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SUMMARY 

Aldosterone stimulates N a '  t ransport  in toad bladder and, simultaneousl~ 
with a coincident dose-response relationship,  inhibits the hexose monophosphate  
shunt pathway. Amiloride, an acylguanidine diuretic, inhibits sodium transport  when 
applied to the apical surface of the bladder. In this study, amiloride was Wund to 
partially reverse the inhibitory effect of aldosterone on the llexose monophosphate  
shunt pathway. The amiloride efl'ect upon glucose metabolism was detected ~hen 
it was applied to both surfaces of the bladder simultaneously,  in flask experiments,  
and when it was applied to the apical surface. No effecl o f a mi l o r i de  on the shunt 
pathway was detected when it was applied to the serosal surface only. even at ~ery 
high concentrat ions.  It may be, but has not been proven, that the effects ofa ldosterone 
and amiloride on the hexose monophosphate  shunt pathw:xy are mediated b\ a 
common site at the apical membrane.  

INTRODUCTION 

The s t imulat ion o1" Na ~ transport  by aldosterone in toad bladder is charac- 
terized by it latent period of apwoximate ly  1 I1 and a progressive increase in t ransport  
to peak rates at 3 5 I1 [I 3 ]. Oxygen consumpt ion and substrate utilization increase 
as the increased Na + t ransport  demands more energy [4 8]. Thus t~CO, evolution 
from [6-14C]glucose increases as Na ~ t ransport  increases, w'here~ s in the absence of 
Nat + for t ransport ,  as for example when choline Ringer 's solution is used instead of 
Net + Ringer's on the apical surface, aldos/erone has no effect upon 14CO2 evolution 
from [6-~4C]glucose [8]. Aldosterone also has an effect upon the hexose mono- 
phosphate shunt pathway [7,9]. This is an inhibi t ion ol ' the shunt pathway that occurs 
with the same time course as the s t imulat ion of Na ~ t ransport  and exhibits the same 
steroid specificity and concentrat ion dependence:  it is inhibited by actinoinvcill D 
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and occurs even in the absence of Na + [7]. The inhibition of the hexose monophos- 
phate shunt pathway has been followed by a sludy of ~CO 2 evolution From [I-14C]- 
glucose and [6-1aC]glucose and validated by 14C-labeling of lactate fl'om [I-14CJ - 
glucose and [6-~aC]glucose [10]. In the interpretation o f ' 4 C O ,  evolution sludies, 
~.e have assumed lhat 14COe, derived from [6-14C]glucose, indicates the activity 
of the Embden Meyerhofpathway while that from [I-14C]glucose is derived fi'om 
the Embden-Meyerhof pathway and alternate pathways, the principal one being 
the hexose monophosphate shunt pathway. As the C-I and C-6 atoms of glucose 
are melabolized similarly by the Embden Meyerhof pathway the ~-~CO: flom 
[6-t~C]glucose can be subtracted From that derived from [I-14C]glucose lo obtain 
a representation of the hexose monophosphate shunt pathway. The assumptions 
underlying lhis technique have been discussed iq a previous paper [11 ]. 

In an attempl lo explore further the relationship between aldosterone, the 
stimulation of Nit + transporl and aclivity of the hexose monophosphate shunt 
pathway ~e have studied the effect of amiloride, itn acylguap.idine derivative, which 
affects Nit + transporl by an efl'ecl at the apical membrane. Amiloride is inhibitory 
when applied at low concentrations to the apical membrane and acts by preventing 
Na + entry into the transporting epithelial cells [12, 13 ]. It has little effect when applied 
to the basal (serosal) surface of the cells. 

With the possibility of an important connection between the apical membrane, 
the hexose monophosphate shunt pathway and the action of aldosterone 
we have examined the effect of amiloride on both Na + transport and glucose meta- 
bolism. Also, by a modilication oflhe lechnique used previously we have investigated 
the effects of amiloride on glucose metabolism when the amiloride was applied to 
either the apical (mucosal) or basal (serosal) sides of the epithelial cells of toad 
bladder. 

M E T H O D S  

All experiments were performed on bladders of the toad, Bufo marinus, ob- 
tained from National Reagents, Bridgeport, Conn. 

AJca,~z.'emt'Ht O[-'\"a+ Iran,v~°rt 
Na + transport across tile toad bladder was measured as lhe short circuit 

current ill double chambers, a technique that has been described in detail previously 
[141. 

Urinary bladders were excised from doubly pithed female toads. The excised 
hemibladders were placed in continuously aerated amphibian Ringer's solution con- 
taining 5.10 7M aldosterone, 5.5 mM glucose, 0.1 mg/ml penicillin G and 0.05 
mgml  streptomycin for 4 to 5 h. The Ringer's solution had the composition NaCI, 
113.5 raM: KCI. 2.5 mM; NaHCOs, 2.4 raM: and CaCI2, 0.89 lnM: total solute 
concentration, 220 mosM/kg; pH in air, 7.8. 

Half bladders were then mounted across a double chamber, one quarter 
serving as a test tissue and one as a control in the same bathing solution as mentioned 
above. When the sponta~eous membrane potential is reduced to zero in the short 
circuited preparation, the electrical current required to maintain the potential at 
zero is equiwtlent to the Nit + transport across the bladder. Amiloride was added 
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in concentra t ions  ranging I'rom 10 a to 10 " M  ei ther  to the mucosal  or serosal 
side. The effect of  ami lor ide  on Na + t ranspor t  was de termined by compar ing  the 
amoun t  of  Na  + t ranspor ted  over a [-h per iod with and without  amilor ide .  

Measurement q/" 1~C02./?om [I-l¢C]glucose and [6-t4C]glucose 
(a) Ha,s'k experimettts. Toads  used in these studies were kept par t ia l ly  immersed 

in 0.6°,, saline solut ion for at least 48 h pr ior  to use to decrease the endogenous  
secret ion of  a ldosterone,  then rapidly pilhed. 

Toad bladders  were divided into eight and incubatcd in Ringer 's  solut ion itt 
room tempera tu re  I 'o r6  h. Penicillin G t0.1 mg 'ml )  and s t rep tomycin  (0.05 mg 'ml )  
were added to all incubat ion medili. Four  pieces of  b ladder  ~e l e  incubated with 
5"10 "TM aldosterone.  The remaining 4 pieces served as control  tissue. 

The measurement  of  glucose uti l ization wi~,s s tarted b \  d ropp ing  the ti>.,,uc 
into J]asks of  flesh Ringer 's  solut ion conta ining 5.5 mM glucose and ei ther  [ I J 4 ( ]  - 
glucose or [6J4C]glucose.  Where  appropr ia te ,  ami lor ide  (I-1(t  " M) \~as added.  
The llasks were sealed and incubated in a ro ta lorv  metabol ic  shaker  al room tem- 
p e r a t u r e l \ ) r 6 0 m i n .  At the end of  this t ime0.1  m l o f  I M H:SO a~, ,asinjected into 
the medium of  each flask and the flask shitken for an addit iomtl  30 rnin. The ( O ,  
l iberated was t rapped in a center  well ,,~ith 25~',, KOH ~m a i iher  paper  wick. The 
filter paper  wick and the conten{s of  the center  \~cll ~xere quant i ta t ively tr:.u~slcrrcd. 
with 3.0 ml of  methanol ,  to vials for liquid scint i l la t ion count ing and 10 ml ol ' , ,cin- 
t i l la t ion mixture [2,5-diphenyloxazole (PPO). 29 m M ;  1.4-bis-2-(5-phenx.lox~lzolc 1 )- 
benzene (POPOP) 0 . 3 5 m M :  and naphlh,  llene. 0.81 M: toluene dioxane.  I :1,  
v/v] were added.  Silmples o1" the n'~edium were also taken for naeasurement of r'<ldiu- 
activity.  The tissues were blot ted lightl 5. trt~nsl'errcd to tared weighing tubes, and 
dr 5 weights obta ined.  Glucose ut i l izat ion x~:ts expressed as //nl,,)les per g dry \~eight 
per h. Similar  incubat ions  ~erc  pcrl'~wmcd , , imuhaneousI\  \ \ hhou l  tissue in order  
to obta in  bllmks l'or the r:_tdioacli'~[ix. 

(h) l[vpcl'i,H(,/ll~ wil/l ,scv~.sgl/ ov JHzlcosal aeklition ,!/ ami/m'i~k'. Paired hall' 
b ladders  were tied as Ntgs, serosa out,  on the ends of  ghtss tubc~, fitted \~ith ruhhcr 
sleeves. Each glass tube \vLts suspended by means o1" ~t \~irc loop a t tached to il. 
Bags were lilled with Ringer's, solut ion conta ining s t reptomycin  sull'~tte (0.05 mg ml) 
and penicillin G t0.1 rag/|hi). Phenol red (5 rag/40 ml) \ \as  also added so thltt if 
leaks occurred they could readily be detected. Each bag was then suspended in a 
beaker  conta in ing Ringer 's  solut ion,  ant ibiot ics ,  and 5' 10 v M aldos teronc  for 
5 6 h ill room temper~.tture. Bladders ~ere  kepl oxygenated during the pre- incubat ion 
period.  At the end o1" this l ime small  b:~lloons ~ere  lied ,q/" \vith >ilk suture thread 
from each half  bladder .  This wits achieved by' passing a loop of  thread over a port i~l-J 
o f  the b ladder  so that its the loop wits t ightened and tied, a por t ion of  the b ladder  
wits "pinched off'.  After  o ther  biillocms were tied, :~II \~ere cut t¥om the b ladder  b~tg. 
Measurernents  of  glucose utilizl, tion were begun by d ropp ing  each bal loon into ct 
flask conta in ing 10 m] of  Ringer 's  solut ion with penicillin and s t reptomycin and 
5.5 mM glucose to which [1J~C]glucosc or  [6J4C]glucose had been added.  %mil- 
or ide  was present ei ther  in the serosul medium or  inside the bag (mucosal  surface), 
depending on the exper iment .  The flasks \vere settled ,ailh rubber  s toppers  and the 
CO,  l iberated |'ronq 1he tissne was collected in polyethylene cups conta ining fluted 
filter paper  wicks soaked in 25°,, KOH.  These were hung inside the flasks above the 
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media. Incubat ions  were performed at room temperature  for 60 min on a rotatory 
metabolic shaker. At the end of this t ime 0.2 ml of 1.0 M H2SO,, was injected into 
each flask, and they were shaken for an addit ional  30 rain. The filter paper wicks 
and the contents  of the cups were quant i ta t ively  transferred with 3 ml methanol  to 
scinti l lation vials tk~r counting.  Scinti l lat ion fluid, 10 ml, was then added to each 
vial. Flasks conta in ing all ingredients except tissue were run as blanks s imultaneously 
in all experiments. Medium samples were also taken for counting.  Tissues were 
blotted and dried for 2 4 h  at 100 C t o o b l a i n  dry weights. 

Aldosterone and amiloride were kindly provided by Dr M. M. Pechet (Research 
Insti tute for Medicine and Chemistry, Cambridge,  Mass.) and Dr J. Baer, (Merck, 
Sharp and Dohme, West Point, Pa.) respectively, lsotopically labeled glucose was 
obtained from the New England Nuclear Corporat ion,  Boston, Mass. 

RESULTS 

(I) E[fect o f  amiloride o ,  sodium tra;w?ort 
In Table l are shown the effects of three concentrat ions of amiloride on Nit + 

TABLE I 

EFFECT OF AMILORII)E ON SODIUM TRANSPORT IN TOAD BLADDERS WHEN 
APPLIED TO EITHER THE MUCOSAL OR SEROSAL SURFACE 

Concentration Na transported , I ± S . E .  P Inhibition ;; 
(M) (,,Equ v. per h pet 2 cm e) (",i) 

Adjusted* Test 
control 

Amiloride mucosal 
10 '; 3.78 1.17 2.61 +0.69 <0.01 69 II 
10 :' 3,60 0 . 3 6  -3.24+_0.73 < 0.001 85 14 
10 ~ 2.26 0.20 -2.06+0.85 <0.05 89 8 

Amiloride scrosal 
10 '; 4.18 4 . 2 8  +0.10+0.09 N.S.'* 0 11 
l0 a 4.34 4.36 +0.02_+ 0.14 N.S. 0 17 
10 l 5.39 4.59 --0.80+0.25 <0.02 15 7 

" Normalized to the starting current of the test tissue. 
* * N . S . ,  n o t  signilicant. 

t ransport .  When applied to the mucosal surface of the bladders, Nit + t ranspor t  was 
rapidly and n3arkedly inhibited. The inhibi t ion wits 69~!~, at 10 ~ M, 85°,'~ at 10 -5 M, 
and 8 9 ° ~ a l  10 -a  M. In contrasl ,  lhe effects from ihe serosal side were slight and 
gradual. No inhibi t ion of Nit + t ranspor t  was observed at l0 -~' or 10 -s  M, while 
at 1 0 - a M  an inhibi t ion of" only 15°o was observed. This inhibi t ion of t ransport  
was different in character to that observed when amiloride is added to the mucosal 
surface. In the latter s i tuat ion the inhibi t ion of t ransporl  is extremely rapid and 
most of the inhibi t ion occurs within the first minute  after application.  In contrasL 
serosal addi t ion of the amiloride results in a slow and progressive decrease in t ransport .  
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(2) Effects of  amilorMe on glucose metabolLvm 
In t he se  e x p e r i m e n t s  pa i r ed  p ieces  o f  t o a d  b l a d d e r s  were  i n c u b a t e d  l\)r 5 h 

in the  p r e s e n c e  or  abse l lce  o f  a l d o s t e r o n e .  A m i l o r i d e  (1" 10 -6  M) was t h e n  ~tdded 

whe re  a p p r o p r i a t e  so t h a t  ' 4 ( 7 0 ,  e v o l u t i o n  f ron l  [ l- l~*CJglucose a n d  [6-14CJglucose  

cou ld  be m e a s u r e d  u n d e r  fou r  sets  o1" c o n d i l i o n s ;  n a m e l y  u n d e r  c o n t r o l  c o n d i l i o n s ,  

in the  p r e sence  o f  a m i l o r i d e ,  a n d  a f t e r  a l d o s l e r o n e  t r e a t m e n t  in the  p r e sence  a n d  

a b s e n c e  o f  a m i l o r i d e .  T he  i n c u b a t i o n s  were  p e r l \ w m e d  in f lasks  in the  c o n v e n t i o n a l  

m a n n e r  so t h a t  a m i l o r i d e  b a t h e d  b o t h  the  serosa l  a n d  n lucosa l  su r faces  o f  the  t issue.  

I A  BI_E II 

EFFECTS OF AI . I )OSTERONE (5"10 ; M t  AND AMILORIDE f1.10 '~M} ()N THE 
METABOLISM OF [I -~C]GLUCOSE AND 16 -~( ' ]GLLJCOSE IN TOAD BLADDER 

Results arc expressed :is ymolcs of" glucos;c utilized per g dr,, ~xl of lissuc per h. 

I ! S . I .  H f' 

Contl+O] 
C-I 0 . 9 S  
(7-6 0.26 
('-I - ( ' - 6  0.72 

Control 
C-I 0.9<R 
('-6 0.26 
('-I - ( ' - 6  0.72 

Aldostcronc 

C-I 1.12 
(7"-6 0%0 
('-I --( ' -6 0.32 

Amiloridc 

( ' -  I 1 . 02  
('-6 O. 14 
('-I - ( ' - 6  0.Sg 

Aldostcronc 
1.12 t 0.14 ~0.12 12 0.3 
0%0 v I).54 ~ 0.11 12 -0.001 
0.32 0 .40-0 .10  12 , 0.01 

Amiloride 
1.02 ~0.04 ~ 0.07 12 0.6 
0.14 0. t 2 -  0.03 12 0.01 
0.~S 4 0.16 ~ 0.0g 12 0.1 

Aldostefone + 
amiloride 
0.86 ().26 ~ 0.10 I 2 < 0.02 
0.27 0.53+0.10 12 < 0.001 
0.59 ~0.26 f 0.10 12 -: 0.02 

Aldosterone + 
ami lo r idc  
0.86 0.16 -~ 0.09 12 , 0 . 2  
0,27 f 0.14+0.05 12 -:0.05 
0.59 --t}.29~0.10 12 - 0.02 

It can  be seen f r o m  T a b l e  II lh;.tl a m i l o r i d e  s ign i f i can t ly  i n h i b i t e d  H ( ' O ,  

e v o l u t i o n  f ronl  [6-~4C]glucose,  in the  p r e sence  or  a b s e n c e  o f  a l d o s t e r o n e .  AI- 

d o s t e r o n e  s i g n i i i c a n t l y  inc reased  14('O~ f r o m  [6-1"*C]glucose, whi le  e x e r t h l g  its 

usual  i n h i b i t o r y  effect u p o n  lhe  hexose  m o n o p h o s p h a t e  s h u n t  p a t h w a y  ( [ I -14C]  - 

[ 6 - ~ C ] )  as seen by  ~t c h a n g e  f ron l  0 . 7 2 y m o l e s / g  d ry  weigh t  pe r  h u n d e r  c o n t r o l  

c o n d i t i o n s  to  0 .32 a f t e r  t r e a t m e n t  w i th  a l d o s t e r o n e .  A m i l o r i d e  was f o u n d  to pa r t i a l l y  

r eve r se  t he  i n h i b i t i o n  i n d u c e d  by  a l d o s t e r o n e ,  I4CO2 e v o l u t i o n  i n c r e a s i n g  f r o m  0.32 

to  0 . 5 9 ! m l o l e s / g  d ry  we igh t  pe r  h. No  s ign i f i can t  i nc rease  was de t ec t ed  in c o n t r o l  

t i s sue  t r e a t e d  w i th  a m i l o r i d e .  

W i t h  the  d e m o n s t r a t i o n  of  an  inve r se  r e l a t i o n s h i p  be tween  s o d i u m  t r a n s p o r t  

a n d  t he  hexose  m o n o p h o s p h a l e  s h u n t  p a t h w a y ,  as e v i d e n c e d  by' s t i m u l a t i o n  o f  the  

s h u n t  p a t h w a y  wi th  a m i l o r i d e  in t he  p r e sence  o f  a l d o s t e r o n e ,  it b e c a m e  i m p o r t a n t  
1o def ine  the  ana i lo r ide  effect.  T h u s  the  effect o f  e i t h e r  m u c o s a l  o r  se rosa l  a p p l i c a t i o n  

was s tud ied .  
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(3) Effects Of amilorMe on glucose metabolism 
(a) When applied to the mucosal swface. F r o m  T a b l e  I [ I  i t  c a n  be  seen  t h a t  

TABLE 1II 

EFFECTS OF A M I L O R I D E  W H E N  APPLIED TO THE MUCOSAL SURFACE OF TOAD 
BLADDER ON THE METABOLISM OF [1-~4C]GLUCOSE AND [6 - ~ C ] G L U C O S E  

Results are expressed as mnoles of glucose utilized per g dry weight of tissue per h. 

Aldosterone+ 
amiloridc 
concentration 

1"10 t~M 

I ' 1 0  a M  

5"10 " M  

1 - 1 0  ~ M 

Aldosterone Aldosterone + 
effect amiloride 

A _+ S.E. n P 

effect 

C-I 0.86 0.65 -0 .21 +0.12 7 <0.2 
C-6 0.48 0.20 -0 .28+0 .11  7 <0.05 
C-I - C - 6  0.38 0.44 +0 .06±0 .17  7 <0.8 

C-I 0.54 0.49 - 0.04_+0.09 9 <0.7 
C-6 0.27 0.18 -0.09-+0.01 9 <0.001 
C-I - C - 6  0.26 0.31 +0.05_+0.09 9 <0.7 

C-I 0.93 1.47 +0 .53+0 .20  6 <0.1 
C-6 0.44 0.18 - 0 . 2 6 + 0 . 1 0  6 <0.05 
C - 1 - C - 6  0.49 1.28 +0 .80+0 .22  6 <0.02 

C-I 0.86 1.04 +0 .18+0 .10  l0 0.1 
C-6 0.26 0.12 - 0 . 1 4 + 0 . 0 5  10 <0.05 
C - I - C - 6  0.60 0.92 +0.32-+0.13 10 <0.05 

a m i l o r i d e  oll t he  ap i ca l  su r face  c o n s i s t e n t l y  i n h i b i t e d  t he  e v o l u t i o n  o f  14CO2 f r o m  

[ 6 J ' ~ C ] g l u c o s e  a t  al l  f o u r  c o n c e n t r a t i o n s  t e s t ed .  T h i s  p r e s u m a b l y  reflects  t h e  in- 

h i b i t i o n  o f  N a  + t r a n s p o r t  a n d  r e d u c e d  r e q u i r e m e n t  for  energy .  Effects  on  t he  ~ C O 2  

e v o l u t i o n  f r o m  the  h e x o s e  m o n o p h o s p h a t e  s h u n t  p a t h w a y  (C-I  m i n u s  C-6)  were  

o n l y  o b s e r v e d  a t  t h e  t w o  h i g h e s t  c o n c e n t r a t i o n s  t e s t ed ,  5 . 1 0  -5 M a n d  1 .10  ~* M. 

At  these  c o n c e n t r a t i o n s  a m i l o r i d e  i n c r e a s e d  the  ac t iv i ty  o f  the  s h u n t  p a t h w a y ,  t h u s  

r e v e r s i n g  t he  i n h i b i t o r y  effect o f  a l d o s t e r o n e .  N o  effect  was  o b s e r v e d  w i th  10 - s  

a n d  10 - °  M a m i l o r i d e .  

TABLE IV 

EFFECTS OF A M [ L O R I D E  (1- 10-4 M) WHEN APPLIED TO THE SEROSAL SURFACE 
O F  TOAD BLADDER ON THE METABOLISM OF [I-14C]GLUCOSE AND [6 -tIC]- 
GLUCOSE 

Results are expressed as mnoles of glucose utilized per g dry weight of tissue per h. 

Aldoslerone Aldoslerone+ I+_S.E. n P 
amiloride 

C-1 0.61 0.57 --0.04_+0.09 9 N.S. * 
C-6 0.21 0.18 -0 .03+0 .01  9 <0.02 
C- I -- C-6 0.40 0.40 0.00 + 0.10 9 

N.S., not significant. 
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(b) WDe#z aM)lied to tDe serosal smface. 10 -4  M ami lor ide  at the serosal  surfitce 
caused a small  (15~!'o) but significant decrease in I'*CO 2 evolut ion from [6-~'~C ]glucose 
(Table IV). This is a greater  percentage l'all in glucose metabol isnl  than would be 
ant ic ipa ted  from the 15°i, reduct ion in Na ~ t r tmspor t  that was also observed at this 
concentra t ion  of  amiloride.  Strikingly,  no effect was observed on the C-I minus C-6 
pa ramete r  reflecting hexose monophospha te  shunt activity.  

DISC U SSION 

Using 14C02 evolut ion fl'om [6-~'~C]glucose and [1-14C]glucose it has been 
demons t ra ted  that a ldos terone  inhibits the hexose monophospha t e  shunt  path-  
\w.ty [7] and thltt an inverse re la t ionship  exists between this al-id tile s teroid induced 
s t imula t ion  of  Nit + t r anspor t  [10]. As a pre l iminary  study [15] had indicated that  
ami lor ide  increased hexose n lonophospha te  shunt act ivi ty while simultaneousl.~ 
decreasing Na  + t ranspor t ,  the poss ibi l i ty  existed l]l:.l.l the nlecllanisnl by,' which the 
rate  of  Na  + t r anspor t  was regulated :.it the apical n lembranes  was affecting shunt 
pathway act ivi ty and that  a ldos terone  and ami lor ide  were act ing on a conlnlon 
site on the apical  membranes .  This study proves that  such an inverse re la t ionship  
exists between the rate  of  Na + t ranspor t  and the act ivi ty  of  the hexose monophos-  
phate  shunt pa thway after t l 'eatment with a ldos terone  and amilor ide .  However iL 
has not been possible to associate  definitively the effects of  ami lor ide  at  the apical  
surface, by ;t study' of  the dose response character is t ics .  Evidence that  anl i lor ide  
could affect tile hexose monophospha t e  shunt pa thway at a concent ra t ion  which 
causes sub-maximal  inhibi t ion of  Na + lr:.nlsporl w:.ts obta ined  in tile tlask experi-  
ments,  i.e., with both surlitces exposed to tile diuret ic .  For  instance in Table II. 
a par t ia l  reversal of  the a ldos terone- induced  inhibi t ion of  the shunt pathway was 
obta ined  at an ami lor ide  concent ra t ion  of  1 .10 - "  M. At this concent ra t ion  Na :  
t r anspor t  is inhibited by 69~'~,. It should be noted thai  when ami lor ide  was added 
only to the serosal surface, even :.it l 0 . 4  M, no effect upon tile shunt pathwtt} \',as 
observed.  Thus. it is most probable  thai  the effect seen at I, 10 ¢" M was exerted 
at tile apical surlhce. 

Exper iments  were performed in which different concent ra t ions  of  amilor ide  
were added only. to tile apical surface. Under  these condi t ions ,  only slight,  non- 
significant increases in hexose n lonophospha te  shunt act ivi ty were detected at 
concent ra t ions  of  1 0 - " M  and l0 5 M. At 5' I(/ 5 M  and l0 s M, howe~.er, a 
signil icant reversal of  the a ldos le rone  effects were seen. Thus with the <balloon" 
technique we were unable to  demons t ra te  apical  effects el" ami lor ide  over tile same 
dose range w 1ic i causes mininlal  to nlaximal inhibi t ion o1" Na + t ranspor t .  While  
this  discrepancy between the flask exper iments  and the bal loon exper iments  might 
be ascribed to differences in sensi t ivi ty between the two techniques,  it does mean 
that  we were unable to conclusively demons t ra te  a direct associat ion between the 
effects of  a ldos terone  and ami lor ide  oil the hexose monophospha te  shunt pathway.  
Despite this, the results show a remarkable  associat ion between the apical cell 
membrane  and the shunt pathway.  From the mucosal  ba th ing  medium amilor ide  
fails to enter  the cells. Its effects on Na + t ranspor t  are rapid,  reversible and exerted 
from the outer  surface of" the cell membranes ,  yet it has a large effect upon t*CO e 
evolut ion from C-1 minus C-6 glucose. At the same concentra t ion  from the serosal 
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m e d i u m ,  it e n t e r s  a n d  a c c u m u l a t e s  in  t he  cells  yet  has  no  effect  upon 14C02 f r o m  

C-1 m i n u s  C-6  g lucose .  T h u s  th i s  w o r k  d e m o n s t r a t e s  a n  effect  o f  a m i l o r i d e  on  t he  

ac t iv i ty  o f  t he  hexose  m o n o p h o s p h a t e  s h u n t  p a t h w a y  w h i c h  is e x e r t e d  o n l y  f r o m  

the  o u t e r  su r f ace  o f  the  ap ica l  cell  m e m b r a n e s .  
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