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Renewed 1nterest in the nechanisn'~of action of

aden051ne and 1ts nucleotides has been generated by recent

eV1dence of both humoural and neural phy51ologica1 roles‘

for these ‘ substances.f~’~Adenosine : and the adenine~
L _

' ]

jnucleotldes have‘gdso been denonstrated to elevate cyclicf

~

AMP 1eve15' in' certain tlssues and cultured cell lines.'

A}

.Cyclic nucleotides may be codeterninants of s-ooth nuscle .

"‘tone 'dnd!"ini part1Cular,-_ elaxation by beta-adrenervic f e

\'fagonists has been a55001ated u1th enhanced intracellularr"'
cyclic. _AMP ievels.m The hypothe51s uas tested that-;}@if

aden051ne and “its_ nucleotides relax snooth nuscle~~bydf?f.3'

elevatlng tissue cyclic ABP content in a nanner analogous';iﬂ;j)

3to that proposed for the beta-adrenergic catecholalines.ff”"

v‘..j

In the 1solated 1ongitudinal nuseie of the rabbit5;f~d7

: 1ntest1ne, adenosine and 1ts nucleotides uere equipotentﬁif:“t":

iln 1nh1b1t1ng spontaneous isonetric contractions and dose-iij?.

']dependent respdnses vere observed betveen 0 1 and 100uﬂ,f]ﬁ"*"

'ﬁllthOUQh PrOgre551ve1y dllinished by storage :at uoc,{”“ e

”i.responses ; uere A unaffected b& local anaesthetics.ﬁfr'VF

"ti_{gganethidine' and reserpine, 1ndicating that the drugs actfﬂgL7

,,:directly on snooth nuscle. Responses to adenosine and ATP?;Hu‘

.:”:1Uere sinilarly 'unaffected by inhibitors of nucleosid91;79dk'ifg

r

ftransport.: adenosine dealinase or 5'-nuc1eotidase or byb{fi;ffg?f




ex;racellular' site of actlon “for Ladenosine and‘ritsi )

| uucleotides;_;. - '-_f~'_ S fv,& RIS T

B of cyclase, although apparently a general Fhenoaeuon of

'“:lalnallan systels, need not Parti°1p‘te 1" pharlacological

N ” Ty
: TR

im1dazole or ﬁ-methyl 3-1sobutylxanthine. but they:,vere

antagonlsed by theophylllne. ' The antagouisn-'couid be

flovercone by*hlgher doses of agonlst Autoxnh1b1tlon uas\ 7

observed wlth cunulatlve doses of aden051ne or: ATP and was v*\%ﬂ:;g

mutually effectlve. Results vere con51stent Hlih a counon;‘

R O

B

BY'investigation‘-of af snall -serles of avallable

- adenosxne analogues, the m01et1es necessary for adenos1ne-a-';'

11ke actlvxty in- the rabb;t intestlne were found to be a'

prlmary or secondary anbno group at the n6 posltlon dn»»';“~
hydr°xYl ' QIOUPS at :;’h 2'-.‘and 3'—p051tions.‘ fe;,'f' ,

' “\ . bd
bromoaden051ne vas 1nact1ve. No antagonlstlc activity uas.iﬁﬁ"3ﬁ;)

S .

- observed‘u1th 1nact1ve ana109ues.?", (ﬁ:['"i ”l-“-f”"”ﬁf-w'"_~J .
RS Sl e e T

"kden051ne. at or‘ above 10uﬁ, inhlbited adenylatevddf
CYClase’ prepared from a{Var}ety of na-lallan tissues.s;In[ge;ffd*‘u
rat brain and rabblt heart the 1nh1bition was shou‘Lto bei,{;f” S
non-competltlve vith reSpect to ATP GAaong the series oftd;ﬁi}_rls

aden051ne analogues,-"uQ; correlatzon _v, found betueenf77~'” o

L analogues whach relaxed 1ongitudinal luscle and those;ierig*;;u

--”, whlc'u~ 1nh1b1ted adenylate cyclase prepared fron that

tissue., It iﬂ concluded that adenosine-induced inhibition .

!




responses to adenosine. :‘%ZJ« N

No change in t1ssue cycllc AHP content, as assayed byi'

. a proteln blndlng nethod, uas found Ain- response to 1é

1000un aden051nev . or ‘(/100-1000uu ATP. ‘;The5,

*

phosphodlesterase 1ﬁh1b1tors theophylllne and -nethyl 3-f :@

r

1sobutylxanth1ne fd1d not nodlfy this outcone, although'5f

1

t theophylllne antagonlifd adenosine responses Aand lethyl,f.-3
’3ilsobutylxanthine caused 'relaxatlon, as »Hell as a Slall.,.f7:-
‘1ncgpase 1“ CYCllc AﬁB' levels < vhen , given alone.*‘

\slgnlflcant 1ncreases _inp tissue cycllc AHP~ ‘vere alsof':'

.

~observed‘ Hlth 1soproterenol and e ;Pephrlne.4 No _supportfy
ues  therefore obtained for the hypothesis that aden051ne} f;;g

‘ relaxes snooth nuscle by elevatlng tissue cycllc ABP..,i;;iw

.~ . . o RN oo
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CHAPTER 1,
\ INTRQDUCTION
N .
L P The pharmacology of adeposine. . o

/

.

~In 1929 Drury & Szent-Gyorgyl 1dent1fled as- adenylic‘

acid‘the actlve pr1n01plé in extracts ‘fron' nanmallan

hearts ‘which caused depres31on of blood pressure and heart
rate and -increased cogonary fiow 1n anaesthetlsed anlmals.‘
Similar responseS’ uere 'e11c1ted by 1nject10n of AHP or

L X ;
adenosine. Slnce that date, pharuacolOglcal responses to

a , .
. adenosine i;hd its nucleotldes have_ been descrlbed ln nany

systems and by nany authors. Generally }these substances

are snOoth ,musple ef'gc¢ors,v relaxlng most vascnlar,f
'mammallan 1ntest1nal and bronchlal muscle and exc1t1ng |
:fei‘ systems, 1nc1ud1ng renal and lung vasculature (Drury(?
.1936), urlnary bladdér,_ va deferens and 1ntestine- of;

1over lvertebrates (Burnstock,»' 1972).;; Interledlate'

®

responses 1nvolv1ng both 1nh1b1tory and excitatory phases[;ﬁ

o

\‘w‘ N :

'are qbserved Hlth both adenosxne and 1ts nucleotldes.in;‘ .

P

_the gut and uterus of sone spec1es (Burnstock, 1972 vandff

B“rnStOCk 'ét' al.,' 1972b) Aden051ne, as opposed to 1ts; o

i

et al., 1972a), 1nd1cating that the - nuc16051de does notfglﬁ‘

%

share all the effects of 1ts nucleotldes.

dnucleotldes,‘ulll not contract urlnary bladder (Burnstockjﬁ."



<

F.Othé .pharmacologicaI\effectsgof adenosine which have‘
been diScov' e }bver the past . fifty 'years ;aref negatlve
\chronotropic andfinotropic;response in the heart (qxnry 8“
Seent-Gyorgyi,' ‘4929), ohservea j& doses' hlgher than-'
neCessary to increase coronary flow (Schoendorf et al.,
1969), 1nh1b1tlon of thrombocyte aggregation (Born et al.,‘
1964) and an 1nsu11n-11ke effect 1n adlpose tlssue (Dole,‘7
l96l and 1962) 'The ablllty of aden051ne and its.

ucleotldes to, elevate cycllc _AMP levels in 811b§f of‘;"
brain. tissue and other Cultured cell types is descrlbgﬁfln

‘Section 1.4,

Although adenoSinefand:its‘ nucleotidesj ellcit both

inhibitory and excitatory responses in snooth luscle, it

" has so far proved 1np0551ble to dlstlngulsh betveeen the"“?

» : .
'receptors responS1ble for these two types of actlon. ’The.

- same order of potency of the substances (ATP 2 ADP > AHP 2

gadenoslne) has*peen obsenved by most - workers for bothg*‘

| types of responses, but Burnstock§(1972) renarked that the7p

etrue relatlve potencxes of tgese analogues nay be obscuredg}lef‘”.

by the; rapld uptake of aden051ne 1nto tlssues.j Relativel”l

,;potencles may also be 1nfluenced by rapld letabol1s. 'bffwg_"*'“

-"the, nucleotldes by extracellular phosphorolytlc enzynes..
"Burnstock et jai; .(1975),: hovever, reported that thet"
e . ’

B 'rebonnd. contraction' folloving 1nh1bitlon of intest1na1‘4

.
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tone by ATP, ‘which 1s observed in uany spec1es,-1s.blocked
by 1ndomethac1ne. | They concluded. that _thls - rebound
phenomenon,l which is obserfed - after ATP washozkz is
mediated by a prostaglandln. The major obstacle :in ‘the
elucidation of the nechanlsn or nechanlSms;oﬁfadenosine;
action is the current lack of anf effectlve 'conpetitiVe
fantagonlst for sany\ response‘;to»_adenoslne ‘or adenlne ,Lﬁ”

nucleotldes,

‘1-1-1-> n_eérane zer_eaballsx 39 adgngsine aad
a | nu§l£9£1d2§;"" |

Kuebler 5 Bretschnelder (1963)' denonstrated that,
although UPtake'.of 0. 5-5mu aden051ne into erythrocytest~ﬁ"

.followed nlchaells-uenton klnetics and was telperaturenf;."

'

dependent, transport uas not 1nh1bited by sodlun fluoride

‘ v(ar potent 1nh1b1tor of ATPase) and possessed fé~ lou

'l\

. activation/. energy A s1n11ar to that for facilitated f:"

wstof.  Sinea - AL
diffusion, -Since 1ntracellularly transported adenosrne AL
{iasd,'rapidlyev phosphorylated or deaninated,_-exchangeliéfh

dlfoSIOH could not be demonstrated but transport Hasf_’

-_erythrocyte membranes by fac111tated dlffusion. Oliver &

‘}1nh1b1ted bg 1n051ne.'f Kuebler. 8 Bretschneider (1963yffel -

l'gconcluded that addn051ne and 'other nucle051des PerleatefQEiwfu'*‘

I Paterson (1971) denonstrated tﬁat the speciflclty of thgfpflfir§7

IR 5 . 2
X - B\ e o . h



erythrocjte ‘transport"leChaniSh 'enconpassed both purlne
and pyrlnldlne nucleosldes and tha ur1d1ne. effluxberas‘
’-enhanced by, extracellular adenosine.‘ The nechanlsn Qasj
: lnhlblted by dlpyrldanole (Kuebler S.Bretschnelder, 1964)

~and by n1trobenzy1tﬂloguancs1ne (Brovn 8 Paterson, 1971)

'TheSe drugs also 1nhlb1t the transport nechanlslAln
dog heart (Olsson, 1972), which has nuch stricter .blndlnge"
requlrements resembllng those for aden051ue-lnke act1v1ty'2‘
in the myocardlun (Olsson et al., 1973) . Dl?yrldamole vas/

. found by Hopklns & Goldle (1971) to block adenosxne Uptake
_1nto QUlnea-plg heart but not into rat heart.‘ To account
forﬂ thls spec1es dlfference and in- V1ew of" the fact that h:r!‘ﬂ
dlpyrldauole selectlvely reduced adenoslne phosphorylation e

1n SllceS of guinea-plg heart whlle harlng no effect }?\yf:fi,;
‘ adenosxne-'netabollsn (phosphorylation or aeanlnatlon) 1nvd_lﬁf?
rat heart sl1ces,- Hopklns a]. Goldie proposgd that .iﬂlb o
;, dlpyrﬂﬂanole '1nh1b1ts'ha: -enhrane-bound adenosine klnase

thch 1s not present 1n rat heart and vhich is respon51ble

g for uost of the accunulatlon of radloactiV1ty vhen guinea-:ffiJ
plg heart is exposed to fadloactive adenos;ne J aulnelgéo'5'"::y
Heston (197ab) SLM1lar1y vconcluded that dipyrldalole,dﬁi'ﬁ“hf‘
he7obend1ne ;j]anf lidoflazlne E 1nh1bit f adenpsine.w

Phosphorylatxon 1n the longltudinal luscle Of the rabbzt R

*ﬂ~lntest1ne and that, by s doing, dhese Trugs allow Ef;ifgi;f

accunulatlon of 1ntracellularv adenosine, reduce thefg,f“*’




transmembrane concentration gradient and ‘prevent passive

influi'of extracellular'adenosine.* Plagenann (1971), Roosw_
& Pfieger't(1972) and Schrader et al. (1972). however,

'perforned more careful studies thCh all 1ndlcated that,

CR &

whereas: at 1ow extracellular concentratlons aden051ne is

“transported across blOnglcal menbranes- by a »carrler-

o

\nedlated ‘system,f above 0 1nn f‘conponent of pa551ve?"”

dlffu51on beglns to predomlnate. The netabollc fate ofrfff'

.aden051ne depends upon' 1ts 1ntrace11ular concentratlon,;“

_the Km for aden051ne klnase belng lover than that for;:;'

fe;ther deamlnase or transport (Schrader et al., 1972 and_""

fjoisson-et al., 1972). Slnce each of these groups off
lworkers‘ found that dlpyrldanole conpetitlvehy 1nh1b1tedpﬁ
3-.carr1er-ned1ated dlfqulOD and “not phosphorylatlon.adfﬁ{d
aden0s1ne by broken-cell pteparatlons, they concluded thatedi
| transport ls the rate-llnltlng step 1n the phosphorylatlonﬁw-
”-dreactlon and that transport inhibitors therefore appear tofa'gat
-rnlnhlhlt phosphorylatlon-f selectlvely._; Adenosineyiuas fflhr'

‘:!substantlally deaninated only :iffe_the:‘ extracellularfpu"”’:'

"concentratlén :a

";;for deanlnase.u;

"\ \..‘

f-cell nenbranes p_; _g,' but seen to be transported aslhﬂipfave

h.adenosnrne n mouse ascites tulour Cells (Hilli&.s 5 le

B

» 'tfindlffu51on to- ralsewlntracellular aden051ne tovards the erff”e

s TR

suff1c1ently hlgh to ‘allov Silplee§>**'-

Aden051ne nucleotldes are not believed to perneatejﬁlf*-oﬁf




| oy
'Page, 1958);f myocardium (Hoffnann & Okita,< 1965 and .

Hopkins,"u19735) and gulnea-plg taenla c011 (Lynch, see

W

Burnstock, 1972).

- s

r

‘1.1.2.  Adenosine gntgﬁgnistsgif

Responses to aden051ne and rts nucleotldes in. srferal
s»tlssues are antagonlsed by a number of antllalarlal drugs,;fis“;
lflncludlng nepacrlneb qulnine and qulnidlne (uadlnaveltla &
'inaventos, 1909)u Adenosxne has been postulated to play

| frole in the pathogene51s of malarla (Onabanjo & uaegralth,‘}'-':

f 1970) and a parallellsn between antlnalarxal act1v1ty and
'\antagonlsm of aden051ne responses was reported b§ the
-former_- HOrkers.‘}lfrhe:- crnchona .alkaloids and thexr
”tderlvatlves_s er”~~~not; | however,_d spelelc adenosrne~duf:-'f

~‘antagonlstsf. 51nce Burnstock et al (1970) reported that

o they antagonlse catecholamine-induced responses 1n guinea-oy

*.dlmldazole.:ei'

i‘plg taenia coll at doses louer than those regulred to
j:antagonlse" responses Q{tovl ATP..; Slmilar non-sp€c1fic .fpf R

'”Eantagonlsn 1s observed vith hlgh doses of phentolaline and

Burnstock (1972), 1n‘ discussing the conclusxon 6f-**“

:“phrulappu (see Burnstock, 1972) that gulnidlne blocks

,relaxant responses to aden051ne in the uterns vhile fl‘iiffﬂ

‘ .




antagonlst for ATP Aresponses-' in _gulneaépig'5ﬁcaecuni_i

.:(‘.‘;f: ;iili»_e | 7.‘;

phenothiazines ‘_and d1benzazep1nes biock contractile

responses 1n the sane tlssue, argued that these drdgs"do'

not selectlvely | antagonlse' 1nhib1tory _or.bexcitacory_‘

' responses in gut or’ bladder.;; 2-2‘-Ryrileisatbgen‘“has*ﬁ

recently -been reported to be a speciflc, nonfconpetitivéf“
(Speddlng et al., 1975) | '7“;‘;‘.‘

- L T - .. -t .
, R ) S U DR

'91.1.2}1Q-fnethyiianthines;a

Y
]

. o - .
S

“Fg3ifThe_‘methylxanthines which, as purlnes,’bear certain.*

:=;tructural resemblances to adenosxne, are valso aden051ne ;fmes‘

i

'antagonists.u TheOPhylllne,_ which appears to bp the nostfdfu'559
"potent of the nethylxanthlnes, antagonlses the effects_ off]'fu' ‘

<jaden051ne 'and;l ATP coronary flov (Afonso, 1970,.'_3“

"lSchaunann et al.. 1970. and Hadsuorth, 1972),‘card1ac rate:“

'“and force (Ther et al., 1957 Afonso 6 O'Brlen, 1970 andr"

'»"5chaunann et al., 1970), systenic blood pressure (Lfonso é&

'- A_"O'Bnen, 1970 and Schaunann et al.,'_ 1970), ¥ 1atelet

7faggregatlon (Schauna%n‘ et a} 1970 and uills 8 Sllth,if}?f!; |

lvf1971) and cycllc AHP accnnulat;on in brain slices (Sattinif;;iefl

ffiﬁ Rall. 1910) 1 The 1nf1uence of theophylline on adenosineﬁdfhﬁkid'

u]_dely reported. The l 'distingu.ishing feature

:';r:‘theophylllne 151that, at doses vhlqh antagonise’

. *‘l?dresponses 1n 1solated@snooth nuscle has,‘gouever, not bee‘dzf‘;

adenostne“f

’’’’’




responses, no antagonlsm of reSponses to: qatecholanlnes or
L " ' : v/
: acetylchollne ' occnrs. on the 'contrary,‘ catecholanmne_

‘reSponses are freguently potentlated Only Bowuan & Hall

f(197o) reported that,;»ln rabblt 1ntest1ne, theophylllneg

>

\dld not?dlstlngulsh between catechblam1ne- and adenoslne-‘f e

Arp-lnduced relaxatlon.»_»The nethylxanth;nes- 315°f",

v

}possess other pharnacologlcal propertles "ihéékf -may’
e ot SO §

;contrlbute to thelr 1nh1h1t10n of aden051ne and nucleotldefi"

| .responses 'and.' whlch restrlct the1r “Sefnlness“for,:l;,f?i
.'selectlve purposes.f E L e .. - e
Inhlbltlon of phosphodlesterase has been suggested as;:'"

‘_a meChanlsm vwhereby theophylline antaqonises aden051ne{
-Vresponses 1n the \yocardlug (Schaulann et al., 1970), _tf

‘no supportlve ev1dence was presented by these workers. Onu‘;,yf

the other hand, ;the. opp051ng effects of adenoslne‘ or;ff‘
"fjanalogues and theophylllne on llpolysis nay he partly duef?f
euitofa}vergent effects _o’ cyclic AHP 1n: adipose tlssuefi'
(Da71es,‘1968- Dletnann 8 Juhran, 1971 and Pain, 1923)
"fiﬁji;j} TheophyllineL antagonlses intrag;}lular tran5port of}ﬂ»'

"ffgaden051ne and. other nucleosfdes (Huang & Daly, 1974ffjtijrfhi

'5dPlagenann & Sheppard, 197& and Hoo et al., 1970).* Huang sff*;fi“"f

'”Daly, hovever,ﬁ found that this could not accpunt for thefﬂq;iff{ﬁ

”;jinhlbltlon hx theophylllne Of adenoszne-induced elevation:

‘ | of cycllc Aup 1n hrain sllqes.i Since adenbsine transport?
et A--,.‘b_ - : SN : T ; o i

e



| ~Sect10n 1 1. 3), ioo et al..(197u) suggested that, due to .

‘ adenoslne ’ re5ponses 1n ‘the sxnus node.ui Grossnan '5“"':.

"tnyocardlal contractlllty, but Nayler‘ 8 Hasker (1966);,r>f*

.nsubcellular fractlons of cardiac luscle., De, Gubareff 5”t-ff\57

o -V-é
1'fuh1c

.*;;Although effects of theophylllne on calctun loveldhtsihave{;gfff;iﬁ

[fof calc1un to the contractile nachinery..v$only”

-

1nh191tors generally potentlaﬂe aden051ne responsés‘l(see/‘

1ts purlne structure,‘theophylllne blnds to both the 51tes;v

of actlon of nucleoszdes and to thelr transport sxtes.

T R

: Desplte ev1dence that caffelne promotes transnenbraneﬁj;
-'calc1un exchange 1n the heart and that aden051ne produces‘,'

| the opp051te effect (Nayler, 1963 Grossnan & Furchgott,;fd
| 196“ and Guthrle & Nayler,.1967),,Ch1ba et al. (1973),were":

'unable to denonstrate any effect ,of high calciun on

'y.rurchgogt':(196a) cautloned that the rate of cal@fﬁnia;:

@denonstrated that caffelne. releases calciun bound to?ggh

T

~<and aden051ne on myocardlal contractility 15 exerted at

:11968) suggested that caffelne dlso nobillses \cﬁ”hfhl_vinfgfj

S L
] ;ap~ snooth nuscle,

"hSonlyo:j |

Sy Lo

:'exchange’-nay reflect, rather than 1nit1ate. changes 1ngﬁez”{1;w
R
4gsleator‘ (1965) suggested that antagonisn between caffeinet'iiff;;

<,cr1t1ca1 calci“"blndlng site COntrolling the avazlabllityf{-§5f{ﬁ;

s superceeded by cyclic AuP-nediated rff}fjf?i!ff,fsJCZW

,not heen intensively studied, ev1dence that the poaiti'eﬂg”“‘” T




| 'Vlfby these and other vorkers ffi that theophylline E

.muscle. .

'*gantagonlses _theun,action of adenosxne fat speclfic

DR

v

3

to K:blllsation of ‘intracellular" calCiun- or pnhanced

calcilm 1nflux than to 1nh1b1tloh _of CYCllC. nu'leotide

phosphodlesterase uas presented by HcNeill et al (1969)

. Bellenann & Scthn (1975) found the 1notropic effect ofl

theophylllne to be dependent on extracellular calc1un and

,furthernore dlssoc1ated the phermacologlcal effect from
' uptake of the drug. Thls suggests that theophylllne acts
71 at the plasma nembrane, p0551bly, but not necessarlly,. voij_lj

nodlfy d;regtly transnenbrane calc1ul flux.=; It fis?'j__"'

N

ﬂtberefore posszhle that both caffelne and theophylllne j“'”'.

"

'1nteract vlth aden051ne on the avallablllty of cytoplasnlc

: {calcxum :in; the heart and concelvably also‘ 1n snooth

e

._.’

In contragt to t!% above ev1dence,? theophylllne | vduid’idd
':eother | lethylxanthlnes f'selectlvely antagonlse j thep
tvaccumulatlon of cycllc AHP 1nduced by adenosxne 7? brain f;ﬂ:
l sllces (Sattln 8 Rall 1970..Huang et al., 1972 and Huang =

& Daly, 197“), mouse neurohlastona cells '(Blule al.,

*ef;f1973),'?astrocytona cells (clafk et al., 197“) 1solated

i"“ﬂbOne cells (Peck et al., 197&) and thronbocytes (uills

.ifn5Sn1€h, 1971). : Haslam s Lynhan (1972) have denonstrated

??1nh1bition bY theophylllne °f an adenosine°sensitive Hp?efﬁ'*

;wadenylate cyclase in thronbocytes.. The conclusion draunt?l;a_%i.;

\

C '0_.
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extracellular receptor in close assoc1at1on wlth adenylate\

Cyclase. Clark 8 _Gross_\(1974) . concluded ~ that _ in

asfrothona;f,cells ' the..;antagonxsn at thlS -site'~is,.‘
conpetitigei - Thus, lethylzanthlnes e’are't spec1f1c

b

antagonlsts of the effects of aden051ne 1n several related

_5,/,

systens,ﬂ theophylllne’belng the nost p%tent. DeSp;tejtne-g

.conpllcated actlon .afﬁ theoPhylllne ‘thCh appears'.'tof

o)

"proceed by ;several meChanlsns and.#lts relatlvely poorir
'select1v1ty in some systems, it. uould appear to be tﬁeﬂ"

1best ch01ce at thls tlme for studles of the antagonlsn of_~l.7”~-

L .

B fthe reSponse to aden051ne, espec1ally 1n systens wherex"an} =

i effect of aden051ne on adenylate cyclase 1s postulated._,-ﬁﬂ‘“ o

11,30 Prugs potentiating ademosine resenses. - .

Aithough: Deutlcke 8 Gerlach (1966) found af:ff}

ljcortelatlon between the ablllty of dlpyridaDOLe (and

f:serles of 1ts derlvatxves) to 1nhih1t adenosxne deanlnasefa”

ilﬂ,fand to potentlate adeno51ne-induced coronary dllation,i a”;'
‘ffcloser dose relatlonship asf‘ been_; found hetveen§3fjfff7~
dfpotentlatlon of résponses and 1nhibit10n of adenosineT}fgjgfiff

"‘fruptake by tlssue54 (Pfleger: et al., 1969 and Kuebler etf{grlf”NV

0

4'Lfal., 1970), as flrst suggested by Kuebler 8 Bretschne1derf?jf*~
"iﬁlf(196u) Drugs whlch 1nhib1t adenosine transport intoﬂf}ﬁfl

'gcells are w1dely reported to potentfate responses toff~7?”

‘* \ B T R "R T e T e
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adeani@e and its nucleotldes. ‘ These 'drugs are most-

) 29

effectlve in 1ntact anlmals where uptake of aden051ne into
varrous organs is the prluary_‘neans of _1nact1vat10n ”of.
iadenosine'4and nucleotides; : The_ slgnlflcanqe of raprd :
‘uptake of aden051ne 1nto the lung of some spe01es .and of
1nh1b1tlon of thls process by dlpyrldanole and hexobendlne‘
"héas fbeen, enphasrsed by Pfleger - Schoendorf (1969),?
n91£§§a= et al. (1970) :and Afonso & ‘b Brlen (1251)
" Pfléger. etl_al. (1969) also demonstrated potentlatlon of-”y

aden051ne-1nduced card}ac depre551on by 1nosine ‘via_ja a

LAY

srnllar mechanlsm.‘ leoflazlne,' however,fvappears 'tOfuf R

e

' posse§s:,l»- addltlpnal potentlatory i action-*f(aopkins;r :
“'1&'*" ‘ 1973bj, .pqiélbly cexerted on” the snooth nuscle 1tself ‘
| (Afonso et al., 1968), In studles using 1solated tlssues,;'
.contradlctory results have been obtalned vlth transporttl
1nh1b1tors (stafford, 1966-' Hopkrns 8 Goldle,. 1971;51
Satchell et al.,‘1972 and Hulle 8 Heston, 197aa), p0551b1y ?f.?
due to the lnterplay betueen extracellular phosphorolytlc-it“
“u"enzynes, | aden051nev concentration, total .extracellular

aden051ne, nechanlsn and rate of adenOSLne uptake by the

tlssue and 1ts netabollc fate.’

; ”gQ.f7“"

;’5ftl“f‘~l;?ff%0uabaih}?;_ 1nh1bitor of sodrun-pota551ul acthated

AR ATPase,:potentlates responses to aden051ne in guinea-pig

flﬂ heart (Rand et al., rl1955) but also potentiates
" :-,‘U-, .' : ‘

RO .acetylchollne responses (Rand 6 Stafford,v‘1957) Since
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Axelsson‘ 5’ Holnberg (1969) found that g- t ophanthln dld

q.\v}aﬂfluence ATP-lnduced ;relaxatlon of the gulnea-plg e

)

Y

taenla coll, 1nh1bit10n of ATPase ‘may not be regarded as a

. selective " means 'of rnodlfylng ‘résponses to.adenoslne’or

L -

3

P):»‘\ ‘ . . o . ; o .
ATP'. N ' . . A M . ’ ,. « v

1.t Evidence of more than Q.h..'eéésnﬁip.s ‘Teceptor,

~ ‘ ’ - . N ’ : '

P S
.

Since adenosine Teadily permeates..tell membranes (see
‘ . Ny . o . -. ) '_ - ‘ . . .i"" N . - 5
Section .1‘1:1) and therefore- has the ' poteantial "to~
I o . ) T
interfere fn many blochemlcal reactiOns; its »site-of‘

actlon 1n all tlssues Ls odrtalnly Kbt upon ;a cla551cal’1f

N

pharmacologlcal 'receptor' . Nevertheless, the facts that'
! ' -
the nucleotldes, uhlch are unllkely to enteﬂ‘bells gg; §g,.”u

are frequently more potent than adenos1ne andlialso thatf'

1nh1b1tors of. aden051ne transport do ~not antagonlse PR

e

responses but on the éontrary frequently potentlate then;j liifff

1ndlcate that in- the Cardlovascular s&sten. in snoothf7ﬁ'/“

v

most llkely. Among these systems, attempts are belng na&ef; ti;fe

Afto character1se the blndlng requlrements at spec1flc??rr,

S . B I

o 'receptor' _; 51tes.'x Despltev‘Tfthe]' lack ff goodﬂ”

|- NN
pharmacologlcal tool 2 en.dence of the enstence of lorf/'

2

than one aden051ne receptor has la;n latent sxnce ﬁedd

(1931) reported that uhereas 3'-Aup, 11ke : 5'-AHP an RPN

o

vmuscle and in the braun an extracellular 51te of action 1sﬁﬂ7lf £
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effective ooronary vasodilator, 3'=AMP is a relatively
veak cardlodepressant. Similar findings were reported bY

James (1965). Flnally, Einstein et %1. (1572), on the

basis of dlvergent effects of 2-alkylth10- as opposed to
2-halogeno-aden051nes and adenosine itself, postulated‘the

“existence of "cardlac' and 'vascular snooth muscle'

i

receptors whlch dlffer in blndlng regulrelents.

Born et al. (1965) has found the relative potencies

of a series of - adenoSine“analogues to be equivalent'as

1nh1b1tors aof throubocyte aggregratlon ‘and ‘as vasodllators A

in man, but unfortunately hlS series dld not enconpass the

2-alky1thlo-aden051nes; the group found to he 1neffect1vee

[}

hon‘ cardiaé 'receptors by Elnsteln et al. -Sattln 6 Rall ~

(1970) and Huang et al. (@972)'prov1ded ev1dence thét- th9‘

“blndlng regulrements 1n braln are essentlally 51lilar to

s

fthose in . snooth nuscle, nanely that the allno group in theg '

6-p051t10n and an 1ntact rlbose rlng are essentlal for
act1v1ty. ~The effects of 2balby1th10aden051nes 1n braln,j

have not yet been reported In alr these systens, 1n051ne .

L and adenlne are v1rtually 1nact1ve. - ,;;'

,f‘

’ Further possible dlfferences in blnding requlrelentspf:"J

uere dellneated by Leslle et al (1973) whp concluded"

that vhereas analogues Hlth a .Odlfled purlne rlng e

' nore effectlve 1n relaxxng gulnea-plg 1leun than they are,

Cee T
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in relaxing guinea-pig aorta,- 2'-deoxyadenosi e re#axes
vascular sméoth muscle but is 1nact1ve in the 1ntest1ne.
It is as yet unknown whether any of these receptors which
demonstrate _d;fferent»blndlng_requ1renents for actlvatiOn“
‘reflect ‘géarmacologically_-and biochemically ‘distinct
' entities,l perhapsf annlogous to the alpha and beta
receptors'for the catecholamines, or'ﬁhether they nerely
represent a range of subgroups as is observed wlthln ‘the |
~ - - |
category of beta-adrenerglc receptors. A
l ’ -' N ' ) . . . " v‘? . '.
1.2. PRostulated p Ms;elesusu rseles :szr a.sneﬁine and
| ' Bugleotides,
Ever 51nce pharnacologlcal responses to adenosine and'
Cits vnucleotldesA_ were .nf;rst\_.observed.,A con51derable
specnlatlon '.'hes ‘ teken ;place.; concerning poss1b1e

physio;ogicai roles. for these*nbighltous substances.;:,lnf7

:an-‘early .re&ue,_ Drury (1936) dlscussed the posslbillty .

that adenoslne 1s 1nvolved 1n reactlve hyperaelia jés
vasodllatlon | acconpanylng vluscular _[T actxvxty:

(autoregulatlon),_ anong other p0551b111ties. ‘ Alnostf~

) thrrty years later Berne (1963) presented ev;dence thathu

aden051ne 1s a netabollc product/durhng hypoxia and could*

.be: responsxble for autoregulatlon of coronary flou.;,.

>Furthe; 1nterest:,,ne the pharnacologlcal effects 'of;~jf;¢”

1



16

adehdsine"and its nucleotldes»was lnatlated ip 1970 when

Burnstock et al, postulated that ATP or a related adenlne '
Inucleotlde is the transmitter at non-adrenerglc 1nhibitorylo
/nerve teraminals . in the gUt.o_ According to’ these two
hypdtheses, aden051ne andysor ‘. ATP ' resenbles.
eplnephrlne/noradrenallne in po$se551ng hoth huloural and‘
‘.neural phy51olog1cal roles. The ev1dence for each }of
these hypotheses is con51dered 1ndependently below.' |

\ AR

o
1.2.1. Humoyral.
Berne prOposed in- 1963 that aden051ne is the nedlator“

of coronary autoregulat on on the hasxé(of the ohservatlon7

that breakdown products “of’ aden051ne appear ‘ the'.}5lh

: perfusate,-fron hypoxic_ but not fron nornal hearts-.f“‘

4Although these netabol1tes (1n051ne and hypoxanthine) areff'"

.elnactlve, the guantlty of the parent conpound,_ adenosine,}¢f'

vas -calculated to be suff1c1ent ‘to - account for theT‘

observed coronary d1lat10n. Slnce adenosine, hut not 5its,’;?t

nucleotldes, freely perneates lyocardlal cells (Hoffnan sf},?;-'

'~‘pk1ta, 1965),'aden051ne Has proposed to be the huloural““eﬁint

' 7-agent responsxble._ In the sale year Gerlach et al.,(1963)

<

"“a:eluc1dated the catabollc pathway for adenine nucleotldes,eflfj”

| "._1n heart and also concluded that suff1c1ent aden051ne isf"'

Lproduced in nyocardﬁal cells durlng anoxia to account forif

LI -“fﬂ~5“"”
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considerable _coronary vasodilation after diffusion of | the
T _

material into the vasculature.,'hs'further support for the

hypothe51s,_ Rlchnan' & Wyborny (196&) apd Kator1 8 Berne

(1966) were able to denonstrate aden051ne itself in the

perfu51on fluid of hypoilc but not norlal hearts, 1n the

presence of- 8-azaguan1ne, an lnhlbltor Vof7 aden051ne '

' deamlnase..' Aden031ne could be detected 1n the absence ot

3 . : .
a‘ deamlnase 1nh1h1tor nly - subseguent 5to , complete'

.1schaemla or coronary occlusioa (Inai et al.,'196u. Rubio:ti

et al., 1969 and olsson 1970).‘

Since‘adenosinefcould also he detected 1n venousﬁ

: biood"fron- skeletal -uscle. after a perlod of ischaelic;j';f;

' l]contraction (Berne et al., 1971 and Dobson et al 1971),if“;f‘
' aden051ne was also postulated to ledlate autoregulatxon in;fg:c;?

i'that thsue.._ Toulnaga et ~a‘ (1973) found that venoush}ﬁzz
'etf;uent,fron skeletel luscle unde:901ng postischaelicgt’:
Cohttuction;7‘ ﬁpostexefcise f hyperaelia FKQF" reactivet

'.hyperaenla, could produce renal vasoconstrictlon.- Slnce_ o

'ffaden051ne ,and AuP areo known to induce this opposing:;(*"

7response 1n renal vasculature, thelr results‘ are alsoﬂiJT5

-'con51stent Hlth the hypotheSLS of 1nvo1venent of adenosine'f

’1n autoregulatlon.,_f

Further support for the 'adenosine' hypothesis ha8']

'7’”heen sought by several uorkers but conflicting reportsiﬁ
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-

“have also appeared. Hoir & Downs (1972yﬁ§ound even high -

concentrations of aden051ne and ATP to -be 1ncapab1e of‘

1ncreas1ng "coronary flou to the extent ,observed ~in

: reactive hyperaelia and concluded that these substances SR

are ,not‘ the sole nediators of -thls response. Since

.reactive hyperaelia reflects pathological as- opposed tO"

phy51ological regulation of hlood flov, im 1s likely that:-in.*

. several vasodilatory substances, as uell as noradrenaline[?t"

v(Wollenberger et al., 1969), are released 1nto the bloodr-

'wa rather definitive objection.to the adenosine hypothesis

stream. followlng coronary occlusion.'; Thus this;‘

"viobserVation does ' not preclude the 'possibility thatft# =

28

aden031ne is the norlai phy51olo§ical lediator of coronary ff{77

vasodilation.

Theophylline.'a potent adeﬂbsxne antagonist, does noi}i;.ﬁf
.finfluence either reactive hyperaenia (Juhran G Dietaannyf+:3;
1970 and Bittar 6 Pauly, 1971) or the autoregulatoryftlfful

reSponse to hypoxia (Afonso et al., 1972 and Hadsvorth,fff)f}

~

7571972) nj the heart. iadcwortn (1972) reported, hovever;f”"
ru‘ that theophylline reduces the duration fiﬁ reactiveﬁ7;ﬂ??¥

V 'j.(hyperaelia 1n cat heart If it vere not for the fact thatfgff?:z

P

‘ff:atheophylline isﬁf capable 'of‘f cau51n9~ 'f nunber off:f‘ff?

}”Elipharnacological responses, these studies would constituter“d”f

75'ln,ﬂfcodtrastfhﬁ'dibiridéioie Potentiates cardiacﬁ
L LT T e T . :
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‘~'f‘ nedlator,
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N

f reactlve hyperaella (Miura et al., 1967 Bittar 8 Pauiyj

LY AN

1970 ‘and 1971) and 'isA reported to, potentiate exerc;se

hyperaella in" the dog hlnd lllb (Hlura~_et al., 1967)...>f
Bell (197&),»h however, found that dipyrldanolev_also S

’ potent1ates vasodllatory responses to glyceryl trlnltratee

spec1f1c1ty of dlpyridanole for adenosine responses.fiétw--'
::»5“599¢t°r: Although Blttar 5 Pauly (1911) repqrted thattfr fu
ulidoflazihe does rnot potentlate lyOcardial reactive;ff
hYPeraeula,} Raberger et al. (1973b) found hexobendlne tof«ﬂr
potentlate responses to ‘both short-laSting, generaliseaii.:’l
hYPO!la and Slngle 1ntracoronary lnjection of adenosine tof[t
51111ar' extent. In sul-ary, although adenosiap nay bef{iif
forned 1n card;ac and skeletal nuscle dur;pg hypoxia inf,;*?ff
quantitles " suffic1ent 'roff cause’:vasodilation,_ soundfg ”

pharlacologlcal e11dence of an autoregulatory role for;Jf:fl

adenoslne ‘:15 1acking._. POSSlbly, the extre-e anoxia}?

oS l.posed under nost experilehtal conditions causes releaseth_sr.

patholog1ca1 vasodilatory ; letabolites and other;€’

substagses which obscure the effects of the physiologicalggjffT

in~ the gulnea-plg paranetrlal artery, suggesting that the;'.v
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'The°t‘hypothesis'p thet JATPV orfpa"related .adenrne

nucleotlde is the transnitter substance at non-adrenergicie‘

1 1nbrb1tory nerve ternlnals in' the gut wes prqposed by .{nif,
"BnrnStookvet al. (1970), on’ the basis tbat-'ffff?ﬁfrf.f,ﬂ;‘-'\el‘

11) enzynes 'faf -thev synthesrs and degradation of .'be o

' postulated transmltter are present 1n the tissue.;:ful. -

"2)r nerve strnulat;on caused release of ATP, )DP and ABP
.rand/or aden051ne and 1n051ne into tbe lediun, of vhlch ATP
A‘and ane vere the most’ potent snoothdnuscle relaxants. R

13) ATP lllleed the respOnse to nerve stinnlat;on.v,[ff?iffj_ep}

v‘-:iu) qulnidlne antagonised responses to ATP and to nerve

,a_'xs) Ar&SpODSGS» to nerve stlnulntion uere depressed vhen '1I{'"

fffst1nnlat10n at srnilar concentrations.,ﬂ}’;,js?’e3ﬁ”5;ff‘f'_94355

"t.»tachYPhylaxis to ATP had been induced in tbe tissue.;f”dfff?ffib
: g e “Jefpé”’

Slnce then, consxderahle support for the hypothesis

‘fhas been obtalned by several vOrkers vho heve delonstrated

‘1the ab1lity of LTP to nrnic both non-adrenergic inbibitbry

'*‘ﬁ'end:~ non-chollnerglc excitatory nerve stilnlation }in"{j;fi

'-»g'_several tlssues of virlous vertebrate species

| '3d§1971°’ Burnstock et al.. 19723 andiy

' .

"fTakeda, 1972, Colenen P Levy,: 197“

| Fe;The subject has been revieved by Burnstocki(1972),

'~55pec1fic uptake of adenosine’finto nerve‘”terlinels a
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_l_storage es ATP (Su et al., 1971) and potentiatlon of the-’:

response to nerve stinulatlon fpy dipyridanole !.epd.J

: hexobendlne (Satchell et al., 1972) are descrlbed togetherjfi

vlth other supportlve evldence.. | |

Desplte thls predonlnantly circuustantlal evidence indf»:"

j_'favour of the hypotheSLS,' douht has heen shed on theda}{iuwv
-spec;ficity of uptake and release of lahelled nucleot1des?*“

Q:;by Auerbach's plexuse.(KuChll ‘et al,, 1973a, 1973b and;;7»f7 :

.197“) and on the effectlveness of tachyphylaxis to ATP 1§§ »?

'..*flnhlhztlng respOnses to; transnurnl stinulation (ﬁeSt°°'ff7¥siﬁf

H;1973a 'and 1973b)._\;v has already been ‘ discussed;eegfsj;:

”fﬂ'dlpyrida-ole does l not rellably potentiate‘ adenosinei

‘7if“re5ponses in 1solated txssue and the lack of a specificf?*wddyﬁ

fejfconpetitive adenosine antaqonist preclddes the possihilityffoa”

i‘of obt31nlng definitlve evidence of a sililarity betueengﬁyf;f5{

J

".faden051ne or ATP and nerve-nediated responses usinq~’sucheffﬂ“t*'

'“1}dpharmacolognca1 tools.xe Bffects i of theophyll nef oﬁf‘u.f:ff

.'dff been reported, but 2-2'~pyridylisatogen does not lodify;hi;ﬂi??f

"'.3:responses to transnural stilulation

J

'e;}responses to transnural stinulation of the gut have 6¢§jyjkl;;

”et doses

R -f\ ,
wf{‘larkedly antagonise responses ro exoqenous AgP (Speddingf

ffjfet al., 1975)._4e,fg5;f“ EQe

\’

Apart from studies involving ISPHCific .:},g\_q_f“

dfthe purinerglc nerveA hypothesis avaits'the c:e_
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that might be 1nparted if atp vere shown to be stered’ in
i »the _ la;ge opaqne synaptic ‘ves1cles at these nervey~
ﬁteninalsi It vould also be necessary to show that any ATP;_jf}’i
in these 1vesicles is nbt ' conplexed vith | another;:f
.:transnitter-likei‘substance.. Although the effects of ATP.
‘e'closely Illlc these of transnural stilulation, 1t is“7f §§:
,p0551ble~'fto, 1nterpret the‘ strongest eV1denee for
purinergic nerves _as nerely xindicatlng that ATP i 7~
;reieased fro- nerve terminals 1n conjunction vith the true;?ﬁsffff
.transnitter Aand that ATP can release the transnitter by a{fﬁeinu

'-ityranine-like action. It nnst he. pointed out h°"e'erf}{i}f?*”

v”~[that any 'other possible candidate for the transuitter inff?”'

B ;action of ATP.'}_=}5uff5

f,l.7allost half

'ﬁthis systel should be detected in tissue perfnsates. Nonegffn
“have been reported and thus the hypothesis of purinergiCiff;;igf

°‘nerves ls sonewhat nore plau51b1e than that of an indirect7

éﬂﬁnﬁﬁ. ;ssﬂ‘uim nt nsiiszn su‘i imgﬁine BRQ

by

tﬁsince/. adenosinei ahﬂfiifﬁi huéréétiiéé*:ﬁiiéﬁfiééh{;

B !
: jrecognised as pharla

ologically active” $h§3#§ﬁ¢§§f?féff“'

f”ilechanis- Of action on ‘anyi tissne.: Re'erthelessv,v




'”‘<'alka11n1ty of the annonla prouuged\}n this

foliouingvlines'of speculation have been initiated by..
diuerse observatlons enccuntered 1n the course of other:>
experlnentatlon‘ , | | <. L A_V V.p

1) Drury & SZent-Gyorgyi (1929) snggested that, since thehtl’a|
,actlve coupounds knoun to then were readlly deaninated,h{%ﬂ_~

'_;blologlcal act1v1ty nlght .}peAJ associated :;uith,t ;pé';*

by

- 2) It :ias; suggested by Peldberg & Hebb ({9“8) and Palck_ L

l'(1956) that adenlne nucleotldes nay relax suootH’nuscle byjf;f”i
'“'chelatlng or precipatating calciul fron the lediun,f;e[f i
i“vlthout actlng dlrectly on the tlssue.t On the other hand.fh'goﬁ
‘Danlel 8 Irvln (1965) fEund their results consistent withjtf??;

Jthe hypothesxs.that ATP nd ADP contract uterine luscle by]?f};i

"}fCOnplex1ng nelbrane-hound nagneslul and thus allovingVif;}a
'fflncreased calcau- blnding and calciul entry into cells.;fﬁ\ﬁ?

"*}Nelther of these proposed lechanisns of action accountsi_ﬁ;pf

:f:f. the fact that 1n nost tissues adenosine,'which cannotfflfs
ff-conplex dlvalent catlons, induces qualitatively .d}fnfif

o A g SRR
5;soiet1nes quantltatively sililar responses to thefﬁ;c*ﬁ

":nucleotldes.:; ;fl';:f 'p'hif?.wtpa#?fiugg?:ffﬁ“ﬂj

f_jxffas~ dlscussed h{ Section 1 1. 2,;a‘ the basis off@fp_;f

'f57antagonlsn; betueen adenosine and caffeine, de Gubareff va;ffxi

7-,haden051ne and ATP do not nodi%y the electrical activitf"of,{

1p51eator (1965) proposed that adenosine prevents the norlal?“tfifi
v , . / . . - !-a :
,3;action of calcxua in exc1tat10n-contraction conplinq inif_’

'th;j‘nyocardaun.f Axelsson 8 Holuberg (1969) obsarved thatj;f




.
a'v’ ‘

S o Y R . ‘ o ) o o ) -..
- guinea-pig taenia coli previously naintained ~in ca1CLun-

free solutlon as Opposed to norlal Krebs and further found

'that adenlne conpounds (includlng adenlne thCh was nost'

potent) relax pota551un c0ntractures. Axelsson 8 Hollberg

,

suggested that adenlne, adenos;ne andk nucleotldes _naj“f

“relax. pota351u| contractures by dnterfering u1th calciul

3

e _1nflux into snooth nuscle cells. Thus adenos1ne 3and |
'nucleotides have. far been dlscussed as influent1ngfﬂe
}calc1u- novelents only by their' actlon on 'cardlac';:if'

Areceptors and on . an ,unusual systen in_iguts'whlon 1s'

-

_respon31ve to adenlne. ;~~; 5 f »fftﬁi_f{uxegij f;f

'faden051ne‘ and nethylxanthznes on the heart‘and coronaryf
"’jfclrculation e Lndlcating that the drugsagﬂgny;' y

‘ -7,;d1vergent effects on nyocardial cyclic Aup 1evels

Stock ”Qf nesterlann (1969). concerningr inhibitiOn, of

ﬁ) Tomlta ¥ Hatanabe . (1973) concluded that the”

1hyperpolarlsatlon induced by high concentratlonS‘of ATP ind;g
'gngulnea-plg taenia c011 lay be the result of a specifie :
“Aglncrease 1n pota531un conductance. Slnce, at lover doses,;rfng_i
,rtuarp relaxes the nuscle by suppressing spontaneous 5p1kej;f1?ﬁi
. iiactlvlty vlthout causxhg hyperpolarisation, thls change 1n3]if3f

f'upot3581ul conductance 1s probahly not the prinary node ot}ﬁfﬁ%}j

-‘

e actlon for ATP and adenos1ne. ngf;j¢-1;1'f'_7yquﬁjfj[kf;*‘

O T

A§_n5) In contrast to the suggestion of de Gubareff 8 Sleator,;.55,e_

‘dTSChau'a°n et -al..(197o, interpreted antagonisn_fbetueeniﬂgf;fs

suggestlon folloved the publications_ry°0avies (1968)

e




] theophylllne. o L ;.‘4., ‘

l,7Bued1qg et al. (1967), on the hqsis of the sinilarity in;

%’5j:responses- of guinea-pig taenia c011 to epinephrine and to
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adenylate' cyclase by -adenosine'~.and' phenyl1sopropyl-

N

adenosine;e Inhlbltlon of adenylate cyclase was sllilarly'

proposedbby Iso (1973) as the nechanlsn whereby aden051ne"

‘.potentlates alpha-adrenergic contractlle responses ln vas‘f

. #

.‘deferens,: 51nce‘,the. potentlatlon uas -entagonlsed ~’by

."‘

6). The suggestlon that adenoslne nlght enhance cyclic AHP,

 accunulat1on in the nyocardlun was fxrst lade by Kraupp

L.;

1(1969) Later he and his covorkers concluded that a large"

.portlon of the coronary vasodllatory response to aden051neujfa

v

“7'iiesf due propagated. netabolic aczdosis secondary tofn
'edenOSine-lnduced netabollc~_changes 1n the 'nyocardrun}fflrr
:(Raberger et al., 1970 and 1971). These netabolic changesnifj;,

. ’(1ncreased qrpcose uptake glycoly51s and 11poly51s) were&f;t'

'sinllar to those; reported to acconpany 1nfusi°n que::f‘

'egln phrlnefilnto skeletal ’nuscle vascnlature (Lundholl,jfﬂ”

:;these netabollc changes are also re°°gnised";e”::
};ated by cyclic AuP in sone tissues, Raberge;;n;n{f
;is Pr0posed that the‘ prinary action Zgoffiﬂwv~
_Aijdllatlng coronary arterioles is to stinnlntefff3e1’
i cyclxc AHP production.vflihe sane%Ugronp ofief3iﬁ
?'ter reported silllar Fftects in dog hind 11.bf?rﬂgf5

1nfusxon of adenosine into the fe'°r41.varteryﬁ”fgf”5

"'et al.,‘ 1973a).,: It is also of interest‘tnqtf'w‘ o
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ATP, suggested a role for extraoellular ATP dn-'elevating'_
cyclic Aﬁéﬁlevéls in intestinal.nuscle.:A |
E::..ze .£ ad..easee o .191;9 Aaz le!§l§ szi m&ast S
k R s;ell§ o nﬁsne sh.szs;

- hlthough there' is o dlrect ev1dence that adenosine o
»elevates cyclic AuP levels ‘in the heart,l 1t ls uell B

4',establlshed that aden051ne and 1ts nucleotides, includlng

'-.'2'-AHP and 3'-AHP, enhance ‘cycllc AHP accunulatlon in‘

" .
ssllces of braln tlssue.a Adenoszne ls lOte potent than the
B n_ncleotldes _ 'hll_,t' ' :gden.],ne' 1nos1ne .b and other ‘ punne-." o

.,nnoleosides are  inaCtive (Sattin G’ Rall,. 1970) hef3f=

";veffeCtv'of- adenosine';isf very pronounced, 1nduc1ng 20-30 -

} fold 1ncreases in.. tlssue cycllc AHP, and 1s antagonlsed by-f
- tnethylxanthlnes. Theophyllzne is the nost effective,g:7'

‘hjantagonlst but 1ts antagonasn can be overcone using higher

'tehconcentratlons of adenosxne. Shinizu 5 Daly (1970), using-ﬂj

"f;f3ﬂ-aden051ne and sl;ces'pulse-lahelled with l‘c-adenine,iﬁﬁﬁfwfﬁ

~"77;extent ~by seruing ‘ ;preqursor, but lainly stilulatesh:ﬂaffh“:

’h”hdeterllned that adenosine elevates cyclxc AHP to' a snallfffﬂfh

'ef:the accunulation of neuly syntheszsed cyclic AuP._ In theﬂfffﬁfn§

'fsane year,i Shllizu et (1970) found that enhancedf?d;jﬁﬁf

'foffornatloibof cyclic AuP in the presence of depolarisinglfkﬂfffﬁj

-

vuii:aqe“tfmdls. acco-panied bY: and parallelsk_-release off~7*3"ﬂ
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adenosine'into the*incubation'uediun. It is’row accepted '

that. nany of the effects of electrlcal stlnulatlon and of

s

depolar151ng agents on braln slices, 1nc1ud1ng the ablllty o

'

of the latter to potentlate cycllc AMP . accunulatlon in

respoﬁse to blogenlc amlnes,’are nednated Sy aden051ne.;_

‘~
[

Hutual potentlatlon_ between aden051ne and blOanlC' eJ"
amines. 1np11es that these substances: act at drfferenf

sites Hlthln the tlssue.’ By 1nvestlgat10n of the effects

both of 1nh1b1tors of aden051ne transport and of analoguesv

';of aden051ne‘w1tself it is .currently hélleved' 'that

o that tlssue, very probably assoc1ated -with adenylate

cyclase (Huang et al., 1972 and Huang 8 Daly, 1974)

]

Evidence‘ of extracellular "receptor functions vlth

l:in cultured cell llnes, vhrch respond\to adenosine vith

7

‘-'o‘_. : @’

n

'aden051ne ~acts at a spec1£&c extracellular receptor 1n'

' PrOPertleS very 51n11ar tO those in: brain has been found':“” -

ljenhanced cyclic AHP accu-ulation.” schultz 8 Halpracbf,“y L
7‘lf(1973) found that adenosine nininally elevated CYCliC Aﬂpﬁ:;;f:
| ﬂj,levels in neuroblastona cells and only in the presence.:of?;f:V*

,:papaverlne or nethy11sobutylxanth1ne. This effect was notf:afff
wrfiantagonlsed by theophylllne.~ Blule Et al. (1973) foung(ff.:?;

‘fg]however, - that _;f”th presence :339f:'ﬂ’ potentEﬁ;féii
'i;i;phosphodlesterase lnnlbitor (Ro 20-1724) adenosine 5°59'f53;5'

F“l{fdependently elevated cycllc AHP levels up to 50-fold 'inﬁfJ35€;
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t\'

mouse neuroblastoma - cells -and that the' effect was

antagonlsed dose-dependently by theophylllne. .The gﬁ?e'of'

-adenosine for half-uaxlmal accumulation of cyclic AuP was

2uM, oné-tenth of - that required in astrocytoma (glial).
cells.; Clark et al.-(197u)' also' found " the effects of

adenosine in astrocytoma cells to be very slnllar to those'

in braln. The latter workers concluded that antagonlsm by

theophylllne vas coupetltlve at an extracellular receptor

but  found no syne:glsm : betueen adenOSLne tan'd '

1'catecholanines; Peck . et. al. (1974) found 'synerngl_

between aden051ne and elther sodium flﬁoride,cﬂepineph%ine
or parathyr01d hormone on cycllﬁr‘lnP 1n.1solated bonet 3
:,‘n )

cells; the. Aaden051ne | effect as antagon;sed- ~byu~i

theophyllihei ‘.‘ ;‘A_ ‘53

Adenosine also elevates cycllc AHP 1n sllces of rat[

" lung but not of gulnea-plg lung (Palner,_ 1971) .and
'thrOlbocytes (Hllls 5 smlth v 1971). . uethleantllnesl_t'

'.antagonlsed the response in throubocytes..

In contrast, adenosine has been found to inh&plt the l

S B
, accunulatlon of cycllc AHP 1nduced by eplnepﬁéine in'

intact fat cells (Paln. 1973)

. .{.',A-. .
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1.5. Effects of adeposine on enzymes felated to cyglic
| | ame. |

1.5;1; _Agggiiﬁts cyclase.

Adenosinebinhibits adenylate cyclase .isoldted"frOnf

ft,every tlssue so far 1nvestlgated. The only contradlctory

'report 1nd1cates that, over a snall dose range, adenosine
sllghtly but 51gn1f1cantly f stlnulated cyclase fron
,thrombocytes (Haslam & Lynhan, i972).‘ At‘ concentratioosf'
oabove 0.1mn 1nh1b1tlon ensued-i fThetoaotivatiooe‘oas_
"vantagonlsed by theophylllne but not by papaverlne and .tas't
;lablie to sonlcatlon and repeated free21ng and thav1ng off
‘ the enzyme. | . |
‘Q |
Since eluc1dat10n' of the effect Of‘fadeoosihe noh

'adenylate cyclases conprlses a con51derable portion of there'

present- uork and 51nce lost of the literature reports onftlf“

.fthls subject have appearqﬂ durlng 1ts progress and e'

relevant to the resﬁlts of thls study, considerat1on ofﬁf‘]-

' thls tOplC is dealt vlth 1n the d15cusszon and conclusxons |

of this thes;s (Sectlons 3 2 3 and 3 u).;:lgvjr
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1.5.3. Protein Kinase,

' egually on actlvated and inactivated enzyle._-'
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AdeuOSine’ .at nllllmolar : concentratlons is a
,uoderatelY' pot%nt : 1nh1b1tor : of' phosphodlesterase if
~(Gu1yassy, 1971 and Huang & Kemp, 1971).. Sattln d,' RalL;

'(1970) found phosphodlesterase actiV1ty in tvo subcellular o
fractlons of cerebral cortex to be 1nhih1ted con51derably;"f
hless. by adenos1ne N than | by‘. theophylllne.;_‘;-ﬂoj"h
phosphodlesterase has currently been found to be 1nh1b1ted"u'

, by adenosine. to an, extent suff1c1ent to account for thei':.
rapld aud 1arge 1ncreases 1n cycllc AHP observed 1n¢°bra1ndf$*7"j

slices.

“'”{/,».

Aden051ne ' 1nh1b1ts cyclxc Anp-dependent protelu *54 fi 

«

4k1nase fron bovine tlssues at conceutrations above 10uudfﬂfhjﬂ
'lﬂlyanoto'“et al..; 1969 and Kuo et al.. 1970) Iuai etf e,
(1972) reported that lnhlbltlon of rat 1iver 'proteinff;

'klnase was conpetitlve '1th reSpect to’ ATP and vas exerted;f{fg



';.1ncreases

1.6.  Ihe postulated role of cyclic ANE ip smooth muscle -

Followiné’ the 'initial obsérvation“ bY-‘éueding et 7‘

(1966) that eplnephrlne elevates cycllc ANP levels 1nf;s

_gulnea-pxg taenla c011 at ﬂoses 1nduc1ng relaxatlon of the;efj

Juuscle, con51derable supportlve eﬂ&?ence has been ohtalned,, .

S to. 1nd1cate that relaxatlon of snooth nuscle 1nduce& by e

beta~adrenerg1c .agents »1s preceeded by dose-dependenttl,y

llnfCYCllC AuP. In partlcular Andersson (1972),1»'

°

; u51ng rabblt f colon, reported ' that responses =£O7f

vglsoproterenol are accoupanled, not only by elevated cyclz?;jfff

-:'Aup levels, ‘.pt also hy an 1ncrease 1n phosphorylase ;i

“‘aCtl'ltY and a reductlon in- tissue ATP and creatine e

“phosphate levels.: Both relaxatlon and the netabollcgft-

‘effects of 1soproterenol uere antagonzsed by beta-blocklngﬁlfn‘

‘-_drugs. "*1n_: calciun-depleted nuscle, 1 lsoproterendl_iﬂff

i,:icontlnued to elevate cycllc AuP anq PhOSphorylase iih‘fi

"~3°act1v1ty but ATP content vas no longer dininished and the;;sft

7.nuscle did not relax.‘ Sane accunulation of calciul by a?,fL;

”'t,fl1crosonal fraction fron rabb1t colon in the presence oﬁfﬁf‘ﬁ

7fATP uas found to be stlnulated bY iSOPr°t3r°n°1Aﬂndt°Y°1i°ff;1f

’"Q,l' (Andersson i Nilsson, 1972): lndersson has poftnlatedf;fﬁf

*-}that cycl\? AHP prolotes the seguestration of cytopla *icf3fff

E'L:caICIUI fron the vicxnity of the contractile npparatus byfy;;ﬁ

Can ATP-requiring nechanlsl snch as this.f It is p:esn’ed;




"5ibe due to stllulatlon of an electrogenic cation pun

i dhouever, suggested that the relationship

Q'nLHP and

”ﬁﬁdlscrete

B Y

 that the node of actlon of cycllc AHP 1s through enhancedl'l

phosphorylatlon of nenbrane proteln by : CYCllCI'AHPﬂ

dependent proteln klnase.

Andersson reported 51n11ar 'netabolic .Tsponses ineyfﬁ

.uascular s-ooth muscle to 1soproteren01 '(1973a) and. inej"l
:vascular ?andu{_lntestlnal nuscle to phosphodaesteraseefﬁ;
llnhlbltors (1973b) CyCllc AuP had already heen suggestedﬁjlf,
-las the nedlator of relaxant responses to phosphodiesteraseﬁidx

"ﬁznhlbltors in vascular snooth nuscle by Kukovetz & Poechfffd

Lo

. {1970) ;and Lugnler et la (1972) Isoproterenol d;‘§f
' hphOSphodlesterase 1nh1b1tors act synerglstically 1n theseﬁ‘fr“

-tlssues and dlbutyryl cycllc AHP lilics not only thefgl:

K

Jaccelerated ca1c1un efflux ‘f guinea-plg taenia caeci@f5ff
'(Tonlyana et al.,m 1973) and the hyperpolarisation in,ﬁ?ih

i;fpullonary arthry (SonlYo et al.. 1970 and 1972) vhich;:zf}

N

.~a°C°ﬂPanleS fﬁthe'"; resPonses. ,ig Cyclic AaP--ediatedf ifd

..ehyperpolarlsation was squested by Sonlyo et al..(1972)-t0;;fi?

Hork by Andersson' (1973a, 1973b and ‘1973C) has

subcellular conpartnents.‘

"

relaxant reSponse due to these drugs, but also thef?_




. ikfk.lotllity.>

U 1nduce,

o
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from’ the findlng that agehts‘ivhicﬁ. ihduce TCOﬁtractidn;"Aff

'although 1n1t1ally decre351ng total cYcllc AuP in vascular} fﬂf

’ or | 1ntest1na1 ' nuscle (Andersson 1973a and 1973c),f,53"

Subseguently elevated cycllc AHP f calciun-dependent~ffff

nanner~ Ohlle the nuscle rena1ned contracted. Sll1lar1y,f?f{4

phosphodlesterase lnhlbltors, although elevating'mtotal?;fe:

'5u_ cycllc“ AHP, had varlable effects on phosphorylase fiwf;{

R aCt1v1ty (Anderssbn, 1973b), aﬁ. flnding vhlch vould he;ffff

'TJexpllcable ’fiftffth phosphodiesterase 1nh1bitors 'éhdiﬁv':

1soproterenol dlfferentially 1nfluenced cycllc AHP 'ddf;:it

separate conpartnents 1nc1uding that assoc1ated 2§h:?:f

‘,

f.'rela!atlono; Co-parlson of cyclic A!P levels 1n responée}f?.*

‘1

: to varlous drugs 1n rat uterus (Bolacek & Daniel 1971 andﬁ;eid

Polacek et al.b 1971) and in rabbxt pnlnonary artery};; -

(Dan1e1 6 Crankshaw, 197“) has further indicated that

‘ dlrect correlation GXIStS betveen total cyclic Lu2’confintff§£f

and snooth‘%uscle tone., Rasheil et al (1375 |
that cyclic AuB ‘-ay be only partly tespo sible fotfﬁ

isoprotarenol-induced inhibition fef

the hypothesi that cyclich




w0

L 5contract111ty 1s 1ndlsputahle, nodlficatlon of CYCllC AnPfg_{

J*‘7other ion fluxes and probably also v1th effects on tlssueff

f*cycllc GHP 1evels.. lﬁ" :

H*f?ffelevatlng cycllc AuP levels 1n snooth nuscle,‘ as it ?is» _

'known to. do in braln and other tissues, and that its?basic;%jﬁ
lffjéilechanISl of action is thus sililar tofthat propossdwforf
_A:~leoproterenol.f The longitudinal T '
 7¥sf1ntest1ne,

\ s.sepatated readlly fron

: 34 .

.nediateS' those to phosphodlesterase 1nh1b1tors has galnedﬁx_

con51derable support (Baer, 197#) thle the» involvenent;~s

:-of other nechanlsls 1n‘ the regulation of snooth nuscle,ﬁV

s

, 7remains a possible ba51s for the action of drngs on snooth{f'”

: uuscle tOne. along wlth lore dlrect effects on calciul orffti

A:'
!

}fﬁith'l h 1ntent10n of providing an inszght into thef :f

S ;uechanisn whereby adenoslne relnxes snooth nuscle, thetjff

‘77ccentra1 hypotheszs _vas forlulated that adenosxne/acts by}i‘




“action 1n the hope of discoverlng theaproperties necessary

for conpetltive antagonlsl,c,'ﬂﬁ,.j

:_.relaxatlon.f;f_‘@-”

. '9#: the rabbit 1ntestina1 nuscle night be, the fipdings

";thel sareireceptbrrsite;fianYihQAah7erirecellular;sire;cftfﬁ.

Y

| ',2) characterlse the blnglng requlrenents at thel 51te of

.jv ; i

i3)x deternlne'fvhether aden051ne elevates snooth nuscle

'*cycllc AHP levels and 1f so, whether thls effect lay be

| *5causa11y related to the relaxant response,'3ffﬁrllii;e"{fV E
siff«fdf“ determine whether a dlrect effect' Qfﬁadéhbsiéé?bnﬁlii.

"'{fadenylate cyclase mlght account fo;;&:s;qa;h,ii.us¢LQﬁ~}jj

b

It uas hopLd that, whatever the results of thls study

”qxhe:‘ ultilate
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"5CﬁlPrnﬁs2.
*fffn;££R£A;§fg!2;g§rg§Q§ss 7'“

. '2.%. Longitudipal muscle of the zabbit infestime, .

Gale 3ﬁ  Zealand thte rabblts -uere killed ﬁy,i}_

lnjectlon 10n1 of air 1nto an:_ear vein and the ‘Hf
abdoninal cav1ty vas opened. Hhere a-12 pieces of tissue
uere reguxred, ._ 1n l °t experiaents, a 20cn 1ength QE

s-all 1ntest1ne was renoved starting about 5cn to the oral

i ]j; 51de of the lzgauent of Treitz.» If nore tissue sanpleS\‘s}

,.:,ere regnlred or for preparation of adenylate cyclase fronf;;;
longltudlnal luscle, further 20cn lengths of gut lere fi{

renoved fron hoth oral and anal sides ‘of the ,1igalent.”ﬁ.f

Each 20cn seglent vas 1nlersed in aad gently flusheﬂ out

: '1th freSle prepared lodified Tyrode sol'tion,“f“

7 u, qu5‘ h folloving conpo:ition

chloride, 4 7-3 potassxu: ch1 ride,

chlorids, 076
IR R na s
dlhyd:OQen Ph05§hate,_-




/

T3

‘.ISeglents uere mounted 1nd1v1dually on- a glass rod of
.;Bnnf dlaneter and the nesentery, along Hlth 1ts underlylng;"
' layer of 1on91tud1nal nuscle, .i gently renoved .u51ngir‘:

flne curved forceps¢ The edges of a- superfic1al layer of:f

tlssue could then be seen , elther 51de of the area fron,;f‘

o uhlch the nesentery had b en separated Using one lllb offsf”
- a. palr of f1ne5 notch a- forceps, one of these edges wasoszv
- gently loosened fron the undersurface and the superflcialjn%f
layer was then rolled back and renoved using a paperflig
‘As tlssue n01stened 1n Tyrode solut;on. Throughout thxsﬁfi;
procedure thew entirei:segnent vas periodically noistenedgdi;
wlth Tyrode solutlon ‘to prevent drylng | out. 'v Tnerif;
superfic1al layer thus prepared vas cut 1nto 8-12 strips1?£ﬁ
‘iTVapproxlnately 8-10nn 1n 1ength and extendnng about 201 1nfi¥f

hreadth The end reglons vere dlscarded.: Bach strip HaSi%d’

o used ,as one sanple f]§ longitudinal nuscle.,lm;bnfiff

1

electronnlcroscoplc exai'hation, the tissue Has found toj;;l
he conprised of serosa, 1ongitud1nal nuscle. Auerbach'sf;gﬁ

plerus and one or two 'cell 1ayers of circular nnsc:le.;"i;.f_‘::w

(Flgure 1)

Strips to be used inlediately uere suspanded ”inva'ﬁ






lf;fvhen the

'5'”also

”f‘ffposxtion.;;ﬁiﬁf"-outer jackets of the

"?If}connected in parallel to a Therionix II therlosta;wcv pulpkiv

°~aQTresh Tyrode solution uas
"?fig}added »nanually to the 4T

”5f,organ batth""

2.1.2. Heasurément of relazaDt Kespolses

*f'rhe,s' "'”;s used for recordxng nechanlcal act1v1ty

'dof‘ the-f U*;llustrated 1n~F;gure‘2. Four pairs of K

?Vrodsavéré"fixed ’fo77 | S°1ld "°6de“

A%‘inledlately belov four Grass force-}fn
“qdiSE ?5:? zénsducers, type PTO3C, whose p051t10n coul |
‘ang a. rack-vork boss head (C P. f Pylle.

'tLondof ) 455' Each pa1r of rods supported a piex glass
¢ 1 1ch a jacketed organ bath of 17-1 _c oac1ty
The organ bath was secured at the top of the fi
’}d5°d$?fit; h?d'nornal' p051t10n, by neans_orf]a;.netal pxn

5fna§£4ené§} | lever.:l Snall springs' vere interposed
.'bétaéén-é; 2;1ast1c block and the upperd rod support to
5fprov1de :a rlng-loaded dropplng actlon of the organ hath

1 uas_turned A netal tissue support vhich

*to the frane and

aerator. vas fixedl

'[fextended ”;he botton of the organ bath in the 'norlal'

7organfbaths were(

'fg(araun uelsungen) circulating

varled hyikt“

“f{spring c11p.,fé””
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. ‘
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o

Drug solntlons were’ injected /by syrlnge into the”‘
N R
bottom of the or%an bath in volunes of 0. 1 to 0 5ml, to
. ) “~
.produce a»ytotal ; ath~vol £ 17-1. The bath contents”

_'_"'ve".'re 'mixednbynfa'thé carb'ogen flou,u f-Stock Qrug- SOlutions:
ﬂ»ieré dlssolved in ca1c1un-free iyrode and’ dlluted before?‘

use ulth aerated nornal Tyrode solutlon.; Solutlons Qf:f
,‘synpath011net1c drugs also contaxned 10“9/F1 ‘a§Cdeié;aca.
“.acld,_-ustocg :59;“t¥°n$ 'Of, ﬁdenlnc* -“ﬁé@ééiiaesaAfiéiej?
"baeutralisédaiifh.§a6ﬁ;Q' - i:;”':c -T:! Ll‘ ' o

EQCh Strlp of . lOngltudlnal uuscle vas. suspended Hlth ;”:“”
'iTthfead in Tyrode solutlon at 37°C,_ betueen the tissuei?ﬁi

= S“PPOrt -and iéi forqe-dlsplacelent transducer vhich wasff:ff _77
dlnked 11a a Beckman straln gauqe couplcratype 9853 to g*T
‘u-channel Becknan type RB Dynographr Strlps uere alloved?;faif\
l_to equlllbrate under l1n1lal ten51on (<0.1g) for at leastffﬁc
;9 hour.;ﬁ sance bhis lusclerzclspontaneously actiVe andif'

,.f:the anpllfude of spontaneous contractions depends on the_:“*‘” e

clnposed ten51on,_ the tensicn in each strlp vas theni,,__..,.

'1ifcgradua11y increased by elevating the posxtig% of theﬁfif;f??f

KR ,,-qv s

"ﬂtransducer unt11 the Optllal alplitude of spontaneous?

¢e“cursion of the.apen) was ach eved.;¥

ctensxon vas about 0 39, f}af,&:»&nﬂyqyu

o A



. 2;1;3.15 iissuefsanpling;

o Strlps whose responses were belng recorded were frozen forf‘fg

~"est1natlon of thelr CyCllc AuP conteht by relegsing theff,f

consisted of a depre531on of the alplltude of Spontaneous

- contractions, frequently, but not 1nvar1ably,. acconpanied.v

by a decrease )1n the basal ten51on of the strlp. The

.lat?er wvas also dependent ony the lnposed ten51on. Since

[

optimal spontaneous_-act1v1ty uas} achleved by different

stripsda; .appiied‘ tensions of"fron 0.2 to O.ug<»and f
inhibition of basal -tension in responSe' to.\drugsa,

consequently varied between 'strips, the smooth “muscle

"relaxantv;response was _defined for the purpose of this-

study as’ inhibition of spontaneous . act1v1ty. " The

-nagnitude' Of the response vas expressed as 1nh1b1t10n of

the amplltude of spontaneous contractlons, as a percentage

of the control anplmtude 1nnedlately preceedrng -drugv

_addition (Figure 3)..

N

| 2.1.3. measursmeat of tisme cyclic ME levels. -

The apparatus 1llustrated 1n Plgure 2 uas de81gned t0f

1aliow rapld freezxng of tissue sanples v1th linilal:

derangenent of the tlssue 1n' the organ bath.- uuSCIe”p.

-1ever to drop the organ bath 'and clalping the .trssnepf-



e

,Figure 3y Re)onses to adenosine, epinephrine and’ isogrotei'enol. Y
Responses were evaluated as inhibition of the amplitude of spontaneous : S
", contractions and expressed as a percentage of the control amplitude R |
‘;ixmnediately preceeding drug addition. St - R




“betwveen - heavy metal tongs precooled to the tenperature of

llquld nltrogen. The tong< con51sted of two brass bars,:

o

approxlnately 3011Ox3|n; soldered to a palr of forceps.'

'~ The total tlne requlred for thls sanpllng procedure; vas -
less‘ than~.2 seconds, nclu51ve of tlne for freezlng. f t

the time . these "stndies vere connenced, 'rapld freeze-

clanping methods -had not been applled to snooth nuscle.f
t I,

This procedure has been demonstrated 1n lany other systelsA-‘.'

to av01d the rapld changes 1n cycllc AHP durlng sanplrng"‘

‘(thch are due to slov 1nact1vat10n of adenylate cyclaseq

&

" and phosphodlesterase.‘f

In experlments in vhlch nultlple sanples were exposed”}].

td'ldentlcal treatnents, the strlps' vere t1ed togetﬁer""'"

Hlth thread and uere not attached to the transducer or the_

/tlssue support.' Pree21ng vas acconpllshed 1n this case bynff;ff57

-rapld removal fron the organ bath and 1nler510n 1n llqurdﬁ-f‘e

nltrogen. ", S ~u”'-j R cf,;i' ,'ff r:*

. Sy =t

" 2.1.3.2.  Homogenisation. -

Tlssues relalned frozen untii after honogenisationf'f'

(see flou sheet,v»rigure- uy._ Indlvxdual strips uere_i{shgf;

enclosed 1n a. Teflon capsule contalnlng o 3.1 55 TCl and a:hfiff £

.-

tungsten carblde hall, all at the tenperature ‘of 11quid



STRIP UNDER TENSION  STRIPS UNDER O TENSION .. -
'  FOR{RESPONSES Co Sy

FROZEN WITH TONGS  FROZENIN LIQ. W,

:1‘>.'

SEPARATED (FROZEN) ,~ -

HOMOGENISED TN
0.3 ml FROZEN-5% TCA ,

¢

.THANEDb“ -

" FROZEN ] THAHED Coe e
R 3 : L o
0 1 pmole (- 2000 cpm) L
* 3u-camp ADDED

L0

32009; 1 min

: »PELLErf D . SUPERNATANT
| whsHeD - Y 7 () o
S Jor el sy TCA: — . . Loy T
- | | powex 50 = ?zi; _
Y PELLET p R L TN
pe.2m oL ',; CAWP PEAK
10.5 N (NEUTRAL 36 ml)

NaOH T
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CPROTEIN FOR ASSAY. -~

DISSOLVED IN'. - {;%.j:
100,31 nzo R

MWA$M ' Rnwmvw3mmw

“.ffii_f-iéf‘*

Figure 4y Flow diqgram of<E;eparato:z_procedure for measurement of tissue
_yclic AMP 1evels.'£ - : . : , S




‘nitrogen; The capsule vas fltted to-a uikro-DiSlelbrator |

'(Braun uelsungen) and V1brated at 60 Hz vlth an anplitudeﬁ ?v 3

of Q_Srn for 30 seconds.; The honogenate pouder was

colleCted in suall centrique vials’ (Eppendorf) and -

alloved to thaw._ After subsequent freezing and thavlng,_"

: f{ 0. 1pnole of tracer 3H-cyc11c Aup (approxilately 2000 cplyf

'.qasﬁ* added 'tof'fthe; honogenate and the TCA-soluble,ﬁ’“

'lsupernatant vas renoved follouxng centrifugation for 1 Iin;d,?1*

in an Eppendorf 3200 bench centrlfuge._ The protein pellet,ﬂfﬁif,

.:was washed Hlth 0 1m1 5% TCA and the supernatants pooled.;rf‘5 |

Sl

. 2.1.3.3. puritication.

Sy
B

i The TC! extract was applied to a 0 5x7cn coluun 'ofic*'?\

‘"fj:Dowex Acsou-xu,' hydrogen forl, (100-;00 nesh) (Bio-Rad)?tfffal

: Pre’1°“517 a°1d"“5hed and equlllbrﬂted :vith distilled;ﬁéia*”

'fuater and the: salple ‘vas_ eluted vith successive 0 Sllff‘" ‘

'“}yolunes of distilled vater.i The TCA eluted rapidly Ihileffgb”.

.;:; o cyclic AHP vas. retained and 1ts peak, collected in a 3-5.155fq;_

'volune, "%pending on the resin batch, was neutral (riguref?fifgb

ey, The pos:.tion of the cycllc AHP Peak \'as “naffected bY:'

A-dethe presence of either tissue extract or 5% TCA in theQ}i

‘::dapplied sample.lg”-":“”“

| When SO ATP of 100ul 5'-AMP at appFosinately 10s. |



S

" % Recovered counts-

Sl Fuxmon number

et i HZO—L i w N B

 ’-i*Figure 5 Elution profile frOm Dowex of 3H-cyclic AMP AIP and 5'~AMP. ?~"$ =

" 'AMP”in samples- containing extract from tissues of ‘the following protet
‘ "containing no tissue extract.. Lower curve?y absorbance at:260nm of‘eluate

10w and’ diluted o 0. !unl with 52 TCA. o

0:5ml. fractions.‘ Upper curve: recovery of radioactivity from'3H-cyc11cf

content.(('°--) 8.4mg ;- f(L-'—) 15.6migs: - (---«) 22,1mg3 (~——~9 ‘control -

fractions after application of . (+ove) 50u1 ATP°’ K ) 100u1 S’-AMP at.




: uere 1nclnded 1n the TCA sanple and the absorbance of ae;f‘n"

8"

1: 10 dllutlon of eluate fractlons vas- read at 260nl on a}ffi?“e

| Gllford spectrophotoneter it uas found that co-plete}f{fejj

By

'.\'"w

ethylene- qucol | 100.1/1 nethanol, ag/l 2, s-diphenyl-;gﬁ;_fi

: »53 collected as 1nd1cated by the lost recen7

freeze—drled and redlssolved 1n 100u1 wate;ffor use;in'the

separatlon of these nucleotides fron cyclic AHP ‘@g5ff':
effected (Flgure 5) .« 51nce 5'-A5P was not conpletely}enA |
eluted by 5-1 of 1N HCl and 51nce adenosine is retalned: ff4’;

even nore effectlvely on catlon exchange resins the}’V

EE colunns vere used only once.:3,55g- :" o .
i B

’Th p051t10n‘ of the cycllc AHP peak was non1toredg;ﬂff_ 

occaslonally by Counting 3H—cyclic AHP in SllCcessive 1 ]_ .

eluate fractions dlssolved 1n 10-1 Aqnasol (New England;fﬁff&ﬂ

Nuclear) or Bray'sv'solutlon =(609/l naphthaiene, 20|l/l“t

"°‘az°1e | (PPO)v , 0 2971 1 u bis-z-(u--ethyl.S-pheny -fﬁf*;*”

'-.3‘ )

oxazole) benzene (dinethyl POPOP, Pnckard) in u-dioxane)f]g;?ﬂf

.and ln subseguent experilents the cyclic luP‘peak Hasfffifjp

'test run{,

The CyCllC Aup peak fron»‘thef’bowex 1co n-ns;‘vas

cycllc AuP assay and fo; deteruination of tecovery‘of

%racer 3H-cyclic Aup...,1]¢§




ﬁ'fySOIH sodiun acetate,. pﬂ “.; 20ug bovine serun albulinﬁﬁﬂflt?

et quantities of cyclic AuP ffbn tissue

'3%ﬁn;gfro- the straight line part of the,st?ndardtcurve;ob ai ed

E;reproducible. »ﬂf,iﬁfﬁf 5

2, 1»-.'3.:9.’. "A-ss‘va.y ."_o'f’ "vcyc‘lic CAMP o

5y ;({)’j- T

P

| - Cyclic AHP was assayed by a protein' 5i;aiﬁ§;ti;£had;;#{?:i
..f(Glllan,, 1970) utlllslng a cycllc AuP-binding Pr°t°15;c;:i¥%
-r_prepared fron beef heart by G J.d' Lauzon i thisix o
f"i? 1aboratory, according to the -ethod of uiyanoto et a1.f157*i4
4i¥¢(1969) 5f'Inhib1tor protein' which 1s reconnended bet;:
.leGlllan é,g;a neans of 1ncrea51n9 the sensitivity °f thefﬁ;if;;
Jiassay, was prepared fron beef skeletal nuscle bY L‘1:i f“l
| ;nginonson u51ng the procedure of Applelan et al. -(1966)';§”?lc5

5_4;The assay nediul contained 1n a total v°1une' of 10001.i{3i}i.

I
IR

\¢f;(819na)- 19ug 1nhihitor protein. .1 5ug binding Pr0tein,5jf“”
'iiffmo 2p.ole 3a-cyCl1c AHP (4000 CPl)aand unlabelled cyclicfﬁfdt;}
L}f;fAuP in duplicated standard or unknowu (10 or 2Qn1 °fgif:fq*

V'rtissue sanple) quantities. Blanks containing no bindingﬁff533

. hfprotein. and standards, containing O 5 to ZOPloles addede’cf7f

”e ;cold cyclic luP, were included ln each ass&y&and unknotnnﬁi“Tlﬂ

that assay.,. standard cu:vesf(?igure“6)uvere
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'?fdestroy their cyclic AuP content

nediuu ?ues‘ then filtered‘ under vacuuu at u°c throuq\\a_-*-
'25|n dialeter lelbrane filter of 0 45 nicron. pore si%ele;
.'(Hatheson-niggins,'. woburn,‘ dass ) by the followingi]%’f'
- PrOCedure. The tube contents uere diluted Hlth 1-1 ffm
’°r20nu sodium phdsphate buffer, pH 6,:and 1nnediately passedifﬁ
:'through the filter.dv The »tube was vashed tvice 1n a;jfﬁ”f
foiS1nilar lanner vith 1nl aliquots of buffer and the filter7f7e

";vas subsequently uashed twice uith unl-of the same buffer.fd

filter discs :vere placed in scintlllation '1315 andf“z‘”h

“l dlss°l'ed in 1. 8'1 ethylene glycol -onouethyl ether.._;Thef}fef;ﬂ

”*'fLiquin&t sc1nt111ation ' counter.._fiTh efficiency of

"@experinent. 5 Calibration 'curves as 1n Pigure »6 ueredffﬁ5?

affrtherefore plotted on double laqarithlic Paper as COﬂntS; Efﬁ;f

'.lper 10nin versus total cyclic AHP

‘l"zuiVLals were filled vith Snl toluene fluor (Sg/l PPO and}€:~f“
ie,ffO 25g/l dinethyl POPOP in toluene), shaken until nixed andffot”4°

"'"fconnted for tritiun 1n a Becklan L5330 or Picker Nuclearmfi: ‘

"'7]countih9 §$5 approxinately 30%, as deterlined : usingi{'”

‘erquenched external stgndards, and uas ponstant uithin eacuﬂfyg;f#

. o ensure that no conponent of the tissue salple }asogj{ff}

'?fchecks vere perforled.ﬁ In this procedure aliquots offfﬂiﬂ;}

.-ftissue salples vere prelncubated uith phosphodiesterese to}f

'°lf‘1nterfer1ng with the assay of cyclicQAuP, periodic assayff?f;if




\1f”
T --\5_2_
o MR
= o\ ' co
.~cortex by the néthod descrlbed by Nalr (1966) for dog;/ L
heart. ‘The lethod_is descrlbed in Figures 7 and 8. ' Thev L

- flnal colunn ’ chronatographic step 1n the pub11she&,,

-

"'procedure uas onitted. y_Although Ebad1 descrlbes thisf‘}-'e

, P
o ,nethod as appl1cab1e to hoq brain deSpite the differences_fj.yf

’._1n specxes and tissue (personal connunxcaticn), ;n ouf{rlﬁ:j
f'hands this nethod vas unsatisfactory in that the yield of?ffftW
‘t'fractron V represdnted only 0 135 of fraction I (Table 1) ;.3';l‘

fouost actlvxty vas lost during the first annonirl sulphatef:45“

ffnfractionatlon where 39 1% yield was found in the fitst cnt”;}fi;

'-fﬁ?Trls-ﬂfl (pH 8), Slu nagnesiun Chloride, SOna cyclic AuP,

'*i;;sxq- e

stfand 26. 5% 1n the sugernatant after equillbratlon vith 62%1_5;}ﬂ§
Af;annoniun sulphate.g In spzte of this low yleld, the "°“°t§;jf;[
'fof enzyne obtalned by th;s procedure uas suffzcient forzﬁ””:‘

ey ) EINE L
’:;yall necessary analytlcal experluents.yi’:f-h .

Fractlons vere assayed by recoIding the change infyf;jf?

f:optlcal den51ty f 265nn Gilford 2400:;;;ALL

‘jﬁfspectrophotoneter of HQ assay lixture CQntaining 50-&}f47’"ﬁ

0 20ug bactenal alkaline phosphatase (type ‘nr _fron 3,_ gguj'g{ |

uug aden051ne‘ dealinase

F“'n(Baer

et .al., 1968).:

R 0
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Cerebral cortex
S o R - 3 hog bralns) L
e P R N | ‘ : L
R - IR 0 , 250 sucrose + 1-& ugC1227g*
N E iaring blender 305ec SR
L ; N .
R o honogenate ‘ _
ST , B
O R R _,;”1g SRR _,1_."

I : - -pellet -~ . ERNER supernatant
B AN raacr:on I

R

o R
T B S l1)37$ (N54)25°4 S i
IR EEEU T SR “f%'»?“jvg_ l2)6000§ 10l1n ' }.".-1~:r;
T supernatant T B pellet‘§*i“ LB
B L ":~ G
Rl R e T 41)621 (NH )2504 ' ;fﬁfffi',,ﬂﬂ:"*“
I R e |2)7000g 10|in : ;; »w§'#;;= ;{::ri
4., -7 . supernatant.. . pelletf.zu;ﬁ"‘ »,‘_-~
| so-u Tris-HCl pH 7 sgf;;ﬂg;ﬁg

I T
e W e e e l SOnB Tris-ﬂCl pB 7 5;fﬁ';'f“;
P e T T o R R
o FRACTION II

W

Flgure 7: 2:223:3&129 9£ Rhﬂﬁahndisﬁtsxs

 Cerebral cortex fron 3 hogs" uas honogenis ]
supernatant. vas sn_ ected ‘a--ou
fractionatlon.

the saue buffer.f?‘iy

e




, FRACTION 5 S S \-x SR
S | . o R

1 frbzen & thavedw‘ P
'FRACTION III

1178 EtOH,-QOC.
)

I
)2 60003 10m1n
1

R I 'f:
‘pellet " o supernatant
.. PR ‘ N . : . | N . . o . .
,|1)42$ EtOH,-15°C R
|2)6000§ 10l1n RN
AI_J, _ RN

o — ~."f'f1 p7:]F7~?jfﬁ- .
pellet = -~ _Sppe;natant
' FRACTION IV B A

SRR |1)aox (NH4)a 504
SR |2)60003 10min
b

.. pellet” - RS supernatant fv“““ PR
G |2)60003 10lin el
SR e e RO N

pellet ' afjn-¢,f supernatant Bl TR
oE DU R DT

11y SOnu Tns-HCl pH 7 5 :

12) dialysis vs.: 100701. Tris : RN

. 13) fieezing & thawing g;,-1_>~“).“2;2f

|u)6000g 10lin ju:,. __;‘5,;¥vfgcaﬁ;ﬁ;{;;;;

"1}}35]lf;  ;   raacrrou'v it ' |

;75*71'"'g,w%’~ B
- Pigure -8: Pre 00 of phogphod 8Lage, Bakt II, .
'Fraction II vas’ frozen ‘and- thawed and: subjectedwto -ethanol :

i’f.fract1onat10n., The 17=42% EtOH - precipitate ‘was fu:therf(f*?ff“
fractionated ' between 40- and 60% ;anmonium: snlphate., After

'»*  ;prepare cycllc AHP blanks, vas obtaineds

© . dialysis, freezing and. thauinq and . reioving 'precipitated -
- material, = .fraction ~the.. phosphodiesterase 'used to-g;:ygg;
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| adequately ‘ hydrolyse cyclic AHP contalned 'in tlssue‘

-

)

“were ldalculated from the initial rate of 'chaage-'of

RN

‘absorbance - of the aixture._.'Since phospﬁodiesteraSe

activity'vas rate-limiting under . these condltlons, the

rate. of the deanlnatlon reactlon reflected the rate of

"cycllc ANP. hydroly31s by phosPhodiesterase -The spec1fic

act1v1ty of fractlon v vas calculated by this nethod to be

6 76nlole/ng/m1n.' The enzyme uas stored in snall allquots

at’ -20°C' and dlluted 1: 10 wlth 1% bovine serun albullnd

(fradtlon v, powder, Srgma) before use.;j

- To dé%ermlne vhether thlS 1 preparatlon : iould”

sanples, dupllcate assay tubes vere prepared contalnlng»;-

unu Trls-Hcl (pH 7. 5), 0 8|u nagne51um chloride, 0. 2pnole,;'-"

>

3H-cyc11c Aup, cold cycllc' AMP (2plole - or 10u1 tissue;'F'*

extract) “and Sul phosphodlesterase dlluted 1: . (3ugf;T

whlche,unlabelled cycllc' AuP and phosphodiesterase were

omitted, were also 1ncluded The tubes uere sealed to_ﬁfff}*

. B

and the reactlon vas: stopped hy ilnetszon in boiling Hater-

. enzyme proteln) in a total volune of 25ul._ cOntrols., iojf".

'nihinise volule loss and 1ncubated at 37°C for 30 nlnutes;jf

for 2 nlnutes. The 1ncubates vere then spotted, v1th thes“

paper and ‘the chronatograls were developed in 15 annoniulfx:
acetate 95% ~ ethanol 30 75 f‘r 12 : hours..a Sp°t5f R

correspondlng to 5'-AHP, cycllc AHP and adenosine plusﬁ fl -

Q . . .
BT AN
A e

Q

| approprlate carrlers,'.on ghat.an No 1- ChIOIatographic}f_?;‘“"“'
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inosiné ‘were cuthout,-eluted vith 1ml uater and tounted in
vhquasol\}for. tritium'aud the'percehtage ot oounts in each
spot.vasvcaloulatedt Results”of duplieates are,.shovur'iuf
Table 2. vhll‘ooucentrations of'CXCltc Ah?_uere hydroljSed.
over 90%. by 3ug enzyne. Since thefbreakdoun'products'uere"
predoulnantly .nucle051des, the preparatloﬁ also contazned,
phosphatase. Although Nair states that thls contanlnant

: nay~_be »reuoved by elutlon of fraction V through DEAE, 1t

o

vas decxded, owlng to the snall yleld and#‘because _the -

preparation' washadeéuate for the.intended puJEOSé,:not to

'pursue this step. It’ is’ 1nterest1ng that the tissue

extract apparently 1nh1b1ted phosphatase, probably due to: o

_phosphate esters: Hlthln the extracs conpetlng uith 5'-A5Ptt'
as substrate for the reactlon. The blanks shov that 90% H
of the radloact1v1ty 1n 3H-cyc11c AHP vas located by thls;

uethod in the cycllc AHP spot.-

‘Eor"thé purpose of checklng the validity of the}h_":'

j,cycllc AMP" assay, 10ul allguots of tissue 4extract uere -

fﬁpre;ncubated in dupllcate for 30 l1nutes at 37°C vith Slu ”

.’;\

";TriSAH01' (pﬁi 7 5),_’1mu nagne51ul ch}oride Jr;@a;;’aﬁg?jf»4“‘

| PhOSphodlesterase ‘i“ a total voluue of 20u1. The sealed-?f-j-

reactlon vesselsF:FFe lllersed in b0111ng vater for 7231.7h‘
. ) { ~

'llnutes .toﬂ-sto

the reaction. These tubes were. then ;:?>3

'1ncluded h" the cyclic AHP assay, along w1th tubes{f, :

‘.contaxnlng 1£ and 20ul of tlssue extract._ “°1¢Y°1i¢ ‘n?“,e_,,.,



;Jnléas

2 cycllc AHP breakdoun 5. 9_

5.9
% AMP

‘% Nucleosides

.8

, .
o

samples.

'Breakdown "ias -deternlned as descr;bed "in the text and ?f'

58

pnéie5~cjplié"kﬂp

vy

f con0

94,3

92.7. 92,07

93.5 90.2 -

\

| 2.2 OQu2emmtiact,

. rable 2: 212119 Anx Essnkdgxn 19 sneszngdissssxsgs.::snxs9;,.i*”'

v}}expressed as total percentage breakdown - and perpentage';

| *counts 1n the AHP and. nucleoside spots.:-

'\ .



y :,

- was deteCted“ in}xtiSSue blanks and total: oyciic - AMP .

determined' in extracts uas-independent‘ofdthe.Vo;uee of. _—

k_extracv used in the assay. o

‘2,1.3.5{' EXpressiod;oflfesults.

* Since tlssue sanples 1néluded iarieble*.eiohntS"ofw'
g

Tyrode solutlon ovlng to the rapld salpling technlque, an"'"

'festlnate of tlssue vet velght could not be. obtained.‘ TCA-"

'lnSOIUble materlal uas therefore dissolved in 0. 2-1 foﬁj'"

}'O,SN_H$od1un hyd:oxide .and protein vas deternined by theew',ff‘”

aethod of réer'et'al-a (1951) Cyclic anp- cOntent of

tiSSuevisamples‘ was expressed as pnoles CYCllC Aﬂp per quﬁl""'"i

‘ac1d pr901pitableltissue p:oteln..“}'

LGt

o “'5"’“5r53-~t-}uf;357=7ftrf[-fﬂ'9f‘..‘g;

ﬂhen attempts vere nade to PIEpare &denylate qyclasefﬂ s

g

,from longltudlnal nuscle ‘Iusing the general lethod.;fedk.”h°

'.,descrxbed_ln Se°t1°n 2s2, *fh} protein sedinented fron’fd"“

'suSpenSiond and shoued a larked tendency to coaqulate,;?f'

_;especlally upon freezing and thavlng.} Thls difficulty Ues:j*”37ﬁl'w

f_probably due to the relatively large alounts of collagenjﬁﬁ*

\;3'assoc1ated f Hlth snooth luscle. A To circunvent thisf?ffﬂff:g;:



~

TREERE

: problen;padenylate’cyclase vas preperedhby' @n; adaptatlonir')

of the” nethodf‘desoribed.:hy’ZRodbell (196u & 1967) for

preparatlon of cyclase froa adlpose tissue._ Longitudlnaro
nuscle sf dlssected ’as descrlbed 1n Sectlon 2.1 froei;
the. entlre length of the snall intestine,; yleldlng just‘ '

over 1g tlssue per rahblt. The tissue vas laintaineda,[V

o throughout dlssectlon 1n 1ce-cold Tyrode. : After nlncxng]

BT

t,hr (Q.Tv“ 0 2nll packed cell volule per gran tissue) were;ui}fﬁ

\-- point 1n the procedure indiv1due1 spindle-shapedfgellsp

I from g;‘ hjg;glx;i_gg, Signa), 1-g/n1 dextrose andij‘

chlorlde 9 1

. llxer., The f17 l pellet of cells uas alloued to staGfH»

f1nely Hlth 501ssors.'%th tlssue was incubated vith Sj‘sﬁ-"

:-:

volunes of collagenase nedlunA (contalnxng 1u0nu sodxulf

chlorlde, 9 1mu sodiun PhOSPhate. 5!9/nl collagenase (tYPe'”"“

5n9/n1 bov1ne serun albunin at pH 1. 4) at 37°C for 3 hoursff RO

durlng vhlch tlne 1t uas shaken at 160 cycles per ninnte.f.:ﬂif*fi“

'.ATHéf suspens on: vas, filtered through nylon netting and the:;;@fm

: re51due vas vEshed wlth phOSphate huffer_ (140-! sodiul;rpgfgf?

N sodiun phosphate end 5lg/ll lyophilisedh?fuff;fiﬁ“

bov1ne serum -albulin,: pH 7 4).»r, ;né filtrate f"?Sfoﬁ_fffglf

centrlfuged 50% laxlnal speed on an Internationali:igﬂﬁ 4_,;

Cllnlcal Centr fuge for 2 ninutes and sedilented .cells-ilipﬂ?-

washed tvlce vl'h 5 volunes of phosphate buffer.. At this;h5h'

could be obserVe" nicrosc0p1cally under phase contraSt

Slnce the 1ndl idual cells vere fraqile to lechanica



t

5 volunes of 10nﬁ Trxs-HCl pﬂ 7 5 ¢ 1nu lagne51ua chlorlde

at QOC»for 10 nlnutes and as subsequently honogenlsed

' gently'-in;_a. glass honogenlser v1th a Teflon pestle. ”ho -

. 1ntact cells could be seen under phase contrast at this )

'“-stage. 'The honogenate vas cenxrifuged at 10003 for 15

nlnntes and the pellet was Vashed and resuspended in Laﬂippi

L snall volune of the saae buffer. stng this procedure,‘~4 |

the proteln nelther ‘sedlnented ¢ coagulatea vali'
fluorlde-stlnulated actlvity was over 1°°P‘°;9 ~°YC1iC.;{ea;Q7

AHP/mg proteln/nin.
1

7fsihoe§"';heu possible contalinants ofplﬁ cyélas§:51~af3

“‘PrePifationS‘ h1ch can interfere\'wzth the assayfﬁof»I

adenylate cyclase actlvity are ATPase and phosphatase,

“’f thch o reduce 'hth?-f concentration Of 9sq§strate, . ndﬁf“"'

N

phosphodiesterase, vhach hydrolyses the cyclic AHP"
product jo§1 jthef'reactlon (see Sectlon 2.2.2 for a
descrlptxon of the adenylate cyclase assay procedure), the

.

f°11°"1n9 experllent was Perforaed to deteraine 1£hé€,fg}gasi

opt1na1 assay cond;tions for this enzyae. Four tubes were " }Qﬁﬁ
P TP e e
prepared conta;nlng, in a total voldle of 200nl-\;;~<' o

v

Tube Ar o reagents in the concentrations regularly used._,;&l' e

1nclud1ng 10nu creatane phosphate, 0 1Ig/ll

-fhj. creatine kinase and 0. 5|u cyclic ABP _l‘*“*

R "(

creatine

Tnbe B-fg-asl tube' a but containing“““'“
| phosphate and 1 1ag/a1 creatinemkinasei?rfﬁfﬁ5”

_z
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| ‘: Tube c- -as. tube B but also containlng 10-5 Nar ,{"
Tube D. ; as tube B but. containlng 1lu cyclic AHP. “;;tﬁ ig_;‘ﬂ
All tubes also contalned O 27lg/ul of freshly prepared}pgﬂyf““
. enzyne proteln and were 1ncubated at 37°C Aliguots of 2-¢f;;5c
’_\uul were u1thdrann fron each tube 0 10, 20, 30 and .oﬂlgf_¢jf
'nlnutes 'after adéxtlon‘ of enzyne and were 1lnediate1yiigfn
"ospotted on: PBI plates over the carrlers' aPProprinte fonnfai"“'
-:deterllnlnq percent conve:51on of ATP to cyclic AHP (EDTA';;;;f;fi
SRR stop solution, Sectlon 2 2 2) or percentage ATP breakdown”gfeip;;

 ‘._(5|& ATP, ADP, AuP and cYcllc AHP). Plntes vere deve10pedff e

. B
[ .

| Nln 0 25u lithlun chlorxde to deterline cyclase activ1ty orffj3-=f
i-,,ln 1H LiCl for ATP breakdown.-.? The appropriate spots were_
'lj[cut fontf and counted for '3zp in 15.1 tdluene fluor.{f}fii;f
vifffResults ‘?9} shoun fin5 rigure 9.».-_ the ahsence of&fp”ifff

“:\'

f;;fluorlde, 90% ATP breakdovn occured over uo ninutes,}fgpjff;

"*i”lnd1Cat1ng that ATPase and phosphatases vere tnoublesone?ﬁ;ffi.f

v;contanxnants of the cyclase prepa:ation.; Breakdown could;}j;!ffﬁ

'nvnot be rednéed by lncreasing the ATP-regenerating capacityiﬁ

of the nedzum, but 1t vas halved in the presence.qu uar;j%,ihffy

f'fl Thls effect. no- doubt contributed to. the Qreat Y enhancedféfflﬁﬂc”
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Figure 9 JCliC AMP formation ang ATP breakdown pl ___:g denylate ¢
preparation from longitudinal’ muscle. R
"Determinations from- single t;ubes, a8 described in the text.;_, ‘

°f ATP t“; C)’clic AMP B total ATP breakdown R




. L;.-'i"”
S

”c.ffeither freshly prepared or after freezing:;and thawing'

4

- in the;présence‘ of fluorlde.fhcyclase ‘assays  could be =

”perforned wlthln this tlle 1nterval

' c???ai- Rxsesxnslen 9£ adsnxlaxe sxsln§£§l ”zi}fl;{czﬁy}f;

" “.f;i;of 20lu Tr;s-ﬂCl pH 7 5 + 1mn magnesiun chloride usipg af’

.'{thlaSS h°ﬂ°99nlser Hith ‘a pover-drzven Teflon pestle'

c*c?fcentrifuged at 2000g for 10 llnutes and the pellets uereff;w
.~r**ﬁs“ed5'it575“*§1“‘?3i°f*”9fﬁ??:5‘5f¥$téiédihgh §r?f;igui§W,_

ﬂl?ﬁ[&inltrogen \i s-all allquots.; The preparations vexe used??fr

R :ﬂ?nce.-;fThe‘ extent of converszon of ATP to cY¢11:clUu’

e

»fl'2 2. Ezsne:esl.. ani 15551 Qi egsnxlsss sxsls&s :xge'sfgi_fjﬁw{flﬁ

Inxisns xlﬁsngsl

Adenylate cyclase; was prepared in the for- of 2000§”r~'”>‘

vfif(10n1n) washed pellets‘ frol vhole : § t brain, :::ﬁtiee“r.;
‘:'ifcerebellﬁg and cerebral cortex, rat heart, rahbit heart,i?}\f?f;
*l;cldog thronbocytes and gulnea-pig lung by essentlally the}f{féiff
;{hsane methqd.x Ehrlich ascites cell cyclase was prepared hygg”ﬁ~““”

'cl;fothers this 1aboratory according to Baer s aenderscanl}:Kla

Gb

”.nf(1972) and ghosts fron rat epldldyual fat cells eccording;TQQif;;

Rodbell (1967) Tlssues vere hoaogenised in 5 Volunes”f;ﬂ e

"f 1After/f11trat1on through glass wool the honogenates .werefﬁbf;ylll
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o o R g
-weach txssue-and;lncubatlog_tlne andwproteln concentratlons‘

. were theh »Chosen' to"enSure linearlty of cycllc AnPy

productlon.' The proteln content of each preparatlon as:i~‘

deternined by the nethod of'movry et al (1951)

-__.\;_ R

Ta fi$e assaY PfOCédure fas.esséntially sinllar to that‘5  ~fr
descrxbed by Baer a1 HQChter (1969) ’wlth 1lprovenents_ff;5?7
accordlng to. Baer (1975)'f ReaCti°& llxt“res Contalned.é?i:f;g
usually L 50u1 total volnne, 25:5 sodiun "'2‘*ffi?f;
hydm"'ethy lp “’e“““'“ ! 'z‘ethanesulphonate e e) ¢ SmN

lagne51un chloride, 0 Slu SOdlul 'cyclic AHP,; 0 1.9/.1. 1.:w;

B creatlne kinase, 10-E SOdlUI' creatine phosphate, 0 1|Hff

ATP-alpha-’?P (about 500 000 cpn) enzyle and otherﬁ_&f.55

: -ﬂf:additions as requ1red in dupllcate or triplicate..%r§¢;}fff}*

rate studles the ATP concentratlon uas adjusted befiéfo
addlti°n' of - kn°'n quantlties Of unlabelled ATP.» Unless;{;fjff

otherwlse 1nd1cated s;;;i'J‘ireversal "fbf adenosinelf5*-»”

’n,1nhib1tlon by aden051ne dealinase,; the reaction 'qgff;;.fii

inltl&ted by additlon of enzyle and terlinated by addition7gf fi;'

of ATP,f 5'-159 and cyclic AuP

A 3-au1 aliqnot fron

each reac'ion_ vessel“va



'V*Licorrespondlng to ATP, 5'-&59 and cyc11

PRI plates (pOlYethylenelllne‘lﬂpregnated 'VCelxuldse
.thlnlayers' fr°" “aChereY'Nagellﬁrlnk'aﬂ) . Plates. 'uere¢ o

developed in 0. 255 L1Cl for the .[ull 10cn and spots“; |

ABP-—were locatedL'

. under ultrav1olet llght. The spots contalnlng °Y°11cﬂlupf;e':ff
;e and ATP plus Aup were placed 1n scintlllatlon ‘vials nquip;;lx
fcounted in 10-1 toluene fluor.. The percent converszon Of;ufff?

ATP t° CYclxc AHP uas calculated fron the ratlo of counts ;ﬂ§l:éa
":nin; each area and results were expressed as Pl01es CYClic£:;;5gb

-Aup forned per mg proteln per linute.n»:;f.. e el

"l;fsalts), 2'-deoxyadenosine, tris(hydroxYneth!l)aninonethanepf*ts'

Hfdf;ﬂ(Trlzna base), aninophylline._ pL-isoproterenol Htl and L-lfefﬁef*

"‘;}Aden051ne 5'-tr1ph05phate. tetrasodiuu salt., alpha-’tP.iizifﬁ"*

f’fﬁfﬁi purchased at 10C1/nnole fron International Chenicalf,}7"~”

A

...,and Nuclear Corp. and dlluted approxinately 20 fold !iﬁhgiru,

All chenicals vere of reagent grade and d1ssolvad in

,_udelonlsed distllled water.{ Annoniun Sﬂlphate used in the:s-%jfﬁ,

'.\_; [ o ,\,~

preparatlpn rg phosphodiesterase,quus;- enzyne gradedf}lf?f;

'?(5chuar2/uann) Adenoszne an "1ts nucleotides (sodiun[.f}.@f“

4.

‘kﬁeplnephrlne bltartrate uere purchased fron S1gla.,rv”“'gﬁc”'

1nu ATP before use,f?v“

Adenosrne-JH(G)-3' 5'-Cyc11c nonophosphate (annoniun salt)f

50% ethanol (2“ Ci/lnole) vas purchasedéﬁfrOIu_eu§




"England Nuclear.

'N*Z-Hydroxyethylpiperaz1ne-N'-2-ethanesulphonic .

"iden051ne analogues-“

°:ffD1pyr1danole (Persantin)

‘l).
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f 3'-Deoxyadenosine and 2-a|1no-6(p-nltrobenzylthlo) purlne o

‘r1b051de vere glfts fro- Dr. 4rF? K Henderson' and Dr.:

.R P._ Paterson. respectlvely, of:. the ncEachern Cdnéer o

i ';-:

‘ Besga:cp Instltute,_unlvers1ty;of Albe:ta. o

Other sources uere as follows'T

o

Ve

Boehrlnger L uannheil, . ana,.fl

';}fj;';3' Gerlany.

3.;(HEPES),, grade- Calblochen, USA. “f 'V”vf--§ﬂ;7V“""
Pharna Haldhof,/GmbB, Hest Gerlany..'“

.'7G:Creat1ne phosphate dlSOdlnl salt and creatlne kinase:Tg}T;7‘"':”1'

Hest

'fjAlpha beta-nethylene aden051ne diphosphate (APCP)"""V”"' .

“fg___ 2:2 niles Laboratories, HSA._ o

B

Geigy 13 ah’t"¢9“fi¢qxs,3

Canada. ﬁ;.wf

'“7 ]xy1ocaine HCl, Qi)

?531-uethy1 3- isobutylxanthine (HIX) ;f;”f.h(  fif1:f“‘
' Aldrich Chelical Co. xnc., usx.

” 5fPaPaver1ne HCl l/ E11 Lilly 8 Co..VUSA. " -f-saﬂ""ﬁf:.;“}”

e

.;]fProcaxne Hcl.u__’ Hatheson, Colelan 8 Bell, DSA.Al,fﬁ“Vf"y o

‘34 Astra, Ontariap Canada.nw~¢;ﬁ.
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CHAPTER 3

BESULIS AND DISCUSSION, ~

_ As 1nd1cated 1n Sectlon 1 7, the objectives of . these‘ 'L'
"'experlnents vere. | o | P
i.1) to. conpare the influence fof varlousi experlnental
.condltlons on resPonses to adenosxne and 1ts nucleotldes,
;_ part1cu18rly ATP, 1n order to determine vhether they share
’a connon extracellular s1te of action. - '

'¢,2) to screen a serles of avallable adEn051ne analogues in

order to deternlne thch noietieslfare necessary for

‘.fThls experlnentatlon uas prelininary to the antlcipated

‘ adenosine-lnduced relaxant responses ;and;j conconitant

] .

| f{otherulse 1nd1cated, the drug effects reported in‘\this

. ’U

-

.j:aden051ne-like act1v1ty fand ,also to seek a conpetltive flfiaifV

'»quantltatlve “evaluatlon of the' effects of ?rugs on
"fchanges cyclic AHP content of tlssues nnd.lunlessjf ¥7fc”

"csectlon far results obtalned fron only tuo to th ee’f“”""ﬁ"



+3.1.1, adefosine aid analogyes,

v3,);1,1ﬁ,_The adenosine:response."' R v _

/
/ .
/ . . : 0.

Responses to. aden051ne in longltud}nal muscle‘ strxps

were blphaSlC (Flgure 3). An*initial transient 1nhibitlon

,vof the anplitude: of spontaneous contractlons achieved a fdd

__naxxnal value An 10-155 and was folloved by a sustalned

‘l'respOnse of 'lesser magnltude vhlch was. usually constant

' vithin 1 minute. 'if a maxlnal-dose.was left 1n contact
1fu1th the tlssue, recovery toward control anplztude pf

l'contractlons was only aboutV50$ vlthln Qbe ahour.;- There

'was~}fno ' change '_in:"£hef frequency l of spontaneous 5.“"

‘o

‘contractlons." Both 1n1t1al and susta1ned responses vere ;'”

,dose dependent over : dose;range thch varled slightly

~between anlnals and betueen strlps from one_ aninal but

3

-whlch generally lay hetueen 0. 1 and 100uu (Figure 10)

*d~The 1n1t1al response appeared at slightly lower doses than-;_'"

K

‘;the sustalned response and thé@naxlnal sustalned reSponsetl'

Lt
uattalnable alSo varled betueen tlssues.; Polloving vashout

:5“after 2 |1nutes of exposure i%ﬁ adenOSLne, spontaneouslfffff
fact1v1ty "ipldly retu:ﬁed to the ~control level dbf

:-}iffrequently exceeded 1t for a feu ninutes.i This 'rebound

.69

L O

ol

Vfovershoot' was not lnvarlahly present successive doses |

"'.»vere adninlstered when control levels vere regazned, @t

-p‘lntervals of not less than 10 ninutes.., No tachyphylaxis

o,
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% Inhibition of ‘Spontaneous Contractions
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. Figure 1‘1'{\ DOSE‘IESJ?OHSE curves t:o adenosdne, T
A and ‘B {llustrate both initial and sustalded responses in two strips from .
‘a single animal Responses are dose-dependent between about O 1 aﬂd lOOuH

o
)

[



[y

occurred folloving vashout of high doses but iustead a

snall degree of sen51tlsation appearéd in some strlps over

3-4 hours. For - this ;reason succ9551ve dosefresponse-

-2

curves were not directly ‘comparable.
: L ’ R |

If a second dose of . aden051ne uas adnlnlstered ;n ;bg o

ggnnuued BIS§§B£§ of a dOSe.-lnduClng .'@ S“Stamef‘w

-response, the re5ponse to- the' cunulativeu dosed,vasi less

than that to sxngle adnlnlstration of the sale total doset 

- even when ‘the t1me 1nterval betveen responses vas as shortw'

as _995 (Flgurez}11) : Nevertheless,_if large doses were 

i

aduiuistered:‘to one tlssue at \10n1n- intetvals withA.~“

s .
ICRRBTLNY

intermediate uashing,.responses uere hlghly reproducible._tf”.‘

This phenonenon 'fiéj therefore fuot" equivalent to

o

‘tachyphylaxls,j whlch ,usually developes andvdecays.nore

lowly, but resenbles antagonlsn by effectiVe doses of~":”"

‘ aden051ne upon subsequent doses of the Sa.e drug.; ThlS,:*

!

/ 'autolnhlbltlon' vas not observed vhen the first dose as‘i‘t

;,'~1neffect1ve or- evoked only an initial response.._§];"
- : , . , . . &

o



S I T R
40 o000 10 e 0

AR - AR AR AR AR

E
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i~Ade%osiﬁe (AR) or ATP wasfédmihiaﬁe:Ed'Atvthe'

uM?cdﬂceﬁftationi]ih&iﬁ&ﬁéd;f ﬁf:*

~}Theyrésp6hpe;toiQOuM;adenosiné;'administe:ed 10min previously, differed - - .-

from ‘that to the same cumulative dose. -1QuM

response during autoinhibition to adenosine. .

Vo i

ATP induced only am initfal = ° :
PREREIR o S
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3. 1120 .Effects of coldestorage.

ffTo.fdeternine vhether aden051ne responses uight be"f
measured reliably'in muscle uhich had been netained

.Tyrode B solution at uoc ror‘ several hours follou1ng._lg
e sacrifice of the rabbit, 16 strips were dissected frol _anﬁ-
aninal,'iizf of which uere 1mnediately stored in the cold..;p;
The: renaining u vere mounted in organ baths and réSponsegrp“
l:were elic1ted 1n each strip to various doses of. adenosine,',fl*‘
ATR, epinephrine and tetranethylanloniun 10dlde.i The same
v“proceduren was. folloued uith groups of 0 stl:ipsq-fljéﬁlonngf‘»'A:»l'.‘'.,"f.:‘."j
df5 5, 11 and 2u hours of cold storage.‘ Hhile ‘epiiephrine“fu_jdgeg
E.responses »uere -renarkably 51lilar anong groups despitelfbi~:nf

7deterioration i ~5theei~anp11tude ndi frequency of- . .

;-.f spontaneous contractions in strips stored for 24 hours,;,ffeﬁ;fg

) J}istimulatory responses elicited hy tetralethylanloniulll‘i;x B

"»procaine, deteriornted vith an apparently silila

'responses to aden051ne and ATp uere appreciably dilinishedi,'
| following hours oﬁ cold storage.:» At this tinefufpiﬁj'U
finterval,, 10uu ,adenOSine elicited no sustained response,if}hifr;if

5and the response to 50uu adenosine uas greatly attenuatedgnieu:

iiodide, uhich in: all cases uere virtually abolished by 1.ui:¥;ge{zﬁ‘
affbine

L ;m s 2

Jocourse. It ves therefore concluded that responses tog,'&}y.“;

"aden051ne were lore labile than those to epinephrine under:"pffgipi;

I

"';!these storage conditions and the adenosine response vasﬁffff?mifﬁ

. .0 R ° "



‘_»adenoslne reSponses and of nervous activity.,dg, "

tf'uechanisus.

ifjg)quy intervention at nervev_tern:walsdprOIOtingf

For measurenedt of tissue cyclic AHF levels, epinephrlne" "y

g .and 1soproterenol vere adninlstered to strips ;stored- at

._?. - M

uoc for up to. 3 hours..

The gangl1on stllulant tetranethylalmonlun 1od1de uas.fd;fi ;f

, 1nc1uded in thls experinent to provlde an 1ndication of ;'7;?”;;
the Ylablllty of the nervous conponents of the tlssue.:fjxlfe; 

g:FrOI the qualltative resulxs obtained 1t was not P°551b1ef,1ﬂ“ -

.to dlstlngulsh between the rates of deterioration §f Sl nE

.“/3;1@1{3;, Investigatlon of nGhral involvelent in the SO

aden051ne response.e'“ SR

If the 1ntegrity of the ‘neural conponents of the“

*trssue uere required for the lani;estation of '1denosine;;;{eg?*x,

;4'_respbnses,‘ adenosine night act indirectly by one of twqi: fﬁ

w

e RN - SR T e
-;I)y,by stlnulation of gangiia, folloued by propagationgu[d}fﬂﬁﬁ;

v’7e°f @ actlon potential uithin the affected fibreSffLE?qff"‘

. and subsequent release ot an inhibitor! transaitterb,““fﬁ ﬂ

‘ifby the physzolegical’neural lechaniSls.dej_ﬁﬁf5”9*

' 7}release of an- inhibitory

c AR .



"vgnuerbach-s' plexus fw investigateﬂ'”:usinq;

"“3_18 hours before sacrifice, followed by.en add1t ona1 2!9“}‘

”irﬂreserpine intravenously one hour before sacrifice.

'“'Qi]rhOSe'

- The- “firsr” pOSSibility uas 1nvestigated using local-:f'

anaesthetic drugs at doses vhich selectively({depressed L

...

generation of action potentials in nerve%/.The appropriateib flv,.'
9\ o N
/ . e

doses were deternined by their ~capacity to abolish~J;<,i,ff’

; StihﬂlﬁforY.:reépénSéS”.‘9'°ked .fb¥1“3,etrgnethyla-nonlulfffifx;fﬁ

iodf@e,‘ without affecting the spontan ous activrty of thegfri::.

'_nuscieQ Neither' {mu procaine 'nor | 0 17-9 lidocaine{f53?!ifn7
‘”antagonised respOnses j to: adenosine,} indicating thatréfri7""
raaen051ne does not possess ganglion stinulant nctivity.,”.*

| '51nilar conclusron regarding the adrenergic nervous systenxaf:rie =
'in particular was reached vhen tn# neurone blocking agentf;f:"

;fgguanethidlne farled to antagonis' adenosine reSponses in &#,ezini;;;

rabbit intestine, Uhile;{;?-o”»»f
: I AU A
: preventlng recponses to perlaréerial nerve Stlilll&f-ion’” .

. L ; . R ' ‘.v‘v.‘i iy .

gut Ti innervated by both adrenergic :fgn@vﬂ:ﬂfk

o Finkelmans preparation of the’

']fnonadrenergic ,kinhibitory conponents of the autononic};;g

.7fnerv°“5 SYSteﬂ-~ The Po$sibility that adenosine,: eleasesgffﬂ'~5'”

.3inoradrena11ne : fron‘ syupathetic nerve endings vithinfi_g_i.,,,

"'{pretreated w'th anq reserpine adlinistered subcut‘ieouslyn;

'i_adenosine dose response curves in longitudinel puscl‘ fron

noradrenaline t*.ffL];jQ



6

“ ‘bresponses  uayel-not,._pe : etbributed f,tp f»releASe':fof_*
. noiadreneliue;.,? ‘The transnltter ufit;f nonadrenergic

.1nhibitory néiie“ ternlnals in the gut is cqgrggtlyr?ef
*belleved l'iof be‘jATP or. another aden051ne nucleotldeo
Q(Burnstock et é};; 1970).}‘ ldenosine Fespongen _iuérétia i
{w_d1551milar to thase 1nduced by hiStanlne,}Serotouin‘orf-f&‘?f"
_uprostaglandln E1, onnflrling that adenosine does not !a¢t'fi:'”":
‘;fv;§1;'the¢5 nedxat1on of these substances.;: Since ATPft f. |

'esponses 1n thlS uuscle vere, in all aspects encoupassed‘

'ffv1th1u ' this study,‘ qualitatively and quantitativelyff;ﬁ R

L

:“'ianalogous to aden051ne responses (see Section 3 1.1 5), itf"ff-“""

3104 mtluence of drugs on the adesosine resporse.

””e*fpropranolol but uEre antagonised by 10uu

',"?ﬁgwhis effgct of pheutolanine has been extensively reportedi

'”';f;ﬁevldence that ; adenosine does‘ not act byu'telﬁaﬁin

'finay be’ concluded that adenosine relaxes intestinallte.";tﬁ“

lllongltudlnal muscle by a direct effect.__fwl:‘”‘ o

YT e & Ciea
Adenos1ne > responses uere . unaffected by 10uu}ﬂ,lafk

fphentoxa.inea‘.u--L,v“

”t;;n the lbterature’(seé Section 3 1 3).::#f‘

e}effect of phentOIAlinQ on;




11
fhas been investigated by Heston (1971). “mo attelpt ‘insfl

:,'uade in. the present study to quantltate this effect. .:

| Aden051ne responses vere not aphreciahly nodzfied bygg;’"°"
"ﬁf10uu atropine or by 0.1 Suu papaverlne, 2-10uu 1-lethy1 3—jvff;xi
lsoputylxanthlne or 10-20uu 1n1dazole._ These observationsff;_ff

f_qie not con51stent Hlth the hypothe51s that adenOSLne-;_,;fi

'Aﬁiresponses are vnedxated by cyclic AHP snnce, if such were»ﬁ?.:*”

'the case, the phosPhodlesterase inhlbitors papaverlne indtgﬁiff

nethylisobutylxanthine should potentiate responses,_uhile{efnf:5“

Lte“ffh' Phosphodiesterase stlnulant inidazole n should}f*“'f’

7”t{eantagonlse thel.,1‘ffjhf57f;nfﬁf‘,T;ffsfigkhvffV;-;efffﬂ'

Effects df dlpyrndanole and theophylllne are reported -

s '*n_jln Sections 3 1 1 5.2 and 3 1 1 6, respectively.h:-’

|+ 3.1.1.5.1. Responses to antlogues in longitulinal muscle. |

)' f5i derfvative,

e

‘fdenosine analogues, =~

a

secondary

anino group in thetﬁ-bosition (rigute 2)

The only
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Analdgues found to ellc;tb aden051ne-1ike responses.xeere;f'i
aarp, LDP, AHP, alpha beta-nethylene adenosine dlphosphate,h‘f
3bcyc11c AHP, N°-hydroxyadenoszne,‘adenosine-nl-oxlde, N‘vj‘f'

o nethyladenosine and: N°-1sopentenyladenosine. o |
Analogues 1n Uhlch the rlbose noaety vas m1551ng,f}_y.* s

i.(adenlne) ‘or substltuted‘by deoxyribose (2'-deoxyadenosine57*'4’jbn

hand 3'-deoxyaden051ne) induced 10-100uu only 5.a11,>:;3."°'

[very tran51ent 1n1t1al responses.. Slnce initial rGSponses.

. fappear at lover doses of adenosine than do sustainedf:?7“”""“

'i1fg*respouses, 1t is posslble that the responses observed u1thfr;7i;3ﬁ

A‘Zthhese analogues represented the extrene 1ower end of a e

T

;3dose-response curie resenbling that to adenosine. If this ,:;T"ﬂ'”

afj;b true,_ these analogues nﬁst be less potent than fff§:7'

"7f.adenosine by at leaSt three orders of nagnitude._ Other hﬁ;;f

o‘fpehigh doses vere 5 1nosin64,' a-bronoguanosinef;ﬁ'

.‘6-nethy1-

' . .

sffanalogues whlch 1nduced only snall, transient resp0nses at

iibronoinosine.a~jf;;ﬁﬂilf55""'

L'afactivity at 106uu were purine ribosideg



‘ ‘“ri’for ATP. “4f_i¥f:" '”;.w

,.3{>coinc1ded (Figure 13) ATP responsiveness uas found to be ﬁi ;;;l
'”ffinfluencég by cold storage and drugs in a nanner identicalfff_;“
»;fito .adenOSine and nutual antagonisn uas uanifested bet'eenfifﬁigV

) "77sustained responses to ATP and adenosine, as it éejﬁﬁg,a'

;”ff}s@bsequent to enzynatic E degradntion"
| 'irextracellular phosphorolytic enzyles,t"'adenos'n itself.;
"?1arhis poin% is also inportant in nttelpting “to”'assign R

r\3£?251te- of action'*to: adenosine

80

‘3.1}11§}2; CounarisQn of ectiye‘anaiogues; K

The relaxant reSponses to the AadenoSine nucleotidesf;

_ATP,: ADP and AuP ‘vere colpared to those of adeno51ne.~

lQualitatively,}_Lfethe B response o pntterns ,»3 were )
1ndist1nguishable. % Consecutive dose-response o curﬁes- X

fuﬂperforned between pairs of these four substancesi

|

;rotatinq orders further' 1ndicated that all four verene“;ﬁ'f
hroughly eQuiactive.. ihen ATP and adenosine uere fconparedi;f‘”i’
tfbetueen 1 and 80uu by adninisterlnq GGCh drug alternatelxl;ﬁf‘

; with 1ntermediate uashing,' their dose-response curvesf;[ﬁﬂg 

. 'ﬁ

'fﬁ{fbetween those to other adenosine-like drugs and adenosine;ﬁﬁfgﬁff

et

A

rhese observations raise the question of vhether .theﬁ}ﬁyV*f“

":adenine nucleotides exert their effects gg; gg or onlyfﬁiffjgf
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to ‘gut“(taenia cgli) vas indisateduby the vork'of“lynoh
(Burnstock, l972) - since responses to ‘nucleotldesv inf};7
'uintestlnal longltudlnal muscle are. of equsl magnltude and

'rapldlty as those to aden051ne, enzynatlc breakdovn due to -
' »tlssue Phosphatases, ATPase and nucleotldase would have to‘
.be conplete uithln very few. seconds 1f relsxant gstiv1ty.f
is ‘to be agcrlbed to adenosine alope,_' o S
f[_'

This problen was 1nvestlgated by the use of specxficfho

s ! *V

-pharnacological tools.- Nitrohenzylthioguanosine inhibits_fk"
;purlne nuc19051de tranSport ih hulan eryxhrocytes by 50$;f"

fvat around 10uu (Paterson 8 Oliver,v1971 and Panl al.;}ﬂ_ .

P

’-.1975) and also inhibits adenosine t;ansport in HeLa cellsfv

O

_“f(Paterson 8 Babb, personal conmunication),' Qanlne heart;-";ﬂf'

’5ffj%(Olsson et al.,, 1973) and guinea-Pig cerebral cortlcalé?f,{ﬁﬁf

' ‘flcompound 'vould also 1nhib1t adenosine entry into snoothrﬁ

L EARRET SN
”oslices (Huang 8 paly, 197Q). It was assuned that thisgi ‘

e g e e

”lduscle Cells; thus uodifylng the responsegif the site ofliﬂifﬁiu
'{7QCt1°n ﬂvv intracellular. . At 10uu this COlpound had noﬂis? 3Tfé
wg*; effect, however,; on responses to adenosine oL Arp," il k{
‘lfilsquesting that nucleoside.transport is neither eSseptialfgﬁﬁgsjﬁi

i“;7f productiqn of responses nor ilportant }n,, ;#éiiﬁgik:'"

';;:-i'-ﬂterniuation in this tissue.» sinilar results. ere tg«ained

| iabibitor of ddenosine dessinise,




s

The ADP analogue alpha,beta~methylene=ADP is an
7extrenely"potent'inhibitor'of'5'~nuCLeotidnse'et doses as
‘low as - .0.1uM . (Burger & _Lowenste;n, 19706 and.'Beer 5

sinonson,NJ1975).":since? its phosphonate group is not{-'

- anenablef to enzynatic hydroly51s,, thls nucleotlde<'is~ S

’unlikelyk to. be degraded to aden051ne or transported 1ntoi .
— 5.

“'fresponses, but | also ' xtself xnduced : adenos1ne-11ke
d-fresponses belou' 10uu.uf Sane alpha beta-nethylene-ADP‘

Vfazled to‘\antagonlse adenoszne responses vhlle 1tself3jﬂLL
1could not be expected to enter cells vithin the period of?,fﬁ e

.A‘I'fthan the response‘to adenoszne. is ﬁ result °ﬁ* adenosineﬁff:f
‘*i?ﬂtentry into cetls.. Ttis 1nteresting question has not beeni”fo
}.Giffurther explorfd Jo this study- | The &b°'e resnlts »aregiﬁg;;}““
'[consistent wi:h a conlon extracellular site of ection?forQ:?:QQ;

LI-S.adenosine and 1.s nucleotides. '-;’"f

‘*9ﬂsa1pha beta-nethvlene-nnp inducedfedenosi

‘ff?at doses below ‘QuH. it lanxfested an -additional dose’Fff:

o [ g
the celL Hlthln a perlod osﬁseconds.. Nevertheless, this;h~

nucleotldase activity is not necessa;y for nucleot1de:-*°"

| L AT
oonpound not only falled t0° antagontse responses ‘to1‘-'*' .

b :
aden051ne B nnd xits j nucleotldes, , 1ndicatinq that

Q

<;

7‘21nducing en adenosine-like response, and since it agsolg-*oj;?g

.-

7f;observat10n, it 15 possible that 'aut01nhibition' *ratherffili o

It nay b'} of interest to nen,*o C%f'uhileﬂﬁb B

_eresponseSjs”

L

C i .v}.-.
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dependent effect at higher concentrations. Th%s con51sted
Co !

‘of‘ an  increase in . the |amplitude of spontaneous
contractlons and could be partlcularly well observed 051ng

cunulative doses. '~ As shown in  Figure ‘ﬂu,~ ulth

: L : . o -
accumulating doses~ of alpha}beta-nethylene-ADP;_,the

\

- adenosine-like response persisted’but - Was overcome ‘more

.o a .

rapidly at hlgher doses by the addltlonal stlnulatory
‘ 4

effect of this analogue. The e¥fect*of each total dose

vas similar whether adn1n1=tered srsgly OT cunulatlvely.:_
- .Cyclic . -aMP evoked-reSponseS'in many ways siuilar_to;

those of adenosine. The transient response vas, however,

»generaily less p7pnounced, {n relat;on'to_the'sustainedv

response than was the [ case with -other 'nucleotides and -

achieved‘ a maximal value only after about 305. From the '

appearance of responses and the fact that the noietiesb;p-_'

necessary for aden951ne-11ke act1v1ty are present 1n the‘

cycllc ANP molecule, it seems ;1ke1y that at 1eaSt part °f"”{

the response to oycllc AN 1n‘ thlS tissue is due.»toa o

aden051ne-11ke actlvlty. : The' only factor (vh ch nlght

' reduce the affanrty of cycllc Aup for the ;lte of actlon

vy :»I

of aden051ne and 1ts nucleotides vould be dlstortlon of.
:the rlbose rlng or’ the positlon and functlon vof 1ts 3'-e

~Oxygen due ‘to cycllsatlon of the phosphate gnbup._vi

oo . :
e

- The ~substituted :1:adenosine muCieosides; r1N§: ;

A



)

Figure 14 Cumulative’ responses to alpha beta—methylene—ADP.

" Between cumulative doses of 1 and d 4uM, adehosine-1ike 1nhibition of -

Spontaneou§>contractions was observed. At 8 and 18uM, dose—dependent
stimulation of spontaneous activity p{edominated Responses were -

indistinguishable whether administered singly or. cumulatively.7 The o

bathing fluid was changed at .

85
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hydroxYadenosine,i Né-mefhyladenosine, ad nosineénl-oxide'
. T | | . A
and Nﬁ-isopentenyladenosine vere approximately equiactive.

. with adenosine. L ki)

)

In summary,‘the molecular spec1flcatlons requlred for

aden051ne—11ke act1v1ty are rather strlct, although they

enconpass several naturally occurlng substances. To the

'_ba51c aden051ne molecule ‘lay_ be added substltuents at»

varlous .~ sites, excludlng he 8-p051tlon, ' wlthout

;,jappreciable change -in act1V1ty (see.-Fi?ure 12),>, The
tsubStitutionﬂ of one . hydrogen at“ the' 6-am1no group 13'
~perm1ss1ble, but double substltutlon or ellmlnatlon of the"

amlno group leads to total loss of act1v1ty. ' It uouldd?

“appear that the NG-amlne functlon 1s 1nvolved 1n hydrogen1

-

the ribose moiety, or replacenent ulth 2'-r'or 3'-;\e_;u~

deoxyrlbose also 1eads to- v1rtual loss of activ1ty-

]

_ S ) o L o :
" 3.1.1.6. Antagonisa. of adenosine responses. PO e

. e

L {.' L : . ‘ .' y"'r

- »

Investlgatlon of the nechanlsu of actlon of aden051ned

-'has been hlndered partlcularly» by the ’ 1ack Qf{;AA‘v

bond fornatlon at the receptor hlndlng site. .0n1551on of. -

'competltlve &antagonlst for adenoszne responses.’ Por th1sfﬂ'
reason, a llnlted effort was lade to screen a serles of';;AZT"

| avallable aden051ne analogues/-in particular those lacklhg :nﬁi‘

- g .
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,

K .I»I

- Figure 15, ﬂethyllsobutylxanthlne dld not antagonlsef”.'-

i

87
agonlstlc. properties, for antagonism - of adenosine

responses. Thls was performed by comparlng responses to

' aden051ne 1mned1ately before andxafter admlnlstratlon of a

100uﬂ ' dose- of each analogue.‘p of 51xteen/»analoques

L4

screened in this manner,'only those posse551ng aden051ne-

11ke act1v1ty nodlfled adenosnne responses due<to theﬁ

[N . k .

-phenomenons‘of 'aute*phlbltion' >discussed in sections

3.1:1.1 and SRS 5.2. It is of interest that nelther,'u
purlne r1bosrde nor 1ts 6 chloro- 2-an1no,6 chloro-_ora67v

methoxy-substltuted derlvatlves, whrch inuibit *adenosineﬁ ;

deamlnation, modlfled the sustained response, indlcatlng'f

1

‘ that the blphaSlC effect 1<‘.not‘ “due to.,deanlnatlon of

adenosine by’ the tlssue.g

e

T | ".«a R
‘.Tne only purrne uhlch was found to ‘antagonise -

adenos1ne responses without itself inhibitlng spontnneoug'fff.>l

actlyltyl nas theophylllne, whose structure 1s shoun 1n,_f‘

’ _adenosine" responses.t,dtphél' nean response to 100un f'¥~
theoPhYlllne 1tse1fnover 18 experlnents vas an increase 1nﬁ””' )
,the anplrtude of spontaneous contractions of 8 x 3$ (rangeiu
d -23 to +33%), whlch, although snall, 1s signlfxcant at thei,_rif

S% level.. Th1= dose of theophylline,v vhich potentiatedgl"'

eplnephrlne responses (SeCthD 3 1 2): antagonised theid“

,'response to 10uu aden051ne by 68 3 £ 4 95.,- t xvd alsoff"

¢

1..con51stently observed that hlgh doses of adenosxne (above“dd"“'”

E

e T S e
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' Figure lS Structures of adenosine "'.theophyll-ihe'Jj‘éhi'ﬁét}y}.'-ispbixytyl-i S

xanthine.- ) _ .
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| ¢100uh) evoked.responses\infth‘%ioreSence of theophylllne

'»vhich' were similar to the maximum responSe 1nduc1b1e 1n.;f“
the tlssue before theophylllne treatment, 1ndicat1ng that;n

the antagonlsn due to 100uu theophylllne vas surlountable.’

“a
o

S

'3.1.2. Sympathomjmetics. . - -

’_’jvhlch was maxlnal in 10 15 seconds and which 'waned to-'af ffﬁ%5

) snaller, sustalned response uxthln 1 nlnute. Responses tOﬁf f-.
SR Isoproterenol, however, nduced a slower respoqsei yhichse‘v

'-responSes at- 1 mlnute vere easured, dose-response curves,-

9 ..li‘ Q--.

' ‘Since spontaneouS‘ act1v1ty of 1ntestina1 nuscle is:

1nh1b1ted by both alpha- and beta-adrenergic nechanisns;t 3‘g'

4response5~ to phenylephrlne, isoproterenol and epinephrine;{

1

AN A

‘,1 adrenerglc or- a. . n1xed adrenerglc agonlst, respectzvely,;» -

>

7l

,phenylephrine: uere sinilar to those qf epinephr;ne.*' '

*vAs; usu lly maxlnal wlthin tn llnnte (Figuxe 3).@ ihenfi

¥

“to ep¢nephr1ne and 1soproterenol fell withzn approxinatelyﬁ*ﬂﬁf

;o O1-2uﬂ.»_." 

‘”Responses«~to::Q.1nu"epinephrine:‘uei;h,pattiaIIYA"'

. were conpared to. deternlne qualltative dlfferences betveenoff”'

. responses evoked ,by7~a predonlnantly alphaé or betaey"."’

vand to compare these to adenosmne reSponses.1 As shown in “n wn

jylgure 3 eplnephrlne evoked A{ rapld 1nit1a1 r95ponse‘f”°

e



) antagonisea -by: iOua.‘propranoloi -_and}' nore-V narkedlyu
antagoniﬁed or abollshed by 10un phentolallne, 1nd1cat1ng.
that epinephrlne acted in - this nuscle predonlnantly on

LT - ¥alpha- t but also »on beta-adrenerglc receptors. :'The:}t

; llkellhood of partlal : beta-rpceptor 1nvolvenent in 

eplnephrlne responses was' also 1ndlcated uhéﬂ 100uﬂ

P

theophyll1ne ujs found to potentlate sustalned responSQS';_i"-

”_s IR to‘ 0.0Suu~:ep
potentlatlon of O 05uN- 1soproterenol,_ bésed ‘-on”f_siX';
experlnents ,'each feThe_ aden051ne response StrlklnleF
resenbled that to epinephrlne; but could not be attributed_:

to catecholamlne release for. the reasons discussed

- affects smooth muscle tone v1a tvo reCeptor‘ systens 'or.

‘ - pathways' aS does eplnephrine. I the absence Of any

nephrlne by 28 .t 7%, conpared to 43t 8% ! _Lni
/. ;

Seotlonv 3 1~1-3., It 1s; however, poss1b1e that adenosinef,r

spec1f1c adenoS1ne antagonzsts thls possibility could t,f .

be \excluded and eplnephrine uas 1ncluded in cyclic 38?.’” sl

determlnatlons as a control drug. f‘fJ‘;” i

o %13 Discussion of relazant Lesponses.

A

;/f,g : eﬁ L The responses “to adenosxne 1n the longitudlnal nuscle SRR

of the rabblt 1ntestine descrlbed iﬂ Section 3 A 1. 1 “are ”f?%kfl

.

51milar to those deSCribed by several vorkers using'fry°int

isolated rabbit small intest.u:e (Bishop et al., 1963'* ki o



. - .‘\» .
‘. . - . .o > - L.

%

nature of the r

- ¥ Halr ‘mights have been less evzdent had they alloved drugs
= | o~

' to renaln in contact Hlth the etlssue ‘for nore -than 1

| mlnute. 3-~Inf the current studles ‘adenosine and its
' 4 2 + ‘(‘- . X »

analogues 1nduced sustalned r sponses whlch Veére »ey uallyt'

achleved Hlthln qne nlnute but uhlch could not have been

1dentif1ed had drugs not been 1eft 'in‘ contact Ulth the'i,'
tlssue for ‘2' nlnutes.;_ In the present study, responses&
. w%fe better sustalned\than those descrlbed in longltudlnali'“i

1muscle by Heston (1971 and: 1973b),'vho found recovery to"

"-"100uu ‘ATP. Such tran51ent responses could t‘)t be_

<+

p0351b1e that thls dlS repancy nay be due to the fact that
R

Ueston used»physlologlcal sallne solutlon containing 2 5IH*‘

i J

A ‘91‘

vet  al., ‘1968 es/? Bovnan &'Hail, 1970). The tran51entp

ponseS‘g\:ch was empha51sed by Bovnan f&__;

\ 90$ of.control anpkltude u1th1n 1511n of adllnlstration Offfb

I

reproduced 1n the present study even 1n the presence of}“

10un ratroplne,:‘asf routlnely used by ﬂeston.eA It fisf'f,f'

L calc1un, as opposed ‘to po 1 9:&.- Slnce sustalned"fffgpy’

-

responses ﬁere reproduc1ble and dose-dependent and, as{fjn'fpj

P g

'lth eplnephrlne: appeared to constltute the predoninant}ﬁf”dﬁ*"

‘C).'

the tran51ent and the snstained phases of the response uasgl'
. that 'aut01nh1b1t10n' d1d not aluays affect both to’ the:"

L ‘?ff sane degree-[ It should therefore be borne 1n llnd that ,pF -

| response, the effects of pharnacologlcal agents on thlsjf;fg;'
phase of the response have been studied and reported;"p}y»d”

'above.,,.Th only qualltatlve difference observed between-j%}f"gﬁ
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r‘transient . and sustalned responses ~ may = not _be.
. T h . . |
manlfestatlons o% he same drug-receptor 1nteract10n or

& 7

molecular»uechapisms, S - R :_ . i '
_ oo NN »
.. The flndlng 2that 'aden051ne responses geterlorated 9

relatlvely ‘r;;;ii? uhen muscle vas_stored at.uoc-confirns.

the observatlon of HcDougal 8 Borovitz (1972) utilisingﬁ‘

\ﬁulnegrplg 11eul. 4 51nce cold storage for such a brlef

Perlod (< 2uh) is- unlikely to 1nduce specxfic 1npa1rnent

-_of nervous act1v1ty, houever, this does not constltute'

. b o

: -fi:ﬂ' SUPPOrtl‘S eVldeﬂce 'fOfk ‘an 1ndlrect~»effect of .
'_¢<\ aden051ne - vi eﬁ néural elements. \r u- the contrary, the ‘

experlnents u51ng 1ocal anaesthetlcs, guanethldlné’ and7

reserpxne“ conflruu the conclusiqp of Burnstock et al, )

it

(1970) that aden051ne acts directly 'on snooth nuscle,;_ﬁ~-

3

"prOV1ded that an as yet unknoun substance is’

not the true*fﬁjloff

‘Purlnerglc' transultter and that ATP and aden051ne do notQi .

i’release 1t frcm non-&drenerglc 1ni}hitory nerve terlinals.omsjif"

K

The phenonenon of 'autolnhlbltlon'\has been observed'

bY others at 100uﬂ ATP or Pden051ne in rabblt iIeulfi*"

\

'.i\(thlch .et aI., 195a and Kin vet al.,, 1968) rabbit[{kf’“

ES longltudlnal nuscle (keston, 1973b) and guinea-pig il

*.(Heston, 1973a) but not n guinea-plg taenia ' coll;ffﬁ?‘::

(Burnstock | eq al., 1970) and*‘has erroneously been:f fl;ﬁ“

}t; descrlbed as taChyphylaxi§ Rather, ;,57 resenbles the:;fffiﬁi

Tel



el

-,readlly lends 1tse1f to further 1nvestlgation.r_L

. - 193

. N
\

. ‘f”
"autoinhibition' . of "al ha-nediated eplnephrlne-lnduced
p

o

_contractlons .in rat vas deferens (Barnett et al., 1968),r

- ra utgrus (Trinerr et al., '1970) ‘and vascular snoothhk

o

'vmuscle (Sonlyo & Ho;? 1967 and Gulmaraes, ‘ﬂ372) Slnce
Soélyo‘ (1967) and Trlner et al. (1970) found thlscfk';l
effect of eplnephrlne to be prefented by propranolol, theyif.

_concluded that 'autoinhlbltion' vas a result T.of. beta-.
':lreceptor nedlated 1ncrease 1n cycllc AHP.; By.analogy, it

-

' “j1s poss1ble that 'aut01nh1bit10n' of adenosine responses

- *

.is a’ manlfestatlon of opp051ng 1nfluences of aden051ne on ‘

observedf'at any effectlve dose and was. eVldent wlthln 905~h‘,;7

.

ofidrug addltlon.,' Reversal ’of tpi effect vas ~also‘

v '\\

phenomenon ls not due to esen51t1sation of the rgpeptot-

1ntracellular. effect of adenosine ‘ Thls hypothe51s;v;f'

AR

r‘ :

‘All results reported 1n Sectlon 3.1 1 are consistentf S

.o

the nuscle. In the present study 'aut01nhibitionﬁ »#ash d'

',c0n51derably‘ nore rapld th n has heen reported by Heston,-%
f.who washed the tissue for 05n1n., ‘mhe. flndlngs reportedi[w:

"“;above °weth alpha beta-n hylene-ADP suggest that thisff"

_complex' but rather to. anothef event, possibly based on an'j

“::wlth a comnon extracellular 51te of action for aden051nej7

d7jand -S; nucleotldes.°3fn» 51u11ar conclusion has been;[i’
» ,reached by Axelsson ’v Holmberg (1:29) based fbn7 thef”f:
- 1nab111tn of 1nh1bitors ongTPase to a tagonise responses



w

'-potentiatiOn; Hulne '8' Heston " (1974a) . detected- ,nof

;’rabbitiduﬁdenun Hith 0 01 1uu dlpyrldanole. : Slnce '1uq

*o

.adenos;\e responses in 1ntest1na1 smooth muscle. Hhereas-

}responses at-'a concentrptlon of approxllately SOlu 1n”

T R

to ATP in ‘guinea-pig taenia’coli.'" ’ j
o o

Conflicting reports v appear (‘in ,»the‘ literature

concqrnlng the /effects . of dlpyrldadorﬁgand lnldazole on

-

e ™

- significant shift. in aden051ne dose-response curves 1n

‘dipyridamole is’ suff1c1ent to i{nhibit aien051ne uptake -

a r /,

'(Hu;né.s Heston,; 197ub) and reduced the- amplitude off

' Stafford (1966) and Satchell _et' al. 8 (1972) obserWed -

spontaneoys contractlons by about 30% in the presentj"

t

studles, the relevance of any apparent effect on adenosine"

o / :

‘fresponse& at hlgher doses vould be doubtful due to tensaoni

e

7“4aden051ne entry 1nto cells 1s unlnportan{'ln terlinatingu

7 "

responses (Hulne 8 Heston, 197aa) or in fac111tat1ng thg-.:'w”

* RN . - o . : Ll e

T

“fmidaic;e' has been reported“”to- ’antagonise ‘-AT?”,

/
AR

/

.changes. , The lack f effect at 1u ﬂ suggests thatf‘.ﬁf

' gulnea-plg taenla coll (lelnaru et al ; 1971" Tonita 's,f_B'.'
Hatanabe, 1973 and Satchell 8 Dann, uupublished) and afj,
: /

"-_j75nu but not at Solu in rabbit 1ntest1ne (Bovnann 6 Hall,fpﬁ“

'"1970) These doses are extrenely high 1n con51deration of¥ f}f

hth fact that 1n the current studles 20uu ili%azole'fﬁif

G ST

.,_ﬂjlncreased the alplitude .of spontaneous, cod&ractions byrp:ap_s.ﬂ
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;
aboJ; 401; {As<shipested-by‘the;latfer»iorkers; effecgs‘at
such"éoses are brobaoly nopspecifio.v/If‘iiidaiole indeed
.contfﬁcts'snooth nusEie by stinelating ﬂphOSphooieS£erase"
.and thus decrea51ng tissue cyclic ANP level& as suggested
by - AndeKSSOn (1973c), the optlmal dose for observaiizh of -
'antagpnlsm of a cycllc AHP mediated nesponse should be 10= "
IZOug since‘in ihis';ehge chenges"iﬂ ;tissue/,fehsiop saref s
'niginallriuo sdch_anxagonisn sas'obseried’inAﬁhisestody...

_ , P';H  : i"f‘ _ '“51 
Antagonlsm :tbfl 'edehosiné . and 'XTP responses i&i]' 

‘:1ntest1nal muscle by phentolamlne' ﬁasr oeen' reported by'

,_other workers. Phentolanlne at 18Qr350un alnost abollshedf

'I.the 1nh1b1tory potential and response caused by 1- 10uH ATP_E-' 

in» gulnea-plg | taenla :coli- (lelmaru“et al., 1971

Y

Burnstock, 1972 -and . Toulta 8 - Hatanabe,‘ 1973) f but‘

n

1nh1b1tlod/COuld be - overcone by hlgher doses of ATP. 2 5- R

3. Sun Phentolamlne has, houever, been shoun to antagonise‘“

R |

responses to phenylephrlne but not to adenosine or ATP in;,'g*L,

Voo

-'gulnea-plg taenla‘ c011 (TOllta 8 Hatanabe, 1973)/_rabb1t

;*1ntest1ne (K1m et al., 1968 and Bowlan 8 Hall, 1970)
abbit .1ntes§§nal long1tud1na1 nuscle (Ueston, 1971).:,:

',rihe present _studles 10uu phentolanine :va5~.found.'feofzf} ”

:antagonlse responses Ouﬂ aden051ne or ATP by about
- &
"]30%.u 51nce Heston quotes the pl10 value for phentolamlne
» )
Qversus phenylephr1ne in thls tissue as 6 7, it 1s unlxkely

' S
&\ thab alph7-adrenerglc receptors are involved 1n the ﬁf

«-l' *‘ﬁ.n]”.;.j.f\vﬂrffﬁe"*

l‘ O‘I’ ] - R
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‘Tbe‘ methylxanthlne phosphodlesterase inhibitors

theophylllne and 1-methyl 3-1sobuty1xanth1ne had_dlvergent'

effeqts on aden051ne responses "which have not hltherto

d1d not 51gn1f1cantlg~alter the freguency 3; spontaneous

: contractlons and stlnulated thelr anglltude linllally but

both. This d°591 of 2.£heophylline" also }1nvariablyi_vﬂ‘

beerd reported. In contrast tO«theeobservatlonaaof ‘Boulan‘

. & . Hall '(1970)'using rabbit“intestine, ?OOuu theophylllne‘

. ) : o g :
- adenosine response. - ‘ o \

_51gn1f1cantly (8 ¢ 3%) H;ghe; concentqatlons inhiblted o

: : ) ' ,'4‘ e .
antagonised  -respomses to aden051ne._‘or."ATP,'thlle,

potentiatinq tbose‘ to eplnephrlne or 1soproterenol in

contrast to the dlverse effects observed by these uorkers

SN

thh 100-1000uu theophylllne&34 It ~is p0551ble that by -

e

1gnor1ng the sustalned conponent of drug :esponses, ;he‘
dlfference : between .;ihe"_ theophylllne effect : Onyfj 1bu

catecholallnes and on: adenosine ,and ATP nay have been ks

obscured 1n thelr systen.. Alternatlvely, the sensitlvity

of 1solated whole 1ntest1ne to thﬁophylllne nay be ,note

f

'»0,‘

uhether xn the present study 100uﬂ theophylline stlnulatedfd'

t,‘ : . . .o y . '

e

" varlable than 1ongltud1nal nuscle and conseQuentlY a doseufjfx'
‘capable °f modlfylng drug 'reSpOnses ’ulthout prejud1c1ng"n e
‘spontaneous act1v1£g may not‘have been identiflable 1n tbev_

}‘fstudy by Bownan 5 Hail..E}t 15'Apterest1nﬁ to speculatef{i,

'-spontaneous act1v1ty in 1ntest1nal luscle by a -echanlsnj}~' :
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.be competltlve. -In“lntestlnal longltudlnal musc

97

‘ : (;' S
similar to the calcium-mobilising action of caffeine
neported in vascular muscle by Somlyo & somlyo (1968).

Antagonis; of adenosine responses was not shared. by
methylisobutylxanthine, an analogue of theophylllne (see.
Pigure 15). In six separate experiments responses to
163uu ‘adenosine. a§£er 1q2u methylisobutyl;;nthine were
114.7 ¢ 5.5% of their respectn}ﬁ controls. Since .'this
dose of. methyiisobuiylxanthine,- a .more bofenf
phosphodlesterase 1nh1b1tor than theophylllne, reduced the'
amplltude of spontaneous contractlons ~by. 45.5 tﬁ 5. 5%,
phosphodlestenase 1nh1b1t;pn seems to have no fnfluence of °

Y

functlonal 51gn1f1cance ok adenosine response.;«and on (/h
L}

_other hand, no antagonlsm between methyllsobutylxantdxm?

1

and adenosine seems. to exlst Responses to 1005 aden051ne

AN .
N

or ATP were\nnaffecﬂbd by 2=-5uM. methyllsobutylxanthine.*

"These results contrast with eV1dence of antagonlsn by both
- theophylline . and methyllsobutylxanthlne> of adenos1ne-

1nduced cycllc Aup ~accunulation “in gu;nea-plg cerebral

e

cortlcal sllces (Huang “@ val., 1972) ’ In the 1atter

-_1nstance, antagonlsm by théophylllne has been sugg sted tq

&

’,the- o

i_antagonlsn 1nduced by 100uu theophylllne upon xesponses to eK

aden051ne and ATP nay also be overcone by hlgh doses of?b

-

sagonlst~.  (Sectlon s 3 1 1 6) 12'51nce f theophylllne

’demonstrates a a number- of pharmacologlcal responSes,

r.;.
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passibly due either ‘to -its ability td”’inh}bit.‘qyclic

nucleotide phosphodiesteTase or to some direct effects on
. \ . . . .
%

V. , N ‘
- calcium movements, fhis, feature of its ' antagonism of

adenosine responses in smooth muscle does not indicate-

<)

thatthe_antagdniﬁh is neéessarily competitive, In view

of the fact that neither 4nitrobeniylthioguanosine~nog.1

I3

}

dlpyldamole antagonlsed tesponses to adenosine,;*although
they. -1nh1b1t- adenos1ne trans;ort 1n other systems more
‘(effectlvely than does theophylllne, it 'is unllkely that
antagon;sm by theophylllne 'uas(gdue to 1mpa1rment, of
; adenosine uptake vinto 'cells.~ Neéertheiess, sincex the

hypothesis to be tested was that smooth muscle nelaxatlon

theophylllne vas chosen, in the - absence .of a. rellable

- ' . R .
competltlve antagonxst, a’ﬂAthe Qnug nost. 11kely”bto

A

1nduced by. these substances nay be - nedlated by cycllc AﬂP,_i

interfere vith a possible.Stinulatory effect'ofv adenosine

on smooth muscle adenylate cyclase, ch0051ng doses whlch

do not affect cycllc AnP levels by theaselves., '

LN

.Sttncturefactivity ,relationships . of adenosine )

' anaiogues inf nlcotlne-stlmulated lomgltudlnal nuscle of

the gulnea—plg 11eum ‘have been found by Leslle ~‘etﬂt

(1973) to be sonewhat di:ferent fron those 1n vascular-

,'snooth -muscle (see'ASectlon 41 1.“) ' Gulnea-plg 1leal

'_longltudlnal muscle vas - nore respons;ve than aortlc strlps

'to analogues in thch the electron dlstrlbutli\ ‘ the

o . : X : o e

‘+

o
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was altered ' (1-methyladenosine  and

.puriue rig
toyocam}cin) } ereas ileal muscle was Less.respousiue than
: aorta to 2'-deoxyribgsides (2'-deoxYadenosine~ and 2°', 3'4
,iSOPr0pyiideue. adenosine) . Both type of .SROOth muscye
exhlblted requlrenents for hydrogen .bonding at the N¢77
. posrtlon and for ba51c1ty at the Ni-position, The'results
reported in Section 93.1.1.5.1 are in agreemenr with the
necessity-forbhjdrcgen bonding'in intesrihai uuscle/at’thef
Na*and.zuspositions as proposed }by rhese‘ uorkers and
further suggest ‘that the 3'-position constltutes anothémN //’
such site. .In rabblt as'opposedyto gulnea-plg 1ntest1na£&/’
longltudlnal muscle, however, aden051ne-Nl—oxlde e11c1ted°j.
adenosane-llke .responses, indlcatlng 'that a spec1es.
| difference ‘exists over ‘the 1mportance of xhe Nl-p051t1on
as a uucleophlllc 51te. "The 1nab111ty of 8 bronoaden051ne
to 1uduce a response corresponds vlth the 1nab111ty 7Of

P T

'thls analogue to ,bind tof;he proteln carrier for aden051ne‘

tran5port ‘in, myocardlum (01sson et al., 1973). Aden051ne>

‘ ,,deanlnase also " wly% 'uot utlllse. SeVeral e—substltutedia'

-adeno51nesA.as“sﬁbstrate (Siiou et‘*ai;, 1970) It is,

llkely that. substltutlons at thls 51te prejudlce the, free :

rotatlon of the purlne relatlve to the rlbose rlng uhichd}f"“

:*1n thls case’ prevents the! adoptlon' of the confornatlonil<
aboutv the ngCTSIGIC' bond approprlate for either enzylefo”i5' 

’ _catalytlc (Hangton et al., 1972) or drug ,peceptor sltes",

\ J L L

'(Olsson et al., 1973)

P . . . L
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All other things being egual, the relative poteng%es
of adenosrne and its nucleotides might be - expected to vary
in different test _Systems according to the relative speed
with which their responses are terminated In. 1ntact‘
animals, aden051ne responses are very rapidly terninated
by uptake into tissues, especrally lung,,and subseguent‘
phosphorylatron or deanination,..uhile nucleotides would"
first be .dephosphorylatedA to ﬁadenosinet,_ In sisoiated
tissues, nowever;_ theSé‘ processes uSually beébne? less
influentiai “on responses due 'to- the relatively large
reservorr of extracellular aden051ne in thev,organ bath.t;

| Nevertheless, although Burnstock et al. (1970)

.Axelsson & Holmherg (1969) found responses to ATP and ADPZ

‘in guinea-pig taenia coli to- fall 1n a dose range 51n11ar»,:'ﬁ

to the present study, ANP and aden051ne exhibited only one:i'.'”

-khundredth of the potency of the other nucleotides 1n that fi\”

tlSSUE.‘. Bownan & Hall (1970) also found the order of:'

'"potency in: rabbit 1ntest1ne to .be LTP > 'nbﬁ;;i‘ AHP >]7

»<aden051ne, ,ﬂast .would be yexpected .if responses vere:fi_f' ;

/ lnfluenced'by uptake and metabolisl of aden051ne. It laj7'"'

'fnot even' be poss1ble to reduce uptake apprecrably u51ngv ;

1;transport 1nhﬂ%1tors, since at concentrations above 10uu~f“"‘”

_aden051ne _may perneate cells predoninantly by sinplej? tﬁ”];.

'diffu51on;“ Differences in the activity ”7ﬂ tissue&v:”.f'lv

p3phosphorolyt1c enzynes, 1n the volune of the extracellularfipen

_1]j:‘,;T&:p ;-f-' fe*fl.“*ﬂﬁy;('euf
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\ . .

drug - reservoir in relation to intracellular\space,'andrin

,the“'concentration of adenosine - or ATP _studied © may

therefore account for the conflicting repOrts_ of the

~effect of dipyridamole onffresponses to.,adenQSine' and:

nucleotides ,in isolated cmooth“i”uscle; Entry 1nto cells:

PRl

,nay also account for the fallure of aden051ne to produce

responses' equlvalent to those of nucleotides in some

systems. There is ev1dence t0‘~1ndicate *that umder the

'ciICunstances'dof‘ the present study neither nucle3t1dase‘

activity, uptake nor deanlnatlon 1nf1uences adenosrne

reSponSes in rabblt 1ntest1nal longltudlnal nuscle.‘:The

corollary to thls flndlng is that the‘ true relat1ve

S

reflected in, thisv‘tiSSue.»‘ Although Heston (1973b)

/’gu S

‘potencies of aden031ne and. s' nucleotldes ‘may “be

ccncluded that -ATP' nas_’nore potent than aden051ne fron.‘
“mean dose Aresponse curves complled for each drug 'onu"

.differentr strips of- rabblt duodenal longitudlnal nuscle,t o

the standard errors for all pornts but on hlS neanp

'dose response curves overlapped.\ It 1s therefore unlikelye

:that a” real dlfference 1n potency existed.» The presenth”il

P
P
study 1nd1cated that no dlfference 1n potency could beﬁ.).l*f‘

R

-G

lidetected between aden051ne and its nucleotides on the sane:?:_.__
ijtrlps and that adenosxne and ATP were equipotent over ap;;f-s””“

:lcon51derable dose .range when adlinistered alternatelyii**';
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3.2, Effects of ademosine o adepvlate cyclase.

30201, 9h§£§§&§:1§;;s§ eag &12.&;.5 of egengexns
Leah;h;£;994 ‘; T

PR

Adenylate',cyclase':vas~prepared froi'severaiftiSSues_'

as ~d¥scribed 1n\Sect10n 2 2.1, and vas - found 4dn- all cases
to be. 1nh1b1ted by concentratlons of 0 01nH aden051ne or '
. “more. gt 1mu, aden051ne 1nh1b1ted cyclase actlvxtles by -

40 to 80% and fluorlde-'cr horuone-stlmulated actlvitlesﬁ

1

xuere affected at least as nuch as Easal act1v1ty (Table =
3).f"In7'no tlssue vas sxgnlflcant stlnulation of cyclase}

. by- aden051ne observed. Slnce rat braLnAf yleleﬁ

e

Ajedenylate- cyclase of hlgh speC1f1c act1v1ty allow1ng noref
irelieble‘ klnetlc_‘measurenents, “the kinetics f”of:aifhejf,
:adenosine effect was 1nvestlgated uszng*thls tlssue.jfiﬁev’;
? major concluslons were subcequently reexalined using otherfi

'f tlssues and appeared to be generally »valld._ th doseﬁ',

o/

4;ffrom’ rat braln in the{f/esence and absence of fluoride isig

.-vshown 1n Flgure 16.."e3 f o

mf;; .

. effect curve for aden051ne 1nh1b1tion of adenylate cyclase,f,

5
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Table 3: Eii_si Qﬁ lll iﬁﬁﬂgﬁiﬂﬁ ﬂQQBllﬂI, £1213§2.;

1..aden051ne- 2‘ eplnephrine’ 3. 9lucagon.

.~~ ...'-"




ylate Cyclaé‘e’ Ac'ti'\ii,fy-—_v'%‘vo-f- Control

~'1Sden

20]

—e —NoF

104 -

) : | "‘v_-l' . _:‘,J, : 1

O;I“--.. 0
Adenosme (;1M)

ey

3pmoles/mg min and in its absence lqa

: Figure 16 Dose—effect curve of adenosine on adenylate eyclase from rat fffl e
."'.brain.;f,_ S
')qurves in: the absence and presence of.- lOmM sodium fludride.
-+ standard error of triplicate determinations.
X jfluoride was 274

Meane

1001 in the. presence of - ; #Lf
3pmoles/mg.minmj;ff_ﬂ
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3.2.1.1, Time dependence and reversibility.

\

Hhen rat braln cyclase was added to complete reactlonJ
‘mlxtures, cycllc Aup productlon as a functlon of tiled.ves
found to be llnears-i the absence and presence of 2nu

: adenoslne_(ﬁggu:e 17). This 1nd1cated that 1nhib1tlon by-
fthee.-hhcleoslde ;gs-f essentlally 1nned1ate followlng

' Qo
addltloa of enzyme.f C01nc1dent rates- of cycllc\‘kqu"

fornatlon vere also observed 1n control 1ncubat10ns and 1n

;. tubesﬁ.in whlch the: enzyne had been exposed to 2 Snﬁgj

adenosine forf 1n1n'.folloued by addltlon of aden051ne'

: deaninaSe Land’ ATP as snbctrate.h\These observations vereﬁ#ij;,

further confirmed hY 1ﬂC“hatlng the enzy-e with 2. sgufﬁ"""

aden051ne fo; 1l1n prlor to in1tiat1on/of the reactlonff,t;i,‘{

e

iith jlrE;l HTheh 1nh1b1tory 'effect/‘of ~ adenosznedeiessffndﬂ"

4

’Vinnedietely‘jreversed after Snin by addition of sufficlentf;:u‘”5

aden051ne deanlnase to hydrolyse all adenosine present to"fﬂ;ﬁfﬁf

1n051ne vlthln 155 (Flgure 18) Sililar observations vere';d l;jf2

made u;IEy é;clase fron Ehrllch asc1tes and rat fat cells. L

| J‘These reS“ltS 1nchate that the effect 'Ve due to'flil/ -

adenos1ne ge; §e and uas not artlfactual, for exanple dueﬁf»7

phosphorylatlon' of ‘aden051ne by auy;7contaninatinq71‘q15:f5

| 'nucle051de klnase and nyokinase 1n the cyclase preparetlon*jjf;fdii

the cyclase reaction.s'

and subsequent d;lutlon of the ATP-alpha-’zp substrate ofif;j;gwﬁﬂ
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20]

% Conversion ATPfo cyclic AMP- - -

o 2 4 0o T2 4 . . 8. o

D " Incubation time (min)."

"',\-" Ll

-~

-

..FigJ;e 17: Time dependence and reversibility of adenosine-induced
. .inhibition of cyclase, .« . . )
" Samples were withdrawn from incubation media at the appropriate times and o

immediately ‘spotted overfEDTA—stop sqution on PET platés. Dotg ?ep;esent

»5{individual determinations from control tubes; crosses’ -represen nﬂetermina- o
" tions from media’exposed to adenoaine.‘ ‘A% in the ‘continued- PE encn;éf R
o ZmM adenosiﬂs. The reaction was’ initiated by addition of ‘enzy 3‘ et

¢aminase added after exposure of -the enzyme. to 2, Smﬂ gdend%ine é_:l,,
nute, ' ‘The reaction was initiated 153 later’by addition
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o
(@]
L 4

% ATP Converted +o cAMP
o

— ._T'b'ddﬁ.(",‘f{EARfaeami;r\-a'Sec o
) .:_Nl'. e |i1 J V'J,. 1‘ SE :

e e Mm Incuboﬂon

e

fffFigure 18 Reversdl of adenosiﬂe—induced inhibition of eyclase._ S
" 'The reaction was initiated by addition of substtate. Open ‘circles: - -

efv:adenosine and adenosine ‘deaninase were added before ‘the. enzyme, - Water
© - ddded’ Smin after initiation of- the reaction. - Closed ‘circles: adenosine

. in contact with. the enzyme for lmin' before initiation of the" reaction. C
_ﬂ’Inhibition was immediately reversed upon addition of adenosine deaminase ST
g _.gat Smin. SRR SR i, T B e e e S

-
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3.2,1.2. Kinetics}

“Thee kinetics of adenosine -inhibitidn-of adenylate

cyclasé“was‘stndied by conparing-cyc1ase aétivityf at .slx
concentratlons of ATP in the presence of 0, O. 1 and 0. 3nu

&
adenosine. Rate curves uere obtalned in the presence and -

absence of sodlum fluorlde and rate parameters u1th thelr

.

standard errors vere calculated u51ng thé FORTRAN conputer
progranme HYPER by Cleland (1963a) whlch makes a gelghtedp‘ -

o flt to the rec1procal forn of the rate equatlon-

J”»gA . 'y o= Vmax s / (Kn + S)
Pignrev}féﬂ shows a double rec1procal plot of rate iérsus o

santrate‘ concentratlon Ulth llnes - fltted by’ thls
T . ’ﬂ* ,‘ 3 .

‘progrannel» .Calculated valnes of Vnax and Kn wlth thelr |
standard errors are shown 1n Table u for flve iexperinents e

: u51ng tuo dlfferent preparatlons of rat brain cyclase.a By~

1n5pectlon of thlS tahle 1t can he seen that both the

slope a“d the 1“tercept on. the Y-ans (Vlax) appear to ‘\g_f
pave o .'*V““.” -
vhave'.been 1nflnenced dose dependently by | adenOSine,kgbfj[~5g

R although 'f substant1a1 error exxsts in vthe’ lepe 'h°?5yvs'

:;.estlmates,r and that the Kn for ATP 's- relatlvefy

'-unaffected Inhlbltlon by adenosine vas therefore ¢1ear1y

non-conpetltlve 'and the data Here subsequently fltted to

| the equatlon for llnear non-conpetitive inhibltion._g{in
o v Vmax s /[ Km(1 + I/K:Ls) + 5(1 * I/Kii) ]

u51ng the FORTRAN progralle NONCOHP by Cleland (1963a), as
' ' ' ~7”"} '"\i'"ff‘:“' L ‘
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RAT BRAIN CYCLASE SRS
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00151
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ES |

0.010

mq . min
pmol cAMP <

R Y X \ - X .
* o

o reemen S
210 0. 10 2 .30 4 % .
' 1(mM"'A_T~_P_)--' R

' ’ Lo , U gt
‘ . . .. . o 4

B Figure 19 Double reciprocal plot of rate of gyclase activity versus'i73“7q
. substrdte concentration at. three concentrations of adenosine. -+ v

N .~ Rat brain cyclase, Points are means of triplicate determinations and

'lines were fitted by the programme HYPER..f,;u',',;f RN

[ f
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Enzyme NaF Aden051ne - KmATP

.EXpt. PEQR:. .(!..). | m.). dad)

¢

- 0.146+0.019

. T T AT A 00 00 0.16240.024

0.1
0.3 0.110£0.021

2. 2" 10 0 0.114£0.016
S . ¢ 0.1 0,106¢0.011
0.3 0.128:0.010

0.071+0.016

5 B0 . 0 °0.07840.017 °
E : "»-" ‘ . »0105110(010

‘oo
W aa

A 10 0 10.22240.022
0.1 0.20840.025
0.3 0.213:0.030
4 B 0 0 0.07240.009
* . ‘ . . 1
.3 0.066£0.012 "

G3QO¢ 9 - <0.

Ypax!

26012 0.
205¢ 8 b,
-149t 9 0,

48%122   6
394+13 0

84633 ° . 0.

66230 0.
538127 ‘o

208+ 6. 0.

160t 9, 0.

Y

: 1905'9' 'Q;
: 129* 5 00 g AP
0.021£0.020 | 1132 7 Or62910.&§1;fZ 

i:wj PlOleS/lgoﬂln' 2 Kn/Vuax (lg.nln/ulole l)

gL g

. Slope?

62240:071
710£0.073
737£0.104

.23640.026
.377£0.024
2690.023

26240.017

315£0.025

395:0 040

3“810 035'.
aazto 086

40940, 076

391£0.064

1 c

'Tablef- 5122&19 dinﬁtsn&s I:sn 2:93;31:& ﬂlﬂﬁﬁ& xns
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the simplest forther analytical step. The calculated non--

~ competitive inhibition constants Kis and.Kii are shown in
' ‘ c .«
Table 5 and representv the concentration of adenosine

yrequlred to double the slope or intercept, respectively,
/

'{& the double rec1procal plot. "If an inhibitor does not

imodlfy the Km for the substrate‘ then the tvo non-

\ga.,,..:
5Bompet1t1ve inhibition constants are 1dent1cal. Because
-of the hlgh standard errors in Kls, 1t is not obvious from

1‘.. ' . \

r
rthese constants whether adenosrne exerts a small but real

1nfluence on the Kl for ATP or not. - Similar non~-
conpetitive inhibition by adenos1ne_ vas observed u51ngn

‘adenylate cyclase fron rabbit heart (Table 6), whlch vas '

more sensitive to, aden051ne 1nh1b1t1on than ﬁas braln.
[} . ) ) N : » i ‘ ) .. (‘) . v

B R [}

¢ Rt

3.2:2. Effect of . -adenosine apalogues on adenylate

cyclase. - L . L

The effects of fourteen aden051ne analogues at 1aH on_
edenylate' cyclase prepared ~ from ’ r;bbmt '-intestinal
10ngitudihal ‘nuscle by dlgestlon with - collagenase are--

,shown in: Table 7. The order of potency. ofiifqpoques thch

1nh1b1ted thls cyclase was 6-nercapto-~ aﬁd 2-alino 6-‘f"'

'l‘nercapto-purlne .ribos1des > 2'-deoxyaden031ne > '3'~Q-‘”

deoxyadenos1ne > adenosxne > N‘-hydroxyadenosine > purine_;pf 3

r1b051de., Slnllar results uere ohtalned using a dlfferentfl



Ty ~ el
Expt. Enzyme NaF- KmATP Vmax Kis Kii

bumber rep. . (@Ml - (mM) (pmOles/EGeRiBl (an)  (aE)

1 - A 0 0.166 260 -~ 1.75  0.38
o - © 0 #0.017 49 $2,17 10.06

2 A 10 0.098 468 - 0.37  0.72 .
: ' ~40.008 .- - £11 +0.10 - £0.11.

3 10 0.22 - 830 ©  0,55.. 0.53 -

4 B0 0073 205 T 0.57 0.3 -

20,009 t6 $0.42 $0.07 '

ST B 0 0.3 183 . 0,73 0.38
. v o %0,013 . +8 +0.84 £0.07

A
Table 5: fipetic comstabts froa pEodramme HONCONP: Fat
o bradn. 7 LR e e

I



113

: Naf}_ ARY .KmAfP:: L Kis - Kii
EXpte (af) (af)  (sp.  Yeaxz . Slope? (sl  (am)
B 0 0.055 - 43.3  1.26 . =

170 0.023 0.065 38.5 - 1.69 0,09 -0.21
R . £0.019 ¢ 2.8 $0.43 . £0.06 £0.06

0.0%  0.070 - -31.3  2.25

o - +0.017 t 1.9ﬂ- t0.46 /'_'f
0 0.037 131.5. 0.28 -

S 40,003 £ 2.7 $0.02 .

210 0.023. 0,040 10%.3 C0.40 - 0.07 o, 09A5.'- .

© £0,007 |+ 4.1 £0.06 . £0.02° 40, 01, '

0.078 0,042  71.9 - 0.58 - . ..
S £0.007 £ 3.0 -10.09° ° -

‘mable 6 Kipstic coustants rm Freen e ms;gm mm’?i. s

EQIEL -
'(ng.mln/umole.l)

.,i ‘

- aden051ne.. B 2"f pnoles/ng.nin..  3:\ Kl/vlax.L,l,'



A E T

- Nucleoside ,‘"' " NaF Adenylate Cyclase actlv1ty
SRS 8- R u [1] 1./ N 4B
SCEE e [ -
- 4 T 108.5
Adenosine S e 3, T

H B R
. B
[ ]

Le 8O

Aden051ne derlvatlves-v
Ne-hydroxy ’
Né-methyl
N°-1sopentenyl -
Nb-dlmethyl Sl
2t=deoxy -
'3§-deoxy
! .+ 8-bromo

. 60.2
95,6
L 91.4
" 89.8
- 16.5
25,6
S 79.3

-+L§ 4+ > e+
THHEERHEHH

Purlne r1b051de der1Vat1ves'
' ‘Purine riboside-
6=-methyl
-6=chloro .
6-lercapto ‘
6-lethyl|ercapto :
- ‘6-methoxy . .
2-an1no,6-nercapto

. 18.5
91,1
“10450
13,2
L9049
12,9

L ++
THOHR LR H

 Table 7: Bftsst 9: anslgassé sn lnnsi&ndinnl nnsgls-'"
- -adenylate cyclase, 3
* Adenylate’ cyclase act1v1ty 1n the presence of nucleosidesi e
. and ‘fluoride, - Mean -and standard /error  of “triplicate " ..
‘ \xncubatlons.:_ S E Significantly diffetent from.control inm, = . -
~the preseuce of fluorlde (p;o 05) 2: Relaxes the nuscle..-_ .
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preparation of longitudinal muscle cyclase. :
: . ~y

Rat brain adenylate cyclase was 1nh1b1ted less by 6-‘
nercapto-purlne ir1b051de. than was 1ongltud1na1 nuscle '
'cyclase and 6—nethyl-pur1ne r1b051da uas also 1nh1b1toryA'

that tlssuef. The order of potency using rat braln ,yas

'_3--deoxyaden051ne‘ > adenoslne > N°'hYdr°lyadenosine S g
: methyl‘purine r1b051de > 6'Iercapto-pur1ne r1boside._i“The'

. relatlve potenc1es’ 3&-deoxyaden051ne )I_adenosine > Ne=

hydroxyaden051ne vere also found uszng rat and rabbltg'“ a

heart. 2-Chloroaden051ne had 11tt1e effect on the 1atterj]‘:

venZYhe. The degrees of 1nh1b1tion 1nduced by aden051ne;-i

and 3'-deoxyaden031ne 1n. rat braln cyclase were' not . f R

 :add1t1ve (Flgure 20). 1nd1cat1ng that the tvo substancesf,

,probably shared connon nechaulsns of sites of actlon.u

P

The 1nf1uence of theophylllne on adenosine 1nhxb1tion]7~‘“

e”vas Stﬂdled using adenylate cyclase frcn guinea-pig 1ung,,f7:57-'?

a;51nce thls preparatlon has been repprted to be lou in y{'7'”

i Tt

.phosphodxesterase5 act1v1ty (Heinryb 8 uichel 1971)<tT}‘

eAlthough - thls cyclase did contaln phosphodiesteraseﬁfgfw?fff

_act171t§ (sufficzent to hydrolyse 1p-ole 3H-cyclic A!P bxfﬁe'

“'fjapprox1nately 90% in 20l1n),» the contaninatlon had noi}}:;f“lr

H"-deteCtable lnfluence on the outcoae of adenylate _ cyclase“-'j;i_"'".,

'av..assays perforned 1n the ahsence T resence of unlabelledjat}ﬂfhﬁﬁ?
| ‘{P

: "}:cycllc AuP 1n the -assay ledlun. Theophylllne veakly;fjfg”°i‘
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[,Figure 20 Non—additivity of the effects of adenosine and 3'-deoxyadenosine S
- .on cyclase from 1ﬂt brain. - i S

.v:_Means of duplicates., Standard errors are approximately +1Pm018/mg min. Mlﬁ”\
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;inﬁibitéd‘ tdis..dyelasesdhy':up' to 35: at 2o-a. '%1ghegi o
-concentratlons vere not used because of solubility lillts

,at uoc.i In the presence of 1000un theophylllné, cyclaseA;”v:
uas 1nhib1ted by 1“%., The -effect ef adenosine vas,
'however,:_unaltereda between' 1. and' 1600uu (Pigure 21), ;"
}1nd1cat1ng that 1n th1s systel adenosxne and theophylllne

(3

';do ﬁot act at the sale 51te.e."

. 3;2;3. D15cussron of aden051ne 1nh1b1tlon of adenylate[:f:-r'

| cyclase.r~ ffiz o L

LT e , B L R
"Theﬁ results presented 1n thls sectlon 1ndicate that j;fV-

’the 1nh1b1t10n by/ adenosine Teff~ adenylate ﬂ-cyclase S

r'orlg1naL1y reported for rat 11ver (uoriuaki e Poa, 1970)

‘lls not pecullar to that tlssue but 1s.also seen vith the f_ L

'f.‘fenzyne fron varlous tissues of several species and thusw

""f_fappears to be a general phenonenon of nanlalian systens.

..Hhereas .Iwal et, al. (1972) found inhibition of protein

wﬂ'klnase by adenosine to he conpetltive uith respect to;ﬂjjf”"

N

I:sj_th k1netics 'of adenylate cyclase 1nhibition clearl!

‘”‘?indlcates that adenosineA acts non-conpetitively in tris_

"ﬁ’f;system (Cleland, 1963b).

‘,*

thhough n purified enzyne preparations non-v

'df'conpetltive mnhlbltion nay be interpreted as interaction
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'f'Figure 21 AdditiViEZ,Of the effects of adenosine and theophylline on 13¥f5,;f

. cyclase -from puinea-pig lung. :

: ; © Medng“t standard errors of triplicate determinations. Solid line- theo
-~ . phylline absent. ' Dashed line‘ oM theophylline present, - 100Zin the-

. ff"-+ 4pmoles/mg min.«.u.“

'fi:absence of theophylline was 165 + 2pmoles/mg«min and 1n its presence 142 ?_;
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of. ‘the anhrbltor vlth an allosterlc site. on the -enZyne,_

”;thls interpretatlon is unllkely tO‘ be‘~§recise ln-the

Apresent case since the cyclases studled were conponents of
"relatlvely large membrane fraglents. A 51n;lar:1nhrhationv
.pattern uould be obserjed under these 'cirCuEStances,"if,
_aden051ne 1nduced -a’ perturbatiOn: in relatlvely renote
- parts of the menbrane resultlng in vllp&lt&d catalytlcr

}act1v1ty, through dlStOIthn of the lipid natr1x orﬂ'
‘proteln-proteln 1nteract10ns resultlng 1n a conforlatronal'

ehange 1n the enzyne.“«50me of the results' actually'

g suggest that thls‘jnay account for at least a portion ofi“d

the observed 1nh1b1t10n. The greater degree of 1nhib1t10nfvi&g:;;;

'j due to aden051ne with fluorlde- or: hornone-stllulated

"VAﬂopposed to_ basal act1v1ty (see Table 3) 1ndicates that; :

"75 gpubllcatlon (ucKenzie 8 Baer, 1973 and Baer 8 HcKenzie.ileh'

taden051ne effects are not restrlcted to the catalytlc 51te;;,f‘"“

?..

but nay also 1nfluence a step conlon to the stlnulatoryfflq‘

vlagents" To the extent that horlone-lndnced stlnnlation lsfggffbie

:‘xdependent on the 1ntegr1ty of the nelbrane, 1t--isiﬂw

:Concelvable that dlstortlot of the lipid latrix vouldiiffgdeV

n'rnfluence the effect of stimulatory agents -ore than basalf}fﬂlfﬁf

llh"enzyne act1v1ty alone. Alternatlvely}jnore than one site]iﬁjfffif

*F,of aden051ne actlon nust be postulated to account for*[;_ﬁj S

| 'fthese observations.i.

Suugequﬁnt to,subnrssion of sone of these results for}?fftn
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1973), ther reports of 1nh1b1t10n of adenylate cyclase by
aden051ne have appeared in the llterature. Paln et :al.~ 1
- (1972) dEScrlbed inhlbltlon of eplnephrlne actlvatlon of
cyclase fron fat cell ghosts by aden051ne and several ,bf

. . l ¢
its analogues.: The1r~ results vere in general agreenent

vith those in Table 7, except that the fat c:;l enzyne

;resenbled ‘that of ‘rat” hraln in belng refraﬁ'ory to 6=

--nercapto-purlne r1b051de. Fa1n (1973) 1ater reported that
'Tthe relatlve potenc1es of analogues dlffered . 1ntact ~4\.frf“
nhlte fat cells as - opposed to the1r ghosts and conflrled |

thetrapidity of.Onset» of ,adenpsine inh1b1t1on and its

f_ready reversal wlth aden051ne deallnase.- neinryh s ulchel

' _(197u) reported 1nh1b1t10n of gulnea-plg lung cyclase by

".3adenosine and several 9-subst1tuted der1vat1ves, sone -of

;'nhlch vere nore potent than aden051ne._ Inhibition of lung
‘fcyclase V?S dependent on lagnesiul concentratlon and an fﬂil o
.‘f'analogue,’9-(tetrahydro-2 furyl)adenlne, 1nh1bited 1W; an

_apparently S 11near>,1-hyperbollc n%n-conpetitive nan er.'ng;fflf'

':These workers 1nterpreted their observatlons as indicating

alfinegatxve c00perat1v1ty and hence nore than one binding

?tnSIte for the analogue. under stndy and for adehosine. j.,ﬁf}rf
':‘.ihile lnterpretatlon of a SOPhiSticated ‘“alySis Jts“ivﬁ.“

‘Hpjhapplled to a’ crude enzyne preparntion 1s diff1cult as-

""{jdrscussed .above,‘ the observatlons oﬁ these vorkers f%lfj;fﬁ

”'_substantlate the assertlon that lnhlbitaon by adenosine 13

'Jz'generally not conpetitive and that lore than one site of

. ‘:.e'- .
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action may be involved. If" theifnagnesiun dependence~“'

reported- by 'Heinryb‘.& ‘Michel is also general, which is

11ke1y 51nce ﬂorlvaki 8 Foa (1970)» reported a. .51n11ar

.sztuation 1n rat llver, then better estlnates of the slope

of" the double rec1procal plot and of sz (Tables u 5 and'

h6) mlght have been obtaxned in the present study by‘
nalntalnlng taf constant ng:ATP ratlo in rate curveﬁ
'l'experlnents;‘ Helnryb & ulchel found that this inproyed

:~the. linearzty of - thelr double ‘rec1procal plots';'?ain._'”"

(1973) found aden051ne 1nhib1t1on 1n uhlte fat cells to bef s

independent oﬁ-calclun concentratlon."‘; , i-;'t RN

~

‘-x. .

- thle the relatlve potenc1es of a series of - adenosineTn_v.;f
-;analogues may vary somewhat between tissues, Table 7ul‘
‘ _indicates_ that 1d long tud1nal lnscle of the rabbltrf:ﬁal;g

‘zintestine, relaxant ; act1v1ty appears t unrelated topftf':'y

',_1nh1bit10n 'ofx[_adenylate A cyclase.'lffhopif only

g pharnacologlcally 1nert analogues '1nh1bit thxs cyclase,f

jbut two out of three relaxant analogues fail to do SO.?Z¢

.P

:?f751te at vhlch cyclase is inhlbxted..-,‘fjffuu

'-tﬁadenos1ne and theophylllne at a stzlulatory s;te on theg;fﬁf?*f.

"lfThe lack of correlatlon betveen the tuo paraleters -ay not?ﬁ“”
“,.~;’therefore be attrlbuted to failure of pharlacologicallyhf‘"fffff

e

‘e~ﬁlﬂaCthe. analogues -'galn access to an intraneubranal]};v T

In v1ew »bf*'the postulated conpetition betueen}];;ﬂfhft
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adenylate %yclase -conplex " and _ conéidering; that.

o . - : L ,
pharuacologlcq& responses to'»adenosine are frequently

antagonlsed by theophylllne, ev1dence ‘of» an_-interaction

_betueen these two substances at the level of adenylate

cyclase 1nh1b1tlon -wWas sought _ 51nce* 1nh1b1t10n : byv '

.theophylllne of contamlnating gnosphodlesterase nlght have

been ~a; source of 1nprec1se klnetlc neasurelents, the'i'

tlssue chosen was - guxnea-plg"lung. whlch proved to> be
; relatlvely free of phosphodlesterase, as, reported by;;f

'Heinryb & chhel (1971). The lack of effect of

1nh1b1tory concentratlon of ytheophylllne ’on adenosine-l

fflnduced 1nh1b1t10n 1nd1cates that the effects of these:.V' '
’substances‘:‘ ‘rgependent., Slnce 51lilar results verejffé

obtalned u51ng rat. heart enzyne and 1nu adenosxne plus”;ff

'ectiVit‘ i alone), the 1ack of lnteractlon is noteff77'
f-_necuiieg y:plg lung._slﬁ. o . |
i

“Althof

;ffhypothe31s.,f The effect of adenosine on adenylate cyclaseﬁj;L:'

ftffrom rat braln and cerebral cortex vas sinilar toa 1tsff]y;f““7-

'fveffect on all other cyclases 1nvestigated, although there:fnf}f,ﬁvf

I',,

(whlch had no apparent effect on cyclasef&'?i7'

,!strnulatlon of adenylate cyclase fr°l?£?1f5 o
fscle by adenosine or 1ts analognéé uas7n:f75
= thus- 'of:support was obtained for théze_:; 
Et cyclic anp nediates aden051ne responses, at:f?"

:ult in this case: d1d '”t}f.refnte ﬂf;héﬁngi{f‘f;
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4

‘is good. evidence for the existence of an -adenosine-

stimulated regulatory unit in th1s tlssue (Sattln 8 Rall

19f6;-5hinizu & Daly, 1970' Huang et al., 1972 and Huang &

/

Daly, 1974) . 'Since labile adenosine-stlmulated activity.
. superimposed on ‘the general-inhibition_has_béén reported

in ’fhmmbocytes‘by'Hasl-am' § Lynhan (1972), it is possible

!that the stlnulatory act1v1ty in braln ‘is also too lablle

-

to be observed in broken cell preparatlons or else that it '

{

is obscured- by the prepcnderance of enzyne vhlch is

inh1b1ted by aden051ne. Slnllarly, 1t is~ concelvable that
i:snooth -muscle also contalns byclase—related -adenoslne
receptors whlch are lablle and therefore not. detectlble 1n

broken cell prepanataons,_,'

Hhen thls w0rk vas- begun, Dav1es (1968) had deducedf
.through studles on 11polysxs f,- adipose tlssue' thatf
adenos;ne 1nh1b1ted adenylate cyclase 1n adipocytes. :tInf.l

B 7_1969 Stock 6 Hesternann reached a. 51111ar conclusion Hlth;

o respect to phenyllsopropyl-aden051ne and suggested that»

_ th;s analogue 1nterfered Hlth ATP b1nd1ng to adenylate*'g‘f:_ c

O A .

'cyciase. Dlrect-ev1dence of inhlbltlon_ of cyclase byﬂy5"

°7aden051ne had been renprted oﬁly by uorlvakl a Poa (1970) 5f,~= s

R;gln' th sane year Schaunann et al. (1970) suggested';fﬁftd:h

5that the cardlovascular effects of adenosine nlght be. due;i”“”"

'gto cyclase 1nh1b1t10n sance they vere antaqonlsed by the”ji
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R .
phospaodiesferase inhibitor rheophylline. | ;ater, the
’coaurhore Dietmann 8\  Juhraan (1971) retracted this
.suggeetion..as applied 'tov'coronary _vasoddlation siaCe
antagonTSm'\ of adenosine' effects by theophylline wasyf
.clearly not functional in that system. This ehphasises a
najor dlfflculty in aecglblng 1nh1b1tlon of cyclase as the
mechanisn vhereby aden051ne might 1nduce an effect in any
tiseue, namely ' taat ,‘theophylllne vantagonlses : nany
adenosine vresponses;_snca as‘enoorh muscle-relaxatioa’and‘
_cvclic AﬂP accuﬁﬁlation in braih:slices inivaat.appears’to
be a hon?functional‘fashion; S!nce theophylllne 1ncreases .
cardiac contractlllty uhlle aden051ne decreases 1t 1t ie
concelvable\ that a fqnctlonal- antagonrsm 'llght .exret,
bervbeo these subetaacee,oa.ayocardiai'cjaldc kﬂé‘ levels.,,
' This hypbthesis‘ gains. 'some‘ support 'fron' the'_reeuirs
reported above fron hearts\of‘varlous spec1es. since“ thef_

dose of adenos1ne necessary to reduce heart rate 1s about .

L

- 100 times that regurred ;to~e1ncrease ' coronary flOH_.'

(Schoendorf etf-.al.;' '1969)= it - is possible that

rconcentratlons sufflcmently high (' 10uu) i? 1nh1b1ti

‘cyclase , are achleved in the 'myocardiul under thesefifv

;-pharuacologlcal condltlons.. It 1s also relevant that the:

-.netabollc ~effect5' of adenosxne _in perfused rat H%%rts{{'*

*descrlbed by Raberger et al._ (1970) as*sililar to thoseidjk

seen “'1th eplnephrxne and presunably ledlated by cycllc;ffe

r,agg,-vere observed at a dose of aden051ne ‘uhich d1d

B R
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_feduce heart rate, The available information is therefore

not inconpatible with thel suggestion that cardiac

depre551on, ‘as opposed to coronary vasodllatatlon, may be

induced by adenosine through " iphibition ‘of adenylate

cyclase&@

A‘phys101og&€al; role for adenosine in. ‘inhibiting
lipolysis. through inhibition | of - adenjlate5 cyclase,

‘espec1a11y in the presence of horuones, has been proposed'

by FPain et. al, (1972) and- Faln (1973), who' descrlbed

‘ inhibition ‘of - eplnephrlne-stllulateh -cyclic'ip AMP

accumulation  and ad1po¢yte - cyclase ﬁ}«'aden051ne and

A

several derivatives, as dlscussed above. Schvabe et el;‘
‘(1973) detected inhlbltory alounts‘of adenOSine in lediun
%ontalnlng hlgh concentratlons of adlpocytes vhlch vere no e
’ longer.-respon51ve to hornone-lnduced : stllulatlon of

‘cyclase.e Aden051ne accunulatlon correlated vlth decreasedo

v

Ajcyclase-}act;v1ty over txne' but not vith the extent of'
. o ;. L ™, Tt
previous hormone stllulatlon or vlth the - . rate -gof

. cyclase,: the' lack of- correlatlon: betveen : cyclase

"\

- e

' llpOlySls., thle the observatlons of sohvabe et al. , ret.,y’
.essentlal to Falnls suggestlon that adenosine lay be xa'ﬁ'

wphy51ologlca1 feedback 1nh1b1tor of adipocyte aéenylgtefo,'“'

--stinulatlon by horlones and appearance of adenosine in the~:f3

‘n"}nedlul does not support this hypothesis. Both groups 1‘*}

"ﬁrii_ .

o 'noted a drscrepancy betveen reductlon of iﬂipocyte cyclic._f
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AMP levels in- the.presencé of Adenosine.and'the rate of
lipolysis. Unexpéctedly, 0perhaps,t'.in iiew of . Dav1es'
(1§§8) 'obsetvgfions -ﬁhat _adéposine_‘iﬁhibit§  also thef
lipoiytic eﬁfect.of qibutyiyl'cyclic AMP pfeéuneably ;by
.ihhibiting 'thép.réieyént proteint‘kinASé, i@hibitiop-of
lipoiysi§ by adéngsing uﬁs less pronoﬁ#éed than.inhibition  ;
 Aof'¢yclic7§MP acqumqlation;L Fain et al.. ' (1972) suggé5§ed

that not all of the cyclic AMP accumulation due ' to

'lipolytié"'agents_ is' as;bciated. uiih’*fegulatioﬁ of
‘.iipélysis. | ﬁhilél adgﬂbsinev ‘iery p;@b%hlj,ﬁfinhibifs'

‘ lipdlysis‘ . partly thrdugh .cyélése f inhibi£ioﬁ f at fn

pharnacologlcal concentratlons, as has been clalned forf
phenyllsopropyl-aden051ne (Stock 8 Westernann,v ‘ ),

b_ remalns anproven that concentratlons suff1c1ent tﬁ

‘ adenylate cyclase arlse under phy51ologxcal condltlons 1n ,

'adlpose or any other tlssue. BN

nh1b1t fv~"
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o experlnental group than betueen drug-treated and control,f o

= strlps obtained ' fron ?{one-~ anilal ',andf nanipulated‘f-ﬁ'

"'controls' obta;ne

127
_ g - ' SR RO
3.3, I;gsu_ cyclic AtP ls_§l§ and §§§°§1§ rglssnnt

rg.nnnseS-

Cyclib ANP levels in longitudinal nuscle<stripsvvere'
estlnated as descrlbed in Section 2.1.3 and. eipteSsed as

pmoles’ per'_ng proteln.- Slnce collagen is 1nsoluble in

0.5N - sodium hydroxide at room tenperature, proteln j

estimates. ignored collagen content, but were -roughly

proportional to tissue - wet weight' The mean protein

Content' of 'sanples -vass 2. uung, with standard dev1atlon

0 80 and standard error O Oung (n UOS)

<

L L o Lol
As tbis,'vork ‘progressed, it becane__evidentn‘that;»‘

cycllc N AHEt levels in-,untreated _luscle' strlps fron S

S

. dlfferent anlnals shoved asto 1sh1ng variatlon 14 spzte ofbAf'

the fact that all strlps behaved 51nllarly auechanicallyai

Consequently, luch greater varlatlon 1n cycllc laP leVelsff'

: uas encountered betueen dlfferent anina1s. 'ithin ﬁnf,gi

1dent1ca11y. This fact denanded that statistical analysis}ll]f

: of \results be »perforned--in a paired or block design_;;fff

whereby drug trelted tissues uere conpared only uithfrva“

under identical circunstances. Of 18
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anlnals,,each contrlbutlng to tvo conplete blocks, the
‘nean control value .over botb blocks was 6, 10ploles/ug.
'protein, w1th standard dev1atxon 3.25 and standard error
10,54 .(n=36, range 1.77 to 17. 75) It shoul_d-ne’ e-'.ph'avsi-'sea'_
'>that ‘no correlation ex1sted between tnese- values andd
elther proteln content of strlps or recovery of labelled'
cycllc AMPO The varlatlon could be observed in the assay_f
of cycllc AHP 1tse1f and on snhsequent 'checklng ofztthetf
.assay ,systen» (see Sectlon 2;1,3;“)“‘hlghe;values’pvere'

"invariably conflrned,.

estlnatlonS‘ ifﬂ

resh StrlpS from the sane aninal is shovnzﬁ'

ln_Table-s. In.these experlnents strips vere ‘under “n0~7:"‘

'tension iand veré equlllhrated 1n aerated Tyrode at 37°C]”t

'for at 1east 1h prlor to sampllng.- Group II :s salpledf;a-p

;30 uOnln after #roup ii;{ after 'a 51nilar equilibration '

"tlme. thle the nechanlcal activaty of these strlps is:J;“.

.unknoun, Strlps nalntalned under ten51on for 51nilar tile o

"_perlods were spontaneously active. _ Drug treated strips37~

sampled ulthin 5!10 'of thelr controls belonged to the-V'“

POPulatlon of éroup I or 'gronp II,. respectively.:~,§he3,ffg

| ileast 51gn1ficant difference betueen treatnents vithin ?fff

‘d,each group (see Sectlon 3 3 3 and\Appendix) vas 2o-uox offﬁlﬁf

At group control lean. Table 8. elphasises that, even 1nfffr‘

"strlps. vhich have been egn;l;hrated as reguired forff*i”"

E \ RS Lo . E R . o -‘4// ! - i
\A
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Group I

.;3

Q&‘

11 42 t 2 56
_ 11 19 t 1 “0

5 ou t o 37 [17

o cyclxc AuP df_fd5

.mQJ.sszm emza.m._j ‘8

- '"f5f1:
6

SR %

Group II

’ :i‘

6

cyclic AuP

Q 26 t 0 32
1 91 S 0 35 3
.ﬁ;ﬁpBSwt‘Q,zgd,.. fﬂ"‘

i {.Tabile o multinle sxsus A% nessurensats :m muum‘:f{

e an

'"”1east

. G
. t . standard error of untreated strips., Groups I andefﬁ.:
. “II were frozen by immersion in liquid ‘nitrogen - .after -at- -
o th equilibration but Separated in time by 30-00-in.51¢11
.. ‘Treated samples frozen within Smin. of controls belonged to -

a“?:fthe populatlon of their respectlve QIO“P"'waf;.;,,,,ﬁ...friT"M

AL R

-'., :
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‘ optinal i _spontaneous activity, a.  close ‘temporal

relationshlp :in sanpllng and"identlcal-fhandling were :

'-,necessary to “ensure that tlssue cycllc AHP content was:

" each blo

.'conparable. Cycllc AHP levelsi were ‘not- sxgniflcantly-_'
”dlfferent between fresh control strlps an untreated,*

"strlps from the sane anlnal lhich had been stored at a

1for up to. ?h before equlllbratlon at 37°C (t-O 312 ulth 17kio )

”"fdegrees _of freedon)._ A 51nllar palred t-test revealed n0» e

| dlfference between Strlpc' frozenv '1th tongs 1n f’th?:’

,contracted =of;:relaxed state (t-o 280 u1th 17 degrees of[ft

3.3,2. Senmsitivity testing. | .

In v1ew of the dlfflcultles 1nherent 1n estinating?h;ft

| f_drug-xnduced changes 1n cycllc AuP levels, sanples fron~':f_

,feach anlnal uere pooled and allocated strlctly at randouﬂflf“

) to ‘each treatnent group. After the eguilibration period,'

<?the relaxant response to the treatnent uas évaluated inf}ff;

‘1

4-'dup11cat£ in the appropriate Strlp and all four strips inf?ﬂfl

k uere frozen withln a 10nin 1nterval,

}”-rjand assayed “the . sane randon order., The statisticalu,rlﬁ

fpurifiedffi?f

’signiflcance of the results uas calculated by Paired t-fd?fﬂ

“ifwfptest of by analysis of varlance' (see Appendix) rhe{f*jj

'df.acceptable probability of urougfully rejecting the nullf;%;;

’5‘hypothesxs was set at 5%.5~ Standard drugs chosen forﬁi;”“

7-

e
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',(Secuon 3.1 e e

'H*fgreater~c accunulation after w60 -than after 105.;‘”“'

V-Subsequently salpled for cYciic AnP estllation afterol‘

','131,

l'couparlson uifh adenosine vere  isoproterenol, = yhichHi.

elevates cycllc _AH 1evels in 'SIOO£h' hnSCle; and

e epinephrlne, responses too 'h1°h wore 'CI°SelY reselbledff*

aden051ne _fand contalned a- beta-adrenergic conponentg]f~

s

To deternlne the optlnal tlne 1nterval at vhich topﬁgf

o detect drug-induced changes in cycllc Aup levels and alsofi_;

‘hto estlnate the effect on- th;s tlssue of hlgh doses of the?fﬁ:

t_standard drugs, relaxant responses and tissue cyclic AHRT
}accumulatlon Ervere ' estllated ;h r88ponse 5€9ifa1ﬂﬂﬁ*:‘:
';slsoproterenols'and eplnephrine after .10 Janaprgpgfi{efif
.E:exposure.x‘ 1uu Aden051ne vas 1ncluded for co.parisen'and;fhh
.ffresults vere: analysed bY palred t-test.i As shown 1n Table;'hh
'_T9 adeh051ne at this concentratlon induCed {no' change 1nfla
&?°Y01lc. AHP levels at either tlne; of exposure, vhileff<ﬁ7
fl.fevoklng a uean response of uus and 235 at 10 and 5081;f;ﬂ3

”.}respecﬁlvely.w Isoproterenol and epxnephrine, on the otherfff&&

"hand 1fapprec1ably elevated cyclic AuP levels at hoth tileil;f;
*fhllntervals. Although epinephrine, 1ike adenosine,;_indncedgffif

,Jla-.raprd 1n1t1al response, the tine course of CYCIic S

1accunulat10n reselbled that to isoproterenol ?there beinq;?Lf*

... . " -
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Table

. Epinephrine -

- ‘Kdenosine
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oo, 1>p>0 os;a]ﬁ

fu3 8 : 7 1
1’f?ﬂ}+o 86 t 1 1ﬂ

no SQ PAEENS
“f

-1:'relaxant responge; "
in CYCllc AuP content (ploles/.g Proteiny?

“86727£ 3-9'-V '

132

_f'85 01 3.7 A
fj+6 30 ¢ 2. sz_‘.f}?

<0 05

| 87 8 t 2. 1 'f;b g
'+1 91 t o 26 s

22 8 + 2 9 f f*’”
+o 30 £ o 36éff ;

4 cxchic xﬁhs;ezexs 1¢§

<o os f**'"'

n.s. :“m-;xi%-



133

of exposure to:drn.F,:j

As reported in Sectlon 3 1, after 10n1n of exposure,»
- 0.1nM theophylllne had been found to antagonlse responses,
t‘_eaden051ne _whlle potentlatlng those to the standard '

"a%ugs;v Slnce no other purlne dntagonlst had been revealedl

'jfamong the’ ser1e5' of adenosine analogues | and; 51ncefl,3f

_theophylllne 'antagonises cycllc AHP accululatlon 1n bralniﬁ

‘\‘fsllces and thronbocytes 1n response to adenosine, it

of lnterest to deternlne the 1nfluence of theophylllne on?1f5*

'v*aden051ne~1nduced changes in cycllc AuP content of this:lij

S

'*'tlssue..e[pif;ﬁ theophylllne vere 1ndeed a _conpetitlve:ﬁrﬁ'

""antagonlst of adenosine responses, 1t vould antagonise anyf?;w.

.?icausatlve 1ncrease 1n cyclic; AuP levels.i To serve sjefin

'7;controls, the effect of theophylllne vas also evaluated onf;;f”'

'cycllc AHP accunulation 1n response to lsoproterenol and'7 :

,sff:eplnephrlne, vhose responses 1t pOtentlated°,§ﬁiff?qff;;k;h*’

The statlstiéal -ethod of evaluating potentiation orfjfj;

Affffantagonlsn hetween tvo drugs on any paraneter is by neansf;;ffl

’:'tof a uodel I 2-way analy515 of varlance,.yuith each drugff;fff

ffzach block therefore con51sted of .aﬁ control fissue, pe7ﬂff‘-

tet1ssue treated Hlth adenosxne or’;on




: 4

”‘elevate snooth luscle cycl;c nucleotzde levels (0 OSuBYr?ff}

kiflsoproterenol 1n the presence of theophylline:72,0 t 3 75

134

from the same. aninal | The exposure tlle ‘to theophflline o
;:-i 11n1n and to other drugs 605. Slx repllcations fron

1 dlfferent anlmals conprlsed the conplete block._ 'rn--thls-"
v ) !
’case- the: statlstlcal term '1nteract10n" wh1ch denotes ;

v

non-add1t1v1ty of the effects of each factor when salples

vare_ exposed to both factors together, 1s synonynous vith

.drug 1nteractlon,- 1 e. potentlatlon or antagonlsn.,julﬁr;fp

':statlstlcally 51gn1f1cant interactlon does not exist, thlsi

'vanalysis jﬂhas fﬁtheg advantage c of harbouring 'hiddenﬁjiﬁ;

‘freplicates' uhereby the naln effect of ench drug 1sf;ﬂ;'

'assessed both n: the absence and presence of the otherjﬂh‘ﬁ

“frdrug., A further dlscu551on of the statlstlcs elployed 1s;fff

-contalned 1n the Appendix.,p-f*“”

‘\‘

deternlne the 1ouer. 11lit of detectlbility of“ﬂhﬁ

o changes 1n cycllc AuP content in response to drugs, the;;atv

‘ :fwas enployed 7 The effect of theophylline on this responseff;fﬁ

| ;ff?fvas conconitantly evaluated as described above.f The data¥ff“7

lovest dose of isoproterengl reported 1n the literature toj;'f*

‘tfare shoun 1n 3-d1nensiona1 array 1n Table 1G The neanfﬂ~j“

T7dre1axant responses in the drugﬂtrented strips uere;f{f”*

< S

.1soproterenol u3.3 + 5 sx, theophyll.me ur 7 1 6 zx and""'

'vhere positxve value represents increased anplltude of;

51 fspontaneous contractlons.» The true potentiatory effect ofd;leﬂ
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Cyclic AHP‘(§idles/pg,p;qteih):'
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" theophylline vas’.etaluated' on the strips _'receivlng‘

conbined ‘treat; nt' and was 43, 3 1 7. 8%. .The outcome of

. the - analy51s;5 V,ance is showu ‘inf Téble' 11, -A

’151gn1f1cant :vvarlance_ component uhen conparedf,

'-vlth the;*'t'"i ﬂ-(error MS) ‘was contributed by o
4 3 . ) L .

;dlffereni ‘?end,' hyf' treatnent vlth Os1lu~7

" theophyl1} =1 Vflncreased CYCllC AHP levels by 1.03 it}l"

‘;76 B 0 44 P"°les/'9 proteln) approachedyf'
:f519nlf1canc-l ;glle COmblnef treatnent with 1soproterenol?ff'
plus theophyi
Acih1Ch was no;

?»’1nd1v1dual

S Thus,: theophyl**ne potentlated relaxant responses to thns: o 3

jfdose of - 1soprote47
11c AuP content of strlps exposed toia7t

{;both drugs.:j

’:tproteln.'”l The - effect f 0. o5uu]._”‘”"

:e 1nduced a change 1n cycllc AHP levelsﬁ”;.‘
‘{gnlflcantly dlfferent fron the sun Of thetyQE"m

of theophylllne and 1soproterenol.ﬁ_ﬁ

1}01 whlle prodnc1ng °nly additive{f;"e"

'“rf Hhen the mlxed adrenerglc agonlst epxnephrlne ﬁns”i“Q P

.:*;SLmllarly 1nvest1gated, 0. OSuH lnduced a relaxant responsef;;fj*’

‘f,f{of u2,8f‘t 7 2$ 1n strlps exposed to this drug alone and_el-

;f55 2 1 5, 8% 1n strlps pretreated u1th 0.1-& éhéophylilneﬁfwjl’i"

-vt?for 10“1“'-{7Th response Of the nuscle to theGPhYlllne;:i;ﬁ?iﬂ

r"l-:Feplnephrlne responses Ulthln 1nd1v1dual luscle strips s'ffﬁ;;Qf

[ - i 4~ el DT
"ﬁ__28,2"' 6 7%.2% The cyclic AHP content of strips fron 51x“1yfT;?ﬁ




 -~‘Abbrev1at1ons'-< df: degrees : of free

"'Vfwfresponses by u3 3 t 7. 8%.-,g,_u;$%“-_

137

N

source of variation 4f S5 8 Es - 'fgf‘
| | 5 123.54 -24;71.;22.35”f; p<o 001*   .

© 0.05un tsopfotefenoi‘1,:'u3.42" 3.42° 3,30 0.1>p>0. os

“o 1ni Theophylllne 17076037 6037 :5:i55:0305>p)o;025*'1 L

Error .. 15 15500 103 o
CTotal . 230 we30

e

s  '_h  i 1 ;:f  Eg ;:llﬁfbﬂjﬂw7~ |

v\{-

- ‘rable 11: Aga lx §1§ of vagunge &nhls... iﬂ! W

‘."_ﬁlﬁkﬁ 0.1n8 theophyllipe: Q§§;

'squares;  MS: mean . square - (SS/df); Ps:” vafue of - Fe

" 'd1str1but1on (HS/error -MS) § p-?prohahllity of 8 Q?curringfng5fi

by chance;: *:. significant at 5%; ns._p>25$.\;:

SS'” sum - of«fﬁ

“~3Relaxant responses'- 1soproterenol “alone 43, 3 3 5 6!.7'.

"Slsoproterenol in the presence of" theophylline 72.0%¢ 73, 7%.- ”:f 

-+ Theophylline 1ncreased the : amplitude - of - spontaueouSg;“’._
.~ contractions by 4.7 % 64 2% and potentlated isoproterenol*{‘ o

‘ . ' .
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»

»

'anlmals and the results of the analysxs of variaﬁce are

‘shown in Tables 12 and 13 respectlvely. In this analysis

hlochemlcal parameter.

neither 0.0Sud_ eplnephrlne : ner' 0 1mu'» theophylline
signifieahtly Jelevated c¢yclic a#p. levels éhlthough the
centent¢ef1;irips jaried elgnlflcantly betveen animals,
Once again  nqd addltlonal varlance _conponent could be'5

attrlbuted to 1nteractlon between these.»drugs -en‘ thls |

In 'sdmﬁary, " the folloiing Mresults- uere obtalned,“
S A

:de5p1te the varlablllty dlccussed 1n Sectlon 3 3-1, in

;Accumulatlon was greater at 60 than

>

'1ncrease-ln~cycllc AHP content of 0.76 x 04y puole/ngg?~-;

‘ -'l'prechosen level of 5%.

&

eXperlnents de51gned to test the sensit1V1ty of the assayf}~hh

system to drug-lnduced changes 1n cycl1c AHP content.‘if

.1 1uu Isoproterenol, whlch relaxed the nuscle by 85 tﬁ

o

3.7% at 605: Slgnlflcantly elevated the cycllc AUP content”lf

of the tlssue: after 'elther 10 r 605 of exposure.d.b_“
at o .

(Table 9)

_0 OSuu Isoproterenol, the snallest comcentratlon reported”li**
cin the llterature to 1nfluence snooth nuscle cfcllc- AnP,fﬂ"

icaused 43 3 i 5 6% relaxatlon_ 1n thls tlssﬁe and anr'f,;;

.erroteln at’ 60s, whlch just fazled to be s1gn1fq;ant at thefﬁi”'

- L . \'Vl, .o
° .

'.»tif elevate cycllc Aup levels 51gn1f1cantly at 605, ﬁ:lef[%Eﬁ

L

‘f"cauSLng u2 8 1 7 2% relaxatlon of the; nuscle,'- 1uu.W,‘7

L T o L T_;gfrﬁfj,{_fj’_
“-f¥2. 0 05un Eplnephrlne.’a mlxed adrenergic agonlst, falled’ff“”
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q

Cyclic AHP‘(pnoles/pg protein)

) EXPT®

~EPINEPHRINE [ +EPINEPHRINE

128 6.39 6.68

131 8.34 | 7.55

132 10.18 5.97

=THEOPHYLLINE.

134 3.46 2072

136, 2,54 5,06

137 1.717 - 3,29

128 9,21 10,13

131 7.49. . 6.53.
132 6.57 7,33

®
-

+THEOPHYLLINE

134 4,62 T2.75

136 4.66. 2,97

137 2.1 3,49

,h-.‘—:-——‘——._-_—-'—-.—-"—;—'-—-——.-b_‘-—-’———’~—.-_-———-b-—.——-q _._._-‘

oM o)

)...-—-—-———-——_—-———4.———-————————-—-——-—-—_q

..-—.—.—-_,_—4-'-—-———_-1-'—-'—_.—-—.—-—&.——-—-—-—

g R RPN SO
‘.Tabig Il§§ﬂ§ sxslasx AIB‘#lﬁ.ﬁlﬁ ﬁﬂs 3:&2: Q;&in.t
szsnszhx;n. i Q.1m8 theophyiline.

‘Individual estlnates of cycllc AMP content of tlssues fron[j'

5ix anlnals.~'~¢ o S e
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o .

' gource of variation 4 , S5 ¥ B8 2
‘Animals 5 117.60 33,52 11.87 . p<0.001 %
b.OSuH Epinephrine 1 0.46- .0.46 '0;232¢ .‘ . né .

' 0. 1mn Theophylllne'u 1  fo,92J. 0.92 0.464 " ns
Interactlon . 1 0;63. fO.Cé"0r61$ o v#s.
Ergor‘ S .15 29,70  1,§§ . | |

‘Total - 23 148.71

-

1 ‘ . . _ | eé-
‘Table 13"Annlx§i§ 9£ 13:13392 Iﬁblﬁ& Q&Qﬁﬂl gBinﬁﬁhxang
Yersus Q.1aM theophylline.

- Abbreviations as in Table 11 o é

‘Relaxant re5ponses:-' epinephrine ulone 42 8 t 7. 25kbv}:'

epinephrine in the presence of theophylllne.SS 2 ¢ 5, 85.
‘Theophylllne ~increased - the alplitude of - spontangous

contractions by 11.3 t 5.3% and potentiated epinephtine ",';;

"fresponses by 28. 2 £ 6. 7%._3-
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\ Epinephrine, ' produciné 87.8 & 2.1$ vrelaxation;
51gn1f1cantly 1ncreased cycllc AMP. content after 60 but -
‘not after 105 of ‘exposure (Table-B)

'.3;f Althougn O tlaM heOphylllne, vhlch did nqt decrease

the anplitude of‘d.spontaneous act1v1ty, potentiated o

responses to . 0 OSuu 1soproterenol or ep1nephr1ne by 43. 3 t‘_
7. 8% and 28. 2 t 6. 7%, :respectlvely, no 31gn1ficant
'1nteract10n on the paraueter of cycllc AHP content of the':
tlssne..‘was detected betvesn theophylllne and elther'?

standard drug (Tables 11 and 13)..

3.3;3; Effect of}adenosine_on'cyciic“AHP_leveis;‘j

-

s reported ~in’ Tabl; 9} 1uu aden051ne ﬂld t'-“d'
~influence' cycllc AHP content while relaxing the tlssue by'

22, 8 1 2. 95 at 605.. Cycllc AuP estnnatlons 1n the absence

-and. PreseﬂCe ‘0f “10ul” aden051ne and 0. 1lu theophy111ne arejf’j"'

fshoun 1n Table 1u and results of the ana1y51s 1n Tnble 15‘]f"‘

”._Nelther 10uu aden051ne/ por theOphyllxne 51gnificant1yf"

'lod1f1ed thls parameter, nori ta;‘ t:'re an interactionff
. . st . I

Jbetween the drugs.df The ~mean relaxan

«Iesponse to th1s_:"“'

;dose of aden051ne vas 31 0 + 5. 5%, vhxch c0rresponded to

‘."_ll5 8 ‘ t 5 7% of the , lg;ilal tiSSUe response to ‘4000! :

.adeno51ne., In the presence of theophylline, the reSPOnsef-tfﬂ

'to"tnis dose of adenoslne uas reduced to 10 5" t “Te 93, orj”

o 15 5 t. 2 1% of naxxnal adenoslne-indnced relaxation. 7,Iif7;ﬁ‘”
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CycliclAHP'(ploles/ig'érqtein)'

-

EXPT

~ADENOSINE = | . +ADENOSINE

r7~*fff-'

o
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-—i.d-—ﬁ-—&- — v o :

b
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®©
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|

‘132 - 17.75
' - :
133 10.50
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Cmnimals st ene2 se 1952 0.2ep0i)
10uH Adevnosn.ne ' 1 5.14)_ 5. 1“0 'vée-'ai" ns : s
041N, TheoPhYllxne  1f. ~3.6-}_ 3 61,'0 “56ffi;{\ﬁiﬁ$:]; J::'7 |
| .‘Intera‘:tmn 1 s -\1;1_-;19.75 SHTPS 025>P>01 it
\.-thrror.f f¥ 'i‘;'uf-_1§ i116 32?5 5:15 ;‘1.‘_”‘_,-._ et
: ‘-.To"tal.l - : e 23 20‘..19

B IR TR N R S R S
" Table 15: Annlx&i& m‘. mnnszs ~mz1h mn nﬂsnszaias:;»;_,-
" . ¥eEsus Qu1aM &!ﬂanh!llinﬁ; - L

“ .Abbrev1ations s in Table 11. ghs’n‘# y- ‘ g
. Relaxant responses - adenosine _ alone 31.0 t 5 55,:_;4 v
.adenosine in’ the presence ‘of “theophylliné 10.5 -+ 1,9% =
Theophylllne .increased. . the. amplitude ‘of spontaneousé‘»ﬂ: -

.. contractions. by 8.0 % 5.3% . and antagonised adenosinejm,
"\';.responses by 68.3 + 4, 9S.<.{%f . FrE S

ng
=<



| _wa'"'
;etrips:'Exposed, to 'roth" adehoeine‘andetheoﬁhyl;ine, the

. degree"of.’antagodismg'eexertedv ryad ;hekphjllipe‘::wae‘.
calculated as 68.3 £ 4.9%.-
51nce 0. 1nu theophylllne had been chosen as a dose‘fd’

";whlch d1d not relax the luscle and hence“vhich llniually:””;f'

ilnhlblted phosphodlesterase as 1nd1cated 1n Tables 11 15[_:;ev

* 1dand 15, the 'effect of F phosphodiesterase 1nhibitory:17

", :maIllul) in the absence of lethyllsobutylxanthine and 75 3{]35’

' ”.1o£;;§" (106 7 £y 6 3% naxllal) ‘ijeritgv presence.fi"

concentratioh of nethylxsobutylxanthine,',which d1d not{ﬁf_k.

| ._A'antagonlse adenosme responses, was deterllred on relaxant;"'r,}"' ;,I‘
:iresponses to a hlgh dose of 100uﬂ adenos1ne and on cyclicﬁf?f-;
-AuP accunulatlon the tissue.:~ Results are shown in;;?V’i
eTables 16 and 17 ﬂethyllcobutylxanthine was preseut forffcd{ji
_~e1011n before addltlon of adenosine and relaxed the nuscle;?fff*
d':by uu 5 5 S’v 100un Adenosine induced relaxantf{*igf

| reSPODSGS °f 66 2 t 6 75 (89 7 t “ 2% of aden051nefﬂlff;7

I
|

"7§Potentlation of adenos1ne reSponses by nethylisobutyl-q;:.h'

- f"xanthlne was calculated in strips exposed to both as 10,1afffdg

‘f£. 5 55.:” The analysis of variance revealed that 10uneigaff

~*j»;nethylisohutylxanthine significantly elevated cyclic Aupffﬂijfg

. levels, the mean d’i.f,fé;rence -;bsiins’ 1;-:54.2: '+ 0.58 proles/ag

:*fprotexn.f At th;s dose of adenosine, @i§i§£;irg

7":tlssue nore than d1d .ethyllsobutylxanthine. he changefin;

:;j.yclic .{”.p_f content vas ddf}
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CyCllC AHP (pnoles/ng protein)
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RN

k;ﬁgnzce 9£ 13n1§$;92 Q: '§§ f{f7%iﬁff)ff§ﬂf ’f”¥ff2-’ S
Aninals - ’,4'” 5. 59.58 11,92 764 p<0 oo1 .
y5100uﬂ Aden051ne h;ifﬂlf.‘§¢86;f: 3 86 2 48 0 25>p>0 1
©t0us nIxi ~f,:ff7 ?*jj ‘ié}b6 ' 12 06 7 T4 o 025>p>0 01*3'“
: -Interact1oﬁ- ¥ﬂ _inf1;i'0é59; O 59 0 378 _f:fns‘ o
f’ffE:r9r ffﬁi” qi{ ;j;fié"?23§a1 1 56 /;:5  ;§ ‘”  \ 

’:Y?iTable 17°' Anslxsa& ef xnxisnss 14&191 lﬂﬂna nﬁsneains

A'“‘Q-gﬁbbrev1aﬁions asin. Table\11;‘1: nethylisohu
’7Tgadenosine in’ the ‘presence of ‘MIX 76.3 + 4.0%.

41 Vf*E";and potentiated adenosine responses hyﬁ14f7 + 5(55.;g

- ¥ergus 10uM ns&hxli&ehntxlznn&hins; | e
anthine.f-w,gp“
X 6T
o NIX jeduced o
. the " amplitude  of- spontaneous contractions hy 44,5 ¢ 5_5$n_;uﬁ,

."Relaxant - Tesponses:- ‘adenosine: ‘alone 66,2




”rlgjhthrough nej conputatlon “ef“i the leasﬁ

’df_nean square (calculated by analysis;o'

"IQ~closest estinate of population variance;lin .the ‘equetio__

‘rh:fjfleans vhlch uduld yield a t-value equal to that atuth
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N {»“.
'A'signifiCantr' pb»ihteraction Ua51deteCted{,‘:,,{”

. . - . ; ’ 3 .- K 0 ...
Slnce 100uu adenosxne produCed a response equlvalent”-;

'wto 90% of the ma11nal tlssue response to adenosxne, it vas fi- .

».obv1ous that any 1nfluence ofﬂhlgher doses on cycllc Aupjif;"

7levels -could not he correlated to 3 nuscle | relaxanti[f."‘

. v.act1v1ty.,l Nevertheless,. 1t vas of 1nterest to deternlne’_;e.*

_“vhether adenoszne or ATP, llke eplnephrine, could 1nducef.;tfg‘

’ CYCllc. AuP accunulatlon 'a 19h doses. Slnce 1t !&s notp’}sV

'longer necessary to evaluate relaxant responses, 'sixﬂf°

f_,strlps fron one anlmal were exposed sxnultaneously to drug'fff

ftre&t“ent ta Yleld estinate of the error of eachi?“’°”"

”V°bser'at1°n-: The three treatment groups conslsted ofjfj““'

‘l“control, aden051ne' ATP (100uﬂ) re-evaluate thefefihf5

".zﬁhtcone of the pre41ous experilental group and adenosinef,?7f'f

'7€”or ATP (1BH) hhff effect of drug treatnent on tissuef;ffhil

?hfcyclxc AuP content vas evaluated for each experilent byf{f5fgf

-,means of :a:vone-way analySLS of varlance (see Appendix).hyj-y.j

'ffrhe 51nplest technlqne for c0lparin9 qu“P -eans 1s":pﬂfj'

'fhjfdlfference.; This is derxved by suhstitutin§<>the egrorpﬁjffﬁ]

”7for t (see Appendix) and represents the difference betueen*

"s}dprechosen significance level,-~ Fﬂ”'

;iisignificantfﬁﬁfﬂgﬁ

"ariance) as thefﬂﬁ"




;18.}h-Th difference 1n control values betueen parts (a)f-"

"f-analysed by two-way analysxs of Varlance to 1ncrease thé[d”“

"one-vay analyses (Tahle 181. To account for this, thexfhiﬂ

’”iﬁinteraction nean square : yield the P-value of thefffw'
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.‘results of the 1nd1v1dual analyses are expressed in Tableh{

and (b) in. the sane experinent are’ described 1n section,;5‘
’_:3 3. 1 and discussed later. : If 1t fis accepted thatj
' ¥ ' o
. aden051ne and ATP 1nfluence cyclic AHP levels identically,;-

‘the results expres&ed inu Table nay be pooled 'and;e~

: isen51t1v1ty of the procedure to snall changes in tissue?*"
;‘CYC1IC BﬂP-iﬁ Slnce in this case one of the lain factorsfﬁ”ﬁt
(animals) 1s randon, the interaction tern reflects errorpjf‘

dintroduced bY dlfferent outcones 1n each ot the individualr?i}’}

:~.f91gn1ficance of the difference between treat-ent groupsrfi“f"

lfﬁégn tested by div1d1ng the treatlent lean square by the*&ﬂ -

R

“*5}1treatnents.f, As shown 1n Table 19, interaction produced ah5>b
jf;51gn1ficant error .and no Significant difference uasﬁlh[_n

?;n”fdetected anong the_ treatlent groups. 1nc1uding controll R

‘5¥4Thére -'35 thus 'no 1ndication that adenosine or hrP?f?;‘:
\Iffenhanced B tlssue ' CYCllC ;Xﬂb' content even at 1 gvfpij

?nfconcentrations.; These results vere as anticipated fron*iiff

.wry?brlnspection of Table 18.;n'fafﬂ; L
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cOntrol 11 19h-j1 QO o "‘\i: '*ﬁ?i«-f.ﬁv_

“150a’ 0.1mM AR3. 8.01%.0.32  =3.18 .i,7fz,3g 2007
MM AR 8.92.% 0.81 22,27 o o

H ™ H-

= - Control.' 1;9J  0 35
©150b - O.1m8 ATP '2.20°

- 1aN ATP. 229
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| 0.25  +0.33 .
../ Control 5.04 £0.31.-

’ 151a 0.1nu AR3. 5.27
inR AR? . 5.20

R

Controlﬂ5¢1}85% f0;2G '7

H

an ATP 1;95}1;0523_ :+0 1o:,~~

- Rek- QEQQE_

. Cyclic - ANP- content is expressed as iean t s.a./ of sixslfp-f,
. observations.: None' of 'the . four: conplete analyses,aj;gﬁl
- ‘indicated sxgnlficant drng effects.. 1. ploles/ng ‘protein; . -
w723 least significant. increase, ‘calculated as-described in. . . .
. the Appendix and expressed in the last’ coluln as__percent;Aiﬂ*
”ﬁ”*.of control nean. 3° adenosine..?L,i;u_-... e L e g

)
Tlod

e, .

-<m

0. 30*'+oa29'f§;~+o;1371,;49;ﬁ L
;0@38-~i+o:zs»4:;5.4ie¢qﬂf&,jzd;éi° vl

"f'if1s1b ARITH ATP 2,03 £ 0.1 ~ 40, 1e]j5f-v#§gﬁﬁfiz;izﬁ:é;ﬂlﬁ?**‘
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6 28 01
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‘The ‘'data suamarised in- Table 18 vere pooled and
11n a- block des;gn.

o 51gn1f1cant
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117,82 p<0.001s

of 1snaange xabls; aﬂsneﬁins o AIE ntfj??fj

2 53 o 05>p>0 ozs*jf};.”
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3.3.4. Discussiop of cyclic AUR measurements,

variability of control nmeasurements of cyclic AMp

. betueen‘different'experinents is tacitly reported by‘ all

v:authors performlng such measurenents in snooth muscle, buth

: \ -
- is -seldom comnented upon.' Inspectlon of publlshed work

'reveals 1nherent varlablllty of ‘the Saue order as reported’,i.'

‘here,' no matter the un1ts -of aeasureaent "enployed

‘e, g. Buedlng et al.v(1966) 0. 09-0 48 nanoaoles per g wet-
h welght (gulnea-plg taenla coll). Polacek & Danlel (1971).”
55, 3 '16{8 (mean " Js é., n-6) ng/100ng (rat uterus)i
'-_1nplY1n9 a standard dev1at10n of about 33 ‘Units and QSShrf

-confldence. 11m1ts of 0-120 unlts- Andersson (1972) 82‘t’

L 18 (mean t s, e., n=6-8) nmoles/g (rabhlt colon),. 1mply1anu

95%. confldence llllts of about 0-170 unlts and Inato-r et f’;'

f'al. (197“) 0 55 + 0 07 (mean t s.e.,:n =6) - pnoles/ng uet"
".'elght (9u1nea°p1g taenla caeC1) or 95% COnfldence llnits[_

‘of about 27-83 unlts. Thé latter vorkers renarked thataﬁi‘

'51nce “greater varlahlllty was observed between dlfferentAfjf?,

e batches of gulnea-plgs,' only one batch 's used per171~"

_exper1nental set.; The extraordinary varlahillty is often:’

;-Jadvertantly or 1nadvertantly concealed wrthln ‘a relatlvely.,ﬁg fﬁ

/.

"f;[small standard error tern vhlch refers fproperly to the.ﬂhﬁ”

74

“ d”_estlnate of the nean value but does /not accuratelyif7

f.descrlbe the populatlon of 1nd1v1dua1 controls.,, rhe ef'ﬂ:';f

~T»;ﬂ]of nean values for control or treated groups has therefore.]f; }j
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been eschewed ‘in the ‘presentation of results in this
‘section and numerlcal differences only are ,expressed as

8 4

@ean t standard errort

‘iable_ 8 indicateef that differences such as‘those
observed betveen animals- maf bev'reproduced 'uithin ;one.”f
animal ‘undeL certain circunstances Since the, data in
l-thls table vere obtalned from strlps whlch uere not 'under
tten51on uhen sanpled and vhose nechanlcal act1v1ty Has
btherefore unknown, it 1s not pos51b1e to extrapolate these»
observatlons to vorklng strlps 1n satlsfactof? nechanlcal;
.-condltlonu whereas 1 cyclic AHP content appeared to"

dxmlnlsh over a relatlﬁely short tlme in- strlps nnder ‘no

1nposed ten51on, 'no- 51gn1f1cant dlfference uas detected

. between control levels of fresh sxrlps and of those stored“'}

1

for up to 3h at u°C before nountlng under tenszon.a
similarly, no. correlatlon was apparent between total tine}'

‘at 37°c and CYCllC ANP co tent 1n elther fresh or stored'

LY

.spontaneously ‘active strlps. Slnce sanpllng order, alongtf

o

g ulth treatnent group,» was <a551gned strictly randonlyi'*

_.throughout, any effect of tlme on 7yc11c AMP content %ouldd“lf"*

V'~l;not 1nfluence the ontcone of . the analyses of varlance”

'tnreported above.- f':;ff} jlﬁf - 571i]f@wf£t;j.l‘Qﬂf@;“f

Desplte strlct experlnental protocol,»,con51derab1e7:’

‘1ntra-an1mal B varlatlon asz,obseFved*,l“n spontaneoule;fﬂ S

- B v',' R
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active strips (Tanles 10, 12, 14 and 16);. Suchltables ‘of
experiméﬁtal.‘ results are rarely : publiehed in the.
_literatnre, but Bueding et al. (1966) illustrate ‘cyclic
"AHP\ 1ncrements"in reséonse'to d 025uﬁ.epineghrine as'+17
to +156$ and to 0.5uM eplnephrlne as =4 to +9U%, ~Similar
variation in drug-lnduced changes is obv1ous in other uork.-
iby calculation fof"the: 95% confldence lillts of the
-vpopulatlon of dlfferences and may reflect elther varlable.

sen51t1v1ty of dlffereht anlnals to a particular treatnentA

e o 1ntra-an1mal varlatlon of cycllc AMP levels or both.

. 0 . . . ‘ .
o ‘ | ,
In thls muscle, no 51gn1f1cant dlfference vas'-

detectea betveen samples frozen Ain_ the contracted 'orf
' relaxed state. It renalns p0551ble, however, that
tran51ent changes 1n cycllc AHP content llght be revealed

@urlng thef contractlon/relaxation cycle if strzps could‘

©

reliablyfbe frozen at precise points 1n the osc11lations,_»l"

This uould ~require extensive“ study ”at'.relativelyfloif
.tenperatures 51nce at 37°c the frequency of-3Spontaneons,,"
contractlons (17/m1n) : does not allow the 'necessary

p:301slon;' If fluctuatione 1n cycllc AHP are respons1b1e4'

for spontaneous act1v1ty in thls tlssue, as suggested byf"'

"Bovnan & Hall (1970),_'av tmne lapse llqht be expected"
rfbetueen" peak cycllc AHP levels. and llnilal ten51on"
Y.Zdevglopement, dependlng on the time-~necessary for' the?

'“1t}eSne to'respond.- Dialond & Hartle (1974) have, however,'

',:‘ I e



tension.,

Changes are inVariably uithin the range‘of controls"and,

:expressed as percentage o‘ control. Since the t-test is a:,f"

fora of analy51s ‘of

154.

"found no change in e1ther CYllC AMP or cycllc GHP at four

G

p01nts in the time course of spontaneous contractlonso in-

rat uterus; As procedural -protocol in tbe"present'

experiments, control andldrugetreated tissues were“frozen

as close as possible to the peak ofispontaneously\induced

&

In view of the,uide~‘range. of control .and treated

values in this- and other types of snooth OiuSCIe}

evaluatlon of drug-lnduced changes in cycllc . AMP . s!ntent

presents,‘conceptual dlfflcultles, firstly, because~such

'._secondly,, because it is necessary to deglde vhether drug-
1nduced changes are a functlon of their reSpectlve controlj'

'level or are' 1ndependent events. Results have been'il.

-

) presented ‘by dlfferent authors 1n dlfferent uays, €.g. asf~““
arlthmetlc 1ncrements by Polacek & Daniel (1971) iandF
Andersson (1972) and as a functlon of control by Buedlngyf
et ”al. (1966) and Inatonl et av (197u). :,‘h last et R
mentloned vorkers perpetrated a statlstlcal error vhxchs
'1appears attractzve :if 1ncrements fare'vexpressed ,§§f‘a;:

‘ functlon of control, by perfornlng a palred t-test on data

gfexpressed as’ 100% contalned no varlance at all, the test; ‘

f'perforned uas 1nvalid Tne purpose of_‘lts use W sL‘

f_arlance ‘and the control groupf:



.transfornatlon Was
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undoubtedly to boost -the effects of the three lowest ofVl
" four doses of 1soproterenol into apparent signlflcance.
Bueding et al. (1966) do not 1nd1cate‘ thelrr method of

N
B - . o] . . \\
statistical analysis._ ' o . K A

Statlstlcal procedures for detectlon of changes mrlnchf
- are e: functlon of control depend ,upon the ' use of the
| "lo'g‘arithns of the. data obtained. - The " lkogerith-ivl_ic.t
transfornatlon ‘isf‘ elso ’~indiceted‘ in utqu- other
c1rcuustances - - _ o | | .d |
'1) where the logarlthns of the data ”better .setisiyg the
'hessuuptrons of,’analysls»,of’-var;ance »than_:dofthe;datahg
themselveS‘and' . B P
‘ 2) vhere unwanted 1nterqction betveen treatments threatens;'
to obscure »the- outcone fof the 'analy51s, 'logerlthlrc‘
hﬁtrensforiatdon ynay reduce the interactlon;fefrect,:to
"insignificancer'_ i ..*ﬁ':'gyu 'ﬂ~f':'?;f:~rf'dfvfj_'ﬁﬁﬁ'k.f

._Calculatlons Hlth the’ logarithns of the data reported”

'above revealed that the transfornatlon dxd not appreciablyu*

reduce the error tern ln the analyses of variance. Sinceijr

hno statrstlcal advantage uas galned hy thrs ;lanlpulatlonhfm

,Ana srnce [its‘fu j‘;uas 11ke1y to obscure any realfg‘

'7interactlon’_hetde_n - drug effects,_“-theﬁf logarlthuiC'.'

‘_atzstlcally undesireable.p The flnalhzi

idec151on of hov to rnterpret the data therefore rested on -

whether..or; not ‘drug effects are properly expressed as;;;,f.
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'funotions of control 51nce control levels varled widely'

‘in strlps which appeared nechanlcally equlvalent, a large

}'proportlon of tissue cycllc AMP content must be located: in

cells othe? than smooth muscle A‘or in d'suhcellular,,
'eonpartments unrelated to nechan1cal act1v1ty, assumlng
that the pathway proposed by Andersson (1972) " for cycllc
~'AuP-1nduced relaxatlon exlsts. 51nce there 1s no a p;;g;; -
reason to assune conlunlcatlon between such)COlpartments

- and llkewlse no a pgst_r;g;; evidence from analys1s of the

".data, results have been presented abOVe as 1f drug-lnducedz'

1ncrements were 1ndepende:t of basal cycllc AHP content.

Sen51tiv1ty testlng revealed this 'Systen to be asffef7

respon51ve . to drugs as’ are other types of snooth nuscle.-;~v,

-150proterenol at 0. 05uu larglnally elevated CYCllC AnP by.ﬁﬁu

r0‘16 t 0 uupmoles/mg proteln while relaxing the nuscle byf'h

: u3%.ﬁ nethyllsobutylxanthlne at 10uu 1nduced _af sil;lar,faff

Q.

relaxant response jand'_51gn1f1cant1y enhanced cyclic AuPh;_.'

,1_00ntent by 1.42 % ° 5BP“°1es/l9 proteln. Nevertheless:'""f

f'_aden051nel'ats 1 100uu,' thch relaxed the luscle by up to';"'

_,,-65;, d1d not s;gniflcantly 1nf1uence tissue cyclic Aﬂpfj?ﬁ?*””

tlevels. - Slnce eplnephrine,-;" llxed adrenergic agonlstﬁ-;'

whlch evoked relaxant 'responses reselbllng thosevtgtof7f

'faden051ne elevated cycllc AuP at hlgh but not ‘at lowerﬂ';,“

‘ doses, a supramaxlnal dose of aden051ne ‘vas also elployedl]x‘"

. dto deternlne whether adenosxne resenbled epinephrine ins¥_.h

o
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this respect.. Since' prfmary drug-lnduced effects;f'asf
gopposed to secondary conseguences of the response, should
" be observable 1n muscle under- no 1mposed ten51on, itnej'.
'.effects of 100uﬂ and 1nu adenos1ne and ATP vere evalnated‘>
‘1n groups of 51x ﬁrlps suspended together ,ln» Tyrode;l»”
”rather than\ mounted in an organ bath Hhereas a 2oxl3

elevatlon (+0 us to +2. 32plole§9ng proteln, ‘see Table 18)

vould have been 51gn1f1cant,, the effects of. theseﬁ,f_ :'i

concentraFiOns- of adenosine :“andf,fATP; vere‘: neither;

@Elgnlflcant nor dose-dependent. o

' The fact that the least 51gn1f1cant difference 1n;[f¢

v

.,these one—way analyses appears to be a functlon of c°ntrola.

PR TEN

;‘probably reflects proport1onate1y increa31ng experllentaleﬂ;”*’“f

error vlth neasurenent of larger cyclic AuP values. Thls‘j[ﬁfffz

is 1nev1table 51nce the rec1procal of recOVery of labelled'ri;':

3”1 ltracer, a source’ of error uhlch ls 1ndependent of totalﬁ_ﬂ;;f

;cycllc KHP,”di. nultlplled by cycllc nup (as leasured in‘f‘y

.fthe assay) to yleld the estimate of total cyclic AHP“:-':,’

3 <

"Wnithongh the accepted crlterla for ascrlhlng theg R

‘rlmechanlsn of actlon of a drug to nedzation by cyclic AHP”\Q
: N .

'ttfdenand that %ﬁe drug elevate total tissue cYclic auPd:wfv

levels, thls ‘may be. an ovetly silplistic viev., S-ince“’;’:"'i-

1”nuc1eot1des re'»knovn to be conpartlentalised vithin;?ﬁlﬁffff

'5[¢ells,. 1t fi conceivable that a" snooth luscle relaxantf;f7§F"

B AT



' -vith relaxation.

ﬂ”adenylate cyclase quite nonspecxfically, even' in tissues“‘
'believed to 'exist. *fIt renains conceivable that both,yf*
'iactions -: cyclase nay exlst conconitantly in one tissuefff
'_and that cyclase 1nh1bition lnf one cellular conpartnentf;:#-xfi-

.;.ay obscure the effects of stilnlation of sensitivej‘,;,u_

'ltwere the case ‘in snooth muscle, theophylline, vhich 137‘(,f;{‘
‘ cantagonlsed aden051ne-indnced relaxation 1n thls&tissue,e:’;f'“

7.ftheophy111ne was not observed, there renains no ‘ev1dencef7j;yl,£51

n

jAdenosi-ne : Has ' been shoin ‘to lnhlblt 'nalnalian

vhere n'; aden051ne-sen51tive regulatory subunit

known to be an effective antagonist at the stinulatory butl}ﬂ

.,k"iphOSPhOdleSterase 15 1nhiblted: i 10un i ethylisohntyl*fayff
“_xanthlqﬁ should ha'e- revealed any stilulatory effect of ;iﬁi:"'

:agf100uﬂ adenosine on cyclase.} Since no interactidn ‘betweenlf};‘””‘”

.g;:fagain c0nc1ude that adenosine does not -stilnlnte cyclic

;a

o

'night elevate cyclic AHP only in. a conpartlent aSsociqted :

- flcyclase in a different functional cqppartnent.: If this-‘:

| apparently not at the 1nhibitory site,' and ‘Hhich alsci,eyfaf,*

f?night reveal av'net decrease} 1n cyclic AuP levels infff‘~3*n

”;:resppnse to ;aden051ne.,_ Since this possible effect of:§fff“w'

-of  ia adenoslne°sen51tive adenylate cyclase in thisy?.;y

tiSFue.;< Since accumulation c'- cyclic fiﬁhyfr through%]fc

‘stinulation jof adenylate cyclase should be enhanced uhenif;e"ff%f

L”TltheSG drugs on cyclic AHP levels vas detected({ole ust S




Aué ; fornationlt vl nethyllsobutylxanth1ne | potentlated.

responses to 100uu'aden051ne by' 15%, but owlng to the 
larked decrease in, anplltude of spontaneous contractions

- .
induced by ‘the phosphod1esterase'-lnhlb;tor,]‘this effect

appears artlfactual.-‘;_ f'a'w"*ﬂ'}" . ,f:‘i.“ v
S T Sl T e e
‘i£7 a@si hOped that 1nteraction betveen drngs'on'tnéi'} R t"
paraneter of cycllc Aup aqculnlatlon vould be de-onstratedj‘

u51ng theophylllne and 1soprot renol or epinephrine._jfpgtvrlf

| sfhé ‘reason just | dlscussfd. 5.§Pfj» optinal “dose of
theOPh)‘lllne for Observing poten _ation aas one uhlch did T

'-'-not relax the luscle. Since PhosPhodlesterase inhlbitlonﬁfe

‘h_. heen assoc1ated Hlth “:SIOOth -_nuscle f relaxationx'f;jd;:;
(Kukovetz 8 Poech, 1970, Lugnier et al.,:.1972 &[;}-.]ft?
Andersson, 1973b) this dose j_f theophylline vasf,ffffv"
| ”i antlclpated 'to exhiblt only threshold inhibition of;;pf;t;}?
| phosphod1esterase.ﬁ 51nce in two ont of three experinentsftzfﬁfiﬁ
7i theophyll;ne- failed létcj elevate : cyclic AuP levels;fjl_f'*

d}.slgnlflcantlY, this was obv1ously true.hn The failure tdr}f;i-ifV

detect 51gnif1cant interaction in these “analyses lay;vﬁyﬁf?f?

reflect the fact that response is not llnearly related togf}f],?fl

cycllc ABP accunulation. If,/for exalple,éthe dose-effect{;i*f

-J curve between change 1n cyclic AuP and relaxation_isfw“'tlj -

':-'*SLQnoldal, even an undetectably snall 1ncrene

Aup,f‘caqsed by a dose of theophylllne' hich alone_did not;

rela* the '“5C1ev 'ight Pronote a con ider;bfy greaterf"




tf-“cycllc AﬂP.; Alternatively, 1nteract10n lay be present butlei"_f“ﬁ

response to another agonist because of add1tlve effects onw
snall at these doses relative to the 1nherent error as;-*

-'to be 1n51gn1f1cant.v In all analyses .of varlance where;iﬁ"u

\-.1nteraction betueen drugs foas“ sought, the ratio of;jf;

"\liresponses to aden051ne or catecholallnes 1n the 1nd1v1dualﬁfV

‘ fstrlps"inv which ‘cycllc' AHP was neasured, accuratelyf*f_h\}

: ;,:potentlatlon was deterlined as the ratio of responses"5fgf;£fT

' 5.before 1'§5¢vﬁ:aftef treatnent with theothlline drﬂnld“;

finethyllsobutylxanthlne 1n strlps exposed to both drugs.,lffg‘fﬂsz

. e

Apart frol the lack of stinulatory effectsw ofl]4fﬁ*i

'ud;edenOSLne on cycllc AuP levels.,xt {s also notevorthy that"}ifiltﬁ

°7fiﬁdid not however., 1dentify the'fchenical nature of they

| ’;;l dlfferent Kn

”f;no 51gn1flcant decrease in. cycllc Aup content Has observedﬂfq[;tﬁf

:u51ng np to' 1-n adenosine.f This effect light have beenf}diﬁlin;

'ﬁfobased on the narked (up to 71%) inhibition of isolatedf{f~_,,,{

'“Qadenylate cyclase‘ fron thls tissue..

values f'r;adenos ne-erists in all ;issues,,
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it is certain that a con51derable proportion of the_ lebel

ha d - been | converted to adenine nucleotides, inos1ne,“=‘ '

3hypoxa¥th1ne or other netabolites. Even if 51nilat rapidi‘

”-.entry of -aden051ne' occurs ;in, smooth nuscle at can o

'extracellular concentration of 1lu, 1t 1s unlikely that an:Ligf'

1ntracellu1ar concentration of 10uu of aden081ne‘ g;; §e}$

vould be maintained.- AdenOSine has been found to dininish-f?;3si‘

‘.:cyclic AuP levels in adipocytes and fat Cell 9h°5ts (Pain_fff

“et gl,,o1972, Faln, 1973 and Schvabe et al., 1973),. et

A'onI}'T uf the 'presence of lipolytic agents.ﬂ It has alsolef%f°f

RN SRS

‘ibeen reported'that AHP and ADP 1nhibit cyclase vhilefui ;.

”“1n051ne doesﬁgnot (noriuaki 6 Foa, 1970) The degree of~§vwr’“

.';’1nhib1tion of cyclase in any tissue exposed to highiﬁr

concentrations,of adenosine lay therefore also depend “POn;,ﬁ'” o

'1fdthé particular/ letabolic Products forled in that tissue.fo S

Am,

..-_;Failure Of 1lﬂ adenOSJ.ne to decreasg Cyclic AHP IQVle in\ ,..,

“ﬂfg"suooth nuscle nay therefore be due to its inqbility tO}j};E:':

”1f§raxse the concentration of adenosine or nucleotides;at the,?;77'*

vafsite of 1ph1bition of adenylate cyclase to 10uu, the

.tiifllniIUI for observable cyclase inhibition in broken °°118-*uff13f5{

B 'ﬁnThis finding constitutes sone supportifor the: 1deajthat t;:f“%%J

}?fadenosine 1nhibition inleves an intrace Lula____f_ J




. Thevlinhibition».:f the alplitude of spontaneous;f

'~.contractions_f' 1nduced _by;[” adenosine'f-nndlp several,,Q;

"tphosphorylated and non-phosphorylated analogues .over the o
u?dose range of 0. 1-100uu 1s concluded to be due to a dlrect*

‘1jractlon ‘n;3‘tﬁ_ nuscle and to he nedlated by

%f.Extracellnlar receptor.nLﬁih no;etles found ;ﬁ?;ﬁfnef'”"

'”tnecessary for receptor activatlon by purine nncleosidesf'.

"apffvere a prlnary or secondary an1no group on the u‘-posxtionff‘-“:

a fand hydroxyl groups at the l2f*'f7&nd‘ 3'-positions( f§ﬁ;fp7

‘"L*Aden051ne and 1ts ;nucleotides, vere eqnipotent and B'fffn{;f=

‘. 7bronoadenosine uas 1nact1ve.. Responses to. aden051ne and'f'*ﬁ~.f

'nnucleotldesii»iere . antagonised by prior exposure toé}!nf ffg

o effectlve doses of these agents, possibly by neans _of an?;llfitf'

msf_lntracellnlar actlon of adenosine._l This effect wasijfEfp7

"ff readlly rever51b1e after 'vashing.}: Investigation of

serles of avallable adenosine analogwes did not revealpnf;ﬁs?i"”'

conpetltlve antagonist. Lntagonisn nas*

houever. exertedlf*ﬁﬁﬁ

."?QJhy 0. 1nu theophylline at which concentration it lininnllyffﬁ;ffl*

‘“;§ 1lOd1f1ed the alplitnde _of spontaﬂeous,scont"ections2 bntffFC*"f“




’c.or above 40un.' In basal and fluorlde-stlnn}ated enzyne

R S , R T o - CO
‘pharnacologlcal evidence -of.‘cyclic AHP mediation’ in
responses vas obtalned '_and'nait 'is ,unlikely that
7‘theophylldneAfantagonlsn. vas related-fto, lts.abllity toprl
'inhibit;phosphOdiesterase.uA | | o o
Adenylate cyclase, prepared fron varlous tiSsnesﬁ~of
.."jseveral specles,; uas unlfornly 1nh1b1ted by aden051ne at

':'sfron rat brain and rabblt heart, lnhlbltlon was found to

be. nonconpet1t1ve Hlth respect to ATP.‘ In no tlssue"kas;i'

df51gn1f1cant 'stlnulatlon, of broken cell adenylate cyclase

tﬂobserved Hlth adenOSLne{j'Analogues sharlng uith adenosine fﬁf'

Tt

‘the capacrty to 1nh1bit‘§adenylate cyclase fron rabbit

'11j1ntest1nal longltndlnaljfnuscle bore no correlntlon wlth

]analogues, uhich relaxed the 'nuscle., Although these ;;

'”flndlngs do not relate directly to the proposed hypotheszs

- dof adeuosrne actlon, they indicate tbat the ubiquitons and

»fpronounced inhlbxtlon of cyclase seen wlth agenosine is

’“'.not necessarily related; to ,pharnacological tesponses, o

"f'tlssue.f5:?fi7ﬁ’7ilt;f%?'ﬁif,zt'f’

7rlfa1though sucb a pOSSlblllty ?seens to exist in adipose ,Lg.““’

"*Hhereas isoproterenol, epxnaphrine 7ﬁ;eh§ffr3#§éﬁ“ﬁf*’9'

'}lfﬁphosphodiesterase j inhlbitor -1-lethyl 3-isobutylxanthine ?fff

'}3all srgnlflcantly enhanced CyCllc AHP content of rabbit

"ﬁ?~1ntest1nal longltudlnal nuscle strips, adenosine dld not‘bh

R




‘ \?3ftechnologlcal prowess. In vieu- of the results of this?[f&ff 73

«theophylllne "~ not the[

’:-i'elevatlng tissue cyclic AHE, adenosine lay

”1s unfortunat'

51gn1f1cantly 1nfluence CYCllC AHP‘ levéls vover a"dose

'range  Qfl 1= 1000uu. ‘ ATP uas also 1neffect1ve at 100 and

1000uN. . Slnce; nelther "the: aden051n% .antagonlst

/

A

'lethyllsobutylxanthlne nodifled thlS outcone, no- support}
‘was Obtalned for the hypothesls that adenosmne- and ATP-',
'71nduced 1nh1bit10n of spontaneous act1v1ty in this nuscle'

, involves medlatlon by cyclic AuP.

2

Since total tiSSué CyCllC AHP appears to bear no
_correlatlon v1th muscle tone,r the hypothe51s llght belf'

3 further tesred usxng the technlque for leasurlng nevly—ﬁv‘
:-pools (Shlmlzu et »alﬁ,v 1969) Thls technlque measuresfufﬁ»

'drug-lnduced _ stlnulatlon of adenylate cyclase.“:‘SuchQﬂ .:a
.experllents vould be partlcularly vorthuh;le ig, P“rsuantff_:'r
.'ﬁ the flndlng °f COlPetltlve antagonasts, aden051ne uere’t;'f:‘

.'wfound to have nore than one lechanisn of action in ‘snooth‘ffﬁﬁ

3

164

phosphodlesterase V"inhibitor-'

-fformed cyclic AuP by prelabelllng spec1f1c nucleotldetfj‘ B

'fnore dlrectly changes 1n cycllc AHP production due tdff j s

,.:3iusc1e._is_f£j‘gi§ further p0581ble that, rather than{,tf;wli;

| .L,‘_ate theg:?l_’"
_1f5;nuclebt1de Hlthlh the cell by lnducing changes in the?ifffigf
,af_cytoskeleton.; The investigation of the latter pqssibility}gl}fi:;f

yet beyond the scope of currentf i;'7“
"’study, however, which failed to dgtegt ‘ sign1ficant5}lﬁ 7f:g
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elevation Of cyélic AMP even at hlgh doses, it 1s nore

likely that an explanatlon to the problen of .hov these
'substances‘ .relax snooth muscle v111 be revealed by
studylng their effects on calc1ul blndlng ;ﬁ subcellut?r
memhrane~£ractlons, particularly plasua'nenbraue. j" B

u'siucefautoinhibitidn-of alpha-adrenergic responSesline
L-yascularj_énd .uteriue ismootﬁ1 muscle hasibeeu'associatedf
‘uith. tue-.existence:.of7‘subthreshold”: opposinof »bete-'
udreueroicvv effectsv fof-r eplnephrlne, the 1nterest1ng:
'p0351b111ty engsts that the aut01nh1b1tlon by aden051ne"
and ATP is also a uanlfestatlon -of opp051ng effects Ofx
-these _substenoes*t{iuﬁ- 1utest1na1 ‘muscle.f,,f Further]-'
vf_ 1nvestlgatiouﬁ of~ééui§"§heha-ehdn- mlght reveal vhetherf:
transport 1nto the tlssue 1s a prerequ151te of this effecte;s““

' and uhether a structure-act1v1ty relationshlp exlsts for ¥'
-the tiablllty of analogues to 1nduce autoinhlbltlon.e Iu'jf}}f
: such a vay, a further understandlng of the conplexity of;fe

-4the aden051ne response in. snooth luscle llght be obtalned.'f-,ff::

G :;'_ ’
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APPENDIX. .

o4 ST

; R
The equation for a Model I oﬁeﬁ;ay‘analysis of variance is'

represented as: ’ S

L .. (

where Yij is the measured'value of‘the Jth sample in the ith group
p‘. is the grand mean of the population

a, 1s the fixed deviation of the mean of group 7. from u, due to -
N : ~ . < . s » R »

\ a particular~treatment _ R B » .\x
Ry « . . N . . N

Cij is an‘independent ’normally diétributed'variable with a
. y o . -
2

-imean of- 0 and variance equal to the population variance 2l

) ?

' The exPected error mean square (within groups) 1is 02 and the mean

. square among groups is 02 + i——fu » where a = the number of items in
a group ‘and n = the total number in the analysis. : The significance::
" of the ‘tern containing a2 is tested by dividing the mean Square f'
hamong groups by the error Inean square to obtain the value of F L

(l + f[guz]) and consulting statistical tables for the probability

of this value occurring with the appropriate degrees of freedom.

This ana1y51s was performed using the computer’prOgramme ANOVAZ in

HAAPL Library 2, When only two groups are present, this analysis is i:f* o
equivalent to the u;paired Student s t test, with tz"'F ~,;d$ﬁé-?t

-equation. for t is: e

] RN * .Y‘p_)?-:"-(_uaf'—i* p).

n

"where Yl and Y2 are. estimates of the means of groups 1 and 2

e

o (ul and uz), respectively



‘ ‘»"
Since; hy'the Nulllhypothesis,‘ul = Hot- .;
- . h —2—-——-——.____

Yl v Y2 - td[v]/'n Mserror.

'Substituting the value of ¢ @t a aignificance level of a and.v degrees_

of freedom, S - S ‘ :h‘ hrﬂe N

\

¥
Least signlficant difference.v

Y- Y,

: If the test ls-one4tailed'aﬂd t is substituted appropriately,
: C [\
’¥ik Yz-— Least signlficant increase (or decrease)

o

This value is useful for illustrat1on of the differences between o
t;eatmentlgroups, althoughvngt all cOmnarisons are mathematically.
valid. Fs | - o | |

» The two—way analysis of variance reported in Table 20 was 3’

) mixed model, bne factor being fixed and due to treatments, while the J;

- other factor (anlmals) was random. ‘ There were’ six repllcations in

B ]

ueach'group. The equatlon for this analysis is"w

P ~+w+-B;,-+‘Y-3; ik

where.iai is thL flVed treatment effect for the tth treatment group

PR

_:EB, is the added variance component due to the Jth animal

'?yij‘ s the interactidh between the zth treatment and the Jth

"Vanimél o -

f_e.,k fh nérmallyndistributed‘awithhmeanf= b.agdfvariance etGZQ'

The @xpected mean s_uares are.

VTreatments;_:_‘j—*ﬁ}vl g2 + nqz nb fa .l‘?f
. . K ..‘\.', . - X - AXB f :

. Animals:. .. B N S naGZB S
 Interaction: Lo o2 ¥ no? ""fﬁ B
In~erac on -”-_3“5,_fq ‘+;9? AXB .

©Errory ol L o2

'7;whege‘a = number of 'items per treatment group and’ b = number of items . -
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Lt . - . 2 e
VAN . A = 185
. . O : -
. A :
S A v - e ‘ . o W, ' i}
. per animal; : The F value for added variance due to animals S Vg
(1 +?f[o ]) is obtained hy dividing t ‘appropriate mean square'by' :
. ’ . \ : } )
. the*error mean square while the.F' alue for treatments is the ‘ 7 ‘
quotient of treatment mean square and interaction mean square. : This Ay

analysis was . performEd using the method described 1ﬁ "Biometry by

. R. R, Sokal & F J. Rohlf (1969) Freeman Press. When only two -
« \

}A’treatment groups are present, this analysis reduces to the paired

t ~test. R T R

The complete block design of two~way analysis with replication o ,;;ﬂ}
} ] C N
was: performed using the computer programme ANOVA ﬁn APL Library 2

.ered apprOpriately. 9 In the situation where an interaction '\'

D A }Fv;??fif

bet een. drugs is sought with replication from different animals, the

c apparent interactlon terms between animals and drug A animals and ;jg‘-

"’

- drug B and animals and AXB interactionlmay be considered to reflect
.l the error inherent in the biological system.:, The equatﬂon’for thef;”
'analysis was- therefore':pffri'f :; Qf',fruyq:[}7f'f-;“ ;rgL-f
T wu “*“ +B+YJ+DR zﬂ*f?ﬁf“.r
| where dt s the fimed treatment effect of drug A at.the %th levelqi';
| d-_iBJ is.the fiXed treatment effect of drug B at the Jth 1evelé:$:7: S5

»

—

jl'i »f:51 'sz is the ﬂz;araction betWeen treatments A and B '

L n o

fjw,.)»' O kb is the ‘added variance due to the kth aniﬁhl -Vﬂ"'

U DU J,‘, : i"i. i _
SR o . RN S
SN %szis normally distributed with mean 0 and varianCe = 02 R
'"‘ The expected mean Squares ‘are: 7i¢_‘ff”'ft;;qa\"ffV""“ “";
sro s ‘, R : : ) :_' LA Ca S




| “k& ' o | S e

Drug A: 62 + mbe a2 | o

N

- Drug B: ' G2 +-

Animls ‘AL o 02 + nabozc = . -~ ' oLt ‘ . - Y
. AXB Interaction o2 + n02 o+ (TT;&(:{TET ilb

ﬁfrbf@ C ;}"Gz,‘ n[(a—ilbc + (b l)ao + (a- 1)(b 1)o2

-«

ABC]

,'.,+

L : » (ab-—l)
9. _ Y

. This error mean square is used for testing all main effects and the o

_AxB interaction.: S i ( R SRR



