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ABSTRACT

	

Nect ur us ur i nar y bl adder s st r i pped of ser osal muscl e and connec-

t i ve t i ssue wer e i mpal ed t hr ough t hei r basol at er al membr anes wi t h mi cr oel ec-

t r odes i n exper i ment s t hat per mi t t ed r api d changes i n t he i on composi t i on of

t he ser osal sol ut i on . The t r ansepi t hel i al el ect r i cal pr oper t i es exhi bi t ed a mar ked

seasonal var i at i on t hat coul d be at t r i but ed t o var i at i ons i n t he conduct ance of

t he shunt pat hway, api cal membr ane sel ect i vi t y, and basol at er al Na' t r anspor t .

I n cont r ast , t he passi ve el ect r i cal pr oper t i es of t he basol at er al membr ane

r emai ned const ant t hr oughout t he year . The appar ent t r ansf er ence number s

( T; ) of t he basol at er al membr ane f or K+ and Cl - wer e det er mi ned f r om t he

ef f ect on t he basol at er al membr ane equi val ent el ect r omot i ve f or ce of a sudden

i ncr ease i n t he ser osal K+ concent r at i on f r om 2 . 5 t o 50 mM/ l i t er or a decr ease

i n t he CI - concent r at i on f r om 101 t o 10 mM/ l i t er . TK and Tc , wer e 0 . 71 ± 0 . 05

and 0 . 04 ± 0 . 01, r espect i vel y . The basol at er al K+ conduct ance coul d be bl ocked

by Ba21 ( 0 . 5 mM) , Cs' ( 10 mM) , or Rb + ( 10 mM) , but was unaf f ect ed by 3, 4-

di ami nopyr i di ne ( 100 AM) , decamet honi um( 100 AM) , or t et r aet hyl ammoni um

( 10 mM) . We concl ude t hat a hi ghl y sel ect i ve K+ conduct ance domi nat es t he

el ect r i cal pr oper t i es of t he basol at er al membr ane and t hat t hi s conduct ance i s

di f f er ent f r om t hose f ound i n ner ve and muscl e membr anes .

I NTRODUCTI ON

Wi t h a f ew except i ons, t he conduct ance of t he basol at er al membr anes of epi t he-

l i al cel l s i s domi nat ed by K+ channel s t hat appear t o be si mi l ar t o t hose f ound i n

t he membr anes of ner ve and muscl e cel l s ( Van Dr i essche and Zei ske, 1985) . The

Cl - conduct ance of t he basol at er al membr anes i s mor e var i abl e, r angi ng f r om a

subst ant i al por t i on of t he t ot al conduct ance t o a smal l or nonexi st ent f r act i on

( e . g . , Lewi s et al . , 1978 ; Reuss, 1979) .

Recent l y, Schul t z et al . ( 1984a, b) anal yzed t he cur r ent - vol t age r el at i onshi p of

t he basol at er al membr ane of Nect ur us ur i nar y bl adder . Fr om t he l ow val ue of

t he basol at er al el ect r omot i ve f or ce, Eb , t hat t hey obt ai ned, t hey concl uded t hat

t he C1- conduct ance of t hi s membr ane i s l ar ge and may even exceed t he
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membr ane' s K+ conduct ance . These aut hor s poi nt ed out t hat i f Cl - wer e assumed

t o be passi vel y di st r i but ed acr oss t he basol at er al membr ane, t hei r val ue f or t he

Eb i n shor t - ci r cui t ed bl adder s woul d be consi st ent wi t h a Pci / PK of 0. 8 . However ,

i nt r acel l ul ar Cl - has been f ound t o be above equi l i br i um wi t h r espect t o t he

ser osal bat hi ng sol ut i on i n a wi de var i et y of epi t hel i al cel l s ( Nagel et al . , 1981 ;

Ober l ei t hner et al . , 1983 ; Reuss and Wei nman, 1979 ; Whi t e, 1977) , t hough not

al l ( Lewi s et al . , 1978) . We have made a di r ect t est of t he hypot hesi s advanced

by Schul t z et al . ( 1984x) by per f or mi ng i on subst i t ut i on exper i ment s .

Because of di f f usi on del ays caused by t he subepi t hel i al connect i ve and muscl e

t i ssue, most el ect r ophysi ol ogi cal i nvest i gat i ons i n f l at - sheet epi t hel i a of t he ef f ect s

of changes i n t he i on composi t i on of t he basol at er al bat hi ng sol ut i on have been

l i mi t ed t o st eady st at e measur ement s ( Li ndl ey and Hoshi ko, 1964 ; Gat zy and

Cl ar kson, 1965 ; Leb et al . , 1965 ; Ramsay et al . , 1976 ; Nagel , 1979) . The

i nt er pr et at i on of t he r esul t s of t hese st udi es i s compl i cat ed by t he possi bl e

i nf l uence of secondar y event s, such as changes i n cel l vol ume and al t er at i ons of

t he i nt r acel l ul ar i on composi t i on . By usi ng mechani cal di ssect i on of a smal l ,

exposed basol at er al ar ea of epi t hel i al cel l s and r api d super f usi on, we have

r educed t he t i me r equi r ed f or t he compl et i on of an i nt r acel l ul ar el ect r i cal

r esponse t o a change i n t he concent r at i on of a si ngl e i on t o <5 s . Usi ng t hese

t echni ques, we have di r ect l y eval uat ed t he cont r i but i on of K+ and Cl - gr adi ent s

t o t he Eb of Nect ur us ur i nar y bl adder . Our r esul t s i ndi cat e t hat t he basol at er al

membr ane of t hi s t i ssue i s pr edomi nant l y conduct i ve t o K+ and has onl y a smal l

CI ' conduct ance t hat account s f or no mor e t han 4% of t he t ot al membr ane

conduct ance. These conduct ance pr oper t i es of t he basol at er al membr ane of t he

epi t hel i um r emai n r el at i vel y const ant t hr oughout t he year , whi l e most of i t s

ot her el ect r i cal pr oper t i es exhi bi t mar ked seasonal var i at i on . I n addi t i on, we

have exami ned t he ef f ect s of some of t he bet t er - known K' ' channel bl ocker s on

t he basol at er al K' conduct ance . A pr el i mi nar y r epor t of t hi s st udy has been

pr esent ed el sewher e ( Demar est and Fi nn, 1984) .

METHODS

Mal e Nect ur us macul osus ( Nasco Bi ol ogi cal Suppl y, Ft . At ki nson, Wl ) wer e kept i n

dechl or i nat ed t ap wat er i n a t emper at ur e- cont r ol l ed r oomat 12- 14° C. Ur i nar y bl adder s

wer e r emoved f r omani mal s t hat had been ki l l ed by decapi t at i on and pi t hed . The i sol at ed

bl adder s wer e pl aced i n Nect ur us Ri nger sol ut i on ( see bel ow) , cut open t o f or m a f l at

sheet , and mount ed hor i zont al l y, ser osal si de up, i n an open- t opped Luci t e chamber

si mi l ar t o t hat descr i bed pr evi ousl y ( Reuss and Fi nn, 1974) but havi ng a smal l er exposed

ar ea ( ei t her 0 . 07 or 0. 46 cm' ) . The ser osal muscl e and connect i ve t i ssue wer e r emoved

f r om t he basol at er al sur f ace of t he epi t hel i al cel l l ayer usi ng mi cr odi ssect i ng sci ssor s and

a f i ne hook made f r om an i nsect pi n, whi l e t he t i ssue was vi ewed at 60x t hr ough a

di ssect i ng mi cr oscope . When t he l ar ger ar ea was used, t he bl adder was suppor t ed me-

chani cal l y by a nyl on mesh wi t h 125- , um openi ngs i n whi ch a 2- 3- mm hol e had been

f or med by t he t i p of a hot di ssect i ng pr obe . The mesh was pl aced on t he t op ( ser osal ) si de

of t he t i ssue, whi ch was hel d agai nst t he mesh by l i ght hydr ost at i c pr essur e ( 3- 4 cmH2O)

appl i ed t o t he mucosal si de of t he t i ssue . No suppor t i ng mesh was used wi t h t he 0. 07- cm' -

ar ea chamber . Onl y t hi s ( t he smal l er ) chamber was used i n t he exper i ment s i nvol vi ng

r api d ser osal sol ut i on changes, si nce i t was easi er t o r emove t he muscl e and connect i ve

t i ssue f r om t he ent i r e exposed ar ea of t he epi t hel i um. The cl osed bot t om hal f of t he
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chamber f aci ng t he mucosal sur f ace of t he bl adder had a vol ume of - 270 uI and was

per f used at a r at e of 3- 4 ml / t hi n by gr avi t y f eed f r oman over f l owi ng r eser voi r , t he l evel

of whi ch was set t o mai nt ai n t he desi r ed hydr ost at i c pr essur e . The open upper compar t -

ment of t he chamber was super f used by a gr avi t y f eed at a r at e of 4- 5 ml / mi n . Thi s

ser osal bat h was mai nt ai ned at a dept h of 3- 4 mm, cor r espondi ng t o a vol ume of ^- 200

, , 1 by t he appr opr i at e posi t i oni ng of a bevel ed aspi r at i on t ube f ashi oned f r om a Past eur

pi pet t e t hat was pl aced opposi t e t he per f usi on i nf l ow. The i nf l ow was di r ect ed ont o t he

exposed basol at er al sur f ace of t he epi t hel i um by shor t l engt hs of pol yet hyl ene t ubi ng ( i . d.

= 0 . 047 i n . , I nt er medi e PE 190, Cl ay Adams, Par si ppany, NJ) . Swi t chi ng bet ween cont r ol

and exper i ment al sol ut i ons was cont r ol l ed by mi ni at ur e sol enoi d val ves ( The Lee Com-

pany, West br ook, CT) t hat wer e mount ed adj acent t o t he chamber on t he st age of t he

i nver t ed mi cr oscope ( Di aver t , E. Lei t z, I nc . , Rockl ei gh, NJ) used t o vi ew t he epi t hel i al

cel l s at 320X wi t h br i ght - f i el d i l l umi nat i on .

Sol ut i ons

Nect ur us Ri nger sol ut i on had t he f ol l owi ng composi t i on ( mM/ l i t er ) : 95 NaCl , 10 NaHCOs ,

2 . 0 CaC12 , 1 . 0 MgCl 2 , 1 . 19 K2 HPO, , 0 . 11 KH2 PO4 , 5 gl ucose . The t ot al osmot i c

concent r at i on was 210 mosmol / kg and t he pH was 7 . 9 when equi l i br at ed wi t h 99%0 2 ,

1 %C0 2. I n sol ut i ons wi t h hi gher - t han- nor mal [ K+J, KCl was subst i t ut ed f or NaCl t o

obt ai n t he concent r at i ons i ndi cat ed i n t he t ext . RbCl and CsCl wer e subst i t ut ed f or NaCl

as i ndi cat ed i n t he t ext . Na met hyl sul f at e ( el ect r i cal gr ade, I CN K&K Labor at or i es,

Pl ai nvi ew, NY) was subst i t ut ed f or NaCl t o make a 10 mMCI - sol ut i on . Ami l or i de ( a gi f t

f r om Mer ck, Shar p & Dohme Resear ch Labor at or i es, West Poi nt , PA) was di ssol ved i n

Nect ur us Ri nger at a f i nal concent r at i on of 10- 4 M. Decamet honi um ( DECA) and 3, 4-

di ami nopyr i di ne ( 3, 4- DAP) ( Si gma Chemi cal Co. , St . Loui s, MO) wer e di ssol ved i n t he

exper i ment al sol ut i ons at a f i nal concent r at i on of 100 t uM/ l i t er . Tet r aet hyl ammoni um

( TEA) Cl ( Si gma Chemi cal Co . ) was subst i t ut ed f or an equal amount of NaCl t o gi ve a

f i nal concent r at i on of 10 mM/ l i t er . The exper i ment s wer e per f or med at r oom t emper a-

t ur e ( 21 ± 1 ° C) .

El ect r i cal Measur ement s

The t r ansepi t hel i al pot ent i al ( V, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� , ) was measur ed wi t h r ef er ence t o t he gr ounded ser osal

bat hi ng sol ut i on, usi ng a hi gh- i mpedance ( >10` 4 f l ) el ect r omet er connect ed t o t he sol u-

t i ons bat hi ng t he epi t hel i um by 1- mm- di am si nt er ed Ag/ AgCl pel l et s ( I n Vi vo Met r i cs,

Heal dsber g, CA) or , i n t he exper i ment s wi t h 10 mMCl - Ri nger , by agar / Ri nger br i dges .

The cor r ect i on f or t he l i qui d j unct i on pot ent i al bet ween t he br i dge and t he 10 mM/ l i t er

Cl ` Ri nger was 5 . 4 ± 0 . 1 mV and was det er mi ned as pr evi ousl y descr i bed ( Demar est ,

1984) . The t r ansepi t hel i al r esi st ance ( R, ) was cal cul at ed f r omt he change i n Vm, r esul t i ng

f r omsquar e cur r ent pul ses ( ampl i t ude, 5 or 10 pA/ em2 ; dur at i on, 500 ms ; f r equency, 20

or 30/ mi n) gener at ed by a st i mul us i sol at i on uni t and a st i mul at or ( model s 305- 2 and

302T, W- P I nst r ument s, I nc . , New Haven, CT) . Cur r ent was passed acr oss t he epi t hel i um

t hr ough pl at i num wi r es f or med i nt o r i ngs posi t i oned i n t he chamber bat hs on ei t her si de

of t he epi t hel i um. Wi t h t he except i on of a f ew exper i ment s as not ed i n t he Resul t s,

measur ement s wer e made under open- ci r cui t condi t i ons and t he shor t - ci r cui t cur r ent s

( I . ) wer e cal cul at ed as V, � , / R, .

The basol at er al membr ane pot ent i al ( V, , ) was measur ed by i mpal i ng t he epi t hel i al cel l s

t hr ough t hei r basol at er al membr anes wi t h mi cr oel ect r odes pul l ed f r om 1 . 0- mm- o . d .

bor osi l i cat e gl ass capi l l ar i es cont ai ni ng an i nt er nal gl ass f i ber ( Kwi k- Fi l , W- P I nst r ument s,

I nc . ) and f i l l ed wi t h 500 mM KCI . Mi cr oel ect r odes had r esi st ances of 100- 170 MSl and

t i p pot ent i al s of 5- 7 mV wi t h t he t i ps i mmer sed i n Nect ur us Ri nger . Si mi l ar el ect r odes
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f i l l ed wi t h 3 MKCI had r esi st ances of 40- 70 Mi l under t he same condi t i ons . I mpal ement s

wer e made usi ng a mot or - dr i ven mi cr omani pul at or ( model MM33 M, St oel t i ng Co . ,

Chi cago, I L) . V, , and t he api cal membr ane pot ent i al ( Vm, = Vm, - V- ) wer e di spl ayed on a

st or age osci l l oscope ( R5103N, Tekt r oni x, I nc . , Beaver t on, OR) , sampl ed ever y 60 ms by

a comput er ( MED- 80, Ni col et I nst r ument Cor p . , Madi son, WI ) , and st or ed on f l oppy

di sks . The cr i t er i a f or successf ul i mpal ement s wer e as pr evi ousl y descr i bed ( Reuss and

Fi nn, 1974) .

The el ect r i cal measur ement s wer e anal yzed accor di ng t o t he equi val ent ci r cui t model

of t he epi t hel i um shown i n Fi g . 1 . R, was det er mi ned by t he change i n t r ansepi t hel i al

vol t age r esul t i ng f r om a t r ansepi t hel i al cur r ent pul se, and t he r at i o of t he api cal t o

basol at er al membr ane r esi st ances, Ral Rb, was gi ven by t he r at i o of t he vol t age def l ect i ons

i n V� , c and Vc, pr oduced by t he same cur r ent pul ses ( Reuss and Fi nn, 1974) . For t he

cal cul at i ons, we used t he aver age val ues of t he vol t age def l ect i ons bet ween 120 and 300

ms af t er t he st ar t of t he pul ses . The shunt r esi st ance, R, , was est i mat ed as t he st eady st at e

FI GURE 1 .

	

Equi val ent ci r cui t model of Nect ur us ur i nar y bl adder epi t hel i um. The

mucosal , cel l ul ar , and ser osal compar t ment s ar e desi gnat ed by t he l et t er s M, C, and

S. The api cal and basol at er al cel l membr anes ar e r epr esent ed by el ect r omot i ve

f or ces Ea and Eb i n ser i es wi t h r esi st ances R, and Rb . The r esi st ance R, r epr esent s

t he shunt pat hway ; t he emf acr oss t he r esi st ance was assumed t o be zer o ( see t ext

f or det ai l s) . The hor i zont al dashed l i nes connect t he t r ansepi t hel i al ( V� � ) , api cal

( Vmc) , and basol at er al ( V, , ) membr ane pot ent i al s t o t he poi nt s i n t he ci r cui t f r om

whi ch t hey wer e measur ed . The cur ved ar r ow l abel ed " I , " r epr esent s t he cur r ent

t hat ci r cul at es wi t hi n t he epi t hel i um under open- ci r cui t condi t i ons .

R, af t er exposur e of t he mucosal sur f ace of t he bl adder t o 10- 4 Mami l or i de ( Ussi ng and

Wi ndhager , 1964) . Accor di ng t o t he equi val ent ci r cui t gi ven i n Fi g . 1,

R, = [ ( Ra/ Rb) Ra] / ( R + Rb + R, ) .

	

( 1)

Thus, f r om t he measur ed val ues of R, and Ra/ Rb and t he est i mat ed val ue of R� t he

r esi st ances of t he api cal and basol at er al membr anes can be cal cul at ed :

Ra = [ ( Ra/ Rb) RsRJ/ [ ( Ra/ Rb + 1) ( Rs - R, ) ] ;

	

( 2)

Rb = ( RR, ) / [ ( Ra/ Rb + 1) ( Rs - Rt ) ] .	 ( 3)

Est i mat i ng R, by t he above pr ocedur e assumes t hat t he t r anscel l ul ar conduct ance i s

compl et el y bl ocked by 10 - 4 M ami l or i de and t hat R, i s i t sel f unaf f ect ed by ami l or i de .

These assumpt i ons seemj ust i f i ed f or t he Nect ur us ur i nar y bl adder si nce ami l or i de ( a)
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vi r t ual l y abol i shes Na t r anspor t , i . e . , I u , ( b) i ncr eases Ra/ Rb by 20- f ol d, and ( c) has no

si gni f i cant ef f ect on t he ser osal - t o- mucosal f l ux of Na' ( see Resul t s) .

Under open- ci r cui t condi t i ons, an i nt er nal cur r ent , I i ( = V. JR, ) , ci r cul at es cont i nuousl y

wi t hi n t he epi t hel i al ci r cui t . Usi ng t he cal cul at ed val ues of t he r esi st ances i n t he ci r cui t ,

t he val ues of t he equi val ent el ect r omot i ve f or ces ( emf ' s) acr oss t he api cal , Ea, and

basol at er al , Eb, membr anes can be cal cul at ed f r omt he measur ed membr ane pot ent i al s by

cor r ect i ng f or t he i nf l uence of t he i nt er nal cur r ent :

and

Si nce measur ed sl ope r esi st ances r at her t han chor d r esi st ances wer e used i n t he cal cul at i on
of t he membr ane r esi st ances, er r or s wer e pot ent i al l y i nt r oduced i n t he cal cul at ed val ues

of t he membr ane emf ' s ( Fi nkel st ei n and Maur o, 1963) . However , over t he r ange of

vol t ages i n t hi s st udy ( ±40 mV f r omopen ci r cui t ) , RzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� R� and Rb have been f ound t o be

ohmi c ; t her ef or e, t he chor d and sl ope r esi st ances ar e equal ( Fr omt er et al . , 1981 ; Thomas

et al . , 1983) . Al t hough t hi s i s not st r i ct l y t r ue f or Ra, t he r esul t i ng er r or s over t hi s

r est r i ct ed r ange of vol t ages under open ci r cui t appear t o be smal l ( see Resul t s) .

The emf of t he shunt pat hway was assumed t o be zer o when t he sol ut i ons on t he t wo

si des of t he epi t hel i um wer e i dent i cal ; exper i ment s empl oyi ng nonsymmet r i cal sol ut i ons

ar e di scussed i n t he Resul t s .

The change i n Eb r esul t i ng f r oma sudden change i n t he concent r at i on of an i on i n t he

bat hi ng sol ut i on has been compar ed wi t h t hat pr edi ct ed f or t he new t r ansmembr ane
chemi cal gr adi ent , and yi el ds an appar ent t r ansf er ence number f or t he i on, T; ( St r i ckhol m
and Wal l i n, 1967 ; Br own et al . , 1970) :

wher e DEb i s t he change i n Eb r esul t i ng f r oma change i n t he ser osal cont r ol concent r at i on
of t he i on, C1 , t o a new concent r at i on, C2 .

Fl ux Measur ement s

T = AEb/ [ ( RT/ zF) I n( C1/ C2) 1,

	

( 6)

Tr ansepi t hel i al ser osal - t o- mucosa1 22 Na' f l uxes wer e measur ed by a t echni que descr i bed

pr evi ousl y ( Fi nn and Br i ght , 1978) , but usi ng a chamber wi t h a smal l er exposed t i ssue

ar ea, 0 . 8 cm' .

St at i st i cs

Al l val ues ar e gi ven as means ± st andar d er r or . Compar i sons bet ween means wer e made
usi ng t he t t est f or pai r ed or unpai r ed dat a, as appr opr i at e .

RESULTS

Seasonal Dependence of t he Shunt Resi st ance

Bl adder s wer e used over a 2 . 5- yr per i od f r omJanuar y 1982 t o May 1984 . The

mean V� , 5 and R, f or 81 bl adder s on whi ch successf ul cel l i mpal ement s wer e made

wer e - 62 . 7 mV ( r ange, - 11 t o - 127 mV) and 2 . 72 kQ- cm2 ( r ange, 1 . 08- 8 . 57) .

However , t her e wer e seasonal t r ends i n some of t he el ect r i cal pr oper t i es of t he

bl adder s . Dur i ng t he wi nt er and ear l y spr i ng ( November t o Mar ch) , t he t i ssues

had hi gher r esi st ances and mor e negat i ve t r ansepi t hel i al pot ent i al s . V. , val ues

Ea = Vm~ + I i Ra ( 4)

Eb = Vc, + I i Rb . ( 5)
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mor e negat i ve t han about - 67 mV wer e associ at ed wi t h " st ai r - st ep" pr of i l es of

i nt r acel l ul ar pot ent i al , i . e . , V, , , c 5 0. These bl adder s have been desi gnat ed as

" wi nt er " i n Tabl e 1 . Mor e depol ar i zed val ues of Vms wer e char act er i st i c of t he

l at e spr i ng t o ear l y f al l ( Apr i l t o Oct ober ) and wer e associ at ed wi t h " wel l " - t ype

pot ent i al pr of i l es, i . e . , V� , c > 0 . These bl adder s have been desi gnat ed as " summer "

i n Tabl e 1 . I t shoul d be not ed t hat we r epor t her e r esul t s onl y f r om bl adder s

whose cel l s wer e successf ul l y i mpal ed, and no at t empt was made t o sel ect t i ssues

on any ot her basi s . However , i t was evi dent t hat bl adder s f r omso- cal l ed summer

ani mal s had, i n gener al , l ower t r ansepi t hel i al r esi st ances t han t he wi nt er pr epa-

r at i ons, and i n addi t i on wer e much har der t o i mpal e . I n f act , we wer e abl e t o

i mpal e onl y ^ - 10% of t hose pr epar at i ons ; t hus, t he mean R, and Vms gi ven i n

Tabl e I ar e cl ear l y hi gher t han t he t r ue mean of t he ent i r e summer popul at i on .

The var i at i on of V, 5 was consi der abl y smal l er t han t hat of Vmc ; t her e was no

di f f er ence bet ween t he mean val ues of Vcs f or bl adder s wi t h wel l pr of i l es and

t hose wi t h st ai r - st ep pr of i l es ( Tabl e 1) . Bl adder s wi t h a l ow Vms had l ower Rt and

TABLE I

Seasonal Var i at i on of El ect r i cal Pr oper t i es

The measur ed val ues i n par t A ar e means ± SE ( n) . The val ues i n par t B wer e cal cul at ed f r om t he means

i n A.

RS val ues t han t he hi gh- Vms bl adder s ( Tabl e 1) . Dur i ng t he summer , RS decr eased

r el at i ve t o t he cont r ol val ue of Rt . I n a number of bl adder s, Rt di d not i ncr ease

at al l af t er ami l or i de, even t hough Ra/ Rb i ncr eased t o i t s hi gh post - ami l or i de

l evel ( see bel ow and Fi g . 2) . The met hod used i n t hi s st udy t o cal cul at e t he cel l

membr ane r esi st ances cannot be appl i ed when Rt appr oaches Rs ( t hat i s, when

ami l or i de has l i t t l e or no ef f ect on Rt ) , si nce Ra and Rb do not have f i ni t e l i mi t s

i n t hi s case ( see Eqs . 2 and 3) . Ther ef or e, onl y bl adder s f or whi ch R, / R5 was

<0 . 75 have been used t o cal cul at e t he cel l membr ane r esi st ances . Wher eas al l

wi nt er bl adder s met t hi s cr i t er i on, 31 %of summer bl adder s di d not ; t her ef or e,

t he l at t er have been excl uded f r omt he cal cul at i ons of cel l membr ane r esi st ances .

As i ndi cat ed i n Tabl e 1, t hese r esi st ances r emai n r el at i vel y const ant t hr oughout

t he year . Al t hough t her e i s consi der abl e scat t er i n t he dat a, t her e i s a si gni f i cant

posi t i ve cor r el at i on ( r = 0. 444, P< 0. 001) bet ween Rs and Vmc f or t he i ndi vi dual

bl adder s of Tabl e I ( Fi g . 2) , as woul d be pr edi ct ed f r om a consi der at i on of t he

i nt er nal cur r ent f l ow i n t he equi val ent ci r cui t of Fi g. 1 ( Schul t z, 1972) . Thi s

r el at i onshi p suggest s t hat Nect ur us ur i nar y bl adder s have a seasonal l y dependent

( A) Vm, V_

mV

V. R, / Rb R,

k12 . cm2

R,

kf l " cm2

Wi nt er ( 39) - 87 . 4±1 . 7 - 21 . 8±1 . 4 - 65 . 6±1 . 4 4 . 11±0 . 26 3 . 25±0 . 19 6. 49±0 . 44

Summer ( 42) - 39 . 7±1 . 3 28 . 0±1 . 1 - 67 . 7±0 . 7 4 . 50±0 . 22 2 . 22±0 . 15 3 . 57±0 . 17

( B) R, Rb E, Eb

kf l . cm2 kf l . cm2 mV mV

Wi nt er 5 . 24 1 . 27 - 92 - 83

Summer 5 . 19 1 . 01 - 24 - 78
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shunt conduct ance. However , t hi s r el at i onshi p can account f or onl y par t of t he

var i at i on of V, , , c, and t her e i s a l ar ge di f f er ence bet ween t he E, , val ues of wi nt er
and summer bl adder s ( Tabl e 1) .

Ef f ect s of Ami l or i de

Exposur e of t he mucosal sur f ace of t he bl adder t o ami l or i de ( 10- ' M) ( Fi g . 3)

r educed VzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA�, , t o a l ow but nonzer o val ue ; r ever sal of pol ar i t y was never obser ved . '

The ef f ect of ami l or i de on R, was var i abl e, as di scussed above, r angi ng f r om a

f our f ol d i ncr ease ( R, val ues as hi gh as 19 . 5 kQ" cm' ) t o no ef f ect at al l . However ,

ami l or i de al ways r educed V. , t o a l ow val ue and al ways r esul t ed i n an ^- 20- f ol d

Vmc 0-

( MV)

_60-

50 1

R$ NO- =2)

FI GURE 2.

	

The r el at i onshi p bet ween t he api cal membr ane pot ent i al , Vm. , and t he
shunt r esi st ance, Rs . Posi t i ve val ues of Vm, , i . e . , " summer " bl adder s wi t h wel l - t ype
pot ent i al pr of i l es, wer e associ at ed wi t h l ower val ues of Rs ; negat i ve val ues of VmC,
i . e . , " wi nt er " bl adder s wi t h st ai r - st ep pr of i l es, wer e associ at ed wi t h hi gher val ues of
R, . The cor r el at i on coef f i ci ent bet ween Vmc and R, f or t he 81 bl adder s shown i n t he
f i gur e was 0. 444 ( P < 0. 001) .

i ncr ease of Ra/ Rb . For exampl e, i n t hr ee bl adder s i n whi ch Rt ( 1 . 77 t 0. 16 kS2 .
cm' ) was unaf f ect ed by ami l or i de ( Rt af t er ami l or i de was 1 . 79 ± 0. 16 kSl - cm2) .
Ra/ Rb i ncr eased f r om 3 . 84 ± 0 . 60 t o 116. 1 ± 38 . 2 . The ef f ect s of ami l or i de on
a r epr esent at i ve gr oup of wi nt er bl adder s ar e i l l ust r at ed i n Fi g . 3 . Af t er ami l or i de

addi t i on, t he membr ane pot ent i al s of summer and wi nt er bl adder s wer e not
si gni f i cant l y di f f er ent f r om one anot her . Al l of t he ef f ect s of t he dr ug wer e
compl et el y r ever si bl e . Not e t hat t her e was no ef f ect on V, s .

A f ew exper i ment s wer e conduct ed on shor t - ci r cui t ed bl adder s . The i nt r acel -

' Thi s i s consi st ent wi t h t he absence of net H+ secr et i on, i n agr eement wi t h t he r ar e occur r ence
of mi t ochondr i a- r i ch cel l s i n t hi s pr epar at i on ( Kar naky et al . , 1984) .
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l ul ar pot ent i al of t hese bl adder s ( means of 20 i mpal ement s per f or med on f our

bl adder s) was - 43. 5 ± 2. 7 mV bef or e and - 67. 6 ± 3. 0 mV af t er ami l or i de. The

l at t er was not si gni f i cant l y di f f er ent f r om t he val ues of Vc5 measur ed under open-

ci r cui t condi t i ons bot h bef or e and af t er ami l or i de ( Fi g . 3) . The mean I ' C f or t hese

bl adder s was 19 ± 2 t i A. cm- 2 under cont r ol condi t i ons and decl i ned t o 2 ± 1

af t er ami l or i de .

The cel l membr ane r esi st ances cal cul at ed usi ng Eqs . 2 and 3 f r om t he means

gi ven i n Fi g . 3 ar e 6. 35 kQ- cm2 f or t he api cal membr ane and 1 . 61 f or t he

25 n

0_~

Cont r ol

	

Mucosal Ami l or i de ( 0 . 1 W

FI GURE 3 . St eady st at e pot ent i al pr of i l e acr oss a r epr esent at i ve gr oup of ni ne

wi nt er bl adder s wi t h Ri nger sol ut i on bat hi ng bot h si des i n t he absence ( cont r ol ) and

pr esence of 0. 1 mMmucosal ami l or i de . The r at i o of t he membr ane r esi st ances, Ra /

Rb , t r ansepi t hel i al r esi st ance, R, ( SE- cm2) , and t he cal cul at ed shor t - ci r cui t cur r ent , I , ,

( =V. , / R, ) ( pA - cm- 2) under t he t wo condi t i ons ar e gi ven i n t he l ower par t of t he

f i gur e.

basol at er al . Si nce i t has been shown ( Davi s and Fi nn, 1982) t hat ami l or i de not

onl y i ncr eases R, , but i ndi r ect l y r esul t s i n an i ncr ease i n Rb, onl y a mi ni mum

est i mat e of t he val ue of Ra i n t he st eady st at e af t er ami l or i de can be i nf er r ed

f r om t he i ncr ease i n Ra / Rb, assumi ng t hat Rb r emai ns const ant . Thus, Ra was

i ncr eased t o at l east 123. 8 kQ. cm2 , or ^ - 20 t i mes i t s cont r ol val ue, by ami l or i de .

These cal cul at i ons of t he membr ane r esi st ances al so i ncl ude t he assumpt i on t hat

R, was unaf f ect ed by ami l or i de . Thi s seems j ust i f i ed si nce t he dr ug had no ef f ect

on t he ser osal - t o- mucosal f l ux of Na' measur ed i n a separ at e set of exper i ment s

on shor t - ci r cui t ed bl adder s ( Fi g . 4) .

Ef f ect s of Changes i n Ser osal K' Concent r at i on

Fi g . 5 shows a r ecor d of t he basol at er al membr ane pot ent i al as t he ser osal K+

concent r at i on was i ncr eased, by subst i t ut i on f or Na' , f r om a cont r ol val ue of 2. 5

V

( mV)
- 50 -

- 75 -

- 100 - '

Ra
/ Rb

3. 95 ± 0 . 43 76 . 9 ± 23 . 2 P<0 . 02

Rt 4032 ± 693 8171 ± 1209 P<0 . 001

I sc 20 ± 4 1 . 1 i 0 . 2 P<0 . 01



DEMAREST AND FI NN Basol at er al Membr ane of Nect ur us Ur i nar y Bl adder

	

549

30

20 - I

i sc 11

( gA/ cm2 )

	

10 -

i JA444
t i me ( mi nut es)

r 0 . 2

- 0 . 1 J1' &

( ueq/ cm2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" h)

FI GURE 4.

	

The ef f ect s of ami l or i de ( 0 . 1 mM) on t he shor t - ci r cui t cur r ent , l x ( open

bar s) , and ser osal - t o- mucosal Na' f l ux,
J, m

( f i l l ed bar s) . Ti me zer o r epr esent s t he
cont r ol val ues bef or e ami l or i de ( 0 . 1 mM) . Fl ux was measur ed at 1- mi n i nt er val s f or

5 mi n af t er ami l or i de addi t i on .

t o 100 mM/ l i t er . The depol ar i zat i ons of V, i n r esponse t o each st ep i ncr ease i n

ser osal K+ wer e r api d, achi evi ng a st eady st at e i n ^- 5 s ; t hey wer e accompani ed

by hyper pol ar i zat i ons of Vm, whi ch coul d be at t r i but ed ent i r el y t o changes i n

t he ci r cul at i ng cur r ent ( t hat i s, Ea was unaf f ect ed ; see bel ow and Tabl e I I I ) . The

r epeat ed downwar d def l ect i ons i n t he membr ane pot ent i al r ecor d wer e t he r esul t

FI GURE 5 .

	

A r ecor d of t he basol at er al membr ane pot ent i al , V_ of a cel l as t he

ser osal K+ concent r at i on was i ncr eased i n a st epwi se manner , by subst i t ut i on f or

Na' , f r om a cont r ol val ue of 2 . 5 t o 100 mM/ l i t er . The r epeat ed downwar d

def l ect i ons i n t he r ecor d wer e t he r esul t of t r ansepi t hel i al cur r ent pul ses passed

acr oss t he epi t hel i um ever y 2 s . The quasi - st eady st at e val ues of R. / R6 f or each K'
concent r at i on shown at t he t op of t he f i gur e ar e gi ven acr oss t he bot t om of t he

f i gur e . The t r ansi ent hyper pol ar i zat i on of Vcs af t er t he swi t ch t o 100 mM/ l i t er K+

was due t o a dead space i n t he super f usi on syst em, whi ch caused a smal l amount of

cont r ol 2 . 5 mM/ l i t er K+ Ri nger t o be f l ushed i nt o t he chamber ahead of t he 100

mM/ l i t er K+ sol ut i on .



55 0

	

THE JOURNAL OF GENERAL PHYSI OLOGYzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" VOLUME 89 - 1987

of t r ansepi t hel i al cur r ent pul ses passed acr oss t he bl adder ever y 2 s . The r at i o

of t he membr ane r esi st ances i ncr eased i n a st epwi se manner f r oma cont r ol val ue

of 6. 8 wi t h 2. 5 mM/ l i t er ser osal K' ' t o 16 . 7 wi t h 100 mM/ l i t er ser osal K+, whi ch

i ndi cat es a l ar ge r educt i on i n t he r el at i ve r esi st ance of t he basol at er al membr ane .

The changes r esul t i ng f r omi ncr eased ser osal K+ wer e compl et el y r ever si bl e, but

i t was sel dompossi bl e t o f ol l ow t he- r et ur n t o cont r ol condi t i ons i n t he same cel l

( si nce t he i mpal ement s wer e usual l y l ost 30- 60 s af t er t he i ncr ease of ser osal K

t o 100 mMbecause of t he cont r act i on of t he f ewr emai ni ng muscl e f i ber s) . When

separ at e cel l s wer e used f or each of t he st ep changes i n ser osal K+, br acket ed by

cont r ol condi t i ons, t he r esul t s wer e i dent i cal t o t hose measur ed i n si ngl e cel l s ;

al l changes wer e monot oni c and pot ent i al s r eached a st eady st at e wi t hi n 5- 10 s .

V

( mV)

0

- 20

- 40

- 60

- 80

[ KI S ( mM)

FI GURE 6.

	

Rel at i onshi ps bet ween t he basol at er al membr ane pot ent i al , V, ( f i l l ed
ci r cl es ; n = 7) , and t he emf , Eb ( open ci r cl es; n = 4) , and t he ser osal K+ concent r at i on
pl ot t ed on a l ogar i t hmi c scal e . The sl ope of t he r el at i onshi p bet ween Eb and ser osal
K' concent r at i on was 43 . 4 ± 2. 9 mV ( r = 0. 962, P< 0. 001) . See t ext f or det ai l s .

The r esul t s ar e summar i zed i n Fi g . 6, wher e Vg and Eb ar e pl ot t ed as a f unct i ons

of t he ser osal K+ concent r at i on . The ( semi l ogar i t hmi c) r el at i onshi p bet ween Vc,

and t he ser osal K+ concent r at i on i s near l y l i near above 25 mM/ l i t er , wi t h a sl ope

of 38 . 3 ± 2 . 4 mV ( n = 7, P < 0. 001) ; bel ow 25 mM/ l i t er , t he sl ope decr eases

and t he r el at i onshi p depar t s f r om l i near i t y . I n cont r ast , Eb i s l i near l y r el at ed t o

t he ser osal K+ concent r at i on over t he ent i r e r ange of concent r at i ons and has a

sl ope of 43 . 4 ± 2. 9 mV ( n = 4, r = 0. 962, P < 0. 001) . Wi t h a ser osal K+

concent r at i on of 100 mM/ l i t er , VS was - 14. 0 t 1 . 7 mV; t hus, al most compl et e

subst i t ut i on of ser osal K+ f or Na' di d not compl et el y depol ar i ze V5 , whi ch

i ndi cat es t hat f act or s i n addi t i on t o t he K+ gr adi ent ( such as an el ect r ogeni c

component of t he Na- K pump and/ or a Dor man pot ent i al due t o nondi f f usabl e

i nt r acel l ul ar ani ons) cont r i but e t o t he basol at er al membr ane pot ent i al .
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TABLE I I

Ef f ect s of I ncr easi ng Ser osal K+ on t he

Tr ansepi t hel i al and Cel l ul ar El ect r i cal Pr oper t i es

Measur ement s wer e made by cont i nuousl y r ecor di ng i n si ngl e cel l s as t he ser osal

sol ut i on was changed . K' was i ncr eased by subst i t ut i on f or an equal amount of Na' .

Val ues ar e means ± SE of si ngl e cel l s f or each of 13 bl adder s . A i s t he di f f er ence

bet ween 2 . 5 and 50 mM K* .

Appar ent Basol at er al Tr ansf er ence Number s f or K+ and Cl -

The ef f ect s of suddenl y i ncr easi ng ser osal K+ t o 50 mM/ l i t er ar e summar i zed i n

Tabl e I I . I n addi t i on t o t he ef f ect s ment i oned above, t he r i se i n ser osal K+

depol ar i zed Vms, r educed RzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� and r esul t ed i n a sl i ght but si gni f i cant i nhi bi t i on of

t he cal cul at ed I sc f r om 27 ± 2 t o 23 ± 2 , uA/ cm2 . I n Tabl e I I I , t he ef f ect s on t he
membr ane r esi st ances and emf ' s ar e shown . The api cal membr ane r esi st ance
and emf wer e unaf f ect ed, wher eas t her e was a >50%r educt i on i n Rb and a 53-
mV depol ar i zat i on of Eb . The appar ent t r ansf er ence number f or K' } , TK, cal cu-
l at ed f r om t he dat a i n Tabl e I I usi ng Eq . 6, was 0. 71 ± 0. 05, whi ch i s not
si gni f i cant l y di f f er ent f r om t he TK of 0. 74 cal cul at ed f r om t he sl ope of t he
r el at i onshi p bet ween Eb and t he ser osal K+ concent r at i on shown i n Fi g . 6 .

The val ues cal cul at ed f or Tabl e I I I r est on t wo assumpt i ons, whi ch wer e t est ed

i n a separ at e set of exper i ment s. Fi r st , RS was assumed t o be unaf f ect ed by 50

mM/ l i t er ser osal K+ ; t hi s assumpt i on i s j ust i f i ed si nce i n f i ve bl adder s R, was 7 . 22
± 1 . 12 k9- cm2 wi t h 2. 5 mM/ l i t er ser osal K' and 7 . 23 ± 1 . 12 kQ- cm2 af t er

ser osal K+ was i ncr eased t o 50 mM/ l i t er . Si nce R, i s unaf f ect ed by i ncr eased

ser osal K+ , an al t er nat i ve met hod f or t he cal cul at i on of R5 , based on a compar i son
of t he K' - i nduced changes i n Vc, and V� , 5 , can be appl i ed ( Spenney et al . , 1974 ;

TABLE I I I

Ef f ect s of I ncr eased Ser osal K+ on Cel l

Membr ane Resi st ances and El ect r omot i ve For ces

Val ues wer e cal cul at ed f r om t he dat a summar i zed i n Tabl e I I as descr i bed i n t he t ext .

The val ue of R, was 5 . 97 ± 1 . 60 kf 1- cm' . NS, not si gni f i cant . The val ues of E, and Eb

ar e r epor t ed wi t h r espect t o t he mucosal and ser osal bat hi ng sol ut i ons, r espect i vel y .

A i s t he di f f er ence bet ween 2 . 5 and 50 mMK* .

[ K] ,

mM/ l i t er

R,

kt l - cm'

Rb

kQ. cm2

E,

mV

Eb

mV

2 . 5 6 . 52±1 . 18 2 . 28±0 . 33 89±9 - 96±6

50 5. 50±0 . 83 1 . 00±0 . 20 86±14 - 43±4

A - 1 . 02±1 . 22 - 1 . 29±0 . 24 - 3±14 53±5

P NS <0 . 001 NS <0 . 001

[ K] ,

mM/ l i t er

V� � V_ V.

mV

R, / Rb Rt

ka- cms

2 . 5 - 78 . 4±2 . 7 - 14 . 5±2 . 7 - 63 . 9±1 . 5 3 . 27±0 . 60 3. 70±0 . 51

50 - 60 . 0±3 . 0 - 28 . 8±3 . 1 - 31 . 2±2 . 5 6. 36±0 . 55 2 . 91±0. 26

A 18 . 4±2 . 8 - 14 . 3±2 . 5 32 . 7±2 . 5 3 . 08±0 . 56 - 0 . 79±0. 32

P <0 . 001 <0 . 001 <0 . 001 <0 . 001 <0. 05
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TABLE I V

Ef f ect s of Reduci ng Ser osal Cl - on t he

Tr ansepi t hel i al and Cel l ul ar El ect r i cal Pr oper t i es

Exper i ment s wer e per f or med as descr i bed i n t he l egend t o Tabl e 11 . Cl - was r educed

by r epl aci ng i t wi t h an equal amount of met hyl sul f at e . Val ues ar e means ± SE of

si ngl e cel l s f or each of f i ve bl adder s . NS, not si gni f i cant . A i s t he di f f er ence bet ween

110 and 10 mMCI .

Lewi s and Wi l l s, 1982) . Usi ng t he mean val ues f or t he K+- i nduced changes i n

Vcs and Vms shown i n Tabl e 111, RS i s 7 . 35 ME . cm2 , whi ch i s not si gni f i cant l y

di f f er ent f r om t he val ue of Rg est i mat ed as t he Rt af t er mucosal ami l or i de, whi ch

was 5 . 97 ± 1 . 60 kQ. cm2 . The second assumpt i on was t hat t he shunt emf r emai ned

at zer o af t er t he i ncr ease i n ser osal K' . Thi s was not st r i ct l y t r ue, si nce t he Vms

af t er ami l or i de, 4 . 0 ± 1 . 2 mV, was r educed t o 1 . 2 ± 0 . 8 mV by 50 mM/ l i t er

ser osal K' . However , si nce V, � S was not zer o af t er ami l or i de, a por t i on of t he

depol ar i zat i on was pr obabl y due t o a cel l ul ar ef f ect . I n any case, t he change was

t oo smal l t o af f ect si gni f i cant l y t he val ues cal cul at ed f or Tabl e 111 .

The r esul t s of a si mi l ar set of exper i ment s desi gned t o eval uat e t he appar ent

t r ansf er ence number of t he basol at er al membr ane f or Cl - ar e shown i n Tabl e

I V. Reduci ng ser osal Cl - f r om t he cont r ol concent r at i on of 101 mM/ l i t er t o 10

mM/ l i t er , by r epl aci ng Cl - wi t h met hyl sul f at e, r esul t ed i n smal l but si gni f i cant

depol ar i zat i ons of Vm5 and Vs , wher eas Vmc was not changed . Ther e was a

si gni f i cant i ncr ease i n R, . Tabl e V shows t hat l ow ser osal Cl - i ncr eased bot h

membr ane r esi st ances . Ea was unchanged and Eb was sl i ght l y but si gni f i cant l y

depol ar i zed . The appar ent Tc, of t he basol at er al membr ane was 0 . 04 ± 0 . 01 .

Thus, t he basol at er al membr ane i s pr edomi nant l y K+ sel ect i ve, al t hough t her e

i s a smal l Cl - conduct ance .

TABLE V

Ef f ect s of Decr easi ng Ser osal Cl - on t he

Cel l Membr ane Resi st ances and El ect r omot i ve For ces

Val ues wer e cal cul at ed f r om t he dat a summar i zed i n Tabl e I V as descr i bed i n t he

t ext . The val ue of R, was 3. 60 ± 0. 60 ki l CM2. NS, not si gni f i cant . The val ues of E,

and Eb ar e r epor t ed wi t h r espect t o t he mucosal and ser osal bat hi ng sol ut i ons,

r espect i vel y . A i s t he di f f er ence bet ween 1 10 and 10 mMCl .

[ CI ] ,

mM/ l i t er

R,

k12- cm,

Rb

k42 . CM2

E,

MV

Eb

MV

101 5. 45±1 . 23 0. 97±0. 24 46±6 - 83±6

10 5. 99±1 . 47 1 . 26±0. 27 45±6 - 80±6

A 0. 54±0. 16 0. 29±0. 05 1±3 3±1

P <0. 05 <0 . 01 NS <0. 01

[ CI ] ,

mMI l i t er

V. , V-

mV

V, Rj Rt , R,

kf l - cm'

101 - 49. 4±7 . 3 18 . 5±7 . 4 - 67. 9±4 . 9 6. 51±1 . 33 2. 23±0. 39

10 - 43 . 7±6 . 1 19 . 8±7 . 2 - 63. 5±5 . 3 5. 36±1 . 09 2. 34±0. 41

0 5. 7±1 . 3 1 . 3±0 . 6 4. 4±0 . 7 - 1 . 14±0. 26 0. 11±0. 02

P <0 . 05 NS <0. 005 <0 . 02 <0 . 005
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0

Sel ect i vi t y of t he Basol at er al K' Channel

K Rb Cs

	

K Rb Cs

FI GURE 7 .

	

The ef f ect s of i ncr easi ng t he ser osal concent r at i on of K' , Cs' , or Rb'

t o 47 . 5 mM/ l i t er on t he r at i o of t he cel l membr ane r esi st ances, Ra / Rb , and on t he
basol at er al membr ane pot ent i al , V_ The cont r ol val ues ar e gi ven by t he f i l l ed bar s .

The sel ect i vi t y of t he K+ conduct ance was assessed by compar i ng t he ef f ect s of

r ai si ng t he ser osal concent r at i on of K+ , Rb+, or Cs' by 47 . 5 mM/ l i t er , subst i t ut i ng

each i on f or an equal amount of Na' . The ef f ect s on V, and Ra / Rb ar e shown i n

Fi g . 7 . K+ depol ar i zed Vcs by 60%f r om i t s cont r ol val ue of 70 . 5 ± 2 . 4 mV and

appr oxi mat el y doubl ed Ra / Rb, whi ch can be at t r i but ed ent i r el y t o a decr ease i n

t he r esi st ance of t he basol at er al membr ane, as shown above i n Tabl e 11 . Rb+

depol ar i zed V, s by 26 . 7 ± 1 . 6 mV and Cs' depol ar i zed V, 5 by 16 . 8 ± 1 . 3 mV.

However , Rb+ and Cs' bot h si gni f i cant l y decr eased Ra/ Rb, whi ch i ndi cat es

i ncr eases i n t he r el at i ve r esi st ance of t he basol at er al membr ane . These r esul t s

suggest t hat Rb+ and Cs' ar e l ess per meant t han K+ and act ual l y bl ock t he

basol at er al K+ conduct ance .

Exper i ment s of t he t ype shown i n Tabl e I I wer e per f or med wi t h Cs' , Rb + ,

and Ba t + i n t he ser osal sol ut i on i n or der t o eval uat e t hei r ef f ect s on TK. Bot h

Cs' ( 10 mM/ l i t er ) and Bat + ( 0 . 5 mM/ l i t er ) si gni f i cant l y r educed TK ( Tabl e VI ) .

Al t hough Rb+ ( 10 mM/ l i t er ) al so r educed TK, i t s ef f ect was not si gni f i cant . Thus,

t he basol at er al K+ conduct ance i s hi ghl y sel ect i ve . I t i s bl ocked by r el at i vel y l ow

concent r at i ons of Ba t + as wel l as by t he cl osel y r el at ed i ons Cs' and Rb' .

Ef f ect s of Ner ve and Muscl e K+ Channel I nhi bi t or s

Y

- 20

- - 40 VCs
( mV)

x - 60

Sever al of t he bet t er - st udi ed K+ channel s of ner ve and muscl e cel l s ar e bl ocked

TABLE VI

Ef f ect of K+ Channel Bl ocki ng I ons on t he Appar ent

Tr ansf er ence Number of t he Basol at er al Membr ane f or K+ ( TK)

Cont r ol Bat + Cs` Rb+

TK 0. 71±0. 05 0. 52±0. 03 0. 50±0. 07 0. 60±0. 07

n

	

13

	

6

	

10

	

8

P - <0 . 02 <0 . 05 NS

Val ues ar e means ± SE. NS, not si gni f i cant . The Ba concent r at i on was 0. 5 mM/ l i t er ;

Cs and Rb wer e used at a concent r at i on of 10 mM/ l i t er .
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by smal l amount s of speci f i c i nhi bi t or s . The vol t age- sensi t i ve " del ayed r ect i f i er "

K' channel , whi ch i s i nvol ved i n t he gener at i on of act i on pot ent i al s i n ner ve
cel l s, i s bl ocked by 100 AM/ l i t er 3, 4- DAP ( Yeh et al . , 1976) . Thi s channel i s al so

bl ocked by hi gher concent r at i ons ( Z: 10 AM/ l i t er ) of TEA ( Ar mst r ong, 1974) .

However , i n t he ur i nar y bl adder , nei t her 3, 4- DAP at 100 AM/ l i t er nor TEA at

10 mM/ l i t er i n t he ser osal sol ut i on had any ef f ect on V, Ra/ Rb, R, , or t he

changes i n V, 5 and Ra/ Rb caused by i ncr easi ng ser osal K+ t o 50 mM/ t i t er ( Tabl e

VI I ) .

The hi gh- conduct ance, so- cal l ed " maxi - K+ channel s" of sar copl asmi c r et i cul um

and t he cel l membr anes of var i ous endocr i ne cel l s ar e bl ocked by 100 AM/ l i t er

DECA ( Cor onado and Mi l l er , 1980) . Ser osal DECA at 100 AM/ l i t er had no

ef f ect on t he basol at er al K' conduct ance of t he ur i nar y bl adder ( Tabl e VI I ) .

TABLE VI I

Ef f ect s of Ner ve and Muscl e K' Channel I nhi bi t or s on t he

El ect r i cal Pr oper t i es and Responses t o I ncr eased Ser osal K'

OVc, and OR. / Rb ar e t he changes i n V, , and Ra/ Rb r esul t i ng f r oman i ncr ease i n ser osal

K* t o 50 mM/ l i t er . DECA, 100 AM/ l i t er ( n = 5) ; 3, 4- DAP, 100 AM/ l i t er ( n = 7) ;

TEA, 10 mM/ l i t er ( n = 8) . None of t he ef f ect s was si gni f i cant .

I n agr eement wi t h a pr evi ous r epor t ( Kar naky et al . , 1984) , t he t r ansepi t hel i al

el ect r i cal pr oper t i es of t he ur i nar y bl adder s of mal e Nect ur us wer e f ound t o be

seasonal l y dependent ( Tabl e 1) . Kar naky et al . showed t hat st r i ki ng mor phol ogi cal

di f f er ences i n t he bl adder epi t hel i um wer e cor r el at ed wi t h seasonal di f f er ences

i n t he el ect r i cal pr oper t i es . Bl adder s st udi ed dur i ng t he wi nt er and ear l y spr i ng

exhi bi t ed a hi gh ( ^ " 90 mV) V, t , s and wer e composed of a si ngl e l ayer of col umnar

cel l s ^ " 70 Ami n hei ght , whi l e t he epi t hel i a of bl adder s st udi ed dur i ng t he summer

and aut umn had a l ow V� ,5 and wer e composed of sever al l ayer s of squamous

cel l s wi t h a t ot al hei ght of 6- 15 Am. Al t hough t he pr esent st udi es wer e not

desi gned t o t est t hi s obser vat i on, i t i s possi bl e t hat t hi s mor phol ogi c f i ndi ng

cor r el at es wi t h t he compar at i ve di f f i cul t y we exper i enced i n i mpal i ng t he cel l s

f r omsummer bl adder s ( see Resul t s) . I n t he st udi es of Kar naky et al . , t hi s gr oup

of bl adder s exhi bi t ed si gni f i cant l y l ower shor t - ci r cui t cur r ent s as wel l . Si nce no

si gni f i cant seasonal di f f er ences i n t he cel l membr ane r esi st ances wer e obser ved

V. Ra/ Rb R, AV~, ORa/ Rb

mV kg- cm' mV

Cont r ol - 74. 3±3 . 8 2. 86±0 . 34 2. 49±0 . 15 46 . 0±1 . 8 4 . 38±0 . 80

DECA - 75. 6±4 . 8 2. 86±0 . 32 2 . 47±0 . 18 41 . 3±1 . 8 4 . 41±1 . 08

Cont r ol - 70. 6±2 . 0 5. 45±1 . 74 3 . 12±0 . 24 39 . 4±3 . 1 7 . 52±1 . 88

3, 4- DAP - 72. 6±1 . 9 5 . 16±1 . 65 3 . 17±0 . 26 35 . 8±2 . 5 6 . 52±1 . 52

Cont r ol - 67. 3±2 . 8 2. 67±0 . 21 1 . 84±0. 06 43 . 4±4 . 3 2 . 00±0 . 76

TEA - 68. 5±2 . 5 2. 34±0 . 26 1 . 81±0 . 04 41 . 5±4 . 1 2 . 22±0 . 85
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i n t he pr esent st udy, Fi g . 2 i ndi cat es t hat at l east par t of t he seasonal var i at i on

of t he t r ansepi t hel i al el ect r i cal pr oper t i es can be at t r i but ed t o var i at i ons i n t he

par acel l ul ar shunt r esi st ance . Si mi l ar seasonal var i at i ons obser ved i n t he f r og

ski n may al so be due t o seasonal var i at i ons i n t he par acel l ul ar shunt ( Nagel et

al . , 1983) . Whi l e par t of t he seasonal var i at i on i n VzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� , c may t her ef or e be at t r i but -

abl e t o di f f er ences i n t he i nt er nal ci r cul at i ng cur r ent , t he l ower Ea of summer

bl adder s suggest s a change i n api cal membr ane sel ect i vi t y as wel l . However , t he

dr amat i c i ncr ease i n Ra/ Rb af t er ami l or i de, whi ch was obser ved even i n bl adder s

i n whi ch Rt was unaf f ect ed, i ndi cat es t hat t he Na' conduct ance st i l l domi nat es .

A nonsel ect i ve l eak conduct ance i n par al l el wi t h t he domi nant Na' conduct ance

has been r epor t ed by Fr omt er and Gebl er ( 1977) . However , t he obser ved

r educt i on i n Ea i s al so compat i bl e wi t h t he openi ng of a smal l but f i ni t e conduct i ve

pat hway f or K' i n t he api cal membr ane. An anal K+ conduct ance has been

obser ved i n f r og ski n ( Zei ske and Van Dr i essche, 1979 ; Nagel and Hi r schmann,

1980 ; Ni el sen, 1984) .

The r ever sal pot ent i al ( chor d f or mal i sm) of t he api cal , ami l or i de- sensi t i ve Na'

channel of 70 mV det er mi ned by Fr omt er et al . ( 1981) f or a Nect ur us ur i nar y

bl adder wi t h a hi gh V� � ( - 80 mV) i s somewhat l ower but i s i n r easonabl e

agr eement wi t h our est i mat e of Ea, t he Theveni n equi val ent emf ( sl ope f or mal -

i sm) , f or si mi l ar bl adder s ( wi nt er bl adder s, Tabl e 1) . I t has r ecent l y been poi nt ed

out ( Thompson, 1986) t hat , i n gener al , t he use of t he sl ope f or mal i smmay r esul t

i n an est i mat e of Ea t hat i s smal l er t han t he r ever sal pot ent i al , i f t he cur r ent -

vol t age r el at i onshi p of t he membr ane i s nonl i near . At l east t wo f act or s cont r i but e

t o t he per haps unexpect ed agr eement obser ved i n t hi s case . The r el at i vel y l ow

Na' per meabi l i t y of 0 . 54 x 10 - 6 cm/ s ( Fr omt er et al . , 1981) of t he api cal

membr ane under t he condi t i ons of t hese exper i ment s, i . e . , a mucosal Na'
concent r at i on >100 mM/ l i t er , r esul t s i n mi ni mal cur vat ur e of t he cur r ent - vol t age
r el at i onshi p ( see Fi g. 1 of Thompson, 1986) . Second, t he sl ope conduct ance was
det er mi ned under open- ci r cui t condi t i ons, wher e Vmc i s cl oser t o t he r ever sal
pot ent i al and t he sl ope and chor d conduct ances ar e mor e near l y equal . The

l at t er appear s t o be t he case i n our exper i ment s si nce we wer e unabl e t o det ect

an i ncr ease i n Ra, whi ch woul d be pr edi ct ed f or a si gni f i cant l y nonl i near api cal

cur r ent - vol t age r el at i onshi p, when t he api cal membr ane was hyper pol ar i zed by

el evat i ng t he ser osal K' concent r at i on ( Tabl e I I I ) .

The r educt i on i n t he 1. , c , cal cul at ed f r omt he dat a i n Tabl e I , whi ch accompani es

t he decr eased shunt r esi st ance i n summer bl adder s, may r ef l ect a decr ease i n

Na' pump act i vi t y as wel l . The Na y - K+ ATPase act i vi t y i n Nect ur us ki dney has

been r epor t ed t o decr ease dur i ng t he summer mont hs ( Spect or et al . , 1974) . I n

spi t e of t hese seasonal di f f er ences, t he el ect r i cal pr oper t i es of t he basol at er al
membr ane r emai n r el at i vel y const ant t hr oughout t he year ( Tabl e 1) .

Cont r ar y t o a pr evi ous r epor t ( Hi ggi ns et al . , 1975) , t he r el at i onshi p bet ween

V� , s and R, f ound i n t hi s st udy was di r ect r at her t han i nver se . I t shoul d be not ed

t hat t he f or mer st udy i ncl uded dat a f r om bot h mal es and f emal es wi t hout

speci f yi ng t he t i me of year at whi ch t he exper i ment s wer e conduct ed . Ur i nar y

bl adder s f r omf emal e Nect ur us ar e st r i ki ngl y di f f er ent f r om t hose of mal es, bot h
mor phol ogi cal l y and el ect r ophysi ol ogi cal l y ( LeFevr e et al . , 1977 ; Hi ggi ns et al . ,
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1977) . The gr oupi ng of dat a der i ved f r om t hese t wo el ect r ophysi ol ogi cal l y

di st i nct popul at i ons may have r esul t ed i n a spur i ous i nver se cor r el at i on .

Tr ansf er ence Number s of t he Basol at er al Membr ane f or K+ and Cl -

Sever al f act or s cont r i but e t o t he measur ed val ue of t he basol at er al membr ane
pot ent i al : ( a) t he emf made up of cont r i but i ons f r om t he gr adi ent s of al l of t he

conduct i ve i on speci es, ( b) cur r ent f l ow acr oss t he membr ane r esul t i ng f r om

r heogeni c t r anspor t mechani sms r esi di ng i n t he membr ane, and ( c) cur r ent f l ow

caused by t he i oni c cur r ent , whi ch ci r cul at es cont i nuousl y wi t hi n t he epi t hel i um

under open- ci r cui t condi t i ons ( Fi g . 1) . I n or der t o eval uat e t he r el at i ve per mse-

l ect i vi t i es of t he basol at er al membr ane, t he i nf l uence of changes of i on compo-

si t i on on t he emf al one must be det er mi ned . Usi ng Eqs . 4 and 5, t he appar ent

emf val ues acr oss t he api cal and basol at er al membr ane can be cal cul at ed f r om

Vmc and Vc , by cor r ect i ng f or t he i nf l uence of t he ci r cul at i ng cur r ent , but t hese

appar ent emf val ues may st i l l be i nf l uenced by t he pr esence of r heogeni c

t r anspor t mechani sms . Eq . 6 i s st r i ct l y appl i cabl e onl y under zer o- cur r ent con-

di t i ons, so t hat t he det er mi nat i on of appar ent t r ansf er ence number s wi l l be

af f ect ed by t he pr esence of r heogeni c t r anspor t mechani sms i n t he basol at er al

membr anes . However , f or t he br i ef per t ur bat i on empl oyed f or t he det er mi nat i on

of t he t r ansf er ence number s, i t i s unl i kel y t hat t he cur r ent pr oduced by t hese

mechani sms woul d be si gni f i cant l y af f ect ed by, f or exampl e, changes i n t he

i nt r acel l ul ar i on concent r at i on . An i ncr ease i n t he cur r ent caused by t he st i mu-

l at i on of such a mechani sm, e. g . , st i mul at i on of t he Na' - K' ATPase by i ncr easi ng

ext r acel l ul ar K+, wi l l t end t o hyper pol ar i ze Vc , , r esul t i ng i n an at t enuat i on of t he

r esponse of Eb t o i ncr eased K+, and l ead t o an under est i mat e of TK. However , i t

has been shown ( Sj odi n, 1983) t hat t he change i s smal l enough t hat i t s ef f ect on

t he pot ent i al - concent r at i on r el at i onshi p of t he par al l el conduct i ve pat hways

acr oss t he basol at er al membr ane wi l l be t oo smal l t o be det er mi ned exper i men-

t al l y . Ther ef or e, i t s i nf l uence on t he t r ansf er ence number s cal cul at ed usi ng Eq .

6 can be negl ect ed .

The sumof t he t r ansf er ence number s f or K' and Cl - , 0 . 75, was consi der abl y

l ess t han 1, whi ch mi ght suggest t hat t he basol at er al membr ane has a si gni f i cant

per meabi l i t y f or some ot her i on( s) . Na' woul d seem t o be an unl i kel y candi dat e

t o account f or such a l ar ge f r act i on of t he basol at er al conduct ance i n a t i ght

epi t hel i um ( Koef oedJohnsen and Ussi ng, 1958 ; Li ndl ey and Hoshi ko, 1964 ;

Leb et al . , 1965) , al t hough we di d not speci f i cal l y addr ess t hi s poi nt i n t hese

st udi es . The l ack of an ef f ect of ser osal ver apami l on t he el ect r i cal pr oper t i es of

t he Nect ur us ur i nar y bl adder , as shown i n t he accompanyi ng ar t i cl e ( Demar est

and Fi nn, 1987) , suggest s t hat Ca conduct ance does not make a si gni f i cant

cont r i but i on . An appr eci abl e bi car bonat e conduct ance al so seems unl i kel y i n t he

absence of net hydr ogen i on t r anspor t , i . e. , i n t he absence of a r ever sed shor t -

ci r cui t cur r ent af t er t he addi t i on of ami l or i de . Ther e i s, however , an al t er nat i ve

expl anat i on . I f t he cel l ul ar K+ and/ or Cl - act i vi t i es ar e above el ect r ochemi cal

equi l i br i um, t hen t he sumof t he appar ent t r ansf er ence number s det er mi ned i n

t hi s manner wi l l be l ess t han uni t y ( St r i ckhol m and Wal l i n, 1967) . The pr el i mi -
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nar y est i mat e of t he i nt r acel l ul ar K+ act i vi t y of 95 mMr epor t ed by Gar ci a- Di az

and Ar mst r ong ( 1980) f or Nect ur us ur i nar y bl adder suggest s t hat K' i s above

equi l i br i um. CI - i s al so l i kel y t o be di st r i but ed above equi l i br i um i n Nect ur us

ur i nar y bl adder si nce i t has been shown t o be above equi l i br i umi n f r og ski n and

a number of ot her epi t hel i a ( Whi t e, 1977 ; Reuss and Wei nman, 1979 ; Nagel et

al . , 1981 ; Ober l ei t hner et al . , 1983 ; however , see al so Lewi s et al . , 1978) .

Fur t her mor e, t o t he ext ent t hat t her e i s a change i n i nt r acel l ul ar i on act i vi t i es

or an al t er at i on i n t he act i vi t y of an el ect r ogeni c t r anspor t mechani sm dur i ng

t he br i ef changes i n medi um concent r at i on ( e . g. , a f al l i n cel l Cl - dur i ng

r educt i ons i n medi um Cl or t he act i vat i on of t he Na' - K+ ATPase caused by
i ncr eases i n t he ext r acel l ul ar K' ' concent r at i on) , t he changes i n t r ansmembr ane

pot ent i al wi l l be mi t i gat ed and hence decr ease t he cal cul at ed T; val ues .

I n any case, t he t r ansf er ence number s i ndi cat e t hat GK i s t he domi nant f act or

det er mi ni ng t he basol at er al membr ane pot ent i al , wher eas Gc, makes onl y a smal l

cont r i but i on . Ther e ar e sever al obser vat i ons suppor t i ng t he concl usi on of a l ow

CI - conduct ance . Hi ggi ns and Fr omt er ( 1974) r epor t ed t hat i n Cl - - f r ee sol ut i on,

i ncr easi ng ser osal K+ depol ar i zed t he V, 5 of Nect ur us ur i nar y bl adder by " mor e

t han 38 mV" per decade change i n K+, a val ue t hat i s not di f f er ent f r om t he

sl ope of 38 . 3 ± 2. 4 mV det er mi ned i n t hi s st udy i n t he pr esence of Cl - ( Fi g. 6) .

Second, af t er ser osal K+ i s i ncr eased t o 50 mM/ l i t er , cel l K' and Cl - ar e bot h

l i kel y t o be bel ow el ect r ochemi cal equi l i br i um. 2 Ther ef or e, bot h i ons shoul d

ent er t he cel l i f conduct i ve pat hways exi st f or t hem and t hi s shoul d r esul t i n

i mmedi at e cel l swel l i ng . However , i n t he f r og ur i nar y bl adder , even compl et e

r epl acement of ser osal Na' wi t h K' does not r esul t i n any i ncr ease i n cel l vol ume

f or 10 mi n ( Davi s and Fi nn, 1982) . Basol at er al Cl - per meabi l i t y of t he f r og ski n

i s l ow under cont r ol condi t i ons but i s i ncr eased i n osmot i cal l y swol l en cel l s

( Ussi ng, 1982) . Bot h of t hese obser vat i ons suggest t hat t he basol at er al Cl con-

duct ance i s ver y l ow under cont r ol , vol ume- st at i c condi t i ons .

The r esul t s of t hi s st udy do not suppor t t he suggest i on made r ecent l y ( Schul t z

et al . , 1984a) t hat -t he Cl - conduct ance of t he basol at er al membr ane of Nect ur us

ur i nar y bl adder i s l ar ge and i ndeed may even exceed t he K+ conduct ance . Thi s

suggest i on was pr ompt ed by t he ver y l ow val ues f or Eb t hat t hese aut hor s obt ai ned

f r om t he cur r ent - vol t age r el at i onshi p of t he basol at er al membr ane of bl adder s

st udi ed under shor t - ci r cui t condi t i ons wi t h l ow mucosal Na concent r at i ons . The

val ues of Vc, and Eb measur ed under open- ci r cui t condi t i ons, and t he i nt r acel l ul ar

pot ent i al under shor t - ci r cui t condi t i ons obt ai ned i n t he pr esent st udy wi t h a

mucosal Na' concent r at i on of 105 mM/ l i t er , ar e al l hi gher t han woul d be

pr edi ct ed f r om t he dat a of Schul t z et al . ( 1984a) , but ar e i n gener al agr eement

wi t h t he obser vat i ons of Fr omt er and Gebl er ( 1977) . The di scr epanci es i n t he

conduct ances cannot be ascr i bed t o t he di f f er ence bet ween our anal ysi s usi ng
sl ope r esi st ance f or mal i sm and t hat of Schul t z et al . usi ng chor d r esi st ance

s V, , was depol ar i zed t o - 31 mV by i ncr easi ng ser osal K' t o 50 mM/ l i t er ( Tabl e 11) . Assumi ng

t hat t her e was no change i n i nt r acel l ul ar K' dur i ng t he br i ef exposur e t o hi gh ser osal K' , t he

Ner nst equi l i br i um pot ent i al f or K' , EK, woul d be - 23 mV. Ec, woul d r emai n bet ween - 40

and - 50 mVunder t hese condi t i ons, assumi ng an i nt r acel l ul ar CI - of 15- 20 mM.
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f or mal i sm, si nce bot h Schul t z et al . ( 1984x) and Fr omt er et al . ( 1981) have

shown t hat Rb i s l i near over t he r ange of vol t ages encount er ed i n our st udy . s I t

i s of i nt er est t hat i n t he exper i ment s of Schul t z et al . ( under shor t - ci r cui t

condi t i ons) , bot h api cal and basol at er al membr ane r esi st ances wer e ext r emel y

l ow ( t he val ues obt ai ned wi t h t he hi ghest Na concent r at i ons used wer e - 1 . 5 U

cm' f or t he api cal membr ane and 0 . 3 kQ- cm' f or t he basol at er al ) . Si nce i t i s

known t hat shor t - ci r cui t i ng, at l east i n f r og ski n, l eads t o cel l swel l i ng ( Vout e

and Ussi ng, 1968) , and t hat cel l swel l i ng i n sever al syst ems l eads t o an i ncr ease

i n t he Cl conduct ance ( Gr i nst ei n et al . , 1982 ; Ussi ng, 1982 ; Davi s and Fi nn,

1985) , i t i s possi bl e t hat t he " ext r a" conduct ance of t he basol at er al membr ane

seen by Schul t z et al . was a r esul t of t he condi t i ons of t hei r exper i ment s .

Sel ect i vi t y and Bl ockage of t he Basol at er al K+ Conduct ance

Si nce TK was eval uat ed by i ncr easi ng ser osal K' 20- f ol d, t he r educt i ons gi ven i n

Tabl e VI caused by Ba2 ' ' , Cs' , and Rb+ ar e l i kel y t o be under est i mat ed, because

t hese i ons pr obabl y compet e wi t h K' f or access t o t he conduct ance pat hways .

Pr evi ous st udi es pr ovi de ampl e evi dence f or such an i nt er act i on . Ba t ' bl ock of

t he basol at er al K' conduct ance i n t he f r og ski n can be par t i al l y over come by

hi gh K+ concent r at i ons ( Nagel , 1979) . Tr acer f l ux st udi es of t he basol at er al K'

conduct ance i n t he t ur t l e col on have shown an Rb+/ K' per meabi l i t y r at i o of 0 . 1

and posi t i ve f l ux coupl i ng bet ween t he t wo i ons, whi ch i s consi st ent wi t h a si ngl e-

f i l e mechani smf or i on per meat i on ( Ki r k and Dawson, 1983) . Bl ockage of sever al

of t he K' channel s i n ner ve and muscl e membr anes pr oduced by al l t hr ee i ons

has been shown t o be compet i t i ve ( Lat or r e and Mi l l er , 1983) . Al t hough t he

r educt i ons of TK caused by ei t her 10 mMCs' or Rb' wer e smal l er t han t hat

caused by 0 . 5 mMBa 2+ , al l t hr ee i ons wer e equal l y ef f ect i ve i n i ncr easi ng t he

basol at er al membr ane r esi st ance at t hese concent r at i ons i n t he pr esence of 2 . 5

mMK' ' ( Demar est and Fi nn, 1987) . Thus, t he basol at er al K' conduct ance of

Nect ur us ur i nar y bl adder appear s t o be hi ghl y sel ect i ve f or K' , si nce t he cl osel y

r el at ed Rb i on bl ocks i t .

Sever al r ecent pat ch- cl amp st udi es on pancr eat i c and l acr i mal gl and aci nar

cel l s r epor t ed hi gh si ngl e channel conduct ance ( >200 pS) K' ' channel s t hat

exhi bi t ed vi r t ual l y no conduct ance f or Rb+ ( Fi ndl ay, 1984 ; Gal l acher et al . ,

1984) . These except i onal l y sel ect i ve, hi gh- conduct ance K* channel s r esembl ed

t he maxi - K' channel s of mammal i an sar copl asmi c r et i cul um ( Lat or r e and Mi l l er ,

1983) . Thus, i t was of i nt er est t o eval uat e t he ef f ect s of DECA, a pot ent bl ocker

s A t i me dependence t o t he r esponse t o squar e- wave cur r ent pul ses i n t he absence of ami l or i de
was not ed i n bot h of t hese st udi es . Our exper i ence r esembl es t hat of Fr omt er et al . ( 1981) ,
who obser ved an i ni t i al capaci t at i ve t r ansi ent l ast i ng 5- 89 ms and a var i et y of l onger t r ansi ent s
t hat bl ame i ncr easi ngl y compl ex at hi gher cur r ent densi t i es . They at t r i but ed t hese l ong
t r ansi ent s t o concent r at i on pol ar i zat i on i n t he unst i r r ed l ayer s adj acent t o t he cel l membr anes .
Schul t z et al . ( 1984x) i ndi cat ed t hat Rb and Eb i ncr eased i n a t i me- dependent manner af t er t he
i ni t i at i on of a cur r ent pul se and chose t he t i me poi nt 20 ms af t er t he onset of t he pul ses f or
anal ysi s . They have subsequent l y ( Schul t z et al . , 19846) poi nt ed out t hat t hei r measur ement s
may have been i nf l uenced by a capaci t at i ve t r ansi ent . The anal ysi s i n t he cur r ent st udy was
car r i ed out over t he 120- 300- ms i nt er val af t er t he i ni t i at i on of a cur r ent pul se i n or der t o
mi ni mi ze t he i nf l uence of t he capaci t at i ve t r ansi ent . These di f f er ences i n dat a anal ysi s may
account f or some but not al l of t he di f f er ences obser ved .
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of such channel s ( Cor onado and Mi l l er , 1980) , on t he K+ conduct ance of t he

basol at er al membr ane of Nect ur us ur i nar y bl adder . DECA had no ef f ect on ei t her

t he cont r ol el ect r i cal pr oper t i es or t he r esponses t o i ncr eased ser osal K+ ( Tabl e

VI I ) . Thus, epi t hel i al basol at er al membr anes may possess yet anot her cl ass of at

l east phar macol ogi cal l y di st i nct , hi ghl y sel ect i ve K+ channel s . I n t hi s st udy, t he

K+ conduct ance of t he basol at er al membr ane cer t ai nl y r epr esent s an ensembl e

of what ever t ypes of K+ channel may be f unct i onal under nor mal condi t i ons,

e. g. , Ca act i vat ed, vol t age dependent , et c . As we under t ook no syst emat i c

i nvest i gat i on t o exami ne Ca or vol t age ef f ect s, f ur t her specul at i on about t he

nat ur e of t hese channel s seems unwar r ant ed at t hi s t i me . I n t hi s r egar d, i t shoul d

be not ed t hat Bat + bl ocks al l known K+- sel ect i ve channel s ( Wi l l s et al . , 1982 ;

Lat or r e and Mi l l er , 1983) .

I n concl usi on, we have shown by di r ect measur ement , usi ng i on subst i t ut i on

and mi ni mi zi ng unst i r r ed l ayer s, t hat t he basol at er al membr ane of Nect ur us

ur i nar y bl adder i s pr edomi nant l y K' conduct i ve under open- ci r cui t condi t i ons,

and t hat t her e i s a mi ni mal , but si gni f i cant , cont r i but i on of Cl - t o t hi s conduct -

ance . Fur t her mor e, t he K' channel s ar e hi ghl y sel ect i ve and ar e bl ocked by Bat
+,

Rb + , and Cs' , but not by compounds t hat bl ock K' channel s i n exci t abl e t i ssues .

We woul d l i ke t o t hank Dr . Lui s Reuss f or hel pf ul di scussi ons r egar di ng t r ansf er ence number s,

Dr . Kar l Kar naky f or maki ng a copy of Kar naky et al . ( 1984) avai l abl e t o us bef or e i t s

publ i cat i on, and Jesse Br i ght f or hi s t echni cal assi st ance wi t h t he f l ux det er mi nat i ons .

Thi s st udy was supor t ed by Nat i onal I nst i t ut es of Heal t h gr ant s AM17854 and AM07047 .

Or i gi nal ver si on r ecei ved 19 Apr i l 1985 and accept ed ver si on r ecei ved 22 Sept ember 1986 .
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