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5UM MA mt’s

The uptake of ademi osimie imsto erytlirocytes takes place by tWO) difieremst nmchanisms.

One is saturable by high substrate comscentratiomss, is inhibited b dipyridamole, amid tan

be described iii terms (Of Michaehis-Memitems kitsetits. The other mechiamsism is prooportionsal
to) the adenosine conoemitrations and has thie characteristics 0)! diff�sioti across lipophihio

areas of the membranio. Ii total tsptnske (F) fits a model described b� thie equations

= I +A�7s + �

(1)

where thse apparent Km ansd Tmax values ar( dorived from the Michaelis-Metitens equations,
P4 is the proportional constatit of the simplified law oof diffussions, amid S is the substrate

(0 )ticemit rations.

Evidence for the validity of thso moodol ��as obtaimsod by comparimsg the uptako of foonmr

purine derivatives, inositse, adeno sine, N #{176}-methvlademn�snio, atid N#{176}-dimot hvlado nit si mu.

Those It our derivatives possess different octano l - water partit it )Ii toefficients as a c� omssoquemsoo

of the differenst groups at C-fl of the purimse molecule. The uptake by (liffusioons correlates

with the partitions coefficients of the four derivatives. I)ipyridamole inhibits only thso

saturable part, whichs fo llows \ I ichaelis- \ lonstems kineti(s. \\hichs of the two uptako meohsa -

nisms pred minatos depeisds on substrate to uietntrati Ott, amid is impo ortanit for u�nd rstamidimig

the meohamusm of actions oof dipvridamole.

I NTitOl)U(’TtON

Adensosino is takens tip rapidly b� thse

heart (1, 2), lungs, liver (3), and orythrotes

(4). The rate of elimimiat ions from the (X-

tracellular space is important ins the role 0)1

adonosine as a oooronary vasodilator and

appears to ho related too the mode of therns-

These studies were supI)oorte(I by the I )eutsche
Forschumsgsgerneimischa-ft, Sonnderforschumigsbe-

reich 38, Membramiforsehung. These results were
presented ins part befoore the ( erniani and �oamnoIi -

naviams Pharmacological Societies, 1971.

This paper is dedicated to Professoor 11. .J.
Bielig iii humor of his GOt Ii i)irt hdav.

pouti( acti on (of t ho to on. mary vasodilators

dipvridamt ole, hiexo obomidimie, amid lid fiazimse

(3-10).
The subject of this �a�er is thso study of

this elimimiatioti mechianism. Thse oxpori-

nnetsts were performd tons erthrooo to’s

becauso t heir ademsosine uptake mechamsism

is similar too that of thso heart amid they art

easior too hatsdle. Ervthsrooytos (of guirsoa pigs

��ero’ 050(1 beoause thieir adenoosinso motaloo o-

hisns is loss rapid thsnsms imi humamss or oothier

speties.’
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MATERIALs AND METHODs

E’xJ)ei ii) ien Is no’it/n (‘1//I/n ioeyles . F’or 1)rep-

aration ( of red cohls, blootod was withsdrawns

froom guilions pigs 1)0 (ar(hiac I)usnstturt ansd

tnixtd with hieparimi, 0.3 g/liter. After cons-
trifugatiomi at 1200 )( q for 2 mimi, the
suj)trmiatamst frattitoms was removed arid the

rod cells were W�t5hi(d five times with ams ice-

toltl s( olint P lii 0 of t he ft olli owing co )mpositio)ns

NaCl, Ilifi ns’sm, ami(l Tris-HCI, pH 7.4. The

red tolls were thiems susponided with thu same

st)lUtitOli too give a 2()--23 ‘ hiematocrit.

Sul)st tatos ��ore j)ro’j)are(l as ft ollows.

_�dennoosine u�nss I)lttt0t1 its a series of tul)es ins

tho anioumits listod in ‘!‘able 3. Too eaohi tui)e

��ero uodoiod 0.1 u(’i oof ‘4(’-labeled adomiosine

ohisoolved ins 0.03 ml of ico-co old ififi ns’sm �aCl
mi Tris-FICI, pH 7.4, and 0.02 ml of 2 pM

dipyridamiioolo. A secomsol series oof tubes was

preparool wit Isotit dipvridamolo to) act as a
to onitro ol. Ihiis pro ootss \V15 ropeated ft)r itso-

suit, A-met hiyhudono )simie, arid A/ #{176}-dimetls 1-

adenoosimo. The ervthrosvto ats(l substrate

proparatio otis were warnisod separately to)

37#{176}.The rod cells ��ero addod too cacti oof the

substrate proparatioons amid mixed t(o start

thie itnoubati(oms. imidor tiso experimonstal

to oli(lit in otis the uptake oil imio osimse, adeniosine,

and N�-methy1ademsoosiise was linear up to 4

mm. Therefoore an incubation time of 3 mini

w� used. N6-Dimethyladeisosimie was in-

O’ti1)�1t((l loor oomilv 30 sot boonuso oil its very

rapid uptake. Inicubatiomi was stoopped by

additi on iif 7 ml oof thu ice-coold NaC1-Tris

so olutio ni, using an auto omatic pipettt (Quick-

lit, Emiglanid) too aelsiove imismodiate, thor-

oought ni�ixing. ‘I’hio suspensio oil of erythro-

o�tos was thou cemitriftsged at 1(i(X) X � anid

0#{176}foor 43 see, amid the supermiat alit fluid was

carefully remooved with a capillary tube and

t’oplacooi with ito-to olol 1 (fi m’nm NaC1 in

Tris-H(’l, pH 7.4, miximsg vigooroouslv. This

� tooook 90 sot antI wnss ropeated three
tmnses.

‘I’ht 14(’ co)tstemit oft ho j)tst1�0d envthiiocvtes

was moasure(l after tleproteitiizatioots with 2

miii of ioe-eold 3 triohlooraeetit acid, usiusg

vigorous shaking. After oouitrifugatioms, 1 ml

oil thso supernatamst soolutioon was added to 9

ml of the sointiliatiooms fluid oof Bray (11) and

ooounstod its a 1�ack:sroJ. ‘Fri-(’arb niodel

2(XX) sointillatioon spootroonsotor. ( ‘o)rrection

for (�uenschimsg was 1)(rfoornse(1 by extermsal
stansdardizations. At least 10,000 cpm were
registered foor each sample. Tho tiptake was

caltulated ins moles ier lit-r of pacl�d

erythsrocytes fro m thit disimitegrations p�r

mitstnt( an(1 the sj)((ihc activity of the ad(lo(l

test substansto.

(‘aleulatia,os . l’hso oxperinsomstal values

were fitted to) o)ur po)stulated mo)dol, as shoavms

its 1�:q. 1, by the method of least squares. Thse

deviatioiss tof thso oxperimoustal frons the

(alcinlated valuos oobtaimsed 1:o:’�� � 1 ��tro
llse(I to) test tho validity (Of thso nsoodel. Thse

niothiod 0)f oalculatu)ls is givoms its the

A PPENI)IX.

�Iaterials. [8�14( 11A(l0t5(0Siti0� (specifit attiv-

it:�’, 49 niCi mnsole) ansd F$-’4C]inoositse

(s1ooifit activity, 2(�4 niCi/nsnsole) wore
oh)tainsod irons the Hadio)chon1ital Cenit ro,

�\.mershans, Ensglanid. [,,iet/oy1_t4(h]N�_\lethyl_

adetsositso amid �met/,�jl-’4C}N#{176}-dimet hyladems-

osimso were svtsthesizod fro ins 6-thlo oropurino

ribooside and [noet/,yl_m4C}methylarnitse oor

[inel/,y/-’4C]dimethiylaniutio, respottively (12).

Both substansoes were purified by thin-layer

ohromatography. The specific aotivity was

36 mCi /mmole fo nr met hyladonso )S1� e atid 23

mCi /mmoole fo)r dimethvladomiosimso.

Thio nit nsradio otsot ive �Uriflt dorivat ivt

and dipyridamoolo (Persantin) were kindly

supplied by i’a. PWA Waldisof, Aschaf-

fensburg, Gormamiv, and l’a. Thiomae, Hi-

berach/Riss, (hrmiiamiy.

Oelanol / waler /)altitiOfl. Ootanol (3 rid)
�‘otiS vigorously shaken foor 60 sec wit Ii 3 ml

of ice-told 166 m� NaC1 in Tris-HCI, pH

7.4, coonstaimiimsg 0.037 mnsole oof tht tin-

laholed and 0.1 MCi of thie labeled test sill)-

statue. Thio radiooactivitv oof I ml oaths oof thso

oootauuol amid wator j)hasos \VI15 moastirod �ts

dosoribed ins t he procedinig sectio mi

RESULTS

Tiso first questiooms was whsot her or miot

adenosint was takon up via diffusioon. If sto,

t hit addit ions oil inoroasitsg amo nsnsts of adeus -

ositso should result irs a linear proportioomial

imsorease in uptake. thowover, with low otoms-

centratioiss of adomsoosino imi thio imioubatiooni

nstdiuns tho uptake was high insitially but

fell as the adomiosuse cooncotstratio its was raised

(I’ig. I) . T1’tsisno omilinsear dopemsolenoe oof ilj)-
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S(103 m5e/I suspension mediurr)

FIG. 1 . Uptake ef at/eu o.sine b!/ erytli roe !Jte.s of go in on piq.�, �ic pen (liii #{231},on co,ocen fm! ion of uileno.sin e (5

in .taspen.s ion ifle(!iitu?t

Each pooinit is the moami oof five experimemits. Vertical brackets represemit st amidard deviat ioomns.

-5 C 0 10 15 20 �5 21

F’mn. 2. L ineweaver-Rutrk plot of ailcno.sine uptake

0, dat a froom Fig. 1 (S’ = dat a X 10�; = olata X 102) ; #{149}, the same dat a aft or smut met ion of the
Pd5 comptomient, obtained froom Eq. 1.

take t)tS consctrstrationi is miot mi agrooment

with the law (of diffusions, but is similar too a

saturable enzymatic reaot it ins. Therefo ore wo

tested whethor adcnsoosinse uptake (tank! be

described by a nsodel toniftrminsg too Mitts-

aelis-Metsteri kinetics. This treatniemst wis

justified becauso tramsspo ort mecisatsisnis

across coIl membranses are similar to enszy-

matic act bItS (13). The experimental data
for adenoosine uptake ins a Lineiveaver-Burk

plot are shown in Fig. 2 (opens characters).

The correlation betweed I n ansd 1-’ � could

msot be represented by a straight line,

especially not at higher concentratioonss of
a(1efl0)Sin5t�. Therefore \ Iiohmelis-\ Iemstoms

kiniotics doos nit it provi(lo a valid desoriptiomi

of adeniosine uptake. \Vo hsavt assumed that
I )eSides a sat urablo pro ootss a soot nsd nseohs -

amsisns diffusit ins, dirttt lv dcponsdonst tons

ooonceustratit)ns-goVermis the inptako of aden-

o)sinse. ihis tissuiniptitiii is b�tst#{128}l O)�i ths(

observations that till dOviatio)lis from a

straighst linse imsorease wit Is higher tomscems -

tratiouss. If thus hypothesis is true, thso up-

take of adenosine shoould follow an equation

which is the suns oof Michaelis-Momitoms

kinetics �1us the law oof diffusion

= + PdS
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Tusnn: 1

(‘0)10 n/an tn of Eq. 1 , ile.scmi bin q uptake of font i p it miii e o/emii’a tires, foo md by approximation

(of experimental data

SI) = standard deviat ioomi of the experimental data froom the values calculated by Eq. 1. ill) = reIn-

ive deviai ioimi, sell imig t he calculated data at 100� . Values foollowing the pltis-or-mimius signs represent
standard tieviat ioomis oof the constamits.

Purine derivative l� K,, P1 SD RI)

��ti mm p2!

Inosimie 25.8 ± 1.98 241.3 ± 41.6 0.0019 ± 0.0005 ±0.35 ±3.18

Ademiosimse 20.1 ± 1.42 101.8 ± 20.7 0.0293 ± 0.0004 ±0.45 ±1.87

.V#{176}-Methyladenosimie 31.2 ± 3.38 80.8 ± 25.8 0.1654 ± 0.0011 ±1.21 ±0.98

.V6-Dimethylatlenioosine 64.3 ± 34.06 21.9 ± 26.7 1.4988 ± 0.0947 ±6.16 ±1.09

whioro 1, = tootal uptake of adouso)sine,

#{176}#{176}� oof \ I ithititlis- \ lets-

tons kiusotits atid the law of

tliffusi )ti

to orrospo)tSds too maximuns up-

t ako by orvt hsrocvt os per

mimiut 0 (apparent I mlix)

K,. = ton tout ratio oms prodtnci nig

hsalf-saturatiomi of uptake

(apparent K,,)

F,, oorrospousds to proopo)rtionial

oomistanit of a simplified law

of diffusiooms ansd, foot eryth-

ro )tyt os, too stainss unskisowns

paramottrs of tho diffusion
law

= ro onicomit rat i mi of a(iemiosine

its susp(misioomi nittlitini

flit oo )Instamits I �x , K,,, , ausd P, art inns

knowus aus(l can 1)0 foumsd 1)\� appnt oxiniatinsg

fist oxporimonstosl data foot nitloniositit uptakt

too Eoj. 1 1w thso method tof l(ast squaros

(Tablo I). Thu means relativo deviations oof the

oxperimoustal data from tho thseoretital

values tabulated by tlio three toousstausts

shows a rolat ivo doviatio )ti (of oonslv 1 .S ‘1 ft on’

adonuosimso uptako. This proves thso pratti-

(ttl)ihit y oof t Iso al)o)vt ot�iiat it Oh fo)I destril)inig

adouso osimso uptako. Substraotitsg P,15’, usinig

tlio F, values givoms ins lablo 1, atsd �)ltottit5g

thso rensaiusinsg liv pothsotioal ouizyme-liko part

by tiso Litsoweavor-Hurk motisod yields thso

oxpoctetl linoar deponolomico (Fig. 2, filled

thsaractors).

mi provuous oxl)orimonsts it was slit owns that

t lit plsarmaoo )lt ogionul off cot oof adomso osi mie is

p0 otomstiatool by mu osmnso, .\#{176}-nnotlsyla(botsO05mb,

a mid N #{176}-dinut hyladotu )siliO ( 1 2) . Therefore

it �vas assumed that thoso co)mpo)unsds are

takons UI) in tho samo wa�. Tabbo 1 show-s

tisat the uptakes o)f mniositse, N6�methyladeis�

0 )51t5(, 5511(1 AV#{176}-dimotisvladonosinse cans be

fittod to) tho samo niodtl. Thu standard arid

relative deviationss art snnall. The constansts

I_hoax ausd K art ins fist same order of mag-
hiitls(bO. However, thsoro are marked differ-

onstes amousg the oo)nsstanits Pd for the fo)ur

stll)Sttths(ts.

For a bettor tooniparisous of tho foour cons-

j)tiUndS, tho dopemsdtnico of uptake tons tons-

oenstratmoons is domonstratod graphioall iii

Fig. 3. The solid lusts represent the to)tal

uptako of thso four oo)mpo)unds, ansd the

brokemi linsos show the P,,�S oomponsent. For

inosiuso P,,�S’ is vtry small; for adensosine it is

10 timos higher, atsd so forth. Figure 3

roveals that the (lmff(r(msoos aniomnsg tht fotmr

ooml)otllsds art attribsstablo too diffusion,

it., P�,S.

‘I’hso velo ocity (of diffusio us of a ohtmieal

oonspouusd throughs a flsoflil)ratio(lepOtids on

nssolo oular weiglst ausd physico uhemical prop-

ertios. Heusco thso cousstanst P�, should cor-

relato with at loast one of these properties.

i’Iso differoncos in molecular woight of the

ttsted substanoes art toot) small too insfluensoe

tht velowmtv o�f diffusioms appreciably. TIso

OH, NH2 , NHCH:5 , atstl X(CH3)� groups at

(1�fi of the puritso molecule, hsoowever, should

affett diffusiots because oof their ohsarge or

solubilmty its lipophilic aroas oof thit tnem-

braise. If so, there should exist a correlations

betweeni the ooil wator partitiots cuofficiensts

(of tls( four compooutstls als(1 them’ uj)tako as
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F’no;. 3. ( ptake of purine demon/es by em!/t/omocqte.s of gmlili((1 pigs

‘i’he uptake of t hse foour pun. mie derivatives, (lepemidi mig oomi t he toimitemit rat ioomi oof t lie suspenisiomi modiunmi

ivas calculated with Eo1. 1 and the coomistamits oil Table 1. �- -, toot :tl tmptake = I ( millinsooles isem Ii t(r of

erythrocytes l)C� nuimiute); - - -, consupunenit result imig froom Pd5.

rol)rosotstod b’s P45. Ootamsod was tisool to)

study partitious, bOoaus( tht soolubilitv oif

imsosimso atsd adensosinso ins hsoptanso arid cislorto-

form, which are tomnsotuly ustd for this

purpose, is to)o) low to ho to mparable wit Is tho
(Xpet1to(I solubihtv oof these nucleosidos ins

cell mombranues. Thsero are great differonscos

in thie octanol/ water partitions o(oefficionsts,

whiohi toorrolate well withs tho uptako (oils-
stanst, P4 (Table 2, last oo)lumns). Thsis result

justifies the comsclusmoms that tho P�5’ ooom-

ponsomst represensts diffusioous t Isro oughs lij)0 0-

philic areas of thu mtmbraise.

The validity of the assumod uptako

methatsisni tans 1)0 ttstod as follows, list III)-

take of adonsosine is imshsibited by ooomsoomstra-

tions (of dmpvridamoile as bow as I ms’sm(14). If’
the P,,0S co mpomst’ust is diffusioms-limisitod, amid

thio remaimsder is ams onszyme-liko reaotio ni,

only the latter shsould be totally imshsibitod by

dipyridamo ole. I msoronssmrsg totsoenstratu oIls 0 of

dipyridansoole up too I �u amid evens hsighsor

did nsot inshibit adomsositse uptake oouripletely.

\Viths such high oousctnstrations it oams ho

shsowns that the uptako oonsponsomst folbowimsg
\ Imchaelis- \ Ienstt’ns kimsetics is oxolusivolv

ttI)Olisho(l l)\’ dipvridamolo.
The ratios of otonstrol uptako too that in tiso

prtsensoo �of 2 MM ohpyriclamoolo are listed ins
Table 3. The btoldface values are thsooso

measured, anud the others are thio)so pro-

(bitted by Eq. 1 wit is thso toonsstamsts list((l ins

‘rsmomt. 2
Or/anal/wa/em partition coefficient at pH 7.4 ate!

rooiim teinpemat oire

The suspemisioomi nsediuni for ervthrocvtes w:�m

tnsed as the water phase. The eomioenttratiomi of

the substrates was 0.112 ns’st.

Octanol water

partition
coeflicient

0.00:34

0.0381

lablo 1. Tue agreomenst of l)o)ths valtus is
satisfacto ry fo or insosinse, adensosinse, amid N�-

nssethsvladotioositu. l’iso uptako of LV6-di-
niet hylnsdotso osimie 0(0111(1 msoot be inihsii)it (d by

dipvridamobo. Ho owovor, the diffush oms tonis-

poruenst of tho uptako oof this oompotnnsd is

very highs (Fig. 3), and its K,, is smaller thans

the K8 of adousoosinso. Highsor oouscomstratiomss

of dipvridamobe may also 1)0 msocessarv to)

i nshibi t N6�di mot hsy ladonso osi nit u pt ako , but

such exporinsonsts were nsot dtonse. The degree

of inshibitions foor a(bonsoosinit, mmsosimso, arid N#{176}-

nsiethyladensoosiuse dooreases itsvorsoIv with

higher substrate to uscemstratioiss, I)rosuniably

becauso t hit dipvridamole inshibit ioons is cons-
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Tsmon.i. 3

S ub.st mate ion oen / ma / i 0)10 o/epeli den cc of ito lii bit ion of

uptoike of foum poomine domiia/ire..n by 2 p.ti

i/ip!imi iooidolo’

The values i no ho oldfaco t vpe represeni t t ho

expomi mont :tl olat a. Eathi is the mssenms of five cx -

perirnemits. The not her values wore calcul at eoi
tlsing P,,S of Eo1. 1.

Ratio o)f uptake of contro)ls to)
uptake with dipvridarnole

Compound -
0.037 0.112 0.374 1.123 3.745

mu m� mu mu mu

Imoosimit 48.7 38.6 22.6 10.8 4.3

30.0 12.3
Adenosimie 5.9 4.2 2.4 1.6

6.3 �I.8 2.0 1.5

.V6-Methyl- 2.6 2.() 1.4 1.2
ademiosimie 1.5 1.0

.V6-I)imethyl- 1.7 1.3 1.1 1.0

adenoosine 0.99 0.96

petitiVo, as shs avIs imi prolmnssmmsary oxpori�

niomsts (12).

l)t5t’I’SSlON

Fist oxperinionits dos(’ril)od abovo rovoal

tisat the met’hsamsism oof adttsosnst tiptakt

J00055055(5 twto toompo otsomsts. ( )mso tomponsetst is
sat urablo ansd kinotioally n.esombles nsis

omizynsatmo roaetiooms. It is (loscrml)ed by a

\ I it’Isaolms�\ I tllt(hi typo oof’ osluatiomi arid is

mmilsmbmted by dipyridansoolo. _\ stcO)msd cons-

poomsomst o’oorrospomsds tootlso law of diffusmois, is
mlo)t sat Itrablo, ranmsoot ho imshsibited, an(l

itl)l)oan’s too rol)r(somst diflusio us across hpoo-

phsilmo’ parts oof thio momloramio. Evidomsoe loon’

hit validity oof’ t Isis muio dol was oI)tailsod ims

t lsroo tlifl’on’omit ways: (a) a pproxi miuttio its oof’

hit oX�)ermn11ental olata It on mmptako oof’ thso

flour jour’mmst derivat ivos to I hso muiat hionuatioal

nusoolol (l�ol. 1), (b) imshsibitiomms omf’thu omszvme-

liko coonipommsomst oof t ho uptakt 1110 0(1(1 I)\

ohl)vri(lanlolo, amsol (c) ooorn’ohstioui oof tlso

oil �vator partitiums oil’ thio fo our �urimso oleri’s’a-

tivos iiitls thso olilfusmoomo oonlpoomitmst (P,,05’) of’

tine miioodol.

‘Fhsoso rosmnlts 1110 hoot Ili comstt’adiotioomi too

t lie fimidimigs ool’ Sciin’atbor amitl Bormso (15),

�vhsoo f’totmmsoithat 0.1 mm (lmpvrmdamo)lo tom-

�ohtely loloookod the uptako oof 0.5-5.0 p’s

nob nit )sIhio 1a rool toll ghso ost s. Thom’ exporm-

mssemsts, li(O\\(ytI’, \V(h( immf’ooinistd �vitIs oomilv

.5-SO ‘ , o of thso to oivost to omso’omstratio oh U50(1 ill

tour iisvostigationss. Its thus rango oof very boow

(.0 usotmstrationss, whsoro thso omszynso_like to ni-

I)oOmlOmit protboommniatos, nsoarlv tootnsl inshihitioois
\vo)uld 1)0 OXI)ootOtl.

Lassons (16) postulated nt two-ooornponsont

svst tm fo r thso trnimisl)Ort 0 of I51’j)o )Xanuthiihie

�sms(I urmo’ rio’Kb ao’ro)ss thie rod coil niombratse.

This moohsanism, hsow.ovor, should he diffor-
enst froom that foot’ adenoosinso, because tlse

uptake oof adeninso, h�’poxanuthsiiso. and uric

nso’id o’amsnsoot 1)0 1)10O0kO(l ovens by high to ms-

o’onstratioons of (lij)\’ridaflioOl( (1).

‘Fist pormoatiooms oil tmridinse, tisymidinse,

1 2 cytidinso, arid o’vtidiiso arabimsoosido at’ro)ss
1 � 0 eryt Isrooyto nloml)n.ntIsos, t’ooomst by tlescribo(I

I :� I)y Oliver ansd Patorsous (I 7) aisd Lieu et al.

(IS). also prol)ab)ly doos mnot fodlow the same
I .0 meohansisni as adonsosinso. (1ompooumsds usimsg

tlio samo tramsspo)rt nsto’hsansism shsoould pro-
- veist thso olinssimsatiomsoof aobohs(osimio frons thse

roooptoor site 5115(1 115 thsis way pootonstiato thut

Phsarn1atolo�r�oai offoct oof ademso sine. This
has 1)0(15 (bomotsstrnsted l)\’ thso po)tohnstiatioons

(Of the offet’t of adomiosimso ons hstnst.t rate (19).

EJridimso ahs(b thvmiditso oliol mtot j)oottmnstiatt�

a(Iotsoosmlso. 1

1�hso Prosttst datns do nsoot indio’nsto wisothser
tist omszyme-liko to)flij)t)tsOIst is tither ao’tive

tratsspo )rt , I)a�siv� oarrior-modiatod transsfor,

0 or ulptak( ihs(llltttll l)V imstra((llular 1)110)5-

b)horylatiooms. _-�l1 thuoso po)ssil)iljtios may our’-

respoomitl too i�’\Iiohsnsolis-1\Iomstois kimsetios aisd 1)0

imshil)ito(l b’s’ dmpyridamoolo. 1’:vi(bohs(’o for tue

first and soot mud nioohausisms w omuld ho tue
fimsdinsg thsnst adonsosiust is traisspomrted against

It gradiont. Hoiwovor. adonsosimso ansti imsoosinse

aro j)Isosphioorvlatod too nuousm-, di-, anti tn-

l)hiosPhsatts (20), amid N#{176}-mothsvladonsoosimie
nut! N#{176}-(bmmotlsyladensomsinse, to thso o’omtn’o-

spoomstlmnsg mo onoophscosplsatos (12). This johso 05-

1)150orvlatiooms proo’oss omoturs oomsomrimi the misom-
bratso ansob is von’s’ fast (21 , 22). Nom gradionst

was tlomoonistrablo. IlslIiI)ittot’s 0)1 ViP mot(tl)-

olisni. suns as o otiabaims mt 2 , 4-dinsitroopisomso ml,

‘svemo isit Iso out o ifoot ins atleiso silso uptako.’

Thins f’tlrt hsor oxl)orinlohsts, Prostimisably with

itulsibitoors of atbomsosino bolsoosplsoouybatmtons or

with not! coil ghsoosts, may soAvo this proobbom.

�Fhso third poossmbilmtv, mnstraooliuiar j)hiOis-

pliomrylatioous, oami ho oxoluolotI. Adensoosinse

Pitt osphso or’slati mi oamsmio ot 1)0 iislsibmted ovoti
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‘sviths vor� high to omso’omst n’atio uss oof tlijo�nida -

niobo (1 IlIsm). �Fisis is sisoavms by oxl)onmnsomsts

that ��ere porfoornio(1 (015 istart hsoomssoogomsatos

( 12) nimstb to omsfimnss tlso results oof So’hsrador nomnol

13on.mso omni rod tell ghoosts (15).

StU(liOs 0 of tomlsj)oraturo depomidomlto (lit! hO it

distiisguishs bot \\tbOmi tIlt t lAO 0 ronsainsimig nsuoo’hs-

ansisnis o 1’ uptako. The (liffusio)ns to onsponionst

0)f adorn sinso llj)tak( slit i��td thit sanse high

dtgneo oof ttmlsb)tmnattsrt tIoptmsdemsto as the

(tizynlo_liko pant . So(Iitsns leakage, whsicis is

assumed to o ho mt j)It55iVt protess, ntbs o is

huigislv to m1s�)tratur(_d(pem5dtmm5t (22) . ‘Flints

high tomuiporature (lopotsdonsce does nsot pr� OVO

thso oxistomsoo oof ams ao’tive process.

\Vhsat is the mneamsimsg of these observatiomss

with rosj)O0t too the ao’tio ohs oof dipvnidamolo tons

the to romiar�’ oin’o’tilatitns? The adelsosinio tO ins-

cemst nat io)15 ill t lit snso 0 ot is muscle of to or )nsarv

vessels is presumably ats importatst (lot ormi -

isamit t of to 01,0 onarv (blat � ins. Co ro usarv ooco’lu-

5i0)15 iust’roases thit flI\’oooar(Iial atltmioosinio

oonso.omstrations (23), amid thus instroase a�opoars

too be duo too releaso of thse Isucleosido imitoo tlso

extrao.ohlular space (21). The amo ounst rt_
leased (Xnoeds the coonscomstration retiuirttl to)

(litit maximal o’oorootsarv dilatioomu (24). Hoow-

(yen, as thse oxtratellular adonstosmmse is �vasisool
oout by thso ooroomsarv ciroulatioons, thso adomioo-

sine couso’onstnatmoous its thso blood may fall too

levels at which thu satusrable transpoort tom-

I)totittst l)ne(loornihiatos. Thsus thst imshsibitioomi
by dipvridamole of uptake i)y not! oobbs may

lead to au augmetutatiooms of adomsoosinse to iii-

t’emutratioomi ins tIlt smooths musolt of thso 00 oro o-

nary vessels atsd o’oonoonan\’ tlilatioomi.

APPENDIX

Filtinq oj Measured lames 10) Postulated

Equation

This nnothsood is ts(ot gemserallv kmsowmi. It tami

be applied too ootisomr prool)boms, suds as resoorp-

tiots from itstestinso. Thit aim is to proovitle

evidensce foot’ the validity of thse hsypootisotioal

moodel instorms of Et1. 1. Thsis o’ans be (10)110 by

fitting the oxporimemstab olata too Eq. 1,

= �-�- - + P�S

1 + Km/oS

whuore V is the total uptako, F� toonne-

spoiids to tiso maximum uptake btr minute,

K,, is t Iso to uscemst nat it oni pr� oolucimsg half-

sattiratiomi, P,1 oommmosl000nuls too 1 lie �

tio omsa lot oisst amst oof t lit Ia w 001’di f’l’usio mi, ntnso I S

is t Iso toomsoomitratio ni oil aolomio )si no ims list sits-

ponssj�mms nusediunu.
‘Fist nobativo staw land ottvial loomi of I lit

oabo.ulatod Irons t hie oxpori msutmstal tlat a imstli -

tatos thso validity of 1 hit ooluatioms. The ox-

I)trinuonital data wont fittod to Eq. I by I Iso
nnothuood of’ least squaros. Tlio foollowimig tal-

oulat it ins ausol special t ramssfo ornuat loomis oil’ Et1.

I went ulsod; approoxirsunste valuos oof tiso trust

K,, , and F,, cami ho ostmmattol usinsg list

Litsowoaver-Burk 1)10)1 oof’Fig. I. Tiioso esti

matiomns lint nepreseisteol by I -. J�, anal P. If

we oaiculate thue utl)tntkt fn’o iris thsoso ostimsiatod

valines we tbtains . mnsstoa(! od t lie truo mipt al�,

V. tluo ostimatod utotako, 1’. Tiso tlifI’eromioe

hut wooms I ams(l I’ is � I, whiioii olUi also lot

apl)romxmnsato(l by thso total olifferemstial

= (a�-�:/�) M’�x + (:�) AK,.

+ (�p� �1�d

I”n’ommn Eo1. I flue derivativos imi Eo1. 2 111.0

oW’ - I -

- 1 + KS -

01” 1’ - 1

aK877 (1+KS)25 -)

01”
= = C

0J�d

“otico tisat a, Li, amsol c dojoomiol ous the vahitos

ohoosois for 1 and K, 1usd ons the oonsctntna_

tioon S for any partioular oxpeninusenstab omb-

servation.

Substituting thieso tbonivatives foor thom
(omrrespolsdinsg valtses mi Eq. 2, we got, Ion any

solected otomscenstratioous S

= I_i - F,’ .�

= aM’,0� - � + cAP,,

An approoxiniato least_squaros stolutioni o’ani
be obtaused as folboavs. Lot 1� be the differ-

ensce in thso iths moasurorsuonit bet weon the

(1) value F arid flit obsorvoob F,,, . Thson I’, is

givens by

F, = F, - F,

= (1’ - F’) - (1(1 - F,-’) (4)

= �F1 -
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whuere � is dotihsod by flue al)oove ((luationi

as thie diffortnst’e bttwotns I’’, talculated

usiusg 1’, K, t115(1 F, ausd thut (xpenimenstal

value F0, . Valuos oof F, K, ansd P which give

a minsimum for fist sums oover I of !� are to) be

thosen as the i)tSt ostinsates. Honict we wisis

tO) finud valuos t)f .�TX , .�K,, , and �P,, to

add to 1, K, ausd P too ostimate Y,� , K,,
and Pd . �Fhsis tans 1)0 at’hieved h)\’ differenstiaf-

iusg flit exprossio)Ii for tho suns tmf 17.

= (�a��’ -

- �b,-�k,5 + � - �: �y,*)2 (‘#{176})

wit hi rospect to fist Isaraniof ens � � , �Krn

ausd �P,, , atsd settinsg thio derivatives oqual

to zero. This yields fist foollowinig three

nsornial to juatmt)uss:

- � + �

= >aL\F*

- � + �

=

� �l)�’ + �P,, �ee

(The subscript i is dropped froom a, to, c, tihi(1

1’� amid froom the summations sign.)

The nalculationss mis this paper were IJor-

formed with a Wansg 700 desk to oml)ufen. lo)r

the calcubatio iii of a, to, ansd e the estimated

vabuses 1’, K, atid P were used. Expeniensce

sh wod t hat these wont I soof orifical. Esfi -

nnafod values that were S timos t(o(o high or

tot) boo’s� gave the same results foi’ adenosinso

uptakt. Nom weightinsg factors were nocessary,

all poonsts l)einsg conssidered too be equally

precisel� measurod. ‘Fho oo)nsstansts caui be

mmprooved by iterafimts oof thu solutions of flue

aboovo tsoonnsal Et1s. 5-7, usiuig the tsewl\’

obtaiusod values of I’, K, tiusd P. After three

ifenafio miss nso furfhser improovometsf could ho

achuiovod. Aftor flit htsf iterations the sfausd-

and deviatiooui froom 1’, oabtulaftd with Eq. 1

austi fist exponmmenfal thstls, F,, , is o)btainso(l

SI) = �/(F, -F,�,)2/(n -1)

ams(1 flit relative dtviatiooms, by sotfinsg 1’ =

100 , . r#{231}j insobividual doviafio muss SI), oof

T,n,ax , K�0 , ausd Pd ano ombfaiused by (25)

SD� = SD �/(....)

whore (. . . . ) ropneseusfs the diagoonsal element

froons f he last iterations calculated from the
mat nix oof the usormal Eo1s. 6-S.

The omit ire pro ogna ni iusvo lves the following

stops: (a) sfornsg the data for adenosine

uptake atid substrate (ouscentrations; (b)

storing tue estimated values F, K, and P;

(c) tomsstrucfious oof thu matrix for solution of

tho normal equatiouss from th( stored data;

(d) torrettuon (of thu values F, K, and P;

(e) five ittrationss (of steps (c) arid (d); (f)
caiculafiusg thie standard deviat-ionss of the

fuuscfioous amid omf F55 , K8 , anid Pd ; and (g)

prnsfo)uf oof f hit stored data anid results. As

the capao’it\’ of flit tore oof’ the Wang 700 is

small, the results of steps (f) ansd (g) were

tempo onanlv sfoored ton magnuefic tape.
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