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SUMMARY 

I. The efflux of radioactive Na + from the mucosal and serosal sides of the toad 
bladder in which only the Na + transport pool had been labeled was determined be- 
tween 5 and 19 rain after onset of the elution. 

2. Kinetic theory predicts that if there were a single compartment from which 
Na + moved to either side of the bladder, then the elution rates from each side, when 
plotted against time on semi-logarithmic paper, should result in parallel lines. 

3. Data from eight bladders were tested for parallelism and the hypothesis of 
parallelism is rejected for the entire set of lines (P < o.oo5). It  is concluded that the 
sodium being eluted must be coming from more than one compartment. 

4. A statistical method for combining the probabilities of individual experiments 
of a like kind which test a single hypothesis is well established. It has been infre- 
quently applied to biological data. It was used for statistical analysis of the results of 
these experiments. 

INTRODUCTION 

The generally accepted concept of active transport of sodium by the urinary 
bladder of Bufo marinus states that sodium enters a single compartment from the 
nmcosal side and is actively transported from this compartment to the serosal side 
of the bladder 1. Recently VANATTA AND BRYANT 2 reported the elution pattern of 
~4Na ~ from bladders in which the transport pool of Na + had been labeled. They de- 
scribed fast rates of elution occurring from each side and these are virtually complete 
in less than 5 rain. In addition, they describe a slow rate of elution from each side of 
the bladdei, and these rates are best studied after the initial 5 rain of elution. The 
authors could not determine from their data whether the slow rate of elution from the 
mucosal side and the slow rate of elution from the serosal side were from the same or 
from different compartments. 

This washout technique has been used by I;'RAZIER AND HAMMER a with slight 
differences in the shape of tile chambers. It  is noted that the data they published 
for the period of elution from 7 to 26 rain give rates in agreement with the rates ob- 
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tained in this laboratory 2. This agreement is encouraging and it reinforces our faith 
in the validity of the analysis here reported. 

This is a report on the determination of the slow rates of elution from each side 
of eight bladders in a more precise manner and an evaluation as to whether the rates 
could be from the same compartment. It  is concluded that the elution during the time 
interval involved must be from two different compartments. 

METHODS 

The methods are as previously described 2 except that the bladder was exposed 
to ~4Na+ after it was mounted between the chambers. The specific activity of the Na ÷ 
was 79oooo-loooooo counts/min per/~equiv Na +. Collections of elution fluid were 
from 5 to 19 min following the onset of the exposure. 

Elution rates were determined in eight consecutive experiments in which all 
collected samples counted greater than 2 times background, and to a statistical ac- 
curacy of at least 3.4 %. 

THEORETICAL CONSIDERATIONS 

The kinetic theory of the elution of a radioisotope from two sides of a single 
compartment predicts that the rate of change of the elution of the isotope from the 
two sides will be identical, under the conditions of this experiment. The above state- 
ment can be proven by considering the following model (see Fig. i). 

Mucosa Serosal 
SOlUtion Compartment sotution 

2 3 
k21 ~2 

Fig. I. A model  used  for kinet ic  analys is .  C o m p a r t m e n t  2 represen t s  the  por t ion  of t he  toad  b ladder  
wh ich  m i g h t  con t r i bu t e  24Na+ du r ing  t he  5 - i 9 -n f i n  e lut ion period.  

Let I and 3 be the mucosal and serosal baths, respectively. 
Let 2 be the compartment from which the isotope is being eluted. 
Let k21 and k23 be rate constants for Na ÷ movement out of Compartment 2 as 

indicated, k12 and ks2 are rate constants for movement of Na + into the compartment 
in question. 

Pi = total radioactivity in Compartment i, in counts/min corrected for decay. 
S~ = total Na + in Compartment i in/,equiv. P** = specific activity of Na + in Com- 
partment i in counts/min per #equiv. 

Now throughout the experiment the quantity of Na + in the compartment is 
not changing. Although the Na + concentration of the mucosal bath is changed from 
6o to 117 mM, it has been established by FRAZlER et al. 1 that this does not change 
the quantity of Na + in the transport pool. Therefore, dS2/dt  = o throughout the 
experiment. 

The amount of radioactivity in the compartment will be changing according to 
the following : 

dP2  __ (/}21 + k23)S2P2* - -  k l2S1PI*  @ k32S3P3* (I)  
dt 
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Since dur ing  elution,  P t *  = o, and  Pa* = o, Eqn. I becomes 

dP2 
--  (k21 + k2a)S2P2* -- - -2P2  (2) 

dt 

Now the ra te  of isotopic  elut ion in to  Ba th  i is 

d P t  
-- k21S2P2* : k21P2 (3) 

dt 

and  likewise, the  elut ion ra te  into Ba th  3 is 

d-P3 
- -  k2aS2P2* -- keaP2 (4) 

dt 

Here we define 2 = k~a + k2a and  P2 -- $2P2". 
I t  is read i ly  seen t ha t  k21, k2a and  S 2 are all cons tant ,  so ti le change in the  ra te  

of e lut ion of the  isotope from both  sides is due to the  ra te  of change of P2*. Therefore,  
w i thou t  ambigu i ty ,  we can use ei ther  P2 or P2* in Eqns.  3 and 4. 

A corol lary of this  s t a t emen t  would be t ha t  if the  ra tes  of change of the  elut ion 
of rad ioac t ive  sodium from the two sides are not  the  same, af ter  eva lua t ion  for ex- 
pe r imen ta l  errors, then  the elut ion is not  from a single compar tmen t .  This m a y  be 
eas i ly  seen b y  solving Eqns.  2, 3 and 4 to ob ta in  

P2 P20 exp (--;tt) (5) 

where P20 is the  value  of P.) a t  t = o. Making subs t i tu t ions  and t ak ing  the logar i thm 
of each of the  Eqns.  5, 3 and 4 we ob ta in  

In P2 : I n P 2 o - - 2 1  

/ d t ) l ]  
In \ dl ] = in (k '21P2o)-)t l  (6) 

i ( t P q  : In In \ dt I 

Thus we see a plot  of P2, dP1/dt and dPa/dt versus t ime on semi-log paper  would 
resul t  in three  paral le l  lines. A n y  devia t ions  from para l le l i sm would indicate  t ha t  the  
m a t h e m a t i c a l  model  is inadequate ,  pe rhaps  t ha t  a two c o m p a r t m e n t  model  should 
be considered.  

Al though  one expects  the  elut ion of 24Na+ to give rise to equat ions  in P1  and 
Pa  t ha t  are the  in tegrals  of dPa/dt and dPa/dt found in Eqns.  3 and 4, an appea l  to 
the  re la t ion 

• ( ) d t =  dP( t l  +At~2)  t l  +at d P  P( t l  + At) - -  P( t l )  At  "-- AI 
Jq (tt ,It (It 

will allow the  de r iva t ive  to be used whenever  the  collection t imes  At are small  com- 
pa red  to the  ent ire  collection t ime.  Therefore,  the  two equat ions  in (6) including two 
der iva t ives  are the  equat ions  of record for Px and Pa. 

E igh t  pairs  of equat ions  in in dPa/dt and  in dPa/dt from Eqn.  6 were f i t ted and  
wi th  S tuden t ' s  t were tes ted  pair-wise for paral lel ism. A mix tu re  of "s igni f icant"  and  
"nonsignificant" resul ts  lead to the  following considerat ions  4. 
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Let  pj, j = 1,2 . . . . .  8 be the probabil i ty tha t  Student ' s  t will exceed in absolute 
value the tj actual ly calculated when testing for parallelism. That  is 

p j  = P r  (Itl  >t~), j - I, 2 . . . . .  8 (7) 

which are the " ta i l"  probabilities and are considered "significant" whenever p j- is 
small, say o o5, o.o2, or o.oi.  Now if it is true tha t  the ]'th pair of lines are parallel, 
-- 2 in p j  is exactly a X-square with two degrees of freedom. Thus, for the eight pairs 
of lines, which under  the hypothesis  are pair-wise parallel 

X2(I6)  = - -  2 I ln  P l  @ In P2 + . . .  ~ in  Psi (8) 

wherein X 2 (16) is a X-square with 16 degrees of freedom. The hypothesis  of parallelism 
is rejected for the entire set of lines for a large X2(I6). In  this case with 16 degrees 
of freedom a value of 26.3 or 32.0 will reject the hypothesis  at the 0.05 or o.oi  level, 
respectively. 

As a last note the above statistical method of combining evidence collected from 
several independent  experiments test ing a common hypothesis  is not  unique to 
S tudent ' s  t. I t  m a y  be applied to any  test from a continuous distr ibution which gives 
up exact  tail probabilities. 

Table I illustrates the above method.  I t  is seen on inspection tha t  the X-square 
is large which requires the rejection of parallelism and suggests tha t  the slow rate of 
elution from each side must  be from at least two different compartments .  

T A B L E  I 

RATES OF ELUTION OF ~4ga+ FROM MUCOSAL AND SEROSAL SIDES OF TOAD BLADDER \VITH TEST FOR 
PARALLELISM 

Bladders  were exposed  to 24Na+-labeled R inge r  so lu t ion  in  the  inucosal  c h a m b e r  for 15 nlin.  
Fol lowing  th i s  exposure  e lu t ion  of 24Na+ was de t e rmined  by  a l lowing  a con t inuous  flow of R inge r  
t h r o u g h  chamber s  on bo th  sides and  t h e n  co l lec t ing  samples .  R a t e  cons t an t s  r epor ted  are for the  
per iod of e lu t ion  from 5 to  19 rain,  zero t i m e  be ing  the  onse t  of the  elut ion.  

Expt. Mucosal Serosal P valuefor X-square 
No. rate rate parallelism --2 (ln P) 

1 - 2 1 A  o.o942 o.12o8 o.73764 o.6o8 

1 - 2 1 D  O.lO25 o.o9o 4 o.57938 1.o91 

2-o 4 D 0.0565 o.1765 0.01610 8.258 

3-o4 A 0.0527 0.2224 0.10280 4.55 ° 

3-04 D o.1321 O.lOl 4 o.59114 1.o51 

3-18 A o.1665 0.2030 o.38414 1.913 

4-Ol A 0.2274 0.0744 0.00016 17.481 

5-06 D o.1322 o.13oo 0.88344 0.248 

To ta l  X - s q u a r e  (df -- 16) 35.2Ol 
P < 0.005 
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