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T u r n o v e r  of  I n t e r s t i t i a l  A l b u m i n  i n  the  K i d n e y  

The presence of a lbumin  in the  renal  in t e r s t i t i um has  
been  descr ibed in a n u m b e r  of s tudies  and  recent ly  re- 
v iewed by  MOFFAT 1. In  the  kidney,  a lbumin  can en te r  the  
in t e r s t i t i um ei ther  d i rec t ly  th rough  the  capi l lary endo- 
the l ium or indi rec t ly  by  f i l t ra t ion at  the  glomerulus and 
subsequen t  reabsorp t ion  f rom the  tubu la r  fluid. Al though 
p ro te in  is known  to iollow the  la t te r  route  the re  is evidence 
t h a t  it  m a y  be, at  least par t ia l ly ,  degraded  in its passage 
t h rough  the  tubu la r  ep i the l ium 2. As a max ima l  value, 
app rox ima te ly  10 15% of the  to ta l  a lbumin  ca tabol ism 
m a y  take  place in the  k idneys  ~. Dra inage  of a lbumin  
f rom the  in ters t i t ia l  pool can also be by  direct  re tu rn  of 
the  p l a sma  or by  way  of the  lympha t i c  circulation.  A 
schemat ic  represen ta t ion  of these  flows is shown in Figure 
1. The funct ional  impor t ance  of this  t u rnove r  of a lbumin  
has been re la ted to the  concen t ra t ing  abi l i ty  of the  
k idney  by a number  of authors4-6. 

3Iater[als  and methods. E x p e r i m e n t s  were carried out  on 
7 anes the t ized  dogs, weighing be tween  10 and 31 kg. 
Rena l  hilar  and occasionally capsular  lympha t i c s  were 
cannu la ted  and l y m p h  samples  were collected in sequen-  
t ia l  3-5 rain periods,  in preweighed  smal l  tubes .  The 
samples  were weighed and counted  in a 2 channel ,  auto-  
ma t te  well t ype  scint i l la t ion counter .  Arter ia l  p lasma 
samples  were collected init ial ly a t  f requen t  intervals ,  and 
the rea f t e r  every  15-30 min. An inject ion of 200-400 aCt 
of 1125 a lbumin  (human, Squibb) was given i.v. 24-36 h 
before the  expe r imen t  to allow a d i s t r ibu t ion  of the  label 
t h roughou t  the  ent i re  a lbumin  pool, such t h a t  the  
a lbumin  specific ac t iv i ty  (SA) remained  s table  dur ing the  
exper iment .  An inject ion of 1131 a lbumin  (human,  
Squibb) was given i.v. and the  appearance  of this  t racer  
in renal  l y m p h  was s tudied.  Since the  molecular  weights,  
shapes  and s t ruc tures  of h u m a n  and canine  a lbumin  are 
similar  7, the  use of commerc ia l ly  available labelled h m n a n  
a lbumin  was considered adequa te  for the  purpose  of th is  
s tudy,  P ro te in  bound  Da* albumin/P~5 a lbumin  rat ios  
were t aken  as a measure  of the  SA of D a~ a lbumin.  Correc- 
t ion  for l y m p h  cannula  dead space was made  by  tak ing  
in to  account  t h a t  mean  t r ans i t  t imes  th rough  the  inter-  
s t i t ial  l abyr in th  and the  cannula  are add i t ive  s. 

The mean  t r ans i t  t ime  of a lbumin  f rom p lasma to 
l y m p h  was calculated by  the  equat ion:  

l 
A ,  ](t) = F i n / P i t ) d r  --  Uout /L( t )d t  (1) 

o o 

where  A is the  q u a n t i t y  of in ters t i t ia l  a lbumin  in 100 g 
renal  tissue, I( t ) ,  P(t), and L( t )  are, respect ively,  inter-  
s t i t ial  fluid, ar ter ial  p l a sma  and l y m p h  a lbumin  SA, and 
Fin and  /;out are ra tes  of en t ry  and exi t  of a lbumin  into 
and  f rom the  in te rs t i t ium.  

If it  is assumed t h a t  a lbumin  enter ing  the  in t e r s t i t i um 
has the  SA of p lasma  and t h a t  all a lbumin  leaving the  

Fig. 1. A block diagram of the flow of albumin in the kidney between 
blood plasma (P), tubular fhfid (T), interstitium (I) and lymph (L). 

i n t e r s t i t i um has the  SA of lymph,  I(t)  = L(t)  ; and  if it  i s  
fu r the r  assumed t h a t  the  in ters t i t ia l  a lbumin  pool is in 
a s t eady  s ta te  (i.e. Fin -- Fo,t  -- F),  E q u a t i o n  1 m a y  be 
solved for mean  t r ans i t  t ime  

1 ( fL(t)dt 
A / F  = L(t) " 6 

This solut ion is equiva len t  wi th  t h a t  der ived by  
ZILVERSMIT, ENTENMAN and FISHL]ER 9 for the  deter-  
ruinat ion of metabol ic  t u rnove r  ra tes  and  wi th  t h a t  de- 
scr ibed for m e a s u r e m e n t  of b ra in  blood flow per  uni t  
volume of t issue by  KETY and SCHMIDT 10 An a s sumpt ion  
implic i t  in these  considera t ions  is the  presence of a well 
mixed  c o m p a r t m e n t .  In  the  case of the  in ters t i t ia l  
a lbumin  pool th is  a s sumpt ion  is u n d o u b t e d l y  an over-  
s implif icat ion.  Calculations based on th is  equa t ion  should 
yield the  mean  t r ans i t  t ime of t racer  a lbumin  be tween  
ar ter ia l  blood and  renal  lymph.  

Resul ts  and  discussion.  Figure 2 i l lustrates  a represen ta -  
t ive  exper iment ,  in which the  mean  flow of renal  capsular  
l y m p h  was  2.6 m g / m i n  and  of renal  hi lar  l y m p h  was  28.0 
mg/min .  In  spi te  of th is  large difference the  specific 
ac t iv i ty  curves for hilar  and  capsular  l y m p h  rose in a 
s imilar  fashion and, when  corrected for cannula  dead  
space, the  mean  t rans i t  t imes  were equal  (hilar: 32.0 min,  
capsular :  32.8 min). The slower rise of SA in thoracic  
duc t  l y m p h  is also shown in Figure 2. The shor t  du ra t ion  
of the  expe r imen t s  prec luded any  def ini te  conclusion on 
the  precursor  p ro d u c t  re la t ionship  be tween  p lasma  and 
l y m p h  albumin.  

The Table shows the  da ta  of 11 mean  t r ans i t  t ime  deter-  
mina t ions  ob ta ined  f rom 8 dogs. An average value of 37.5 
min wi th  a s t a n d a r d  devia t ion  of 14.5 min  was calculated.  

The results  of these  exper imen t s  are d i f ferent  f rom the  
conclusion of GARTNER, VOGEL and ULBRICH 11, who 
de t e rmined  the  renal  d i s t r ibu t ion  vo lumes  of labelled 
a lbumin  in ra t s  a t  var ious t imes  af ter  in ject ion of the  
tracer .  These au thors  regarded the  d i s t r ibu t ion  space 
af ter  1 min as a measure  of the  in t ravascu la r  f rac t ion of 
a lbumin,  and  accepted  the  subsequen t  expans ion  of th is  
space as a measure  of the  ra te  of a lbumin  pene t r a t i on  into 
the  in te rs t i t ium.  GARTNER, et al. n e s t ima ted  t h a t  the  
ha l f - t ime for the  ex t ravascu la r  a lbumin  c o m p a r t m e n t  in 
ra t  k idney  was 1.5 min. The comparab le  p a r a m e t e r  cal- 
cula ted f rom our expe r imen t s  for the  dog k idney  was 
app rox ima te ly  25 min. I t  is no t  clear w h e t h e r  a species 
difference could be responsible  for this  d iscrepancy.  
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In  an earlier s tudy  i t  was found t h a t  the  a m o u n t  of 
in ters t i t ia l  a lbumin  in 100 g of dog k idney  was equiva len t  
to the  a lbumin  con ten t  of 6.4 ml  of p l a sma  6. F r o m  this  
value and  the  tu rnove r  t ime  i t  can be calculated t h a t  the  i 
a lbumin  con ten t  of 1/6 ml of p l a sma  entered  and  left the  2 
in te r s t i t ium each minute .  This value is in ag reemen t  wi th  
the  e s t ima te  by  SZABO and  MAGYAR ~2 of 10 g p lasma  pro- 3 
rein per  day. As the  a lbumin  concen t ra t ion  in l y m p h  is 
abou t  40-70% t h a t  of blood plasma,  a l y m p h  flow of 5 
app rox ima te ly  ~/4 to  1/a ml  per  min/100 g k idney  can 6 Hilar 
account  for all the  dra inage of in ters t i t ia l  a lbumin.  This  7 Capsular 
cor responds  to the  value of 0.35 ml per  min/100 g, which  
can be ob ta ined  f rom the  figures given by  O'MoRCHOE 8 
and O'MORCHOE 1. if, ins tead  of body  weight ,  k idney  
weights  are t aken  into account .  We  conclude f rom these  
calculat ions t h a t  renal  l y m p h  flow m a y  be sufficient  to 

Experiment Duration of Mean flow Mean transit 
no. collection (rain) (mg/flow) time (min) 

0- 50 8.0 15.9 b 
0- 43 6.5 58.4 
0 60 12.8 23.9 b 
0- 60 16.5 34.1 
0- 60 23.9 41.8 
0-180 21.6 63.7 
0- 60 28.0 32.0 
0- 60 2.6 32.8 
0- 60 7.9 51.1 
0- 43 2.1 21.1 b 
0-105 22.6 38.2 

Mean, 37.5; S.D., 14.5. In experiments Nos. 2, 3 and 7 the deter~ 
ruination was repeated after 2 h. b indicates mannitol diuresis. 
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Fig. 2. Ilm/1125 albumin ratio vs. time curves in arterial plasma, 
renal hilar and capsular lymph and in thoracic duct lymph. 

dra in  all the  a lbumin  f rom the  in ters t i t iunl  of the  dog 
kidney,  and tha t ,  a l though a di rect  ref lux of a lbumin  into 
the  capillaries canno t  be excluded,  t he  la t te r  process 
does no t  seem to p lay  a s ignif icant  role under  our experi-  
men t a l  condit ions.  

Rdsumd. On a d6termin6 le renouve l lement  de l 'a lbu-  
mine  p l a sma t ique  dans  les inters t ices  du rein. Le t e m p s  
moyens  de passage fut  de 37,5 min.  Un  flux l y m p h a t i q u e  
de 0,3-0,4 ml  p a r  rain/100 g tissu r6nal pa ru t  suff isant  
pour  le dra inage  to ta l  de l ' a lbumine  inters t i t ie l  du rein. 
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C a l o r i g e n i c  Ef fect  of  N o r a d r e n a l i n e  in t h e  N o r w e g i a n  L e m m i n g ,  L e m m u s  l e m m u s  ( L . )  

Control  of non-sh iver ing  the rmogenes i s  is med i a t ed  
t h r o u g h  the  s y m p a t h e t i c  nervous  sys tem,  and  nor- 
adrenal ine  (NA) is the  main  med ia t ing  ho rmone  1-4. NA 
m a y  mobil ize the  release of free f a t t y  acids (FFA) and 
also ac t iva te  the i r  subsequen t  ox ida t ion  or re-esterif ica-  
tionS, 6. The calorigenic ac t ion  has been observed to be 
med ia t ed  by  the  adrenergic  / /-receptors 7, and  because 
propanolo l  (Inderal) is a specific / /-receptor blocking 
agent ,  it  kas  been  used in these  s tudies  8, 0. The aim of t he  
p resen t  s tudy  was to measure  t he  non-sh iver ing  the rmo-  
genesis in the  l emming  and  the  possible effect  of NA on 
the  p l a sma  level of FFA.  

Material and methods. Adul t  male  l emmings  weighing 
60.6-t-11.7 g were ma in t a ined  indiv idual ly  in cages a t  
0 ~ or a t  30 ~ in cons t an t  l ight  condi t ions  for 3-4 weeks. 
Care of an imals  was as descr ibed earlier 1~ Oxygen con- 
sump t ion  was measured  at  5~ and  at  28~ using 
Beckm an  E 2 oxygen  analyzer  w i th  open circuit  sy s t em 10. 

Doses of NA and  Indera l  were 0.3 mg and  10 mg/kg  of 
b o d y  weight ,  respect ively .  All in jec t ions  were given i.p. 
Controls  received the  same a m o u n t  of saline solution. 

The effect  of NA on the  F F A  co n t en t  in the  blood p lasma  
was measured  f rom the  decap i t a t ed  animals  15 min  after  
the  appl ica t ion  of 0.3 mg/kg  of NA. Blood was heparinized,  
centr i fuged,  and  0.5 ml  of the  serum was analyzed for the  
F F A  con ten t  according to tile m e t h o d  of DOLE 11 as 
modif ied  for mic rode te rmina t ion  by  NOVAK12 

Results. At 28 ~ which  represents  the  t h e rmo n eu t r a l  
zone, t he  contro l  level of the  oxygen consumpt ion  was 
s ignif icant ly  h igher  (P  < 0.01) in cold-accl imat ized t h a n  
in warm-acc l imat ized  animals  (Figure). The calorigenic 
effect  of NA seems to depend  at  th is  t e m p e r a t u r e  on the  
acc l imat iza t ion  level. In  warm-acc l imat ized  lemmings  the  
metabol ic  ra te  increased 105% and in cold-accl imat ized 
l emmings  117% above the  basal  level. A t  the  same t ime 
b o d y  t e m p e r a t u r e  was e levated Iron] 37.8-41.1~ and 


