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only.  W e  s h o u l d  m e n t i o n  t h a t  on  microscopic  e x a m i n a t i o n  
two  more  a n i m a l s  in  t h e  t e s t o s t e r o n e - t r e a t e d  g roup  and  
one  more  in t h e  co r t i sone - t r ea t ed  g roup  showed  p u l m o n a r y  
mic ro -me ta s t a s i s ,  wh ich ,  h a d  t he  a n i m a l s  been  al lowed to  
s u r v i v e  longer ,  wou ld  h a v e  g rown  to  grossly vis ible  size. 

I t  is w o r t h  no t i c ing  t h a t  t h e  local  g r o w t h  of t he  t u m o r  
was n o t  a necessa ry  c o n d i t i o n  for t h e  a p p e a r a n c e  of the  
me tas t a s i s .  Th i s  a p p a r e n t l y  p a r a d o x i c a l  effect, f irst  
p o i n t e d  ou t  b y  AGOSlI~ e t  al. ~, was  pa r t i cu l a r l y  ev i den t  in 
our  e s t r o g e n - t r e a t e d  ra ts .  A m o n g  t h e m ,  t he  t h r ee  an ima l s  
w i t h  k i d n e y  m e t a s t a s i s  d id  no t  show a n y  sign of t u m o r  
g r o w t h  in t he  t a i l  a n d  if we t a k e  the  t h r e e  groups  t oge the r  
a s ign i f i can t  inc idence  of m e d i a s t i n a l  m e t a s t a s i s  could be 
d e m o n s t r a t e d  in t h e  absence  of p r i m i t i v e  g rowth .  The  
mic roscop ic  p i c tu re  of t h e  m e t a s t a t i c  g rowth  did  no t  show 
a n y  pecu l ia r i ty .  I n  the  lungs  t he  t u m o r  nodules  were 
f r e q u e n t l y  c e n t r e d  b y  a vessel  where  a t u m o r  embol i  could 
occas iona l ly  be  depic ted .  T h e  g r o w t h  in t he  k idneys  and  
h e a r t  led to  d e s t r u c t i o n  of t h e  o rgan  s t r u c t u r e s  a n d  also 
in f i l t r a t e s  i n t e r s t i t i a l l y  to  a g r e a t  e x t e n t .  

T h e  t o t a l  absence  of m e t a s t a t i c  g r o w t h  in all  t h e  twe lve  
cont ro ls ,  desp i t e  t h e  local  g rowth ,  seems to exc lude  the  
v iew t h a t  t he  mod i f i ca t i on  of t h e  b e h a v i o u r  of th i s  t u m o r  
was a t t a i n e d  b y  i ts  g rowing  in t h e  tai l .  Besides, t he  
a p p e a r a n c e  of m e t a s t a s i s  in  t r e a t e d  an i m a l s  which  did  no t  
show local  g r o w t h  ind ica tes  t h a t  i t  is no t  on ly  the  easiness  
to  p e n e t r a t e  v o l u m i n o u s  vessels,  in t h i s  case the  la te ra l  
ve in  of t h e  tai l ,  wh ich  exp la ins  t h e  modi f ied  b e h a v i o u r  7. 
R a t h e r  i t  seems t h a t  t he  h o r m o n a l  t r e a t m e n t  c rea ted  
ce r t a i n  cond i t ions  in  t he  hos t  t h a t  fac i l i t a ted  the  a r res t  
a n d  p ro l i f e ra t ion  of c i r cu la t ing  t u m o r  ceils in  sites which  
are  usua l ly  una f f ec t ed  in n o n - t r e a t e d  ra ts .  The  incidence 
of e x t r a - p u l m o n a r y  m e t a s t a s i s  was  h i g h l y  s ign i f ican t  in  
ou r  ma te r i a l ,  s howing  t h a t  t h e  p u l m o n a r y  microc i rcu la t ion  
is p r o m p t l y  t r a v e r s e d  b y  t he  Y o s h i d a  neop las t i c  cells. 

D i r e c t  e x p e r i m e n t a l  o b s e r v a t i o n  in vivo has  s h o w n  t h a t  
co r t i sone  increases  e n d o t h e l i a l  s t i ck ing  of b lood-borne  
t u m o r  celIs s. Cor t i sone  also a l t e r s  t h e  l ipid m e t a b o l i s m  
a n d  increases  b lood coagu lab i l i t y  9. As a m a t t e r  of fact ,  
t h e  m a j o r i t y  of t h e  e x p e r i m e n t a l  fac to rs  t h a t  increase  
h e m a t o g e n i c  m e t a s t a s i s  p r oduce  a p o t e n t i a l  hype rcoagu-  
l ab i l i ty  a n d / o r  increases  leueoeyt ic  s t i ck ing  as po in ted  
o u t  b y  WOOD e t  al. a n d  severa l  o the r s  i nves t iga to r s  3,~°-~s. 

T h e  s t a t e  of t he  e n d o t h e l i a l  sur face  a n d  blood coagu- 
l ab i l i t y  seem t h e n  to  p l a y  a decis ive role in the  deter-  
m i n i s m  of m e t a s t a t i c  loca l iza t ion  a n d  g r o w t h  of blood-  
b o r n e  neop las t i c  cells a n d  a re  p r o b a b l y  t h e  p r e e m i n e n t  
hos t  fac to rs  i n v o l v e d  in t h e  m e c h a n i s m  of me tas t a s i s  

f o r m a t i o n  saa. W e  h a v e  so far  no  e x p l a n a t i o n  r e g a r d i n g  
m e c h a n i s m  of ac t ion  for  t h e  p r o d u c t i o n  of m e t a s t a s i s  b y  
t r e a t m e n t  w i t h  sex hormones .  However ,  i t  is no t  o u t  of 
ques t ion  to  p o s t u l a t e  t h a t  these  h o r m o n e s  e x e r t  t h e i r  
ac t ion  t h r o u g h  some m o d i f y i n g  effect  on  e n d o t h e l i a l  ad-  
herence  and  b lood coagu lab i l i ty ,  as  d e m o n s t r a t e d  for  
cort isone.  

I f  t h i s  obse rva t i on  w i t h  t he  Yosh ida  s a r c o m a  p roves  to  
be a genera l  fact,  a w a r n i n g  shou ld  be  sounded  c o n c e r n i n g  
the  u t i l i za t ion  of sex h o r m o n e s  in cl inical  m a n a g e m e n t  of 
cancer  pa t ien ts ,  owing to a possible  acce le ra t ion  of m e t a -  
s ta t ic  d i s semina t ion  in h o r m o n e - t r e a t e d  ind iv idua ls ,  as 
has  a l ready  been  ind ica ted  in some recen t  p a p e r s  ~-20. 

Zusammenfassung. Es wird  f iber die V e r b r e i t u n g  des 
me t a s t a t i s chen  Y o s h i d a - S a r k o m s  bet R a t t e n  be r i ch t e t ,  
die das  Sa rkom in den  Schwanz  ge impf t  e rh ie l ten .  Die ge- 
impf t en  Tlere w u r d e n  m i t  Tes tos t e ron ,  Cor t i son  u n d  
(3strogen behande l t .  Die e infache  E i n p f l a n z u n g  des  Sar-  
koms  is ,  n i e h t  geni igend,  u m  die V e r b r e i t u n g  de r  Ge- 
schwuls t  zu veran lassen .  
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A n a l y s i s  of  the  R a d i o i s o t o p e  Reno~ ,ram ~ 

The  e s t i m a t i o n  of o r g a n  func t ion ,  b y  e x t e r n a l  coun t ing  
of y-emiss ions  f rom a n  a d m i n i s t e r e d  r ad ioac t ive  sub-  
s tance ,  ha s  b e e n  wide ly  e m p l o y e d  in t h y r o i d  studies.  
Since t h e  k i d n e y s  a c c u m u l a t e  a n d  excre te  ce r t a in  radio-  
labe led  dyes,  t h e  s ame  t y p e  of a p p r o a c h  is possible. T he  
p rocedure  w h i c h  was  evo lved  b y  WINTER 2 was t e r m e d  
t he  r ad io i so tope  r e n o g r a m .  A t t e m p t s  a t  q u a n t i t a t i o n  
h a v e  b e e n  empi r i ca l  t h u s  far  3,4. W e  wish  to  po in t  ou t  
possible  q u a n t i t a t i o n  of t h e  rad io i so tope  renogram,  based  
on  a s imple  4 c o m p a r t m e n t  sys tem.  

S h o w n  in t he  F igu re  is a possible  mode l  of t he  e v e n t s  
fol lowing i n t r a v e n o u s  i n j ec t i on  of a smal l  q u a n t i t y  of a 
r a d i o a c t i v e  s u b s t a n c e  w h i c h  is exc re ted  b y  t he  k idneys  
(for example ,  t he  c o m m o n l y  emp loyed  0.2 m g  of o-iodo- 

h ippur ic  acid r ep resen t s  on ly  7 × 10-7 moles ;  if d i s t r i b u t e d  
even ly  in 5 1 of blood,  the  c o n c e n t r a t i o n  would  be  
1.4 X 10 -~ M).  A t  tow c o n c e n t r a t i o n s  t he re  need  be  l i t t l e  
concern  wi th  s a t u r a t i o n  of the  r ena l  exc re to ry  m e c h a n i s m .  
Passage  of the  s u b s t a n c e  f rom b lood  to  k i d n e y  a n d  f rom 
k idney  to  urine,  even  if ' a c t i ve  t r a n s p o r t ' ,  c an  be  con-  
s idered as a l inear  func t ion  of c o n c e n t r a t i o n  a t  such  g rea t  
di lut ions .  I t  is also a p p a r e n t  t h a t  t he  reverse  r eac t ions  
(passage of m a t e r i a l  f rom k i d n e y  to blood, a n d  f rom ur ine  
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to blood) are neghgible  in t he  normal  renal  appara tus .  
Hence  the  ra te  cons tan t s  k v k s ,  k z, k_ 4 can  be  neg-  
lected,  and we h a v e  a s imple sys tem:  blood --~ k idneys  --~ 
urine. 

Right kidney left kidney 

Simple model of the fate of a radioactive material injected into the 
blood stream as a bolus and excreted by the kidneys. The k's are the 

rate constants of the reactions. 

The  p rob lem fur ther  simplifies if the  two k idneys  h a v e  
ident ica l  funct ion,  or  if  one k idney  is absent .  In  bo th  of 
these s impli f icat ions  the  4 c o m p a r t m e n t s  i l lus t ra ted  re- 
duce to a 3 c o m p a r t m e n t  model .  The  equa t ions  for solving 
such a sys tem have  been presented  by  HEINZ 5 and ut i l ized 
in o ther  studies ~. I n  previous  inves t iga t ions  the  equa t ions  
were used to  p red ic t  b lood levels of a ma te r i a l  af ter  
depo t  inject ion.  Here  we will  use the  equa t ions  to calcu- 
la te  u p t a k e  a t  a depo t  (the kidney) a f te r  in t ravenous  
inject ion.  T h e  q u a n t i t y  of r ad ioac t iv i t y  in t he  k idney  a t  
a n y  ins t an t  of t i m e  is: 

qt=ql (1) k 1 - k ~  

where  qt is the  q u a n t i t y  a t  t ime  t, qi is t he  q u a n t i t y  in-  
jec ted ,  k 1 is t he  ra te  cons t an t  for t ransfer  f rom blood to  
kidney,  and  h 2 is t he  ra te  cons t an t  for t ransfer  f rom k idney  
to urine. The  cons t an t  k~ is e s t ima ted  b y  t ak ing  t h e  
t a n g e n t  of  t he  rena l  cu rve  a t  t he  f irs t  po in t  of upswing.  
F o r  example ,  the  t angen t  a t  the  po in t  of upswing of t he  
renal  curve  in a typ ica l  ins tance  m i g h t  be 60 U in 1.5 rain, 
or  40 U]min.  The  theore t ica l  m a x i m a l  rise of the  curves  of  
bo th  k idneys  if there  were no excret ion,  would  be g iven  
by  the  s t anda rd  set  a t  the  same  g e o m e t r y  as t he  kidneys.  
I n  this case i t  amoun t s  to 120 U. Hence  the  va lue  of k~ is 
40/120 or  0.33/min. 

Once k 1 is es t imated ,  t he  t ime  of a t t a in ing  m a x i m u m  
he igh t  of the  renal  curve  is read  f rom the  radioisotope 
renogram.  T h e n  k, is de t e rmined  f rom:  

1 kx 
tmax = - -  In - -  (2) 

h a -  h z k~ 

where  tra~. is the  t ime  of reaching  m a x i m u m  height ,  and  
In is the  na tu ra l  logar i thm,  W i t h  k 1 and  k S now deter-  
mined,  subs t i tu t ion  can  be m a d e  in equa t ion  (1) to  calcu- 
la te  the  expec ted  he igh t  of the  curve  a t  a n y  ins tan t .  
In i t i a l  w o r k  has  showm t h a t  h I has  va lues  of approxi -  
m a t e l y  0.3 to  0.5/min,  whi le  k s is abou t  0.07 to  0.2/min, 
Two  typ ica l  cases are  l is ted in t he  Table  wi th  the  observed  
and calculated he igh t s  of  t he  curve  a t  3 po in ts  of  t ime.  

Reasons  for dev ia t ion  form such a s imple  mode l  im-  
media te ly  came to  mind.  

(1) E v e n  a well  pos i t ioned renal  probe  will  p ick  up  
radia t ion  f rom the  con t ra ta te ra l  k idney.  I n  addi t ion,  
there  is an  ana tomic  a s y m m e t r y  be tween  the  vascula tnre ,  
and  this is seen by  the  two  probes  4. Non- rena l  vascu la tu re  
cont r ibu tes  to the  curves,  and  even  nephrec tomized  indi-  
v iduals  will  show a s l ight  cu rve  as the  rad ioac t ive  bolus 
passes by.  

Data on the excretion of o-iodohippuric acid-I TM by 2 individuals as 
recorded by the radioisotope renogram. Predicted values were calcu- 

lated from equation z. 

Tmax Time Chart deflection units 
rain mill observed predicted 

J.G. 29, female 4.1 4.1 52 52 
Right and left identical 
kidney traces 10.0 31 31 

20.0 16 7 
T.T. 66, male 5.0 5.0 79 79 
Right kidney absent 10.0 58 61 

20.0 47 42 

(2) All  of the  ma te r i a l  ( typical ly  o- iodohippuric  acid) is 
no t  exc re ted  according to such a s imple  formula t ion .  A 
small  f rac t ion is blood or  renal  bound  ~ and has a longer  
residence in t he  body.  This  will  cause dev ia t ion  toward  a 
less rapid  fall  of t he  renal  curve  a t  longer  t imes.  Such a 
predic t ion has  been borne  ou t  by  several  observat ions  
(and see the  last  f igures in each case in the  Table).  I t  m a y  
be, however ,  t h a t  devia t ions  f rom the  expec ted  s imple  
curve  will be of va lue  in p rov id ing  ins ight  as to b lood or  
renal  b inding of the  rad ioac t ive  mate r ia l  unde r  use. 

(3) The  calcula t ion of kl depends  upon  accura te ly  
knowing  the  he igh t  of the  s t anda rd  when  v iewed by  t h e  
renal  probes.  The  2 k idneys  m a y  v a r y  in bo th  dep th  and 
shielding b y  the  ve r t eb ra  and  per i rena l  fat .  E s t i m a t i o n  of  
t he  s t andard  a t  such a dep th  and  shielding m a y  be  diffi-  
cul t .  One can  use t he  empir ica l  app roach  t h a t  t he  'cor-  
r ec ted '  s t andard  is t h a t  va lue  which  al lows the  ca lcula ted  
va lue  of k 1, when  coupled wi th  tmax, to  de te rmine  the  
va lue  of k2 to  pred ic t  t he  shape of the  curve.  

(4) The  ra te  cons t an t  k s represents  no t  on ly  t ransfer ,  
b u t  also f lushing of  t he  rad ioac t ive  ma te r i a l  f rom the  
k idney  tubu les  b y  the  ur ine  flow. Hence  k s should be  
par t i a l ly  dependen t  upon the  v o l u m e  of ur ine  flow (it is a 
compos i te  constant) .  T h a t  th is  is reasonable  is shown by  
the  fac t  t h a t  dehyd ra t ed  indiv iduals  h a v e  been  no ted  to  
h a v e  a prolonged exc re to ry  phase.  

(5) The  calcula t ions  h a v e  been based on first  o rder  
assumptions,  wi th  neglect  of the  reverse  f low cons tan t s  
(k l, k-~, k-a, kin). Whi le  th is  a s sumpt ion  is va l id  for t he  
normal  kidney,  i t  does no t  necessari ly hold for diseased 
kidneys.  I n  such instances,  reverse  f low m a y  occur, and  
the  full  4 c o m p a r t m e n t  (8 constant )  sys tem m u s t  be  
eva lua ted .  

Zusammen]assung. Beim Feh len  einer  Niere, und  bei  
zwei no rma len  Nieren  yon  gleicher Akt iv i t i i t  sind die 
Rad io i so topen -Renog ramme  (1Viodell m i t  drei  Bes tand-  
tei len:  Blur,  Niere  und  Urin) genau  beschr ieben worden.  
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