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SUMMARY

CUTHBERT, A. W., AND SHur�r, W. K.: Binding of amiloride to sodium channels in frog
skin. Mol. Pliarmacol. 10, 880-891 (1974).

Interactions between sodium ions and amiloride with the mucosal memnbramie have been

studied using voltage-clamped frog skimi. At sodium concentrations greater thami 10 mEq/
liter the interactions of amiloride with the mucosal channels appear to he competitive amid
have a stoichiometry of 1: 1. Bindimig of amiloride to sodiumii chamimiels has beemi measured

using [‘4C]amiloride. Reasoiiable agreement was foumid for the affinities of aniiloride amid
trianiterene derived from binding studies compared to) valuoos from iiihibition studies.

Antidiuretic hormone had no effect on the number of sodium chamimiels in the mucosal sur-
face of the skin, while the nominal curremits passing the channels is���’e doubled. The implica-
tions of the findings are discussed in relatiomi to the miiechamiismn by which amitidiuretie hor-
mone increases the mucosal permeability for sodium.

NTROI)U(’TION

Hecemitlv a method was described for esti-
mating the upper limit for the numiiber of

sodium chamimiels iii the mucosal surface of
frog skin epit helium (1). This paper de-

scribes further bimiding amid inhibit ion, st tidies

usimig the diuretic drugs amiloride amid tn-
anit cremie. The findimigs support the view

that channel (lenSity iii frog skin epithelium

can be nmasured with reasomiable accuracy.
The labelimig techmiiquc has also beemi used
to investigate the effects of vasopressimi omi

channel demisity in this epithelium. Brief ac-
counts of some of the findings have beemi pre-
sented elsewhere (2, 3).

METHOI)S

8/mart-Circuit Cu neim t Mea,suremen ts

Sodium transport across abdominal skin

takemi from frogs (Rana teinporaria) was
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measured as short-circuit current. The area

of skin used in all experiments was 9.6 cm2,

amid the cells used for moumiting the tissue

were of the type described previously (1).

Labeling E.rperiinen ts wit/i [14C]A in iloride

The method �s�’is essemitiallv that described

previously (1), with one minor modification.

Basically the experiments comnsist of making

Imirs of determimiat io imis by measuring label-
ing of skimis with 1(1w comicemitratiomis (less

thami 20 miM) of [‘4C]amiiilonide in the absemice
amid presemice of a 100-fold excess of unlabeled

amilonide, and with the simultaneous re-
cordmg of SCC.2 Five pairs of observations

from a simigle skin are used to compute the
chantiel demisity for that skimi. In the presemit

expenimemits six lairs of measurements have

beemi made, but the calculations have been
based olnlv (III the last five pairs since it was

2 The abbreviations used are: SCC, short -circuit

curremit; EGTA, ethylene glycol bis(�-aminomethyl

ether)-X ,.V’-tetraacet io acid; Al )H, antidiuretic

hormone.
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1 2 3 4 5

1241 96
1501 113

1634 130
1781 148

1723 143

1437

1597

B 1791
1924

1913

2465
2482

C 2438

2329

2439

2150
2138

2376

2117

2100

17

25

26

12

16

24

= 217 channels/Mm2
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found that the first pair ()f measurements

gave a consistemitly low estiiiiate of channel

density.

Ii 5()fl1� experiiiiemits t he elm niiel density

was determiiiiied in the Iresemice and absence

of ADH. The hormone (50 milliumiits/rnl;

Pitressin; Parke Davis) was added to the

serosal bathimig fluid. [‘4CjAmilonide had a

specific activity of 54 mCi/mmole. All errors

are given as standard errors.

Readers nia�’ omit the miext portion with-
out amiy loss of understanding of subsequent
sections. This material is designed tom give

precise information about the methoId used

for binding studies with {m4Cjamiloride.
One imiiportant change which has been

made from the onigimial description (1) is

that the sodium comicentration of the mu-
cosal bathiimig solutiomi has beemi reduced from
2.5 mEq/liter to either 0 or 1.1 mEq/liter.
This increases the apparent affimiity of amiho-

ride for the chanmiel (see Figs. 1 and 2) amid
therefore the chamimiel occupamicy at a givemi
amilonide comicemitration. Thus a somewhat

more favorable ratio between hound amid Un-

bound amilonide is achieved.
It must be emphasized to others who

might contemplate bimiding studies as de-

scribed here that particular attemition must
be paid to the blotting procedure. Con-
sideratiomi of the data givemi below shows that
we obtaimi I)lotting errors of less thami 5 j.il.
This is not difficult to achieve if the skimi is
blotted firmly amid the edges are probed with

tissue folded to) a point. Experimemits in

which plastic sheeting was substituted for

skin showed that I)lOtting errors of less than
5 �l were achieved; furthermore, they also

showed that in the Perspex cells used iii this

study amiloride was not bound to sites from

which it could be displaced by excess ligamid.

To illustrate the way the raw data are
analyzed, the results of three typical experi-
ments are given below. A amid B are data
from bimiding expenimemits using 10 mi�r [m4C]_

amilonide in the presence of 1.1 miiEq/liter of
sodium, whereas C is from a simiiilar experi-
ment imi the absence of sodium. Colunimi 1

shows the counts aceumnulated in 20 mimi in

samples from skins expoised to 10 mi�i [t4C}_

amiloride while colummi 2 shows counts for
skins exposed to 1 �LM amilonide with 0.01
times the specific activity of the low concen-

tration. Skins were exposed alternately to
label and label plus excess umilabeled drug,

and five pairs of measurememits �s�em’e obtaimied

from each skimi.

1421 1248 89 69 20
1406 1298 87 77 10

A 1424

1422

1398

1304

1347

1289

89

94

90

81

81

76

8

13

14

90 77 13

74 2’2

98 15

113 17

129 19

130 13

126 109

151 126

152 126

156 144

140 124

153 129

150 130 20

The counts were converted to disintegra-

tiomis per minute, making allowamice for back-

ground (usually around 25 dpm) and usimig

the machine (intermial) stamidard. The count-
ing efficiency was aroumid 60 %. Values for
disintegrations per mimiute are shown imi col-

unms 3 amid 4, amid column 5 shows the paired
differemices, representimig the amoumit of label

bound to channels. Imi A the means of col-
ummis 3 amid 4 are sigmiilicammtly different when
compared by the t-test (p < 0.001), amid in
this experiment amiloride, 10 nrsm, caused

31 % (mean of five values) inhibition of tramis-

port, giving a channel density of 2l7/Mm2.

The calculation leadimig to this comiclusion

is as follows:

13 dpm X 6.02 X 1023 channels mole
Channel demisit�’ = 9.6 X 1O8j�m2X2� X 1012 dpm. cunie’ X 54 curie mole� X 0.31
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The results (if B show another amid not Un-
(OUifllOli feature, imi that the counts retained
by the skimi rise gradually throughout tIw

expenirnemit , even though the paired differ-

(�Ii(e5 remilain toleral)ly constant. This varia-

t.ion niakes the means of (olummis 3 amid 4 not
sigmiifmcantly different ; however, the paire(1

differemices are sigmiificantly differemit (p <

0.001 ) from zero usimig the t-test for j)aired
ombservations (4). Amilonide, 10 mu, caused

42 % iiihiibitiomi (If transport it’ this experi-

muemit (meami of five values), giving a channel

density of 2l0/Mm2. Experiment C illustrates

a further feature seen with skins bathed imi

zero sodium amid iii newly niolted skins. This
is the imicrease ill umiboumid material retained

by the skin (see also DIsCUssmON). The means
(mf columiins 3 amid 4 are significantly different

(/) < 0.005) for experiment C.
This paper eomitains the results of 117

binding experiments usimig amilonide. In all

but three of these the mi�eami values of the
comumits retained by the skins in the presemice
(mf {‘�Cjamilonide �s’ere greater thami the coumits

retai ned whemi the radiolabel was diluted

with unlabeled drug. Furthermore, imi all but

27 expenimnemits the amount boumid was sig-
nificamitly differemit fromii zero whemi tested by

the t-test. for mneans or for paired ObServati(iIiS

at the 95 #{176}� level. Almost without exception
the amount bound was imisignificantly dif-

ferent frommn zero when the amilonide concemi-

trati(Iml \V’t� low (less thami 5 mm) or when the

trianiteremie commicemitration \�5 high (2 MM or
nn )ro ), although imidividual values beyomid

these limnit s were sometimes significamit.

Solut ioiis

The Rimigen’s solutiomi used throughout
hese experiments contained the following

(miiilliniolar conicemitrations) : NaC1, 111; KC1,

2; CaCl2, 1; glucose, 11.1; rfi buffer, 5.

rflhis solution was bubbled with air l)efore
amid dunimig the experimemits, the �H re-

maininig at 7.6. In sonic experiments the
sodium eO)mltellt of the mnucosal bathing solu-

tiomi was varied cit her by adding more or less

NaCl, no correction beimig made for the
change in tonicity. The serosal hathimig solu-
tion \��5 always miormal Iiimiger’s solution as

described above. \Vhen sodium-free Ringer’s
solution was used for bathing the mucosal

surface of the skins, glucose as well as NaCl
was omnitted.

Iii somiie expeniniemits Rimiger’s solutioimi

comitaimilmig EGTA (10 mmn) was used. The

EGTA was neutralized to pH 7.6 with KOH

before addition to the Ringer’s solution, from

which CaCI2 amid KCI was omnitted.

RESULTS

111/I ibition 1Stuclies wit/I A in ilorule an(l

Trianiteren e

Cumnulative imihibitiomi ctmrves �vert oh)-

t�tiiied with respect to either amiiilonide or

tniamteremie by addimig these drugs in imi-

creasimig amounts to the mucosal bathing

solutiomi. Each timne a drug was added the
5CC fell to a iie�s- steady-state value within
secoimids. The drugs were added in increasing

amnoumits every 2 mum, 50) that a complete in-

hihitiomi curve cotmld be obtained imi about 15

mimi. The effects of both drugs were readily
reversible by washing, amid the degree of imi-

hibitiomi produced by a given concentratiomi

very reproducible. The extemit of the inhibi-

tiomi for a given drug concentratiomi \��5 oh-

taimied simply by expressing the reduction of

SCC as a percentage of the original unin-

hibited value.

The efloet of chamigimtg the sodium comncemi-

tratiomi of the mmmcosal bathing solution on
the imihibitiomi of SCC by amiiilonide was

studied imi 16 expenimnents. In some of these
expenimemits the sodium comicentration of the

mucosal solution � varied between 1.1 an(l
155 mEq/hter. Figure 1 shows a typical re-
sult, from which it is clear that sodium aim-

tagonizes the inhibitory effect of amiloride
on sodium tramlsp(mrt. 1mm the example showmi

amilonide has an apparemit affimiity of 0.43 X

10� M’ at 111 mEq/liter of Nat, while at 1.1

mEq/liter of Na+ the apparemit affinity is

7.7 X 10� M�, an 18-fold increase itt affinity.

The formn of the curves is suggestive of corn-

petitive amitagonismn, since they are toler-
ably parallel, bitt imispect.iomi shows tiimtt the

slopes of the curves become less steep at low

sodium comicentrat iomns, particularly when

the concentration falls below 10 rnEq/liter.
By plottimig the apparent IC50 (apparemit

equilibrium comistant for amilonide) against

sodium concentration (Fig. 2a) a straight-

limie plot �vas obtained, indicative of com-
petitive amitagoniismi� (5). From this plot the

IC50 at zero sodirmm comicentration cami be oh-

tamed by extrapolation. In turn, dose ratios
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a. Hunter and 1)owmis plot (IC50 for amiloride)
plotted against Na� concemitration. b. Plot of log
(DR - 1) against log [Na�j. 1)ata for both parts of
this figure were takemi from Fig. 1.

(DR) fi mm’any given s diuni (0 I�io�(llt m’at ioili

can be calculated. A plot of log (DH-1) vs.

log Xa+ is shomwmi imi Fig. 2b. At conicemitra-

tions of sodium above 10 mEq/hiter a slope
of nearly 1 was oil)taimied, which is consist emit

with the stolmchiioln1(try of the reactiomi be-

tweemi sodium amid amnilonide beimig 1:1 (6).

Below 10 mEq liter Na+ the slompe becomes

less steep, havimig a value of 0.65. F’ull anal-

ysis of the type just described was mimade in

three expenimimemits, the data from which are

givemi in TaI)le 1.
1mmthree expenimemits the affimiity (if amilo-

ride was measured imi a different �y�y The

vaniat iomi of SCC wit Ii sodiumn comicemitration

was first nieasumed. Afterward thled(temmmiimma-
tions were rOI)eate(l its the j)Ds(mi(( of a fixed
coimicemitrat iomi of amiiilonide (cit lion 10, .10, (Ii’

100 mitn) amid the affitmity was denivel fm’omn

I4ineweaver-Burk Pl#{176}t5. \\ Intl ommily the

values 6mr SCC at S( mdiuni co tioemit mat i Imis

greaten thami 10 niEq, liter W�(l’( consiohm’((l,

st naight -limit ph its were ol)ta imied. r1�hi( �‘a limes

for the affitiitv of amiiih mnide \\�(I’( c( )miij)amable

tom tl� mso givomi itt liiblos 1 amid 2 (1 .01, 1 .21,

amid 0.9() X lOS M-� itt three expeniniemits).

(‘omhimiing these values with thoso itt the

tables givos a mmieati value for 10 obsomyatiomis

of 1.16 X 10� M1. Inicidemitallv, tin log-log

amid m’eciproical plots gave values of hot \v((mi

2 ati(1 3 X 102 �i_� for t he affitiity of s Idiumn

for thio tratispont mnechatiisni imi the mucosal

surfaco of frog skin, vakmes itt himi( with those

noportod by others (7, 8).

f 1)0 simne that the increased (ff(ctiy(nI(ss

of amiiilonide mmlow soldiumii somltmt.iommiswas thmme

to) sodiumii retnomval amid miolt to chatigos its

tomnicity, a miumben (If (xponimemits were por-

formed mi which imlhiil)iti(mmiby amilonide was

measurod its (lill.lte amid isotomiic solution.

Figure .�ii shows miieamis amid statsdar(l (t.rolt’s

from four expenimetits, usimig 5 mEq liter of

rf�tt 1

Inleraclions 1)01111(11 .001/ill in an(l (liii i/ui u/u,

1 1.33 X 10� 1.15 0.65

2 1.16 x 100 0.95 OhS

3 0.88 x 10� 0.97 0.68

Mean ± 1.12 ± 0.13 1.02 ± 0060.66 ± 0.01

SE x lot

T.�mtLL 2

Binoling (01181(11(1 of boii’-(i.fflnlt!J ha ii iii Is

Fxpt. .‘�t1inity constant

1 1.39 x 10�

2 1.20 X 10�
3 1.06 X 10�

4 1.42 X lot
Mean ± SE 1.27 ± 0.08 X 100
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FIG. 3. Inhibition of 8CC by amibonicle in the

preseuiuv of 5 mit .Va�’, skins bathed in hypotonic

(0 ) and isot on ic (S) in ucosal so! at ions

a. Solutiomis were made isotonic with sucrose

(216 muM). Results are means of four experiments.

Meami basal 8CC values were 41.3 ,�anip in hypo-
tonic amid 39.6 ��tflil) in is(mtonio solutiomis. b. Same

as Fig. 3a, except that tonicity was restored with
cholimie chloride (106 mM). ltesults are mueans of

three experimemits. Meami basal 8CC values were

46.1 �atiip imi hypotonic amid 47.3 �zamp in isotonic

solutions.

Na+ in the mucosal solutioin. There was no

signifleamit differomice between the amoumit of

inliibiti(In obtained with amnilonide when the

solution was dilute or made isotonic with

sucrose (216 miut). A single experimemit using
1.1 mEq/liten of Na+ gave the same result.

Funt hermnore, when to mimicity was restored
usimig chiomhine chilomride rather thami sucrose,

thero was agaimi no significant difference in

the anioumit of inhibition caused by amnilonide

(Fig. 3b). It was also found that addition of
cholimie chloride to time hypotommic mucosal

solutiomi made no sigmiificant difference to the

basal short-circuit curnemit. This is important,
since with hypotonic mucosal solutiomis

there are Xa+ and CI gradients from inside
to out, while when isotonic chohimie chloride
is used there is omily a sodium gradient. This

suggests that the SCC is miot significantly in-

fluenced by the serosal to mucosal ion gradi-

emits (see DISCUSSION).

Its otto particular batch of frogs, obtaimied

in .January 1973, the interactiomi between

sodium amid amilonide showed unusual fea-

tures. Seven expenimetits were carried out,

of which the result shown in Fig. 3 is typical.

,�,%it, lo�v 5(m(hiumii commicemitmatiommis t he imihibit ioms

cunvos doveloped distimict imifloct iomns. A full

amialysis (if foimr of those exponin)(tits \\.�5

approachod as follows. It � assumed that

the itihiih)itii)ti curves �vith imiflectiommis repro-

semited thi( imitonactioltis of t � populat iotis

of receptomrs with differemit affinities for

aniilonide. �fl pnopomnti(mns OIf the two) reed)-

tor types were ju(lgod by eyo amid dotted

oIit(i the graph (l’ig. 4). It was tliemi possible

to) judge tin commi(enitratiomris of aniilimnide i)nO-

ducimig 50 � ; itihibitioti of tIme l(m\v-affltiity

fonnis oif the (htiIimiol at (liffenomit sodiuni co)mi-

(entnati(mnis. l’ho caleulat ions t 11(11 j)roce(ded

as befoiro. While this methold (if amialvsis is

rather subj(ctive, straight-limie Hunter amid

Downs plots (5) were ombtained, amid the value

for the affinity of tho less sonsitive channels

for amilonide was eloise to those givon its Table
1 (see Table 2). TIme behavior s�on in this

batch of amiimals has not reappearod in atmy

subsequemit hatches.

A loss extensive study was made (If the

interact 1(1118 betweemi t niamtenene and Na+

with the mucosal s(Idium chamsnels in frog
skin. Tniamtenene showed the same type of

interactiomis as did amilonide. By extrapola-

tion, the comicent.nation of trianitenene which

blocks 50 � of chanmiels at zero sodirmm comi-

cemitratiomi is 2.05 MM (mean of fiv( moasure-
ments), making tniamteretie about 240 times

less potent thami amiiilomnido (i.e., affimiity 4.9

X lO� M’). Sodiumn ioms-tniamtenemse inter-

actions � competitive, with a stoichiom-

etrv of 1:1 for the ehamimiel at sodirmm cotscen-

trations above 10 mEq / liter.

Binding StU(lieS wit/i {‘4C]A iiiiloride

An upper limit for tho miumben omf sodiumi’s

chanmiels in frog skims epithelium mvas givemi

in mimi earlier paper (1), but at that timime we

had no idea as to what fractiomi of the tTiea-

sured binding was tom miomispecific sites not

associated with sodiimm iomn tramislocatiomi.

Our ain’t imi these studies � to compare the

values of bimidimig commistamits detenmnined di-

rectlv with those measurod indirectly from

inhibitiommi studies as described in the last

sect ion. Furthermore, we wamited to) examimse
what effect amitidiunetic honmomie had on the

number of fumictional soidium chaminels in time

mnucosal membrane.

It is worth remembering that since sodium



different from the value of 1.16 X 10� �i�’

obtained from inhibition studies.
Binding constant for triainterene. Time I dud-

big comistant of triamteretie was detenmiiined
indirectly by measunimig the effect of imicneas-

imig comicemit rat ions oif t riamteremw 011 t lie

i)imsdimig oif a fixed comicemitnation of [t4C]-
amiloride. The results of a series of binding

measurememits omi 29 isomlated skins are shown

in Fig. 6. All the measurements were mnade

150 - sites/pm2

100

7:

:L::
1om i09 1O-� 10-7M

FIG. S. Binding curie for [‘4C]ami/onide con-

.structed from results from 25 skins

Means and standard errors for each anmilolride

concentrat ion are shown together with individual
values. Each individual value represents the mean

of five determiminatiomis miiade on an individual skin.

150 sites/)Jm

100

� 10-8 1o-� 10-6 10-5M

FIG. 6. Binding of [14C]amiloride (10 nt!) in the

presence of trianiterene

The himiding capacity (If 29 skins was deterniimied

first without and themi in the presence of a fixed

concentration of triamteremse. Means and stamidard

errors, together with inidividual values, are shown.

Each individual value represemits time means of five
determinations made on an itidividual skimi.
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.

�
10-10 ,O-� io-8 i�-� 106M

FIG. 4. Curves relating percentage inhibition of

8CC to arniloride coneen tration at 1/iffere itt sodium

concentrations for a skin showing anomalous re-

spouses

The sodium comicentratiomi (mimilliequivalents per

liter) of the miiucosal bathing solution is showmi

against each curve.

ititenacts (‘ompet it ively with amilonido,
higher recept oin occupamicios m�il 1 be obt msimi(d

at low sodium concemitratiomis. Also), to cmslcu-

late the sodium chatitiel density it is neces-

sary to know both the amoutit of amiloride

bound amid the amo�mutit of the itihil)itioti of

sodium transport caused by the bound label.

If both are known, the amnoumit (if amilonide

boumid at 100 ; receptor occupancy cams be

calculated. For these reasons many of the

bindimig experiments described beloiw were

made together with the simultaneous re-

cording of sodium tramisport. (SCC).
A iii iloride binding curie. Usimig [‘4C]amilo-

ride at comicemitrations betweemi 0.1 and 20

n�i amid imi the absence of sodium, a hindimig
curve for amilonide was comistructed using 25
separate skins. Figure 5 shows the individual
values for all the experiments, together with

their meamis and standard errors at several

concentrations. The curve appears to show

saturatiomi, although it would be better if
values for coticentratiomis higher than 20 n�’tm

had been avaulai)le. Umifortunately, it is not
possible to) Use higher coneentratiomis, simice

the ratio of the amount of radiolal)el bound

to) the amoutit trapped in the extracellular

space and houmid non-specifically becomes

too small. In binding experiments the

amount of nadiolabel boumid was typically

some 20% oif the t(ital radio activity retained

by the skin. While the bindimig curve is not

ideal, the concemitration of amiloride produc-

ing 50 #{182}�saturation of binding is about 7 mi�m.

Thus the affinity for amilonide from the bind-

ing curve is 1 .4 X 10� � a value not very
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Controls (11)

ADH-treated (7)

Ratio (6)

95% confidence

limits (If ratio

187 ± 12
170 ± 22

1.09 ± 0.12
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its thi( ttl)5(Ii(( omf soidiuni itt the mnucosal
1)atiiing somlutiomn. Binsdimig (If amnilonide \vmss

mneasun d first its th( al)s(mic( of tnianmteremie

atitl ths(ls itt the 1)m’050tl(o omf a fixetl COti(Ctl-

tnatiomi I If this drug. It c�sts be seeti that in-

ereaimig (otl(elstm’atn 1115 of tnianmtenotse i.o-

(111(00,1msti(lfimsally abolished the biti(lilig of’

ismiii h (11(10. i’iie co a 1(01st rat io mmiof t riamiit onem mo

�viiichi (‘mslis((l 50 � � itihibitiomns (If anmilonide

1)imi(limig was 1 .4 MM. i’hie tsfhmsity of tmiamn-

torene was calculated fro 1111 lo�. 1 (9):

AK1 + 1 = iI�2 (1)

\Vlien( t is the amniloiri(lo cotscomitratiomi (10
nM) ; T is the t niamtoronse comnscomitm’atiommm caims-

itig 30 inulil)ition of amilonide 1)imsditig; K1

is tho affimiity of amilonide (1.16 X 10� �F’

frons thmo imsiiibiti(mmi curves) amid K2, the af-

fimmity omi tnianiteremso. Calculation giv(s It2

mis 1.) X 1O Mt, reasomiably clo5e tom timo

value of 4.9 X 1O� .u”1 from inhibitomi

studies, eotssidonimig tin errors o)f time bimiding

curvo data.

Effects of l’a.so/)rcssin. A sonies of experi-

mnemits was undentaketi tom measure the ef-

fect of vasoprossimi OIL t ii( msumi)er of sO(liUfl’s

cisamimiols itt the mmmcosal surface of frog skin.
Elevms oxpenimiionts \\.(�I’( attompted, amid imi
soni( (If those (‘hmstsnsel (l(liSit’V \\�i5 measured

umsdem (omit nol e midit iomis amid thems after treat -

big timo senoisal surface mvith hormone (50

mnihliumiitstnl). imi othors time cliamimiel density

imi thu pnesetmc( of honmimomie \VflS moasured

first, amid tsfter thio hormomie had boemi washed

away thio cliamitol demisitv in the umistimu-

kited comiditiomi was moasured. It �s��ss in’s-

port am it t hsmst t ho se expo nimemst s were carried

omut utidor voiltage clamup comiditiomis, since

the appmsn(mmt affimsity omf an’iilonide for the

(isammtiels ��as alt onod by hormotie. Figure 7

shi mws t ho coticotitmatio Ini-itihii)itiOti curves

for amiloride bolth before and after homnmoine

its the pm’esetieo omf 1.1 atid 111 mEq/liter of

Xa� its the mnucosal bathitig solutions. At

1)0th So )(lnim commeemit rat iommmstime inhibit ion

curves wore moved to) the right by a factor
(If msbout 3. Thus only if the am(mumit of imi-

iiiiiiti(Iti producod i)v the label �yis kmmown

((1111(1 tin miumnbor of chiamimsels at. 100 oc-

(upamio’v for thio cotitnol amid hormiummie-treated

co Inidit ion i)e calculated. Furthermore, since

thi( iiiliil)iti()li (���‘\7(5 \ver( mitolved t(I the

right by the samno factomr with oithor 1 .1 on

111 iii l’i�q /litor (if .�‘\a’t’, time stonchi(imii(try omf

th( ititera(’tiotm bot�voomi alisihomni(l( ati(l so-

(hun’s romaitio(l tIme smsmiie after hmomnmotmo

treat miient.

Tal ile 3 sho mw� the effects (If homnminmne omms

chatitsol density. It cams bo soots t hsat thio

tiun’sbom’ of chamitmols rotimainied comtistaut milton

honm(ims(. Fo mm’six omf t lie skimis I i( Ith pmsrts of

100�I-

Fm o. 7. (‘ii i’ie.0neb(1I iiiq pencen loge ui/tilt it ion of

S’(’(’ 1(1 (liii iboni(/e comn(en tratuon Ui IllCi then 1 .1 mEq

biter (a, Ii) on 111 inLq /i ton (c, il) (If .soduii iii itt the

in ucostib 11(11/1 ing so/ut ion , 1)ef ore (a, e) 011(1 often

(b, d) treatment of skins wilh .4DH (50 mibbiunit,s

ut! appbie(l to sero.sal sun,face

Each point shows time mean and standard error

of three observations.

T,�ItL. 3

Effe(t (If A DII (50 in i/lion its/in I) (ill (ha 1111(1 (/ensut y

and c/la nnel en iron I in 11111(050 / so uface

o,f frog skin

All cxpcminmentts were carried (lilt wit Ii the
mflhl(OSal surface of the ski misbat hed with lii miger’s

solution conitainimig 1.1 mEq/liter of Na�. Binding

was measured using 10 tiM tsti’silOIi(lC amid wit Ii the
skins short -circuited. Nttnnbers imi parentheses

indicate time tiumnher If olmservationms. Values are

means ± standard errors. Confidemice limimi ts were

calculated usimig Fieller’s theomretn (see ref. 4).

All skimis used imi these experiments showed a

significant (p < 0.05) lmiml(limlg (If atmiiloride.

Skins Channels JAnitm Current

X Jo- amp

1.29 ± 0.17
2.55 ± 0.431

2.03 ± 0.27

0.89-1.29 1.87-2.31

Not significantly different from comit rols.

5p < 0.01.



mm:Eq 1 pnzole
9,6 cm2

ILammuP ‘cm2 pmmuolc 9.6
(‘,

�iam;u� p111(1/c 9.6
cm,:2 cmmi2

0.0 0.188 0.178

(2) (3)

1.1 0.10 22.9 1.7 0.15 4.0 4.1 0.44

± 0.01 ± 1.4 ± 0.3 ± 0.Ola ± 0.51 ± 0.3#{176}’± 0.03#{176}

(4) (4) (4) (7) (7) (7) (4)

a p < 0.05 commmpared with correspi�nding o’ontrool.

p < 0.001 commmmparcd with correspomiolimig o’onmtroi.

4.3

± 0.71

(4)

18.9

± 2:31

(4)
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t ho (xponimo mit \V( t’( 00 Iiimj)l(tOd wit h mut

prol)lemfls, amid fomt’ thseso six thu (‘(itifid(tm(’O

himnits (If tIme ratiom liotwooni tIme mmunihor of’

(hatimiels foumiol after hom’mi’somtie (‘ompat’ed tom

t ho co nit t’ ol valuo mire giveti. ‘Fho ratio mis cli mse

tom utiitv. Since tlso SC(’ values of theso skitss

woro kmio�vtm, t Iso mu omi nims1 �‘ut’n nit passi mmg

through (mich chimstmtmel cams be caloulated by

dividing thio SCC by thmo total mmuiimhior of

chanmmels imi 9.6 cmim2. ‘fable 3 shows tlimst thso

(‘iiammtlol (‘urromit’’ was domublod by AI)H.

The ratio fomr the six pmsined valuos is eloise tom

2, atm(l tho 9� i conihdomsco limits are mlarm’(mw.

Effects �f iii rein oial oil a))! ilOli(fr

binding. From lwovi�us m’opoirts it is kmmowmm

that whoti calcium is romovod fro mmi’stIme mu-

cosal bmsthimmg solutiomtm (msmsd proll)ably fromu

the mimucomsal sunfmsce, too) thmo imihmibitory of-

feet of amilom’ido on SCC msmid ommi oxygets (oti-

sutisptiomts in tnammspomrtimmg epithiolia is no-

du(’ed or abolished (10, 11). ()tmo possibility

is that msmilo Irido fomrnis mm tonniary o’�nnplox

with calcium amid the chammmmel (11) to bhmck

t ranspo )m’t.

Ami mitt empt tom tost this \V155 niado Imy

mm’seasum’imsg thu bimmdimig (if r4�I1�Ianiilom’ido its

(‘ommitn(ml shimis amid skins tremmto(l with EGTA

(10 ni’si). Throe exp(nimisemits �veno nmmsde wit Ii

sodiuni 151)5(1st fnomm the mucosmsl i)athiimig so-

lution. Amm’silomnide bimmdimig was doterminod

first umsder the coomstroml comnm(litiomtm msmid timoim

after oxpomsimmg thio mucosal surface of time

skimm to EGTA fot’ 1 hr. The anm(munt of

msmmiiliom’ide ho (utmd �nr 9.6 (‘Ii’s2 � mimeasut’od

no (hmatigo ill hiiniohmig(a�)micity \V155 m’ecomrded

(Tablo 4). Howovom’, in tlnso expenimiienmts

hone was tin assurammce t limit o’mslciiinm m’ommuoval

had mshlectod thu imihiihmitotm’v actio’smm (If amilo-
mi(li.

F’um’t hot’ oxpo mi limo nit s \vo m’o morlimm’mmud �vithi

1.1 tmihoj, liter of .“ms� �ti 1110 miiucosal limit hiimig

so olut io Iti mimi(1 Hi whichi tIme SC(’ \�.,ss rec It’dod

thii’oughmout . lii sonmo lit tlso exhienimimenmts

:snmihmride 1)imidimig \Vas miieasuro(1 uniolet’ Imotis

t ho c omitnoil commditio Iti msmmd milton calcium n

mmiooval, while its of lions ((lily ealeiuni-fnoo

bitidinig was mnoasut’od. TImo imshmitmitory of-

oof aniilom’ide was sigtmifio’msmmt ly roducod

(Table 4). (Aimmiloniole biti(limmgis expm’ess((l

Its pio’(mflsolis pot’ 9.6 01112, as anmilonido n’iighmt

still binmd too chammtmols ins the msbsetio’o of emil-

o’ismmi’s wit ho (Ut 1)10 mo’kinig the (‘imatitiol, ami(l

t hi ei’ef’ mne it w muld be lti(’( iI’re(’t t( o o’tslo’ulmste

(‘h’sammnel demisity.)

I mi t his sot of oxpom’iniemit 5 t m’omstmmmonit. wit hi

1�(�’F� sigtmificamitly iti(’m’ease(I time 1)imm(litsg

(‘mii)mt(’itV (of thu skinis flit’ amiiilot’i(l(, (vomi
though t ito itihiil)it i( Ill I )F0 odiicod was ommily

20 oof’ t limit oobserved utiden (‘0 itit m’OIl (‘( mti(hi-

io mmms. I)um’inig t 11(50’ expo ‘m’imnommt s fo out’ oil’t hmo

skitms umiderwetit spo Inmtammoo otis mmmoolt immg. �\ hmoti

tins imapjmemmed, as much (If timo stratummi

(‘0 mrmmouiii as possii)li \\.mss m’oimu oVe(l by gemmt b

stm’(mkitig wit Ii cotttoomm \\��( (1 soomsked its Rimmgor’s

soolutiommm ; thoti tIme skinis \\�(r( tm’(mst((I with

1’�( ‘‘I’A. mmmsd [‘4(�Jmsmmmilom’i(lo 1)immoihimig �vas (10-

T,�itm.: 4

Ef/ects of calcium remola / on [‘‘(‘ a in i /oride lii n ding flu, frog skill

All figures refem’ too niicasuroi’ments made usimig 10 tiM amimiloride. ‘‘Imihihit iommm‘ ‘ immdio’ates inhibit ioonm (If

test immg8CC lmy 10 mIM ann ilomide, where S( �C is t he resting shoort-oi ro’ui t curremi I . Figures ui pam’en theses

refer too the miunil)er of determimmat ions. Moamis ± st ammolarol erroors are givemm.

Sodium Controml (‘a’�’-free Ca24’-free + molt
concentration -�--- �----�-- -�---- ---- �--�- -� - -

Binding Inhihi- S(( Binding Inhilli- SCC Binding Inhihi- SCC
Lion lion tion

�‘ /.Lamnp, o,,i2



Ionic strength and channel density

Individual values refer to means fromn different

batches of animals.

Conditions Channels1’�m2

Batch Mean
values ±SE

14�82±8 86±4

29�87±4� (4S)

2 118

270 ± 12�201 ± 14a

187 ± 12 (15)

378 ± 98 378 ± 98a

(4)

#{176}Values differ fromim those imm zem’o sodium

Na Ki

K
NaIl2 ft2 �‘ .1112
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(p < 0.003).

termitied. I�non’s T1)l 4 it (‘all i)e seemm that

the i)indimig ill tho5( skins \M’s� significantly

greater thami that for EGTA-treated skimms
which had miot molted. Furthermore, the

bimiding capacity immcreased as the SCC imm-
creased, although the correlation is not close.

(‘han net deiisity a ad .sodiv ni concuitrat ion.

lit this work amilonide bitmditmg was measured

with 0 amid 1.1 mEq/hiten of Na� in tue mu-

cosal bathing solution. The expenimemits weno

performed during 1 year amid perfomnce its-

volved n’seasuremetmts on a numl)or (if dif-

ferent hatches of ammimals. Time data from dif-

feremmt batches are given in Table 5, together

with earlier data (1) obtained with 2.5

mEq/liten of Na� in the niucosal hathiimg

solutiomm. Although’s there is some variation

betweems batches, the mmumber of channols

decreases as the sodiumi’s concentration falls.

It must be remembered that at zero sodium

the (‘hanflel density is calculated assumimig

ioo � occupancy withm an’siloride (10 nM),

while at positive sodium concentratiomms the

numl)er of chammnels is calculated from the

amount of amiloride hound together with

the amount of inhihitiomm caused.

DISCUSSION

The immteractions between soditmm iomis amid

amilonide at the mucosal surface of frog skin

has been showmi to 1)0 commi’spotitiv(, at least

T.iBLE 5

Zero sodiimnmm; 10 or 20

flM aniiloride

1.1 mEq/liter of Na�; 10 4

nit amilomride; skimis 11

short-circuited
2.SmEq/liter of Na�; 10 4

or 20 nM amiloride;
skins short-circuited

for (‘0 mn(’(ntm’atio)mis o of s odiuni gremstor thmams

10 iiiEo11/liter. Salakm atmd Smith (8) also
foumid a PImnallol shift in tin o’omicemitratio)n-

itihibit iomm curves fo in mimi li mnido at different

smdiumii comicentratiomis, amid although they

did mm(it oxplore simcli wido vanimstiomms in (‘((Ii-

ceimtnmstion as imi this work, their data agree

cimtimiititativol� with timoose givemm hero. Salako

amid Smm’sithm did mmoit cotmclude that the sodium-

amilo mnide mt enacti(imi was con’sp(tit ive, i)as-

immg this commclusnmn oomm results obtmsimsed by

varying the soIlium cotmcent nation in the

pnesommce of fixed (‘0 mimcom’strat ions of amilonide.

Examination of their data shomws that they

o)1)tained less than the expocted amount of

inhibition by amiloride using this method. In

our hands both methmds-vaniatioim of so-

dium comncomitratiom’s at a fixed tsmilonide con-
contration amid vice versa-showed competi-

tive itmteraction at sodium concentrations

greaten than 10 mEq/liten.
At sodium concemmtrations less thamm 10

mEq/liter the immhihitiomm curves for amiloi-

ride became less steep, and in skimis from omie

hatch of animals definite inflections appeared.

Iii these immstances we considered time possi-

bility that there are two distimmct popula-

tions of receptors for amilonide. There is

already evidence foir multiple types (if amilo-

ride receptors in the mUcoSa (if the toad
colomm (12).

We have sought a kimietic explanation for

the results with frog skin. The scheme given

below moist closely fits the data. The scheme

emmvisages two p(mpulations of receptors for

amilonide, which differ imm their affinity for

the drug. The proportions of these two popu-
latiomis are comnsidened to 1)0 dependemit on

the ambient sodium comicemit rat ion, in such

a way that the high-affitmity form, R1, is comm-

vented tom the low affimmity form, R2, by itt-

creasimmg sodium concemit nat ion. Both forms

of receptor are considered to imiteract with

sodium or with amilonide with a stoichiom-

metry of 1: 1, hothi sul)stammces binding with

the same sites (i .0., competitive immtermmctiotm).

The sclmemi’se may 1)e represented thus:

K,
Nail1 i?� Al?1



.1(K+K1K3A+KK4Na+K3K4Na+K1K3K5ANa+K2K3K5Na2)

p (1+K1A+K2Na)(1+K3,t+K4Na)(1+K5Na)

05 0 001 0� 1 2 6 1 2 . (0 100 0)00

01’ .‘-..‘--‘� - -
013 1042 ‘o” 0.10 � � �.7 �.6 � ,#{252}��
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where the co)mmstammts ano afflumity constatits,

amid A is ami’sikonido. Assuming that tIme in-

hibitiomms of tnatmsport is proportiotsal to the

total amoutmt of drug-receptor cmmnplex

f()rImd (i.e., �1R� + AR2), themm the mmmc-
tiommial receptor occupammcy is given by p,

where

Solutiomis fomn Eo1. 2 fomr a variety of sodiumn

amid amilonide commcentnatiomtms, assumimig val-

u(s fo in t lie comist amit s, a no si’so wn gnaplmica ily

irs Fig. S.
The gomsenal fointu of tue theonotiemsl ‘‘mi-

hibitiomi curves’’ is imot umilike thoso foutid

expeniti’semmtally (see Fig. 4). At time extr(me

ratiges of sodium coincetmtration the recep-

tors i)eimave as a hiotmu gotmeous l)Oh)ulat iomi,

with R1 type receptors domimmant at very low

and R2 type receptors domimmmstmt at high so-

hum concentratiomis, while in the imiten-
mnediato� ratiges the i)opulation is hetonogemi-

otms. Log (DR- 1) vs. log Na� plots derived
from the thmeorotical cunvos have slopes (if 1

at the extreme ranges mf sodium comscentra-

tiomi. Curiously, for the imstermediate ratiges,

ammd calculatimig IC50 values as for Fig. 3, a

slope oif 0.7 w�iS obtainmed for the heterogomie-

ous rogio)ri. Time reductiojn imm slope of 1)0th

the imshii)itiomm curvos amid the log-log plots

for mmoirn’smil skitis at low’ sodium coumcemmtra-

tions may have a basis similar to that de-

scribed abovo. Vs ithm regard to anom’s’salous

skiuss it would appear that a reduction of

sodiumii eoomicemitnatiomm produced a large cots-

version to tho Rm type, an explanatiomi which

FIG. 8. Theoretical curves showing fraction of

channels bound by ainibonide vs. aunilonide conocn-

(ration, derived from Eq. 2
The numbers agaimist each curve represent the

relative sodiumu (‘oncent rations. Values (‘hosen

arbitrarily for K1-K� were 10’s, 106, 10�, 10�,

amid 1tY3. respeo’tively.

might have a semssomsal basis. it must be re-

mombened, however, that the model omsly

fits the data but domes msot explain the �hme-

mmomiioria. Patomum (6) pointed out that if the

stoichiometny betweemm drug and amitagommist

is mmot 1: 1, deviatiol1� of log-lug plots from
limieanity will appear at low (lose ratios. Thus

(2)

if the model described above should prowe

imsco)nrect it m�i-say n’seamm that the stoiciiiom-

etry between Na+ amid msn’silonide is not 1 : 1.
\Ve feel that the bim’sdimmg data 1)res(mlted

iien( support time view that the mmun’sber of
sodiumu (‘imatmmlels it I th( mucosal n’semi)rmm tie

(if frog skimm cams 1)0 nieasuned with reasommmable

accurmmc�’. However, there is no umiequivocal
evidomice that time cilatmnels have a simmgle

bimmdirig site for sodium amid amilonide, amid

perhaps the chamimsel density will have t(m be
dividod by 2, 3, on 4 if the chammnel is fourth

toi be atm oligomenic proto’imm assembly. Hen-

sonmmble agreement has beerm foumid fomn the

values of mmffinit y for mimnilonide detenmm’si mmcd

by either binding or imihibitiomi studies.

�\evontiieless, thieno may still he a real dif-

feremsce betweemm the affimmitv of amilonide

determined from imihibition amid bimmdimmg

studies. ‘fl accuracy of the value fnom’sm imi-

hibitiomm studio’s depemsds its the main oms

measurements niade at sodiun’s C( mticetstna-

tiomms greater than 10 mEq,/liten. Belomw 10

mEq/ liter it has beemi suggested that there

is partial commversion to a higher-affinity form

of the chatimmel. if this is true, thems at zero

sodium’s’s there may he a mmxed poipulmmtiomi of
chammmiels with’s am’s apparemit imi(’rease in aver-

age affinity. Until more accurato binding

datmm cami be obtaimied it will not he possible

to resolve this problom. Furthermm ire, the

accuracy of the binding data at fimsite sodium

comiccmmtratiomis depemsds (Ott time accuracy

with which 5CC can be m’s’so’mssured. As poitited

out umsden METHODS, theno is a Na� amid C1

gna(hommt from the senosmml to the mi’sucosal

solution, amid if time penmoability cocfficiemsts

for Xa� and Cl in the leak pat hiway are

sufficiemitly diffenemst, arm enromn of SCC would

be recordo’d. Howover, wh’setm time Na+ gnmi(li

eat was retaimted itt t1’so absem’sce of mmCl gradi-

emit (i.e., with chumlimie chloride midditiommi) ti()
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sui)stmimitimsl (‘hiamige ins S(’C was neco)rd(’d (soc

Fig. 31)), suggostinmg thimit mmo appm’eciable
erm’o)m’ omc(’unm’o’(l in tho’ 1)iom�)hysieal nio’asum’o’-

mnemmt of so(hum’s’s trammsp(ont . Ammothier difli-

(‘ullt\’ is tiimit milthmough msnmiloinide wmss ml(l(lo’(l
to the shomrt-circuited skimm th’so’ tissue �

ompemm circuit when the solutiomm \\�‘s� remnovo’(l

amid time skims blotted. It is not p(mssible to

kl’s(i\V whether some dissociatiommi of the re-

(‘ej)t(mr (‘o)l’s’spbo’X o(’(’umrre(l at this titne. This

difficulty (lot’s mmot apply t(I the expenin’semits

imi zerom soidiummi, who’ne tho’ shsort-circuito’d m’snd

ol)emi-(’ircuite(l state mtr(’ e(luivalemit.

Time (IntL’s O1)tmiitio’(l ‘With’s tniamteremmo’ are
immtermiallv consistemst . This sumbstance himis

a(’tiomis sim’s’silar tom amuilonide (13), amid pro-

vided thmmt time mionspecific sites to) whicim tn-

amteremme 1)immds are diffenemmt fromm’s’sthe non-

specific sites for amilonide, we camm comiclude

that most of tue mmmiloride bimmding is to so-

dium channels.

Variation of tIme sodiumn commcemitnation imi

tho’ mucosal bat himmg solution apparently

alters the number of chanmiels. At zero) So-

dium the ch’sammmiel demisity is SO ± 4/j.on’s2, a

figure obtaimied usimig 10 imu an’silonide amidi

assun’sitmg 100 ‘ receptor occupancy. From

inhibit ioti studies t h’sis commcemmt ratiom’s of

amibonide is o’xpected tom give 50 � occu-

patmcy, and therefore if th’se value at zero
somdiun’s is doubled a result con’sparahle to

that 0l)tairsed at 1.1 mEq/hiter of Nat is ob-

tained. However, time binding curve msppears

to al)proach smsturatiomt at a drug concemitra-

tiomm of 10 �m. These discrepancies might re-

sult from gemiuimme vaniatiomms betweetm skins

(see Figs. 5 and 6), a real effect oif sodiun’s

comicentratiomt ott cimatmmiel demssity, amid! tin-

doubtedlv fron’s liniitmmtiomis omi the senisi-

tivity of the lm’sl)elimmg technique. It is of it’s-

tenest thiat Cumitnecasas (14) noted a decrease

immthe number of immsulin hindimig sites as the

i(Inmic strength was decreased. ()tse further
poimmt (if intero’st which can ommly be seems
with the ummmwonked data is that the amount

of ummboummd anulonide (i.e., amoumit of radio-

label retaimmo’d by time skin itt the presemmce of

excess umslai)eled drug) immo’neases mis the so-

diumu commcent rat ion decreases. At its sinmplest

t his meamms t hat thu ext ra(’elluhar spmtce to

time outside (If the skimt increases as the iommic

st remigt h’s is reduced, mmmiobso ‘rvat lOmi reported

previousl�’ by others (8).

If aiiiibonido’ form’s’ss a tenmmmmm’yo’o)miiplex �vith
cmslcium’s’s mtmsd tue chmsnimiel, mis himis beo’mm sug-

gesto’(l (1 1 ), time m’eniomvmsl olf (‘ab(’iumm’s nmigl’st

afl’o’ct the bimmdinmg 0 If msn’siloir’idlo’. I\imsetic

sttt(li(’s hmavo’ Shi(m\Vti that the afiimmitv (if

mmmmiilonido’ was mmomt (‘hmamigedl i�’ (‘msl(’iul’s’s re-

moival, timid timese studhies have shmo)\vmm that

(‘alo’iImll’s m’em’stoval does mmot (lecro’ase bimi(limmg.

Alt hmiughi aniilonide 1)immds equally � ‘11 umider

calciunm-fm’ee (‘otmditi(Ins, it is imot ablo’ t(m pr(’-

vent sii(liutl’st iomm trmmmmslocatiomi timm’ougii the

nio’inbrmsmto’.

It was fortuitous that itt a fem� instances

skins Iiio)lted spontamieo mushy after set ting up.

Fm’ogs do this mmo)nn’sallv every 2 wo’eks or so,

mmli(l ive 5\�(q(� tsl)le tim sh(m\V thmat there was a

sigmmificmsmmt increase iti tho’ mmumnber of’ 1)indimig

sites after it iia�)p(’mi0’(l. it himis i)eens shiowmm

( 15) that tnammsl)ort timnoughm freshly molte(l

skimis is rmmther immsemmsitive to immhil)ition by
amibonide. It is possible th’smst (‘mllcium re-

moval causes small patches (If molting, ex-

posing fresh epithehum with’s a high’s ehmamimmel
density. However, this is iiomt to say that

molting is respomisible for time immsemmsitivity

to am’s’silonide seemm under cahciumm-fnee condi-

tiomss. its ti’se isolated toad liladdem’, which

does mioit molt, removal omf calciunm from the

m’s’sucosmml bmmthimmg solution still imml’sibit.s the

effects oif an’silonide (2).

Our primary aim its this woii’k was to o’x-

amine the effects of A1)H omi channel demmsitv,

using amibonide mis a probe. it is kmmowmi for

botim frog skimi timid toad bladder that al-

though the i’sorm’s’somme nets ommi receptors lo-

cated! imi the senosal surface the rate-limnitimig

ehiammgo’ itt sodiumu permeability occumns at thie

mnucosal face (e.g., ret. 16). Igmsooning ti’se

complex series (If evemsts immitiated by immto’n-

actiommi of imoni’s’somme with senoisal receptors,

whimst is ti’so’ mmatune of the n’sucosm’sl peniiio’a-

bility chaimge as revealed by theso’ ro’sults?

The results show clearly that ADH caumses

mio sigmmificanmt imscro’aso’ itt the mmui’s’sber oif

ehim’smmmiels, amid simtco’ time h’somnmomme immeneases

SCC ti’sere is atm increase immtho’ mmomitmmil cur-

remit per cl’saminel.The possibility tiiat th’se

hornioimme cro’mmte.s mme�v chimimimmels itt 1)nol)omm’ti(mmi

to thio’ in(’r(’ase iii SCC can be rejected. The

hoim’nionme mspparo’mtt lv alters thso’ chmammmsel in

such’s a way th’sat the curreimt paSSimmg its time

chammm’sehs is immcro’ased, amsd at time smime tinme

the amilonide nihibitiooms cumrvo’ is moved to
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time right alomng the (‘ommeo’nmtratiotm axis. .-�s

discussed previomushy (1), tIme cunm’emit passimig

thmnough’s each (‘himstmmtel is o’msleumbated l)y as-

sum’siing that the (‘h’smsnmno’ls are pernim’smmemmt by

ompemi, but if they were to opemm omtly immter-

mittemmtl\’ the mictumil o’umrnemmts would be

largo’r thamm those calculated. Tints a simple

way itt which AJ)H mmiighit increase the total
curro’nit womubd be to imicrease the fraction omf

timo’ the chamsnels reniaimio’d mm the opemm (‘Oh-

figurmitiomi. I’or a fixed tsuniber omf ci’samimmels thus

is phem’solmenologicmslly equivalent tom iti-

(‘reasinmg the ratio of open to closed (hmaimtmels

at atiy imistmust. A two-stato’ model for tin’

(‘hammnel, of the type propomsed b� Mommod,

\\��‘miimimi, and Chaimgeux (17), iii which’s A1)H
immereases the pr(mpom’ti(Imm oif ch’sannehs mm tho’
oj)(’mm c(mnfiguratiomi, would mslso exphaimm tho’

shift in th’se immhibitiooms curve mis well as tIme

immcro’ase itt curnemmt. in thus situatioms ADH,
omr the agency go’mmenmsted by its nmt(’nactiomm

with time serosal memiibramme, would act as an
msllostenic activator (if somdiun’s transpomnt. \\o’

dom mmot favor a simple widenimmg of a fixed

msumnui)o’r of chmamsmiels, as it is difficult to see

huow specificity fom’ sodium (‘ould be maini-
taimmed. Furthenmomre, it is clemmn th’sat time

n’sem’s’sbnamme “i’sammdlo’s” the sodiumm iomis imm

their passage tlmnoiughm time membramme, o’vo’mm

mmfter treatnietit witim ADH (18), makimng

emslangemnemst of pre-existimmg pomrcs an mmmi-

lii�’ly explm’stmatiomns for the msctiommt omf time hot’-

monte.
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