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S u m m a r y  

The  diffusional  permeabi l i ty  coeff ic ients  of  rabbi t  p o l y m o r p h o n u c l e a r  
l eukocy te  membranes  to  urea, m e t h y l u r e a  and th iourea  have been measured.  
It  was f ound  tha t  the permeabi l i ty  coef f ic ien t  of  these membranes  to  urea  is 
very low and tha t  th iourea  was more  permeable  than  m e t h y l u r e a  which  was, in 
turn,  more  permeable  than urea. These  results suggest tha t  there  is no  need  to  
pos tu la te  a carr ier-mediated mechanism for  urea  t r anspor t  across biological 
membranes  and tha t  the concep t  of  " aqueous  pores"  is no t  a general p r o p e r t y  
of  biological membranes  bu t  res t r ic ted only  to  cer ta in  cases. 

The  t ranspor t  of  urea  across various mammal ian  red cell membranes  has 
been s tudied extensively  [ 1--6] .  The  mechanism of  urea  t r anspor t  in these 
cells has been subject  to  considerable  debate .  This con t roversy  s tems f rom the 
fact  tha t  urea  is a small hydrophi l i c  molecule  which is able to  fo rm with water  
5 hydrogen-bonds ,  and yet ,  in spite of  these proper t ies ,  it is ex t r em e ly  perme- 
able across red cell membranes .  The  simplest  and mos t  s t ra ight- forward explana- 
t ion  for  this is to  pos tu la te  tha t  the red cell m e m b r a n e  behaves opera t iona l ly  
as a mosaic s t ruc ture  conta in ing  bo th  lipid and polar  regions. Accord ing  to  this, 
small hydrophi l i c  solutes pe rmea te  th rough  the polar  routes.  An al ternat ive 
explana t ion  is to pos tu la te  tha t  urea  moves  across biological membranes  by 
means of  a specialized carr ier-mediated mechanism.  Since there  are cons is tent  
sets o f  a rguments  for  the presence  o f  aqueous  pa thways  in mammal i an  red cell 
membranes ,  it is no t  possible to decide which of  these two  mechanisms  is re- 
sponsible for  the high rate of  urea  t ranspor t .  The  present  studies were under-  
t aken  for  two reasons. First, no da ta  is available ab o u t  the t r anspor t  of  urea  in 
p o l y m o r p h o n u c l e a r  l eukocy t e  membranes .  Second,  the value of  the  hydraul ic  
permeabi l i ty  coef f i c ien t  of  these membranes  to  wate r  is m u ch  lower  than  the  
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corresponding value for red cells and also the value of  the apparent  activation 
energy for water t ransport  in the former  cell membrane is much higher than 
the value for the latter membrane [7, 8]. These two findings suggest that  
rabbit  po lymorphonuclear  leukocyte  membrane does not  act as a molecular 
sieve (absence of equivalent pores). Accordingly, it is possible, using these 
membranes, to decide between these two possible mechanisms for urea 
transport.  For example, if urea is t ransported across biological membranes by 
a carrier-mediated mechanism, then the rate of urea movement  across poly- 
morphonuclear  leukocyte  membranes would be very high. On the other  hand, 
if urea permeates through "aqueous pores",  then the permeabili ty coefficient  
of these membranes to urea would be very small. Furthermore,  the rates of 
permeation of urea, methylurea  and thiourea, across polymorphonuclear  
leukocyte  membranes would be determined mainly by the lipid solubility of 
each solute. 

We have found that  the permeabili ty of rabbit leukocyte  membranes to 
urea is very low and that thiourea was more permeable than methylurea  which 
was more permeable than urea. This is the first reported case among mem- 
branes from mammalian species where thiourea permeates faster than urea. 

Polymorphonuclear  leukocytes were obtained from white albino rabbits 
(5---7 lb) which were injected intraperitoneally with 300--500 ml of isotonic 
sterile solution containing glycogen (0.5 g/l). The peritoneal exudate was col- 
lected 16 h later in a heparinized flask. The leukocyte-rich exudate was 
strained through four layers of cheesecloth to remove large clumps of debris. 
The suspension was gently centrifuged at 500 x g and then the supernatant  
was removed and replaced by equal volumes of isotonic buffered NH4C1. The 
packed cells were resuspended with a Pasteur pipette and kept  at room 
temperature  for 5 min. This procedure was necessary to hemolyze red cells [7]. 
The suspension was centrifuged for 5 min at 500 x g, and the cells were im- 
mediately washed twice with a buffered isotonic solution and then resuspended 
(20 x 106 cells/ml). A known volume (0.3 ml) of  the suspension was layered 
on top of a silicone oil layer (F50, density 1.05 g/cm 3 ) in 1.5 ml capacity 
microcentrifuge tubes. 0.2 ml of radioactive buffered solution was injected into 
the suspension and the sample was centrifuged after a preset t ime had elapsed. 
Mixing was achieved by injecting the large volume of the buffered solution 
containing the radioactivity. The separation of the cell from the suspending 
media was accomplished by a single centrifugation (0.5 min) in an Eppendor f  
microcentrifuge. The cells were separated in less than 10 s. The supernatant  
and the oil layer were removed by suction and the pellets were solubilized in 
0.1 M NaOH in 2% Na2CO3 at 50°C. A sample was removed for protein deter- 
mination and another  sample for counting. It was found that  practically no 
radioactivity could be found in the oil layer (1% of the total count  in the pel- 
let of the first sample): The trapped extracellular space, as determined by [~4 C]- 
inulin, was less than 5% of the total counts in the pellet of the first sample. 

Fig. 1 shows the time course of [14C]urea uptake by rabbit polymorpho-  
nuclear leukocyte  membranes at 25°C. In all experiments the cells were initial- 
ly equilibrated with 1 mmol of unlabelled urea before the radioactivity was 
added. Fig. 2 shows the results of another  experiment.  The data plot ted in this 
manner  fall on a straight line between 10 and 60 s, consistent with two- 
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Fig .  1. T h e  t i m e  c o u r s e  o f  [ 1 4 C ] u r e a  u p t a k e  b y  r a b b i t  p o l y m o r p h o n u c l e a r  l e u k o c y t e  m e m b r a n e s  a t  25~C 
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Fig .  2. T h e  t i m e  c o u r s e  o f  [ J 4 C ] u r c a  u p t a k e  b y  r a b b i t  p o l y m o r p h o n u c l e a x  l e u k o c y t e  m e m b r a n e s  a t  2 5 ° C  
S a n d  Sc¢ r e p r e s e n t  t h e  c o u n t s / a b s o r b a n c c  a t  a n y  g i v e n  t i m e  a n d  a t  e q u i l i b r i u m  r e s p e c t i v e l y .  

T A B L E  I 

P E R M E A B I L I T Y  C O E F F I C I E N T S  O F  R A B B I T  P O L Y M O R P H O N U C L E A R  L E U K O C Y T E  
M E M B R A N E S  T O  U R E A  

F o r  t h e  p e r m e a b i l i t y  c o e f f i c i e n t ,  t h e  v o l u m e  o f  cel l  w a t e r ,  V,  is e q u a l  t o  2 3 3  • 10  - . 2  c m  3 [ 7 ] .  T h e  
s u r f a c e  a r e a  ( A )  c a l c u l a t e d  a s s u m i n g  t h a t  t h e  s p h e r e  is  e q u a l  t o  2 5 9  • 10  -8 c m  2. 

E x p e r i m e n t  S l o p e  H a l f - t i m e  P e r m e a b i l i t y  c o e f f i c i e n t  
n u m b e r  (s -~ ) (s)  ( c m / s )  x l 0  s 

1 - 0 . 0 3 3  21 0 . 4 2  
2 - 0 . 0 2 0  3 5  0 . 2 6  
3 - 0 . 0 1 7  41  0 . 2 2  
4 - 0 . 0 3 4  2 0  0 . 4 5  
5 - 0 . 0 1 9  36  0 . 2 5  
6 - 0 . 0 2 4  29 0 . 3 1  
7 - 0 , 0 2 4  29 0 . 3 1  
8 - 0 . 0 1 8  3 8  0 . 2 4  

M e a n  + S . E . M .  31 + 4 0 . 3 0  ± 0 . 0 3  

c o m p a r t m e n t  k i n e t i c s .  T h e  h a l f - t i m e  o f  t h e  e x c h a n g e ,  tl/2 , m a y  b e  o b t a i n e d  b y  

s e t t i n g  s = 1ASoo. T h u s ,  t,/2 = - 0 . 6 9 3 / s l o p e .  A n u m b e r  o f  d e t e r m i n a t i o n s  o f  t h e  

r a t e  c o n s t a n t  f o r  u r e a  t r a n s p o r t  in  t h e s e  c e l l s  a r e  s u m m a r i z e d  in  T a b l e  I. T h e  
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average value of tl/2 for urea t ransport  in polymorphonuclear  leukocyte  mem- 
branes is 31 + 4 s, which is much larger than the value of 53 + 6 ms for human 
red cell membranes. This implies that  the permeabili ty coefficient  for  urea is at 
least two orders of magnitude smaller in the former cells than the correspond- 
ing value in the latter cells. If one assumes that  a carrier-mediated mechanism 
is responsible for the extremely high permeabili ty of  human red cell mem- 
brane to urea, then one would be forced to conclude that  such a mechanism is 
absent in rabbit  po lymorphonuclear  leukocyte  membranes. It is most  likely 
that no such mechanism for urea transport  exists in biological membranes. The 
difference in the behavior of the two membranes to urea transport  can be ac- 
counted for on the basis of the presence or absence of aqueous pores. The 
simplest explanation would be to postulate that  red cell membranes behave 
operationally as a selective solvent and a molecular sieve (containing aqueous 
pores), whereas polymorphonuclear  leukocyte  membranes act only as a 
selective solvent (do no t  contain pores). 

One of  the basic findings in biological membranes which are characterized 
by the presence of "aqueous pores" is that  the permeabili ty coefficients of 
these membranes to small hydrophil ic nonelectrolytes  are much higher than 
predicted on the basis of the lipid solubility of these solutes. For  example, the 
permeabili ty coefficient  of human red cell membrane to urea is 7 times greater 
than the corresponding value for methylurea,  although the value for the Kethe r 
of latter solutes is 2.5 times greater than the corresponding value for the former. 
Furthermore,  the permeabili ty coefficient  of the same membrane to urea is 
3 orders of magnitude higher than the corresponding value for thiourea even 
though the Kethe r is one order of magnitude higher for thiourea. If rabbit poly- 
morphonuclear  leukocyte  membranes do not  contain "aqueous pores",  then 
one would predict  that its permeabili ty coefficient  to these molecules would 

• be determined by three factors: the lipid solubility of the solute, its shape and 
size, and the number  of hydrogen bonds, NH, it is able to form with water. To 
test this, we measured the permeabili ty coefficients of rabbit polymorpho-  
nuclear leukocyte  membranes to urea, methylurea  and thiourea. The results 
are shown in Table II. The values for Kether, N H and molar volume are in- 
cluded in the table. The permeabili ty coefficients of human red cell mem- 
branes to these solutes are also included in the table for comparison. It is very 
clear from the table that  the two membranes behave quite differently with 
respect to the rates of permeat ion of these nonelectrolytes.  This difference 

T A B L E  I I  

P E R M E A B I L I T Y  C O E F F I C I E N T S  O F  R A B B I T  P O L Y M O R P H O N U C L E A R  L E U K O C Y T E  ( P M N )  
A N D  H U M A N  R E D  B L O O D  C E L L  ( R B C )  M E M B R A N E S  T O  S M A L L  N O N E L E C T R O L Y T E S  

S o l u t e  M o l a r  K e t h e r  b N H P e r m e a b i l i t y  c o e f f i c i e n t  x 1 0  s ( c m / s e c )  
v o l . a  

R a b b i t  P M N  H u m a n  R B C  

U r e a  4 5  0 . 0 0 0 4 7  5 0 . 3 0  ± 0 . 0 3  ( 8 )  c 3 1 . 2  d 
M e t h y l u r e a  6 1 . 5  0 . 0 0 1 2  4 0 . 4 5 +  0 . 0 5 ( 3 )  4 . 8  d 
T h i o u r e a  5 4 . 2  0 . 0 0 6 3  5 0 . 8 7  ± 0 . 1 0  ( 3 )  0 . 0 7  e 

a M o l a r  v o l u m e  is  e x p r e s s e d  in  t e r m s  o f  c m  3- mo1-1  . 
b V a l u e s  a re  t a k e n  f r o m  ref .  10 .  
C N u m b e r  in p a r e n t h e s e s  r e f e r s  t o  t h e  n u m b e r  o f  e x p e r i m e n t s .  
d V a l u e s  a re  t a k e n  f r o m  ref .  2. 
e V a l u e s  are t a k e n  f r o m  ref .  11.  
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cannot  be accounted for on the basis of differences in species. The pattern in 
the permeabili ty coefficients of rabbit red cell membrane to urea, methylurea  
and thiourea is similar to that  found for human e ry throcy te  membranes. 

Three conclusions can be drawn from these studies. First, there is no 
need to postulate a specialized mechanism (carrier mediated) for urea 
transport  across rabbit polymorphonuclear  leukocyte  membranes. This conclu- 
sion can be extended probably to human red cell and other  biological mem- 
branes. It is very difficult  to imagine why red cell membranes would have a 
carrier mediated mechanism for urea t ransport  and not  polymorphonuclear  
leukocyte  membranes. Second, there is no need to postulate that polymorpho- 
nuclear membranes contain "aqueous pores"  for the transport  of small hydro- 
philic nonelectrolytes.  In these cells one can postulate that  the membrane is 
homogeneous and permeation occurs only by dissolution in the membrane 
fabric. Third, the idea of "aqueous pores"  is not  a general proper ty  of biolog- 
ical membranes but  restricted only to certain membranes. 

This work was supported in part by a grant from the National Institute 
of Health GM 20268-02. 
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