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SUMMARY 

I. Slices of rat renal cortex were leached anaerobically at 0. 5 ° and subsequently  
reincubated at 25 ° in either oxygenated  ordinary medium,  oxygenated  med ium con- 
taining o.2 mM p-chloromercuribenzoic  acid (PCMB) or oxygenated  med ium con- 
taining o.2 mM PCMB and Io mM ouabain. 
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2. The presence of PCMB caused a greater swelling of leached slices than oc- 
curred in ordinary medium alone. During reincubation there were significant losses 
of water, Na + and C1- and significant uptakes of K +, though slices in medium with 
PCMB always contained more water, Na + and C1- and less K * than did slices re- 
incubated in ordinary medium. 

3. When ouabain was also present in the medium there were no appreciable 
differences in the water or C1- contents of the slices but they contained more Na + 
during reincubation and showed a net loss of K +. 

4- PCMB produced no convincing depression of 0 2 uptake in ordinary medium. 
However, the presence of ouabain depressed 0 2 uptake significantly. 

5- Slices leached anaerobically at o.5 ° showed no increase in their permeability 
to inulin when PCMB was present. 

6. The results provide no convincing evidence that PCMB specifically inhibits 
any active process regulating cellular volume. They are more easily interpreted in 
terms of a change in membrane permeability. However, the results do support the 
hypothesis that  the cellular volume is regulated by a mechanism other than a ouabain- 
sensitive Na + pump. 

INTRODUCTION 

The results of recent work 1-a have suggested that renal cortical cells may 
regulate their water content by a mechanism other than a K+-dependent, cardiac 
glycoside-sensitive, transport of Na +, but the nature and properties of this mechanism 
remain to be elucidated. 

BOWMAN AND LANDON 4 recently reported that the non-diuretic organic mer- 
curial p-chloromercuribenzoic acid (PCMB) caused swelling of rat renal cortical slices 
but did not produce any significant loss of K+ from the tissue. It  is therefore possible, 
as their work indicated, that  PCMB may preferentially interfere with a mechanism 
regulating cellular volume rather than affecting the cardiac glycoside-sensitive 
Na+-K + exchange. This possibility has been explored in the present work, a prelinli- 
nary account of a portion of which has appeared elsewhere 5. 

METHODS 

Media. The media had the following composition in mequiv/1: Na +, 146 ; K +, 5 ; 
Ca 2+, 2; Mg 2+, 2; CI-, 132; SO42-, 2; acetate, io; buffered with phosphate (8 mM) 
at pH 7.26. Some media also contained either PCMB (Nutritional Biochemical Corpo- 
ration) o.2 mM, or PCMB o.2 mM and ouabain (B.D.H.) IO mM. The ordinary medium 
differed from that previously used2, 6 in that the concentration of Ca 2+ was lower. 
This modification avoided the formation of a visible precipitate when PCMB was 
dissolved in the medium. 

Procedure. The procedure employed in experiments in which slices were leached 
at o.5 ° before reineubation at 25 o was similar to that previously described 2. Inhibitors, 
when present, were contained in both the leaching and reincubation media. 

0 2 consumption of slices was determined at 25 ° by standard manometric 
methods using Warburg manometers. 

Abbreviat ion:  PCMB, p-chloromercuribenzoic acid. 
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Analytical methods. Water, Na:,  K I and C1- were determined as previously 
described". The extracellular space was measured with inulin as previously described~L 

Results. The results shown in the tables and figure represent the mean _~ S.D. 
of the relevant observations. The statistical significance of differences between groups 
was evaluated 1)y Student's I test. 

RESULTS AND DISCUSSION 

The extracellular space in s/ices leached at 0. 5 

The extracellular space at 0.5: was measured, as previously described ~;, in slices 
p r e p a r e d  f r o m  t h e  k i d n e y s  of 5 ra t s .  T h e  n l e a s u r e d  e x t r a c e l l u l a r  space  of 22. 4 ~_ 1.6 °o 

t i s sue  we t  wt .  (7 slices) a f t e r  I 5o  ra in  in o r d i n a r y  m e d i u m  d id  n o t  d i f fer  s i g n i f i c a n t l y  

f r o m  t h a t  r e p o r t e d  a f t e r  12o ra in  a t  0.5" ( P  > o.2o). T h e  space  in t h e  g ross ly  swol len  

slices l e a c h e d  in m e d i u m  w i t h  P C M B  ( w a t e r  c o n t e n t  4.28 5 : o . 2 6  kg  p e r  kg  t i s s u e  

d r y  m a t t e r ,  8 slices) was  18.6 :L_ 1.4 0o t i s sue  w e t  w t .  t h i s  was  s i g n i f i c a n t l y  lower  

t h a n  t h e  space  in o r d i n a r y  m e d i u m  ( P  < o .oo i )  a n d  c o n f i r m s  t h e  f n d i n g  r e p o r t e d  

p r e v i o u s l y  6 t h a t  gross  swel l ing  of t i s s u e  d e c r e a s e s  t h e  p e r c e n t a g e  of we t  w e i g h t  wlf ich 

is e x t r a c e l l u l a r .  I n  p a r t i c u l a r  t h e r e  was  no  e v i d e n c e  to  sugges t  t h a t  P C M B  a f f ec t ed  

t h e  p e r m e a b i l i t y  of t h e  ce l lu la r  m e m b r a n e s  to  inu l in ,  T h i s  f i nd ing  ag rees  w i t h  t h a t  

r e t ) o r t e d  b v  BO\VMAN ANI) LANDON 4. 

0,, ,t@take and composition of slices i~lcubated a! 25' 
Table I shows the composition of slices after equilibration for 15 rain in oxy- 

genated ordinary medium at 2 5  and after subsequent incubation for 75 rain at 25 ° 
in manometer flasks. Slices incubated in ordinary medium maintained a relatively 
constant content of water, Na~ and C1 , but showed a comparatively small though 
significant uptake of K~ (P <: o.ooi). In contrast slices incubated in media containing 
PCMB became swollen with the uptake of Na + and CI-, and, in nledium with PCMB 
a lone ,  los t  12 o~, of t h e i r  K ~ ( P <  o .o i ) .  T h i s  loss  was  r e l a t i v e l y  s l ight ,  h o w e v e r ,  

c o m p a r e d  w i t h  t h e  loss  of 65 % of t h e  in i t i a l  K + c o n t e n t  w h i c h  o c c u r r e d  i n t o  m e d i u m  

T A H . E  1 

T H E  \ V A T E R  A N D  ION C O N T E N T S  OF RAT R E N A L  ( O R T I C A L  SL1CES I N C U I ~ A T E D  FOR 75  l l l i l l  AT 2 5  

IN M A N O M E T E R  F L A S K S  IN AN A T M O S P I I E R L  OF ( )2  

Slices were tirst equilibrated for at  least 15 rain in oxygenated ordinary medium at 2 5 ,  blotted, 
weighed on a torsion balance and transferred to the manometer  flasks, where, after equilibration 
for 15 rain, O 2 consulnption was read at I5-min intervals for a further ()o lnin. Two slices were 
placed in 3 ml of medimn in each flask and these slices were subsequently analysed together. 
Numl)er of obserwttions from kidneys of eight rats are shown in parentheses. 

Conditions Tissue conlents (meqztiv/kg d~y malter) 

After equilibration (S) 
Ordinary medium (7) 
Medium ? o,2 mM PCMB (8) 
Medium + o.z mM PCMB 

-F io mM ouabain (S) 

tt20 * 

2..53 "_ O.lO 
2.03 ± 0.07 
3.I2 :-o.~3 

3.19 20.o9 

N a *  1( ~ C/ Na + ~ l (  + 

265 -- 2~ 254 _' 2o 206 • to 519 
251 • 15 29t • (5 213 4 lo 542 
399 7~ 33 223 == 18 2,S1 ~= 2r G22 

53  (5 Z I5 90 t 6 306 , IO 62(~ 

* Values in kg/kg dry inatter. 
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containing PCMB and ouabain. Ouabain had no apparent effect on the water content 
of the tissue (P > o.2o), the K + lost being replaced by Na +. 

The O 2 uptakes of these slices are shown in Table II. BowMAx AXD LANDON ~ 
have previously reported that PCMB is without effect on the O.2 consumption of rat 
renal cortical slices when expressed in terms of final dry weight. It  was found here 
that slices incubated in medium containing PCMB showed a barely significant de- 
pression of O 2 uptake (P < 0.05) when the values were expressed in terms of initial 
wet weight of tissue. This difference disappeared when the results were expressed in 
terms of final dry weight (P > o.99 ). This apparent difference in the results is possibly 
explained by the different amounts of tissue solid lost into ordinary mediunl and 
into nlediunl containing PCMB. These losses of tissue solids can be calculated from 
a knowledge of the proportion of dry matter in the tissue after equilibration. Slices 
incubated in ordinary medium apparently lost 14. i ~ 3-3 o,,/o of their initial dry matter, 
whereas slices incubated in ordinary medium with PCMB lost 24.7 ~: 3-7 °0 (P 
< o.ooi). The presence of ouabain had no further effect on this loss of solid matter 
(25.5 ± 2.5 % ; P > 0.60). 

T A B L E  I I  

T H E  0 2  C O N S U M P T I O N  O F  R A T  R E N A L  C O R T I C A L  S L I C E S  I N C U B A T E D  F O R  7 5  l n i n  AT 2 5  ~ 

T h e  02  u p t a k e  w a s  m e a s u r e d  a t  I 5 - m i n  i n t e r v a l s  for 60 ra in  f o l l o w i n g  15 n l i n  e q u i l i b r a t i o n  in  
t h e  m a n o n l e t e r  f lasks .  Be fo re  t r a n s f e r  t o  t h e  m a n o m e t e r  f l asks  s l ices  h a d  b e e n  e q u i l i b r a t e d  for  
a t  l e a s t  15 n l in  a t  25 ° in  o x y g e n a t e d  o r d i n a r y  n i e d i u n l .  N u m b e r  of o b s e r v a t i o n s  Iron1 k i d n e y s  
of e i g h t  r a t s  a re  s h o w n  in p a r e n t h e s e s .  

Co~ditions 

( ) r d i u a r y  m e d i u n l  (7) 
M e d i u m  + 0.2 m M  P C M B  (8) 
M e d i u m  + o.2 n lM P C M B  

+ IO m M  o u a b a i n  (8) 

02 consumption (ld/mg per h) 

Initial wet wt. Final dry wt. 

2.68 m 0.37 I I .O m 1.7 
2.3 ° -:-_- 0.20 lO. 9 ~ I.O 

1.85 ~ 0.39 8. 7 ~'  1.8 

The presence of ouabain depressed O 2 consumption considerably when compared 
on a wet weight basis with the 02 consumption of slices in ordinary medium (P 
< o.oo5) or ordinary medium containing PCMB (P < o.o2). The fall of 31% in O.2 
consumption produced by ouabain is of the same order as that observed by others 
in rabbit 7 and rat 8 renal slices incubated in balanced saline media containing ouabain. 

Slices leached at 0.5 ° and subsequently reincubated at 2 5  ° 

The results of these experiments are shown in Fig. I. The behaviour of slices 
leached and reincubated in the ordinary medium was similar to that previously 
described 2. In contrast slices leached in media containing PCMB swelled to a much 
greater extent. This increase in water content was accompanied by a corresponding 
increase in Na + and C1- and by a greater loss of K +. Similar behaviour has been 
reported with PCMB and other mercurials by KLEINZELLER AND CORT 9. 

During reincubation slices in all media showed significant losses of water and 
ions and these recoveries were well maintained. After 6o rain, slices in ordinary 
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medium alone contained 16 % less water and 15 % less C1-. After the same period 
in oxygenated medium with PCMB slices contained 18 O/;o less water and 15 % less CI-, 
and in the presence of PCMB and ouabain the losses were 15 and 14 % respectively. 
Thus the percentage losses were similar in each medium but with PCMB the changes 
took place at a higher level. Slices of renal cortex reincubated in the presence of 
some mercurial diuretics and HgC12 have been reported to behave similarly ~. 

ordinary ordinary ordinary 
medium medium medium 

+0.2ram PCMB *0.2ram PCMt~ 
+10 mM ouaboin 

~2o • 0 ¢ 
K + • I~ (l '  

Na* o (D @ 
Cl-  E] V • 

0 ¢ 
0 0 0 0 0 0 ~ 

¢ 

0 0  s @ 

~ 500 

~o ~ 
"42(  

~ 34( 

~ "~ 26C 

"~ ~ ~o~ 

7 2 (  

64C 

E 
L 56(  

c o~ 
+u E 46£ 

Z "~ 32( 

16C 

0 E 4YC v 
0 L ~ 'o  3.9(: 

o 3.1c 
._'2 o, $ 

beto r~ ieach ing l  T ime ( m i n )  

Fig. i. Composition of ra t  renal cortical slices leached anaerobically at  0.5 ° for 15o nfin and then 
reincubated at 25 ° for up to 6o rain either in oxygenated ordinary medium, in oxygenated nledium 
c o n t a i n i n g  o.2 m~I PCMB or in oxygenated medium containing o.2 mY[ PCMB and IO mM ouabain. 
E a c h  point  represents  the  mean ± S.D. of 6 separate observat ions on slices from the kidneys 
of 24 rats. Composition of slices at end of leaching plotted at o. 

Though the presence of IO mM ouabain together with  PCMB had no appreciable 
effect on the water  and C1- contents  of the slices (apart from barely significant differ- 
ences in water content  after leaching (P < 0.025) and C1- content  after 30 nfin re- 
incubation (P < 0.025) all other values did not  differ significantly), slices reincubated 
with ouabain and PCMB always contained more Na + and less K+. The effect on K + 
was particularly striking. There was  a barely significant difference in the leached 
values (P < o.05) but during reincubation slices continued to lose K+ into med ium 
with ouabain, and after 60 rain showed a net loss of 3I  % of their K + content  after 
leaching. In contrast  slices reincubated with PCMB alone showed a highly significant 
reaccunmlation of K + and after 60 min contained 40 % more K + than did leached 
slices. This compares  with  the 60 % increase in K+ observed in leached slices re- 
incubated in ordinary medium.  
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Slices reincubated in media containing PCMB thus retained their capacity to 
exchange Na + for K +, a process largely inhibited by the presence of IO mM ouabain. 
The effects of ouabain were therefore similar to those reported earlier 2 in ordinary 
medium, namely inhibition of Na+-K + exchange without effect on the regulation of 
cellular volume. 

The failure of PCMB to produce any appreciable decrease in tissue 0 2 con- 
sumption, together with the significant, maintained, recovery in cellular volume which 
occurred during reincubation suggest that  PCMB did not inhibit a mechanism con- 
cerned primarily with the regulation of cellular volume. The greater swelling which 
occurred when slices were leached in media with PCMB is similar to that  observed 
by others 9 and is most easily interpreted by assuming that  PCMB increased cellular 
permeability. The relatively small loss of K -  (when compared with equilibrated 
values, Table I) from slices incubated in manometers,  and the failure of slices re- 
incubated in medium with PCMB to reaccumulate K+ to the same extent as those 
reincubated in ordinary medium (Fig. i) could also be explained by an increase in 
cellular membrane permeability, the active Na+-K + pump being unaffected by PCMB 
but the passive leakage of K + from the cells being increased. I t  has been shown 4 
that  the concentration of PCMB used in this work is without significant effect on 
rat  kidney membrane ATPase. 

Finally, the results obtained when slices were incubated in medimn containing 
both PCMB and ouabain fully support the conclusion reached earlier 2, and by other 
workers I,a, that  ouabain interferes with coupled Na+-K + exchange rather than with 
the regulation and maintenance of cellular volume. 
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