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E x t r a c t i o n  f r a c t i o n  at  a n y  u r i n e  f l o w  a n d  e x t r a c t i o n  p e r c e n t a g e  1 
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Summary. E x t r a c t i o n  f r ac t ion  of rena l  so lu tes  is o rd ina r i ly  ca lcu la ted  as  a r a t io  of a r t e r i a l  a n d  v e n o u s  c o n c e n t r a t i o n  
dif ferences .  Ca lcu la t ions  p r o v i d e d  in t h e  p r e s e n t  m a n u s c r i p t  i l l u s t r a t e  t h e  need  to  cor rec t  for c h a n g e s  in rena l  v e n o u s  
c o n c e n t r a t i o n  w h e n  so lu te  e x t r a c t i o n  is low a n d  u r ine  flow s i m u l t a n e o u s l y  h igh .  

T h e  e x t r a c t i o n  f r ac t ion  u sed  b y  r ena l  phys io log i s t s  in  t h e  
e s t i m a t e  of r ena l  p l a s m a  flow, pe r fu s ion  of f u n c t i o n a l  
mas s ,  a n d  p e r c e n t a g e  of p l a s m a  flow f i l tered is f o u n d  in 
s t a n d a r d  t e x t s  of r ena l  p h y s i o l o g y  2-5. B y  def in i t ion  ex-  
t r a c t i o n  f r ac t ion  h a s  been  ca l cu la t ed  as a r t e r i a l  a n d  
v e n o u s  c o n c e n t r a t i o n  d i f ferences  of a n y  so lu te  u se d  to  
m e a s u r e  f low ra te .  T h u s  

Ax - Vx 
Ex - -  100 

Ax 

where  E is ex t r ac t i on ,  A t h e  a r te r ia l  a n d  V t h e  v e n o u s  
c o n c e n t r a t i o n s  of so lu te  x. Th i s  ca l cu la t ion  a s s u m e s  t h a t  
v e n o u s  ou t f low equa l s  a r t e r i a l  inflow. Our  ca l cu l a t i ons  
revea l  t h a t  t h i s  a s s u m p t i o n  is t r u e  on ly  w h e n  e x t r a c t i o n  
of a so lu te  is h i g h  and  w h e n  u r ine  f low is s i m u l t a n e o u s l y  
m i n i m a l .  

Calculations: B y  our  de f in i t ion  

Ax = renal arterial concentration, mg/ml 
Vx = renal venous concentration, mg]ml 
Ux = urinary concentration, mg/ml 
Ra = renal arterial flow, ml/min 
Rv = renal venous flow, ml/min 
Ru = urinary flow, ml/min 

T he  a m o u n t  of so lu te  e n t e r i n g  t h e  k i d n e y  m u s t  equa l  t h e  
a m o u n t  in  r ena l  v e n o u s  blood p lus  t h e  a m o u n t  in ur ine .  

Ax.  Ra = V x . R v  + Ux .  Ru (1) 

I n  add i t ion ,  v o l u m e  flow in t he  r ena l  a r t e r y  m u s t  e qua l  
t o t a l  out f low,  t h e  s u m  of rena l  v e n o u s  a n d  ur ine  flow + 
l y m p h  

Ra = Rv + R u o r R v  ~ R a - R u  (2) 

S u b s t i t u t i n g  in t h e  f i rs t  e q u a t i o n  

A x - R a  = V x ( R a - R u )  + Ux .  Ru (3) 

and  r e - a r r a n g i n g  

Ax .  R a - V x  ( R a - R u )  = U x , R u  (4) 

U x  �9 R u  is t h e  a m o u n t  of so lu te  x exc re t ed  per  u n i t  t ime .  
D iv id ing  b o t h  s ides  b y  t h e  a m o u n t  e n t e r i n g  t he  r ena l  
a r t e r y  

U x - R u  Ax .  R a - V x  ( R a - R u )  
(5) 

Ax .  Ra = A x - R a  

If  E is t h e  f r ac t ion  of so lu te  X wh ich  is exc re t ed  

Ux.  Ru Ax - Vx (1 - Ru/Ra) 
E = X 100 (6) 

Ax �9 Ra Ax 

T h e  t ab le  i l lus t ra tes  t he  errors  wh ich  will occur  w h e n  
so lu te  e x t r a c t i o n  is low a n d  ur ine  f low s i m u l t a n e o u s l y  is 
increased .  As can  be seen  in t h i s  table ,  w h e n  t h e  per-  
c en t ag e  of so lu te  e x t r a c t i o n  is 90% as d e t e r m i n e d  b y  t h e  
c o n v e n t i o n a l  m e t h o d ,  cor rec t ion  for u r ine  f low re su l t s  in 
l i t t le  c h a n g e  in t he  t r u e  e x t r a c t i o n  f rac t ion .  However ,  
u n d e r  cond i t i ons  of b o t h  low p e r c e n t a g e  e x t r a c t i o n  a n d  
h i g h  f low ra te ,  e x t r a c t i o n  f rac t ion  is cons ide r ab ly  u n d e r -  
e s t i m a t e d .  As e x t r a c t i o n  a p p r o a c h e s  100% a n d  u r ine  
flow a p p r o a c h e s  zero, t h e  or ig inal  f o r m u l a  for e x t r a c t i o n  
f rac t ion  m a y  be e m p l o y e d  w i th  m i n i m a l  error.  

Discussion. T h e  p r e s e n t  r e po r t  shows  t h a t  u n d e r  ce r t a in  
cond i t i ons  a s y s t e m a t i c  er ror  can  be  i n t r o d u c e d  in to  t h e  
ca l cu la t ion  of e x t r a c t i o n  f rac t ion .  The se  cond i t ions  in-  
c lude  a r e l a t i ve ly  low so lu te  e x t r a c t i o n  a n d  a s i m u l t a -  
n e o u s l y  large r e m o v a l  of f luid f rom t h e  k i d n e y  b y  non -  
v e n o u s  rou tes .  The se  are  t a k e n  to  be  u r ine  f low a n d  
l y m p h a t i c  d ra inage .  P r e v i o u s  d a t a  s u g g e s t  t h a t  r ena l  
l y m p h a t i c  d r a ina ge  e ve n  u n d e r  d iure t ic  cond i t ions  is less 
t h a n  1% of t o t a l  r ena l  p l a s m a  flow 6, ~. Therefore ,  we h a v e  
n o t  a dde d  t h i s  t e r m  to our  equa t ions .  
La rge  u r ine  v o l u m e s  r e su l t  f r om a v a r i e t y  of condi t ions ,  
i nc lud ing  p h a r m a c o l o g i c  d iures is  s a n d  osmot i c  d iures is  9. 
L o w  so lu te  e x t r a c t i o n s  are  genera l ly  seen w i t h  s u b s t a n c e s  
n o t  sec re ted  b y  tile n e p h r o n ,  e.g., inu l in  a n d  c rea t in ine .  
U n d e r  c e r t a i n  condi t ions ,  s u b s t a n c e s  sec re ted  b y  t he  
k i d n e y  w h i c h  e x h i b i t  h i g h  e x t r a c t i o n  ( >  80%) a t  low 
p l a s m a  c o n c e n t r a t i o n s  e x h i b i t  low rena l  e x t r a c t i o n  a t  
h i g h  p l a s m a  c o n c e n t r a t i o n s  due  to  s a t u r a t i o n  of t h e  
s ec re to ry  m e c h a n i s m ,  e.g., p a r a - a m i n o h i p p u r a t e .  These  
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Calculated percentage solute extracted 
90.0 80.0 70.0 60.0 50.0 40 30 

Fraction of arterial plasma 
(Ru) 

water excreted ~ a  True extraction percentage 

0.01 90.1 80.2 70.3 60.4 50.5 40.6 30.7 
0.05 90.5 81.0 71.5 62.0 52.5 43.0 33.5 
0.10 91.0 82.0 73.0 64.0 55.0 46.0 37.0 
0.15 91.5 83.0 74.5 66.0 57.5 49.0 40.5 
0.20 92.0 84.0 76.0 68.0 60.0 52.0 44.0 

Data are calculated to illustrate the error incurred in the determi- 
nation of extraction fraction when urine flow is high and extraction 
percentage simultaneously low. 
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s u b s t a n c e s  are  also poor ly  e x t r a c t e d  b y  t h e  i m m a t u r e  
k idneyl0 ,  n a n d  in diseases of t he  n e p h r o n  6. Thus ,  a va r i -  
e t y  of cond i t ions  ex i s t  w h i c h  m a y  be  assoc ia ted  w i t h  
er rors  in  t h e  ca lcu la t ion  of e x t r a c t i o n  f rac t ion .  
As m i g h t  be  expec ted ,  v a r i a t i o n s  in  f i l t r a t i o n  f r ac t ion  
will a f fec t  t h e  e r ror  in  ca l cu la t ion  of e x t r a c t i o n  f rac t ion.  
R e d u c t i o n  of f i l t r a t i on  f r ac t ion  t e n d s  to  r educe  e r ror  of 
ca lcu la ted  e x t r a c t i o n  f r ac t ion  because  ur ine  f low is a lower  
f r ac t ion  of r ena l  a r t e r i a l  flow. 
Wolf  5 o r ig ina l ly  sugges ted  t h a t  a co r rec t ion  for  u r ine  f low 
was necessa ry  for ca l cu la t ion  of r ena l  p l a s m a  flow. His  
ca lcu la t ions  show a s y s t e m a t i c  e r ror  r a n g i n g  f rom 4 to  
14% d e p e n d i n g  on  u r ine  flow. S o m e w h a t  s imi la r  er rors  
( table)  are  expec t ed  for  t h e  ca lcu la t ion  of e x t r a c t i o n  
f rac t ion,  d e p e n d i n g  on  u r ine  flow a n d  e x t e n t  of so lute  
ex t r ac t ion .  The  fol lowing ca lcu la t ion  shows t h e  er ror  
incur red  w h e n  cor rec t ion  for  u r ine  flow is n o t  m a d e  in t h e  
ca lcu la t ion  of e x t r a c t i o n  f rac t ion.  

I n  t h e  n e w b o r n  dog, R P F  = 1.0 m l / m i n / g  k i d n e y  weight ,  
G F R  = 0.20 m l / m i n / g  k i d n e y  weight ,  a n d  Ex = 0.404. 
As r e p o r t e d  in  t h e  l i t e r a t u r e  F .E .  w a t e r  m a y  be  50% in 
ce r t a i n  e x p e r i m e n t a l  cond i t ions  in  th i s  species 9,12. Thus ,  
0 . 2 0 •  = 0.10 m l / m i n / g  k i d n e y  weight .  R u / R a  = 
0.10/1.0 = 10%.  F r o m  t h e  tab le ,  Ex is a c t u a l l y  0.46 n o t  
0.40, a n  e r ror  of 15%. Th i s  e r ror  will become  g rea t e r  as 
u r ine  f low increases  a n d  solute  e x t r a c t i o n  is reduced-  is. 
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D i s t r i b u t i o n  of 14 C after top ica l  app l i ca t ion  of 14 C- labe l ed  1 , 3 - b i s -  ( 2 - c h l o r o e t h y l ) -  
1 - n i t r o s o u r e a  ( B C N U )  in m i c e  
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Summary. Fol lowing top ica l  app l i ca t i on  of ~4C-labeled 1, 3 -b i s (2 -ch lo roe thy l ) - l -n i t rosourea  (BCNU, ca rmus t ine )  to  
t he  sk in  of mice r a d i o a c t i v i t y  was found  in all  v i scera  a n d  t issues  ex~/mined. Exc lus ive  of t he  gut ,  h ighes t  va lues  were 
r ecorded  for t h e  liver,  k i d n e y  a n d  lung.  

Top ica l ly  appl ied  1 ,3-bis(2-chloroethyl) -  1 -n i t rosourea  
(BCNU, ca rmus t ine )  is a n  ef fec t ive  t r e a t m e n t  for mycos is  
fungoides  3. Th i s  p a p e r  r epo r t s  t i le  p a t t e r n  of o rgan  a n d  
t i ssue  d i s t r i b u t i o n  of I~C fol lowing t h e  top ica l  app l i ca t ion  
of 14C-labeled B C N U  to mouse  skin.  E t h y l  labeled  14C- 
B C N U  was suppl ied  b y  W m .  H. Yanko ,  M o n s a n t o  Re-  
search Corp., a t  t he  r eques t  of Dr  V i n c e n t  T. Oliverio,  
N a t i o n a l  Cancer  I n s t i t u t e .  The  specific a c t i v i t y  of t he  
sample  was 10.07 m C i / m m o l e  (47.06 txCi/mg) w i t h  a 
r ad iochemica l  p u r i t y  of 98.5%. The  dorsa l  neck  region of 
7 female  Swiss mice, we igh t  32-43 g, was  s h a v e d  w i t h  a n  
electr ic  c l ippers  1 d a y  pr io r  to  t he  appl ica t ion .  100 ~zl of 
14C-BCNU in m e t h a n o l ,  0.1062 m g  (5 tzCi), was  appl ied  
to a 5 cm 2 s h a v e d  a rea  a n d  al lowed to  d r y  for 2 rain.  As 

Distribution of I~C after application of 14C-BCNU to mice~ 

Topical application of 106.2 [zg s.c. 
(21.2 ~g) 

l h  2 h  3 h  5 h  6 h  18h 24h  6 h  
Liver 3.72 2.74 2.39 1.50 0.27 0.22 0.20 0.30 
Kidney 3.13 3.11 1.85 1.14 0.34 0.31 0.32 0.47 
Lung 1.60 1.45 1.08 0.70 0.21 0.18 0.17 0.27 
Heart 1.15 0.95 0.54 0.39 0.11 0.12 0.14 0.14 
Spleen 1.08 1.43 0.94 0.70 0.03 0.19 0.19 0.05 
Brain 0.53 0.37 0.36 0.31 0.11 0.11 0.10 0.13 
Gut b 3.94 6.19o 4.33 1.42 0.37 c 0.13 0.36 0.46 
Feces 3.95 - 4.33 3.06 - 0.22 0.63 1.96 
Muscle 0.70 0.56 0.34 0.21 0.06 0.05 0.07 0.22 
Fat 0.41 0.16 0.27 0.17 0.14 0.03 0.08 0.17 

�9 Expressed as [~g BCNU-equivalent per g organ or tissue, bEntire 
gastro-intestinal tract. Clncludes contents. 

a con t ro l  for  possible  inges t ion  of t h e  c o m p o u n d ,  1 mouse  
was g iven  0.0212 m g  (1 ~Ci) of 14C-BCNU in p ropy lene  
glycol s.c. a n d  sacr if iced a f t e r  6 h. T h e  mice  were p laced  
in i n d i v i d u a l  ho ld ing  cages. Food  and  w a t e r  were a l lowed 
ad  l ib i tum.  
T h e  mice were sacrif iced a t  1, 2, 3, 5, 6, 18 a n d  24 h b y  
cervical  dis locat ion.  Carcass  we igh t s  were de t e rmined ,  a n d  
t he  an ima l s  were carefu l ly  dissected.  The  lung,  hea r t ,  l iver,  
k idneys ,  spleen, b ra in ,  gu t  (ent i re  ga s t ro - in t e s t i na l  t r ac t )  
a n d  pieces of musc le  and  fa t  were ana lyzed .  Af te r  r e m o v a l  
e a c h  t i ssue  was i m m e d i a t e l y  p u t  in  a separa te ,  p re -weighed  
glass c o u n t i n g  vial .  Us ing  a 7 ml  Ten  Broeck  t i ssue  h o m o -  
genizer  each  sample  was homogen ized  w i t h  10-15 ml  
dis t i l led water .  F o r  ana lys i s  of t h e  14C c o n t e n t  a p u b l i s h e d  
m e t h o d  was used 3. This  cons i s ted  of we t  a sh ing  a 2 ml  
sample  of t he  h o m o g e n a t e  w i t h  2% p o t a s s i u m  d i c h r o m a t e  
in c o n c e n t r a t e d  sulfur ic  acid, and  t r a p p i n g  t h e  evo lved  
14CO2 w i t h  e t h a n o l a m i n e .  Th i s  was  a d d e d  to  a sc in t i l l a to r  
f luid and  c o u n t e d  w i t h  a p p r o p r i a t e  s t a n d a r d s  in a Beck-  
m a n  l iquid  sc in t i l l a t ion  counter .  Resu l t s  were expressed  
in ~g of B C N U  per  g of o rgan  (wet weight) ,  u t i l iz ing a 
c o m p u t e r  p rogram.  B C N U  is r ap id ly  deg raded  fol lowing 
i .v .  or oral  a d m i n i s t r a t i o n  5. H e n c e  t h e  l~C a c t i v i t y  m o s t  
l ike ly  r ep resen t s  f r a g m e n t s  or me tabo l i c  p r o d u c t s  of t h e  
appl ied  compound .  
The  t a b l e  s t a t e s  t he  B C N U  equ iva l en t s  in  mouse  o rgans  
a n d  tissues,  expressed  in ~tg/g we t  weight ,  a f t e r  a single 
app l i ca t i on  of 106.2 ~tg 14C-BCNU to  t h e  s h a v e d  skin, a n d  

1 Supported by Public Health Service, grant CA 14825, from the 
National Cancer Institute, National Institutes of Health, Depart- 
ment of Health, Education and Welfare. 

2 H.S. Zackheim, E. H. Epstein, Jr, Archs Derm. 117, 1564 (1975). 
3 H. I .  Maibach and R. J. Feldmann, Ann. N. Y. Acad. Sci. Idl, 

423 (1967). 


