptlon of no¡:nal stlmula-

tory pathways to a s¡nooth muscle produclng changes ln smooth muscle

probably beyond tbe reeeptors.

ii':1.:1t:a_ -.''
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DEFCIRMATION OF RECEPTORS

Clark (1937) suggesterl that cocalne changed tho cell recoptor

"ln some ml¡nner so that elther t]¡e rate of assoclatlon of adrenallne fs

increased or its rate of dlssociati.on ls decreased". Since then Maxwell

and co-workers (1958, 1959, 1965) bqve suggested defornation of recep-

tors by conbinatlon of sensittzlng agents wlth allosteric sites could

be a cause of supersensitivLty. Karr (1966), finding that pre-exposure

to varlous adrenerglc agents prevented or reduced the potentlatlng ef-

f.ect of cocaine ln cat spleen whereas other agents acting on cholinergic

or hlstaminergic receptorÉ dld not, suggested allosterL:c transltlons

affectlng affinlty of the alpha adrenerglc receptor.

Green and Fleml.ng (1967) deter:mi.ne¿ nAZ and ÞD, valueg 1n

the nlctltating membrane of the spinal cat and found chronic denervation,

chronic decentrallzatlon, chronLc reserplne, and acute treatment with

cocalne did not alter pA, values for noradrenallne-ptrentolamlne whereas

all but cocalne slgnl,ficantly lowered PD, values for noradrenalLne-

phenoxybenzamlne. In contrast these authors (1963) dtd not flnd any

significant alteration ln PA, or PD, values by the same treatments in

sfmilar experfments on cat spleen. However these authors falled to pro-

duce supersensitlvity in cat spleen by reserplne treatnent and thefr

denervatlon procedure only was partlally successful.. Consequently com-

parlsons between thel.r two studfes are not really neanlngful. In the

first study where all procedures used did produce supersensltivtty they

conclude that the actfon of cocalne ls entlrely presynaptlc whereas de-

centralization, denervation and reserplne treatment exert at least part

of thelr actlon postsynaptlcally.

l-¡:l!1:!,
::-j ii:i.ìr:
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UPTAKE HYFOTHESIS

Tbe currently popular hypotbesls ls that the concentratlon of

catecholamlne 1n the extracellular fluld imnredlately ln contact $1th

tbe adrenerglc receptors ls norrnally l1mlted by uptake lnto the adrener-

gic nerves, and supersensitlvtty to adrenerglc stlnull is due to lmpalr-

rnent or blockade of tlssue catecholamine uptake, tbereby lncreasl,ng the

concentretion near receptors.

Trendelenburs (1959) reconflrmed that in the splnal cat cocaLne 
i.i,,,,
,:.;,: ,.:'

potentiated responses of the blood pressure to noradrenaLÍne and respon- ::' l

;:..:,¡-,..

ses of nictitatlng membrane to preganglionl-c nerve stlmulation and ',..,,':,,

noradrenallne. Analysfs showed there wâs a decreased rate of removal

and lnactivatlon of noradrenaline from plasma. He suggested cocalne po-

tentlated noradrenallne responses by delaylng lts actLvatlon, eLther

limiting cellular permeablllty to noradrenall.ne or bindl.ng of noradrena-

llne to the cell. Macnlllan (1959) also suggested supersensitlvlty pro- 
,

i

duced by cocatne mlght be explhlned by preventlon of uptake of noredrena-

llne lnto tlesue stores. 
i

In 1961 Whitby et aL. sl¡owed uptake of 3H-noradrenaline was
':' : 

' ':'htghest in tlssues wlth a rlch synpathetlc lnnervatlon, €.8. heart, 1,,',1,:

spleen and adrenals, and in the same year thls group of workers also

sf¡owed that the uptake of 3H-rroradrenallne ln a tissue was greatly re-

duced after denervatlon (Hertttng et al., 1961a). This observatLon hae

been conflrmed by nany workerg (Str'irnufad and Nl.ckerson, 1.961; Herttlng

and Schleftbaler, L964i Potter et al., 1965; Iversen, 1965). Further

evidence ln support of localli.zation of the naJor stores of noradrenallne

ln adrenergLc neurones came when Falk and co-workers (L962, 1964),

i.tr: ':
l'.:t1,
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Dahlstrom and Fuxe, L964 and Corrodi and Hlllarp (1963, 1964) perfected

the technlque of Eränko (1955) of visualLzLng catecholamtnes by a hlsto-

chemlcal technique.

Malmfors (1965), uslng thls technlque.ln the Lrls of rats

depleted of noradrenaline stores by pretreatnent wlth reserplne, showed

that exogeneous noradrenallne was taken up by such tlssues ln adrenergic

nerve flbres and a slmllar study by de la Lande et ?L. (1962) of the

central artery of the rabbit ear produced the same flndings,

Evldence that cocalne lnhlblted uptake of noradrenallne lnto

adrenergl.c nerve flbres was quickly forthcomlng (Hillarp and Malmfors,

1965; Malmfors, L965) and numeroue autlrors uslng elther 3H-noradrenallne

in untreated tlssues or unlabelled noradrenallne ln tissues depleted of

catecholarnine stores by reserpLne have conflrrned these findingsr ê,8.

(whitby .t "L., 1960; Hertting e'! al., 196t; Furchgott g! g!., 1963;

Glll.espie and Kirpekar, 1965).

Many observations indicatlng that lnhtbltlon of noradrenaline

uptake runs parallel wtth potentiati.on flt well with thls hypotbesls to

the extent that lversen (1967) has stated potentf.ation of catecholarnlnes

is a property whlch all lnhibitors of uptake nray be expected to share.

the uptake hypothesis 1s stlIl currently popular wlth many

workerg who choose to lgnore varlous anomalles tt¡at exlst and whose

experiments are in many cases desf.gned to support but never to attack

this concept. Even lf interference wltb uptake of catecholamlnes ac-

counted for supersensitlvlty to catecholamlnes such lnhibltlon does not

explain supersenslttvtty to agonl.sts whl.ch act on other receptors, €.g.

acetylchollne and hlstam1ne (Rosenb1ueth, 1932).

_.':r":.t::;::
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To expand thLs argument we first note that, because the effect

of reducing uptake of catecholamine should be an lncreased concentratlon

of anlne avallable at the receptor slte, responses to catecholamines

should be potentlated whether ¡nedlated vla alpha or beta receptors,

However, potentiatlon of catecholamlnes at beta receptors ls inconslstent.

Burn and Tal.nter (1931) found cocaine reduced responses to adrenaline

ln virgln cat uterus where beta receptors are preponderant. Innes and

Kosterlitz (195O) showed cocaLne and denervatlon increased chronotropÍc

responses to noradrenallne in cat heart but did not alter responses to

adrenallne.

Euler (1938) showed cocaine potentlated responses to.catecho-

lamfnes in lsolated human placenta, a preparatLon which has little or

no lnnervatlon and as stated above (page 6) maJor sltes of storage and

uptake are in adrenergf.c neurones. Bevan and Verlty (1967) removed the

adventitial layer from rabbit aortic strlps and though subsequent hlsto-

logical examinatlon showed that strlps were nerve free, cocalne stil1
potentiated responses to adrenaline. Maxwell et, al. (1966) sÌ¡owed that

in rabbLt aorta cocaine could inhiblt uptake of noradrenaline up to 307o

before any potentiatlon was observed.

Kalsner and Nickerson (1969) developed an elegant technlque

of oil lmmerslon to study inactivation of varfous biogenic amlnes in
strlps of rabblt aorta and potentlatton produced by cocalne. They

clearly showed lnactlvatlon could not explain the observed supersensit-

lvity, and posturated a direct action of cocalne on effector cells.

Whlle lnterference of uptake mlght have explalned supersensit-

ivlty to catecholamines it is not a satlsfactory explanatlon for unspecific

:::a:iÌ
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supersensltlvtty observed after vartous proceduresr €.8. denervatLon,

reserplne pretreatnent, There 1g even dleagreement on nhetber one

treatme¡¡t does or does not produce supergensttlvtty to a glven stlnulus

tested on the sane organ ln the same specles, e.g. cocal,ne, aeetylcbollne
I

and cat nlctltattng membrane (Rogenblueth, 1932; Îsal et 4.i, fSèe).

IIECEPIOR CONCEPî

Effect of a glven drug on a glven effector s¡lsten, such as

activation of smooth nuscle s,lth gubsequent contraction or relaxatlon

is usually lnterpreted ln te¡'rns of an lnteractlon between the drug and

a speclflc receptlve substance or receptor of the cells of the effector

systen.

the ldea of a speclftc receptlve substance .as a slte of actlon

for dnrgs, guchlas nlcotlne and curare ln the myoneural Junctlon was

lntroduced by Langley (1905).

It ls not posstble to gtve an exact deftnttlon of tl¡e tenr

recgptor; because receptors have not yet been ldentlfled,and therefore

1t has not been p.osslble to study the prlnary phystcal or chemLcal

urs $hen a dnrg and recqptore lnteract. The ternr

receptor, therefore has dlfferent connotatlons and there 1a no unanlrnlty

of oplnlon among blologlsts.

In thl.s study, the tem receptor ç111 be used to tndlcate the

postulated speclflc moleçular sltes, on structures tn or on an effector

cell wltb whlch molecules of a epeclfl.c agonlet rnust react 1n order to

ellcit the cbaracterlstlc response of the cel1 to the agonlst and exclude

varlous types of bl,ndlng sltes lncluded under tÌ¡e term drug 'hcceptor"

(Fastler, 1964).

:: -:.. .



'10-

Current theorlos of the ¡nechanlsm of actlon of drugs at

receptor level ls based prlmarlly on the clagslcal work of Clark (1926,

1933, 1937) and Gaddun (1926, L937, who sbowed that drug receptor lnter-

actions closely approxlmate the relatl-onshlps encompassed by the Languulr

(1918) adsorptlon lsotherm wblch 1s siÍii.lar to the Mlchaells-Menten

equatlon. Clark (1937) proposed the equillbrlum theory, accordl.ng to

whlch tbe drug-receptor lnteractions are gorrerned by the laws of mass

actlon. In lts slnplest forn C1ark's theory lnvolves the assurnptlon

that the effect is proportionaL to the number of receptors occupled by

the drug, 1.e. maximal response occurs wl¡en all receptors are occupied.

In order to explaln competltlve antagonism, Clark hypotheslzed that both

agonlst and antagonist cølpete for the same receptors and that the effect

ls dlrectly proportlonal to the a¡nount of agonlst which ls conblned wlth

receptors.

More recent work has revealed several facts which cannot be

explaÍned by thls tlreory in lts sinplest form, and has thrown doubts on

Clarkts assumptlon regarding proportionality between effect and receptor

occupancy. Some of these facts are as follows: 1) the slope of the log-

dose-effect curve 1s often slgnLflcantly dlfferent fron tbat predlcted

by theory i 2) sone of the conpounds in a serles of analogues are weak

agonists, yet antagonlze the effects of a strong agonlst. Quantitatlve

studles with such conpounds and consideration of the above mentloned

ano¡nalies led to the concept of Íntrlnsic activity (Ariens, 1954) and

efficacy (Stephenson, 1956). Stephenson (1953' 1956) polnted out that

the effect of an agonist depends not only on its afflnlty for the recep-

tors, but also on its abllity to produce an effect when comblned. This



11-

ldea was developed lndependently by Arl.ens (1954) who spoke of the

affinlty and the Lntrinslc actlvity of drugs.

Accordlng to these nodiflcations of Clarkrs tbeory, a drug

may antagonlze other drugs by occupylng nearly all the receptors and
:

yet produce a sma1l effect itself -- a rpartÍal agonist' or a drug with

rduallsm in actlonr.

Nickerson (1956) and Stephenson (1956) also showed that Clark's

orlglnal assumptlon that LOATI teceptor occupancy ryas neceesary to obtaln

the maxlmr¡m response to any agonist dld not hold true Ín gulnea-plg

lleun and lndependently introduced the concept of a receptor reserve or

spare receptors.

Paton (1961) introduced an elegant theory of mechanlsms of

drug actlon. It is based on the idea that drugs act on receptors only

at the moment of comblnation. He suggested that many drug actlon phe-

nomena t ê.8. corrpetitlve antagonlgm and desensitlzatLon could be explalned

on the assunption that the stlnulant effect of a drug depends, not on

tÌ¡e nunber of occupLed receptors þut on thelr rate of occupatLon. He

thus assigned a crucial role to the dissoclatlon constant of a drug and

has some evidence to lndlcate that tt is this property of drugs whlch

deterzrines thelr agonlstic and antagonlstic actlvity (Paton, 1961;

Paton and Waud, L962, 1964).

Belleau (1964) pointed out that all theories so far proposed,

whether nodlflcatÍons of Clark rs classtcal theory or entirely new con-

cepts, suffer fro¡¡r tt¡e absence of a biophysical basls and do not provide

a qualitative interpretatlon of drug-propertles at the receptor 1evel.

Consequently he advanced a molecular theory, called Macromolecular

t..,

ll':ir-.:^¡Y: -:1
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Perturbation Theory. He elaborated this theory for the nuscarlnlc

chollnergic receptors and suggested that the muscarfnlc receptor is

acetylated acetylcholinesterase.

All receptor theories have been found lnadequate to explain

fully the mechanlsm of all types of drug actlon. Doubtless further

theories w111 be propounded as more work is done in the field. This

present work w111 be discuseed only in terrns of the corcept of occupation

of receptors, wltt¡ the response dependent upon afflnlty and lntrlnsic

activity.

the complextty of supersensitlvity has not been adequately

explained by any of the existlng hypotheses. This study ls concerned

wlth supersensitivlty to bfogenic amines but is confined to studies on

smooth muscle, the major part of the study being done on cat spleen.

Studies on other organs were done to dete¡mine if any naJor feature of

supersensitlvlty'produced by a certaln procedure, e.g. denervation, would
!

hold true between organs and specles.

There ls general agreement on much of the se_quence of events

ln excitatlon-contraction coupling ln skeletal muscle and to a lesser

extent in cardiac nuscle. Excltatlon-contraction coupllng ln smooth

muscle, though widely investigated, is sttll poorly understood (Sonlyo

and Somlyo, 1968). Research on interaction of drugs rrylth tlssue recep-

tors is still in 1ts i.nfancy, albelt a prolonged chtldhood (Ehrenpreis'

Fleisch and Mettag, 1969).

Many pharmacological agents can produce supersensitlvlty and

thls study rras llnlted to two agents, cocaine and reserplne. (a) Cocaine

urhose abllity to cause supersensltlvity was first reported by frtinlicfr

S-'¿_i.L-¡:iJ-Ì;?¡-1
r+ì'¡:1{
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and Loewi (1910) but whose mechanlsms of action were stlll described by

Furchgott (1963) as the "cocaine paradox", Cocaine has the advantage of

producing supersensltfvlty when given acutely ln vivo or Ð vltro.

(b) Reserpine depletes tissue stores of catecholamines and produces

supersensitlvlty in various organs and specles, though a controversy

exists as to time of treatment required to produce supersensltlvlty and

speciflclty of such supersensitivtty, (Innes' 1960; Trendelenburg and

Welner, L962i Sch¡ridt and Flenlng, 1963; Green and Flemlng, 1968; Kalsner

and Nlckerson, 1969b)

The other procedure for produclng supersensitlvlty was the

classical technique of denervatlon. In thls thesls denervatlon refers

to interruptlon of postgangltonic nerve flbres to an effector organ as

opposed to decentraLLzatLon whicb l-s lnterruptlon of pregangllonlc nerve

flbres.

SELECNION OF THE EXPERIMEI'ITAL TISSUES

To study mechanlsms of actlon of such procedures on excltatlon-

contractlon all experiments reported have been done on Lsolated tlssues.

These have the advantages over whole anlmaL experlments ln that reflex

effects are ellrnlnated, more accurate predlctlons of actual drug con-

centration at a slte of actlon can be made, admlnlstratlon of drug ls

not liurtted by slde effects, e.g. blood pressure, fu1l dose response

curyes to a given agonist can usually be obtained, and enough strlps can

usually be obtaLned from a slngle organ to enable appropriate corttrol

experiments to be done at the same time

As thts study was to clearly dellneate effects produced by

the varlous stated procedures on a particular organ ln a chosen specles
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and then deterrnlne to what extent theee ffndlngs would hold true ln

different organs ln other specles r and ftnally to detef,mlne lf any mech-

anis¡ns of actlons of these procedures could be uncovered Lt was essenttal

the nal.n eiperlmental tlssue satlefy certain basic regutrements.

The organ chogen should contain smooth muscle whlch

a) should respond to varfous stimuli witb a reasonable sensitlvtty;

b) cocalne, reserplne and denervation strould produce supersensltivfty

when stfmull are tested ln the in git{-o preparatlon;

c) to study the effects of interference of catecholarnine storage and

uptake, it should have an adrenerglc suppLy.

The organ chosen to satlsfy these crlterla was cat spleen.

The use of "exsected spleen" u,as first described by Sherrlngton (1919)

1n a manual of practical exercises tn physlology. Federicq (1929) reported

that adrenallne contracted fsolated dog spleen and Vairel (1933) stated

that thls held true for lsolated splenlc capsule pfeparattons of dog,

rabbit, tench and frog. Saad (1935) extended these obsentatlons to in-

clude man, cat, gulnea-pig, rat and buffaLo.

Innes (1962) renewed popuLarity ln this preparatlon when he

reported 5-hydroxytryptanlne (5-lIT) and adrenaline acted on the same

receptors, that ¡eserpine depleted the catecholamine content of spleen,

cocaine potentlated responses to catecholamlnes and acetylcholine and ti

histanine each acted on its own speelff.c receptors. Bickerton g! g!.

(1962) used isolated cat spleen strlps to study adrenergic blocklng
.

agents and ln 1963 Bickerton reported Lsoprenallne contracted cat spleen

by an actlon on alpha adrenergic receptors.

Euler (1956) reported spleen had a rlch adrenergic innervation
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and contained hlgh stores of catecholamines, while Karr (1966) showed

denervation of the cat spleen produced supersensitlvity when tested ln

an isolated preparatlon. Since this work was started Fillenz (L97O)

has reported on lnnervatlon of the cat spleen wlth a full histochemical

and electromlcroscopy analysis and shows that the mai,n splenlc artery

has both a chollnergfc and adrenerglc nerve supþly, but the spleen lt-

self only contains adrenergic nerve fibres. The smooth nuscle ls organ-

lzed fn a number of different ways. (a) Capsul-e and avascular trabeculae

with looseLy packed smooth muscLe cells embedded ln connectfve tlssue.

(b) Arterfes wlth a muscular media consistfng of tightly packed smooth

muscle ce1ls contaLnlng no collagenous tissue. (c) Veins wtth no proper

wall but are endothellal-llned channels 1n smooth muscle trabeculae.

Tlght junctlons are geen between smooth muscle cells.

Histochemlcal analysls showed all the adrenergic nerve flbres

are related to s¡nooth muscle cells but there are conslderably fewer

nerve bundles than smooth muscle cells. None of the histologlcal tech-

niques used showed any ganglion ce1Lg beyond the bifurcatlon of the main

splenlc artery. Two types, "large and small" granular vesfcles q,ere

seen ln adrenergic fibres, both types being present in termlnal flbres

but only large.granular vesicles in non termlnal axons.. FÍllenz suggests

large veslcles are concerned with syntbesis and snall vesicles with re-

lease of transmltter.

Rat uterus and guinea-pig ileun were chosen for comparison

wlth cat spleen. In rat uterus the predomlnant adrenergic receptor ls

beta "inhibitory", though alpha "stlmulatory" receptors also are þresent
I

(Brooks et al., 1965). Thís tissue was therefore dLfferent from cat

l:itt:ili;=
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spleen u,here the alpha receptor ls domlnant but Ls sensl.tlve to a varlety

of stimulating agents. Surglcal denervatlon of rat uterus ls also pos-

slble. In guinea-pigr lleum aLso beta "lnblbitory" receptors are domlnant,

but alpha receptors are inhlbltory (Kosterlitz and, Watt, 1964). Thls

preparatlon ls sensitfve to a variety of stimulating agents, and there-

fore unspeclflc supersensltivity can be studled on it. Although a vast

amount of work has been done on thls preparatlon, lt has been used llttle

lf at all for the study of mechanisns of supersensltlvlty.

-=--*ant¿:3::Õ
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A. CAT SPI,EEN

General Procedures

Cats of either sex weighlng 0.5 - 3.8 kg were fasted overnlght

and killed by a blow on the head. The spleen was removed as quickly as

possible and placed ln Krebs-Henseleit solution at 4"C, Dlssection was

done on a fllter paper placed on an i¡rverted Petri dish, saturated wlth

the bathing solutlon. Strlps 2O nn long and 3 mm wide were carefully

cut from the edge of the spleen. Each strlp was attached by a loop of

undyed terylene thread to a glass hook whlch was then placed in an organ

bath. The strlp was suspended vertfcally and.attached by a second tery-

lene thread to a llght Palmer frontal writlng lever.

t:rarla:42:

i: '.:t.:-: t:
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The organ bath contained about 10 nl of bathlng solution at

37" ! O.zoC and was drained and f1lled through openfngs at the bottom

'of the chanber. In some experiments an overflow wash procedure was used

to change the bathlng fluid, Strlps were allowed to equlllbrate for at
Ileast one hour before tests were started. Durlng thts tlme, the bathlng I

:

fluid r¡las changed every 1O mlnutes.
:

'

Isotonic contractlons against 1 g tension u,ere recorded on a i¡.::,.:i,:,''.1-.:1

kymograph at 6.5 tlmes magnf flcatlon and 1 nn/mln paper speed. ;,,..,:';¡',,

:..::: :-:'.1

B. GUINEA-PIG ILEUM

General Procedures

Gulnea-plgs of elther sex weighing 25O - 5OO g were fasted

overni.ght and kllled by a blow on the head. Only non-terminal segments

of the lleun, taken at least 1O cm. fro¡n the ileocecal junction (Munro,

Lg52]¡ were used. Mesenterl.c attachnents rpere renoved and sectlons 25 m¡n
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1n length were suspended 1n 1O ml organ baths contalning Krebe-Henselelt

solution at 37" t o.zoc.

Isotonic contractions against 1 g tension were recorded on a

kymograph at 6.5 ti¡nes nagniflcation and 1 mm/mln paper speed. Tissues

were suspended for at least an hour before tests began. The bathing

fluld was changed every 1O ¡nfnutes during the peiiod.

C. RAT UTERUS

General Procedures

Mature vfrgin female rats welghLng, z2o - 350 g were fasted

overnlght and kllled by a blow on the head. Both uterine horns were

qulckly removed and placed ln a modified Dale's solutlon at 4"c. Meso-

netrial attachments were removed and segments of eltber uterine horn

20 m¡n in length were suspended in 1o ml organ baths contalnlng tbe

rrodified Dalets solutÍon at 28" t O.Z"C.

Isotonic contractions against 1 g tension were recorded on a

kymograph at 6.5 tlnes magnification and I nmlmln paper speed. Tlssues

were suspended for at least an hour before tests began. The bathing

fluid was changed every 10 nlnutes durlng this perlod.

t..._' :'t:.... :
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EXPERIMEI\¡TAL PROCEDURE S

I. TREATMENT OF ANIMAI.S WITH RESERPINE

Animals to be depleted of noradrenaline stores were glven

reserpine 1.0 mg,/kg lntraperitoneally twenty four hours before an ex-

perlment. Tlssues were tested for depletion by assay for catecholamlne

content.

fT,. DENERVATION OF TIIE CAT SPLEEN

Postganglfonic denervatfon of the spleen v,as done by removal

of the cellac gangllon. Anesthesia uas induced with pentobarbltal

sodium (25 ne/xe) and maintained with open drop ether. All operatlve

proceduresweredoneunderasept1cconditionsand1m1ofFortanycln

(Ayerst) glven lntramuscularly. The ani¡nals were allowed to recover ln i

I

a heated cage, 
i

III. DENERVATION OF THE RAT UTERUS I

Denervation of the uterus waÊ done by sectloning the least :

sp1anchn1cnerve9'Anesthes1a$,as1nducedbychI-ora1ose-urethane,

L%-LO% (2.5 nL/kg; 5O7o of usual anesthetic dose) and maintalned wlth 
,,1 .:,,...,:..
:-' ..:.:.: .: .

open drop ether. All operative procedures were done under aseptic con- 
,,, 

1...., -

'::t:i::'':r::::ditlons and the animals allowed to recover in a heated cage. ',',:'i'¡';,','

IV. DOSE-RESPONSE CURVES

The spteen was first repeatedly exposed to a low concentratlon
: _:::',::¡a.;:(approxinately &DZS) of the agonist being tested tiIl a constant response i.¡:l¡i',;':î
il.; iì,ii:iì j ::,,':,:i.

was obtained. Dose-response curves were then determlned by tests of

graded increases in the concentration of agonlst, wlth cumulative addl-
l

,

tfons of agonist. Each additlon was made only after a plateau response

,..:::tl:i;:¡¡ì:,
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to the prevlous dose had been reached. Tl¡e concentratlon added each
l

time was tt¡e dlfference between the existlng bath concentratlon and the

deslred concentration and any inactivatlon of dtug ln tbe bathlng fluld

was lgnored. Drug eoncentrations were increased untll no furtber increase

ln response occurred. The bathing fluid was then replaced with fluld

containlng no drug and changed every 5 nfnutes untiL the response had

returned to the orlglnal baseLLne, when tbe tissue was consldered ready

for further tests.

Wlth guinea-pig lLeum and rat uterus, responsee of the tlssues

to the varlous agonlsts were tested at fntervals of 1O mlnutes. Each

dose of the agonigt remalned ln the bath untll the fuIl contraction for

that dose was obtained, usually less than 2 mlnutes after the drug was

added. The bath was then enptied and the fluid replaceä. TÌ¡e fluid was

exchanged at 5 mfnute intervals between drug additions.

v. DETERI4INATION OF RA,

Schtld (L947> deflned pA* as the negative 1og to the base 1O

of the molar concentratlon of an antagonlst whlch will reduce the effect

of a multiple dose (x fold) of an actlve drug to that of a unlt dose.

To estlmate the pA* it is necessary to expose pieces of tlssue to varLous

concentrations of the antagonlst and to estlmate ln each case whether the

response to the nultlple dose x fs greater or less than the requlred

value. pA* values vary wlth the tfme for wbich the tissues have been

exposed to the antagonLst. Hence lt 1s essentÍal to give the exposure

time when pA* values are being reported.

A modifled version of the ¡nethod of Schild was used. A unlt

dose of agonfst, €.8. LO-? g/^t noradrenallne Ls tested till a constant



-2L-

response ls obtalned. Then the nultlple dose 3 x 10-7 g,/nl noradren-

allne Is tested ti1l the response 1s constant, The unlt dose response

ls then retested to ensure that desensitlzatlon is not occurrlngi. Wlth

phentolamlne as the antagonist, á dose tO-lO g./ml ls added to the bath

5 minutes before the muLtlple dose of agonlst is again tested. The

tissue 1s then washed untll the noradrenaline response is gone and tbe

procedure repeated with increasing concentrations of phentolamine, one

log uni.t increase at a tine, untll the nultlple dose response of the
,

agonlst is less than the original unit dose response. The results ob-

tained are then plotted as a graph and the actual pA^ value can be cal-'3
culated. Thls value can be quickly checked on fresh preparatlons. The

tissue 1s then washed and checked to see Lf tbe orlglnal agonist response

can be obtalned, to show that the antagonl.sm was reverslble. The pA*

value obtalned Ls expressed as a molar concentratlon of antagonist.

VI. ESTIMATION OF AFFINIîY OF SYII,¡PATHOMIMEiTICS BY RECEPTOR PRTTECTION

Selectlve receptor protectlon was used by Furchgott (1954) to

distlngulsh between the acetylchollne, adrenaltne, hlstamine and 5-

hydroxytryptanlne receptors of snooth rnuscle tn rabblt aorta. He used

Large concentratlons of individual agonists for selective protectlon of

receptors agalnst blockade by DibenamLne, a non-equillbrium antagonlst.

We used a sÍml1ar procedure with pbenoxybenzanlne as the non-equillbriun

antagonist to estimate affinity of various sympathoni¡netics ln cat spleen.

Four strlps from a slngle spleen were mounted as descrlbed in

the general procedure method section, Cumulative dose-response curves

were obtained to adrenaline in each strip. Three of the four strips

were exposed to a concentration of 1O-4 g/nL of different sympatbonlnetlc

l l:jiil::,'
l: :r:-- 

::..] l:;-I ..
I
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amLncs, ilre tor¡rth strl¡r rccelvort no ngonleL. Atlrottalltrr.l w¡¡s u!¡ed ¡¡s

ong of tfue aSrmpat,homtmetlc amlnes 1n overy expertment. After 5 minutcs

-7
exposure to each agonlst and without washing, phenoxybenzamlne 2.5 x lO

g./ml was added to each of the four baths for the next 5 nlnutes. The

ctrugs were then washed out and washes repeated every 5 minutes untll the

record of tt¡e contfactlon due to the agonist had returned to the orlginal

baseli¡e" Thls generally took slxty to nlnety mlnutes. Cumulatlve dose-

response curves to adrenall.ne were then repeated !n each strlp; the

maxlmttm responses before and after phenoxybenzaml'ne were conpar.ed ' and

thr,: results expressed as a percentage of the control

VI I. I)ETIIIìMINATION OI' SPARE RECEPTORS IN CAl SPLEEN

Ntckerson(1956)demonstratedthattheguinea-plgileumhada

recc¡rtor reeerve (spare-receptors) for hlstanlne. Stephenson (1956) 
'

using a <lifferent approach, also polnted out that the gulnea-plg lleum

hacl spare receptors so that a LOÚ" occupancy of receptors was not neceg

sary to obtatn tbe maxlmum response to an agonlst. Â consequence of this

cgncept is that the response to a drug for which there are spare recep-

tors will n<¡t be proportfonal to receptor occupancy throughout the whole

d9gr.l range.

We modlfied the technlque of Nlckerson to determl.ne the recep-

tor reserve to sympethomlrnetlc anlnes ln cat spleen. Four strlps from

a single spleen were used. A cumulative dose-response curve to a slngle

sympathomimetic amine was obtalned ln each strlp. Three of the four

strlps were exposed to a slngle concentratlon of phenoxybenzamlne, IO-10,

lO-9, Ig-8 g/nl respectlvely, for 5 tninutes. The fourth strip served

as a ttrme control. The phenoxybenzamlne was then washed out and washes
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repeated every 5 mlnutes for the next nlnety minutes. Cumulative dose-

responses were then re-obtained in each strip to the satne sympatho¡nLmetic

amine.

VIII. DETERMINATION OF UFTAKE 9F ISOPRENALINE AND NORADRENALINE IN
CAT SPI,EEN

Uptake of isoprenaline and noradrenallne $ras neasured ln spleen

strips prepared as already described but taken from cáts depleted of

catecholamine stores by reserpine (1 mg/kg) injected intraperitoneally

Zl ltours before the experiment or by denervatlon of the spleen fourteen

days previously. NoradrenaLine content was assayed by the method of

Euler and Llshajko (1961). Isoprenaline was assayed by a sLmll.ar tech-

nlque with a standard curve for lsoprenaline nade daily; the wavelengths

used in adrenallne estimatlons (435 m¡lexclting, 54O mp reading) gave

the best results. Recoveries of known amounts of lsoprenaline and nor-

adrenali.ne were slmllar, between 88.6 and 92,4o. Vftth these data tlssue

Ievels of isoprenallne were determlned. If present adrenallne or nor-

adrenaline lnterfered with the estination of isoprenaline, but ln the

treated spleens the adrenaline and noradrenaLine contents were lower

than the amounts detectable by the nethod used (2 x 10-9 g/g tissue) and

so did not interfere wlth the estlmations of isoprenallne.

IX. DETERTIINATION OF POTASSIT'M, SODII,'M AND WATER COI.¡TENT

A lidded platlnun crucible was welghed wlthout and with a

tlssue strip, placed in an oven at L5O"F for twenty four hours, removed
.t: . .. .' .;

and allowed to cool in a dessicator and rewelghed. Thfs procedure waa i,,.t:ì,Ï,::

repeated till a constant weight obtalned. The crucLbles with I1d on

were then placed ln an incinerator at 2OO"C fot 2 hours, then the tem-
I

perature tncreased to 4OO"C for 2 hours and flnally the temperature :
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increased to 6OO"C for twenty hours. The gradual increase in temperature

reduces splutterlng of tissue. The cruclbles were placed 1n a dessfcator

to cool then the resldue dlssolved ln 0.75 ml of 12 N hydrochlorlc acid.

The resulting solutlon was then approprlately dlluted with glass dtetllled

water and the sodlum and potassfum concentratlons were deterrnined by a

flame photometer.

X. STAÎISTICAL ANALYSIS

Statistfcal signiflcance was determined by the t test for

paired observatlons (Goldstein, L964) ln experiments where tests were

done wlth a strlp used as lts own control. In comparlson between different

strips from the same or different cats statlstical significance was de-

termined by Student's ! test. All neans are given with their standard

errors. P values were obtained from a two tailed t table (Steel and

Torrle, 1960).

Cornparisons between treatments of fuLl dose-response curves

were analysed frøn the geometric means of ED'O by analysls of varlance

and Duncants multiple range tests (Steel and Torrie, 1960).

D. DRUGS AND SOLUTIONS

The compounds used in this study and the sources from where

they were obtained are ligted below. A11 solutions were made welght/

volume ln terms of the base unless otherwise specified. Stock solutions

were stored at 4"C. Concentratlons mentloned ln the text are final con-

centrations in the bath fluid Ln g/mL. At no time was more than 1 nI

of a testing solutlon added to the tÍssue bath.

Agonlsts

!r''t _-^ '

ita

i:.. ::..:

L:.;r

!

i.

i. i. :- ::

),::-.: : : :

Stock solutfons were made in O.Ol M HCl. On the ¡norning of
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use, the stock solutlons urere diluted as required with acidtfled 0.9%

sodium chloride solutlon.

TABI,E 1

Acetylcholine chlorlde Calblochem

l-Adrenaline bltartrate Mann Research Laboratories

I{lstamine dlphosphate Nutritlonal Biochemlcal Corporatlon

5-Hydroxytryptamlne creatinine sulphate Calblochem

d-I soprenallne bltartrate

dl-I soprenallne bitartrate

1-I soprenallne bL tartrate

Me thoxamlne hydrochloride

Wlnthrop Laboratorles

Winthrop Laboratories

Wlnthrop Laboratories

Burroughs WelLcome & Co., Inc.

1-Noradrenaline bltartrate monohydrate Cglblochen

jl! o-methyl noradrenallne hydrochloride Winthrop Laboratories

1-Phenylephrlne hydrochloride Wlnthrop Laboratories

Tyranlne hydrochlorlde Calblochem

Antaeonlsts

Stock eolutions of the salt were made in distllled water of
:-t. ìr,,1:r ì:i

cocaine hydrochloride, Britlsh Drug Houses, dlphenhydramlne hydrochlorlde, r;:,,ir'.¡,,1.;ì,.

,',-:: '' : 't 't - .',

Parke Davis & Co., and phentolamlne hydrochloride, Aldrlch Chenical Con- -,,,'.",'.
1; ,; ,a:,.: ,,

pany, Inc. Sultable dilutlons were made daily in O.9% sodiun chloride
.l

solution. .

Ot'her Drugs
|-::i.r'.i':.

. Anglotensln arnlde (Hypertensin Ciba) was prepared to the ap- 'i:::: ::j:

propriate concentration from vials contaLning angiotensin anrlde 2.5 mg,

,

mannltol 47.4 mg and thimerosal O,1 mg and the solution stored at 4"C.
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Phenoxybenzamlne hydrochlorlde (FoB) (smlth, Kllne & French)

wrrr ko¡rt as a ctock solutlon cor¡tolnlng I mg/ml ln propylene gl,ycol nnd

O.l M llcl. Dllutl<¡ne when requlrod were made ln acldlfled 0.9% NaCl

sol ut1on.

A stock solutlon of reserplne (Ciba) contalntng S ng of the

base,/ml was prepared for lntraperltoneal lnJectlon; loo ng reserpine

was dlssolved ln a ml.xture of 2 ¡nl glaclal acetlc acid, 2.s ¡nl propylene

glycol , 2.5 ml ethanol and dlsttlled water to 2O ml volune.

For oxytocin (Syntoclnon, Sandoz), approprlate dilutlone were

made ln 0.9% NaCl on the day of use from anpoules containlng to IU,/ml of

synthetic oxytocln (1.0 IU approxlmately equaLs 2O ¡.rg oxytoctn).

Bathlng Medla

The bathlng fluld for the spleen and lleum was Krebs-Henselelt

golution of the followlng composltlon:

TABI,E 2

SUBSTANCE CONCEI.ITRATION

g/l mM

6.9 118

o.35 4,7

o.28 2.5

0.16 1.1

o.14 L.2

2.20 25.O

2.oo 11. o

NaCl

KCl

CaCL,

KHzrc 
4

MSsOn

NaH@,

Glucose
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The solution was saturated with a mi.xture of. 95% O, and 5% CO2

before the experiment and this mixture was also bubbled through the fluid

in each organ bath and the main reservoir during the experiment.

The bathing fluid for the rat uterus was a nodified Dale's
t'

solution of the following composition.

TABI.E 3

SUBSTANCE :'. 'i. r.'

NaCl

KCl

CaCL,

NaIICO3

Glucose

CONCENTRATION

c/l mM

9. O 153. 9

o.42 5.6

0.06 0.54

o.50 5.7

o.50 2.75

The solution was saturated wÍth a mixture of 95% O, and 5% COz

before the experiment and this mixture was also bubbled through the fluÍd

in each organ bath and the main reservoir during the experiment.

.ì::..

I rr.'i ìr...:.
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SECTION III

BESULTS

I ::': :

','.1.1
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RESUI,iTS

Prellminary experlrnents were done to determine the sensitlvity

of cat spleen to various blogenic amines and the duratlon of vlabiltty

of spleen strips ln vltro.

VARTABTLTTY OF RESFONSES OF CAT gPLEEN STRTPS

In prellnLnary experlments responÊe curves to â stlmulatlng

dnrg ln geveral strlps from a single spleen Ln some cas€s showed llttle

variatlon between strips, ln other experfunents tbey varled markedly.

Strips were carefully cut to the same length and çfdth and variatlon was

not therefore due to differences in these dlmensions. Another posslble

variable was thlckness of strlps and examlnation showed tbat ln cats

grealet than 2.O kg spleens varled in thlckness around the edge of the

spleen, where s.trlps were cut. Strlps fron cats less than 0.8 kg were

generally less sensitlve to stfnulating agents. :

We compared between two age groups designated as adults

(>2.O kg) and klttens (0.8 - 1.5 kg), Four strlps of the same length

and wldth uere cut from a slngle spleen, welghed and a statlstlcal an-

alysis done between 24 animals 1n each age group (Table 4).

The mean weights of strips ln the two groups were slgntfi-

cantly dlfferent (P<O.OO5). Analysls of varlance alsg showed a slg-

nlficant dlfference (P(O.OOl) between the two groups.

puRATroN OF VrlBrtrTY o

seve¡al of the proposed experlnents requfred repeated full

dose-response curves to a slngle stlmulating agent or to different

drugs and accordingly experiments often lasted several hours. The

r 1 t. '::_ ..;
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TABI,E 4

COMPARISON OF WEIG}ITS OF CAT SPI,EEN STRIPS BETWEEN

KITTENS (<1.5 ke) AND ADUUTS ()2.0 kg)

Each Value Represents Mean Welgbt of Strlps
Fro¡n One Spleen

KITTENS

( 24 antnal.s)

ADUUTS

(24 anlmals)

Mean t S.E.

o,1517

0.1493

o.1552

o.1475

o,1562

o.1491

0.1399

o.1522

o.150?

o.1486

o.1493

o.139?

o.L482

o.L479

o.1503

o.L496

o.1500

o.1493

o.1490

o.1s84

o.1577

o.L497

0.1538

o.1395

o.L497 t O.OO1

o.L492

o.2447

0.1864

o.32L7

o,1984

o.1957

o.3306

o. 1864

o.1563

o.L746

o.2518

o.3007

o.2816

o.2942

o. 1666

o.3216

o.27L5

0.2536

0.1982

o,22L4

0.30t 7

o,2643

0.1980

o. 1885

0,2367 t O.Ot2
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viabllity of the preparation was therefore tested over a perlod of

several hours.

The criterLon chosen for vlablllty of the spleen strlp was

maintenance of normal lonlc content tested by analysls of sodlun and

potasslum content. Conparlsons were nrade between two age groups

(>2.0 kg) and (O.8 - 1.5 kS)

Viablllty of spleen strips from both age groups was tested

as follows. Three strips were cut from one spleen and analysed for

sodiu¡ri and potasçlum content; one strip tras analysed inmedlately, the

other two placed ln organ baths. One strlp had the bathlng flutd

cbanged every five minutes, the other was also stimulated every twenty

minutes by addltlon of small doses of a stlnulating drug, e.g. noradren-

al-ine 1O-6 g/rt, Results of six experlments are shown ln Tables 5 and

6. the normal sodlum and potassium contents, l.e. of tbe strips analyzed

i¡n¡nediately, did not differ sLgniflcantly between the two age groups

(Table 5). Results of the experlnents uhl.ch determlned tbat no signlfl-

cant changes ln sodium or potassl.um content occurred ln less than the

reported times are not shown.

Strlps from adult cats placed ln an organ bath and the f1uld

changed every five minutes showed a significant (P<O.Ol-) galn of sodiun

and loss of potasslum after three l¡ours. Strips whicl¡ were addltlonally

stinulated by a drug took more tban flve hours for the same changes to

occur. The tlnes required for similar changes ln sodium and potassluut

in strips fro¡n kittens were greater than five and eight hours respec-

tl.ve1y.

:,¡.',:.:.:

The standard procedure of preparing spleen strlpe lnvolved



TABLE 5

FSTASSIUM AND SODII,IM CONTF:I{T O}' CAT SPLEEN

CûMPARISON BBTWEEN ADULT (>2.0 kS) AND KITTEN (<f.5 kg)

Kt tten

Sodium Potasslum

mEq/ks riEq/kg

L23.24 82.77

111.17 100.66

118.47 101.74

L27,24 112.33

119.63 98.37

rL7;45 93.56

119.53 ! 2,22 98.24 ! 3.99Mean t S.E.

r¡,l.

iii. I

AduIt

Sodlum Potassium

nEq,/ke mEq/kg

L23.25 98.47

119.92 94,53

t24.t7 116.11

106.33 LO3,47

t2t.46 85,91

;i.tt:,::;'l:

H

ij

1,23,10

LL9.70 ! 2.74 97.94. ! 4.45

89 18

¡
g.t

I

' ':, :.)

I

I

tI.li.l
''i;:l

ï$



EFFECî OF LEAVING SPI,EEN

TABLE 6

ptfASSIUtr't AND SODIIJM CONTEIII OF CAT SPLEEN

STRIP IN ORGAN BATH AT 3?OC WITH AND WITHOUT STIMUI.J\TION BY AN AGoNIST

UNTREATED

SODIIM POTASSIUM

Adult
(>2. O kg) 119.71 ! 2.74 97,94 ! 4.45

Kltten
(<1.5 kg)

WITHOTTT STIMUIATION

SODIT'M POTASSITJIU

119.53 ! 2.22 98.24 t 3.99

ii:r::
.ii!'.

;rn

133.01 ! 4,94 74.04 ! 4.77

)3 hr

WITH STIMUIATION

SODIUM POTASSIUÁ

138.17 r 5.21 74.92 ! 4.91

i;:;lì
,i:,;l:,l.
'ì,:ì:ì..ìi

)5 hr

136.21 t 3.99 70.79 r 4.93

)5 hr

131.37 !. 4.ù9 7L.4L t 4.83

)8 hr

I
(¡t
N
I

';1, - :I

tl
Li

a

ii

È

ü

il
.;:ti

. iì'l
: :i{



Three strips were cut from tÌ¡e same spleen and analysed for

sodium and potassium content after the followi.ng procedures. Strlp one,

immediately on removal from the animal; strlp two, after flfteen mlnutes

in Krebs-Henselelt solution at 4oC; and strip three, after exposure at

4"C placed in an organ bath contalning Krebs-Henselelt solution at 3?"C.

Results of six such experlments are shown 1n lable 7.

33-

dlssectlon ln Krebs-Henselelt solutlon et 4"C. Exposuro to such low

temperatures Ls known to tnhlblt metabollc processes requlred to malntstn

norrnal lonlc states ln excitable tlssues. Recovery of normal lonlc states

was tested in the following experiments.

Stripsafterexposuretoatenperatureof4"Cshowasignlf1cant

(P<O,O1) gain of sodlum and loss of potassium compared to untreated strlps.

After twenty mLnutes at 37oC sucb strips have Lost sodiunr and regalned 
,

'potassl.um so that there is no signlficant dlfference from untreated strips.

The use of anlmals 1n the welght range 0.8 to 1.5 kg' $ith 
,

i

strips cut the same length and widtb, reduced variation between strlps :

frør the same or different spleens to less than flve per cent and ensured l

'

a viable preparatlon for at least elght bours as lndicated by sodium and

'

potasslum content. All further experiments unless otherwlse stated were i,:,,,-:.,,i,

. :. ..
done on cats weighlng O.8 to 1.5 kg. .:.:.:"::

, :. .,,::- .:, ..

, 
'::j:j: '::l

RESPONSE OF SPLEEN STRIP 10 AGONISTS

The,senslttvlty of cat spleen to various stl.mulating agents

was tested ln the following manner. FulL dose-response curves to acetyl

chollne, angl.otensin, histamtne and noradrenall.ne were done ln four strips i.':'.':r"'

from each of six spleens. Each strip from one spleen was exposed to only

one drug to avold problems of desensitization. Typical dose-response



TABLE 7

PSTASSITJM AND SODIIJM CONfElfT OF CAT SPLEEN

EFFECT OF PIACINC IN KREBS-HENSELEIT SOLTJTION AT 4"C AND THEN IN KREBS-HENSELEIT SOLUTION AT 3?"C

untreated

Sodium Potassium

L23.24 82.77

111.1? LOO.66

118.47 LOL.74

L27.24 112.33

119.63 98.37

LL7.45 93.56

. :.

119.56 ! 2.22 gA,24 t 3.99
Mean
t

S. E.

15 nin. at 4"C

Sodiun Potassium

L47,2t 55.91

L3A.42 6A.4t

136. s5 84.16

L5I,24 70.73

141.63 80.19

t 39.71 75. 51

L42.46 t 2.30 72.49 ! 4.O8

'1 i:.:l
; '..:.

:; iiÌl

2O mfn. at 3?"C

Sodium Potasslum

101.50 84.00

116.80 LL6.22

1Lo.o0 95.29

L24,2L 104.31

114.73 97.62

116.92 94.05

112.86 ! g,22' 98.58 t 4.43

t(¡
lÞ
I

J
i$i
::iåi
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curvea to tho agonlsts are shown ln Ftg; l.

MAXIMI.'M RESFONSES TO AGONISTS

The concept of spare receptors (Nlckerson, 1956; Stepheneon,

1956) ls generally accepted. If spleen had spare receptors what were

the llmitlng factor(s) that prevented continued response of spleen t111

1OO% receptor occupancy was obtained? One posslblllty was, maxl.mum re-

sponses to agonists were Llmited by contractlle capabillty of spleen

strips. Tbls was tested by the followlng procedures.

Full dose-response curves to various agonlsts were obtalned in

spleen strlps and when maxinun responses were reachedr a second class of

agonist was addedi e.B. dose-response cur¡ye to noradrenallne and hista-

mine added as the second agent. Results of tbese experiments (Fig. 2)

clearly show spleen strips capable of further contractll.e response than

that produced by the maximal dose of one slngle type of agontst.

An lnteresting phenomenon was noted that vhen bathtng flutd

vas changed to retnove stlnulating drugs, tissues gave a further contrac-

tion. Reeults of experLments where bathing flutd was changed after max-

imum responses were obtained to agonists are shown in Fig. 3. SLmllar

resuLts were obtalned in strlps made supersensitlve by cocaine, reserplne

and denervation (Flg. 4).

Response to the change of bathlng fluid was not seen unless an

agonist was present Ln a concentration greater than ED8O. pH and temper

ature of bathing fluid did not change during wash out; stretch was not

responslble because wash out responses stlll occurred when stretch was

prevented þy an overflow washout procedure.

li:
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Ftg. 1. Dose-response curves to acetylchollne,
anglotensln, histamLne and noradrenaline
ln cat spleen.
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rle. 2,

ACH

Effect of addltion of one class of agonlst on na¡rimum response to another class of
agonlst'ln cat:spleen. -

Dose-response curve to adrenallne; Hlstamlne 5 x 1O-5 g/nl was added atf
Dose-response curve to adrenallne; Acetylchollne 3 x 1O-5 g/nl was added atf
Dose-response currre to blstamine; Adrenallne 3 x 1O-5 g/mt was added atf
Dose-responÉ¡e curve to acetylcholine; Hlstanlne 3 x 1O-5 g/tt was added atf
Reeponse to maxlmal dose of Potasslun; Acetylchollne 3 x 1O-5 g/mL waa added atf
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SPARE RECEPTORS IN CAT SPLEEN

Atl tissues do not have spare receptors. Offenhelmer and

Ariens (f966) reported rat stomach strlp has no apare ã-IlT receptora;

Iæwls urrd Mlller (1966) ghowod rat semlnal veslcle has no spare adrener-

glc receptors.

The followlng experiments were done to deterrnlne lf cat spleen

had spare adrenerglc receptors.

Cumulattve dose-response curves were obtained for one sympa-

thoninetic amlne on four spleen strips from one cat. Three strips were

exposed to phenoxybenzamin", lo-10, 1o-9 an¿ to-8 g/nl respectively, for

5 nlnutes and all tlssues then washed every 5 ninutes for t hour. Dose-

response curves were then repeated in all tlssues, the tissue not exposed

to phenoxybenzanlne serr¡ed as a tlme control.

Ftg; 5 shows result of a typlcal experLment, the synpathonl¡retlc

amÍne tested was adrenaline. Slmllar results were obtalned wtth lsopren-

allne, noradrenallne, nordefrlne, phenylephrlne and tyramlne.

Results of 5 experiments wtth each slmpathonlmettc aml.ne show

that maxlmum responses were reduced by phenoxybenzamlne even where the

threshold concentratlon of agonist was unchanged. This lndlcates 11tt1e

or no adrenergic receptor reserve Ln cat spleen.

S.,íIVTPATHOTTIMETIC AMINES: FUI,L AND PARTIAL ACONIStrS
:

Dose-response curves to geven synpathonimetic amines are shown

Ln Fig. 6. these sympathoninetic amlnes whlch produced the same maxlmum

response, adrenallne, lsoprenallne, noradrenallne and nordefrl.ne are fu1l

agonists with an intrinsic activity, d equals I (Ariens, 1954). Methox-

amlne, phenylephrlne and tyranlne gave lower maximum responses and are

i:-:: tj .,l

''i r: :
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Ftg. 3. Effect of changLng
cat spleen;

Noradrenallne;
HlstamJ.ne;
AcetylcholLne;
Anglotensln;
Bathlng fluld was
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Flg. 4. Effect of changlng the bathtng flutd on maxLnun response to noradrenalLne
1n cat spleen.

Normal untreated spleen.
Spleen frqn anlmal treated wttb reeerpiner*l nBlkg, 24 bt prevlously.
Spleen exposed ln g!.,1!g to cocalne 3 x tO - g,/nl.
SpLeen denerrrated 1.4 days prevlously.
The bathlng fluld was changed atf.
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partial agonists, lntrlnslc actlvfty, 6¡ less than 1.

lbls only holds true lf amlnes tested all act on sane recep-

tors, i.e. alpha adrenerglc receptors. rf dlfferent agonlsts glve the

same pA" value for the game antagonlst Ln a glven tlssue, it Ls strong

evldence tbat tbey act on a coÍ[non receptor, (Arunlakshana and Scht1d,

1959; Van Rossum and Ariens, 1959a; Jenklnson, 196O). Accordingly pA,

valueg agalnst phentoLamlne were deterrnined with hlstanlne and acetyl-

chollne, whlch act on other dlscrete typee of receptor in cat spleen

(Innes, L962), to check speciflclty of antagonlsm.

Results of these experiments are shown ln,Tahle 8. Flgures

given are mean values, total number of detenrÍnatlons and thelr standerd

deviation befng indicated in the tabl.e. Only one determÍnatlon was done

wlth nethoxamlne because of desensitlzatlon problems. Repeated tests at

any dose leve1 always gave dimfnished responseg.

pA, values of phentolaml,ne agalnst tbe syrnpatbomfmetic amlnes

were very similar and, on this basls, a"r, be regarded as acting as a

cotnmon receptor. Phentolamine sharply discrlnfnates thls group fron

other agonists, acetylchoLlne and histamine.

AFFINITY OF SYMPATHÛT4IMETIC AIIIINES ¡rOR ALPIIA ADRENERGIC RECEPTOR

The flnding that cat spleen has llttle or no adrenergic receptor

reserve allowed comparisons of relatlve afflnltles of the sympathomtmetic

amines producing the famlly of dose-response curves shown ln Flg;. 6.

Because in a tlssue wlth no spare receptors, the positlon of the regponse-

curve of a full agonist should be determined by the afilnity of the agon-

lst, whereas changes in affinity and intrlnslc actlvity could deterrnine

the position of curves to partial agonists. Tbe abllÍty of each

iir:ì:l: :.:r !ìi:.-;'rìi

;..: i
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Effect of phenoxybenzamlne on dose-
response curves to adrenaline Ln four
strlpe from the sane cat spl.een.

0 - 0, Control; X - X Effect of tlne.

0 - O, Before Phenoxybenzamine;
| :ol, After Phenoxyben4amlne 10-10, 1O-9,
to " s,/nl respectivetry.
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Dose-response curves to sSrmpathomimetic amineS in cat spleen.

Adrenallne;
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sympathonlmetlc amlne to protect agairret phenoxybenzamlne was uøod to

estlmate its afflnlty (see Method Sectlon, P.21, for fuII dotalls of

experlmental deslgn). Cornparlsons were made at maxlmum responso before

and after phenoxybenzamlne; ln each case there w111 be lOO per cent re-

ceptor occupancy.

Results of these experiments are shown in Table 9. Adrenaline

afforded greater protection (P<0.OO25) than any other agonist tested.

There was no signlficant difference in protectlon provided by noradren-

allne and nordefrlne but each gave greater protectlon (F<O.05) than

phenylephrl.ne, tyramlne and isoprenaline. Slnllarly phenylephrine and

tyramlne showed no slgnlflcant dlfference ln the protectlon they provlded

but gave greater protectlon (P(O.O5) than isoprenalLne whlch gave no sl.g-

nlflcant protection compared to unprotected strlps.

, PCTTN¡TTTATION OF ßESPONSES TO AGONISTS BY COCAINE IN CAT SPIæEN

Cocaine potentiates responses to catechoLamines ln many effec-

, tor organs ln most species, but there is not yet agreement on the abillty

of cocai.ne to potentiate responses to other classes of agonists (Rosen-

bluetÌ¡ , L932; Tsai et al. , 1968). Accordlngly ule tested the ablltty of

cocalne to potentlate fesponses to acetylcholine, histamine and noradren-

aline, agonists known to act on different types of receptors ln cat spleen

(Innes , L962r,

FulI dose-response curves for acetylchollne, hl.stamlne and

noradrenallne were obtained before and with cocaine 10-6 and 3 x 1O-5 g/mL.

Four strips were cut from each of twelve spleens. Only two agonlsts were

tested on any one spleen. Two strips were tested with noradrenaline, two

with either acetylcholine or hi.stamine. For each of the two agonlsts one

l:.:l-'

i::.'. ..':.

i'ì.:':...:'.

l.:.. '.:.



TABLE 8

ANTACONISM BY PHEMOI,AIVTINE IN CAT SPLEEN

.{gonlst

Adrenaline

Noradrenaline

Nordefrlne

Phenylephrine

lyramine

I soprenaline

Methoxamine

pA, Values (5 min

Exposure tine)
' (Mean È S.E.)

6.95 t 0.03

6.92 ! O.O2

6.97 r 0.03

6.91 r O.O4

6.96 r O.O3

6.97 t O.O4

6.93

Histamine

Acetylchollne

No. of
Determlnatlons

4,51 r 0.t2

3.85 1 0.21
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TABI,E 9

AFFINITY OF SINUPATHCTúIMETIC AMINES TOR THE AI,PHA

ESTIMATED BY PRÛTECTION AFTORDED AGAINST

Protecting Agent

I x 1o-4 g/m1

Adrenaline
( le)

Noradrenaline
( le)

Protection Expressed as a Percentage

Before and After Phenoxybenzamine

Nordefrlne
( ls)

Tyramine
(7'

Phenylephrlne
(7)

ADRENERGIC RECEPTOR OF CAT SPLEEN

PHENOXYBENZAIvIINE BI0CI(ADE

I soprenaline
(e)

71. 13 l 3. 85

Unprotected
( rs¡

''':,':t,:,:

58.83 ! 2.67

of Maximum Response

(2.5 x 1o-7 g/mt)

( ) indicates nr¡nber of expertments

56.66 r 3.66

45,40 ! z,L't

42,46 + 2,34

32.60 t 4.1

29.OL r 3.43

I
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I

.g
?.-ff



-47-

strlp $ras retested wlth cocaine, the other served as time control.

Acetylcholine and histamine often gave desensitlzation problems,

ln that the repeated dose-response curve in the time control was shifted

to the right, and the results presented are frøn experlments where time

controls dld not show desensitLzatlon. The tine required between dose-

response curves to do this successfully was beúween six to elght hours,

close to the ti¡ne linit of vlability of spleen strip (see p.28), Anglo-

tensln was not tested wlth ful1 dose-response curves because even with

10 hours between testing dose-response curves, desensitlzation was still

present. However cocaine could be added when the regponse to a single

test concentratlon of anglotensln had plateaued and responses to anglo-

tensin were potentiated (P<O.O5) by cocaine g x 1O-5 S/mt.

Cocaine tO-8 to LO-6 g/^t potentiated only noradrenallne re-

sponses; cocalne 3 x 1O-5 or 1O-4 g/mL potentiated responses to acetyl-

chollne, histamine and noradrenallne. Maxlmum potentlation was obtalned

at 3 x LO " g/mL cocaine. Besults and statlstical analysls of twelve er

periments wlth acetylchollne, hlstarnine and noradrenallne are shown 1n

Flg. 7 and Table 1O where the concentratlons of cocalne used were 10-6

or 3 x 10 " g/nl. Potentlation of acetylcholine and hlstamine was eLg-

nÍficantly less (p<0.0025) than tbat of noradrenaline. Maximum responses

to agonlsts tested were unchanged by cocaine.

EFFEC"T gF COCAINE ON ANTAGONISM By PHENTOIAMINE

Clark (1937) and other workers sLnce then have suggested that

cocalne might cause potentiatlon by changlng the affinity of the alpha

adrenergic receptor so that the affinity for agonists was lncreased. We

have shown that cocalne LO'6 e/^t speciffcally potentiateg responses to

:..:jli.
,.:",:'
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catecholamines, whereas cocalne g x 10-5 E/mL gLves an unspeclflc poten-

tlation. Accordlngly we determine¿ RAS values agalnst phentolamlne wlth

and wLthout cocaine, using adrenaline, a full. agonist, and phenylephrlne,

a partial agonlst, agents acting on alpha adrenerglc receptors, and hl.st-

amlne an agent acting on anothe1 type of receptor (Innes , L962).

pA, values before and in the presence of cocalne 10-6 or

-h3 x 10 " g/mL were compared in thirty experl.ments. When adrenaline or

phenylephrine was the agonLst 1t was possible to deternine PA, value

without cocalne and then wash the tlssue t111 control responses had re-

turned and then repeat the determlnatlon ln the presence of cocalne, ThLs

was not posslble with hlstamine because of desensltizatlon. Accordlngly,

pA, values wlth hlstamine were dete¡mined on separate strlps wlth or

without cocalne.

Results of these experiments are shown ln Table 11, There was

no significant change 'n pA, values from controls in the presence of co-

calne 10-6 or 3 x 1o-5 g/mL.

EFFECT OF RESERPINE PRETREATMENT

Effects of reserpine on responses to agonLsts could not be de-

terrnined withln a single strip; therefore responses of strlps from cats

glven reserpine (L ng/kg 24 hr before the experiment) ìr,ere compared with

responses of strips from untreated cats.

!'ull dose-response curves were obtalned to acetylcbollne, angio-

tensln, histamine and noradrenaline in spleen strlps from treated and urr

treated animals. Only one agonl,st was tested per strip. Ftg. 8 and

Table 12 show results and statistical analysis of fourteen experlments.

Responses .to all agonlsts tested were signiflcantly potentlated.

--->i.:.:.:_.;.:ãl-:.'-:1t::"1
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P(rIENrIATION OT ACETYI.CHOLINE,

Drug

Acetylcholine

Acetylchollne

Hlstanine

HLstanlne

Treatment

TABLE 10

HISTAMINE AND NORADRENALINE BY COCAINE

Control

Cocaine to-6 e/nt

Control

Cocaine3xl0"g/ml

Noradrenali.ne Control
Cocaine to-6 g,¡mr

Control
Cocaine tO-6 g,/nl

Mt"l TDsopg/ml

Noradrenallne

NoradrenaLine

Control
Cocalne

9.70

9.70

3 x 1o-5 g,/srl

95% Confldence Ll¡nlts

9. 70

2,20

Lower UPPer

Control

Cocalne3xlO"g/ml

(ro-6 s/ml) AND

10.20

10. 17

1.60

1. 60

Cocaine 10-6 g./ml
-ECocaine3xl0"e/mt

1o.20

2.4L

1,60

o.23

3.2

0.84

L.74

L. 65

(3xtO"s/mr¡

Slgniflcance

8.6s

9.62

3.2

O;13

L,74

o,26

8, 65

1.82

0.84

o.13

3. 51

o.89

1. 43

1. 39

N. S.

3.51

0.18

1. 43

0.19

F<0. oo5

o.89

0.18

2,'I'7

0.69

N. S.

2.77

o. 09

P<O.001

0.69

o. 09

K0. ool

I
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o
I

P<O. OOI

P<O. OOl
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Treatment wlth reserpine signiflcantly (F(O.OO1) increased maxlmum re-

sponses to all agonists tested conpared to controls (Table 13).

FULL AND PARTIAL AC'oNISTS

The effect of regerplne was tested on responses to adrenall.ne,

a full agonlst wlth the htghest afflnlty for alptra receptors of aLl the 
,,,,,,,,.'': -'-

sympathonlmetlcs tested, isoprenallne, a full agonist with Low afflnity,

and phenylephrlne, a partial agonlst wlth lnternredlate affinity.

Responses to full and partial agonists $,ere slgniflcantly .t.,.,i.,
t,;i:.,;:,-.;.,'.:

potentlated. Maximum responses were also potentiated. Results and :': '

':'.'.
statístlca1 analysls are shown in Fig. 9 and Tables 13 and 14. ;r',,.:;.,:,';.:'.- .:.- .

EFFECT OF COSAINE ON HTSTAMTNE AI\ID NORADRENALINE RESPONSES rN CAT

SPI,EEN PRETREATED WITH RESERPINE

.

Cumulatlve dose-response curves to histamlne and noradrenaline 
:

t,

beforeand1nthepresenceofcoca1ne(ro-6and3x1o-5s/nL)werecom-
i

pared Ln sixteen experimentg on strips fron cats gLven reserplne (1 ng,/kg 
i

intraperitoneally) 24 hours before the experinent. Four strfps frorn the i 
'

same spLeen were used ln each experi¡nent; histamlne and noradrenallne 
f

l

were each tested on two strips, one strip without cocaine, tbe second 
l

:

strip in tbe presence of cocaine. For conparison two strips from a cat 't:,..,,,,,.,,¡:

: ... : -.. . 
...-,

which had not been glven reserpine $ere tested at the same time. .,.,,,,.. 
.,.., .

'. .l:. ::.::..

Results and statistlcal analysis are shown in Rtg. 1O and i;::;li:'::!

Table 15. Cocaine tO-6 g/mL speciflcally potentiated noradrenaline,

whereas cocaine g x tO-5 g/m1 potentlated hlstanine and further poten-

tlated noradrenal.ine. The rnaxl¡rum responses f n the reserpine treated i.r .., ''i:.t ..t 
1. ::.r.:

strips, uhich were lncreased when conpared wlth controls, were not changed

by cocaine.

i,, t ,.'
I r; l



TABT,E 11

AMAGONISM BY PHEMOI,AMINE IN CAT SPLEEN

Adrenallne
Adrenallne

Adrenallne

PhenylePhrlne

PhenylePhrine

PhenylePhrlne

ControL

Cocaine to-6 g,/mt

Cocaine3xlo-5glstl

Hlstamlne

HlstanLne

Control

Cocaine 1O-6 s,/nr

Histanlne

pA, VaLues (5 mln

Exposure tine)
(Mean t S.E.)

CocaLne 3 x

Control

Cocaine

Cocaine

6.93 t 0.04

6.95 t O.o2

6.92 t O.O5

-A1O " g/nl
3x1o"e/nt

6.92 ! O.O4

6.91 t 0.02

6.94 t O.O1

No. of

Determinatlons

4.17 ! O,LA

4.50 t 0.17

4.53 t 0.15
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Flg. 8. Effect of reserpine treåtment on dosê-response
. curues to acetylcholine, angiotensLn, histanlne

and noradrenallne ln cat spleen. 'i.,.., 
.

Responses from normal control spleenpEO, are iri:1;,-i"r:r::ii.:

compared wl.th responses of spleen fron cat
treated with reserpLne (1 mglkg),O--O.
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TABI.E 12

P()TENTIATION OF ACE1IYIæHOIINE, ANGIOTENSIN, HISTAì,ÍINE AND NORADRENALINE BY RESERPINE (1 mg,/ke)

Drug

Acetylchollne

Anglotensln

Treatnent

Control

Reserplne

HlstanLne

Mean ED'O

þE/nL

Control

Reserpine

NoradrenalLne

8.7

3.2

Control

Reserplne

95% Conftdence Llmlts

1.1

0.58

Control

Reserplne

Lower Upper

9,2

3.8

L.7

0.65

L.27

o.66

2.7

o.59

7.9

2,7

1. 81

o.72

;,.. r ' l:

Slgnlflcance

o.90

o.51

2.83

o.64

P<O. 01

1.62

0.59

P<0. ol

2.64

o.55

P<0. 01

P<0. o01
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TABI,E 13

EFFECA OF RESERPINE ON MAXIMUú RESPONSES TO ACONISTS

Agonlst Treatment
Maxlmum Responses

Mean ! S.E. Slgnlficance

Acetylcholl-ne

Adrenallne

Anglotensln

Hfstamlne

Isoprenaline

Noradrenaline

Phenylephrlne

Control

Reserpine

Control

Reserpine

Control
I

Reserpine

Control

Reserpine

Control

Reserplne

Control

Reserpine

Control

Reserpine

29. 08

52.03

50. 03

63.50

42,L3

50.50

0.90

1.36

o.42

o.93

o,86

0.93

54.50 t O.91

64.50 t 0.90

49.10 r 0.46

63.80 r 0.82

50.68

64.50

38.60

48.35

o.39

1. 01

o.60

1, 04

P<O.OO1

P<O.OO5

P < O.01

P<O.OO5

P<O.OO5

P<O.OO5

P < O.OO5

t

+

+

t

t

t

+

1

t
+
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EFFECT OF ANTACONISTS ON MAXIMT'M RESPONSES AFTER RESERPINE

Increased maxlmum responses to agonlets found after treatnent

with reserplne mlght have been due to changes Ln tone of tissues caused

by alteratlon of normal medlator influences; reserpine is known to de-

plete tlssues of thelr normal catecholamlne content (Burn and Rand, 1958b;

1959) and lncrease acetylchollne content (Flemlng et al., 1968). W€

declded to test the effect of altering rnediator lnfluences by the use of

antagonists. The antagonists night have produced a potentiatlng effect

on untreated spleen stri,ps, unrelated to changes ln tone caused by alten

ation of mediator lnfluences. Therefore we tested effect of the ântag-

onlsts ln spleen strips from untreated and reserplne treated cats.

Cumulative dose-regponse curves to hlstamine and noradrenallne

before and ln the presense of phentolamlne or atroplne were compared tn

sixteen experiments on strlps from untreated or reserpine treated animals.

Four strLps from the same spleen were used ln eacb experiment, hlstamlne

and noradrenalLne were each tested on two strlps, one strlp wlthout antag-

onist, the second strip ln the presence of antagonlst.

Phentolamine, an aLpha adrenerglc antagonlst, was used when

hista¡nlne was the agonist, atropine an antimuscarinic agent the antagonfst

used when noradrenaline was the agonist. The concentration of atropine

or phentolamLne chosen was approxlmately the RA, values of these agents

(against thelr respectlve physiological mediators) to provide relatlvely

speclflc antagonism. Histamine responses were therefore tested with re-

duced sympathetic lnfluences such as might be expected after reserplne

treatment. Noradrenaline was tested wlth any possibte chollnergic ln-

fLuences reduced. Reserpine, ln fact, increases or causes no change Ln
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TABLE 14

FÛTEI\rIIATION OF ADNENALINE, ISOPRENALINE AND PHENYI,EPHRINE BY RESERPINE (1 MSIKS)

Drug

AdrenaLlne

I soprenallne

Treatment

Control

Reserpine

Phenylephrine

Mean ED'O

Pe/nl

Control

Reserpine

o.70

0.21

Control

ReserpLne

95% Confidence Linlts
Lower Upper Signlficance

o.65

o.2t

a,76 0.59

o.24 0.1?

7.3

2.O

o,72

o.z4

7.7

2.3

o.61

0.15

P<0. ool

rl, r..\

7.1

1.6

P<0. 001

P<0.001
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TABI,E 15

PÛTENÎIATION OF HISTAMINE AND NORADRENALINE BY RESERPTNN (T MglKE)

AND cocArNE (10-6 E/nL¡ AND (3 x 10-5 e/nl)

Drug

Hi stamine

Histamine

Treatment

Histamine

Control
Reserpine

NoradrenalLne

Reserplne

Cocaine to-6 s,/m1

Noradrenallne

Mean ED'O

PC/nL

Reserpine

Cocalne 3

Noradrenaline

Control
Reserpine

1. 54

o. 69

o.69

x 1o-5 g/ml 0.31

Reserpine

Cocaine 10-6 g,/nl

0.69

0.69

95% Conftdence Limits
Lower Upper

Reserplne

cocalne 3 x 1o-5

L. 56

o.77

2.50

o. 57

o,77

o.79

o.57

o.22

o.57

e/nt 0.086

o.79

o.33

1,47

o.53

2.93

0.64

0.53

0. ã5

Signiflcance

.iì.
ii
It

rì

I
It
iil

o.64

o.27

o.55

o.24

P<O. 01

0.64

0. o95

2,65

0.51

N. S.

0.51

0.17

P<O.01

0.51

0.081

P<0.001
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acetylcholine content of various tlssues (Malhotra and Das, 1962; Green,

Fleming and Schmidt, 1968)

Neither atropíne nor phentolanlne increased maximum responses

signlflcantly (Flg. 11). In additlon measurements of length of strips

after equlllbratlon in the bathing fluld (see Method sectton ¡ P.L7 ) showed

no signlficant dlfference between strlps from untreated and reserplne

treated anLmals whlch nlght be expected if there wâs a dlfference in tone

between treated and untreated strips.

EFFECÎS OF RESERPINE ON OTHER SMOOTH MUSCI,E PREPARATIONS

To determlne whether the unspecific potentiation and lncrease

in maxlmum responses found after reserplne treatment fn cat spleen was

peculiar to spleen alone, we tested the effects of reserpine on guinea-plg

ileum and rat uterus.

GUINEA-PIG II,EUM

Cunulatl.ve dose-response curves to acetylchollne, angfotensln

and hlstamine were compared in sixteen experlments on segments of lleum

from treated and untreated gulnea-pigs. Only one agonlst was tested per

segment. Results and statlstical anaLysis are shown tn Fig. 12 and
ì-r,a]t:.;:

Tables 16 and 17. ;,:::'r','r.

lrr,.:..r,1.,.,:

Responses to all agonists tested were potentiated and maximum ,.,;:::.:,¡.'
'...':.t a: _

responses increased 
': "

RAT UTERUS

Conparison of dose-response curves to acetylcholine, S-hydroxy- ; i;

tryptamine and oxytocln on segments of uterl frqn treated and untreated ilì;':i:i

rats showed responses to agonist tested were potentfated and maxlmum

responses lncreased.



Fig. 11.

Dose-response curues showing in A. The effect

on responses to noradrenallne, ln B the effect

on responses to histamine.

A. Dose-response cut:t¡es to noradrenali.ne.

O-O Control

O...-O 90 nin. later ln same strip
Lo-7 e/m]-.

in presence of atroPlne

of

of

atroplne

phentolamine

Â.'..ADose-response curve in spleen strlp fron cat given
reserpine L mg/krg,

o--oDose-response curve in presence of atropine Lo-7 g/^t
in same spleen strlp from cat given reserpine.

B. Dose-response curves to histanine.

O-O contsol .

O.¡..O Dose-response curve in a second strtp from same spleen
in presence of phentolamine 3 x 1O'7 E/nJ-,

Â....Â Dose-response curve in spleen strlp from cat glven
reserpine 1 mg,/kg.

O--ODose-response curve in presence of phentolanine 3 x 1ro-7 g/mL

in a second strip from same spleen of cat given reserplne.

::.. : .
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Besults and statisttcal analysis of twelve experiments are

shown in Fig. 13 and Tables 17 and 18.

EFFEC'T OF DENERVATION (14 pAYS) ON RESPONSES TO ACONIpTS

Denervation is the classic technique of producing super-

sensitivity (Budge, 1855; Lewandowsky, 1899). Analysis of the results

of these and many following reports are compllcated in that experlrnents

were done 1n vivo with many attending difflcultles (see Introductlon,

p.9 ).

Karr (1966) used a technique of stripping nerves from blood .' : ::':
. ,l' t ,' ':t:,,,,;

vessels enterlng the splenic capsule, but only tested responses to nor- ],f;¡i,iìi,:li,

adrenaline and therefore could not comment on the speciflcity of super-

sensltivity produced. Green and FLe¡ninC (1968) cut the postganglLonlc 
,

fibres of the splenlc nerve near the spleen, but thelr technlque was only 
f

l

partially successful in that analysLs of denervated spleen showed that
l

the catecholamine content had been reduced only to thlrty per cent of 
ì

control values; Moreover they also found varl,ation in sensitlvlty betweentY between 
i

nedial and lateral ends of spleens; cocalne signlflcantly lncreased sensl- '' ':

tivity of the lateral end, and they tested only noradrenaline.
. :' _:.i:

Wtth the procedure we used (See Methods, p.19 ) sensltivity i'¡,=.r.:,:i'';:
't"t 

t t'' t ttt':" l:t

changes were uniform throughout spleens, Comparlsons of full dose-response i.;,,,.,,,i.,',.',' ,'

. : ::.. ... :. .-. .:'

curves to a varLety of agents were tested. 
:':l ::l':::

CAT SPLEEN

In twenty-four experiments strips from spleens which had been ii .:¡;.,,12,.r¡,
ltli..¡,,'.t.1]..f

denervated were compared with control strips. Full dose-response curves r. .--.'" '.

were obtained to acetylcholine, angiotensin, histamine and noradrenaline.

Onty one agonlst was tested per strlp. ':
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POTEMTATTON OF ACETYICHOLTNE,

Drug

Acetylcholine

Mean ED'O

Treatment þA/nL

Angiotensln

TABI,E 16

ANGIOTENSIN AND IIISTAMINE BY RESERPINE

IN GUINEA.PIG II.ETJM

Control

Reserpine

Hi stamíne

Control

Reserpine

o.059

0.019

95% Confidence Limits

controL

Reserpine

Lower

0.0018

0.00067

0.048

0.015

(1 mglkg¡

o.42

0.11

Upper

0. 0014

o. ooo59

0.071

o,o24

Signi fi cance

0.36

0. 09

0. oo23

0. 00077

P<0.001

0.49

o. L3

I

P<O.005

P<0.001
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TABLE 17

EFFECT OF RESERPINE ON MAXIMUM RESPONSES TO AGONISTS

IN GUINEA-PIG ILEIJM AND RAT INERUS

Agonist Treatment
Maxlmum Responses

Mean t S.E. Signfficance

GUINEA-PIG II,EI'M

Acetylchollne Control

Angfotensin

Histanlne

Reserplne

Control

Reserpine

Control

Reserpine

49.LL + 1.76

67.62 ! L.92

46.20 + 1.13

60.70 t 1.40

45.80 t 0.76

58.50 t 1.38

P<0.oo5

P<0.005

P<O. OO5

ìi: -:l-

RAT I.ITERUS

Acetylcholine Control

Reserpine

5-Hydroxytryptamlne Control

Oxytocin

Reserpine

Control

Reserpine

59.40 ! 0.76

70.13 t 1.O7

55,20 ! L.Oz

68.70 r 2.05

54,85 ! L,26

69.95 t 0.94

P <O.OO5

P <0.005

P <0.005
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POTEI'¡TIATION OF ACETYLCHOLINE,

Drug

Acetylcholine

5-Hydroxy-
tryptamine

llean ED'O

Treatment þE/nL

TABLE 18

5-TTYDROXYTRYPTAI\{INE AND OXYTOCIN BY RESERPINE (1 Mg,ZKg)

Control

Reserpine

Oxytocl-n

Control

Reserpine

0.043

0.005

ControL

Reserpine

957¿ Confldence Llmits
Lower Upper

0. 50

0.06

0.038 0.051

0.004 0.0057

': . .a1....: .

''.:.rì. 1.

o.0018

0. ooo47

o.42

o. o51

t:.:ïiti
:1,: t:'.'.,i
'rr¡ lit;i'

0. o013

o. 00037
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o. o70
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Results and statistical analysls are shown ln l'lg. 14 and

Table 19. Responses to all agonists tested were potentiated by denervatlon;

maximu¡n responses to agonists were unchanged.

RAT UTERUS .

Dose-response curves to acetylchollne, angiotensin and 5-hydroxy-

tryptanine were compared in twenty experiments on segments of uteri from

denervated and control anirnals. Denervation potentiated responses to all

three agonÍsts; maxlmum responses were unchanged.

Results and statlstical analysis are shown in Fig. l5 and

Tab1e 2O.

DEPLÐTION AND UPTAKE OF CATECHOIAÌIINES

Various explanatlons have been put fonrard from tLme to tlme to

account for the potentiating effect of cocalne, resêrpine or of chronic

denervation on the actions on a varlety of tlssues innervated by the

sympathetic nervous system (see reviews by Furchgott, 1955; Trendelenburg,

1963, 1966). The currently popular hypothesls is that the concentration

of a catecholanine in the extracellular fluid lmmedlateLy in contact witb

the adrenergic receptors is normally linited by uptake into the adrenergic

nerves and that interference of this uptake changes the concentratlon near

the receptors. Accordlngly we studied the effect of cocaine, denervation

and reserpine on catecholamine content and uptake.

Catecholanlne content of cat spleen, nomal , denervated and

reserplne treated is shown 1n Table 21. The effects of reserpine on

catecholamine content of guinea-pig ileun, and reserpine or denervatlon

on rat uterus are shown in lables 22 and 23.

l::'.:.-: -'

lì.r:: 
"

In each case reserpine or denervation significantly (P<0.O01)



50

-70-

8765487654
IIEGATlVE tOG C0ilCEtlTRATl0ll (Érm¡)

Flg. 14. Effect of denervation of cat spleen on
dose-response curves to acetylchoLine,

Responses from normal control spleenrO-O,
' are compared with responses from denervated

sPleen,¿\""¡\.
l.r,:

G40g
-930
l-
C'

Ë20
-c,ct

10

G40
E
-
=¡0t-
cÐ

7zo
-€t
C'

10

50

AGETY[GIIOTIIIE AltGr0TEilstll

lilsTAillllE IIORADBEIIAtIIIE



TABI.E 19

POTEMIATION OF ACEÎYI.CHOLINE, ANGITTENSIN, HISTAMINE AND NORADRENALINE BY DENERVATION (14 DAYS)

Drug

Acetylcholine

Anglotensln

Treatment

Control

Denervation

Hlstamine

Irlean ED'O

þE/mL

Control

Denervatior:

Noradrenaline

7.7

1.0

Control

Denervation

95% Conftdence Llmits
Lower

0.94

0.18

Control

Denervatíon

7.t

0,91

t.47

o.50

Upper

o.86

0. l3

8.5

1. 13

2.4

0.20

i:i1,:¡
.,!:,'?:

t.29

o.41

:a.ti

Si gnifi cance

r.15

o,24

"ir

Ë

fr

2.LL

0.17

P<0. o0r

''., ' ,ì ili.,

L,67

0.62

P<0.001

2.65

o.26

P<0. o05
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F<0. ool
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TABLE 20

PCrIENTIATION OF ACETYLCHOLINE, 5-HYDROXYTRYPTAMINE AND OXYIOCIN BY DENBRVATION (14 DAYS)

Drug

Acetylcholine

5-Hydroxy-
tryptamine

Treatment

Control

Denervation

Oxytocln

Mean EDUO

þ\/nL

Control

Denervation

o.023

0. oo3

Control

Denervation

95% Confldence Llmits
Lower Upper

o.39

0. 064

0. o28 0. o17

o.oo35 0,oo27

o. ooo89

0. 0018

o.47

o.071

0.00097

o. o0023

SÍgnlfl cance

0.33

o. 060

P<0.001

0. ooo73

o. oo011

::...

, . rr..
L:i,:
1: ;'

P<0. o01

K0. ool

I\¡
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I
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reduced the catecholanine content of treated tlssues compared wlth controls.

We noted that Ln cat spleen the degree of depletion of catecholamlne content

after treatment with reserpine was greater than that reported by other au-

thors (Burn and Rand, 1959; Green and Flemlng, 1968).

Exarnlnatidn of the other workers t papers showed that one possib-
.''

ility for the difference noted was that they used adult cats; (>2.O kg) so

we tested the effect of reserpine on catecholamlne content of spleen and

heart in two groups lof animals ()2.0 LS) and (O.8 - 1.5 tre). Results of
i

these experlments arie shown i"n TabLe 24.
I

The catecbiolamine content of hearts and spleens of untreated

control cats showed no significant difference between the two groups. Af-
i

though reserplne si{nificantly (P(O.OOl) depleted the catecholamlne content
iof heart and spl,een'in both groups, the reduetion in catecholarhlne content

'i
.tof botb heart and sqleen was significantly (PcO.OO5) greater ln kittens

,l
(0.8 - 1.5 ke). 

i

The fatlure of cocaine to enhauce the action of lsoprenallne on
i

beta adrenergic receptors of various tissues (Raszkowskl and Koelle, 1960;

Stafford, 1963) is in accord with the uptake hypothesÍs, because uptake

of isoprenalf.ne !s slnall. (Hertting, L964; Iversen, 1964). Isoprenallne, i'::'; 
'

I 
it" t"'l

however, contracts tfre cat spleen by actlng on alpha adrenergic receptors 
,,i ,,1,,,

(Bickerton, t963), We find that cocalne potentiates this actLon. This

observatlon, in terms of the uptake hypothesls, is lnconslstent witt¡ a
i

low uptake of Lsoprenaline, so we l¡ave measured the uptake of i.soprenaline t¡;..:.:,:t.;

'_:::':ti ':'

by cat spleen and dqtermined the effects of cocaine on it.
i

POTENTIATIO,N qF, ISOPRENALINE AND NORADRENALINE BY CO9A,INE

Cu¡nulatlve dose-response curves to isoprenaline and noradrenaline
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TABI,E 21

COIvIPARISON OF CATECHOIAMINE CONTEI{T @e/e TISSUE) OF CAT SPLEEN (O.8 - 1,5 tg)

UNlREATED

30 cats

2.L40
5.096
4.780
3.750
2.320
L.77L
3.190
2,'LO
1. 591
3. 369
4.57O
2.901
3.320
t.787
5.2A5
3.785
1.870
4.793
1.630
2.069
2.L59
2.860
4,272
,5.139
1.364
1.603
1. 580
1.589
2.290,
L.407

RESERPINE
PREÎREATMENT

( I me,/ke)

34 cats

0. o02
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
0. oo2
o.002
o. oo2
o. o02
o. oo2
o. oo2
o. o02
o. oo2
o. oo9
0. o12
o. o50
o.120

0.0056 r o.oo38

DENERVATED

(14 days)

L6 cats

o. oo2
o. oo2
o. o02
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o. oo2
o, o02
o. oo2
o. oo2
o. oo2
o. oo2
0.119
o.o24

2.893 t 0.236 o.oo89 t 0.006
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TABT,E 22

CATECHOI.AMINE CONTENT (T¿slg TISSUE) OF GUINEA.PIG II,EI'M

Reserplne Pretreatnent
Untreated (1 mglkg)

o.532

o.492

o.452

o.449

o.510

o.473

Mean
t 0.484 ! 0.013

s. Ë.

o. o5r

o. o71

o.086

o. or4

o.o42

o. o39

o.o50 t 0.010

i-lì1 ::ìi:l ;:r..:ì.i:::
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TABLE 23

CATECHOIAMINE CONTEITT (PEIE TISSUE) OF RAT I.ITERUS

Untreated

Reserplne
Pretreatment

( I ng,/¡g¡
Denervated
(14 days)

Mean
+

s. E.

0.579

o.492

0.731

o.511

o,493

o.626

o.572 t 0.O38

o. o34

o. oo3

o. o31

o.014

o. oo9

o. o19

o.o18 + O.OO4

o. oo4

o. oo9

o.013

0. 006
'

o. ooo

o.017

o.oo8 + o,oo2

l:..'. ''
r':.._'1.:



COIIPARISON OF EFFECÎ OF

OF C'AT HEART AI.ID

TABI.E 24

RESERPINE (f mS,/kS) ON CATECHOLA¡¡IINE COI'ITENT Qe/e TISSTE)

SPI,EEN BEÎIVEEN ADULiT (>2.0 kg) AND KITTEN kl.S Xg¡

Adult

HEART

IJÌfTREATED ¡ RESERPINE

Mean t S.E.

1.596

2.o27

3.756

1. 318

1. 845

1.71 t O.12

Kltten

0.113

o.267

0.184

0.120

0.143

o.17 t 0.o3

2.2OO

1.808

1.803

2.O',|5

1.940

1.9? 1 0.08

SPT,EEN

TJNIREATED I NSSSNP¡XP
!

t s.E.

1.990

2.670

2,44O

3.190

2,zLO

2,34 ! O,23

.oo2

. o02

.oaz

. oo2

. oo2

.oo2

o.133

o.0?1

0.114

o.226

0.164

0.15 ! O.O3

2.L40

5.096

1.780

2.860

2.32A

2,85 ! O.42

.oo2

.oo2

,oo2

. oo2

. o02

. oo2

I\¡
6
I

.: t.t,:
lt: '::

:.1:.:,:.:,

i ':l .,1,

,1ñ.7

'-*1

'::*
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before and after cocaine (1O " S/nL'¡ $,ere compared in five experlments

on spleen strips from normal cats and six experiments on strips frør

cats given reserpine (1 ng/kg intraperitoneally) twenty-four lrours be-

fore the experiment. Four strips from the same spleen q,ere used in

each experiment; isoprenallne and noradrenaline were each tested on two

strJ.ps, one strlp before and after cocaine, the second strip as a time

controL without cocalne. In both series of experiments cocalne poten-

tlated both Lsoprenaline and noradrenaline, while the tine control dose-

response curves were unchanged (ffg. 16 and 17). Potentlatlon of Lso-

prenallne was slgnlficantly less than that of noradrenaline (F<O.OOl.).

Statistlcal analysls of the results is shown in Tables 25 and 26,

TJPTAKE OF ISOPREÌIALINE AND NORADRENALINE BY CAT SPI,EEN;

Strips from denervated cat spleen or from cats pretreated wlth

reserpine were exposed to a loading dose of isoprenaline or noradrenaline

-^(10-4 e/nl.) for flve minutes and then washed untll the strips had relaxed.

Other strips from the same animals were not exposed to the agonlsts and

served as controls. All strips were then taken from the organ baths;

the control tlssues were assayed for total catecholamlnes and treated

tissues for lsoprenaline and noradrenallne respective,ly. Isoprenallne
''

and noradrenaline were taken up by spleen ln each of thirteen experinents

frqn reserpine treated cats. lbe lsoprenaline contents were 2.19 t O.28

pt/g tíssue, and noradrenaline content was 2,27 + O.34 ¡¡9,/g tissue.

Spleens previously denervated showed a greatly reduced uptake;

the values for lsoprenallne and noradrenaline were O.14 t O,O2 and O.17 t

O.O3 ¡tg/g respectively. Total catecholamlne content of unloaded strips

from denervated and reserplne treated strips was less than O.OO2 pg,/g tlssue.



-80-

70

60

tr:d't{+?:'21

Ê50
5
-940t-ct
Ê

=ilC'
C'

20

Ì..::j.::::

10

70

60

50

õ0

20

10

10

E
E

-c
¡-
C¡
Ê
l-
-o
C'

ilEGATIUE tOG G0ÎlcEilTRrilOil(Érr¡d) 
_Ã

r.t'. 16. potentiatlng effect of cocatne (1 x 1O " E/nL)
on LsoprenaLlne and noradrenallne effects ln
sP1een strLps from normal cats,
Responses f rom norrnal control spleen p-O,
are compared wlth responses wlth cocaine, X 
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TABI,E 25

-EFOTENTIATION OF ISOPREI.IALINE AND NORADRENALINE BY COCAINE (10 " E/n]-)

Drug

I soprenallne

Noradrenallne

Treatment

Control

Tine

I soprenallne

Mean EDSO

Pg/nL

Control

Tlne

Noradrenallne

36.6

39.5

Control

CocaLne

95% Confidence Llnlts
Lower Upper

0.99

L,O2

33.6

36.2

Control

Cocaine

41. 0

8,7

o. g6

0.89

40. o

43.1

o.84

0.07

33.6

7.I

Slgnfficance
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l

:
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:

:

ì

l

ì
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iii¡

1. 14

L.L7

N. S.

o.62

0. o5

50.1

10.7

N. S.

L.L2

0. 09

P<0.001

I
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I

P<0. ool
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TABLE 26

-RPOTENTIATION OF ISOPRENALINE AND NORADRENALINE BY COCAINE (10 " C/NT¡ ATTER RESERPINE

Drug

I soprenaline

Treatment

NoradrenaLlne

Control

Cocaine

Mean ED'O

þE/mL

Control

Cocalne

28.8

9,7

95% Confidence Limits

-. l;; r

,,.i.,:,
^r'r'l,i;.i
.",::it;,);

Lower Upper

26,7

9.O

o.57

0.10

0.50

0.09

l:

31.0

10.4

Slgniflcance

o.58

0.11

P<0.001

P<0.001

I
@(¡t
I

't¡
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EFFECN OF COCAINE ON UPTAKE OF ISOPRENALINE AND NORADRENALINE

The effects of cocaine on uptake of isoprenaline and nor-

adrenaline were tested in eighteen experiments. For each experiment

flve strips from the same spleen u¡ere used. In all cases the cats were

glven reserplne (l ng/yg lntraperitoneally) before the experiment. Two

strips were exposed to a Loadlng concentration of isoprenatlne, Ln one

strip ln the presence of cocaine (tO-5 S/nL) applied five minutes before

isoprenaline, in the second wlthout cocaine. Two strlps were sfunllarly

exposed to noradrenaline with or without cocalne. The ftfth strip was

exposed to cocaine only and served as a control. Loading concentrations

of isoprenaline or noradrenaline were LO-7 , lO-6 and l0-5 E/nL. Strips

ìilere exposed to the catecholamines for five ninutes, washed ttll the

contraction had dlsappeared, and then assayed for lsoprenallne and nor-

adrenaline content. Cocalne signiflcantly reduced the uptake of nor-

adrenalfne but dld not alter the uptake of lsoprenallne (Table 22.)

a-'... .:a,a.!.
:,1:r,-.:-,:"ì'-,:

ij,.ìr -.ì:ìi



Ioading
Drug

EFFECI' oF cocArNE (1o-5

NORADBENALTNE TN SPI,EEN

Noradrenal.ine

Noradrenaline

TAI}Lþ: 27

E/nl) ON UPTAKE OF ISOPRENALII{E AND

STRIPS FROliÍ RESERPINE TREATEÐ @TS.

Cocaine

I soprenaline

o

tO " g,/nrl

Lo-7 s/^t

o

1O " g/nl

o.35 ! O.03

0.06 t o.o2

P<.001

Tissue Content g/g tlssue
Loadlng Concentration

!
-AT-41o-g,/ml I fo"e/mt.

o.25 t o.o3

o"25 t o.o4

N. S.

0.56 t o.o7

o.17 È O.O5

P<0. O05

.t¿,

I

I

l

I

I

I

0.32 t 0.06

o,3L .t o.o7

N. S.

1.40 t o.10

o.54 t 0.26

P<0.001

0"96 ! 0.02

o.95 t 0.03

N. S.

0

<0.002

¡
@
(rr
I

I

I

l

I
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DISCUSSION AND CONCLUSIONS

The maJor part of thLs study vras done on cat spleen.

Accordingly we began by examinLng some baslc propertles of cat spleen

which could enable us to determlne where cbanges might have occurred

after productlon óf supersensltivity.

Pnelinlnary experiments agreed wlth Innes (1962) that cat

spleen was contracted by various blogenlc amlnes and extended hls flndlngs

to ful1 dose-response curves to acetylcholl.ne, angLotensLn, hlstamine and

various sympathomlmetic amines. The ftndlngs that spleen strlps from

klttens (o.E - 1.5 kg) showed less varlatlon ln responses to agonists

and a greater duratLon of vlabillty as measured by sodlurn and potassium

content Ls not really surprisf.ng Ln that Ln vÍtro preparatlons are nainly

dependent on diffuslon for metabolic requlrements and the thlckness of

strl.ps fron adult cats n,as slgnlflcantly greater (P<0"0O5)"

Other factors than diffusLon nay play a role ln the dLfference

between adults and'klttens and dlfferences ln sensltivltles of young and

adult anlmals have been shown to exlst ln vf.vo (Schlossman, L937; Foutst

L962; Kupferberg anrl Way, 1963; Spaln, 1963). These authors have shown

that in vivo sc¡r¡e of the dlfference between young and adult anLmals were

explainecl by dif.ferences 1n abillty to metabolize drugs or by differences

in their distrlbutfon.
l

MAXIIIÍIIM RESPONSES 1O AGONISTS

The results obtalned by produclng the rnaximum response to one

agonlst and a superlmposed response by addltlon of a second class of

agonist clearly showed that spleen strips are capable of further contrac-

l.-:--.-i ::f i--il
J: í,: ' i,:'.,: i
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tl,le response than that produced by one class of agonlst' and that the

limitation on maximum responses to the drugs tested is not the contrac-

tlle elements !g a9, ln control tissues or tLssues made supers€nsltlve

by cocaine, denervatlon and reserplne. Kuenzle (l'960) proposed thLs

technlque would be useful for confirming the exLstence of speeific drug

receptors in a tissue and was able to show speclfic receptors for acetyl-

cboLine, histamlne and adrenaline Ln rabblt aorta. The maln crit'lcisms

of this technlque were tÌ¡at contractllity or desensl-tizatLon nlght be

interfering factors, or that a compound with greater intrlnslc activity

could produce a further response by successful competitlon for the recep-

tors with which the first drug has courbined, thus leadi'ng to a false

conclusÍon of separate receptors for two agonists'

The observation that tlssues gave a further response on removal

of the stlnulus of an agonlst at a soncentration producing the maxl¡num

response obtal.nable by that drug, suggested that sqne desensitlzatLon

effect was occurrl.ng; stretch, pH and temperature changes were carefully

excluded. TbLs desensltlzatlon appeared to be relatively speciflc for

each agonlst, ln that a second agent produced a further tissue response,

whtcb would not be expected if unspeciflc desensitlzatlon generally pro-

duced by hlgh concentratlons of an agonist had occurred (cantoni and

Eastnanr 1946).

Apossibleexplanatlonforthlsphenomenaisthatinhibltory

receptors exlst with which agonists combÍne. Tbese are not the beta

adrenergic receptors, since the phenomenon still occurs In the presence

of a beta receptor antagonlst, and it ts not confined to adrenerglc drugs;

all other classes of agonist tested produce the phenornenon' The phenomenon

1i¿{': "-.} t.fi

':Ì;il:,:!:iì
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can be readily explaLned 1f the afflntty and intrinsic activlty of

agonists for the lnhibitory receptors are small compared to tbe excltatory

drug receptors. The observed agonist response will be an arlthnetic

mean of activation of both sets of receptors. When the agonlst ls re-

moved fron the bathlng fluid the inhlbltory drug-receptor complex will

quickly dissociate due to the low afflnlty, the excitatory drug-receptor

complex will now be able to produce its full effect. If the agonlsts

have also a relatively low intrinsic activity when combined wlth thls

inhibltory receptor, thls would explain why near maxLmum doses of agonlst

are required before there 1s any effect on the normal excitatory response.

RECEPTOR RESERVE. AFFINITY AND INÎRINSIC ACTIVITY OF SYÌIPATHOMIMETIC

AMINES IN CAT SPI,EEN.

Anl.nportantaspectofdrugactionlsthequantltatl've

relatlon between the concentration of agonist in the viclnity of the

receptors and the resultlng effect. Thls relation can be studled by

means of determinatlon of the dose-effect curve for a drug ln a slmpli-

fled biological system. classical receptor theory postulated that the

response of a given organ or tlsgue ls proportlonal to the number of

receptors occupied by the stlmulating agent and that the maxL¡nal reaponse

occurs when all receptors are occupied' The findi'ngs of Nlckerson (1956)

and stephenson (1956) that the naxlmal response to bistar¡l.ne in gufnea-

pig lleum required occupancy of only a portlon of the available receptors

suggested that tÌ¡eoretical deductions from mass action analysis of dose-

response curves should be accepted wlth caution. These flndlngs found

ready acceptance because there were unexplained anomalies |n drug receptor

interactions, and because of the conplex nature of tissue responses'
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The flndlng of spare receptors gained such acceptanee that everyone

assumed without adequate studtes that all tl.ssues had spare receptorst

untfl 1966 wben Offenheiner and Ariens reported rat stomach strlps had

no spare 5-hydroxytryptamine receptors and tewis and Mll1er showed rat

seminal vestcle had no spare adrenerglc receptorg.

our results showing no spare adrenerglc receptors ln cat spleen

and tbose of Cook (1970) who reported tbat there v,as no hlstamlne receptor

reserve 1n rabbit aorta add to the growing evidence that in many tissues

tbe linitlng factor !n deternlning the magnitude of tissue response may

well be receptor occupancy. This has not yet been appreclated by the

scLentiflc communl,ty, although tbe only tlssues where a receptor reserve

bas been reported ls guinea-plg lleun and human fetal lIeurn (Boreus, 1968)"

We have shown that contractlle capablllty of spleen !s not the llmitlng

factor wttb the agents tested and the fanlly of dose-response curves of

synpatbomlmetlc amines (Ftg. 6) could now not be expl.ained by varLatlons

in tbe percentage of available receptors occupled. PAa values agreed

that tbese drrrgs acted vla a common receptor.

Attempts to estimate afflnlty of varLous drugs have invarlably

involved theoretical calculatLons from equatLons wbere one assunption ln

their derlvatlon has been the u*i"t.rr". of a receptor reserve, altbough

in many cases this was valldr since the experirnental tissue used was

guinea-pig lleurn. Barlow et al., 1965; Waud, 1969; Tallarlda et al.,

1970). The use of receptor protectlon technique in a tissue where no

receptor reserue exLsts provldes a dlrect method for measuring and con-

paring affinltles of different drugs wl-thout f,ecourse to calculations

which are based on many unproved assumptions. While varLation between

1...:t:-..
i'"j
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experl.ments does not a11ow exact quantlficatlon of afflnitles, a relatlve

measure of affinlty ts provlded.

In a family of dose-response curves the positlon of the dose-

response curve of any one agonist, Ls determlned by affinity, lntrinsl.c

activlty and tbe number of available receptors. Where there ls no tlssue

receptor reseÌ¡se, as we found for synrpatho¡rinetlc amLneg in cat spLeen,

all ful1 agonlsts have the same intrlnsic actlvlty and posltlon of thelr

dose-response curves should be deterr¡ined by relatLve affinitles.

The results of our expertments on measurlng afflnlty (Table 9)

show general agreenent wlth predlctlons that were made that the posltlon

of the response-curve to a fuLl agonist would be deterrnlned by the affin-

lty of the agonist, changes in affinity and intrlnslc actlvlty would

detemine the posltlon of response-curves to partlal agonlsts. The only

anomalous result was that of tyranine wl¡ere the measured affinLty was

much higher than that expected from the posltion of the dose-response

curve. Thls result ls, however, readlly explafned ln vLew of tbe fact

that tyramlne exerts Lts maJor effects in cat spleen vla noradrenalLne,

released frøl catecholamLne storage sites (Innes, 1962), and measurements

of affinity of lndlrect or mixed actLng agents sbould be Lnterpreted 
i

i:,,,,,..,,a,--..;;a

wlth cautlon. The measurements could be made Ln tissues depleted of ', 
:":'::':

...,., ,. . 

"1. 
..t,.:

catecholamLnes, but again caution would be essential, slnce such treat- i','':,...',;..-,-: . : . ...

ment could produce tissue changes affectlng afflntty measurements. :

The crltlcisms of Waud (1962) on the use of protection tech-

nique were tbat huge doses of an agonl.st used for protection of receptors,

possibLy could protect other receptors than those normally occupled by

an agonl.st and thus lead to erroneus concl.usLons, when receptor protection
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tflag used to dlfferentlate receptors. However we never exceeded the dose

of an agonlst requlred to produce a maxlmum response and compared only

responses of the same agonlst before and after phenoxybenzamlne blockade.

The cønparisons we made were of the abiltty of agonlsts whlch act on tbe

same receptors, to cornpetitively protect these receptors agalnst phenoxy-

benzamlne blockade, This use of protectlon technlque ls eminently sult-

abLe for measuring afflnlty in tLssues where there is no receptor reserve¡

Responses were compared only at maxlmum responses where in both cases

tbere v¿as lOO% receptor occupancy

Classlcal approaches to drug-receptor lnteractlons postulate

that partlal agonlsts besldes possessing a lower lntrlnslc actlvlty and

occupying, wlth thelr maxinally effectlve dose, all available receptors

for that cLass of drugs, should also possess hlgher afflnitles than full

agonlsts. Indeed a recognlzed test of partLal agonism (Arlens et al. t

1956) was based on the flndlngs that a partlal agonist wben tested wfttr

a full agonlst would prevent the full agonist frqn produclng the naxl'nal

effect througb conpetltf.on for the avallable receptors. Our results on

cat spleen show that phenylephrlne, a partial agonlst, does not have

hLgher affinlty than adrenallne, noradrenallne or nordefrine, all fuLl

agonists.

Ariens g 4. (1956) used guinea-plg 11eq¡n ln thelr experlments

on partlal agonisn and our affLnlty measurements suggest elther that

cautl,on should be used 1n lnterpreting results based on drug receptor

Lnteractlons Ln tissues where there ls a receptor reserve or that our

measure of afftnltles is not correct. Thls de¡nands further investlgatlon

and we propose to apply the technique of Ariens et 3L. uslng cat spleen.

:.. :.:.
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Thls w111 provlde evtdence thaù wtlr et ther Justlfy our method of

measurJ.ng affintty or stlmulate furtber work to explaln these anomalles.

PqTENIIATION OF RESFONSES TO AGONIST BY COCAINE

Many workers atternpt to Justtfy their acceptance of the uptake

hypothesLs as the sole explanatlon of the potentlatlng actlon of cocalne ,.,:..,.:,:j
:.,,,.t rt 

ta ,,,

by quotlng reports whicb state cocalne does not potentiate regponses to

agonlsts other than catecholanl.nes, though there are rèports that cocafne

does potentiate responses to other classes of agonlsts (Rosenblueth, Lg32; .:;:.-::.:.:,..,

rnnes and Kosterlltz, 1954; Kalsner and Nlckerson, 1969). Recently many

proponents of the uptake hypothesis have used the term presynaptlc

changes to descrl.be the role of cocalne Ln production of supersensttlvlty

and post-synaptlc changes to account for the supersensitivlty observed

after reserpl.ne or denervatLon. These te¡ms, as used by these workers,

f.mply that cocalne produces only a supersensltlvlty to catecholanlnes by

an actl.on on sympathetlc nerve endtngs, whereas the other procedures pro-

duce changes Ln the effector cel1s such that an unspeclflc supersensltlv-

lty ts observed.

Trendelenburg (1965) and Green and FlemlnC (1962, 196g) use

tbese telrms, and a maJor crltlclsn of thelr lnterpretatlons ls that their
crlterla for speciflcity of supersensltLvity ls based on changes ln pD,

values of phenoxybenzamlne against noradrenaline wlth no change 1n RA,

values of phentolaml.ne against noradrenallne. These authors state that

a causal relatl.onship exlsts between changes In RD, values and unspeclflc

supeísenslttvity. Tbis has never been establlshed and Ls strongly ren1n-

iscent of the argument,s these and many other workers have used: namely

that as changes ln uptake accøpanled supersensitl.vlty there must be a
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cauaal rolatfonohlp betwson then.

As RA, and pD, are both measures of antagonlsm at tho receptor

level, the dlfference belng that f n Þ4, detetmlnatlons a cmpetltlve

antagonlst ls used whlle ln nD, detemlnatlons a non-equlllbrlun antag-

onlst ls used, the extrapolatlon of changes ln pDZ values reflectlng

post-receptor events seens conpletely unJustlfled. The obvlous test for

speclflclty of supersensltlvtty Ls to deternlne responses to agonists

which act on dlfferent receptors and determine whether a procedure does

produce supereensltlvlty and tf so the speclflcLty produced. Flenl'ng

(fg68) showed that chronlc gangllonlc blockade produced unspeciflc super-

sensltivlty ln gufnea-plg lleun; responsea to acetylcholLne, hlstamlne,

5-hydroxytryptanlne and potassLum were potentlated but he dld not check

lf nD, values çere changed.

Our results clearly show that cocalne produced both speclflc

and unepeclfic supersensttivlty ln cat spleen. Cocalne 1O-8 - LO-' e/,1

potentlated only responses to catecholanlnes, whereas cocal'ne 3 x 1O-5 g/nl

produced naxlmum potentlatlon of catecholanlne responses and potentlated

responses to acetylchollne, anglotenetn and hletanLne. Green and Flemlng

(1968) studLed supersensitlvtty ln cat spleen and stated that cocal'ne

produced a speclftc supersensltlvlty, yet they tested only noradrenallne

responses. As tbe concentratl,on of cocalne used by these workers was

lO-Ð g/¡r1 they would have arrl.ved at erroneoug conclusions on the abtltty

of cocalne to produce unspecLflc supersenslttv!.ty even lf they had tested

thls by the use of dlfferent classes of agonlsts. The ablllty of eocaLne

to prduce unspeclft c supersensLttvl.ty ls not llsrlted to cat spleen as

.R
3 x 1O-'glml potentlates responses to acetylcholine, angiotensln and
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S-hydroxytryptamlne ln rat uterus (Innes, unpubllshed data),

Barnett et al. (1968) reported that cocaine and other agents

which lnterfere wlth neuronal uptake of noradrenaline lncreased the

maxlmum responses to noradrenaline Ln rat vas deferens. They attrlbuted

this to a decrease ln auto-tnblbition of noradrenal.Lne responses.

Kasuya and Goto (1968) also reported that cocalne increased ¡naxl.mum re-

sponses to a variety of agonists 1n fat vas deferens and decreased the

threshold of calcium requLred for contraction. These workers concluded

that cocaLne can produce a speclflc supersensltLvlty to catecholami.nes

and unspeclflc aupersensttlvity probably lnvolvlng utillzatLon of calclum

at a post-receptor leveI.

We agree wlth Karr (1966) and RelffensteLn (1968) that cocalne

does not change maxlmal reaponses to noradrenallne ln cat spleen and

have extended these findlngs to a variety of synpathomÍnetlc amlnes and

to acetylcholLne, anglotensf.n and hlstanine. Our experLments on maxlmal

responses and receptor reserve showed that the llmitfng.factor in naximal

drug responses in spleen sensl.tlzed by cocaine ls not contractlle capa-

btllty and that the observed supersensltivity can not be by an lncrease

ln the number of avallable receptors.

That changes ln afflntty of the alpha adrenergic receptor ¡nlght

be produced by cocalne and thus explaln tbe observed supersensltivlty was

flrst suggested by Cl.ark (1937). The results of our determLnations of

pA, values wlth and without cocalne at concentrations of tO-6 and 3 x 1O-5

g,/ml showed no change ln RA, values. These determfnatlons were made wlth

phentolanLne as the antagonist; the agonLsts tested \4,ere slrnpathomlmetlc

aml.nes, both full and partl.al agonlsts, and hlstamine as a class of

::::r-r,:,'::.r,¡'- .'. ,.,. : .
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agonlst actlng on dlfferent receptore. lÏe Lnterpret thls to mean that

no change ln afflnlty of alpha adrenerglc or hlstarnlne receptors was

produced by cocalne. Although thls lnterpretatLon can be crltlclzed on

the grounds that afftnlty of the alpha adrenergic receptors changed

equally for agonLsts and antagonlst, thls 1s rather unllkely ln the case

of the hista¡nlne receptor, because phentolanlne ls not a conpetltlve antL-

hlstaninic agent. pAg values of phentolamlne agalnst hlstamlne or

acetylchollne are very slmil.àt, 4.32 and 4.19 respecttvely; conpared

wlth RA, values agalnst the sympathomLnetlc amines tested thls reflects

a three hundred tlmes Lncrease tn the concentratlon of phentolaml.ne re-

quired to cause the same degree of antagonlsrn and ls lndlcatLve of an

unspeciflc antagonlsn probably at a post-receptor level. Changes in

afflnLty of receptors caused by cocal,ne at a concentratlon of 3 x 1O-5 g/rt

whlch produces an unspeclflc supersensltivlty would tberefore probably

sttll be detected,

SUPERSENSITIVITY PRODUCED BY RESERPINE

Althougb there Ls general- agreement anong authors that reserplne

can produce supersensltivlty (Innes, 1960; Trendelenburg and Welner, L962i

Westfall and Fleming, 1968; Kalsner and Nlckerson, 1969; Davl.dson and

Innes, L97O) tllere ls stlll a dtspute on the speclfLclty of supersensit-

lvlty produced and the duratlon of pretreatment requLred. Two maLn schools

of thought exl.st. One malntalns that reserplne produces supersensltLvlty

nlthin twenty-four hours, the second malntaLns that a minl.mum of seventy-

two hours treatment ls required. DLsagreement on the speciftctty of

supersensttlvtty observed occurs ln both scbools. Explanatlons for dlf-

ferences in results betrrreen various workerg mlgbt be due to dlfferences
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in the dose of reserpine given; (quoted amounts vary fron O.1 ¡ng/kg to ' '.

5 ng,/kg daily), species and organ variatlon, ln sensltlvity, and rotttes

of adminlstration and metabollsn.

The dose of reserplne chosen for our experiments was 1 mglkg

gfven intraperitoneally and animals were killed twenty-four hours later' ,,,,1,,.,,

Though gulnea-pigs and rats tolerated doses of reserpine of 5 mg/kg, with 
:":'

such doses less than 5 per cent of cats of O.8 to 1"5 kg survived. Autb-

ors who reported experiments where they treated cats with doses of 5 rriï,/kE 
.

i.jir..,..r
of reserpine did not comment on the percentage of cats survlvlng and '.,:..j,.:l',

i.:_:.:..;. ': ¡!invariably used adult cats ()2.O ks) 
l.:,'..

We noted that the depletlon of splenic catecholamines we ob-
j

tained was greater than that reported by other authors (Welner and 
l

Trendelenburg, Lg62>. The results of our experlments where we cornpared 
:

l

the effects of reserpine (f mg,/kg) on catecholamlne depletion ln adult 
.

l

and young cats showed that althouglr there r¡,as no signiflcant difference 
j

in normaL endogenous catecholamine content between the two age groups ln i

i

the organs studled, namely heart and spleen, reserplne produced a greater
:.

depletlon (P<0.OO1) of catecholanlnes in both organs in young cats.

Iversen et a1 . (196?) reported that ability to accumulat" i.':i''::''"r:
i.; :;;r;,:::

3H rroradrenaline in rat heart and spleen developed parallel to the en- ;"',"-"

dogenous noradrenaline content, but they did not conment on the abl llty 
tt'.j't'"

of these organs to retaln catecholaml.nes; our results are in contrast

because we found no signifi.cant difference in endogenous catecholamine
i,,t;i:-,1

content between the two groups in the organs $e studied. Privitera et al. ilt..,......{¡

(1969) reported no differences ln the sensitivlties of the cardlovascular

systems of newborn and adult dogs to various blogenic amines, and lt ls 
'l
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of particular interest that pressor and chronotroplc responses to tyr-

amine were comparable, whích suggested that newborn dogs \¡rere as capable

of releasing catecholamines from adrenerglc nerve endings as the adult

animals. Results of Kulkornl and Shlde¡nan (1966) are extremely interesting,

They found that there were signÍficant differences in catecholamine con-

tent of rat bralns between different age groups. At 11 days of age, the

brain catecholamlne content was approximately thirty per cent of that in

the adult. A gradual lncrease in catecholamine content occurred with

increasing age tl11 at flfty days catecholamine content t¡,as approxlmately

ninety per cent of that in adults

The effects of varying doses of reserpine (o.1 - 1.5 nglkg)

were studied in brain catecholamlne content and ttrey found that at all

dose levels of reserpine tested, the rate of catecholarnÍne depletion was

always signiflcantly greater in the young animals and that rate of recov-

ery of catecholamtne content was slgniflcantly greater in adults. The

catecholanlne content of adult rat braLn four days after adminlstratlon

of reserfrine (1 ng,/kg) dld not differ slgnificantly when courpared with

untreated rats. Bven ten days after administration of the same dose of

reserplne the catecholamine content of young rat brains was slgnificantly

less than that of untreated llttermate controls.

Although earlier workers postulated a "hit and run" effect of

reserpine to explain the mechanlsn of action, mainly because they could

not detect any reserplne present ln tissues while catecholarnlne depletion

lasted several days, newer chemlcal nethods have estabLished thât the

biological half-ltfe of reserpine can be as long as 12 days (Maass et al.

1g69; Wagner and Stitzetr 1969), The reason for the difference ln sensÍ-
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tlvltytoreserplnebetweenyoungandadultcatsisnotclearbutls

mostlikelyduetodifferencestnabtlitytometabollzethedrug.Such

differences ln sensitlvltles of young and adult aninals for other drugs

havebeenexplainedbyclifferenceslnabllitytometabollzedrugs(Fouts'

L962; Jardorf et 3}. ' 1958)'

WefoundthatreserplnetreatmentcausedSupersensltivltyin

allspeciestestedandtherequlreddepletlonofcatecholaminesforex-

perimentsoncatecholamineuptake(DavidsonandInnes,lgT0).Treatment

witbreserplnepotentiatedresponsestoacetylchollne,angiotensln,hist-

amlneandnoradrenalineincatspleen'aswelLasresponsestoother

sympathonimetic amines, both full and partial agonists'

Thlsunspeciflcsupersensltivitywasalsoproducedbyreserpine

ln guinea-pig lleum and rat uterus ' where responses to acetylchollne '

anglotensin,hlstamine,andacetylchollne,S-hydroxytryptamineandoxy-

tocin respectlvely were potentiated'

The rack of speciflclty of supersensitivity produced by reser-

pinetreatmentwasconsi.stentfordifferentorgansandspecles.Amost

lnterestlngflndingvJasanÍncreasei.nmaximumresponsestoallagonists

testedineachorgan.ourexperimentsonsparereceptorsandmaxl-mum

responseslncatspleenshowedthatloo%receptoroccupancywasstil}

necessarytoobtainmaximumfesponsesinspleenstripsfromreserpine

treateda'nimalsandthatthesetl.ssueswerestillcapableoffurther

contractileresponse.Howeverìflecannotexcludethepossibilitythat

therehadbeenanincreaseinthenumberofavailablereceptorsinreser-

plnetreatedspleenandt}¡atthiscausedtheincreasel-nmaxlmurnresponse.

Thlsexplanatlonlsconsideredlessltkelyinthatmaximumresponsesto

".: 
'. :

'9.?Írtt!.#
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acet;lchollne and hlstamine were aleo lncreased ln guinea-plg tleum

where there already was a receptor reserve for these agonists. Changes

in tone of strips of spleen from reserpine treated cats due to altera-

tlon of neurohumoral influences could have been responsible for the

increase in maximum resÞonses to agonists. Experlments where we attempted

to produce such changes in maximum responses by the use of phentolamine

and atropine, antagonists of noradrenallne and acetylcholine respectively,

showed that no changes occurred. This and the fact that length of spleen

strips from reserpine or untreated cats were not slgnlficantly dlfferent

suggestecl tl¡at changes in tone \A,ere not responslble for the Lncreased

maxlmum responses.

The findlng that cocaine 10-6 g/*t specifically potentiated

responses to catecholamines while cocaine 3 x 1O-5 g/m] potentiated

resfJonses to noradrenaline and histamlne in spleen strips from untreated

or reserpine treated cats suggested that elther they produced super-

sensitivity by different mechanlsms or that cocaine was sti1l capable of

further actlvation of a co¡nmon mechanlsm. The finclings of Davldson and

Innes (1969) that pretreatment of cats wlth cocaine (10 ng,/ke) before

treatment with reserpine resulted in supersensitivity equivalent to that

produced by reserpine treatment plus cocaine given "in vitro", but

prevented the lncrease in maxlmum responses norrnally found after reser-

pine treatment, suggests that cocaine and reserplne have some common

points of action.

Tt¡e flndings of unspecific supersensitivity and increased

maximum responses, and the fact that for synpathonlmetlc amines no changes

could be detected tn their affintty for the adrenergic receptor in resen'
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pLne treated cats (Karr, 1966) strongly suggests that reserpine produces

supersensittvity by alterlng post-receptor events ln excltatlon-

contractlon posslbLy at somc cornmon flnal pathway.

DENERVATION SUPERSENSITIVITY

The results of our experiments show clearly that in cat spleen

and rat uterus the "law of denervatlon" (Cannon,1939) held true, in

that unspeciflc supersensitivity was produced. Responses to all agonlsts
,. ..1 ..

tested were potentiated but no change ln maximum responses were found. 1it.Li:
,'ìt'

Though no receptor reserve was found in our experiments on denervated . -,

' of workerS reÞort changes in pI loxybenz- ' "''spleen, a number of workers report changes in pD, values of pbenoxybenz-

amineafterdenervation(Trende1enburg'1965;Karr,1966),andth1sin-

creased sensitlvlty to blockade by phenoxybenzamine could be the result

of a change in conformatlon of the adrenerglc receptors.

Phenoxybenzamlne may bind at a site conmon to many types of

receptorstoproduceb1ockade,thusaccountingfortheab11ityofphen-

oxybenzamine to antagonize responses to many classes of agonists; whether

these sites are increased or altered by denervation has not yet been :

tested, those workers who reported changes in pD, values deternined only
r.., ;;.t,

values against noradrenaline. The design of our experiments to determtne ,l''',

affinity must be commented on again, in that our results, while agreelng ',,1,;t,',"','

with predicted values, could obvlously be mLsleading 1f tested on tissues

where a change ln affinity of phenoxybenzamlne had occurred. Therefore

before testlng for possible changes in afflnlty ln tissues where treat- r',,.',,
i::.,:rìriì i:

ment has altered the norrnal sensitivlty to agonists, determinations must

be made of the sensltivity to phenoxybenzamine blockade. Innes (Personal

Communication) flrst tested sensltlvlty to phenoxybenzamine and then
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possible changes produced by cocalne 1n the afflnlty of sympathomlmetl.c

amlnes for alpha adrenerglc receptors 1n cat spleen, and states that no

changes could be detected,

cocalne tested at concentratlons from 10-6 to 1o-4 g,/ml had no

further sensitl.zing effect on responses to agonists 1n strlps fro¡n de-

nervated spleen. ThÍ.s agrees with the results of other workers (Cannon,

1939; Innes and KosterlLtz, L954i KaLsner and Nickerson, 1969), and has

been used as one argument for supporting the uptake hypothesis which

attributes potentlation by cocalne to block of uptake of anines into

nerve ceIls, and thls of course cannot occur if the nerves have already

degenerated. However, this does not account for the unspecificlty of the

supersensitivlty produced by cocaine or by denervation and an alternatlve

explanation Ls that the changes in excltation-contraction which produce

the supersensltlvlty are maxlmal after denervation and that cocaine

therefore cannot produce any further changes ln sensltlvity. Cocal-ne,

3 x 10 " g/m]-, produces the same shift to the left of dose-response

curves to agonl.sts as does denervatlon, and a study of the effect of de-

nervation on tlssues where animals had already been fully sensitlzed by

chronic treatnent with cocaine, rnight shed some llght on whether cocaine

and denervatLon do tlave conmon mechanisms of actlon in production of

supersensitlvi ty.

COCAINE. RESERPINE AND DENERVATION ON CATECHOIAMINE CONTENT AND UPTAKE

The results obtained on strips of spleen do not support tbe

hypothesis that cocalne generally causes supersensiti.vity by inhibiting

the uptake of catecholamines. Cocalne potentlated both noradrenaline

and isoprenaline but lnhibited uptake of noradrenalLne on1y. After
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co(::rl.ne tl¡<¡ doso-roaponsc curvog for lsoprenalLne and nr¡rndrennllne woro

b<¡Lh sl¡ifted to the left wl tlrout r¡n lncrease ln the maxlnum contractlon.

Our results wlth lsoprenallne are tn agreement wlth those of Seszkovszky

and Tardos (f968) who showed potentlatlon by cocalne of a slngle selected

dose of Lsoprenall.ne.

Uptake of noradrenall.ne and lsoprenallne was tested on strtps

fro¡n cats treated wltb reserplne ln order to deplete noradrenalLne stores.

'thus uptake of the, catecholamlnes could be estimated wltÌ¡out the lnter-

ference of a large anount of noradrenaline ln the control tlssues. 'l'hls

proce<lurc should not affect the valldlty of the test of the uptake hypo-

thesls, sl-nce cocalne pot,entlated noradrenaLlne and isoprenallne ln strlps

fro¡n cats treated rrlth reserplne nearly ae effectlvely as ln strlps from

norrnal cats. the iesults of experlments ln strips from spleene prevlously

denervated shor¡¡ that the rnajor uptake of LsoprenalLne and noradrenaline

ls ln the adrenerg,lc nerues. In addttlon, for the tests of uptake we

selected loadlng concentratlons of noradrenallne and Lsoprenall.ne and an

exposure tlme slmllar to the concentratlons and exposure tl.me uqed ln the

tests of potentlatlon. l{e dld not expect the splcen tp take up substantlal

anounts of lsoprenallne fro¡n the lower loadlng concentratl,ons, for other

ersen, 1964) . However.,

f.soppenaline was taken up almost as well as noradrenal.lne. CocaLne had

no effect on the uptake of lsoprenaline but striklngly tnhlblted uptake

of noradrenall.ne. Potentlatlon of tsoprenallne cannot therefore be at-

trlbuted to lnhlbltlon of uptake and another mechanLsm of potentlatlon

must be sought. The potentlatlon of noradrenall.ne was greater than of

lsoprenallne, however; so lt ls posslble that lnhlbltton of uptake may
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have an addttlonal effect ln the case of noradrenaline. Our results

agree with the conclusions of various workers that inhibition of uptake

cannot fully account for the development of supersensitivlty (Maxwell,

tvastllla and Eckhardt, 1966; Bevan and Verlty, L967; Kalsner and Nicker-

son, 1969; Varma and McCullough, 1969).

Uptake of catecholamines in the spleen has not yet been as

thoroughly studled as has uptake in thc rat heart. Rat heart has two

uptake mechanisms, Uptakel, responslble for uptake at low loading con-

centrations and Uptaker, responslble for uptake at hlgher loadlng con-

centratlons (Calllngham and Burgen, 1966; Iversen' 1967). Isoprenall¡re

is not taken up slgnlficantly by Uptake, but is taken up by UPtake' while

cocaine inhlbits UPtake, but not UOtaker. Our results suggest that the

uptake mechanisms in the cat spleen and the rat heart are different since

the concentrations of lsoprenallne we have used ln the spleen overlap

the effective concentrations for Untake, and Uptake, and uptake is not

inhibited 5y cocaine. On the other hand, uptake of noradrenaline over

the whole range of concentratÍons studled ls lnhibited by cocaine.

GENERAL CONCLUSTONS Al.lg SPECUIATTON

Studies on supersensitivity have now been carried out for more

than a century and though the problem has stlmulated a vast amount of

research and many lrnportant flndings have been reported we still do not

know the mechanlsms which produce changes in sensltivlty of tissues to

stimulating agents

That ¡nost procedures which cause potentiatl.on produce an un-

specific type of supersensitlvity, coupled with the fact that no changes

ln affinity can be detected, strongly suggests that supersensitivity 1s

li.'tiltä ¿iùl

: ': . i.. t.".:l. i
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produced by some fundamental change ln tbe rnuscle cell-s beyond the leve1

of the usual receptors for drugs. An obvlous possiblllty ls an altered

membrane permeability and indeed this was suggested by Cannon (1939) '

Carrier and Shibata (1967) and Carrier et al. (f96?) have demonstrated

decreases in the calcium, sodium and potassium LeVels in vascular smooth

muscle ma<le supersensitive by pretreatment wlth reserpLne and they attri-

bute these results to an increase 1n permeability'

studles on the electrical properties of smooth muscle have so

far been confined to characterising the normal values of membrane potential

and other such parameters. Reflections of changes in penneabllity could

be profitably studled by modern techniques in electrophyslology. Lenman

(1965) demonstrated a consistent and signiflcant decrease ln the resting

membrane potentlal of denervated Skeletal muscle in mlce, and Levine

(f966) shovred that permeabiLlty of denervated skeletal muscle to sodium

and potassium is altered. Further studies on electromechanical and

pharmacomechanlcal couplLng Ln norrnal and supersensl-tive tissues by

studles of ion fluxes and membrane potentlals should glve us more de'

tailcd knowledge of excitation-contractLon coupling in smooth muscle.

The suggestion by Fleckensteln and Bass (1953) that the normal

transmitter action kept tissues in a subsensittve conditlon and that re-

moval of the transmitter produced supersensitivity has received attention

from time to tir.ne but tl¡ere have been no proposals as to mechanlsms of

action or how to test the hypothesls. I suggest that the transnl'tter

controls the synthesis of ce1] protelns and that after a procedure whlch

abolishes or reduces the normal mediator content of a tissue, dJ-fferent

protei¡s rnay be synthesized and this could explain the supersensitivlty'

.::ì::tj:
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lhatsmal]-molectrlescanactasarepressororderepressorhasbeen

establlshed in bacterlal cell systems, and lt appears feaslble that

noruclrc¡nn[lne or acetylChollne cot¡ld behave slmllarly 1n mammallan calls'

Studles on lncorporation of lal¡elled amlrro aclds, use of pro-

tein synthesls lnhlbltors and analysls of amlno acid sequences by modern

biochemÍcalteghniqueswouldtestthishypothesis.Ithasbeenestab-

lished that nervous control of tissue synthesis does take placer ln that

lnsomeamphibiawhereltnbregenerationcanoccur,denervatlonprevents

regeneration (SebowLtz and Singer, 197O)

Thlshypothesiscouldexplalndenervationsupersensltivity'

wherefourteendaysisoftenrequiredforproductionofmaxl-malsenslt.

ivity changes, and even the supersensitlvlty due to reserpine, where at

least twenty-four hours is required to obtain the potentlatlng effects

of the drug. Howeverr changes in perneability or some other mechanism

ofactic¡nnustbelookedforwithsuchdrugsascocainewherealmost

irunediate supersensitlvity can be produced 19 vivo and in vltro'
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