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'“: sequent dec11ne of cAMP was then observed desp1te the cont1nued

':.:c11ne after hormona] st1mu1atlon has been reported 1n other ce]l or

The manTpu]atxon of 1ntrace11u1ar cAHP content in’ ma]- .
. 1gnant ce]]s is of spec1a1 1nterest 1n v1ew of the current hypo_,u_{ﬁzz 5

| fthe51s that a re]attonsh1p ex1sts between th1s cyc]1c nuc1eot3de

I and parameters of ce]]ular growth and d1fferent1atlont. The present

v
.

; work was thus concerned w1th the e]uc1dat1on of the mechan1sms whichj;\2;:?‘
regu]ate the cAMP content of Ehr11ch asc1tes tumour ce]]s #ncubated
‘tn vttro or grown 1ntraper1tonea]1y 1n m1ce after ep1nephr1ne or

,prostag1and1n El In part1cu1ar the t1me course of the e]evat1on
'~{of cAMP in Ehr11ch ce]]s 1ncubated tn vztro was fo]lowed after the

. add1t1on of these hormones *<:lif

} The CAMP COntent was s1gn1f1cant1y elevated 1n Ehr11ch
ce]]s w1th1n 10 ‘sec. after the add1t1on of ep1nephr1ne (]0 1) ;'=¥;ﬂfv€_pgf7§

*Peak cAHP 1eve1s were reached at about 1 m1n and a pronounced sub-.;ehf;;fgr :

B

'hpresence of hormone A 51m11ar t1me course was observed after‘add--gfiaul““

Co

- 1t10n of prostaglandtn E1 Th1s pat ern of cAMP e]evatton and de-

';'t1ssue sT1ce systems as’ we11 The maJor goa] of the present work

. was to prov1ue an exp]anatlon for the abrupt secondary decllne of

.‘"v=cAHP in Ehrllch ce]]s desp1te the cont1nued presence of hormone.iégrt!igji.,f,

"ﬁi;enhanced the response to ep1nephr1ne throughout the entire t1me

s course However qua11tat1ve aspects of the reSponse were the ame

The t1me course of the elevat1on of cAMP content 1n Ehr11chfli»»n1
ce]]s after add]tton of ep1nephr1ne was stud1ed tn vttro 1n the pre- »'*

»sence of theophy111ne (1 mM), the phosphod1esterase 1nh1b1t0r greatly

”2ﬂ-v1n the presence and absence of theophy]11ne,,suggest1ng*that the :



4
v
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o _mechan1sm of the secondary dec11ne dld not 1nvo]ve the regu1at10n
‘,of cAHP degradat1on by a theophy]11ne sen51t1ve phosphod1esterase »j3»

Leakage of c%HP ipto the extracel]u]ar med1um could not

T be . demonstrated w1th1n per1ods up to 120 m1n after add1t1on of ep1-‘*la :;

nephr1ne The observed time course was not pecu11ar to the stan- o
‘idard 1ncubat1on med1um employed” s1n6§*the response to ep1nephr1ne Ezb
"of Ehrllch ce]]s suspended 1n freshlé prepared asc1tes,f1u1d was
v1rtua]1y 1dent1ca] .‘ | | L : '53‘;h7T31}
| Further add1t1on of ep1nephr1ne dur]ng the secondary

"phase of dec]1ne of cAHP content 1n ep1nephr1ne st1mu1ated ce]]s ; B
(]0 6 M 10 m:n) had 11tt1e effect on the dec11n1ng 1eve1s of cAMP _':hﬁi“t
‘=Hence extrace11u1ar @reakdown of hormone cannot account for the |
'7hobserved dec11ne of cAMP Furthermoreﬁgncubat1on med1um from

"ﬂ;;hormo?e treated ce]] suspens1ons reta1ned the ab1]1ty to e]evate |

'v7~':cAHP content max1ma]]y when added to fresh]y 1so]ated Ehr11ch ceﬂls.*hfcf;ﬁ

L el

‘;Therefore, no - 1nh1b1tory act1v1ty was assoc1ated w1th the extracell-j?jq‘;f
‘f,f_u1ar med1um and the hormone was st111 present and,ﬁct1ve |

Propranoio] (10'5 M) added to ce]]u]ar suspens1ons 1n-:= -
4

J 'tv-cubated for IQ m1n 1n the presence of‘]O -6 M ep1nephr1ne caused

-"cAHP content tO fa]] more rap1d]y Proprano?o] a]one at the Same

: 5 G

'h‘}fconcentrat1on d1d not affect rest1ng cAHP content Therefore, aden—f-fihf;

- :'cAMP 1evels were fa111ng Thi

f_u_ylate cyc]ase was st11] ep1nq§:r1ne stvmu1ated dur1ng thfrtame when

is a1so ev1dent from the fact tha:iqux ‘

'if”cAMP rose sharp]y upon add1t1on of theophylllne to ceI]s preincuf;:

~h;bated w1th ep1nephr1ne The add1tlon of theophy111ne (] mM) at var



@

'deCreased.with time It vas conc]uded that e1ther cAMP degradatlon : ﬂ‘;
. became 1ncreas1ng]y dependent on a phosphod1esterase re51stant to o
o 1nh1b1t1on by theophy]]1ne or. the 1eve1 of adenyﬂate cyc]ase act1v1ty
“in the presence of hormone decreased w1th t1me :: h' f |
A A i Ehr11ch ce119 1ncubated 1n the presence of 101‘6 H eplne- ;e 5":r
ephr1ne for 10 to 60 T1n and subsequent]y washed and resuspended 1n

fresh medwum were part1a11y refractory to the effects of a: second

. ""‘ g‘.

treatment WTth the ggﬁe hormone Th1s phenomenon name]y a part1a1

refractor1ness to ep1nephr1ne was t1me dependent and appeared to be

1n1t1ated when cAMP was ra1sed at ]east three fold above basa] 1evels
L ‘_._;_‘ Adenwlate cyc]ase prepared from ce]ls 1ncubated zn vztro k
J"; ;A for 10 m1n 1n the presence of ]0 5 M and 10 5 M ep1nephr1ne d1sp1ayed
| approx1mate1y 50% and 60%$1nh1b1t1on of ep1nephr1ne stlmulated act1v-r 'f"
1ty,_respect1we1y, compared to cyc1ase from ce]ls 1nCubated 1n the -

‘ f;-g absence of eplnephrlne Basa] and NaF stlmulated act1v1t1es were

essentﬂally unaffected as a resu]t of pretreatang ce]]s with ep1ne- ;;pffig
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| ‘fol1ow1ng ep1nephr1ne in vivo were 51m11ar to those observed 1n -

witro.. However th@ effects of thegdrugs on cAMP content in Ehr]1ch

ce]ls zn vivo. were of shorter dura on than those observed zn vztra.

-
G

‘It 1s ]1ke]y that red1str1but1on and metabol1sm of the drugs by the.s”

AR

an1ma1s were respon51b1e for th1s difference. .
g \‘; v.‘. - L
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1. 'INTRODUCTION B
.1.1‘1"Gene.r.al. B ’ R
‘- R B , o
Adenos1ne 3',5'- cyc11c monophosphate (cAMP) has been shown
'to 1nh1b1t the growth of many neop1ast1c mamma]1an ce]] 11nes 1n cul—-f_tt"‘
ture (Ryan and He1dr1ck 1968 He1dr1ck and Ryan, 1970 He1dr1ck and h
T‘Ryan, ]971 Otten et al. 1971 Johnson et aZ ]972 Prasad and Shep~h5s
pard, 1972 Smets, 1972 W]Jk et aZ 1972 Tee] and HaT1 1973 Nag—~“y»
._yvary et al., 1973)" Present ev1dence from stud1es performed in t1s-';;
sue’ cu]ture suggests that cAMP may pTay a. regulatory role 1n the Com-;fti1777*1=’;
o p]ex mechan1sms wh1ch contro] ce11u1ar growth The presence of cAMP
or agents wh1ch 1ncrease 1ntrace11u]ar cAMP 1n the cu1ture medlum of 3h:Flef7*ff
~lma]1gnant ce]1s causes an apparent phenotyp1c reve;s1on to norma1 .
- character1st1cs as ev1denced by a restorat1on of norma] morphology
‘iand contact 1nh1b1t1on of growth and movement Furthermore ma11g-- d.f foh'?t; 7
nant: ce]]s treated 1n cu]ture for per10ds of days w1th cAMP or 1ts |
'h‘der1Vat1ves d1sp1ay much suppressed tumourlgen1c1ty when 1mp1anted
if 1nto acceptab]e hosts (Redd1 and COnstant1n1des,‘1972 Smith and
,hiHand1er, 1973) However the effect of 1ncreased cAMP content 1n

4Ama]1gnant ce]ls zn vtvo is poorly def1ned Stud1es exp]or1ng the

:~carc1nostat1c act1on of cAHP tn vzva are few 1n number (Ger1cke and

;;Chandra, 1969 Ke11er, 1972 Se]]er and Benson 1973) and are. comp

: Nh1tf1e]d 1969, Leahy et al., 1970 Rigby, 1972)



“Tevels or other parameters
1n view of our 1aboratory S 1nt%rest 1n the poss1b111ty
that the rate of growth of tumours tn vivd can be affected by man4
1pulat1on of tne1r cAHP content, 1t became 1mperat1ve to f1rst 1n-“ 4‘
vestigate the factors which regu]ate the intrace]lu]ar 1eve]s of the - i )ﬁ
cyc11c nuc]eot1de .The se]ect1ve use of hormones offers a d1rect,.. EE
”"phys1ologtca] means to e1evatechMP levels 1n a g1ven norma] or trans-;'°
. formed cel] type As a mode] system, we have chosen the Ehrlich as-- .
-cwtes tumour ce]] Th1s cell ]1ne can be rout1ne1y grpwn 1ntraper1-;,1ﬁa33f»;
'rtopeally 1n m1ce thus, the tumour ce1ls can be subJected to se]ec- S
. wt1ve drug treatments wwth a m1n1mum of 1nterference by‘the host
| The adeny1ate cyc]ase system from Ehr]lch ce ls has been 3
prev1ous1y'stud]ed and characterxzed 1n th15 1aboratory, ep1nephr1nef.];}
";‘and prostag]and1n E1 were found to st1mu1ate 1ts act1v1ty (Bar and

3:Henderson, ]972) AcCordlngly, at the onset of the present thes1s

t we p]anned to study the dose relat1onsh1ps and t1me fU"CtIOns of theasﬂzn:igg,

e effects of these hormones on cAmm ]evels 1n lntact Ehr11ch ce]]s 1n

5the hope of dev1s1ng a rat1ona] approach to the man1pu1at1on of 1ntra~;

";;1ntr1gu1ng phenomenon

Fo1loW1ng the addltiot'ofte

. i a i
‘wf.e1evatedaw1th1n 10 sec'and reached a peak 1eve1 at abou -1?m1n

6

| after, an abrupt dec11ne of cAMP content‘

fycont1nued presence of hormone In v1ew of the 1mportance of this ver,

pj earTy dec11ne of cAMP 1n the proposed stud1e$ on the carc1nos,atié



'functlon of the cyc]]c nucleot1de our efforts were thereafter d1vert-.. L
ed. toward the eluc1dat1on of the mechan1sms 1nvo]ved 1n the establ1sh-f |
a;‘:ment of the secondary dec11ne of cAMP in Ehr11ch ce]ls Th1s study
,const1tutes the core of the present thes1s Add1t1oha1 but 1ncom—’f‘lt,
. plete 1nvestlgat1ons on the growth of - Ehr11ch ce11s in m1ce are 1n-ajttf§3h77

'}.c]uded as an append1x

"51.2_The.éonfraz;af3cAMP;zébazaitﬁ"cétta;.fﬁ'{;*“ |

The AP content w1th1n a: bloiog1ca1 system can be man1pu1a5P¥;;f7*5”

’rnfted at the 1eve1 of 1ts synthes1s from ATP catalysed by the adeny]ate ,'4“ o
15C¥c1ase system or at the level of 1ts bneakdown to AMP cata]ysed by

’.'cyc11c nuc]eot1de phosphod1esterdse | Th1s sect1on w111 a]so dls-f: G

oo L
Tcuss ev1dence support1ng subce]lu?ar compartmental1zatlon of adenine,

_idnucleotldes and 1ts s1gn1f1cance F1na1]y, the role of cAMP?depen
¢fdent protein k1nases w111 be d1scussed br1efly ‘

1 2 1 Adenylate cyclase

The ex1stence of adenylate}‘yc”ase‘h:

fffand Lauter 1974)

‘:~mona] 1nf1uence has certa1n]y been the maJOr “foeus

}:jls c]ear that &he receptors L1th whlch;?’”




adeny1ate cyclése'system The resu]t of~such hormone receptor 1nter~“7_35'“
, act1ons are a decrease or 1ncrease of 1ntrace11u1ar cAMP 1eve1s de- ff:fffﬁvggé

-.pend1ng on whether adeny]ate cyc1ase is 1nh1b1ted or st1mu1ated Thetfh“TJ?*\»ﬂ

) spec1f1c1ty of agents wh1ch 1nf1uence adeny]ate cyc1ase prepared fromigﬁiﬁfghf}f

Ca ~given t1ssue prOV1des tﬁe bas1s for the se]ecttve physio]og1ca1 ‘;\i;;;gj“ti

;and pharmaco]oo1cat effects of many hormones and drugs The protetn

. components of adeny]ate cyc]ase whlch perform regu]atory and cat ]¥t1c:_”"'“

";funct1ons are presumab]y assoc1ated 1n A complex, lncompletelyi nder- ”

stood fash1on w1th1n the structure of the ce11 membrane

] 2 2 Cycltc ncheotzde phosphadzesterase
R

Cyc11c nuc1eot1de phosphod1esterase has been demonstrated

Stm11ar1y, mu1t1p1e?forms of PhOSph-die,;;_,,,_

f;tent tn vzvo.

Eit1ssues (Ryan and He1dr1ck ]974)
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nes namely theophy]]tne and caffelne are potent 1nh1b1tors of phos-g-ﬁ?7?7'?:
ifiphod1esterase (Butcher and Suther]and& 1962), 1m1dazo1e on the otherjfaﬁingf =

}fihand, St1mu1ates tne enzyme (Cheung, 1967) Unfortunately, these 3951:;~~

;i_ents are hot spec1f1c and may have other act1ons poss1b]y unre]ated

';fto the cAMP system f‘5;#2f::f’f;iﬁg77““”'3""

1 2 3 Cbmpartmentaltzatton of adénzne nucleottdes-ff[i;ffﬁ

Re]at1ve1y recent stud1es have suggested that aden1ne nu-t

]'c1eot1de compartmental1z%t1on may b::yet another factor 1nvo]ved

'jhceTT’1ariATP In part1cular3~5him1 '




P - S . o RS
 sed threefo]d after mod1f1cat1on of the p]asma membrane by TysoTe— ’-,‘_j"c', o

“fc1th1n The Ta%ter treatment d1d not affect the speC1f1c act1v1ty }f;
1‘of tota] ce]TuTar 32P ATP - B T o _;%z l'}
h”;} It 1s conce1Vab1e that these spec1f1c ATP pools wh1ch ser-:fll‘.‘.hn
:fve as substrate for adenyTate cycTaSe coqu pr0v1de yet another leve]hi e
Pof regu]attgn of 1ntrace11u1ar cAMP content No deta11ed 1nformat1on:;°7 |

i_‘S present]y ava1TabTe on the amount of ATP 1mmed1ate1y ava1}fb1e P

‘ffor cAMP synthe51s Arefthese ATP pooTs Spec1fic for cAHP syntfes1s oo
1;Tdep1eted read11y? ‘It 1s known tth concentratlons of adenlne nucTeo-;:f{7fﬁ‘{'h'
;:t1des decrease markedTy iin rat g]ial ceTTs foTTow1ng repeated st1mugtfhiff;hffl

PuTat1on w1th norep1nephr1ne(Schu1tz et aZ., 1972) Can depTet1on of

_”these spec1f1c ATP poo]s pTay a phys1oTog'caT roTe v1a aTterat1on

~fof cAMP content?l It 1s p0551b1e that/so 3 extracelTuTar 1nf1uences

EEaffect the amount of’ATP ava11ab1e for cAMP syntheSTS and thus tnef‘”igfieji,ﬁi;

'ftotaT ceTTuTar cAMP

i ”fi ‘c1f1c cAMP pooTs Actual phys1caT subch

ing the cycTwc nuc1e0t1de needTV

.;t1on s1nce Spec1f1c b1nd1ng_to mac molect

,pﬁrt1cu1ar coqu perform_th

fﬂfor thE'aSSOCTatTOn of cAHP to‘hhe egulato

PO
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'V[Begg1ng for Further eXper1mentat1on thlS aréa provrdes many 1nteres-f'5;;:

. t1ng start1ng po1nts for progects 1ntended to explore the ex1stence4;-“~3

: of speC1f1c adenlne nuc]eot1de pools and the1r s1gn1f1cance 1n b1o-i

_i;chem1ca] regu]at1on

L 2 4 aAMP«dépendént protezn kznases

The recent d1scovery of proteln k1q§ses sgjmulated by cAMPfi}k;?ﬂ;
1E‘1n vat1ous t1ssues has suggested that the effects'of cAMP 1n9ce]]s 'f}
f}_m1ght resu]t from prote1n k1nese activ1ty 'hany k1nases wh1ch(gata;it
:'1ySe the phosphoryTat1on of case1n protamlne or histone by ATP are-. e f
‘<‘aCt‘Vated by Phy510]091cal concentrat1ons of cAHP (Kuo and Greengardftd"
!fl1969 and 1970) It 1s c1ear at present %hat proteln k1nases wh1ch u:;gj:;i;g;
-ffare act1vated by cAMP are composed~of regu]atory and cata]ytuc suﬁg P

'Viun1ts The regu]atory subun1t tends to 1nh1b1t the act1“‘

) fcatalxt‘c SUb”"‘t By a phy51cal assoc1at10n w1th the regu]atory ‘;fi S

:-:}'_::a_ndlearren_ 1970 Relmann ot aZ 1971) The abmty of ‘theregula
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Y'Adescr1bed for examp]e 1n fat ce]ls after ep1nephr1ne (Mangan1e11o

et aZ 1971), in perfused rat heart after epinephr1ne (Rob1son et

al., 1965); in's11ces of rabblt cerebel]um (Kakluchl and Ral1. 1968)

and 1n d1aphragm musc]e after ep1nephr1ne (Cralg et aZ 1969), 1n

. guinea p1g cerebra] cort1ca1 s]1ces after h1stam1ne treatment (SchuT-

tz and Da]y, 1973) and in ]1ver s]1ces after eplnephr1ne (Sutherland

.-et aZ’ -1965) However to the author s know]edge the mechanlsm of

the secondary dec11ne has been e1uc1dated conc1u51ve1y 1n on]y one ff'f”*"

| ‘system wh11e work on two other ce]] types provide poss1b1e mecha-'-: :r,.h S
'*~:;raf4?~ﬁffyifi R

"n1sms for thlS ph"nomenon These are d1scussed be]ow

Mangan1e11r

."‘mone alone Smce PTOPrano'Io] a1on :'h' ‘

'et QzZ (1971) have demonstrated that the effect




,therland (1971) suggested the assoc1at1on of a hormone antagonlst

With the 1ncubat1on med1um of fat ce11s The latter reported the f_ifj'h"dv”
f?1nh1b1tor released was equ1Va1ent to Aonamo]ar concentrat1ons of . L
}prostag1and1n El but, un11ke th1s hormone, d1d not 1ncrease cAMP 1ev~ ;J,;'f"
~els in sp]een/sl1ces \ More reCently, Schwabe et aZ (1973) have é;ﬁofmﬂ'}
: tconc1u51ve1y demonstrated the hormone antagontst released 1nto the Tiidlr jf
:llncubat1on m$d1um of fat cells to be adenos1ne It 1s not c]ear -

'jgwhether the re]ease and hormone antagen1sm of th1s nug1eos1de is’

'fof any Phy51oIogwca1 s1gn1flcance or srmpIy an art1fact of the expe'”’ié“f:dd'
r1menta1 s1tuatnon tn vttro e e

’\

In contrast to the fat;ce]] system human d1p101d f1bro- ’w'\;f}ﬂﬁff

b]asts pretreated w1th 1soprena11ne or prostag]and1n E;, hormones
‘?“wh1ch 1ncrease cAMP content 1n th1s system, d1sp1ay a strik1ng dev ‘
tfsens1that1on to the effects of the same hormone on cAMP 1eve15 ;‘fff".

,-when r1nsed and resu5pended 1n fresh med1um (Frank],n and Foster, f:fﬂ;**’*

?'?]973) Interestangly, the desen51tlzat10n wnduced by these hor-.»;:};fff}‘wt

13mones is’ spec1f1c, that 1s ce]Ts pretreated withv1so rena]ine‘conti-r-d' f

'shnue to respond norma]]y to prostag]andin E1 and vtca'versa.;;



™
spec1f1ca11y reduced the subsequent response of adenylate cyc]ase

to prostag]and1n Ez but not to ep1nephr1ne Hence, a hormone 1ndu?sn

- ced desehs1t1zat1on of adeny]ate cyc]ase has been shown .in thws sys-.ggh :
tem. Such a mechan1sm cou1d mater1a11ze many of the yet unexp]a:nedfyiiglehjd
'secondary dec11nes of cAMP 1evels 1n t1s§ues or ce]]s subJected to fihfff;h g

'4hormones‘wh1ch st1mu1ate the respect1ve adenylate cyc1ases

'«? Slm11ar1y, a hormone dependent desen51t1zat1on of adeny]a-i;

i-te cyc1ase to hormone 15 descr1bed 1n Ehr11ch ce1ls 1n the'presegf o
diwork However the author was not aware of the 51m11ar phenomenon

.;shown preV1ous1y 1n macrophages (Remo]d 0 Donne11, 1974) when he
'undertook exper1ments to explore 2 poss1b1e effect of hormona]

‘treatment d1rect1y on the adeny]ate cyc]ase system However, ;tSQEJQj 5
Y‘the pos1t1ve resu]ts that we obta1ned from such exper1mentat1on o

’ S
;fphage system on]y a few months ear11er

i'were found to have been reported in the 11terature for the macro-;-vu;d’:”:hr‘"
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2. METHODS =~ - I S
2. 1 Tr1t1ated cAMP so]ut1on ; e ‘j_?j-. S e ‘ 'fvv7f
2 2 Propagat1on of Ehr11ch asc1tes ce]]s o 7 _: ‘ :_ :- s
2. 3 Removal and in vztro lncubaf.%ns of Ehr]1ch ce]is .
2 4 Ac1d extract1on of Ehrllch cel]s ',~~,j I ?‘“°_lf~“" o
2 5 Pur1f1cat1on of cAMP 1n cel]u]ar extracts

2 6 cAMP assays '”y, ' 5,;» ,“ ?-‘jA;.' ;o  '/-:a,f7;|_ ;£5gf'
2, 7 In vivo exper1ments "i.E_j__; = :l‘!:;"1:i3li;:iﬁ'hl _: i  € _15:vf5}:’¥i
2 8 Adeny1ate cyclase assays f 3f}f' "ﬁf'i4,f?f} v f“1 ,* o
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2. -METHODS

2.1 Tritiated cAMP solution . ,

sy .

Adenos1ne IH{(G)3" 5'—cyc11c nonophosphate (24 Ci/mmo1e)' :

Y
Sy

é& Was purchased from New Eng]and Nuc]ear The rad1ochem1ca1 compound

was conta]ned in a 50% aqueous ethan01 so]ut1on That so]utton w1]1%;-

h hereafter be referred to .as the stock cAHP so]ut]on Thevstock so]--?h-i

AN

, ution was stored at 20 C | _ 1;. I L \;u.h ‘l':. ‘:;4'

:’_ I

atography paper together with the appropr1ate markers The paper

. 'chromatogram vias deve]ooed w1th 1 N ammon1um acetate pH 7 95%

str1p was e]uted w1th d15t111ed water and the aqueous e]uates were

'lcounted 1n Aquaso1 sc1nt1]1at1on cockta11 (New Eng]and Nuc]ear)
.8 ,.‘n.,

E1gure 1 shots that most of the rad1oact1v1ty was located 1n one

-Spot co1nc1d nt w1th cAHP By that method 87% of the rad1oact1v1ty7pffa; :

7‘ was recovered 1n the cAHP spot 6 5% was assoc1ated w1th the spot

'correspond1ng to aden051ne and 1nos1ne i

: 22 PﬁopagdtiOﬁ, .Of_ W-Ziéh'?ascifas ceZZe L

Ehr11ch asc1tes tumour ce1ls were‘pp'

“1ntraper1tonea1 1nJect1on of approxlmately 2 5 mi111on ce]ls 1nt0
hf;random]y bred ICR m1ce A]] mlce ut111zed were hea]thy and 4 to 7

'l/weeks of age Frozen ce]] stocks were made ava11ab1e through the

'courtesy of Dr J f‘ Henderson (McEachern Laboratory, Un1vers1ty of

" A]berta Edmonton)

5 "a " The pur1ty of the 1abe11ed cAMP was asseSSed by paper .~'"3

chromatography, 0.25 uCi of *H- cAMP was spotted on Whatman #1 chrom- :ij'

o ethano] (30 75). The 3H cAHP 1ane was cut 1nto 3-4 cm str1ps Each"ﬂ,f;“.

13
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- - ATR. - Adenosine’
' o . ADP AMP . cAMP Inosme
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. Figure 1. Pumty of rad1o]abened cAMP 0. 25 uC'i of 3H—cAMP was
- spotted on’'a 20 x 57 cm sheet of- Whatman #1 chromatography paper, -
. On adJacent Tanes’,- 5wl of 10 mM solutions of. ATP, ADP “AMP;, :cAMP,’
- adenosine and inosine were spotted as markers.. The ‘paper chromato-

-gram was deve'h)ped with 1N ammon1um acetate, pH-7:95% ethanol - )

(30 75). for 9.5 hours at-23°." The chromatogram was dried, “the mar- o

. ."kers visualized under ultravm]et Tight and the *H-cAMP. lane cut in- =

- to 3 to4cm strips. Each. stmp .was then. e1uted with'1-mydistil- " . . -

_led water for 1 hour at 23%. The. total- aqueous: -eluates were- couited . - -
in 10 m). Aquasol. scmtﬂlation cocktail in.a Picker Nuclear counter SURE R

- The- results. express the percentage of the radioact’inty assocnted

;‘»'w1th each stﬂp ot

- V oy . - P . . -

L B
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2.3 PRemoval and' in vitro incubations of Ehrlich cdells

L@ [ : '- o oy
| EhrTlch asc1tes cells. were- extraqted from tumour bear1ng
' _ mlce washed and prepared- for zn vztro 1ncubat1on as prev1ously des-. ,?ﬁ
crlbed (Crabtree and Henderson 1971) ~Ih short four to 51x days |

’.
'after tumour 1mp1antat1on, the ceTTs were removed from the m1ce and

- washed at. Teast three ttm:s w1th con extractwon med1um (140 mM NaCT | ‘;Hfr-iﬂ;
f;'TO mM Tr1s buffer pH 7 4; 4 mi sod1um phosphate buffer pH 7 4),
'conta1n1nq 5. 5 ‘mi gTucose BTood ceTTs, 1f present were separated
from the tumour ceTTs by repeated | centr1fugat1on The f1nal
- washed ceTT peTTets were suspended in. mod1f1ed Krebs R1nger phosphatejﬁ’}‘ .
»'med1um (TTO mM NaCT 4 9 i KCT, T 2 mf MgSOu, 25 mM sod1um phosphatei _‘;ltﬁd‘;
:-buffer pH 7. 4) conta1n1ng 5 5 mM g]ucose and adJusted to obta1n 3% o
(v/v) ceTT suspens1ons (approx1mate1y 8 x TO6 ceTTs/nﬂ) The suspen-:f.:
“s1ons were stored on ice unt1T the start of 1ncubat1ons.»”ej-d5ji': -
ATT anubatlons were pérformed at 37°C 1n a water bath w1th ‘T‘fiﬁ;;?

- shak1ng at 84 osc111at10ns per m1n and a1r as the gas phase A TS min

1ncubat1on perlod preceeded the add1tvon of aTT drugs unTess otherwise

. 1nd1cated PTast1c ErTenmeyer vesse]s (50 mT capac1ty) were ut1T1zed
::jfor the 1ncubat1ons The totaT suspen51on volume d1d not d1m1n1sh

'»VJafter tncubat1on per1ods up to 120 m1n ATT drugs were d1ssoTved 1n A‘1}5jﬂjf7r

fipsaT1ne and the tota] drug add1t1ons never exceeded 2% of the tota]

V .

_ suspens1on voTume SoTut1ons of the catechoTam1nes were adequately

fzfprotected from heat and T1ght and Xew soTutions were prepared weekTy

aivwhen not 1n use,,so]ut1ons of aTT rugs were stored at —20°C

Z Ep1nephr1ne bltartrate dZ 150proterenoT hydrochToride,

‘i;z pheny1ephr1ne hydrochTor1de and theophyTT1ne were obtainedﬁfrom



afhy1e1ded separat1on of the f1na1 acwd extract (approxtmately 1 m])

Sigma Chemical'COmpany Orc1prena11ne su]fate was. obta1ned from Dr
Froh]ke (Boehr1nger Inge]he1m, Germany) and prostagland1n E, from Drfvfﬁ» i

J: P1ke (UpJohn Company, Ka]amazoo)

2.4 'Acid‘ extﬁacti‘on of E’hrlwh Ac.e'Z_Za

After the des1red per1ods of 1ncubat1on 0 5 m] a]1quots
of 1ncubat1ng ce]] suspens1ons were qu1ck1y transferred 1nto poly-".
ﬂepropylene tubes (Eppendorf 1. 5 m1 capac1ty) conta1n1ng 0 5 m] of
dce co]d 0. 6 M tr1chloroacet1c ac1d and 3H~cA}1P (1800 cpm) to mon-
1tor recovery of the cyc11c nuc]eot1de Ac1d extract1on was a]]owed iﬁ&f?:hkff‘
s:':to proceed for at 1east ]5 ‘min at 4 C the tota1 extracts were then ;;fﬂ}‘f}::;
hiqu1ck1y frozen 1n 11qu1d n1trogen and thawed once | Centr1fugat1on |

fat h1gh speed'for 2 m1n m a nncrocentmfuge (Eppendo\f 16000g)

.d from the proteln DNA pe]]et Pre11m4nary experiments 1nd1cated that.;e# et

n??ja second extract1on of the pe11et w1th 5% tr1ch]oroacet1c actd_did;”ivfdhf‘f”'ﬁ”

fafnot 1ncrease the recovery of rad1oact1v1ty substantlally.
| The prec1p1tated proteln and DNA were so]ub1”1zed in 0 2 mTftﬁjfﬁcfﬁff

of 05 N Na0H for 90 min at 37°C or overmght at 23°c} ‘ ';Protein con= o

zgftent was assayed by the method of Lowry et aZ (]95]) USTng Purlfiedf;?‘l3




" were determwned us1ng a hemacytometer after proper di]utwon of the IR

tumour ce]] suspens1ons Routxne]y, a]l of the above assays were per-55s~
”nformed in dup11¢ate and new ca]1brat1on curves were drawn for every
prote1n and DNA assay | - ‘ '_ ‘ - | | “,
| The' effect of in witro 1ncubat1ons on prote1n and DNA con~'f}f,:l" i
~tent per ce]] was 1nvest1gated The ce]] numbers d1d not change 51g-~¥;ifk
rn1f1cant]y for 1ncubat1on perlods up to 129 m1n S1m11ar]y, prote1n
_l- content per ce]] (0 425 u%/cell range 0 405 to 0 443) and DNA con-v~‘
" _centrat1on per ce]l (5 3 pg/ce11 range 5 14 to 5 79) var1ed only |
a‘W1th1n exper1menta1 error for perlods up to 120 m1n at 37°C the num—?;j?;ﬁglfii
'f'bers represent results from 7 dup11cate determlnatlons obta1ned at .
.:1nterva1s for ]20 mwn Therefore, a]1€three parameters rema1ned |
»-stable dur1ng zn vttro 1ncubat1ons and can be ut1112ed as a refer-j;pfr;T

ddence for cAMP determ1nat1ons

s n—aﬁaaﬁw oA i ottt evits

The ac1d extracts (about 1 m1) obta1ned above were_extracted’
1 X S

- \
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o _the extracts eTutlon,was continued w1th d1st111ed water The f1rst

4 m of aqueous eTuate were d1scarded the fo]]ow1ng 4 ml were coT-.e-'")'

f.Tected and const1tuted the. cAMP fractlon F1gure 2 lllustrates the”5;°

o fe]ut1on prof;]e of an actua] ether~treated t1ssue extractfsuppTement~e:5;;j‘Z ;
-};jed w1th 0 05 umoTe of both ATP and AMP and another conta1n1ng 0 025{,}1&f oo
B 3H cAMP, AMP rema1ned bound to the res1n after eTution wwth 15 nﬂ=fffii"

_d1st11}ed water The cAMP fractlon was T1m1ted to fract1ons (] mT)

~7_~6 to 9 1ncTus1ve 1n order to e11m1nate 1mpur1t1e_‘1nasmuch as pos-

75‘b19~ APProximate]y 50 to 60% of the adm1n1stered cAMP was rout1ne-;;ﬁ_‘w‘w'”

va recavered 1n that fract1on._ The pH oTution prof11e;1ndfcated

e‘s‘:s .

_that neutrathy had been reached by fract1on 3 and was ma1ntained
:ifthereafter | > LT ,

The tota] cAMP fract1on was freezeadrted -ang the r'STdUE"”

.;g:methanol 4 g 2 5 phenyTnxazole




. of both-.ATP and AMP and ‘the .othe

Y

+ Figure 2 E1ut1on of 3H—cAMP and~ATP.from~ ok
resin.. Two acid extracts Were " -prepared from Ehrl
_ bed under section'2.4; one was’ thenf:gpplegented'githf
-extracts were-extracted three: times with two v
~ ted:ether and: thg;fwnal aque s*Tqy,_ was
;VThe extractsf erethen :




o k1nases

-'fably const1tute the regu]atory subun1ts o( cAMP dependent proteln ‘fz-f’
The method of Gllman requ1res the preparation of two pro- f;f,“f:‘

g ;’te1n fract1ons from beef muscle the b1nd1ng prote1n and the "

If-fh1b1tor proteln"'} The b1nd1ng prote1n was prepared from beef heart

f:_essent1a]1y fo]1OW1ng the method of M1yamoto et al (1969), as dengg.;~,;ﬂ -

J;Fescr1bed for brain prote1n klnase through the acxd and ammontum*gfj.’ o

‘,fh‘sulfate prec1p1tation steps.. In short fresh beef hearts were_”f;3”°":':fi*“

j?ilported on’ 1ce from i nearby s]aughter house dxssected from the sur-~f55a79”f7A:*

id:fround1ng fat t1ssue and the ventr1c1es cu"into smaTI cubes _AIT'”'
t;ﬁ:SUbseq“e"t steps were Performed 1n a co]d rdom at 4° The t1ssueg&efgi;.

j{liwas homogen1zed 1n a War1ng b]ender<1n 3 volumes of co]d 4 mM EDTA -:f?
'?EQ(FIShEP Sc1ent1f1c) pH 7 The s]urry was then centrtfuged at' i

’V:.-‘A.'.'IZOOOg for 1. min at 4°c Acetlc acid (1 N) a




2] :

SERVA DEAE cel]u]ose (0 7 mequ/g dry welght) was st]len lnh:dy'hhnp
| L_ d1st111ed water for 12 hours washed with 0 5" N NaOH for 30 m\n and f'ﬁ-“:ihf;j
S o PR 4 ~_- .“f-“:‘.j
then w1th water unt11 the supernatant f]u]ds were neutral. The ce11-7f

SRS R
N ulose was then washed w1th 0 5 N HC] for 30 m1n fo]loWed by dlst\lledf;,;u_\ﬂ_
- water unt11 neutra] A 3 X, 40 cm co]umn was poured w1th the washed ‘
\

':d; ce]]ulose and equ111brated w1th 5 mM potass1um phosphate buffer (pH 7)
contammg 2 mH EDTA S
ey The co1umn was then ]oaded w1th 690 00230 of enzyme (30 ml
':f”:Of dlalyzed ammon1um su]fate preparat1on) F1gure 3 il]ustrates the

‘ﬂEQ:DEAE pur1f1cat1on of the cardlac b1nd1ng prote1n The co]umn was

d

fjj:washed W1th 5 mM pota551um phosphate buffer (pH 7) contawnlng 2 mM‘".




- Tumn. was: loaded with 690 Ongo of heart.

- was ‘then ‘continued with 100 mM
“tion ‘49 when. the new]y appedrin

A
o
-+

£
2
S

©77°0. prmoles cAMP boun

N T lOOmM 3oo.~nM‘

1 ;5cP§okJ:,

" ~N ceTnomo T R B .

”f‘F1gure 3 DEAE Puri%ncat1on of-car 'acfbwndin‘ protei A3 x40
- ¢m SERVA DEAE'-cellulose column was poured: and b R
B mM: potass1um phosphate buffer

"procgssed through the acid and salt. prec?pitat,_
.- in-the text.  The. column’was washed wft 5 pot
. fer (pH.7). containing 2 mM E ‘ 1y

- "1.3.m). per min. throughout and 10'm1

| : ”“peak
- thon. thereaftgr was: continuedgwlt 300_mM" Iffe

::'ternate fractions.z \1iquots.
s dup]lcate for. cAM *bind1ng‘, L
1 Pmo1ev-i- H cAMP 20,000 cpm.',._, Bt




o S ..2_3

: Prote1n k1nase act1v1ty was a]so determ1ned us1ng 10 Bl

| ia11quots of alternate fract1ons, the assay was carr1ed out as pre-_~5

4;v1ously descr1bed (Eckste1n et aZ",1974) us1ng,£1stone II (Sigma »

‘ Chem1ca1 Company) as substrate (50 mM sodlum acetate,,pH 6 2, 10 mM ;;.
'Mgmz, o 3 M EGTA 0. 2 mM EDTA i mg/nn mstone type 11 2 mM [y-"p]
QATP was obta1ned from Internat1ona1 Chem1ca1 Nuc]ear Ca11forn1a : :

i'f Tota] react1on vo}ume was O 1 nﬂ Incubatwons were carrled out for

.?510 m1n at 30°C The reactwon was termlnated and processed by the

'*-lf‘1ter paper Preclpltatxon techn1que descr1bed by Re1mann et aZ (]97])

:a'}pmoles 32P transferred/m1n/10u] and was st1mu1a_ed approx1mate1y 3 ?fffffz

| } i '4'. .'“ . B I
'fO]d}by 10 5M cAMP Prote1n k1nase actTVﬂt “from. fracti




_‘:determ1nat1ons by the prbte]n b1nding method Although the prote1n :f:-:

,’_t1s not necessary in the assay, 1t does add sens1t1v1ty to the method§;;e'.fs};j
'h:Th1s prote1n fract1on was prepared from beef ske]eta] musc]e fo]]ow-vi‘:iy»-*l"

- ‘1ng the procedure of Appleman et aZ (1966) | ‘_ S | i

‘ For cAHP determ1nat1ons the fol]ou1ng were conta1ned 1n

a tota1 vo1ume of 0 1 m1 50 mM sod1um acetate pH 45 ]9 ug ’"htbi-:';ﬁ“': o

‘-jhtor protein ] pg card1ac b1nd1ng prote1n and U 2 pMo]e 3H cAMP (4000

‘

_cpm) To prepare the ca11brat1on Curves quant1t1es of cAMP rang1ng

’:.;from 0 5 to ]0 pmo]es were added 1n add1t10n to the above the exact &
:~{concentrat1on of the cAMP solut1ons ut111zed for ca11brat1on purposes -
f;was determ1ned spectrophotometr1ca11y (6250'- 15000 I/mole cm) ';;tFﬁgfjj;f}%k
 T_per1menta1 tubes conta1ned 10 to 20 u] of pur1f1ed t1ssue extracts L ;
5 ewh1ch usua]]y conta1ned 0 5 to 5 pmo]es cAMP The react1on m1xtures

AR
Vf.were conta1ned 1n sma11 po]ypropy]ene react1on tubes (Eppendorf 1 5




-l samp]es was usua]]y 1n the stra1ght 11ne segment of the ca11brat1on

v eff1c1ency for samp]es from the same exper1ment d1d not vary by more
,than 1%.. B]anks conducted 1n the absence of b1nd1ng proteln y1e1ded
‘no. deteqtab]e b1nd1ng of rad1oact1v1ty to the f11ters Counts per
”}10 min were p]otted aga1nst the cAMP content of ca]1bratlon samples
h'ﬂon a doub]e 1ogar1thm1c p]ot F1gure 4 111ustrates a typlcal cAMP
»'assay ca]1brat1on curve The ca]1brat1on curve ywe]ded a strafght
-elwne 1n the range of 0 5 to 10 pmo]es cAMP However, the 11ne was

| )dbent at lower cAMP concentrat1ons The cAMP content of exper1menta1

' .fcurve A]] determ1nat10ns were done 1n dup11cate and a new ca]nbra- -i""
}??tlon curVe was drawn for every expertment Preltmtnary exper1ments |
'1nd1cated that the add1t1on of 50 pmoTes of AMP or ATP to cAMP assay

._;m1xtures had no effect on the cAMP ca]1brat10n curve between 0 5 andir,,f.e_.

h;55 pmo]es

In order to test whether the pur1f1edAc "extracts ut111zed

j:tfor cAHP determ1nat1ons contalned 1mpur1t1es wh1ch jnterfered with- 5

jh;(prepared by S G HcKenz1e 1n th1s Taborat“ny



10000}

RS
. . * N .
: ﬁpff o

'OOO_»; S

is:CBunfspeE]Qpﬁn -
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ﬁx'Flgure 4 cAMP assay ca11brat1on curve Counts per 10 min are plo;* I
© ted against the cAMP-content. of cal1bration samples on a double 19+
~.garithmic, plot to: ‘obtain.a straight line.  Assay: samp]es conta1ned
- in a total. volume of 0.1.ml: 50 mM: sodfum ‘acetate; pH'4; 19 ug. inhL
- bitor protein; 1 yug cardiac binding protein; 0:2 pioles: *H-cAMP.. .
j..(4000 cpm) -and 0.5 to: 10 pmoles unlabelled cAMP After”incubat o .

at 40 for'at Tleast. 60 min; assay-samples: were. f1]tered and the f11 <
'}jers were processed for counting as-descr1bed“"dthe text.. s
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'.m1xtures were ffeezeedr1ed and the res1dues here subaetted to cAMP
RN

"determ1nat1on by the preteln bind1ng method in the presence of known R

/

- amounts of un]abelﬁed cAMP Controls were cqnducted 1n which a11quots,'~-' o

\

. of cel]d]ar extracts were rep1aced by d1st111ed water 1n the phospho-

'7t1ons of a ca11brat1on curve Exper1menta1 samples treated w1th phos-v

'ddlesterase react1on m1xtures Such exper1ments proved to sat1sfactlon

'that no 1mpur1t1es in: the cAMP extracts 1nterfered w1th cAMP blnd1ng

to the card1ac prote1n preparat1on over the range of cAHP c0ncentra— L

‘=phod1esterase vere: used as b]anks occa51ona1]y to assure the authen- -

't1c1ty of cAMP measurements ‘_.i'.f.J'.fhiw Ti,,if.;

)

2.7 In«vivo“f "e.'rperiménts T | R }: .

. . R - sl ‘ t‘ . . . .
The effects of drugs on. cAMP 1evels 1n Ehr11ch ce]Ts w1th1n

the per1tonea1 cav1ty of m1ce were 1nvest1gated Druos were lntro-

;”duced w1th1n the per1tonea1 cav1ty of the m1ce 1n a tota] vo]ume °f

0. 2‘m1 sa11ne After the de51red per1ods of t1me the tumour cel]s *1“}];Yr@

were: removed from the host p]unged 1nto 1ce co]d tr1ch10roacet1c ac1d

:;dﬁscharge of catecholam1nes the effect on cAMP Ieve1s of the method':j

;emp1oyed to. sacr1f1ce m1ce was 1nvest1gated Furthermore, two methods

‘;rfff‘.'*u"‘ et T,"fvf.?357fff“; Lk

and- pur1f1ed cAMP extracts were prepared as descr1bed above Thé_.*:f:s

K4

: amount of : b1o1og1ca1 mater1a1 (cells) extracted was assessed by dup— -‘; R

':11cate DNA determ1nat1ons

S1nce the catecho]am1nes st1mu1ate adenxgate[gygyase from

r;Ehr11ch ce]]s (Bar and Henderson, 1972) and stnce handltng o& the an- if, e

_'1mals prlor to and dur1ng ce]l remova] m1ght cause adrenal medu11ary

I

!
for tumour cel] remova] were 1nvest1gated W1th respect to a poss1b1e

L e

Aol
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effect on'ceTTUTar cAMP content The resu]ts are summar1zed in | :. |
' TéhTe.T There were no maJor dlfferences 1n tumour ceTT cAMP content '
~ whether the m1ce were sacr1f1ced by cervwcal fracture decap1tatlon o
.or whether they Were anesthet1zed w1th pentobarbltol (150 mg/kg)

_'The twio- methods of extract1on were the foT]ow1ng

Method A - 0 1. m] of concentrated cel] suspens1on 1n
‘_asc1tes f1u1d was, w1thdraWn u51ng an Eppendorf plpette (b 1 ml) and : rftt':'u
*equ1ck1y pTunged 1nto 0 9 mT 1ce co]d 0. 6 M tr1chloroacet1c ac1d as |

| soon as possabTe after the sacr1f1ce of the an1ma1 (about 15 sec)

a Hethod B - 2 ml of co]d sa11ne was qu1ck1y 1n3ected 1nto |

4 the per1tonea] cav1ty of the sacr1f1ced mouse, 0 Sﬁhl of ce]T sus- ?l~tﬁ
fpen$1on was then w1tndrawn ahd quhckly added to 0 5 mT of co]d T 2 M
tr1ch10roacet1c ac1d The data presented 1n Tab]e } 111ustrate tnat j'}“'
~the method of extract1on d1d not drast1ca11y 1nf1uence the cAMP con— ; f::eii-?fi
.:tent of the tumour ce]]s | - .. “” | ”’ | }. ST
'_ For rout1ne in vzuo work the mlce were sacr1f1ced by cerv-,tfi“tjf'f
V.1ca1 fracture, the abdom1na1 ual] and per1toneum p1erced w1th sc1ssor§dih L
i.and 0. 1 mT of ceTT suspens1on in asc1tes fluid was qu1ck1y W1thdrawn ;ftift{Tjjf
_'w1th an Eppendorf p}pette. The ceTTs were 1mmed1ate1y plunged 1nto o

0 9 mT of co]d 0 6 M tr1chlgrbacet1c ac1d the ac1d extracts were pro-;h;;,;-

ﬂceSSed as descrrbed prev10us]y to: obta1n cAHP content per un1t welght 1?:QT;T‘T‘:

\

DNA. Prehmmary expemments 1ndiq;1ted that ascites ﬂuid (o 1 nn--: S

.3000g supernatant) from m1ce bear1ng 7 day old tumours conta1ned no

ffdetectab , cAMP or DNA when processed fh an 1dent1¢a1 way o the’ as-'?,[,dﬁ e

ZCites"_'T‘suSpens1ons Thus asc1tes f1u1d did not interfﬁreiw,‘h

cthe determ1nat1ons of cAMP content W1th1n Ehr11ch cf
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2.8 '.«gaé,ggzat;é_-.'_ég{a_ze;se agga'yalr: ¥ e
Adeny]ate cyc1ase assays were performed us1ng membrane

',’preparat1ons from cel]s 1ncubated as descr1bed 1n section 2 3 F01--'“~

1ow1ng Ln.vztro 1ncubat1ons 1n the presence or absence of drugs for }ffat';firff
_fper1ods of tlme spec1f1ed for the 1nd1v1dua1 exper1ments, 10 m] of : :

f 3% (v/v) Ehr11ch cel] suspen51ons Were d11uted with 3 vo]umes of 1cev L
}{co]d mod1f1ed Krebs anger phosphate med1um (sect1on 2 3) and 1mmed- df;'d;;ist
131ate1y centr1fuged at 1500g for 5 m1n at 4°C The ce]ls were then |

'dwashed_W1th 10 m] of co]d med1um and centrlfuged as before Thd?f,tfii,ijffm“*s

iwashed ce11s were resuspended 1n 3 m1 of co]d d1st111ed water and

| sequently, the cel]s were poured 1nto a ch111ed homogen1 "

;:ta1n1ng 0. 3 m] o§£$b0 mM Trls (pH 7 5) and 10 mM MgClz Lf

'?] m]'Of the same bUffer Basa] and st1mu1ate”'en

jassayed 1mmed1ate1y afteT prebahatfani

| | Thé standard aderwlate cyélase YSWS‘



-.71ear, Ca11fornia) Enzyme protewn was added t° 5ta"¢ the 1ncubat10n$ ;“”*
*fwhlch were carrled out at 37 °C for 20 min. The react1ons were stop- ::'
.ped by the add1t1on Of S ul of a so]ut1on contalnxng o 125 M EDTA and

: 0 05 M. each of cAMP ATP and 5 -AHP and the reactlon tubes qu1ck1y

 }stored on 1ce Further process1ng and chromatography on po]yethylene-ﬁ%ff;Q‘_i

.’1m1ne 1mpregnated ce11u1ose th]n layer p1ates (”3Cherey-Nage] and §° 71 IRTE
.QGermany) were carr1ed out as recent]y de5cr1bed (Bar 1*?%

;’ate cyc]ase act1v1ty 1s expressed as pmoies cANP fOrmed perjmg_pro

ggtein per mln proteln determwnat1ons were conducted accordtng:to he .

5‘method of Lowry et aZ for 1nso]ub1e prote1n (LOWPY(et?azf,lQST)F



) .

© 3. RESULTS AND DISCUSSION- = -~







a] st1mu]at1on }Theophyl-lv.z'ne ‘(- : 'M"I-,alone»







| The inset to F1gure 5 d1sp1ays the tlme course of cAMP el-.f;e;ﬂ,;ﬂ
i evat1on dur1ng the f1rst 2 nin fo]]owing st1mu1at1on by ]O . H epin- G

ephr1ne 1n the presence and absence of 1 mM theophy111ne, It 15 ev1-ifig}=}li’

dent from the 1nset that %he true maximum was 1ndeednreached at about f;;iafﬁff

resu?js do not fa"ou°'the'poss bi

fOr the secondany dec] ne
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It was necessary to prove that the observed t1me course was

' ”;_vnot pecu11ar to the standard 1ncubat10n med1um employed A t1me

=:Jarcoq?§eyfq1i¢;*”"”' .ﬂulat1on‘by TO‘s M ep1nephr1ne was thus performed
;'J‘Linwpiiré;u { :7% "ded 1n the 15000g supernatant of und11uted

' ed from tumour bearlng m1ce

Fxgure 7 dem-*ff T

erdment performed in asc1tes f]uid sdeed?,}

Th'lS o

erformed under standard conditlons

f,suggested that asc1tes f]u\d_ as'free of agent

w1th.or*antagon1ze eplnephrlne st1mu‘tt1o"ofxt



‘,,f;pe]1 /suspehdéd»in'ascitesjf
”"!the,lsooog supernatan fr
fr ing

S . .suspehs‘”" '
" -at intervals: for cAMP_determinatio;
 ;dup11cate‘us1ng ' .
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R R

rap1d1y by phosphod1esterases acce551b1e to extrace]1u1ar substrate,.sgf”:§-7;

but th1s poss1b111ty was not 1nvest1gated 1n the present study :

oo

[T RRELE

.y"

-3, 3 Pharmacologzegz propertzea of thé catecholamzne recePtor zn s SRS
A ..‘.'.'_) Ve . :

‘ aﬁiEhthch cells "i :;”;'f f_€*sieeeif]f:;?;jf%feiffj:f»fi‘“

| Fnephrlne concéntratwon (]0‘6 M) comp]ete]y antagon1zed the effect o* if_‘efﬁ*f

’—..,A e

”eﬂfhormone throughout the ent1re tlme cdurse (F1gure 8A) however pro- IFJ'7e""

i“‘*;'prano1o1 preseht a]one d:d not 1nf1u€nce basa] cAMP 1eveTs Phento1- f;ﬂ;ff&ffe

-::‘:_.1972) Furthermore, or‘cwr‘eﬂaﬂ”‘e (10




®)

Figure 8A. +Effect. of proprano]q]aon the cAHP reSponse ‘to ep1nephri—:
ne. Epinephrine {10~®M) was, added (0 time) to Ehrlich cell suspen-
sions (3%; v/v) previously incubated under Standard -conditions in . -

- the presence~(c1osed trlangles) or absence (closed cirgles) of 107°M .

propranolo¥ for 15 min.. At intérvals, aliquots.(0.5 ml) were . w1th--- -
drawn and cAMP content was determined.. Cel] number was determ1ned

in dup]?cage using .a hemacytometer, o

S

‘ ‘Figuré 8B. Effect of phentolamlne on the cAMP response to ep1nephr1—'f1f
" ne. Epinephrine (107°M) was added. (0 time) to Ehrlich cell suspens-
“ions (3%, v/v) previously incubated ‘under standard ‘conditions in the

- presence (c]osed triangles) or absence (closed ¢ircles) of -10-3M

“phentolamine. - Subsequeht steps were performed as descr1bed for .iﬁ-i,rb

. Figure 8A."

P “of cAMP cbnten
' maCytometer;)-' R .

R

. -

F19ure 8C ~.Time course of the cAMP response to 0rc1prenal1ne _ o
- -Ehrlich cell” suspensions (3%.v/V) were, 1ncubated under: standard con- . -
ditions for 15.min. - Orciprenaline (107°M; closéd triangles).or = = °

epinephrine (107°H; c]osed circles) was. then added. (0 time) and .
0.5 m1 aliquots were withdrawn at-intervals for the determ1nation L
; ‘Cell number was: determined in dup11cate using a he-ﬁﬂj

-

R

SR S L

-t
e
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}.5 to obtain a. final- concentration of:

43

So

moles CAMP per cell ;’(0'9 L

- 0. vJT*:fiZOqu= f3T3;;,f4Q;fjj‘tﬁl;fflﬂ§0¥ff‘ng"-”

'f»Figure 9. T1me course of cAMP response toiprosx_gka“
. cell.suspensions (3%, v/v) were incubated und st
~. for 15 min; prostaglandin E; was theii add n

-~ control suspension received an equiv

. triangles).  ATiquots (0.5 m1) were -

" extracts prepared for cAMP dete 1
fexper1ment - -



ies after 2. 9 x 10‘5 M prostagland1n E; 1nd1cated 3 9 and 3 6 fo]d 1n- |
“'creases above basal ]eve]s at 1 m1n, the respect1ve 1ncreases were 2 3
' "and 2 8 foId after ]0 m1n These results suggest that a common mech-l""”'.'ﬂ |

{1an1sm is’ act1vated to account for the secondary decl1ne fo]]ow1ng stlm-hjff”

' ‘7~u1at1on by ep1nephr1ne and prostagland1n E; Furthermore the same 1

Cwin 1ag per1od preceeded the in1t1at1on of the secondary'dec11ne after'f7 S

| o 3 5 Dose response behavtour to epznephrmne and proataglandtn E,: iﬂffﬁ,f*fii*ﬂ

; st1mu1at1on by prostag1and1n E;

Dose response re]atvonshlps for ep1nephr1ne and prostagland1n;fff;{7_]

_.,El are d1sp]ayed 1n thures 10A and 108 respect1ve]y The responses

| 'fi;fwere determ1ned 1 and 10 m1n fo]10w1ng the add!tion of hormone .Theﬁ*fﬁf”}*:u

S fﬁep1nephr1ne Four 1ndependent dose response determ1nat1ons to epmnsf’

"‘7}”three of the four determ1nat1ons Max1ma1 response

| ;e]evat1on of cAMP content was dose dependent between 10" H and 10‘

‘f‘ephrlne yle]ded s1gmold curves 51m11ar te that \11ustrated in Frg”re

'*571110A no. response was observed w1th 10 M ep1nephr1ne at.l or kofmi




7f7: }w1thdrawn af 13 1 and 10]min r’t

T and Y0.min.
i rine i n __‘F1:g'u

Ny
o .

BRI e

: -motqs_ cA_M_P‘per_Cen XMoo

f E pmephrme]

- moles cAMP per cell x |0

......

:j:-f esu]ts are from‘a singl 'expj {inen

a“”here ested fof th“ir;efféct on
' - The experim tw




S

"'ff"than 10" M Concentrat1ons of 10'“ M or h1gher were not tested due -'fﬁfi

L ote th91r Phy51olog1ca1 1rre1evance. The 1ncrea5e of the reSponse ob-.d" B

‘rﬂ.’:served between 1 x 10"5 M and 2 9 x 10‘ M prostag1andin E; (Figure

-,jbloﬁ) was conf1rmed 1n a further study In two add1t1ona1 experiments{ ffdfﬁf,f
| it was found that comb1ned doses of epinephrlne (10‘ M) and proste-fﬂefl}Q

| dji91and1n Ex (2 9 % 10'5 M) d1d not Produce add1t1ve responses Bdth ?ff5f;ﬁf?f¥

fi?;f‘ep1nephr1ne for 10 m1n (Figqr

";i»sl1ght 1ncrease 1n cAMP;

C




"5ifl¢(]0“ﬂ)fwas added (0"t

F1gure 11~15;T; ' 3 a secon

':;wfprein,ubatedV nd
5 pinephrin

A éf,incubﬁ"°" continued

;;;i??iare from a‘singlefexperimentﬂ
fl'j;fadditions of;epineph ne




s

“med1a from contro] and treated cells were then 1nvesti§ated fOF th“iraf:““‘

;1ab111ty to e]evate cAMP 1eve1s 1n fresh cells.j;vh










vest1gated It was prev- ous'l




er cell x10°"

e
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ey

1nvestlgated the ex1stence of mu]tkple phosphod1esterases in Ehr]wch

ceTTs

s

. N , , , L
(b) The observed responses to theophy111ne wou]d resu]t 1f
;the rate of format1on of cAMP conttnually decreased with tlme dESthE

the cont]nued presence of hormone

3.10 Parttal refractortness of sttmulated ceZZs to the effeqts of

“*eptnephrtne 'Q. , g,'., B f";u o .*'.~ S ;;”“_ i
. s K . . B

The ab111ty of ep1nephr1ne pretreated and washed ceTTs to
respond to a Second exposure to the hormone when resuspended 1n fresh
medtum was 1nvesttgated The resu]ts are dtsplayed 1n Flgure 16 Con-

- trol ce]]s 1ncubated under standard*COnd1t1ons 1n the absence of epi- _i:ihi.

‘7_'nephr1ne For per1ods up to 60 m1n were max1ma11y re5p0n51ve to ep1neph-

vr1ne when washed and nesuspended in fresh 1ncubat1on med1um However, R

ce]Ts 1ncubated in the presence of 10" M eptnephrlne for TO m1n or . |

X more were part1a11y refractory or desenswtized to the effects of ept-»r est

H'nephr1ne when washed and resu5pended 1n fresh med1um ‘a treatment that R
restored rest1ng cAMP 1eveTs (thure 16) CeT]s 1ncubated w1th TO 6. M :

.eptnephr1ne for ]O 30 and 60 min attatned on]y 39% 27% and 8% of con-'i:i;

': troT reSponses, respect1ve1y, at 1 m1n dur1ng the second exposure to f |
ieptnephr1ne These observatlons suggest that, 1n the presence of hbr- Th t:;;ff
‘mone, a t1me dependent 1ncrease of the ratto of cAMP degradatlon to i T
T‘formatton occurs The effects of the Tate addittons of theophyl]tne ;,?rj;ﬂifﬁe

.crto ep1nephr1ne pretreateq,ceTTs (F1gure 15) further support that pro-i i;;

Posa] I e 1f°-' "'ff‘;~5'3.~J ST e

- The.dose dependence of the process Which causes partial, .t

b\"_.

T' 'Q“'
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,;50 i

‘  pmoles CAMP per mg pr_of_ein

oW w0
S Time{min) oo 7 S

Figure 16. -Ability of. epinephrine-treated Ehrlich cells to respond = -

.- to further additions of hormone. EhrliCh.cellfSUSpensianﬁ(3Z¢;vlv)ﬂﬁj,u}:ﬁff?;

-~ incubated under standardﬂCQnditions'in-thé.presencé‘Oﬁ~10’5M epinefjA-_1«~" e

-~ Phrine for 10, 30.and 60 min (times indicated by arrows) were quickly. ~. " .
. diluted with 2 volumes of .ice cold standarﬂ;incubatiuq,mgdium;and]?,”ﬁ,;gﬂj'Hy:?

, immediately'cehtrifuged;atgisoog‘fon;5'min~ptf4°;g%Theasupernatants’*,‘*“
. were discarded and. the cel]s’WereawaSheq.in?theHSamq volume. of cold'. -- -
-+ ~medium-and centrifuged as before. ThéjwaShed-ce}lu]grﬁpelletSQWere;ru_;1j
-« resuspended in standard incubation»medium‘fﬁwdbtgip‘Blf(ylv)gtell,g'S,j_‘
. suspensions. - The entire procedure cfmprQMisingﬂw@ShiﬂQﬁand&résusggn”;; j;
“ding‘was,strict1yfsét“t0'1ast‘20‘mfn,_~F‘]]ow1ng ingubatjon;atﬁal»i;;“;x:;ft, L
-« for.5 min, the recoveredfcells:were~$ubdg¢ted;a“seﬁqnd time to 107%™

- ‘epinéphrine and a time course of the cAMP response was méasuredffqpéﬁifj}ﬁffjj{]

. circles; continuous lihes);1fCOntrOIJ&ellsjwhiChiWEPe;SubjeﬁtédﬂthfLl;;*
- exactly the same treatment but received saline in lieuidf}ggjnephri{j""
ne in: the First incubation were similarly stimulated by 107°M. epine-
phrine during the‘second.incuba;ion,(opengquaﬁbsﬁ,erken;11&3;3;;*
Also shown is-the initial cAMP response to 10°*M epinephrine during
- 'the'firstvincUbation'(c]qgsdyCirc]es;”continp0us“lidesg,;;gesults*gnex?
~.. expressed as pmoles CAMP per mg acid precipitable protein. g




_refractor1ness to hormone was 1nvestlgated Tumour cells isolated from
.the same anima] were 1ncubated 1n the presence of 1ncreasing concentra--.ffsitf
"tlons of eplnephrxne and cAMP 1eve1s were measured after 1 min 1n an

.a11quot thereof to yield a dose response curve fV:;§91nephrine action 1ﬂff'f‘5t

| _ "(compare w1th f1gure IOA) After 10 m1n 1n theApresence of: honnone. 2

v<enthe rema1n1ng ce]]s were centrlfuged washed once and resuspended 1n |
;'fresh med1um, the 4atter treatment agi1n restored rest1ng cAMP levels i' fff;;f
”1n these cel]s These ce11 suspens1ons were then 1ncubated at 37°C r

'.‘for 5 m1n and subsequently st1mu1ated w1th a dose of 10‘5 M ep1neph- j -s"iﬁ '

<r1ne, cAMP content was determlned 1 m1n after additton of hormone

"‘.thResults from one such exper1ment are 111ustrated 1n F1gure 17 T et;fiv){?jf;@

| ’-{1ncubat1on for 10 m1n in the presence of 10“7 M ep1nephrine (curve B), .

curve marked A represents the dose response re]at10nsh1p to epineph- .e.7‘""

"r1ne in the f1rst 1ncubat1on, ;' .f{rve marked B 1nd1cates the extent

-ﬁifof eplnephr1ne sen51t1v1ty o EhPTICh ce1Ts pretreated w1th d\fferent

i doses of hormone

The results 1nd1cate that the mechan1sm(s) 1nvo1ved in the ER

'c'}establishment of refractor1ness was act1vated almost maxima11

-"fa concentrat1on wh1ch caused 1ess than hhlf maxima1 e]evation‘oficAM;;
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= kigufeni?'NJD°Sé’a§péﬁd5"§éidf-theTHéSeESikiiéfibn{of;Ehfiién;ﬁglnsjfi;fﬁfg**$§;A
- to hOrmonalvactiOﬂ;i;Su5pensions"(3%,:v/v)qugEhr]iChfqelis;frgm{:¢__;:;xn e
" the same animal were’PreinCubated:undgr,standardutOnditibns;forr15?!w;r:;1;i

3 - -min and then ‘subjected to\ihcreasinggdosesfof;epinephrineiACAMP réS_t_:__fh i

¢ tly stimlated with 2 standard dose of 10-*H epinephring

.?;,ponses;were;measurediaftéri1;m{nﬁ(¢uryejA),;5Aftehfloimjn;in¥thg?;&?J
""prése"°e3°ffh°rm°"e’“t“e*sﬁmeiCel‘tSﬂSPeNSionsﬁwere;qufck,yﬁd i
~ With 5 volumes of cold incubation medium and centrituged at-1
.. for 5.min at 4°. The'supernatants were discarded- and the. . 5
. washed'withjthejsamesvolume%of_cgldgincuba;jbn;megﬁum;?”Tbeﬁfjﬁa
~ washed cellular pellets were resuspended in standard inicubation.
, wasﬁtht’-:n-.;_finc.ub_'ate.d-,..:undér--,.stan.(\v’.‘a.rd,&A.co”'_“”t.jo_ms_“}:_.:f‘q_"_.‘..‘_‘5‘m1 Sisvert!

~tent was dternined after 1 min (curve B). Resilts
-+ proles cAHP per mg-acid- precipitable. protein.



‘."."“' S 'j';. ) S
found no 1nh1b1tory activ1ty in the 1ncubation med1um, this part1a1
desens1that1on to ep1nephr1ne 1s presumably the result of an 1ntravl;f¥1-tm
cellular regu]atory mechanism act1vated as a resu]t of the hormone E
treatment 1tse1f If th1s mechan1sm 1s activated by 1ntracellular

7T?EnncAMP (an assumpt1on 1n 11ne WIth the f1nd1ngs shown 1n F1gure 17), _
"» 1t 1s ev1dent that 1t is act1Vated almost max1mally by a relat1ve1y |

smaJ] 1ncrease 1n cAMP | {f;?énffeffff-;jj}ﬁ”>itffif]ﬁ f;}gf*tp;.ft_ffffg

A c105er 1ook at F1gure 17 w111 revea] that a]though 4 X

1Q‘° M ep1nephr1%e caused a 2 8 fo]d 1ncrease of cAHP content 1n the _p£}°;ﬁﬁf
@ f1rst mcubatwn, o 1oss of sens1t1v1ty to epmephrme was seen

L1kew1se, the same concentrat1on of hormone caused a 2 2 fo]d 1ncrease»

L

1n a repeated exper1ment but aga1n no 1oss of s Ls1t1v1ty was observed

Presumab]y, the thresho]d cAMP 1evels necessary for act1vat1onfof7”h’

-ﬁ,ﬂlgrepeated exper1ment however we have ino

“”}f;-ther and 1t rema1ns unexp1a1ned'



Coeo
oA Ho’rmone—dependentmodz.fwatwnofadenylate0301488 1

The p0551b111ty that ep1nephr1ne actlon dlrectly 1nvo]ves

'7‘f an alterat1on of the adenylate cyclase enzyme System 1n Ehillch ascites
) ce]ls was 1nvestlgated For that purposé basa] and st1mulated aden-ﬁ

ylate cyclase activ1ty were assayed 1n membrane preparations fram Ehr- :'aﬁj"'

110h C9715 Dreincubated in the presence and absence of 10‘ M ep1neph~--- e
r1ne.» Three a11quots from the same tumour ceTT 5uspension were pre-ffif%* "

| ’1ncubated for 5 m1n at 37°C The ce]] su5pens1on named ET (epanephrlneﬁstf

treated) then recevved 10's M ep1nephr1ne SuSpens1ons labe]
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'.‘}"{prepared from CB and ET,ceJ]s exh1b1ted approx1mate1y 20% and 60% re-

;?fﬁ.fduct1on of ep1nephr1ne (10'“ M) ~st1mulated activ1ty, respectlvely, g

. A'E1ty was also decreased 1n CB and ET cyclase preparat1ons but*un
:Tg'ifa re]at1Ve1y s]lght extent (Tab]e 2) | Jf;{{ei:uf‘efA ‘”d'_ :
: - The overa]] d11ut1on of 10' M ep1nephr7ne durlng the pre-.
Aiffparat1on of adeny1ate cyclase from ET an CB cel]s was better thah -

'Z‘I:;:SOOO fo]d thus the effectlve concentrat10n of ep1nephr1ne,carried



”’f??fF1gure 18,

Response:of ‘ader

- and. epinephrine- pretreatedeh,:,i,m.'r

:E ;f:(3% v/V) were incibat
- s 'group then receivedLepinephri

*E];ilncubation was cgnt1nuedﬂf

'7x;phr1ne-. Two' 10 m1"aliquots.

s ' 0. btai
U 107%M; an ‘unchal lenged group:receive




4

'i¥_f; to ep1nephr1ne of adenylate cyc1ase;p<ePared'fr0m ep1nephr1 e,p;_treat1

"..m,." )

";3 12 A proposed mechanzsm fbr hormone»tnduced desensttzzatzon of

~ . ‘1._ B

A1though not proven conclusively by present experiments it

"”f:1s most 11kely that the refractory behav1our of epinephr1ne*pret?eated

"'5f-ce11s when exposed a second t1me to hormone the 1ack of sensitxvjty

;_f; fof a common mechan1sm Itris a]so reasonab]e 0 assumeffr

';";"fmodel Constantopoulos and Na ,‘Ja'"’(1'973




R components necessary

| °1tfa mu1t1enzyme comp?ex w1th1n the structure of the ce]] membrane :if'l

g

3r‘cytes aqd blood p]ate1ets possess act1ve, membrane bound phOSphOPrOtEINs”tﬁff}

'°vfphosphatases (Layne et aZ 1973) Accord1ng1y, we suggest that the -

:'5T;st1mu1ated adenylatelcyclase by cAMP could be 1n close association as

| '";:restorataon of the act1vated form of the enzyme Perxtoneal granu]o-;.fftffﬂ‘

for the proposed feedback 1nh1b1tion of hormone-r»iQiej{f

Resu]ts from yet another membrane system prov1de further sup-;;

t:fi;f(Rub1n and Rosen 1973) The;eﬁement'i




.:.“:w;‘ ..A-':f.'gn'f.n’f‘f'g . '[M ;hv"ff"i;:ekil, 'hhﬁfhéii
'rdtton 1rrespect1ve of the t1me of add1t1on the progre551ve1y sma11er i7 jf;ig:
i -e‘r1se of cAMP in response to add1t1on of theophylllne to ep1nephr1ne—7*:fﬂ”,;ﬁe
3 st1mu1ated ce]]s (F1gure 15) 1s best exp]a1ned by assumhng that the | '
cyc1ase system 1tse1f becomes more 1nh1b1ted w1th t1me 1n the preSence

N a v Yy

"of hormone.,. .~:"” R

‘eﬁ.a'i_'71_ The present mode] sat1sfactor11y explaxns the ma1nténance

o fof part1a1 desensxtizat1on to the effects of ep1nephr1neiwheh_hormone-'.ﬁf;ﬁﬁ;

: *fopretreated cells are washed and resuspended 1nff’esh medium (F1gure

‘f',nc]s) The restorat10n of norma] sensrt1v1ty of Ehr]ichiée1ls to ep1-"l;_:”,;g

”’-ffnephr1ne wou]d be dependent on the rate of ePho;phOryTat1on of'the fﬁi?:ﬁiff

~:7f;:phosphory1ated membrane component The presenCe of . phosphat

.*ﬂ“fu;ty of mnce. Tab1e>3:summar1ze?’the effee 0
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R
- Ehrlich celis" Likewise, the effect of propranolol (0 2 m] of 107" M e

:so]ution) on the in vtvo cAMP response of Ehr11ch ce]]s to ep1nephr1ne '

o was 1nVest1gated the proprano]o] solut1on was adm1n1stered 3 min

L prior to hormone A]] drugs were dlssolved 1n sa11ne,k1n a]] 1n~
stances, the cAMP content of Ehr]lch cel]s was¢Measured 5 mxn after
.the adm1n1strat1on of ep1nephr1ne | ‘.}x'v_i | : |
Ehr11ch asc1tes ce]]s subgected to the effects of ep1nephr1ne, o
ef and ep1nephr1ne theophy111ne comb1ned in vzpo responded w1th 1 8 and |

3 5 fo]d 1ncreases of cAMP content abOVe sa11ne contrOIS, respectively,u’<f
.at 5 m1n after the 1nJect1on of hormone (Tab]e 3) Treatment with

)

‘.theophy111ne a]one for 15 min (an expoSure t1me 1dent1ca] to that uSed j,j"'f

. for theOphy]11ne 1n the ep1nephr1ne theophy111ne comb1ned group) d1d

s »s1stent w1th in vttro observat1ons

“not s1gn1f1cant]y elevate cAMP/content 1n Ehr11ch ce11s zn‘vzvo Fur- h"
;thermore propran0101 tota]]y blocked the effect of ep1nephr1ne on the l-w'

AMP response 1n Ehr;hch ce]]s 1n thD (Table 3) an observat1on con-‘ﬂh';
3. 14 Ttme course of the cAMP responsé of‘Ehthch ceZZs ta eptﬁephrt- g_tﬂ-s‘i
_'.ne 1,n vivo ' ’ . a *(, - AR l ."v"‘ ‘ o

Sor

. ‘A_v_ - v._, ‘. —‘

The t1me course of the elevat1on of”cAMP 1n:Ehr11ch ce]ls

7‘aksub3ected to ep1nephr1ne i vzvo was 1nvestwgated The,results are

“?ffcontrols after 2 and 5 m1n respect1ve1y Combined treatment with epi

},summar1zed in Tab]e 4 Treatment w1th ep|nephr1ne (0 2 m1 of 5 X IO"Minhl;?

SO]ut1on) resu1ted in 4 7. and 15 8 fo]d 1npreases of cAMP above sa]tne :;ﬁs

1~.Eephr1ne (same dose as above) and theophy]line (0. 2 ml of 23_87mﬁfso

’“utwon adm1n1stered 10 min prior to hormﬁne 1nJect1on) ylelded
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)

3.9, fo]d 1ncreases of" cAHP at 2 and 5 min after adm1n1stration of hor- ;f" -
'mone, respectlvely After T hour cAMP 1evels had fa]]en to contrc] i
’values 1n a]] treated groups and these leve]s were ma1nta1ned 1n a11
; 1nstances unt11 at ]east 8 hours Theophy111ne alone d1d yotbaffect ;_ uefh .
.the cAMP content of Ehr]1ch ce1]s at any t1me h_ : hy .
‘( ' d' It 1s apparent that the t1me course of the cAMP response‘ofa

Ehr11ch ce11s to ep1nephr1ne in vtvo fo]]ows the same pattern as. thatfh'f{fjrh

. observed us1ng 1so1ated ce11s Furthermore theophy111ne enhanced

-aﬁthe reSponse of Ehr11ch cel]s to ep1nephr1ne tn vzvo but did not pre-p;i:faf-,

E fcvent the ear1y dec11ne of cAMP an observation cons1stent w1th in o

;5fvztro 1nvest1gat40ns reported ear11er (F1gure 5) The zn vzvo re;
| oisponses are - presumab1y 1nf1uenced by red1str1but1on and metabo]1sm off;dc’"a‘ :
"thormone and theophy111ne w1th1n the an1ma1s Hence‘gthe effects bf
‘d":the drugs may be term1nated quwte rap1d1y after adm1n1strat1on and |
f; this may account for the 1ack of effect in a11 treated groups after : : o

.7f'1 hour o .:;f'”i..f"“z -‘j‘?.fpf“jff*[f- f;n'1}7f{,ji;-~'7*f‘




= ‘control of cANP

'“fiwes found assoc1ated w1th the ce]] free 1ncubat1on med1um Oit;

L

4, GEN.ERAt DISCUSSIQN

| As stated above exp]anat1ons other than the model proposed
;1n sect1on 3 12 m1ght st1}1 account for the observed desens1t1zat1on
'-ifof adeny]ate cyc]ase due to treatment by hormone In the follow1ng..“‘
’ some of these posswb1]1t1es W111 be d1scussed as we]] as the b1o]og1-3h:;- 7¥f

s ca] s1gn1f1cance of ghe hormone 1nduced desens1t1zat1on of hormona]

.,,‘:_\;b

Our resu]ts do not ru]e out conc1u51vely the poss1b111ty

7'i'tthat spec1f1c hormone antagon1sts are formgd w1th1n Ehrllch ce]]s

8

J;‘.as a resu]t of treatment w1th hormone However, no such antagontst

k e 4

'~_ted Ehr11ch cel]s The poss1b1]1ty of an 1ntrace11u1ar antayon1st

s concewvab]e but was not 1nvest1gated However, 1f suchfa mechan-"ff;:]gJﬁf

vlh_‘1sm 1s 1nVO1ved our fwndlngs requwre that the 1nh1b1tory factor be ?{jf°3f’37

;'t1ght1y assoc1ated w1th adeny]ate eyc1ase such that desens1t1 ation

j-‘iﬁpersists fo1low1ng 1so]ation of the enzyme.u_fff;f

The desens1t1zat1on of 1ntact Ehrllch cells cou?d simifa

"u.ly be due to a- hormone 1nduced enhancement or 1nduction of da 30V0
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':s1gn1f1cant 1ncrease 1n phosphodwesterase actlvity (Frankl1n and Fos- R
“ter, ]973) However, 1n the 1atter study, son1§ extracts of human
.{flbroblasts were assayed for phosphod1esterase act1v1ty and such

f'broken ce]] preparat1ons cannot be regarded as true est1mates of ac-

: tual phosphod1esterase act1v1ty w1th1n who]e ce]ls Subce]]u]ar or-‘

"-1'_‘gan1zat1on and macromo]ecu]ar assoc1at1ons wh1ch are dlsrupted by u]-,
~;trason1c des1ntegrat1on may be important determnnants of actua] phos_ﬁj> )
';;_fphod1esterase act1vity w1th1n 1ntact ce1ls “ ; hh ".; " f“ |
| L.t ;o If the act1v1ty of. memBraae-aSSOC1ated phOSphod1esterase "” S
“fiwas enhanced as a resu1¢ of the hermona] treatment of Ehr]1ch celTS» gsfif‘*’\

,the effect cou]d be carr1ed into the membrane preparat,on uséﬁ to;7”"'"'

- assay adeny1ate cyc]ase. Hence, an enhancement of the breakdown of ~‘f5'5

<:Lt1v1ty of the cyclase However basal ep1nephrin\

"'-"{ted act1vit1es wou]d presumably be affected siij'r1

,;[ﬁ7;t1zatlon of adeny]ate cyclase. Furthermore'qthe

‘-flg-used for adenylate cyclase are spch that



:nf”of adenylate cyc]ase observed 1n human d1p]o1d f1hrob1asts (Franklin
| *; and Foster 1973) and gu1nea p1g macrophages (ﬁemo]d 0 Donnell j1974)

' ‘:fThe recovery to a sen51tive conformat1on wou]d be necessary to aLJow

S L o o - ';Vo' I:" : "*ei~r:-t
: r1ng to the mode] prOposed 1n section 3 ]2 Such a mechan1sm wou]d

1exp1a1n the hormone spec1f1c1ty of hormone 1nduced desens:tization

o 7react1vat1on.(dephosphoryTat1on) of adeny1ate cyclase. The recovery :




Ce11s and t1ssues are probab]y subqected on]y rarely to hlgh
e concentratlons of hormone for prolonged per1od5/of twme under norma]lh“.
i, phys1o1og1cal ;ond1tlons. However, part1a1 desensitization of adeny-
"9: 1ate cyclase may be ach1eved even upon exposure to low concentrations
i: of hormone.n Tachyphy1ax1s and desens1t1zat1on phenomena are_we]] |

known 1n phys1o1ogy and pharmacology‘fnL1tt]e 1s known‘aboutﬁthe'

‘. tems The present flnd1ngs could be‘nelated o'phys1olog ‘ally mea-

'd“f Henderson 1972) _In the ]1ght,of»thehpresent




: -ﬁ“that of the exceSS1ve dos1ng w1th catecholam1nes 1n asthmatic pat1ents |
1nf¥fln such 1nstances, desen51t1zat1on to the respectwve agents could 1n- ﬁﬁi*f'f’f
'“?sfvo]ve the refractor1ness (tachyphy]ax1s) of adenylate cyc]ase to furffévfkf'

fﬁ;fffther effects of the hormones

The desens1t1zat10n of adeny]ate cyc1ase cou]d a]so occur *ﬁ”"fJ;V59

stj:n1n the tempora] regulat1on of hormona]ly control1ed events such as

”anﬁfseasonal/or c1rcad1an cyc]es or other rhythmlc,‘biolog1ca1 events

Both prostagland1ns and catecho]am1nes have been shown to

iV”H;Qmodu1ate the m1grat1on of macrOphages zn vztro (Koooman et aZ > ]973)§;';~

;f,e:aand to accumu]ate at s1tes of infect1on (w1]1f5i.19j;‘

,Furthermore;?

::._-.5 "'-;‘ ‘fect‘l on

R
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[;;}-;:» Whereas the exper1menta1 resu]ts presented 1n this theS1S:fiiii?e'ie
‘%beaf on the mECha“‘Sm reSP0n51b1e for the SeFondary dec11ne of cAMPﬁy‘f{} ,sH
”,}1n Ehrllch ce11s in. the cont1nued presence of hormone, many impOr-;fisfféjﬁ,L3
‘_})tant and new que§t1ons are posed and remaln to be cha11enged Somefiejady;oj;
' of these are 11sted and d1scussed bmeﬂy 1n th1s sec "'"on'. E o e

(a) The dependence on the dose of ep1nephr1nevof” he r:'



or 1n comb1nat1on W1th theophy111ne.' Furthermore the early dec]1ne_:;__e,

°f CAMP 1evels f°]1°W1ﬂ9 the add1t1on of hormone zn vztro was obser-f'*

ved zn vzuo.} Hence, 1t wou]d be of 1nterest to demonstrate whether ﬁanﬁ,Fiff;

' ;; adenylate cyc]ase prepared from Ehrllch ce]]s pretreated with epine-ff?“«f?il
. \ : . el

phr1ne tn vtvo d15P1ayS partial desens1tizat1on to«the effects;”f

the same hormone under assay cond1t1ons zn vttro.‘;'Aﬁi-auf'

(d) In order to demonstrate whether cAMP 1tse1f is 1nvo]-sf€iheh;]§

ved 1n the—med1at1on of the desensitlzat'on:phenomenon 'Tnﬁactthr-f*ﬁi}g‘




"'7:;!ce11u]ar phosphatases would thus be of 1nterest

hif‘* cyc]wc nuc1e0t1de phosphod1esterases 1n Ehr ;ch ce}ls aﬂd to. esta-f
| 7”}fb115h d1rect1y whether these enzymes can play a ro]e in h.,

’ffffipendent desenswtlzation of the cAMP reSPOHSE Of 1ntact Ehr]fchhcells.: }

(g) It WOU1d ais° be Of Qenera151nterest5to 1n3*st19atef”ﬁ;

"one~gei

SR

cf;jOur arguments to the contrary are based o"in'1rect evidence on1Y~_
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APPENDIX A

»

- As. pp1nted out in the Inf?%ductqonjxthe u1t1mate goal of
the present study was to prov1de a rattona1 approach to 1nvest1ga- -
t1ons attempt1ng to corre]ate 1ncreased 1ntrace1]u1ar cAMP content

A‘to a reduced rate of growth of Ehr]1ch asc1tes tumours in m1ce In \

_
the context of. the present work, it has not been poss1b1e to exp]ore
L.
"th1s prob]em in any depth However a few relevant exper1ments have
been performed and, in sp1te of the1r 1Jm1ted character, they are de- o~

o

.scr1bed here s1nce we fee] that the—f1nd1ngs may provwde d1rect1on
:for future deVe]opments | | | A
Two main: approaches were adopted 1n these 1nvest1gat1onsy}
~'The f1rst conststed of the da11y adm1n1strat10n of cAHP a]oneror 1n I
ﬁcomb1nat1on with theophy]11ne 1nto the per1tonea1 cav1ty of tumour | |
' frtear1ng mice. In a second aouroach, repeated adm1n1strat1ons of ep1~“
’nephrwne a]one or 1n comb1nat1on~w1th theophy111ne were 1nvest1gated
w1th respect to- thelr effect on the rate of- growth of Ehr11ch asc1tes
tumours ' e
Two methods were used to assess ce11u1ar mater1a1 present 1nd
the Ehr11ch asc1tes tumours Tota] tumour ce]] number was determ1ned
.us1ng a Cou1ter e]ectron1c partxc]e counter after proper dllut1on of
rce11s extracted from the per1tonea1 cav1ty of m1ce, Packed ce]] vo]- p‘:r'ﬁh'j
.ume (m]) was a]so ut1]1zed to assess ce]]u]ar mater1a] present 1n the"fff{' N
| asc1tes tunours (Patt and Straube, 1056) SRR
Tab]e 5 summar1zes the effect of the 1ntraper1tonea1 adm1n-fi":
'Vi1strat1on once da11y of 0 2 m] ster11e solutlons of sa11ne 12“5 mM=

' .

'--cAMP (0 82 mg da1]y) 23 8 mM theOphy1]1ne (2 mg dan]y) and cAMP and

T B ST
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theophy1]1ne comb1ned in the same 1nJect10n ATT drugs were»dissolv§d o

in sa11ne The exper1ment was scheduTed as foTTows 24 hours after
A1mpTantat1on of 2. 5 X 105 EhrTlch ceTTs 1nto the per1tonea1 cav1ty of

random]y bred ICR mice (4 to 6 weeks of age 20 to 25 g) treatment

. was. bequn and carrwed out at 24 hour 1ntervaTs for a totaT of 6 in-

Ject1ons The totaT number of tﬂﬁﬂur ceTTs present w1th1n the peri-,

toneaT cav1ty of all m1ce~was determ1ned 24 hours foTTow1ng the Tast

1n3ect1on using a- CouTter counter after proper d1Tut1on of. the extract—
/ . .
ed ceTTs in saT1ne o
It is ev1dent from .abTe 5 that tumour bear1ng m1ce uh1ch

uere subJected to the comb1ned treatment of cAMP and theophylllne bore

fewer cells ‘than d}d mice treated w1th saTwne cAHP -alone or theophy]—*

e T1ne aTone The mice subJected ‘to épe combfned treatment bore onTy

61% of the mean number of tumour ceTTs present in. m1ce wh1ch rece1ved .

o saT1ne onTy However, a one way ana]ys1s of var1ances 1nd1cated that.

the mean cell numbers obtamed were not s1gn1f1cant1y d1ffereni for

‘any one: group of m1ce w1th respect to any other group at-the 5% Tevel ff

of s1gn1ficanoe Therefore the observed effect of the comb1ned

‘t.

L treatment was onTy margtnaT and 1ts mean1no rema1ns equ1vocal

o and Benson (1973) reported a SOA reductfon of EhrT1ch asc1tes tumour

. L3

P
growth 1n response to thé\idm1n1strat1on tw1ce da1]y of cAMP pTus

In an exper1nent s1m11ar to the one reported here, SeTTer 17(

,theophy1@1ne The effect f the combined treatment was reported to -

be s1gn1f1cant at the T% TeVeT of s1gn1f1cance The totaT da1]y dosesqfi

T of cAMP and theophyTT1ne for 20 g m:ce were 0 4 mg and 2 mg, respec-'{fhp_ab}:

t1veTy In our exper1ment reported above COrres ond1ng doses for

'-} CAMP and/theophyTT1ne were O 82 mg and 2 mg, reSPECt1ve1y Thus, i AR

e



7 | |
daily doses of theophyTTine did not differ‘but we.administered~two _
times the dose of cAMP. . Two other d1fferences exist between our ex-
. per1menta1 des1gn and that of SeTTer and Ben?ﬁn They 1mp1anted TO

| million tumour ceTTs whereas we 1mp1anted onTy 2. 5 m1111on ceTTs

‘ Furthermore, they 1n1t1ated treatment 72 hours after tumour 1mp1an-—

“tat1on and ma1nta1ned 1n3ect1ons tu1ce da1Ty for 4 to 5 days, we be-.'
.

gan treatment 24 "hour's after 1mp1antat1on and ma1nta1ned 1n3ect1ons

N once da1]y for 6 ﬁg@ The’ stra1ns of EhP]TCh ceTTs used uere prob-

. -ably d1fferent too, and that of SeTTer and Behson cou]d conce1vab]y a

i

;be more respons1ve to. 1ncreased cAMP than the dne emp]oyed 1n the

8

present study

In a second ser1es of exper1ments, ve 1nvest1nated the :

B effect of the adm1nlst§at1on tw1ce da1]y of - O 2 m1 ster11e soTut1ons =
:of sa11ne ep]nephrlne (5.x TO‘5 “) theophy]11ne (23 8 mM) and ep1;f'db
nephr1ne pTus theophyTT1ne on the—rate of growth of Ehr11ch asc1tes ﬁ:::.
' tumours The treatment scheduTe was de51gned as foTTows 24 hours ;fé{"]
o after 1mp1antat1on of 2 5 m11]1on tunour ceTTs 1nto the per1tonea1

’ cav1ty of heaTthy, 4 to 6 week on ICR m1ce (20 to 25 g), treatment _f

-y

89

© vas- begun and repeated every 12 hours unt1T four 1n3ect10ns had beenis;f;[tff ;-

~Jmade The m1ce were- then Teft und]stunped for 36 hours after wh1ch

”;t1me ce]TuTar materlak w1th1n the perltoneaT cav1ty of aTT m1ce was-ﬂ;iv

.‘deterqnned Packed ceTT voTume (mT) was used tobassess celTuTar

aE mater1a1 present 1n the asc1tes tumours The resuTts are summar1zedif

"'G'

It is ev1dent from TabTe & that m1ce subJected to the com-!t]-fffy:'

'ig:1b1ned treatment of theophy111ne and ep1nephr1ne bore fewer tumour

‘J"teTTs than d1d mice. adm1n1stered saT]ne ep1nephr1ne aTone or theo— f7=:.ﬂf¥5337

+



90

¥

-

s

<
. 3 T o o ,

.vm:wsgmymbmwmz.mszﬁo> (125 payae

¢skep xUS 4333y ‘7X9]
*d'L pausdlsLurwpe audM Su
1dtL pau L |
(14270 “Ws-O0lxS) autaldouide 03 uorud Utw 0| paJaisiulwpe sem (lw'z'Q ‘W’ g’
o (S1) 91°0%99°0

3

-
e .

G N

(€1) 6L 0%60° L~

N « . N

’ . o - R )

. l‘ - L . . . . - . . B . . -
R . . . Co R S P T R AR A
.~ SHUNOWAL SILIJSY HITWHI, 40 3Z1S 3HL NO nggg>xmomzp_oz«gmsz:nquau.uo.kumwuu...y.Wn“

.

v

Lo o rt0 U t3'g R SURAW S pBssaddxd aue S3nsay
._u:mmmd:mruucmu.hmuwcvﬁummucm.:wE‘meowqmocm_ e pabnyiaguad
“pa3oeulIxa m«;‘mu_s_ucp,mo.%g_>mu_,mw:ou+gmawm;p.:wgpﬁ;.p:mmmxa._mﬁgmwme Je (N (80 {e303 -
H1 UL PBQLJIS3p 3NPaYds Y3 03 BULPU0IIL 35 LW BuL.R3Y UnoWN] 03
3 PJA3UdU0D vmpmuwu:*Lmcuwop.upwmewcwwvm>~owm_u~mm:;o *g9-ajqey

oelueidenamen 0y
e see _No :_n_a inovs e
,»ﬁa,m%om,wmﬂﬂmm.Mw..u  ¢_._.. m.;Jq,«J“u_nfw

(u) 3" % (lw) aunjoa |1ad poyoeg- Nu53~m>,,c0wumL¢:wucouvwugmspmmppﬂmg;‘uagmas::.aawxm  

el L C oy

.~

£2) suiilhudoauy 5 -

~



)'.."", 3
phylding a]one The mice subJected to the comb1ned treatment bpre

Q

‘ on]y 60% of the mean number of ce]]s present in the sa11ne treated

' group. Ep]nephr1ne or theophyT11ne a]one had no effect on tumour

t
size expressed in the form of poo]ed data (means S E. )

He have p]o ed the group d1str1but1ons of the. packed

)

.“'tumour cell vo]ume per mou§e~for each group (F1gure 19) f C]ass )n¥ ‘

tervalﬁ of 0. 4 m] werS chosen F1gure 19 p]ots the m1Mpo1nt of each

c]ass agaanst the. fract1on of the tota] number of mice from each

' 'group bear]ng packed cell vo]umes correspond1ng to the respect1ve .

c]asses Just as, the mean packed ce]] vo]ume for the sa11ne--and

-

'ep1nephr1ne treated groups were very s1m11ar (Tab1e 6) the1r‘group
~f: d1str1but1ons were 11kew1se very 51m11ar The theophjll1ne treated

' group, on the other hand d1sp1ayed a group d1str1but1on that sug~

"‘gests the ex1stence of two d1fferent populat1ons of tumour ce]]s

‘ .ment wh1]e the second popu]at1on exh1b1t1ng Targer packed ce]l vo]-_‘l”: :

O

: We suggest that the sma]]er pacf%d ce]] vo1umes resu1t from host~- ’ .

-;tumour combwnat1ons spec1f1ca1]y affected by the theophy]b1ne treat-,“

*ume$ ref]ects the ex1stence of hOSt tumour comb1nat10ns that d1sp1ayf-77

Y

'an una1teredégr s]1ght1y 1ncreased tumour srze as a; resu]t of theo—1;_j§-"‘

p phy111ne treatment A s1m1]ar b1moda1 d1str1but1on was observed for;~tffﬂ'-5 :

AW D

'1‘;treated groups (Tab]e 6)

’*:)itreated group di p]ayed a pronounced sh1ft touard very sma]

.fthe theophy111ne treated group from the*exper1ment reported 1n Tab]ep

In the present exper1ment resu]ts expressed 1n the form of poo1ed fF L

A

- .. L
~

The group d1str1but10n for the ep1nephr1ne/theophy]]1ne-.-- .

packed

1data show that the mean packed cel] vo]ume for the theophz1]1ne treatr f;f‘;':"'

i) ‘ed group var1ed on]y sl1ght1y from that of the sa]1ne- and ep1nephr1ne-ff RS

(_{
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-~ Figure 19. Gr0up d1str1but1on for the packed tumour ce]] vo]ume
- (m1) per-mouse for each group from Table 6, Class- intervals of 0. 4

ml were chosen; the midpoint of each class. (absc1ssa) is,plotted

. ‘against the fraction of ‘the total number of mice from. each group -
,v‘(ordwnate) bearlng ce]]u]ar vo]umes correspond1ng to the respect1ve
: c]asses ST RN S :

e



3 Ce1] voTumes'(O to 0.4 ml) ;%H0wever,.tumour size in some mice re-
dma1ned uhaffected by a treatment w1th ep&}gphrlne ptus theophy111ne

| S1m11ar1y, some tumours subJected to the effects of cAMP p]us theo—

phylline rema1ned unaffected by that treatment although other tumours
.H\sp]ayed reduced s1ze ob%ervat1ons from the group d1st but1ons for‘

. the exper1ment descr1bed in Tab]e 5 Three main conciLSaons are

7

sugqested by these f1nd1ngs R o ,L k‘_

(a ) theophy111ne appears to be the active agent med1at1ng
| the decreased tumour s1ze observed in some treated an1ma1s
(b) the comb1nat1on,of cAMP or ep1nephr1ne with- theophy]11ne
: appears to enhance the effect of the 1atter on tumour s1ze cAMP or
. ep1nephr1ne a]one have no effect at the doses st\d1ed'\’“

' '.}r,' (c) the effect of t_vophy111ne a]one or in comb1nat1on w1th

AP or ep1nephr1ne on tumour siz appears to 1nvo1ve the host and
thus may not‘be a djrect carc1nostat1c aot1on on the tumour ce]ls
| | furthermore ephheph::ne}admfn1stered in a dose wh1ch causes .
a moderate bdt transwent 1ncrease of cAMP content had no effect on the

< parameters determ1n1ng tumour s1ze Poss1b1y, the 1ncrease 1n cAVP i

o fo]]ow1no adm1n1strat1on of ep1nephr1ne a]one is too sma]] or trans- o

"‘1ent.to med1ate an efﬁect on ce11u1ar growth" However, when theo-

-/phy111ne 1s 1nc]uded the durat1on ‘and magn1tude of the cAMP response

_l/gto ep1nephr1ne are enhanced and that cou1d exp]aln the observed effect }vj;fff:'

/ ';fof the comb:ned treatment However, the var1ab]e rESPonse of d1fferentﬁ :":5"Q

’t'tumours to the: COmb1ned treatment can’ hard]y be exp1a1ned w1thout pro- ,}f'“f

v,;;pos1ng an effect at the 1eve] of thefhost [“:tfg? :ff;f}" o
S o R e
Our f1nd1ngs do not deny nor s,ggest'that cAMP p]ays a ro]e R

f(in the reou]at1on of Ehr11ch asc1tes tumour growth However, shnce thefl;.
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I‘though it may appear more. rat1ona1 0 1n3ect hormones at more fre=

»,quent 1nterva]s, such an approach may be of ]1m1ted«app11cab111ty ~

.due te the fol]ow1ng reasons g

(a) the obv1ous techn1ca1 prob]ems involved in subJect1ng
"m1ce to repeated 7n3ect1ons at short 1ntervals for pro]onged treat~ D
 ment per1ods‘ R o v 15 f.‘ o o
”‘-t ‘ (b) the present1y reported desens1t1zat1on o? the CAMP
dresponse of Ehr11ch ce]]s to repeated exposures to ep1nephr1ne
«-~We have consrdered the use of catecho]am1nes cova]ent]y..'. -
bound to m1nute g]ass beads, such preparat1ons ‘have been reported to.
.reta1n the1r b1o1og1ca] act1v1ty (Venter et aZ 1972) However, it
is not c1ear .at present whether the b1o1og1ca1 act1v1ty of such pre-f-"‘
‘fparat1ons is actua]1y due to hormone bound to the g]ass matr1x or t0;_3"
'pharmaco1og1ca1 concentrat1ons of catecho]am1nes 1each1ng off}the
.1 glass: beads (Yong, 1973) | o | | |
| ‘ Pre11m1nary exper1ments have 1nd1cated that eP1nePhr1ne co-‘Ti”ny': 1

4; va]ent1y attached to react1ve g1ass beads e]evates cAMP content 1n L

",'Ehr11ch ce]]s in vttro accord1ng to the same t1me course as free ep1-"j 45?"f;
- o . a .;,‘_"'
: {'nephr1ne Furthermore pre11m1nary tox1c1ty stud1es have 1nd1cated -
. s

:that ]arge amounts of the catechoﬁam1ne g1ass ( 2 g) can be 1mp1antedjf:,"

'lW]thvn the perltonea1 cav1ty of m1ce w1thout ev1dence of sevege tochii'

'"f.feffects for per1ods up to 1 wee:

However, the manute-glass part1c1es



) ‘/ \» " o lg4 ’
- »j\ . L
\have c]umped and become encapsu]&eo‘ by the host s defense mecha{msms

\w1thm 48 hours of the1r 1mp1antat1on Hence, th1s approach 1s a]so

4

of - ]1m1ted app]1cab1hty and, the use of "s]ow re]ease" forms of the

) catecholamlnes now seems to. be the most 1og1ca1 approach f.or future

expemmentatmn



