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P r e s s u r e  and F low in P r o x i m a l  Tubules  
of Rat Kidneys  

The t echn ique  of collecting tubu la r  urine in ra ts  has  
involved blocking of the  tubule  wi th  oil or mercu ry  
drople ts ,  and  collection of the  urine aga ins t  a s l ight  
posi t ive  pressureL The ques t ion  m a y  be raised as to  
w h e t h e r  the  pressure  re la t ionsh ips  are such,  t h a t  the  col- 
lecting p rocedure  in ter feres  wi th  the  process  of urine 
fo rmat ion  s ince a posi t ive  t ubu l a r  pressure  m a y  (1) reduce 
g lomerular  f i l t ra t ion;  or (2) cause bulk  t r ans fe r  of t he  
t ubu la r  c o n t e n t s  across the  t ubu l a r  wall. E i t he r  of these  
two  possibil i t ies would resul t  in a reduc t ion  of u r inary  
flow a t  t he  si te of collection. The e x p e r i m e n t s  to  be 
descr ibed are  concerned  wi th  the  m e a s u r e m e n t  of min imal  
flow ra tes  in p~oximal tubules ,  and the  resul ts  sugges t  
t h a t  col lect ion of t ubu la r  urine by  luminar  blocking does  
no t  give rise to i m p o r t a n t  dev ia t ions  in the  ra te  of 
del ivery of t u b u l a r  con ten ts .  Fu r the rmore ,  cer ta in  ap- 
p rox ima t ions  have  been made  regard ing  the  pressures  
causing flow of t u b u l a r  con ten t s .  

The p rocedure  of p repa r ing  the  animals  for t ubu la r  
in ject ions  has  been  descr ibed elsewhere 2 wi th  the  modi-  
f icat ion t h a t  minera l  oil was layered across the  surface 
of the  per i tonea l  R inger ' s  solution,  al lowing for enhanced  
visual izat ion of the  surface of the  exposed kidney.  Indi -  
v idual  p rox ima l  tubules  were punc tu red  wi th  3-5 tx 
d i ame te r  soft  glass p ipet tes .  A drople t  of oil was e x t r u d e d  
f rom the  p ipe t t e  t ip  which  was jus t  large enough to fill 
the  tubu la r  lumen.  The pressure  of the  tubu la r  c o n t e n t s  
was grea t  enough  to t h e n  t ea r  the  oil d rop le t  f rom the  
p ipe t t e  t ip  and  the  oil was swept  along the  lenght  of the  
tubule.  The  t ime  requi red  for the  d rop le t  to pass t ubu l a r  
loops d is ta l  to  t h a t  a t  which  the  punc tu re  was made  was 
measured  wi th  a s top  watch .  W h e n  the  t ime  of passage  
was  less t h a n  0.5 see t he  de t e rmina t i ons  were d i scarded  
since it was felt  t h a t  t imes  of th is  magn i tude  could no t  be 
measured  by  the  a u t h o r  because  of the  i nhe ren t  er ror  in 
manua l  ope ra t ion  of a s topwatch .  The d imens ions  of t he  
selected loop were e s t ima ted  wi th  an ocular  micromete r .  
Tubula r  vo lumes  were ca lcula ted  using the  appropr i a t e  
geometr ic  formulae  for the  cyl inders  or curved  cylinders.  

In  e s t ima t ing  flow ra tes  by  the  above m e t h o d  the  
a s sumpt ion  is m a d e  t h a t  the  oil d rop le t  t ravels  t h rough  
the tubule  a t  the  same ra te  as any  volume inc remen t  
of t ubu la r  urine.  Since, however ,  the  possibi l i ty  exis ts  
t h a t  some of the  t ubu la r  u r inary  con ten t s  m a y  slip pas t  
the  oil d rople t s  the  n u m b e r s  ob ta ined  for flow ra tes  m u s t  
be considered as minimal .  In cer ta in  cases such has  
actual ly  been observed  when  oil d rople t s  were seen to 
hang for a sho r t  while  wi th in  the  tubule ,  usually when  
the tubule  made  a sha rp  bend.  A second major  source 
of error  resul ted  from the  even tua l  blockage of a tubule  
when repea ted  d e t e r m i n a t i o n s  were made,  such was 
indica ted  by  a s h a r p  decrease  in flow rate.  

The Figure  shows the  d i s t r ibu t ion  of flow rates  in the  
prox imate  tubule .  The values  are  skewed toward  low 
rates .  Such skewness  is to be expec ted ,  since de te rmi -  
na t ions  were  m a d e  on loop segmen t s  d is ta l  to the  site of 
punc tu re ,  and  since a bias  is in t roduced  in exc luding  
loops wi th  t r a n s i t  t imes  tess t h a n  0.5 see. The d is t r ibu t ion  
of ra tes  ob ta ined  by  th is  m e t h o d  fi t  fairly welt wi th  
values  ob ta ined  by o t h e r  inves t iga tors  z using the  blocking 
procedure .  A l t h o u g h  flow ranges f rom less t h a n  0.1 to 
abou t  2 cmZ/h, th is  does no t  mean  t h a t  over  95% of the  
g lomerular  f i l t ra te  is r eabsorbed  at  the  level of the  
p rox imal  tubule .  The excessive wide range of values 
p r o b a b l y  arises f rom the  fact  t h a t  d a t a  from twelve 
animals  are pooled in th is  one Figure.  

Several  a t t e m p s  have  been made  to calcula te  the  pres-  
sure g rad ien t  in the  p rox imal  tubule  using l 'oiselle 's  
equa t ion .  Al though  the  use of this equa t ion  is not  
t ho rough ly  just i f ied since the  tubules  are s o m e w h a t  
elastic,  it p robab ly  gives answers  of reasonable  o rde r  of 
magn i tude .  

In  e s t ima t ing  the  pressure  g rad ien t  the  following as- 
s u m p t i o n s  are made :  (1) The  pressure  fall is l inear over  
the  lenght  of the  tubule .  (2) The average  tubu la r  length  
is 1 cm. In a series of 44 d e t e r m i n a t i o n s  the  d rop  was 
ca lcula ted  to be 2.55 ::5 0.34 m m  H g / c m  (mean ± s t and -  
ard  error).  

Using fixed t issues,  the  required pressure  g rad ien t s  
in t he  tubu les  have  been e s t ima ted  as 25 m m  Hg  in the  
r a b b i t  4 and  8(1 m m  Hg in the  dog 6. GOTTSCHALK and  
MYLLE,  o n  the  o the r  hand ,  ca lcu la ted  the  p rox imal  
t ubu la r  pressure  g rad ien t  in the  ra t  to  be of the  same 
general  m a g n i t u d e  as t h a t  found here n. All th ree  invest i -  
ga tors  assigned values  for the  tubu la r  radius  which  are 
p r o b a b l y  too low (8-10 micra),  whereas  the  radii  measured  
in these  e x p e r i m e n t s  r anged  f rom 11.5 to  24. I t  is likely 
t h a t  in the  case of the  dog and  r abb i t  the  m a g n i t u d e  of 
the  error  in t roduced  t h e r e b y  accounts  for the  d i sc repancy  
in resul ts  L 
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Frequency distribution of proximal fh)w rates. I)ata are grouped ill 
increments of 0.1 mm 3 flow/h with each bhwk representing a singh, 
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Zusammen/assung. An prox ima len  Harnkan/ i l chen  
wurde  die S t r6mungsgeschwind igke i t  der  Fliissigkeit  be- 
s t i m m t .  Es  wurde  die l )u rchgangsze i t  eines ~51tropfens 
durch  einzelne Kan~ilchen gemessen,  l)er  1)ruckabfall  im 
KanAlchen wurde  aus l )u rchgangsze i t  und  l ) imension des 
Kang.lchens berechne t ,  l)ie beobach t e t e  S t r6mungsge-  
schwind igke i t  var i ie r te  yon 0.1 bis fast  2.0 m m z / S t u n d e ,  
der  be rechne te  l ) ruckabfa l l  e rgab ungeffihr 2.5 m m  Hg/cm.  
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