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. Pieces of rabbit atr1a when 1ncubated in Krebs so]ut1on con-
ta1n1nq 5 x 10‘7 M oieC- ephedr1ne accumu]ated the :amine to.a level:2. 7
't1mes greater than that in the 1ncubat1on med1um The tissue to. medtum
' concentrat1on ratio decreased on]y slightly w1th 10-f01d or, ;reater 1n-“;
‘creases in the concentratwon of the amine 1n the med1um Ephedrlne was T
accumulated, by the t1ssue at a un1form rate even at h1gh concentrat1ons ‘

‘ W1thout any 1nd1cat1on of max1mum ve]oc1ty be1ng approached The uptake N

-of ephedr1ne cou]d not therefore be descr1bed by the M1chea11s Menten
» - . .

_ equat1on

/ The transport of ephedr}ne was part1a]1y 1nh1b1ted by a. widev»-- ’
variety. of am1nes However h1gh concentrat1ons of am1nes were requ1red

to produce s1gn1f1cant 1nh1b1t1on The amines 1ack1ng pheno]wc hydroxy]
,groups ‘e.g., amphetam1ne and phenterm1ne and therefore cons1dered to

be more 11p1d so]Ub]e exertéd the grEatest 1nh1b1tory effect on ephe-

'dr1ne accumulat1on Un11ke the transport system for- noradrena11ne the

‘.

] accumu]at1on of ephedrine was not stereochem1ca11y spec1f1c
N Coca1ne and des1pram1ne s]1ght1y reduced ephedr1ne accumu]at1on

E trad1o] and testosterone both potent Uptake2 1nh1b1tors d1m1nished

‘ephedr1ne accumu1at1on but not tota]]y Cort1costerone another potent

rt Uptake2 1nh1b1tor was w1thout effect The 8- haloa]ky]am1nes, phenoxy_ ""i

. benzam1ne and SKF 550, a]so potent Uptakez 1nh1b1tors were a]so 1neffec- ;‘f'f

'~'tive 0xytetracyc11ne reported to 1nh1b1t the b1nd1ng of catecholam1nes
‘to co]lagen d1d not 1nh1b1t the accumu}at1on of. ephedr1ne | |

0uba1n reduced the accumu]at1on s]1ght]y but on]y when h1gh



- tonoentrations were used Sod1um enhanced the accumuTat1on of ephedr1ne
"but was not an absoTute requ1rement and secondTy a large fract1on of the“
.am1ne accumuTated on the presence of 1ow sodwum No other 1on was abTe
?;to subst1tute for sod1um RemOV1ng potass1um from the 1ncubat1on med1um
;fd1d not decrease the accumuTat1on of ephedntne Accumu]at1on of ephe-
" drine Sis unaltered by metabollc 1nh1b1tors e1ther ‘by themseTves or in:

a comb1nat1on to 1nh1b1t both aerob1c and anaerob1c gTycoTys1s These '

- results 1nd1cated that act1ve transport was not 1nvoTved _‘\

o

"The most 1mportant observatwon of th1s study was that chem1caT
. denervat1on by 6 hydroxydopamlne fa11ed to affect the accumu]at1on of
,ephedrlne Th1s 1nd1cated that the transport of ephedr1ne was. not
‘dependent upon the 1ntactness of the sympathet1c nervous system

In th1s study severa] features of. ephedrtne transport emerged
| Transport of ephedrine: by Uptaezl is unT1keTy s1nce chem{tal denervat1on'~
by 6- hydroxydopam1ne fa1Ted to. 1nh1b1t ephedr1ne accumuTatlon Act1ve .

”-transport vith and w1thout co-transport WTth Na is un11keTy s1nce ephe~ L

.:dr1ne accuwulat1on was non saturabTe did not requ1re metabo]1c energy
and was not affected by potass1um free'med1um Accumu]at1on of ephedr1ne .
dby Uptake2 1s aTso unllkeTy s1nce normetanephrwne, phenoxybenzam1ne and
dSKF 550 falTed to 1nh1b1t ephedr1ne uptake Oxytetracyc11ne d1d not H_ .
. 1nh1b1t ephedr1ne accumuTatlon and thus b1nd1ng,of ephedr;ng\toﬁfojlagen

~

L.

.'tlssue and b1nd50to non spec1f1c s1tes must betton51dered Th1s v1ew
‘A1s strong]y supported by the d1fferences found between 1ts transport and
“that of noradrena]1ne The accumuTat1on of ephedr1ne was ‘non- saturabTe,

?tbid1d not exh1b1t stereochem1ca1 spec1f1c1ty, T/M rat1os were onTy sT1ghtTy -

'T“d1m1n1shed w1th TO fo]d or greater 1ncreases 1n am1ne concentraﬁuon, e

b‘ﬂﬁf" -yi¥_j-'

"j1s un11ke1y The p0551b1]1ty that ephedr1ne d1ffuses pa551ve1y 1nto the f* '



a-;" e ’/\t
' unaffected by most Uptake: inhibitors and not impaired_by a combined
inhibitidn Of‘aerobic and-anaerobic g1yco]y§is. The high concentration

. . P L. '\

of amine, e;g.,_phgntermine and metaraminol; and other drugs, e.g.,

oubaih.and.chaine.required to “achieve an inhibito}y effect oﬁ;ephedrine-

Ay
c ] - 4 , RS
transport is further supporting evidence for a passive diffusion process.
¢
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I. INTRODUCTION

pu Ephedrine is the'crystalline alkaloid which is the active ‘<
. v : . ) ‘o o R :
principle of the ancient Chinese herb, Ma Huang; obtained from the

Ephedra p]ant For some 5000 years, Ma Huanq has been used by the
g Ch1nese/as a d1aohoret1c, c1rcuﬁatory st1mu1ant ant1pyret1c couqh sed- ‘
ative, and as an 1nargd1ent of many prescript1ons ’
k . The Japanese were the’ f1rst to pioneer the deye]opmen: of a
- .usefuT drug from‘th1s ancjent,herb.ﬂ Yamanosh1.1n 1885 was the ‘First to
- isOlate.and ohtain a crystalline but 1mhure substance-. Atter his death,
ya ;' | Nagai (1887).obtained the alkaloid in pure form, named it ephedrine and .
| 'uas the first to make'seientific ihVestiqations with it. Physio1oq1ca1
{hvest1qat1ons wrth Naqa1¢j?ephedr1ne were first qarr}ed out by;M1ura
' -‘ (1887) Th/s study demonstrated the mydr1at1c action of the druag, and B
-as a result ephedr1ne was 1ntroduced to med1c1ne as -a new mydr1at1c but-ﬁ

' \//\<h , 'was reqarded to be very toxqc For the next three decades the druq was

: used only for ophtha1mo1og1c purooses Severa] Japanese 1nvest1oators,‘

‘ Amatsu and Kubota (1918) and H]rose (1915) Aemonstrated the adrena11ne- _f
1ike effects of ephed‘ﬁne As a result of the1r work the Japanese
marketed an ephedr1ne conta1n1nq preparat1on to be used in the treatment ;

© .

—
- of asthma a condition that can be re]weved by adrena11he No_DUb]TCG' L

_— t1ons, however were made of th resu]ts obta1ned

The work of Chen and Se

‘ the e1evation of a@hedr1ne from obscurlty to w1despread use in Western

»,

med1c1ne They conflrmed that the effects of ephedr1ne weré phys1o]og-

re

1ca11y very s1m11ar to adrena11ne but more pro]onqed and 1ess tox1c the .

I

” “’c:

h1dt (1925) was Targely respons1b1e for v"d
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intestine was relaxed, the uterus Stimulated, and mydriasis occurred
after local or systemic app1ication The drug d1ffered from adrena11ne
in that it was found to be stable in solution and effectively absorbed

when app]1ed ora]]y, subcutaneous]y, or 1ntramuscu1ar1y A monoaraph

prepared by Chen and Schmidt (1930) reviews in some detail the early

investigations and findings With-ephedrine

) ' :
éhe structural formula of ephedr1ne is shown below and the

“similarity to adrenaline and noradrenalirfe is evident. The araphicv

formu]a_of the druq‘contains two assymetric carbon atoms'making possible
two sets-of stereo-isomeys. These are des1qnated as the erythro 1somers,»
(-)-, and (+)—ephedr1ne and the threo- 1somers, (f)—, and (+ )-pseudo—
ephedrine. Only two; (-)-ephedr1ne- and (+)-pseudoephedrine occur in

nature.' The isomer, (-)-ephedrine is a waxy soTid having a meltina point

of 34°C. It is soluble in water, alcohol, ether and chloroform. Solu-,

~ tions are stronqly alkaline. The pKa of ephedrine is 9}58 (Leffler et al.,

1951). Hydroch]oride‘derivatives of (. )~, or (£) ephﬁdr]ne arg most

#

.common1y used for 1aboratory and c]1n1ca1 .purposes.  Both hydrochlorides
. are white crysta111ne compounds wh1ch are so]ub]e 1n«\gter and a]coho]

~ but pract]ca]]y 1nso1ub]e in ether The me1t1nq point of (-)- ephedr1ne

hydroch]owqde is 216-220°C and that ‘of (t)-ephedr1ne, 187—188 C.. | %f\;-

Metabo11sm of ephedrgne varies from 'pec1es to spec1es,':The '
« g -
am1ne is metabo11ca1]y re]at1ve1y stab]e in man who excretes the druq

most]y unchanqed (W7]k1nson‘and_8eegett 1968) Axe]rod (1953)_stud1ed



-z

pano]am1ne

paradox or1q1nated

the excretion of ephedrine metabo]ites in rats, doas, qu1nea pigs and

&

rabbits. The rat excreted the amine Targely unchanqed and a small

portion para- hydroxy]ated Ephedrine is rapidly N-demethylated to the

"metabo]1ca11y stablé phenylpropanolamine: (norephedrine) in the dog and

is excreted as such. Large amounts of the demethylated metabo11te

phenyl propanolamine, and small ahpunts of the para hydroxy1ated compounds

- are excreted by the quinea p1q Ephedr1ne is extens1ve]y metabo]1zed by
: el

rabblts which have the necessary enzymes to N- demethy]ate and deamlnate

ephedrine and also to deam1nate its N- demethy]ated product pheny]pro—

Ephedrineis one of the sympathomfmetic amines. These are a
wide var1ety of amines structura]]y related to noradrenallne and adrena—.
11ne Barqer and Dale (49]0 showed that these am1nes, 1n add1tlon,

have biological actions/similar to adrena]1ne and noradrena11ne A |
number of{years 1a£i>\4£1nter and Chang (]927) and Talnter {1929) demon-'
strated that the actions of two sympathomwmet1c am1nes, tyram1ne and |

[
ephedr1re, were .antagonized by doses of coca1ne which potentiated the

"effects of adrena11ne (Fréhlich and,Loew1, 1910)g Thus the “coca1ne

..

A]thouqh ‘there have been many theor1es to exp1a1n the’ act1on

of cocaine (Furchqott ]955) he most popu]ar hypothes1s 1s that

coca1ne acts by 1nh1b1t1nq the norma11y rap]d 1nact1vat1on of catecho]-

. am1nes by nerve uptake (Macm111an 1959 Wh1tby, Hertt1ng and Axe]rod

/

19605 MUSChO]] 961) Coca1ne has. been shown to 1nh1b1t the uptake of . S
» / . .

many am1nes stru ura]]y reTated to noradrena11ne these 1nc]ude o-

methy]noradrena11ne (Hlllarp and Malmfors 1964 Musch011 and Weber,

f,1965), adrena11ne (Irersen 1965a Hardman and Mayer 1965), metaramtnot"



(Car]sson‘andYWa1deck, 1965) and a-methy]tpramine (Iversen, 1966).

The observat?on that cocaine can'potentiate the aCtton'of
adrenaline and antaqontie that of tyramine was confirmed on iso]ated
tissues by Born and Tainter (1931). These workers also _oh}served.an
effect which-para]1e1ed cocaine.after\chronic'sympathettgjdenervatiOn:
Burn (1932) confirmed this observation when he abo]ished‘the.yasocon:~
strictor effect of tyramine and ephedrine in the denervated-cat foreleg
and was the f1rst to suqqest that the act1on of these am1nes m1qht
depend upon the 1nteqr1ty of the adrenerq1c nerve endings rather tﬁ\n
ypon their direct act1on on adrenerg1c receptors- Many workers have.
genera]]y iiass1f1ed sympathom1met1c amines 1nto one of three qroups,
d1rect acting, 1nd1rect actwnq, or m1xed acting (F]eckenste1n and Bass,
.1953 F]eckenste1n and Burn, 1953 F]eckenste1n and Stockle, ]955 |
Pova]sk1 and Goldsmith, 1959; Maxwe]l et aZ., 1959; 1960 Mar]ey, 1962;
Trendelenburg ot at., 1962a,b, 1963). Trendelenburg (1963, 1972)

-suggested that sympathom1met1c é&ines pdssess both dfrect and indirect-ﬁ_f;
'effects in varying proport1ons but th1s rat]o may vary from orqan to . |
' “organ and also fhﬂﬁ specnes to spec1es. A.c]ear cut d1st]nct1on_among
' these,‘therefore,fis'not possible. ;Dfrect actﬁng sympathomfmetic amtﬁef E
are those whiCh”interact-with a and7or B receptorS”of'an‘effector organ
_whereas the 1nd1rect1y act1nq am1nes act only throuqh the 11berat1on of A
the stored transm1tter substance noradrena11ne The m1xed actlnq am1nes

exert both d1rect and 1ndnrect effects The prototype for the d1rect

N

act1nq c?ass 1s noradrena11ne, for the 1nd1rect c]ass it is tyramlne, .
“:and for the m1xed act1nq class 1t is ephedr1ne T
Ephedr1ne TS qenera1]y c1asswf1ed as a mixed actlnq am1ne f —

's1nce both d1rect and 1nd1rect effects are found to be- maJor components



,15 many tiSsues as well as species This holds true in the n1ct1tat1ng
membrane, b]ood pressure and heart rate, effects in the cat (Trende1enbur;\\\ -
gt al., 1962a), the doa (Maxvell et ai.’ 1950; Patil et al., 1965) and
; gutnealpiq atria (Trendelenburg, 1963). h - '
.Ephedrine and many other amines structura]]y re]ated to-norad;“

rena11ne such as adrenaline, amphetam1ne, synephr1ne and tyram1ne o
inhibit the uotake of noradrenaline into sympathet1ca11y 1nnervated
‘tissues’ (Axe]rod and Tomchik, ]960 Axelrod, Wh1tby, and Herttan, 1961
Denq]er Sp]eqe1 and T1tus, 1961a, Hertt1nu et aZ 1961b; Axelrod, ‘
"Hertting and Potter, 1962; Burgen and lIversen, 1965).‘ It is not e1ear1y '1,
r.estab1ished yet whether the amines cause irhibition of.noradrenaline -
' uptake by.acting as compet1t1ve substrates for the uptake system or |

whether these cause 1nh1b1t1on of the uptake system w1thout be1nq them-lt
'se1ves transported: 1nto the twssues Adrena11ne,,a—methy]tyram1ne,-a-j
:methy1noradrena11ne metaram1no1 tyramihe'and 0ctopamine are seVeraT"
sympathom1met1c am1nes which act as a]ternate substrates for the norad-
rena11ne uptake process (Shore et aZ 1964 Iversen,v]965a, 1966; o
L5L1ndmar and Muscho]] ]965 Muscho]1 and Neber 1965 Car]sson and
,wa}déck 1965; Ross and Renq1, 1966a; Ross et al., 1968_). AH of these. - |
possess at Tleast one - pheno11c hydroxy] qroup o B '

Ephedr1ne and other amings 1ack1nq a pheno]1c hydroxy] group

| such as amphetam1ne ‘é.phenethylam1ne pheny]propano]am1ne and pheny]—:;
‘fethano1am1ne are other structura] ana]oques of. noradrena11ne whlch |
| appear to be accumu]ated ;n t1ssues in a manner’ d1fferent from norad-

rena11ne (Ross and Reny1 ]966a b 1971 Thoenen et aZ 1968 Ross .’i~
et-az ]968 Jacquot et aZ,, 1969) In a]l of these cases the most

Q0
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notable difference was that neither cocaine nor noradrenaline antagonized

\ LY

-the accumulation of those amines. As a result several workers concluded

‘that those sympathomimetic amines 1ackinqma pheno]ic‘hydroxyl group are

not transported into the adrenerq]c neurone by the noradrena11ne uptake
system (Ross and Reny1,1966 a, 1971 Ross-et al., 1968, Jacquot

et al., ]969)' Yet the indirect effects of ephedrine, amphetamihe and

-pheny]propano]am1ne are antaqonwzed by coca1ne (Fleckenstein and Stdck]e,.

1955; Trendelenburg et aZ 1962b) ‘
o "TrendeTenburq (1972)-has suqqested'thatrthis contradiction may -
be resoTved in that the h]qh 11poph111c propert1es of these sympatho~ ,
m1met1c am1nes 1ack1ng i phenolic hydroxyl group enab]es them to pene-

7 . :
trate any ce11 membrane eas11y The accumu1at1on of .these 11p1d so]uble

-'am1nes may occur 1arge]y in extraneurona] t1ssue thus masking a small

~ cocaineé sens1t1ve uptake Second]y, the 1nd1rect orlthe noradrena]1neh;
_‘releas1ng effect may depend upon a h1qher rate of uptake wh1ch 1s
4‘ach1eved on]y with the he]p of the noradrena11ne uptake mechan1sm
';Inh1b1t1on of the neurona1 uptake process by coca1ne may s]ow the rate
,;of uptake of a 11p1d so]ub]e am1ne enough to prevent the bu11d up of the

‘;h1qh concentrat1ons of the am1ne 1n the 1mmed1ate v1c1n1ty of the '

AY

neurona] ves1c1es needed for the re]ease of noradrena11ne 1nto the '

fextracellu]ar space -‘~‘f - ”‘f,' j‘. kj". - _gv'h:[f'~ /,‘“

‘ Thoenen-et al. a(1968) a]ternate]y suogested that the 11p1d

° so1ub1e am1nes enter the adreherq1c neurones by the same uptake process ﬁ1'“.
‘ut111zed by qgradrena11ne Accumu]at1on of these am1nes 1nto nerve
| -end1ngs however wou]d not occur because the 11poph111c propert1es of

_ ,_r}_jthese am1nes wou]d enab]e them to diffuse rap1d]y and pass1ve]y out of nf“



the neurone. 'In this~may the~COCaine-sensitiVe uptake would not be seen.

- One . other poss1b111ty by which coca1ne may inhibit the 1nd1rect

. act1ons of these sympathom1met1c amines was suggested by Paton (1974)

j‘} Because of the 11poph111c propert1es 'of these amines, they can diffuse
| pass1ve1y across the. p1asma membrane of adrenerq1c neurones ~The norad-
-.rena]1ne wh]Ch the am1nes subsequent]y d1sp1ace from the Jntraneuroha1
hstoraqe ves1c1es eff]uxes from the neurone by a carrler med1ated process.
_rCoca1ne 1nh1b1ts this efflux process and consequent]y antagon1zes the -

1

.'1nd1rect sympathom1met1c responses of these am1nes

~ The quest1on that . rema1ns 1s How is ephedr1ne wh1ch is a 11p1dv .

.so]uble amine transported by t1ssues? -Is the am1ne tnansported pass1ve]y,
}4 as Suqqested by Ross and Reny1 (1966a b 1971) and Jacquot et al.- (]969)
‘Singe Jacquot et al. (1969) showed that ephedr1ne is taken up aga1nst a
;l‘concentrat1on drad1ent then b1nd1no must fo]]ow uptake of the am1ne by
_lthe t1ssues 1f transport-1s-pass1ve : A]ternate]y, is, act1ve transport ”
~"1nvo1ved? Is there any ev1dence that ephedr1ne is- accumu]ated v1a the-
<fnoradrena11ne‘carr1er in adrenerq1c nerve term1na]s as- suqqested bﬁ
' Trende1enburg (1972) where a 1arge extraneurona] accumu]at1on of the

j 11p1d so]ub]e am1ne may mask a sma]] neuronaT uptake’

} L ‘“ L .\- h




IT. LITERATURE REVIEW

(4) Gemeral e . o

d Burn (1932) first suqquted‘that-catech01amines mioht<be
-taken up into t135ue b1nd1ng s1tes Ev1dence that heart t1ssue takes
up noradrena]1ne and adrena11ne was f1rst demonstrated by Raab and. G1gee }”.
"(1955) However this observat1on depended upon the adm1n1strat10n of //\
1arqe doses of the amine in wvo.. It was not unt11 sen51t1ve assay .
techn]ques became ava1lab1e-that 51m11ar studles could be undertaken
using phys1o]oo1ca1 concentrat1ons of the am1nes Axe]rod We11 Ma1herbe
“-and Tomchik (1961) using tritiated noradrena11ne and adrena]lne Muscho]l'
.f_(1960 196]) us1nq sens1t1ve b1oassay and f]uorometr]c assay techn1ques

and Stromb]ad and N1ckerson (1961) us1ng a f]uorometr1c assay techn1que

‘ 'demonstrated an accumu]at1on of noradrena11ne 1n a var1ety of t1ssues

‘~;These authors suqqested that th1s uptake m1qht represent an 1mportant
-f;mechanism for the 1nact1vat1on of noradrena11ne . |
Severa] flnd1nqs suqqested that the uptake of noradrena11ne

e occurred ma1n1y in sympathet1c nerves Flrst t1ssues whwch had the
ab111ty to accumu]ate exoqenous rad1oact1ve noradrena11ne ]ost th1s 1f

E kuthe:sympathetlc nerves were destroyed by surgery (Hertt1nq eA\aZ ]961a,~

',

“_Stromb1ad and N1ckerson 1961 Flscher et aZ 1965) Secondly, rad1o—=

' ”fact1ve noradrena]1ne cou1d be released 1f *he 1ntact symDathet1c nerves".,

S were st1mu1ated (Herttanq and Axe]rod 1961) _ In the denervated t1ssues,, ?pifi

L smal] uptake of noradrena11ne st111 rema1ned (Stromb]ad and N1ckerson,y;j;xih‘7

;'i1961 F1sher et aZ 1965) F1scher et aZ (]965) suggested that this [

.res1dua1 uptakg represented an extraneurona] uptake 1.f¥;f7»s;lf"li BT

. 1
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Iversen (1963, 1965b) described the existence'in the'isoTated

rat heart of two distinct mechan1sms respons1b1e for-the uptake. of norad-

e s

: rena11ne and re1ated sympathom1met1c amines from the extrace]]uTar fluid.

o )

The f1rstlsystem, Uptake; or.neuronal uptake is.an uptake process by

fwhich,thelsympathomtmetic'amine is transported from the extracellular

space across ‘the .axonal membrane of adrenergic nerves. A second:-mech-

.

anismiknown as'Uptake; or extraneuronai thake-transports amines across
the membranes of smooth musc]e and var1ous other post- synapt1c ce]]s
At 1ow extrace11u1ar noradrena11ne concentrat1ons uptake is med1ated

»'large1y by the neurona1 Uptake1 system Uptakez, on the other han% has

. than Uptakel - It becomes domwnant at high’ am1ne concentrat1ons Both

e

'uptake processes ‘are saturab]e Uptake2~1s not norma]]y detectab]é

of both monoam1ne ox1dase and catecho] O—methy]transferase'(nghtman e

and Iversen 1969)

- the: bas1s of thewr susceptab1]1ty to var1ous 1nh1b1tors and 1n the1r
,-re]at1ve aff1n1t1es for the amlnes Iversen (1964) and Burqen and
'thersen (1965) systemat1ca11y 1nvest1gated the 1nh1b1t1on of noradrena—

'"rtlwne uptake by a: W1de var1ety of sympathom1met1c am1nes anto the rat

"i fuptake to some deqree Amphetam1ne dopam1ne and part1cu1ar1y metar-- g

4\

3 much 1ower aff1n1ty for. noradrena11ne but a very much h1gher capac1ty o
A :

'1ow because the accumu]ated am1ne 1s raold1y metabo]tzed by the act1ons o

The two uptake systems can be d1st1nqu1shed from each other on .

AAfam1no] were amonq the most powerfu] Uptake1 1nh1bitorsI Metanephr1ne,‘.:f'

5

bl

whenever the concentrat1on of the sympathom1met1c am1ne 1n the medium 1s~lf ;

"_‘heart A1T sympathom1met1c am1nes 1n th1s study 1nh1b1ted noradrenal1nelﬂiv' L

: -normetanephr1ne and 1soprotereno] vere weak1y effectfve Thg structure-,ff~dhri'



:act1v1ty re]at1onsh1ps of the noradrena11ne neurona]l uptake site tn the .
rat heant found in’ this study can be br1ef1y summarized as fo]]ows
R- hydroxy]at1on, N-subst1tut1on or Q- methylat1on decreased the aff1n1ty |
for the uptake s1te but a phenolic hydroxyl qroup in pos1t1on 3 or 4
and a-methy]at1on 1ncreased aff1n1ty In the same study severa] of
.these am1nes were a]so tested as. Uptakez 1nh1b1tors The structure—-
,'act1v1ty re]at1onsh1ps were a]most the converse of those found for
'Uptakel N-subst1tut1on B hydroxylat1on and part1cu1ar1y 0 methy]a-
~ tion 1ncreased the aff1n1ty for the Uptakez s1te and pheno11c hydroxy]
"groups and a- methy]at1on decreased the aff1n1ty for, the Uptakez s1te
Thus metaram1no1 and dopamtne had ]1tt1e or no effect as Uptakez 1nh1b—
',;.1tors hhereas metanephr1ne and normetanephrlne were the most powerfu]
lstud1ed | . | | | |
. Many druqs other than cTose structura] ana]oques of noradren—.' -
._"a11ne 1nh1b1t Uptake1 (Iversen, 1965c 1957); Tr]cyc]1c ant1depr@ssants
nvsuch as 1m1pram1ne am1tr1pty11ne and des1pran1ne are among the most '
| potent and spec1f1c Uptakel 1nh1b1tors Des1pram1ne 1s the desmethy]

- derlvative of imipramine and f]rst descr1bed by Titus. and Sp1ege1 (1962)

'as a. noradrena11ne uptake 1nh1b1tdr 1s the most potent of a]] known

"u_fUptakel 1nh1b1tors.' A w1de var1ety of drugs known predom1nant1y for

X el

. the1r other pharmaco]oq1ca1 act1v1t1es a]so powerfu11y 1nh1b1t Uptake1

- s |
f"These 1nc1ude the 1oca1 anesthet1c druq, coca1ne wh1ch serves as the

”5.c]a551ca1 Uptakel 1nh1b1tor the adrener91c receptor b]ock1ng drugs,} -

.

'ff;phenoxybenzam1ne chTorpromaz1ne and d1ch10ro1soprena]1ne the adrener-‘

”5A?91C neurone block1nq druqs 1brety]1um and quaneth1d1ne and some mono- i'[hff'i _

"5i5am1ne ox1dase 1nh1b1t0rs, trany]cyprom1ne harm1ne and phene]z1ne



'(é7[tting et al. '1962- IVersen, 1965¢). \
“Normetanephr ine, metanephr1ne (Burqen and Iversen, ]965) and
phenoxybenzam1ne (Lightman and Iversen~ 1969) are powerfu] Uptakez K

b]ockers butlack spec1f1c1ty These compounds when adm1n1stered at

. concentrat1ons wh1ch 1nh1b1t extraneuronal uptake of noradrena11ne will

also cause a substant1a] ‘depression of Uptake1' Subsequent 1nvest1qa- f‘

t1ons of other R- ha]oa]ky]am1nes revealed that all can act as Uptakez :

y 1nh1b1tors (Iversen et al., 1972) Two of these, SKF-550 and SKF 625A
:were found to be much more potent and se]ect1ve 1nh1b1tors of extra-
_.neuronal uptake than phenoxybenzam1ne ] Stero1ds such as 17-8- estrad1o1
‘ cort1costerone testosterone and progesterone are another group of |

'compounds wh1ch can potent]y 1nh1b1t the uotake of noradrenakane by the "
Uptakez mechan1sm (Iversen and Salt, 1970 Sa]t, 1972) ' 17 B~ estrad101
and cortlcosterone were found to be the most potent of the qroup
'«Except for 17- B estrad1o1 wh1ch a]so moderate]y 1nh1b1ts Uptakel, the

fﬂvstero1ds are se]ect1ve 1nh1b1tors of Uptakez (salt, 1972). C10n1d1ne, |

_an ant1hypertens1ve druq, ista moderateTy potent but a. h1gh1§ se]ectlve d.fn

&

) 1nh1b1tor of extraneu%ona] uptake (Sa}t, ]972) _! ,}:;’: //‘_

Ca

Noradrena]1ne and re]ated am1nes can be taken up nnto t1ssues

| v'and th1s by two d1fferent uptake mechan1sms The1r‘d1fferenaeg can be ;2"'

‘lbrlefly summar1zed 'dn'c;_'.f:f ) ,-1-1.gz‘1f§:}::f‘;'j,f“:ﬁ5A
‘«. ‘1 Uptake of noradrena11ne occurs ma1n1y by sympathet1C\ ]::“ TR

LI

nerves since denervat1on d1m1n1shes uptake and rad1oact1ve

. noradrena]1ne can be re]eased from sympathetwc nerves fvl'i"~

o



upon stimu1ation |

.. Iversen descr1bed the ex1stence of two d1fferent uptake
systems. Uptakel, or neurona] uptake operates at low -

extrace11u1ar am1ne concentrat1on Uptakez, or: extra-

neurona] uptake operates at h1gh extrace11u1ar amine -

L concentrat1on and has a lower aff1n1ty‘but;a higher cap-.

acity for'the amine. 'Uptakez is not’normaITy deteCtab]e

at low amine concentrat1ons in the med1um

. 'Am1nes exh1b1ted the fo110w1nq structure act1v1ty re]a-'

‘t1onsh1ps for the noradrena11ne uptake site in nerves.
‘B-hydroxylation, N-substitution, or O-methylation
l.decreases'affinity*but:pheno1ic-hxdrOXyl groups and

a-methylation increases atfintty' For Uptake, the

17 structure act1v1ty re]at1onsh1ps are a]most the. converse;

'Coca1ne and tr1cyc11c ant1depressants are powerfu] and

’"'fspec1f1c neurona1 uptake 1nh1b1tors.‘ SKF 550 -SKF- 625A

,and stero1ds are spec1f1c and potent extraneuronal L?,

- uptake 1nh1b1tors

-

12
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- (B) Kinetics

1

- ' ) .\ . ’ . . . .
'The uptake of noradrenaline proceeds against .a concentration

\

gradient’ Brain or heart s]ices of the cat accumulated noradrenaline

" to 1evels f1ve tlmes those of the medium (Dengler et aZ: 1961b). In

- the 1so}ated rat heart perfused with a 1ow concentrat1on of noradrena-

1nne‘}n the 1ncubat10n med1um, the accumu]at10n of noradrena11ne»by

the tﬁssue’exceeded the Tevels in'the'pérfusingisoTution by 30 times or

' 'moré”(Iuersen, 1963- Lindmar and Muscholl, 1964). Since the‘syhpathettc_

0

) nerves occupy a very sma]l fract1on of the tota] we1ght of the heart,

1t is poss1b1e that the actua] concentrat1on rat1o between exogenous

noradrenaline accumu]ated 1n the adrenerq1c nerve term1nals and the

*f:externa] med1um is very h1qh and. perhaps exceeds 10 000:1,

D%ﬂpTer et a] (]961b ]962) found that the uptake of norad-

K

: rena11ne by cat heart and bra1n s11ces saturated as the concentrat1on

of noradrena]1ne in the 1ncubat1on med1um was 1ncreased On the bas1s

"1:-of“th1s and other ev1dence these authors vere the first to squest

'#]that the uptake of noradrena11ne 1nvo1ved act1ve transport However,

O

'4~1n1t1a1 rates-of uptake were not measured in these exper1ments : Iversen

.

i;(1963) who studied the 1n1t1a1 rates of uptake in deta11 conf1rmed the

Wsugqest1on of Denq]er et az ( 1962. ) that the process obeys satura- B

"1

t1on k1net1cs of the M1chea11s Menten tvpe



(C) Stereochemical Speeificity of Trarisport

- The noradrena]ine'uptake systemltn*adrenergie nerves of the

rat heart.exhibits stéreochémica]ﬂspecﬁficity Iversen (1963) found ;
that the rate of uptake by the 1so]ated rat heart of the phys1o]oq1ca11y
occurring (- ) isomer of noradrena11ne was several t1mes more rap1d than '
' that.of the (+)-1somer when Qperfused with various concentrat1ons_of

(- ) and (+) noraérenalfne;.AThe same eenc1usion vas reached independently
by Malckel et aZ (1963) who 1n3ected tr1t1ated (+) noradrgﬁ%]jne into
rats and subsequent1y showed that. there was ]0 times more f-)-ndradrena—
1ine than (+) noradrena11ne in the t1ssue a few m1nutes later. However,
Kppin'and-Br1dgers (]963):reported that there‘was=no dtfference in the
inittal-uptahe\of either’pptica]:isomer of nbraerena1ine by the rat heart:
Crout (1%?4) reported an equa] uptake of e1ther stereo1somer in the |
guinea-pfg heart. There was a]so very 11tt1e difference in the accumu]a—
tion of either stereoisomer of adrena11ne in the mouse heart (Anden 19645;
Also noradrena11ne uptake by the rabbit heart ]acked stereochem1ca1 -
Spec1f1c1ty (Draskoczy and Trende]enburg, 1968) The demonstrat1on of
a preferent1a1 accumu]at1on of the (r) -isomer of noradrena11ne rather
than the (+) 1somerrnmy be dependent upon the spec1es of an1ma1s

. Alternate]y it may ‘depend on the USe of sma11 doses of the amine, s1nce
o Iversen (1963) showed that the rate of uptake of (+) noradrena]zne was -
f-equa] or greater than the rate of uptake of (- ) noradrena11ne whsh h1gh

i oy S
am1ne concentrat1ons were used it e Lo
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(D) Tdmperature Deperdence

_ A o \
The transport of amines into adrenergic neurones was found to

‘be temperature sensitive. The 0,, for the uptake of either noradrena-'
1ine or adrena]ine by the‘rat uterus was found to.be 2.2:indicating the
. process s not. pure]y physical (Green and M111er 1966). The tempera—

- ture coeff1c1ent character1st1c of a d1ffus1on process would be about
1.2. The transport ‘of the am1nes(are marked1y reduced when the tempera-
ture of the 1ncubatJon med1um was reduced to 0°C (Deno]er et al., 1962
'Green and Mil]ér; 1966) or preincubation at555°C for 10 minutes_(Dengler
et al., 1962). | | -

(E) Effect of Metabolic Inhibition

Accumulation 0f~noradrena11ne3by;sympathetic nervesboccurs-in

' 'twovsteps. First there is the transport of-thejamine across the adren-
ergfctneurona1‘membrane and-secondly its incorporation into~storaqe
'qranu]es Pretreatment with reserp1ne does not 1nterfere w1th the: trans—
port of the amine into the neurone but does 1nhﬂb1t 1ts subsequent |

’storaqe (L1ndmar and Muscho]] ]964 Iversen, 1967) Consequent]y, in -

reserp1ne treated t1ssue on]y neurona] transport 1s measured The trans-
port of noradrena11ne across the neurona] membrane 1n reserpine pre- '
._:treated tlssues hat been shown to be enerqy dependent (Nakade and Furch-~-~fl'

gott 1968 Paton 1972)

G]yco]ys1s ofeexoqenous carbohydrates a]one can prov1de the '

s

' enerqy necessary to ma1nta1n the uptake of noradrena]1ne by mabb1t or

f ou1nea p1q atr1a s1nce pro]onqed anox1a or 2, 4 d1n1tropheno] (DNP)_djd

& e
! . 2 i

S I

&



not prevent the proCess prov1ded D- q]ucose was presentr1n the 1ncubat1on
medium (Hakade‘andsFurchgott, 1968 Paton,_1972). DNP uncoup]es oxida-
tive phosphorylation and therefore shou]d’debrive the tissue of energy
resu1t1nq from the m1tochondr1a1 ox1dat1on of endoqenous substrates.

This would leave o]yco]ys1s as the on]y sianificant source of enerqy

The neurona] uptake of am1nes is not exc]us1ve1y dependent

upon carbohydrate metabol1sm e1ther The enerqy requ1red can also be

supp]1ed by ox1dat1on of noncarbohydrate endoqenous substances The-‘

evidence for this is that pro]onqed q]ucose deprivation which most

16

11ke1y depletes any alycoaen reserve of the adrenerqic nérve tenn1na]s o

-or the addition to the med1um of the q1yco1yt1c inhibitors, 1odoacetate

or 2—deowy—D?olucose, does not d1m1n1sh the uptake of noradrena11ne if
the tissuesdareaoxyqenated,(wakade and Furchqott, T968; Paton,_]972).
The-aCcuhu]ation‘of\norédreha]1ne in atrial'preparatjons is
e . .

inhibited only when both olycolysis and oxidation are inhibited simul- -

taneous]y (Hakade and Furchdott T96§4 Pator, 1972)’V'Thus the'enerdy~

'supp11ed by e1ther q]yco]ys1s of exoqenous carbohydrates or ox1dat1on

-

of noncarbohydrate substrates can ma1nta1n the ‘neuronal uptake of norad;

‘ rena11ne and re]ated am1nes

The uptake of noradrena]1ne in the rat uterus vas deferens

‘and iris was a]so found to be decreased Wiy both g]yco1ys1s and .

ox1dat1on/were 1nh1b1ted s1mu1tane0us1y Qﬂamberqer ]967 Paton 1968)
When on]y elther ox1dat1on or a]yco]ys1s was 1nh1b1ted the uptake of

noradrena11ne was prevented in cat- heart sk1ces (Denq]er et aZ 1962),

-

- :
,rat-uter1ne horns (Green]and M;]]er?_1966), and embryontc chick heart.,'

Y

(anarro and Sh1deman 1968) Tissue'or»species,d%fferencngmay account



.

for these different‘results. The difference in time of expospre to and

- concentration of inhibitors used may be factors also. -

(F) {Va*‘and K+'Requirements for Transport®

!

Sodium ions are an- abso]ute requirement in the externa] med1um
: i
for the untake and storaage of noradrena11ne and other re]ated amines such .

as metaram1n01 by sympathetic. nerve end1nqs in the rat: heart (Iversen

and‘Krav1tz,]966, Gillis and Paton, 1967; Bogdansk1 and Brod]e, 1969),'
in the rabbit heart (Paton, 1971) and in the rat brain synaptosomes

(Boadanski et al., 1968; Colburn et aZ., 1968; Tissari et al., 1969).

Al

) : - : » : . : . v +.
" The stimu]atory_effeCts of Na+ are competitiveTy inhibited by high K

P

(Bogdanskf and Brodie, 1969). The action of Na* on’ the uptake of the _

amines is specificlfor i%ﬂpannot be rep]aced by e]ectrolytes such as L] y

+ ‘ + +
K',_Rb , Cs or cho11ne nor by non- e]ectro1ytes such as sucrose

'(Boqdansk1 and Brodie, ]966 Paton 1971)

Pota551um ions 1n 1ow concentrat1on are needed in the 1ncuba—

o - K ©

tion med1um for an opt1ma1 effect in the transport of noradrena11ne and"
other amines. 1nto adrenerq1c nerve, term1nals (G1111s and Paton 1967

Colburn et al., 1968  Paton, ]968 Boqdansk1 and Brodue 1969 Suqrue

~and Shore, '1969) K1rpekar and Wakade (1968) however, reported ‘that K

© was not needed for the uptake of noradrena11ne by the perfused cat sp]een

A fa11ure to adequate]y dep]ete the t1ssue from K before determ1n1nq ‘

v

T

noradrena11ne untake may have resulted 1n th1s f1nd1nq The add1t1on of o

”,K to K -deo]eted heart s11ces restored am1ne transport comp]ete]y

-:,(Sugrue and Shore 1969 Paton, 1971)
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".(G). Effect of Oubain

‘noradrena11ne transport 1s ana]oqous to that proposed by Crane (1965)

18

A

( ) : -
The card1ac qucos1des such as’ oubain are known to specif-

1ca11y 1nh1b1t the active movements of Na and K across ce]] membranes

¢

by 1nh1b1t1nq the Na K act1vated adenos1ne tr1phosphatase (membrane-

/

TPase) (G]ynn 1964 Skou, 1965) Card1ac o]ycos1des inhibit the ac—

tive transport of a w1de var1ety of substances 1n a 1arqe number of

t issues and in mahy'd1fferent species. (Wolff, 1960 Parr1sh ahd K1pn1s, :

-1964; Berndt and Beechwood 1965;.Csaky and Hara, 1965; P]etscher et .al.,

l

1967) _ . _
Deno]er et aZ (1961b) first showed that ouba1n 1nh1b1ted the

accumu]at1on Of noradrena11ne by brain and heart s]1ces That ouba1n

'exerted th1s effect by 1nh1b1t1nq the transport of noradrena11ne across 1

- the neurona] membrane rather than by act1nq on storage oranu]es was f1rst

suqqested-by Carlsson et al. (1963) ‘Later 1t was shown that oubain-

b]ocked the transport of noradrena]1nd and metaram1no] across the neur-"

| hona] membrane in rabb1t and rat heart slices (G1achett1 and Shore ]966)

and by’ rat braln synaptosomes (Tassar1‘et aZ ; 1969) Oubann exerts

this effect by act1no as a non- comnet1t1ve 1nh1b1tor (Berti'and Shore,

,1967)

The f]nd1nqs that t1ssues take up noradrenallne and structur-

“a11y related am1nes by a process wh1ch is 1nh1b1ted by ouba1n and 1s
ul-dependent upon enerqy, temperature Na and K squest that membrane

'e‘_ATPase is involyed. Boodansk1 and Brod1e (1969) have postu1ated that

. .and K1pnis and Parr1sh (1965) to acoount for the carrtér med1ated trans—

3

' f,_port by t1ssues of suqars and amtno ac1ds Accord]nq td the Bogdansk1 '
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and Brodie‘modej, the affinity of-the carrt;rffor the amine is dependent
upon<its.ionic environment, beino increased- by Na”. 0utside:the nerve
‘ceTT where the'Na concentrat1on is high. and K concentrat1on is Tow
‘the carrier has a h1oh aff1n1ty for the amine. The am1ne and Na are
’co-transported by the carrier ingide the adrenerg1c_neurone The enerqy

for this Ts.provjded'by the_downhﬁTijovement OT"Na .. Once ' inside the

cell, ‘the amine is'reTeased Where the affinity of theTcarrier for the,
-am1ne is Towered by the Tow 1ntrace11u1ar Na concentrat1on and the h]gh
1ntrace11u]ar K. concentrat1on After 1ts release from the carr1er, o
- the am1ne is’ stored in 1ntraneurona] qranuTes The 1nward transport of
" the am1ne 1s cont1nued s1nce the1nward Na qrad1ent is ma1nta1ned by
DumPTHG Na out of the ceTT by the sodium pump wh1ch is T1nked to the
'Na -K act1vated ATPase ‘ .‘ | _'_

The transport of noradrena11ne is bTocked by oubaln or K-

Tfree incubat1on med1um by 1nh1b1t1nq the membrane ATPase Inh1b1t1on’~
Towers the concentrat1on qrad1ent of Na by rals1ng the 1ntraceTTu1ar B
l-l'Naf, Accord1nq to the Boodansk1 Brod1e modeT ATPase pTays an essent1a1 |
but secondary role 1n the’ transport of noradrena11ne ‘.Its pr]mary |
funct1on is to ma1nta1n the Na -K qrad1ent L L l

S Severa] f1nd1nqs suqqest that the 1nwardTy d1rected sod1um :

‘biqradTEnt or the OutwardTy dTreCted K qrad1ent as sugqested by the j
| 'itBoqdansk1 and Brod1e mode] cannot be the onTy source of enerqy requ1redti

' ‘for the: uptake of am1nes by the adrenerq1c nerves when the sodlum _' e
o pump: was 1nh1b1ted -an 1nduced 1nward Na qradlent fa1]ed to cause the '.
' fuptake of the am1ne (T1ssar1 et aZ 1969 Nh1te and Keen 1970 Paton,:.;n;
:_:]971) The uptake of noradrenaT1ne was not determwned by the 1ntraceTT-- %;//

"uTar Na concentrat1on (Nhlte,and Keen, 1970)3 Aﬂ 1nduoed outward Nah:_'



gradient.failed to cause‘an uphiTT effTux-of the aminet(Paton 1971)..

An aTternate poss1b1]1ty is that the membrane ATPase may be necessary
'for amine transport because the carr1er must be first phosphory]ated
Abefore the transTocatJon_of the amine can occur (Tissari et.al.,-]969;‘

!

- Paton, 1971).

Simna'r?['_ :
The Uptake df:exouenous'ndradrenaTtne and*structuraTTy re-

Tated amines may be med1ated by an actlve transport system Tocated 1n 4
the axonaT membrane of adrenerq1c nerves. The ev1dence 1n favor of such
"‘; a process can be summar1zed fﬁ | | .
th, The 1n1t1aT rates of noradrena11ne uptake are saturab]e
- and‘descr1bed_by M]chaeltsfMenten k1net1cs.'
2. sNOradrenaTjne\uptake isTtemperature;dependent.w{th a*'

E temberature coeff1c1ent of 2. 2 “_ "‘_Y | ) .
3;"Noraerena11ne uptake 1; 1nh1b1ted by metaboT1:~?nh1b1tors -

l;‘such as 10doacetate and 2 A= d1n1tropheno] I

".4gr‘The untake of noradrena11ne requ1res Na and K : RemovaT

) Of Na from the externaT med]um markedTy reduced the

A_;accumuTatlon of noradrena]1ne ATthouqh h1gh concentratTOns ;f‘

. of K are 1nh1b1tory, Tow concentrat1ons are requ1red to
| ma1nta1n normaT rates of uptake | 4

'1:‘5ngNoradrenaT1ne uptake is 1nh1b1ted by ouba1n

B
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(H) Obfective of Thesis -

. The aim of th1s ‘thesis is to 1nvest1qate the character1st1cs :

of the transport of ephedr1ne by D]ECGS of rabb1t atr1a The poss1b11--

1ty that the transport of ephedr1ne cou]d occur by pass1ve d1ffu51on,
.act1ve transport or co- transport or even by a s1m11ar mechan1sm as
A noradrena11ne w111 be 1nvest1qated Thus answers ‘to. the fo1}OW1nq

<

_quest]ons were souqht I o

1. Is ephedr1ne accumu]ated aqa1nst a concentratton orad1ent7 -

2§‘tIf so, is the accumu]at1on saturabTe and descr1bed by
| fM1chae115 Menten k1net1cs or does 1t 1ncrease ]1near1y7 '
3:- Is ‘the aecomu1at1on of ephedrine temperature dependent7
.'4,..What are the effects of metabo11c 1nh1b1t1on? |
_‘S,V'What are the effects of - Na and a]so 1ts subst1tut1on
- with other e]ectro]ytes and non- e]ectro]ytes? |
o 6,,'Hhat is the effect on accumu]at1on by ouba1n7 ‘13}7‘52_ o
fh?. lDoes the accumu]at1on of ephedrlne show any structura1
"ispec1f1c1ty7 ,,,i_;f"'" : | o
| *8;_ Is ephedr1ne transported across,the adrenerq1c neurone

v_:A

SN 1n a manner s1m1]ar to noradrena11ne7

21
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I11. METHODS AND MATERIALS

"(.4)'. Preparation of Tissue B . i

removed w1th forcens, blotted p1aced in prewe1ahed 11qu1d sc1nt111at1on;'f':

1on med1a conta1n1hq the drua

Adu]t ma]e New Zealdnd rabbits weidhingf4 to-Sflbs were ki]led "

by a blow on the reck.. The hearts were. rapidly removed'and rinsed in

Krebs'SOlutien'at roem'temperature' After both atr1a had been d1ssected(:
free of the ventrlcles and adipose t1ssue they were r1nsed 1n Krebs

so]ut1on and cut 1nt0 ten approx1mate]y equal pleces weiqh1nq 20 ta

. 40 mg each Atr1a1 p1eces were then placed 1n 25 ml Erlenmeyer flasks, i
v conta1n1nd 10 mT Krebs so]ut1on The f]asks were placed in.a Dubnoff )
metabo]1c shaP1nq 1ncubator at 37 c for 30 m1n and equ111brated W1th 95%d.v je

h‘_ oxyqen/57 carbon d10x1de

Tlssues used for t1me course and k1net1c exper1ments were

_ p]aced 1n 1ncubat1on med1a conta1n1nq the appropr1ate concentrat1on of “[ f'Qf‘:

rad1oact1ve ephedr1ne and 1ncubated at 37 C for the 1enqth of t1me re- :

qulred T1ssues used in exper1ments 1nyo1v1nd the effect of d1fferent

druas on ephbdr1ne accumulat1on were pre1ncubated for 30 m1n 1n 1ncuba— R

CB) Détemih‘ation of ¢ "cantféné"i of Tigsues ?'aﬁd Hedia

A"M1n1v1a1s" and the v1als we1ahed The t1ssues were then d1sso1ved in

NCS solub111zer (Amersham/Sear]e) using'0. 4 m] per m1n1v1a1 at 37°C for}fif-“‘f“‘

at 1east 18 hours After mak1nq sure the t1ssues were comp]ete]y htft::'f_jf‘Q?

At the end of the 1ncubat10n per1od the p1eces of atr1a were N f



.' dtsso1ved 10 p] of q]acia] acetic acid was added to neu&ra]iie‘the |
solut1on and thus to minimize chem1]um1nescence (Bransome 1979).' |
4.5 ml of.a to]uengxbased sc1nt11]at1on f]uor was added The'_ o
fluor had the. fol]ow1nq compos1t10n 2, 5 d1pheny1oxazo]e (PPO) d-q;'id'
1 ‘1 4-bis-[2- (5 Dhenyloxazo]yl)] benzene (POPOP) 200 ma; ethy]ene q1yco1
:"monoethyl ether 300 ml; and to]uene 700 m] The tota1 ll'C content was -
'measured after the v1a1s had been coo]ed to room temperature and dark |
‘Aadapted "-. C | 4‘ | | ‘
, Dup]1cate or tr1p11cate 0.2 mI portlons of 1ncubat1on med1a
were: added to m1n1v1a]s fo1]owed by 3 m] PCS (Amersham/Sear]e) fThE;:»'
}dv1aTs were dark adapted and counted for 1"C content L
.' B Tota] ll‘C 1n t1ssue and 1n 1ncubat1on med1a were counted 1n
‘fa P1cker Nuc]ear L]qu1d Sc1nt111at10n Counter (L1qu1mat 110) wh1ch had h
a count1nq eff1c1ency for ll'C of over 90% in aqueous samp]es Samp]es if

"jwere corrected for quench us1nq the channels rat1o method

B (C) Purztyof l"C‘-Z«.@iedz"tne B

- Rad1oact1ve ephedr1ne 1abelled w1th ll‘C in- the B pos1t1on was
’”obta1ned from Schwarz/Mann 100 pC1of ( }ephedr1ne hydrochlor1de was

ff1;5upp11ed 1n a 1yooh111zed form W1th a. 1abe1 c1a1m of 20 mc/mmoV

”":_den1t1a11y the druo was d1ssolved 1n 1ts v1a1 1n 5 ml of fresh]y made up

| :ﬁ-?v;fdlluent cons1st1n9 of 0 1 mM d1sod1um EDTA and 1 mM HC1 1n water This :el'z‘5‘h

"ffirepresented a stock so]ut1on of 1“C ephedr1ne of 10" M‘ From th1s a

i ften fo]d d11ut1on was made up w1th the same d1]uent and served as the B

f_iwork1nq so]utwon

The purlty of rad1oact1ve ephedr1ne was examwned chromato- _:'.',n' =
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'graphica11y in two different so]vent systems-' In the‘first‘system using
th1n 1ayer p]ates precoated w1th ce11u105e, a11quots of the stock and
work1nq so]utlons were spotted and run in a n- butanol—methano] 1N
'.pform1c ac1d (60 20: 20) system accord1nq to F]em1nq and C]ark (1970)

~‘The second system cons1sted of a11quots spotted on Whatman #1 paper and

' run in n- -butanol acet1c ac1d water (2:1: 1) accord1nq to the’ manufacturer E

h-system In. each case deve]opment was a]]owed to proceed 10 cm. After o R

A

- the chromatoqram was dried, each cm or 1/2 cm was marked off from the

»

4or1g1n to the so1vent front. The th1n 1ayer p]ate~was scraped off 1nto ,dn
e'_m1n1v1als and the What;an #1 paper was cut w1th sc1ssors into 1 .cm str1ps
' I‘Flve ml of the to]uene based sc1nt11]at10n f]uor was added and tota] 11‘C |
}counted ina P1cker L1qu1mat 110 L1qu1d Sc1nt11]at1on Counter A'second
3 chromatoqram run concurrent]y con51sted of a so1ut1on of 10“1 M carr1er

: dt ephedrlne

0 .
“ -. '. . ° )

(D) bhromdtgqrp'hid_An&Z-yeis ‘_of A'”C—Ephedrinef;', :

3 The resu]ts 1n f1qure 1 showed no ev1dence of more than a:

:.‘3s1nq1e 1abe]1ed component The peak had an Rf va1ue for ?“C ephedr1ne ,_Yf¢f~

.n‘. iOf O 78 and 0. 88 for th1n 1ayer and paper chromatoqraphy respect1ve]y

-i-

h

o 77;when cochromatoaraphed w1th 10-f5M carraer ephedrlne These values

"were 1dent1¢a1 to those obta1ned w1th 10 1 M carr1er ephedr1ne shown 1n

'f’.flqure 2.
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fIGURE 1. Chromatoqraph1c ana]yses of 1"C ephedr1ne work1ng so]ut1on o

B

ol 27345 618 9.0
Distonce from origin . -~ " -
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778 9

 Distance from origin -
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The data are expressed as couqts per m1nute above background

o

"funcorrected for. quencthg The resu]ts of the thin- Iayer chromatogram ;;’

',ffare shown on the 1eft and that of the paper chromatogram on the r1ght '

[}
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ilpFIGURE-Z‘ ChromatOgraphlc ana]ys1s of carr1er ephedrwne and

;h‘jppheny]propano1am1ne The results of the th1n layer chromatogram

'~*7»‘of the two am1nes

.-are shown on the 1eft and that of the paper chromatoqram on the rwght
".,(a)f represents ] uz of ephedrlne TO' t” (b) represents 1 ut of .-

._ephenylpropano]amane ]O 1 M and (p) represents 1 uZ of a m1xture



(E) Solutions | o | »

. .The Kreos-bicanbonate medium USed:had the fo]]owinq jonic
comoosition (mM): NaCi, 116; NaHCOs, 22; KC]Q‘S; MgC12,.1.2; CaCla, 1.5;
'.f.D-Glucose 105 NazEDTA, 0.04; asconbate“‘O‘OS o
C KCT was om1tted w1thout substitution in potassium- free sotu—
'tions Equ1mo]ar amounts of sucrose, or 2- deoxy D qlucose in one case,
were subst1tuted for q1ucose 1n the q]ucose free so]ut1ons So]ut1ons _
' contalnlnq d1fferent Na* concentrat1ons were made by rep]ac1nq NaC] w1th
equ1mo1ar amounts of L1C1 Low sod1um solut1ons cons1sted of iso-
osmot1c reptacement of NaCT w1th L1C1 CsC] KC1o cho]1ne ch]orlde and.
sucrose. A11 501ut1ons were made using- d1st111ed water wh1ch was passed
| throuoh a de1on1zer before use The pH_of all: so]utlons was, ma1nta1ned
-~‘ between 7.3 and 7.5.. Unless otherw1se stated all 1ncubat1ons were at

2/5% CO2 was used to equ111brate the so1ut1ons A]1 drugs;:
L R o

e.and'chemiealsl;b |
R ThevfoJ1OWingidrugs andLChemjcaTs"yene'used’and obtained from:

:"I»( )- ephedr1ne HC]; ':n;i;" i ',ngma‘tﬁim{cai‘coQJ .
{;; { )- enhedrlne HC]E'd‘ie'f;; A»f-::Req1s Chemica] Co;"
F:'(+) ephedr1ne HC]fe: ]t' df-vnu¢‘S1gma Chem1ca1 Co.'i»fuj.
.e( ) ephedrine HC]Y7~{ .1.tl‘iﬁtﬂ:sjgma-chemlFal Cd?nt.;,,’ o
8- phenethy]am1ne 3'; :'€: ’ :. dfsionatChemieai:Co€7=~'!
Tyram1ne HC] | 'L:jiz f;fvt‘tfiﬁaﬁhigésésféh.Las;:;’,ﬁ “

Dopamine HCl :,i;,f—"};f}'”7ﬁffffSiQmafChenf¢$1iCO.;;.e



(+)-phenylpropanolamine. HC1

Metaraminol bitartrate -

(2)- Qmethy]noradrenaTine,HC1

(i)fpheny1ethano1amine.
A(i)—octopamine.HG]

(i)-noradrena11ne.HC1f
(—);amphetamine_SU1féte

(+)-amphetamine sulfate

(i);parahydroxyamphetaminé.HBr :

~_"(i)éiéoprOtereno]{HC1'
-Fhentermine.HC1  |
{'(t);normetanephriné.HC1
Ouabain o
2¥deoxy-D-qluc05e
IQdOacefic acid
'a-dinitfopheﬁoli”

- Sodjum aiidé
Cbcainefﬁtl
 De$ipramiﬁe{HC1 e
iLidoéaiﬁé el

: Phenoxybenzamlne HC]
.;.Phentéi$m1ne ; ','

j Testosterone

fEstrad1o1

;;??;6 Hydroxydopam1ne HBr
'fi'u.'-;SKF sso

~ Sigma Chemical Co.

Merck, Sharp & Dohme
Regis Chemical Co.

Sigma Chemical.CQ.

‘Sigma Chemical Co.

‘Sigma Chemical Co.

Smith, Kline &;Ffench

Smith, Kline &.Frenéhb

Smith, Kline & French

winthrop Lab.

'Anca Lab

Sigma Chem1ca1 Co.
S1qma Chem1ca1‘Co.

A]dr1ch Chem1ca1 Co

.Eastman Kodak Co

' ’F1sher Sc1ent1f1c Co.

'i. Fisher Sc1ent1f1c Co.

1 jBrﬁtish Drug Houses

‘Ge1ay | ' 

| Astra Pharmaceut1ca]sl_»i )

f:Sm1th Klwne & French-

"“C1ba

g 'f.Sigma-cneﬁi¢é1ACo ’

. 2' Reg1s Chem1ca1 Co.

l

iﬂ'Req1s Chem1ca1 Co

ef L
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(G) Preparation -of Denervated Tissues

-

Adrenergic denervation was produced using 6Lhydroxydopam1ne;
6- Hydroxydopamine was dissolved in 1 ml freshly prepared.-1% ascorbic S

acid in ice cold normal saline and injected immediately into the lateral

. ear vein. Rabbits were given'39‘mg.each at 9:00 hr-on'day 1, fo]fowed

by 90 mg at 16:00 hr on day 1, and 90 mg again at 9:00 hr ‘on day 2.

. They were killedvat about 10:00 hr on day 3 and their hearts removed.

(H) Expression Qf Results

N
y . <

The accumuTat1on of '%C- ephedr]ne was expressed in one of the
fo]]ow1nq ways: ‘
~ (a) pmoles/gm wet weiqhtvtissue

d1s1nteqrat10ns per mwn/qm wt t1ssue

; dws1nteqratioﬂs per mtn/pmoTe Theo ephedr1ne

“(b) [ T/M ratio

AN
. N,

_ dJS1nteorat1o;\\per min/qm wt twssue ':' =

das1ntearat1ons per m1n/m1 1ncubat1on med1um

°

tI) Metabolism qf:;“C—Eéhedrinevin.the_Tissues;.

To 1nvest1qate the poss&b111ty that ephedr1ne metabo]1tes may

ebe present@ p1eces of atr1a were 1ncubated 1n med1a conta1n1nq ll’C—

ephedr1ne for T hour The t1ssues were then removeﬂ and b10tted These

were poo]ed and homoqen1zed 1n 0 TN HCT conta1n1nq 0 1 mM NazEDTA 1n a

-

| rground gTass qr1nder The homoqenate was centr1fuqed at 0°C: and the

? svpernatant poured off/and saved . The supernatant was then concentrated



% SN

(J) .‘S'tatistiéal“AnaZ‘zisis"
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‘over a stnaam of air. An aliquot of this concentrated extract was then

. taken for thin51ayer and paper chromatography. Also aliquots of the

incubation media before and after the incubation of the tissue and the

- supernatant before concentration by a stream of air were chromatographed.

The location of '“C was determined by ‘counting successive 1/2 cm portions

of the chromatograms by 1iquid scintillation spectrometry
. .
Chromatoqraph1c ana]ys1s of’ the concentrated tissue. extract

‘ shown in figure 3 revealed only one rad1oact1ve peak wh1ch had an Rf
o va}ue 1dent1ca1 to the cold ephedr1ne in f1qure 2 and a1so to the 1uc.
:ephedr1ne work1nq so]ut1on The resu]ts were s1m1]ar when the 1ncubat1on

.media before and after tissue incubation and the supernatant before

concentrat1on were chromatoqraphed— géubsequently in this study, measure-
ments of rad1oact1v1ty in the t1ssue‘w111 be exoressed as '*C- ephedr1ne

Axe]rod (1953) showed that in rabb1ts and some other an1ma1s, |

,the N demethy]ated product of ephedr1ne pheny]propano]am1ne was ex-

creted It is expected that ephedr1ne wou]d be N- demethy]ated enzymat-
1ca11y 1n the liver but not in the heart F1qure 2 shows that ephedr1ne

and pheny]propano]am1nezhave a1most identical Rf va]ues 1n the two '

hsystems used and thus 1t‘wou1d not be possib]e to detect~pheny1propano1— o

am1ne 1f 1t 1s present in s1qn1f1cant amounts The resu]t 1s not un—

expected s1nce the two am1nes are very s1m1]ar in structure and po]ar1ty.
' " ‘ ' - f?

v

Resu]ts vere. expressed as the mean+standard error Of the mean. " ,h

. S1qn1f1cant d1fferences between samp]es were determlned us1nq Student s

'et test and were cons1dered to be s1qn1f1cant when p<0 05 (twojta11ed test);.j;

-
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| FIGURE 3. Chromatogfaphic ahalysis\of poo]éd t{Ssue EXﬁracts. The
- data are expressed 1n'couhts per minUte above backdreundr uncoriécted
“for quench1ng The resu]t of the th1n 1ayer chromatogram 1s shown

- on the 1eft and that:of the paper chromatoqram on the r1qht



IV. RESULTS

(A) Effect of Drugs and -Conditions on Tissue Weight Loss -

In this. study, ca]cu]at1on of uptake was dependent upon the

‘f1na1 t1ssue we1qht The effects of the exper1menta] procedures were .

_ therefore exam1ned Tab]e 1 ‘Shows the resu]ts of th1s study &t can.ff
" be seen ‘that in all cases, we1qht was always ]ost T1ssues on]y showed
shrjnkage when they were 1ncubated in 1ow Na( plus’ ZTOemMISUCrose. yThUS'
adfa1se1y high’T/M ratio‘woqutresult :fhere'was evidence of tTSSue L
'swe111no when the t1ssue was exposed to metabo11c 1nh1b1tors part1cu1ar1y
when both the q]yco]yt1c and ox1dat1ve pathways were 1nh1b1ted Th1s '
would consequent]y resu]t in a fa]se]y ]ower T/M The rema1nder of the
tdruqs or cond1t1ons oroduced 11tt1e or no chanqe :n the we1ght of the -
't1ssue compared to the contro1 Th1s study 111ustrates the care wh1ch
must be taken in the 1nterpretat10n of resu]ts because siqn1f1cant “j'

chanqes may be produced just by the shr1nkaqe or swe111nq of the t1ssue

"vunder exper1menta1 cond1t1ons

(B) Apﬁedrtne Uptake o o }
. _ _~Qny/f_, S | . |
- The. effect of d1fferent 1ncubat1on tlmes on the uptake of I“C—;

ephédrine (T/M ratio) is, shown 1n f1qure 4. Ihe upper curve shows the .

-»uptake of ephedr1ne when the concentrat1on was. 10'6 M and the lower curve ,da!;f

'-1_shows the uptake when the concentrat1on of the amlne 1n the medTum was f

¥

- 107 3 M The two curves are s1m11ar 1n that accumu]at1on was t1me

dependent net uptake becomlnq proqress1ve1y s]ower w1th t1me Ephedrine

32
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‘ TABLE 1

A_E’FFECT OF DRUGS AND CONDITIONS ON TISSUE WEIGHT LOSS

T1ssues were washed for 30 m1nutes, b]otted and we1qhed and

then exposed to two 30 min per1ods to the treatment shown

we1ohed 1mmed1ate]y thereafter Mean + S.E. of 6 observatadné..,

~Tissues were-

© TREATMENT

Control

, ',~27°¢‘ 3

4°C (ice)

Oubain, 107 M

* Phentermine, 107 M

R w0t
‘ a/Low Na* + Lic (116 mM) -
L + Sucrose (210 mM)-

o Contro] T
2- deoxy D qlucose 2 X 10’ Mo
f'Iodoacetate 1073 I
2,4~ D1n1tropheno] 5x 10’“ M

3’Sod1um Azide, 10 iM : T
2.4- Dln1troohenol 5x10 l’M + Iodoacetate 10 3M "

lGlucose -free .

+ Iodoacetate 1072 M-

g E}', + 2 deoxy D q1ucose IO_nM-j o

'\f'. i 2 4 D1n1trophen01 SXTQf“Mf*lt“l-7

14,341,
16,722,
104547,
12.122,

B Y S
14, 2+2;
14,641,
20311,

SR YR ES
13,00,
16.4s2,
13,143,
11,941,
_,S,Jto.
12,713
{g13.4+2.
O 8+] y
~_-j11.o¢3.

% WT. LOSS

9)”01 c:icp”gj N o

4_us;fa'4svc>;cnqu 54';a'cn'(n_

NS
NS
e
N
Cp<0.05
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_t-TEST"

p<0.05
:'fifn NSi'ﬁ-t“v;" |
ii”P<0;001k;.5ufu'.
G

- p<0.005
,_‘reré iif
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A'was 1n1t1a11y accumulated by s]1ces of rabbit atr1a very rap1d1y and

-that in the medwum Steady state levels were, reached at about T hour

of incubatidn The two curves d1ffer 1n that the. T/M rat1o was: 1ower ;_‘

v

: uafter a short per1od of.wncubat1on the amount in the t1ssue exceeded

.:’9

at a]] 1ncubat10n tlmes when the h1gher concentrat1on of ephedr1ne was =

.

present in the 1ncubat1on med1um and a1so a shorter time of 1ncubat1on

'ﬁwas requ1red for the t1ssue to concentrate ephedr1ne above that found in .

~the medfum when . the 1ower concentrat1on of the amine: was used

c) - Effect Of Conoe_ntration' o_r_z,»E'ph'edrin'é 'U‘ptake

At the end of hk hour 1ncubat1on the T/M rat1o was 2 0 at the

’h1qher ephedr1ne concentrat1on whereas it was 2. 7 at the 1ower concentra-

‘ taon (f1qure-4), and thus 1nd1cated that some saturat1on had taken p]ace,/

_ Th1s 1ed to a study in wh1ch the uptake of ephedrune by rabbwt atr1a

hwas measured after 30 m1n 1ncubat1on at externa] am1ne concentrat1ons

.:‘vary1nd from 2 5 X 10“7 M to. 10 > M F1qure 5 shows that as the concen—‘yf-'

'ctrat1on of: ephedr1ne in. the 1ncubat10n medium was 1ncreased uptake

' [-”(expressed as Dmo]es/qm wet t1ssue) 1ncreased proqress1ve1y w1thout an

’:31nd1cat1on of a max1mum be1nq approached It shou]d be ment1oned that

V‘ff a]thouqh the accumu]at1on of ephedr1ne does not appear to approach a.

' - max1mum, 1t may not necessar11y mean that the system 1s non saturab]e
"jfbut that 1t may saturate at on]y 1naccess1b]y hlqh concentrat1ons |
":7S1nce such a w1de concentrat1on range of ephedr1ne was used and the

: resu]ts 1n f1qure 4 1nd1cated satura 1on the results of figure 5 were

,:re expressed as concentrat1on rat1os (T/M rat1os) to detect sma11

‘

"nchanqes It can be seen ‘” fioure 6 that the T/M rat1os s]ow]y decreased Lo



et

: 1;.t1ssue/med1um (T/M) concentrat1on rat1o of ephedr1ne 1s p]otted aqa1nst
' hthe durat1on of 1ncubat1on (m1nutes) and 1s shown as the mean i S E
’ "70—*—0, the ephedr1ne concentrat1ons1n the med1um was 10 g M

d‘;fo———o 10 3 M ephedr1ne was added to ]0 g M 1abe11ed ephedr1ne as a

uif’;carr1er There were 6 - 18 observat1ons for each point

35

T/M Ratio

0 e 0 40
RN mean11$e(mm) .

gl 7

fFIGURE 4w"1“C ephedr1ne accumu]at1on by rabb1t atr1a1 p1eces }fhéf:iiw'?;*-:
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" Uptoke of Ephedtine (pmoles/qtissie) .
St | _

~DL-Ephedrine (M) * -

'l!' FIGURE 5. Effect,of concentrat1on on ephedr1ne uptake by rabb1t atrxa
'faT1ssues were 1ncubated for 30 m1n at 37°C 1n Krebs so]ut1on conta1n1ng

: “ ;;concentrat1oqs of ephedr1ne varylnq from 2. 5 x 10‘7 to 10 3, M ;Atf; o .

h~5was added to make up the des1red concentrat1on w1th 5 x 10‘7 M 1abelled

' :VTephedr1ne ' Mean values of 10 observatlons S E s, fa11 1n51de f%e c1rc1es

| 7.‘ephedr1ne concentrat1ons greater than 5 x ]0 7 M carr1er ( ) ephedr]ne ;;ff" |
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Ephednne concenhohon(M)
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"" FTGURE 6. T/M rat1o at d1fferent:ephedr1ne concentratwons The t1ssue iﬁffjl‘”

3'n1.to med1um rat1o of ephedr1ne 1s p]otted aqainst the concentrat1on of
ﬂephedr1ne in the med1um and 1s shown as the mean At ephedrIne |

e’[»concentratlons qreater than 5 x 10 7 M carrwer ( ) ephedr1ne was added

i to make up the. des1red concentrat1on w1th 5 X 10 7 M 1abe]1ed ephedrlne

‘Incubatlon tlme was 30 m1n There were 10 observat1ons for each po1nt ; ;:7 Lo



h .ttons in th

from a va]ue of approx1mate]y'2 35 at an ephedrtne concentrat1on of

- 2.5 x- 107 M in the 1ncubat1on med1um to 1.7 at 10 -3 M 1nd1cat1nq some

38

'saturat1on has taken p1ace Because of the sma]] amount of rad1oact1v-- e

;1ty found 13 the t1ssue, 1t was not poss1b1e to use ephedr1ne concentra-

med1um 1ower than 2 5 X 10’7 M

(D) Initial Rates of'Ephedrt'ne" Aé"c'wnuzaﬁdﬁ' o

As shOWn in f1gures 4 and 6 the uptake of ephedr1ne 1nd1cated

, a tendency towards saturat1on Therefore an attempt was made to show :

‘:whether th1s uptake can: be descr1bed’1n terms of the' c]ass1ca1 M1chea11s-: -

'"v*Menten equat1on for enzyme k1net1cs In order to do so, the 1n1t1a1

';f; dr1ne concentrat1ons and at the shortest 1ncubat1on t1me poss1b1e
5fF1qure 7 shows that when ephedr1ne concentrat1ons were var1ed from 2 5 x -

'?ff,,i10 7y to 10'2 M the am1ne accumu]ated 1n the t1ssue at a unlform rate

"“n'wtthout any 1nd1cat1on of max1mum ve]oc1ty be1nq approached The rap1d
'1n1t1a1 Dhase therefore cannot be descr1bed by the M1chea11s Menton
=»wequat1on It appears from these results to be due so]e]y to a pass1ve

3tffd1ffus1on process
o (E) -Efféc’t"oﬁ'Vario'l{S’ Am.in'esb‘n'_'Ephedr‘ine'f‘".iccw”uz.atio-"f".::f‘-"-'f:" L

A w1de variety of sympathomqmet1c amlnes are known to 1nh1b1t

'fiﬂ,igthe uptake of noradrenal1ne The effect of some;;f these am1nes on the

" uptake of ephedrne (T/M rat10) was stud1ed Table ZT:hOWS that °"]y

= .f,normetanephr1ne of the amlnes stud1ed falled to decrease ephedrlne

R rates of uptake (the veloc1ty component) was measured at vary1no ephe- ci_:d



:"'.Mt1ons of (+): ephedr1ne varylnq from 2 5 x 10'7 M to 10'2 M Mean

pfoke( pmoles/q/min).

Initicl Rates of U
N

o DL,-‘E"phedrilnve._ (M)"

'y _FiGURE'7 In1t1a1 rates of ephedr1ne accumu]at1on T1ssues were

‘fg,1ncdbated for ]0 m1n at 37 C 1n Krebs solut1on conta1n1ng concentra—aMMfM

»
\,"

"values of 6 observat1ons

'_1.39 Lo



v'Q
'accumulation siqnificantTyt Rhentermine‘caused'the greatest inhibitjon
'of ephedrine'uptake but even tn_its presence a Targe fractjon of'ephef
dr1ne st111 accumuTated | ' .. . |
The effects on ephedr1ne accumu]at1on by TO -7 M to 107 . M _
phenterm1ne was subsequentTy stud1ed 1n more deta1] The resuTts are

shown;1n f1gure 8. Concentrat1ons of phenterm1ne Tess than 10'5 M had

] R

. 40 ;

no effect.on‘the'uptake of ephedr1ne Thé uptake of ephedr1ne is. on]y o

'*fslow1y decreased w1th Jncreasing concentrat1ons of phenterm1ne in the .
Ii: 1ncubat1on med1um and furthermore there 1s no 1nd1cat1on of maxima]
7 1nh1b1t10n be1nq produced ‘~Increas1nq the-phentermine.concentratnon 1nu
.'the 1ncubat1on med1um 1000 fotggfrom 107° M to 10 2 M caused onTy a '.‘
."smaTT decrease 1n the T/M rat1o from‘approx1mate1y 2. to T 3
- From the resu]ts shown in: table 2 the p0551b111ty must be

'con51dered that the 1nh1b1t1on of ephedr1ne by am1nes may be reTated

-

*to the number of hydroxy] qroups the am1ne possesses The var1ous am1nes |

S ”d&a
. ';were qrouped as shown 1n tab]e 3 to 111ustrate the effects of phenoT1c
;vfhydroxy] qroups on ephedr1ne/uptake It can be seen that those am1nes

‘5.¥1n each group wh1ch Tacked phenoT1c hydroxy] qroups aTT caused the

“iihgreatest 1nh1b1t1on of ephedr1ne accumulat1on The am1nes wh1ch possess e

'Ltwo pheno]1c hydroxy] qroups, however, 1nh1b1ted ephedr1ne uptake 'ﬁj:‘gﬁ

‘.l;fapprox1mate1y to the same extent ‘as. those am1nes whlch possess one

"7j.phenol1c group Because of the smaTT amount of 1nh1b1t10n produced by

;;:;the am1nes possess1nq T or 2 pheno]1c hydroxy] g;oups, 1t was not

fft;”poss1b1e to be abTe to detect any other structura] spec1f1c1t1es on

e ephedr1ne transﬂgrt

Whether or not ephedr1ne transport exh1b1ts stereochem1caT
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" TA;BLE" 2 | oy

F £FFECT OF VARIOUS AMINES ON EPHEDRINE ACCUMULATION =

—_—

'Ti$sués were prefncubatéd'for 30 min'in‘normélfkrebs
'futmon conta%nlnq the am1nes at a concentrat1on of 1073 M
25 M ephedr1ne was then added for an add1t1ona1 30 min.

S E of 10 observat1ons

g d TREA}MENT e e 'f. !I/Mﬂ 711'4;'  - _dt;TEsT -

0.04 1 pe000 |

e

“;ﬁdrhaT:krébS)~t”','df"éQCB
e "d*dd];?Z?

LA

At 2

' Noradrenaline . 1872007 p<o0s
** Normetanephr ine ”3?3;.1j;-éff;}f];96'&>§fo$ﬂf.*_f"]g“»ans*Lg S

“}“Isoprotereno1 iflf[-:3i;f',iif83“i;0?033f':{f'*ifb;§70;02df;"”

' Ad‘,txPhenterm1ne 'ﬁd'vd'df‘fddlv-Q;TQSSv TOﬂQ7 b?f33fd}upi<f0{0011f;d_
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T/M Ratiown

‘ Phentermine (M) o o

dFIGURE’B- Effect of phenterm1ne on ephedrlne accumu]at1on Tlssues

.were exposed to vary1ng concentrat1bns of. phenterm1ne for 30 m1n

-5 X 10 M ephedr1ne was added for an add1tiona1 30 min. Meanw S{EZd L

-fof 6 observatlons The control value 1s shown on an histogram.--;}f'fm

A%< -’
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TABLE 3 -

EFFECTS 0?~PHEN5LIC HYDROXYL, CROUPS ON’ EPHEDRINE UPTAKE
) : : E ; , ‘ -
'1‘“ft ~ Tissues were preincubated_foe 3Q_min in the presence of the
~amines at 10" M, 5 x 1077 M‘epﬁedeine vas added for‘ah additiona]
‘-30 min. Mean + S.E. of 10 observat1ons except in Group IV where there
Qere 6. Aster1sks 1nd1cate values s1qn1f1gant1y d1fferent from control

o | 'NO. PHENOLIC . i
AMINE . HYDROXYLS .~ “T/M . t-TEST

© Control (No amine) — (— -~ 2.13:0.10 ’,/*4/// |

~

- Group I | | |
8- phenethy]am1ne T 0 %.63a0.04 .
CTyramine - 1., -1.89:0.08  p<0.02
- Dopamine . . 2 .. 191201 p<0.05
"Group I ’ Lo _ DU |
| Phenylprooano1am1ne o0 %6007 0
‘Metaramingl .. 1 .. 1.880.08 NS
a- methy1noradrena]1ne S o2 22008001 L pe0.005 -

- r .
ba Group III S e
Phenylethano]amine :w'f‘ 0 *1;72¢o;déf°f' , }
0ctopam1ne o . ?55’*']A':‘-11¥’5§'~1f: 1}87¢Q}07” ' # NS
Norgdrena11ne L RS *1~85#Q-06.9‘:5j*NS‘”,*-*'

'{Group IV _ 1 e L
T B .:Amphetam1ne o  1,';}“:hie1Q; “}_,;T' *]jiE;o 05,;’,ﬁ |

S ope hydroxyamphetam1ne vf‘ “itlﬁl.ﬁ S %610, 02 ‘f‘;€'NS

N ,  —methyldopam1ne ;fffl;'erZ”‘iui;  ' 1, 74+0 07E_f5;P<0-05;

. Cpntro],(Noiam1ne)__if o -;eff,f. ‘,';e3- 2 080 09  TR
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specificity was next considered. The effect of (#)-, (-)-, (-)-y-, (+)-
. _ ( . : _

y-ephedrine ‘and (+)- and (-)-amphetamine isomers on ephedrine uptake was

studied.:'It can be seen in table 4.that‘the ephedrine jsomers at a

¢ concentration of 107° M al} significantly decreased the uptake of

labelled ephedrine with approximately the same ‘potency. Laower concentra-

~ tigps of ephedrine and also the amphetamine isomers, 5 x 107° M, were sub-
seduent]y studied in. an attempt‘to-detect differences in potencies. .The

resu]ts in tab]e 4, part b, show that a11 ephedr1ne and. amphetam1ne

’

1somers at a concentrat1on of 5 x 10°° M s]Tth]y decreased the uptake

! of. labelled ephedrine but with equa],potency.

R

£

(F) Inhibition of Ephedrine Uptake by Cocai’ and Desiprcz'rﬁiné'_'_ |

The effects on ephedrine uptake specific uptake1

A/

1nh1b1tors 2x107% - 2x107° M cocaine and 10 6 _ 107" M des1pram1ne,

'-.-..s

=were studiéd. Since high concentratiOns of cocaine and des1pram1ne may

; act on the t1ssue,as 1oca1 anesthet1cs, thé effect of 5 x 10"’--»5u§ 10'3

M 11qnoca1ne a 1oca1 anesthet1c known not to 1nh1b1t uptake1, Was also

B ’”Gstud1ed Tt can be seen in f1qure 9 that a]] three druqs produced a f

'n: concentratton dependent.1nh1b1t1on of ephedr1ne accumutatjon,-<Coca1neh
and deétpramine:inhibited'ephedrine accumu1ation wtth appr0x1mate1y

o equa] potency | Ltonoca1ne was mUCh Tess potent at 1ower concentrattons
and “thus e11m1nat1nq the poss1b1T1ty that ﬂhe Tnh1b1tory effect 1s due
to a ]oca] anesthet1c effect At the h1ohest concentrat1ons used, :
11qnoca1ne 1nh1b1ted ephedr1ne accumu]atton as potent1y as coca1ne.or ”

des1pram1ne However in alt cases the 1oca1 anesfhet1c effect was

' sma11 s1nce a 1aroe fract1on of ephedr1ne st11] accumu1ated

a4
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TABLE 4
EFFECT OF THE JSOMERS OF EBHEDRINE AND AMPHETAMINE ON EPHEDRINE UPTAKE

Tiésues were preincubated for 30 min»in.the presence‘of the

amines. 5 x 1077 M ephedrine was added for an additional 30 min.

Mean + S.E. of 10 observations in (a) and 6 in (b).

(b) 5x 1075 M Amines

TREATMENT MM lTEST

| (a) 1073 M Amines

0.14

1+

Control (No amines) 2.3

0.10  p<0.001

1+

. (#)-ephedrine. . 74
i(F)-ephEdrineV' o 7 1.63

1+

0.06.  p%0.00

(#)-y- ephedr1ne R j.JSI 0.06 _';- * p‘< 0.001--

1+

I+

( )
(5)-v ¢-ephedr ine © 0 164006 . p.<0.001

1+

iCon’tro? T ',- ' 2.08 0.09;:

0.06 . < . NS

g

e t)- ephedr1ne .89

1+

) ephedr1ne o .-1185 ‘0,035 S “TNS," ‘
01lg NS

6411_ N

(T

" (+)-Y- ephedr1ne; . 1.80

(-
(
(-
(-
(

I+

I+

amphetam1ne ‘“ 1"; . lT;88g e
0.07 - Cp<0:05

+

)

) R ephedr1nef_,a o _."1;84;
N |

)-

‘f'-+ amphetam1nej L 'f'1,8]
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fFIGURE~9 Effect of cOcaine'and desfpramine'bn-ephedrfhe accumu1ation.
‘P1eces -of rabb1t atr1a were pre1ncubated in Krebs solut1on 1n the
}presence of the druqs for 30 min. 5 x 10 ? M ephedrlne was added for an '
~add1t1ona1 30 m1n and accumu]at1on measured Mean f-S E There were

-10 observat1ons for each co1umn Aster1sks 1nd1cate va]ues s1gn1f1cant1y

'-_different from the contro] wh1ch had no druqs present

LN AR e -
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vl

. (G) The Effect o'f‘Other'*_Drug‘s on"Ephedrine Accumulation

The'effect of a variety of drugs on.the'uptake of-ephedrine
(T/M-ratio)'is shown in tab]e 5. It can be seen that the adrenerqic

receptor b1ock1no drugs phento]am1ne, phenoxybenzam1ne and SKF 550 were

. not- effecttve as ephedr1ne transport 1nh1b1tors The.stero1ds, estrad1o],

and~testosteronem which are powerful uptakez inhibitors significantly

decreased the uptake of'ephedriné. "But a large fraction of the amine_was :
'sti11 accumulated in the presence of these'steroids..dOn'the other hand,

_ the other steroid'used corticosterone' also a powerful uptakez“b]ocker"

d]d not affect ephedr)ne accumu]at1on , g%cause 100—fold’concentrations

of the stock so]ut1ons of the stero1ds were d1ssolved in 30% ethanol

'the effects/of th1s ethano] solutlon (0 3% when used) were studted as a E
"c0ntro1 As shown 1n tab]e 5, 0.3% ethan01 d1d not exert any effect of

L its, own One other druo oxytetracyc]]ne reported to 1nh1b1t the b1nd1ng

of catecho]am1nes to co11aoen (Pow1s--1973) was stud1ed in th1s ser1es

. It too d1d not affect ephedr1ne accumu]atton (tab]e 5) A comb1nat1on of

| :deffect cou]d not be attr1buted to coca1ne

, (H). E'ffe_ct’oi E:cpo'sure"to Ou'.bain'--.,:. -

' three druos, coca1ne oxytetracyc11ne and corttcosterone were added

-/
51mu1taneously"to the Krebs so]ut1on A]though th1s procedure decreased

) the uptake of ephedr1ne s1gn1f1cant1y, the effect as shown 1n tab]e 5 ,acf

't,was sma]] The coca1ne cont%o] tested in th1s ser1es showed that th1s-f¥' :

T
Sy

..\ T i
_’ ‘.0

Oubafn 1s known to have an effect on act1ve transport Thef};fﬁ"f7 -

'*ri;_effect Of 10'. 10 3 M ouba1n was stud1ed to determ1ne whether Na =K —,e.



f  ;:f0xytetracyc11ne (10 ; M)lif

. TABLE 5

. EFFECT OF OTHER' DRUGS ON-EPHEDRINE ACCUMULATION

T1ssues were pre1ncubated 30 min in. the treatments shown

5 x ]0 M ephedr1ne was added for an add1t1ona1 30 min.

8

Druqs were'

'present throuqhout Concentrat1on of drugs shown in brackets

S E of 6 -8 observat1ons

o !

_CONTROL

Mean.

TREATMENT =

fhéﬁtéTamihe:(1b’5vM) )
: i pﬁen§xy5eﬁ2aﬁ1hé;(1oj5.M)”
 ,'sK§,§5o:(1o'5.M)1_,<l
| "Eétrédip1<(10ug/m1)r: 
45 1Té;fo§ter¢hér(16 ug/ml5‘f '
 vé6fti¢os£érone (10 ug/m])“; » 
{':;Ethanil (0.39) |

o 'Coca1ne Control (2 x 10 5 M)
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act1Vated membrane ATPase was 1nvo]ved in the transport of ephedr1ne

a‘It can be seen. (f1qure 10) that ouba1n produced a small concentrat1on '

1

dependent 1nh1b1t1on of uptake Extreme]y h1qh concentratIQns of oubaln _

| (10 v 1073 M) were requ1red in order to produce a significant ‘inhibi-

O

' t1on of . ephedr1ne accumu]at1on

I

(I) Effect of ‘Na+ and K _on Ephedrine Accwnulatwn.

Ouba1n is known to 1nh1b1t Na —K ATPase the enzyme 1nvo1ved

'Sod1um Pump S1nce ouba1n 1nh1b1ted ephedr1ne transport %Be poss1b1]1ty '

t

"vthat this uptake occurs by a co transport mechan1sm W1th sod1um must be

con51dered The 1nf1uence of sod1um on ephedr1ne uptake therefore was

; stud1ed Faqure 11 shows the re]at1onsh1p betWeen the 30 m1n uptake of |
f ephedr1ne (expressed as the T/M at1o) and the concentrat1on of Na “T .‘--'

‘*the 1ncubat1on med1um - Tt can be seen that sodlum enhanced the uptake

\'(OVer 80%) of the am1ne was accumu]ated 1n the presence of 1ow Na .

'”Z In tab]e 6 the uptake of phedrine 1n Krebs so]ut1on was
‘ 1

‘efcompared w1th that in. 1ow Na sofut1bn Xn wh1ch 116 mM NaCI was rep]aced

Tr;1so osmot1ca1}y by one of the fo110w1nq L1C] CsC] KC], chollne |
"’;fch1or1de and sucrose Of these on]y sucrose fa11ed to reduce uptake

&,Lsign1f1cant1y In a11 cases however a 1aroe fract1on of ephedr1ne
ti:st111 accumu]ated Sucrose caused the t1ssue to shr1nk (tab]e 1) and

~th1s accounts for the observat1on

The effect of remov1no K from the 1ncubat10n medlum 1s shown

'*f1n tab]e 7 Durlng the pre1ncubat10n per1od the K -free med1um was

)

, r1n the act1ve transport of sod1um Th1s process 1s common]y called’ the f_*‘_'

*'vfof ephedr1ne but was not an abso]ute requ1rement and that a 1arge fract1on i

I . -
/ SN
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' rabblt atr1a were expoSEd to vary1nq concentrat1ons of oubaln for f*f*v“

°>'3o min, Then after a f

-'I“C ephedr1ne, accumulat1on was determ1ned Mean S E of 9 - 10'4
g

ﬂ}jobservat1ons The columns marked “nth an: aster1sk d1ffered s1gn1f1-

'titcantly from the contro] 1ncubated 1n med1a3conta1n1ng no oubain

50

- ~«FIGURE ]0 Effect Of ouba1n on ephedr1?e accumuTat1on Pleces offfi“

rther 30 m1n of 1ncubat1on w1th 5 X 10“7 Mﬁf;;_.¢:~
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'_FIGURE 11 Effect of vary1nq sod1um concentrat1ons on the transport of

.'Cluc ephedr1ne ' P1eces were exposed for 30 min to vary1ng sod1um ch]or1de f

'-"_‘concentrat1ons wh1ch were rep]aced 1so osmot1ca11y by 11th1um ch]orwde E

; A
ff;Accumulat1on was determ1ned after 30 m1n 1ncubat1on at 37°C w1th

S

| '_5 X ]0 7 M ephedr1ne and 1s shown as the mean S E There were 10

'7';observat1ons for each po1nt The va]ues marked w1th an aster1sk d1ffered 5 |

| 3e51gn1f1cant1y from those(obta1ned 1n~norma] Krebs so]ut1on conta1n1ng

-
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CoTARLES

| IIVABILITY OF IONS TO SUBSTITUTE FOR o' SRR

IN THE TRAIVSPOJ?T OF E’PHEDRINE’ BY RABBIT ATRIA

A]] pleces were’ pre1ncubated for 301m1nutes in the |
- ~so]utlons shown 1\tephedmne 5 x 10 4 M was then added for f- :
Cal further 30 min and accumu]at1on measured Mean ERY E of |

10 observatlons

SRR

C INCUBATIONWEDIA . gy P G-TEST
© Normal krebs - ., £0.07 "

':LOW'N§+fKFéb$TC¢ﬁtéﬁnipg: DL
S e G At T T s
SHO e e pegos

o 79!J<ir°,5\' 2300 s T



' _effect of temperature on ephedr1ne accumu]at1on under three drfferent

":_ A]thouqh the uSual effect of temperature was noted 1n a]] cases that 15,"

'tﬁtfan enhanced uptake w1th 1ncreased temperature, the effect was not great

v

_chanqed every 10 min to. ensure the remova] of as much K from the tlssue
“a5~poss1b1e It can be seen that the remova] of K did not alter the
;uptake of ephedr1ne The add1t10n of 10 M ouba1n to K freg med1um
decreased the accumulat1on of ephedr1ne s1qn1f1cant1y Th1s is ]1ke]y |
a ouba1n effect on]y since a s1m11ar decrease in uptake occurred when

107% uba1n was present in normal Krebs so]ut1on | - |

The effect of Tow temperature (4°C) 1s shown in tab]e 7 1&2\_'

'can be seen that the accumu]at1on of ephedr1ne in the t1ssue is reduced
uto approx1mate1y the same 1eve1 as- 1n the 1ncubat1on med1a The effect

of 1ow temperature (4° c). on the accumulat1on of ephedr1ne is much qreater

tha” that prOdUCEd by Oubaln or 1ow Na or by any other druq used 50 far. 'f:ﬁ‘

" '_ _'(J)\_‘Eff f ect of 'il’er’np‘érdt.ur.e,on Ephedr‘*.ine /ic_cufnjlztztion
', 5_! | Act1ve transport may be 1nd1cated 1f the transport system

possesses a h1qh temperature coeff1c1ent (Qlo) F1qure 12 shows the B

- .cond1t1ons, 1n Krebs so1ut40n on]y, 1n Krebs solut1on conta1n1nq ]0 2 M -

'1“fphenterm1ne and 1n Tow Na Krebs conta1n1nq 2 X 10 s M cocalne

v

/ . i

"GEThe ca]cu]ated ﬁxo Va1ues for a]] cond1t1ons var1ed from 1. 1 to 1 2 and }'[*t{i;

Kfis con51stent w1th a pass1ve d1ffus1on mechanlsm A]ternate]y one can

‘T ”fassume that the s1ze of the "1nsens1t1ve component"'could be 1nd1cated by

fthe amount of ephedr1ne accumu]ated 1n the tissue 1n the‘bresence,of
‘~0 2 M phenterm1ne, the druq wh1ch caused the qreatest 1nh1b1t1on tOnVif"

"f?fth1s bas1s the ca]culated Qlo value 1s ] 9~wh1ch 1nd1cates\the p0551b1e
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 TABLE 7

B

EFFECT.OF K*-FREE MEDIA AND LOW TEMPERATURE

T1ssues were 1ncubated for 30 m1n in the treatments shown

'S ]0 7 M’ephedr1ne was added for another 30 min. Mean. + S.E. of'

. 8 observatwons i e  ’ o

CTREATMENT - wM o eqesT

"_tontro1'(ququfKreBs;}37'C)_" R 2:13f150;b6~‘ .f
C KefreeMediun o N 2l064006 't ws oo

-" 'K+ffreéghedidm'+‘id'5jM owbain. 1.8 :0.06 . p<ooz .
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' »FIGURE TZ Effect of temperature on ephedr1ne accumu]atlon T1ssues »?'_:

were pre1ncubated in Krebs so]ut1on under the fo]]ow1nq cond1t10ns

0-—-0 norma]gﬁrebs at 37°C o———o norma] Krebs at 27 C l———l

phenterm1ne (10 2 M) at 37 C, u~——u s p@enterm1ne (10‘2 M) at 2?°C€}

| a‘%-—l ]ow Na 4 coca1ne (2 X 10 s M) at 37°C AP—*A 7UW Na * cocalne rff

(2 X' 10 s M) at 27°C 5 X 10 -7 M 1“C ephedr1ne wa; added for an

add1t1ona1 30 m1n Druqs and cond1t1ons present throuqhout Mean va1ue<'fe§'~

S E of 6 observat1ons.'rr"¢f¢;1i7-‘j' n];fn- 4{_fis"‘:'4'"



—ex1stence of an active transport system for ephedr1ne uptake & 'he'
prob]em with th1s assumption is that there is no ev1dence that more than
one component ex1sts for ephedr1ne transport No usefuly1nformat1on is
»-obta1ned in est1mat1ng the s1ze of the act1ve component"'by ca1CU1atinq
the amount of ephedr1ne 1nh1b1ted in the presence of both 1ow Na and

' 2 X 10 M coca1ne ~This is because. the effect of a 10 deqree drop in
_temperature to 27°C in normal- Krebs so]ut1on 1s the same or qreater than

o

. that produced by low Na p]us coca1ne

< (K) Effect of Metabolic Inhibitors on Ephe‘drine Uptake .

4

Energy from aerob1c and/or anaerobic g]yco]ys1s is reou1red

in many transport systems to dr1ve the Sod1um Pump. Tab]e,s.shows.the

effect of metabo]1c 1nh1b1tors on the uptake (expressed‘aéﬂthe T/M'ratio)tl"

of ephedr1ne It is seen thit ephedr1ne uptake 1s not affected by« the:
y presence of . metabollc 1nh1b1tors e1ther by themse]ves or. in comb1nat1on
L to 1nh1b1t both aerob1c and anaerob1c pathways A1though the accumu]a-a

tion of eohedr1ne appeared to be: 51on1f1cant]y reduced when both quco]—

;ys1s and ox1dat1on were 1nh1b1ted by d1n1tropheno1 and 1odoacetate th1s ‘_t :

.decreaae cah be accounted by the swe111nq of the t1ssues (see table ])

T;These resu]ts 1nd1cate that energy 1s not requ1red for ephedrtne trans-~ S

"port

T

i‘fff 6 Hydroxydopam1ne oroduces an eff1c1ent and extreme]y long-

"'71ast1no dep]etton of noradrena11ne due to. the select1ve destruct1on of

‘-ffsympathetic nerve end1nqs (Tranzer and Thoenen ]967) To show whether

Y
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TABLER [

 EFFECT OF METABOLIC INHIBITORS ON EPHEDRINE ACCUMULATION |

T1ssues were pre1ncubated in the treatments shown for 30 min
and then 5 x 10 7 M Tee- epﬁedrlne was added for 30 add1t1ona1 m1nutes
Iodoacetate vas present in the pre1ncubat1on per1od on]y Mean S E
of 6 observat1ons quures in. brackets 1ndfcate mo]ar concentrat1on of )

metabo]1c 1nh1b}tors - ' .1 . . e

® . s ‘ X . : [

- TREATMENT . o . CTMC L eTEST

B4

o 'Contrd1v}[: o 'LA e 2.02:0.1

2- deoxy D- q]ucose (2 X ]O 3 M) ) ‘ o ,~‘2.13¢Qtl4 - NS
Iodoacetate (10 3‘M) | f» e . 96+0 11 NS
5J*G1ycdse-free ﬁlf.} - - J“' T 1 90+0 ]0 NS ) ;) ; &

+

riTG1ucose free + 2- deoxy&D g]ucbse(]OmM) ‘f,fd ‘2.08&0.07 . NS
: R .
G]ucose free + Iodoacetate (10 s M) . 2 ;Tg90f0;08'3'M,m NS .

2,4- D1n1trophenol (5 X 10'“ M) ;i,je;wnifi*',L];ggio:jyg NS =
"*.Sod1um A21de (10 3, ) S '-""[V”ﬁ'={'n(];99§0;09-5. _'NS :

-2, 4 D1n1tropheno] (5 X ]O'“ M) I';ﬁ,;'v AR ,'- *‘

B Iodoacetate (10 3 M) T 70+0 06 . p<0 005

'.deGlucose free + 2 4 D}n1tronheno1 GSx]O “M) 1 86+0 09 NS[ﬂvf L
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the accumulation of ephedrine can be 11nked to functiona]]y intact.nerve
end1nqs the effect of pretreatlnq the rabblts w1th 6- hydroxydopam1ne was
stud1ed It can be seen from the resu]ts shown in table 9 that denerva-
,tlon had no efféct on ephedr1ne uptake ‘ Accumu]atlon of ephedr1ne by
the tissues of pretreated rabblts was s1m1]ar1y unaffected 1n the presence
of other druqs
| In order to show that the rabb1ts were adequate]y denervated,
the uptake of metaram1no], an am1ne known to be’ transported 1nto sympath-
:etle nerve term1na1s, was studied. The results in table 10 show that/the

- rabbits were. denervated sfnce the uptake of metaraminol was considerably

reduced in the tissues of rabbits pretreated with 6-hydr0¥ydopamine.

-



TABLE 9

EFFECT OF DENERVATION ON_EPHEDRINB ACCUMULATION

{

Tissues were preiﬁcubatéd 30 min under the treatments

shown. 5 x 1077 M ephedrine was added for an additional 30 min.

. ) o . oo S, ¥ i . W -. . - .
~Mean + S.E. of 6 observations.. Figures in brack!ls indicate molar

concentration of the drugs.

. UNTREATED-

DENERVATED

TREATMENT  ~~ ~ ~  RABBIT _

o

Normal Krebs -~ . . 2.06 % 0.04.

Cocaine (2 x 107% M) oes s 012

i+

Oubain (10°*'M) . 1.94+0.06

A+

' _Phentermine (107 ) - - 1.59 x 0.04
e
Phenylpropanolamine(10™° ) 1.66

I+

PhEnylethahoﬂaminei(]O"?)

*“Phenoxybenzamine (10°%) - 2.00 + 0.05

I+

Low Na* krebs 1.79

0.03

1.76 + 0.05 -

0.10

_ RABBIT -

-_‘2;03

e
189
| 151
1577
'i,sé'
fi‘iﬂ9$

1.67

I+ b 1+ 1+ oo 4

+

1+

0.05

0.06

aw

0:06
0.10

0.05.

Mr
0.10
NS
50.Q7f; '

NS

NS
NS
‘NS

,Ns'

NS
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TABLE 10

LY

EFFECT OF DENERVATION ON METAR&IINOL ACCUMULATI oN

"TiSSUes were ihcubated for 30 min at 37°Cfianrebs;
'solutionléontaining 2;5 x 1077 M-3H—metaramiho]{ ;Mean,vaIUes't;"
5.E. of 6'obsérvat1dns. : L

) 4 o . e N /

TISSE S 7/ S t-TEST

Untreated rabbit (Control) . . 4.86 + 0.44

!

Denervated rabbit ©1.42%0.08° . p<0.001



V. DISCUSSION

The uptake experiments indicate that the accumulation of
: ephedrine~is coneentration— and»time-dependent '5S1iees of rabbit atria':
are ab]e to take up and .accumulate ephedr1ne from the. 1ncubatlon med1um
aqa1nst a concentrat10n.qrad1ent A rapid accumulatmon.of ephedrwne
occurs s1nce 1n “the. uptake experlments the . amount of ephedr1ne in the
t1ssue exceeds that in the med1um by 7 min and a steady state 1eve1 is
treached'w1th1n one hour Th1s study in Wthh rabbit atrla s]1ces were
used and the study by Jacquot et al. (1969) 1n wh1ch the 1so]ated rat |
heart was used showed that ephedr1ne was accumuTated to 1evels of 2. 7
fand 3. 0 t1mes those of the med1um conta1n1nq a low concentrat1on of the
am1ne These concentrat1on rat1os proved 1ower than’ those found for
noradrena11ne For 1nstance, noradrena11ne was accumulated to 1evels

up to 5 t1mes those in’ the med1um conta1n1ng 1ow concentratnons of 'e. 3
| noradrena]1ne by rat brain or heart s11ces (Denq]er et aZ 1961b) “
More 1mpress1ve concentrat1on rat1os however, were - obta1ned 1n perfused
- t1ssues Iversen (1963) showed that the 1so1ated rat heart perfused
"'w1th a med1um conta1n1nq 10w~concentrat1ons of noradrenal1ne (10 nq/m1)
luaccumu1ated the am1ne to 1eve1s greater than 10 t1mes that in the per- |
tfus1nq med1um ' . ) _ |

o A]thouqh ephedr1ne is rap1d1y accumu]ated by rabb1t atr1a
isl1ces, the concentrat1on rat1o (T/M rat1o) of the am1ne 1n the t1ssue o
dto that in the 1ncubat1on med1um was on]y s11qht1y d1m1n1shed by a

.‘ 10 fo]d or qreater 1ncrease in the concentrat1on of am1ne 1n the 1ncub-f

at1on med1um Th1s f1nd1nq is: 51m1]ar to that found for amphetam1ne, N

e
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an amine wh1ch 1ike ephedr1ne lacks pheno]1c hydroxy! qroups (Ross and

_.Reny1, 1966b) but d1fferent to that found for noradrena11ne where the

/o
T/M ratio was con51derab1y reduced (Deng]er et,aZ;, ]961b;-Ross and-__

Reny1; 1964).

. Iversen (196351196§b) described the existence of two uptake |

‘processes for noradrena11ne The f1rst process, Uptakel, was cons1dered :

o&

_to operate at low concentrations of noradrena11ne in the medlum whereas

the second process, Uptakez, operates at hlqh amine concentrat1ons

_ Both processes are saturab]e w1th 1ncreas1nd external am1ne concentra—

tions and are descrtbed by the c]ass1ca1 Michea11s Menten equat1on for

enzyme k1net1cs The transport of ephedr1ne by rabb1t atr1a s11ces is

'~'c1ear1y d1fferent in th1s respect For 1nstance there appears to be f‘

| and the atcumu]atwon of the am1ne-occurred at an~approx1mate1y un1form :' '

.ev1dence for no more than one uptake process for ephedr1ne 1n th1s study

“-rate even. at the h1qhest concentratlon used and cou]d not be descr1bed

. passtve d1ffus1on

.'“ ephedr1ne accumu]at1on A number of- 1nterest1nq structure aot1v1ty
‘vphenolac hydroxy] qroups caused ‘a qreater 1nh1b1t1on of ephedr1ne

'“~p'we1] known noradrena11ne transport systems, Uptake1 and Uptake2
"‘-:*Metaram1no1, a very powerfu] Uptakex 1nh1b1tor noradrena11ne a]so a _1'€l
".potent Uptakel 1nh1b1tor and at the concentrat1on used wou]d also be e

‘.f~a good Uptakez 1nh1b1tor and 150proterenol, a potent Uptakez 1nh1b1tor _j":f_'f;

_re]attons emerqed F1rst of a]] phenterm1ne an am1ne 1ack1ng in.

:transport than d1d the am1nes known for thelr potent effects on. the

‘by the M1chea11s Menten equat1on and thus 1nd1cat1nq non saturat1on or'

Th1s study showed that a w1de var1ety of am1nes 1nh1b1ted d



all caused‘a'siQnificant fnhibitionAof ephedrine'accuwulation That
transport of ephedr1ne occurs by Uptakez is un11ke1y since normetan-
'ephr1ne a potent Uptakez 1nh1b1tor was not effecttye The 1nh1b1tory_
yeffect of 1soprotereno1 may be due to 1ts sma]] ab111ty to inhibit Up-
- tak61 wh1ch at the concentrat1on of the am1ne used may become s1qn1f1-‘

| cant Alternate]y the effect of 1soprotereno1 and the other am1nes may -
be non spec1f1c Th1s f1nd1no d1ffers from that of Jacquot et aZ
(1969) who found that noradrena11ne was w1thout effect on ephedr1ne
‘accumu1at1on \ However they used 1ower concentrat1ons of noradrena11nef

equal to that of 1abe11ed:ephedr1ne-(—5 x 1077 M);and thus,may accountltk-'

e
/,-

for the 1ack of effect | _
A second feature 1s that extreme]y h1gh concentrat1onskof a11:.',

'amwnes had to be used to 1nh1b1t ephedr1ne accumu1at1on s1gn1f1cant1y |

‘(tab]e 2) A]though phenterm1ne of the group of amlnes stud1ed 1n :

- tab]e 2 appeared to 1nh1b1t the accumulat1on of/ephedr1ne more marked]y :

. than the other am1nes, 1ts effect was not str1k1ng Subsequently

f (f1gure 8) 1t was shown that a 20 fold 1ncrease 1n the concentratwon

- of phenterm1ne (]0’5 M) 1n the 1ncubat1on med1um over that of ll'C
ephedr1ne (5 X 10'7 M) d1d not even cause any apparent 1nh1b1t1on of
”~“ephedr1ne transport The study of Burgen and IVersen (1965) 1n contrast

O

A‘showed that many of the am1nes 1nh1b1ted noradrena11ne transport marked]y

’ ';‘when they were present 1n the medium 1n 10 fo]d or 1ess the mo]ar con-

"-,.centrat1ons than was noradrena1ine

Another feature is’ that the absence of pheno11c hydrony groups

:'r_enhanced the ab111ty of’amlnes to act as 1nh1b1tors of ephedr1ne trans—~-;f‘:""'

_fr‘aport The effect of add1ng another phenol1c hydroxy] qroup to pheno1-4“-

R I
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' ethy]amines, however, did not- have any3additiona4 inhibitory'effect

. s1nce amines_ w1th one or two hydroxy] qroups 1nh1b1ted ephedr1ne uptake

with a sma]ler but equa] potency It is 1nterest1nq to note that :
‘pheno1— and catecho]propano1am1nes re]ated to amphetam1ne, e. g R para—
hydroxyamphetam1ne and a- hethy]dopamtne appear to be more potent 1nh1b-
‘l'1tors of ephedr]ne uptake re]at1ve to the other amines possess1nq
_ phenol1c hydroxy] qroups, e. g s tyram1ne and dopam1ne 1n part1cu]ar
'; One p0551b111ty that may account for th1s d1fference is that tyramlne |
“and dopamlne are metabo]1zed by the enzyme monoam1ne ox1dase and thus
_.may not appear totbe as’ effecglve~whereas-parahydroxyamphetamwne and
o- methy]dopam1ne are protected from metabo]1sm by monoam1ne ox1dase by

the o- methy1 qroup A]ternat1ve]y th1s effect could be due to the

presence Om\ the a-methyl qroup per se.‘ However this s unllkely S1nce h~,”
‘:another qroup of a—methylated amanes metaram1no1 and a- methylnoradrena-;fl -
.j1ine, 1nh1b1t the uptake of ephedr1ne very 11tt1e or not at a]] Thp -
i_structuraT spec1f1c1ty for ephedr1ne appears to be different from that

"found for noradrena11ne by Burgen and Iversen (1965) in the 1so]ated rat~

. lrheart They found that the presence of hydroxy] qroups enhanced the

=*K-aff1n1ty of the amine- for the Uptake1 s1te It is d1ff1cu1t to compare»ﬁifef kS

'_the results obta1ned in th}s study w1th those obta1ned by Burden and

f Iversen however because a dlfferent spec1es of an1ma1 was used a

‘:fmuch h1qher concentratlon of the am1nes had to be used in order to s1q—vhfh”\' -

!

'[,fn1f1cant1y 1nh1b1t ephedr1ne transport and the sma]l amount that ephe-

u»‘,dr1ne accumu]at1on was Tnh1bated prevented the use of the prob1t p]ot

The resu]ts obtained w1th (+)- ( )-v.( ) w-, and (+) w-ephedr1ne

’»; nd (+) and (;)-amphetam1ne 1somers show that the uptake system for
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o ephedr1ne does not shbw any stereochem1ca1 spec1f1C1ty This is-un]ike

“the noradrena]1ne Uptake, System 1n rat heart wh1ch was found by Iversen

(1963) and Burgen and Iversen (1965) to exhibit stereochem1ca1 spec1f1c1ty o

The fsomersA(-)4noradrena11ne and (+)- amphetam1ne were, found to be more
' effectiVe:Uptakel'inhibitors than‘( )-noradrena11ne and (-)-amphetam1ne.
he Uptakez system for noradrena11ne d1d not however d1scr1m1nate _
between the opt1ca1 1somer§ (Iversen, 1965) | | ' | .

| Coca1ne and des1pram1ne both se]ect1ve Uptakel'ﬂnh1b1tors 3.
s1gn1f1cant]y 1nh1b1ted ephedr1ne accumu]at1on by rabbat atr1a s]1ces |
,fat ]ower concentrat1ons than 11qnoca1ne " The poss1b111ty that the in-

afh1b1t1on of ephedr1ne transport is’ due to a 1oca} anesthet1c effect is

?:fthus un11ke1y A]thouqh the . resu1ts cou]d 1nd1cate an Uptakex process,'f

:7i‘: other a]ternat1ves must be cons1dered It is, poss1b]e that the transport

‘-‘flof ephedr1ne occurs by a passive d1ffus1on process fo]lowed by b1nd1ng |

| and that the 11poph111c pr0pert1es of coca1ne and desipram1ne 1nterfere':

A'W‘th the b1Nd1n9 of eDhedrme Another a]ternat1ve s that these drugs'rhf‘*5~'

v "1nterfere w1th the movement of ephedr1ne across cel] membranes There

J'v*f"1s yet however no\ev1dence that these drugs b1nd to t1ssue or 1nter—~w;7 o

'fere W1th movements of other substances across ce]] membranes Thei'
‘th1rd a]ternat1ve 1s that these—drugs 1nh1b1t ephedr1ne transport by

~a non- spec1f1c mechan1sm Thas a1ternat1ve can account for the sma]] .}"”°

_j.:e.;and gradua] 1nh1b1tory effects observed w1th the‘E’drugs and 119n0ca1ne '}»fiqbﬂf

l.

;and a]so account for the observat1on that des1pram1ne is. not more potentp.z"“'“

'1'V“than cocaine. Jacquot et aZ (1969) found that coca1ne at a concentra- 7:}iff‘?

'”ﬂf;t1on of 3 X 10‘5 M d1d not affect the accumu]at1on of ephedrlne by the

.i1so]ated rat heart The d1fference in f1nd1ngs may be due to the
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- d1fferent techn1ques used and a]so because a d1fferent Spec1es of
an1ma1 was used ) i | _ ; |
The t;ansport of ephedr1ne notably d1ffers from that of nor- }~-”.
adrena]1ne 1n that the adrenerg1c receptor b]ock1ng drugs d1d not in-- - |
h1b1t the uptake of-ephedr1ne Phenoxybenzamﬁne at the concentrat1on
E used wou]d have blocked both Uptake1 and Uptakez whereas SKF- 550 would
‘have b]ocked only Uptakez The two stero1ds estrad1o] and testosterone, :
f'both potent Uptakez 1nh1b1tors, 1nh1b1ted ephedr1ne accumu]at1on 51gn1f-“
1cant1y: AIt is m0re 11ke1y that th1s 1nh1b1t1on ]1ke that of cocaine
. 1sﬁpon spec1f1c There is. a]so no ev1dence that stero1ds bwnd to var1ous
. t1s€§es and 1nterfere w1th the passage of other substances across ce]] ,:
.'~'membranes The poss1b111ty that the transport of. ephedr1ne occurs by :
dﬁne1ther Uptake1 nor Uptakez must be cons1dered One other poss1b111ty,
'uthat Ephedr1ne can accumu]ate in co]1agen t1ssue 1s un]1ke]y s1nce J
‘A"oxytetracyc11ne falled to 1nh1b1t ephedr1ne transport .,\

In the present study the 1nh1b1tory act1on of ouba1n on

.ephedr1ne transport was s]1ght and s1gn1f1cant on]y at h1gh ouba1n con—-“t-7? -

f[centrat1ons of 10 “:"]0’3 M: “Sodium’ was found to enhante the uptake
f‘of ephedr1ne but was not an. absolute requ1rement and second]y a: 1arge

V"fffract1on (over 80%) of ephedr1ne st1]] accumu]ated 1n the presence of

- ;;1ow Na Furthermore no other 1ons were ab]e to subst1tute for sod1um

r?gTh1s 1nd1cated that there may be two mechan1sms 1nvolved 1n the tranSport ‘ﬂ7a"”;

f;}of ephedr1ne Fron these data, 1t can be postu]ated that a sma]] frac- :

”tgwrt1on of ephedr1ne 1s transported act1ve1y by a co transport mechan1sm

’ uiwwth sod1um Support1ng ev1dence for such an actlve transport mechantsm

ol .}-Ts that the uptake of the am1ne was reduced 1n tﬁe t1ssue to the same



A TeveTs as Tn-the medium at a-temperature ot’4°C The upthT transport _
of ephedr1ne by the t1ssue is further support1ng ev1dence for act1ve |
transport However the resuTts obta1ned in the 1n1t1aT rates exper1;
ment showed onTy one Targe component which is poss1bTy pass1ve One =~
| Way in which the.two mechan1smsAmay co-exist is that the'co transport '
'-mechanTSm:-being very small, woqu be masked by the other mechan1sm

| :

_ wh1ch aTso woqu have a high aff1n1ty for ephedrlne The est1mated Q10

value for efhedr1ne transport assum1ng an 1nsens1t1ve.compOnent'which

:"j._ is the- one. hot 1nh1b1ted by phenterm1ne 1s h1gh enough to 1nd1cate the

';1nvoTvement of such a co- transport system The probTem s that there .

o .-is no ev1dence for the ex1stence of more than one component for ephedr1ne'r_ ;

i

- transport

Py

Thoenen et aZ (1968) s1m1TarTy found in the 1soTated perfused
' rat heart that the accumuTat1on of" amphetam1ne wh1ch T1ke ephedr1ne aTso
ATacks phenoT1c hydroxyT groups and thus may be expected to be transported
in a Tike manner was sod1um and temperature dependent They proposed

1a_that th1s d1fference 1s due to 1mpa1red t1ssue perfus1on resu1t1ng from‘

"vascular constrmct1on brought about by reduced sod1um and temperature

df,Th1s reason cannot acc0unt for the sod1um and temperature dependence of 5;'{

-;ephedr1ne transport i our stud]es since sT1ces of rabb1t atr1a were. used;1"~"'

Energy 1s needed to dr1ve the Sod1um Pump and 1s suppT1ed by

"';u:;anaerob1c and/or aerob1c gTycoTys1s The fallure to decrease ephedr1ne o

7ff_fuptake by the mEtabO]TC 1nh1b1t0r$, d1n1tr0phen01 1odoacetate or az1de,? L

"fé1ther by themse]ves or in: a comb1nat1on wh1ch woqu 1nh1b1t both the

' '}5ig]ycolytTC and ox1dat1ve pathways, 1nd1cated that energy 1s not requ1red '

J”fgﬁfor ephedr1ne transport The f1nd1ngs that metabol1c energy is not
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required to transport ephedrine and that potassium-free medium is not
abTe to prevent the uptake of ephedr1ne make it unlikely that ephedr1ne

tranSport occurs by an act1ve transport mechan1sm

68

SeTect1ve destruction of sympathet1c nerve endlngs (or Uptake,)

by chem1caT denervat1on with 6- hydroxydopam1ne failed to decrease

ephedrtne accumulat1on. The Tack of dependence of funct1ona1]y 1ntact
h'sympathetic'nerves on ephedr1ne accumuTatton 1s the most 1mportant

. difference between- the transport systems of noradrena11ne and ephedrtne
"Th1s means, first of all, that the buTk of the ephedr1ne accumuTated in
_the rabb1t atrxa must be. Tocated extraneurona]]y These resuTts do not

1nd1cate that sympathet1c nerves are 1ncapab1e of accumuTat1ng ephedr1ne

or that sympathet1c nerves are capabTe of concentrat1ng the am1ne to a'

'Tesser or greater extent than extraneuronal t1ssue Thns 1s because the -

"sympathet1c nerve term1naTs occupy an extreme]y smaTT voTume of the totaT
t1ssue and therefore aCcumuTat1on of any substance has to be severaT

'}magn1tudes h1gher than that 1n the med1um before it can be ev1dent in

;'>the T/M ratlo Noradrena11ne has been shown to. accumuTate aTmost

| ﬂeXcTu51ve1y 1n adrenerg1c nerve termlna]s (IVersen, 1963) c Therefore an"

'accumuTat1on of ephedr1ne by adrenerglc nerve term1nals of the same
- order‘of magnltude as that found for’ noradrena11ne can be echuded
The quest1on that rema1ns at th1s po1nt 1s How 1s ephedrtne |

'_‘transported7 The foTTow1ng po1nts are br!ef]y rev1ewed Transport of

; ephedr1ne by Uptakez is un11ke]y because normetanephr1ne, phenoxybenza-'N_Lsnf?:ﬂ

ffpfm1ne and SKF 550 d1d not 1nh1b1t ephedr1ne accumu]at1on Btnd1ng of

;afh1b1t ephedr1ne accumuTat1on Even though the process is an uph1TT one, jri

- ;hephedrlne to co]]agen is: unkae]y because oxytetracycltne d1d not 1n----1" C



ouba1n sens1t1ve to a small degree and, sodium and temperature dependent
active transport of ephedr1ne w1th -and thhout co- transport w1th sodium
is un]1ke1y since 1tiwas non-saturab]e, did not requ1re-metabo11c energy
and was not affected by potasSiumeree med ium. Uptake1 1s un11ke1y
| since chem1ca] denervat1on by 6~ hydroxydopam1ne failed to 1nh1b1t ephe—
;drlne accumu]at1on ‘ 4 | | |

| | The poss1b1]1ty that ephedr1ne transport occurs by pa551ve
'd1ffu510n fo]]owed by b1nd1ng must be cons1dered The v1ew that ephe-.
'ﬁdr]ne 1s accumu]ated and then bound to non spec1f1c s1tes i strong]y
'v supported by the d1fferences found between its- transport a::\\h?t of
noradrenaﬁ1ne Transoort of ephedrlne s c]ear]y dnfferent from that:
of noradrena11ne The- accumu]at1on of ephedr1ne was non- saturable, d1d' -
not exh1b1t stereochem1ca1 spec1f1c1ty, showed only one component
v needed h1gh concentrat1ons of amines to 1nh1b1t uptake T/M rat1os were-v
on]y s11ght1y d1m1nnshed w1th 10- fo]d or even greater 1ncreases in -

- amine cbncentrat1on unaffected by most Uptake2 1nh1b1tors and not im-
"-pa1red by a comb1ned 1nh1b1t1on of aerob1c and anaerob1c g]yco]ys1s

’ The h1gh concentrat1ons of am1nes, coca1ne des1pram1ne and oubain

requnred to ach1eve an 1nh1b1tory effect on ephedr1ne accumulation 1s -

further support1ng for a pass1ve process _
' The f1nd1ng, however that ephedr1ne d1ﬂ not accumulate swg—
;fn1f1cant]y in adrenerg1c nerve term1na]s does not perm1t the def1n1te B

-conc] s1on that the am1ne cannot be transported by the noradrena11ne

| "'°"; uptake system A s1gn1f1cant uptake of ephedrwne st1]1 cou]d be masked;“;:,,ﬁa';

rby 1ts rap1d outward d1ffus10n from the neurone because of its hlgh

; 11poph111c propert1es as suggested by Thoenen.et aZ (1968) or be h» a

e o o
R



'/masked by a large extraneuronal uptake as suggested by Trendelenburg

(1972) to account for the indirect actions of these aming€." The sugges-

tion by Paton (1974) that the highly 1ipophilic properties of the amines

- enable_them to diffuse passively across adrenergic nerve terminals,

replacing ndradrena1ine from the‘étorage vesicles which'éff]gxes from

the neurone by a cocaine-sensitive.carrier-mediated process is a possi-

~ bility in keeping with our findings in this study.
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