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the d a t a  of CO~IROE and  his co-workers  1 has  been con- 
s t ruc ted  f rom Tab le  3 t a k e n  f rom t h a t  paper .  

F r o m  F igu re  2 we observe  the  fo l lowing:  There  is a 
re la t ive ly  close r e semblance  be tween  the  d a t a  of  t he  
four s epa ra t e  e x p e r i m e n t a l  groups .  The  c u r v e  for t he  
regenera t ion  is e x p o n e n t i a l  a n d  s imi la r  to  those  ob-  
ta ined  t h r o u g h  i so tope  s tudies .  I t  m a y  be  concluded ,  
therefore,  t h a t  th is  e n z y m e  ex is t s  in t he  b o d y  in  t he  same  
dynamic  s t a t e  as, for example ,  s e r u m  a lbumin .  W e  m a y  
from these  curves  also o b t a i n  the  half  life t i m e  of the  
enzyme,  a p p r o x i m a t e l y  6 -7  days.  This  m a y  be compared  
with  the  r epo r t ed  ~ half  life t i m e  va lue  for se rum a lbumin  
of 20 days  o b t a i n e d  for n o r m a l  man .  Ac tua l ly ,  the  half  
life t ime  o b t a i n e d  w i t h  t he  D . F . P .  p rocedures  is no t  
s t r ic t ly  c o m p a r a b l e  to  t h a t  g o t t e n  f rom the  i so tope  
method .  W e  are  a t  p r e sen t  a t t e m p t i n g  a m a t h e m a t i c a l  
fo rmula t ion  which  will  m a k e  i t  possible  to  t r ans l a t e  one  
in to  the  o ther .  Th i s  p a p e r  has  been presen ted ,  since i t  
offers a n e w  m e t h o d  for  d e t e r m i n i n g  the  d y n a m i c  s t a t e  
of an enzyme .  The  d a t a  .for s e rum chol ines terase  has  
been p resen ted  above ,  b u t  the  p rocedure  m a y  be used  
genera l ly  for such d e t e r m i n a t i o n s  w i t h  o the r  enzymes .  
With  D .F .P . ,  i m p o r t a n t  i n f o r m a t i o n  m a y  be o b t a i n e d  
not  on ly  for s e r u m  chol ines terase ,  b u t  for t rue  chol ines-  
terase as i t  occurs  in m a n y  t issues.  

M. G. LEVINE 

Kabat -Kaiser  Insti tute,  VaUe]o, CaliJornia, November 
29, t952. 

Zusammen las sung  

Eine  M e t h o d e  wird  darges te l l t ,  mi t t e l s  welcher  das  
dynamische  V e r h a l t e n  u n d  die Ha lb l ebensze i t  eines 
E n z y m s  b e r e c h n e t  we rden  kann.  Es  wi rd  ein I n h i b i t o r  
h inzugeff ig t  und  nachhe r  die Regenera t ion ,  in vivo, be-  
s t immt .  Das  E n z y m  ist  , P s e u d o c h o l i n e s t e r a s e ,  und  
der I n h i b i t o r  ist  D i - i sop ropy l -F lo ro -phospha te .  
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H o s t  R e s i s t a n c e  to  T u m o r  I m p l a n t a t i o n ~  i ts  
A l t e r a t i o n  and R e l a t i o n s h i p  to  the  I n d i v i d u a l  

M e t a b o l i c  P a t t e r n  t 

We h a v e  been  w o r k i n g  in th is  l a b o r a t o r y  for severa l  
years w i t h  a t r a n s p l a n t a b l e  f ib rosarcoma,  the  imp lan -  
t a t ion  inc idence  of  wh ich  was  r e l a t i ve ly  low in a closely-  
bred s t r a in  of  S ~ R M A ~  rats .  An  a t t e m p t  to  exp la in  th is  
low inc idence  led to  t he  cons ide ra t ion  of a n u m b e r  of  
possible causes.  

If,  for  a n y  reason,  t r a n s p l a n t e d  f r a g m e n t s  do no t  
possess a c o m p a r a b l e  p o t e n t i a l  of ac t ive  cells, due  to 
va r i a t ion  w i th in  t he  t u m o r  s tock  itself,  or  if cer ta in  
var iables  in t he  t e c h n i q u e  of g ra f t ing  are  no t  a d e q u a t e l y  
control led,  one m a y  expec t  a lowered  incidence.  On the  
o ther  hand,  i t  is p laus ib le  to  assume,  t he  t u m o r  s tock  
and va r i a t ions  in t e c h n i q u e  be ing  control led ,  t h a t  some 
indiv iduals  a re  more  suscep t ib le  t h a n  o thers  to  a t u m o r  
implan t .  U n d e r  such  condi t ions ,  one  should  be  able, b y  
chal lenging w i t h  graf ts ,  to  segrega te  t u m o r - r e s i s t a n t  
from t u m o r - s u s c e p t i b l e  an imals .  W i t h  such  groups  ava i l -  

1 Presented at the Second InternationalCongress forBioehemistry 
(Section on Cancer), Paris, July 1952. Aided by a grant from the 
Damon Runyon Memorial Fund. 

able, a new a p p r o a c h  to  the  p rob l em of the  na tu re  of 
res is tance  to  cance r  becomes  possible t h r o u g h  a com-  
p a r a t i v e  s t u d y  of t he  m e t a b o l i s m  of these  respec t ive  
groups  of  an imals .  

Our  f i rs t  e f for ts  were,  therefore ,  conce rned  w i t h  
es tab l i sh ing  a re l iable  t u m o r  t r a n s p l a n t a t i o n  t e c h n i q u e  
and  e l i m i n a t i n g  possible  v a r i a t i o n  w i th in  t h e  t u m o r  
s tock.  An  ea r ly  s t u d y  1 showed t h a t  t he  age of the  hos t  
bea r ing  a s tock  t u m o r  had  a d i s t inc t  effect  on  v i ab i l i t y  
of t he  t umor .  I t  was d e m o n s t r a t e d  t h a t  w h e n  ra ts  were  
i m p l a n t e d  wi th  t u m o r s  a t  t he  age of 10-15 days,  the  
t u m o r s  wh ich  deve loped  wi th in  2-3 weeks  were  be t t e r  
for t r a n s p l a n t a t i o n  purposes  t h a n  those  grown in o lder  
an imals .  Such t u m o r  s tocks  f rom y o u n g  an imal s  were 
s u b s e q u e n t l y  used. I t  was also shown t h a t  all  por t ions  
of  such  t u m o r s  are  e q u a l l y  v iab le  *. B y  p r o p a g a t i n g  the  
t u m o r  in y o u n g  an imal s  a t  regular  in te rva ls ,  and  ut i l iz-  
ing  s tocks  of  t h e  p r o p e r  age, va r i a t ions  wi th in  t he  t u m o r  
s t ock  h a v e  been  de f in i t e ly  cont ro l led .  

T h e  m e t h o d s  for  hand l ing  the  t u m o r  dur ing  the  process  
of  g ra f t ing  h a v e  l ikewise been  care fu l ly  s t andard ized .  
G r a f t i n g  is car r ied  ou t  in a c o n s t a n t - t e m p e r a t u r e  room 
a t  24~C, wh ich  was shown to be more  f avorab le  to  
v i a b i l i t y  t h a n  37°C. Gra f t  size, w i th in  a ce r ta in  range,  
is a cr i t ica l  fac tor ,  b u t  i t  can be cont ro l led  so t h a t  im-  
p l a n t a t i o n  inc idence  fo l lowing rep l ica te  g ra f t i ng  wi th  
f r agmen t s  f rom the  s a m e  or  s imi la r  s tock  t u m o r s  in t he  
same  an ima l s  does no t  di f fer  s ign i f i can t ly  3. As a m a t t e r  
of fac t ,  s eg rega t ion  of  r e s i s t an t  f r o m  suscept ib le  an ima l s  
has  been  ach i eved  b y  cha l l eng ing  wi th  q u a d r u p l e  grafts .  

O t h e r  s tudies ,  in which  s t a n d a r d  t echn iques  a n d  t u m o r  
s tocks  were  used,  showed  t h a t  t he  res i s tance  to  implan-  
t a t i on  of  a s ign i f i can t  n u m b e r  of  ind iv idua l s  wi th in  an 
e x p e r i m e n t a l  g roup  m a y  be  af fec ted  by  specif ic  factors  
and  t h a t  i t  can  be a l te red  by  n u t r i t i o n a l  means .  Age of 
ind iv idua l s  r ece iv ing  graf ts  is a d e t e r m i n i n g  fac tor  a. 
D i e t a r y  s u p p l e m e n t a t i o n  w i t h  py r idox ine  favors  im-  
p lan ta t ion  5, as does s u p p l e m e n t a r y  a d m i n i s t r a t i o n  of 
t h y m i c  ext rac ts* .  P h e n y l a l a n i n e  supp lements ,  however ,  
lowers inc idence  of  successful  i m p l a n t s  7, while  r ibof lav in  
has  no ef fec t  on incidence,  b u t  does af fec t  g rowth  of t he  
t u m o r  a f t e r  implan ta t ionS . ,  

H a v i n g  shown t h a t  r e s i s t an t  an imals  can  be segrega ted  
f rom suscept ib le  ones and t h a t  d i e t a ry  s u p p l e m e n t a t i o n  
can  a l te r  res is tance,  i t  is of in te res t  to know w h a t  m a y  be 
the  phys io log ica l  basis for the  p h e n o m e n o n  of res is tance.  

I t  would  seem t h a t  i m p l a n t a t i o n  and g rowth  of tumors ,  
be ing  sub jec t  to  nu t r i t i ona l  cont ro l ,  cons t i tu tes  ano the r  
case of w h a t  is cha rac t e r i zed  as " g e n e t o t r o p h i c "  diseases 
by  R .  J .  WILLIAMS et al. ~. I n d i v i d u a l  and  s t ra in  va r i a t i on  
in r ega rd  to  t u m o r  suscep t ib i l i ty  m a y  s imp ly  be an 
express ion  of  m e t a b o l i c  p a t t e r n  va r i a t ion .  Q u a n t i t a t i v e  
ana ly t i c a l  d e t e r m i n a t i o n  of  t h e  cons t i t uen t s  of  repre-  
s e n t a t i v e  b o d y  fluids, such as urine,  h a v e  r evea led  t h a t  

1 j .  B. LOEFER, Cancer 5, 163 (1952). 
2 j .  B. LOEFER, R. B. MEFFERD, Jr., and R. M. ~(ETTLETON, Jr., 

Texas Rep. Biol. Med. lO, 598 (1952). 
3 R. B, MEFFERD, Jr. and J. B. LOEFER, Texas Rep. Biol. Mcd. 

10, 608 (1952).--J.B.LoEFER and R. B. MEFFERD, Jr., Cancer 1953 
(in press). 

4 j .  B. LOEFER and N. G. GILLES, Cancer 4, 1259 (1951). - J. B. 
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5 j .  B. LOEFER, Can. Res. 11, 481 (1951), 
8 J. B. LOEFER and N. G. GILLES, Texas Rep. Biol. Med. 9, 571 
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t h e r e  are  m a r k e d  a n d  c o n s t a n t  d i f fe rences  in  t h e  q u a n t i -  
t ies  of m a t e r i a l s  e x c r e t e d - d i f f e r e n c e s  w h i c h  m a y  be  as 
g r e a t  as 1500%.  These  w or ke r s  h a v e  c o r r e l a t e d  c e r t a i n  
i n d i v i d u a l  m e t a b o l i c  p a t t e r n s ,  p a r t i c u l a r l y  t h o s e  i n v o l v -  
ing  v i t a m i n  def ic iencies ,  w i t h  c e r t a i n  d iseases  a n d  h a v e  
s h o w n  t h a t  t he se  m a y  be  success fu l ly  t r e a t e d  b y  d i e t a r y  
s u p p l e m e n t a t i o n ,  i.e., t h e y  a re  g e n e t o t r o p h i c .  T h e y  
r e p o r t  t h e  e x t r e m e l y  e n c o u r a g i n g  c o n c l u s i o n  t h a t  e v e n  
t h o u g h  a phys io log ica l  c o n d i t i o n  r e s t s  u p o n  h e r e d i t a r y  
roots ,  a n u t r i t i o n a l  a t t a c k  m a y  be  successfu l  in  m o d i f y -  
i ng  or  a l l e v i a t i n g  it .  

U t i l i z i n g  t h i s  concep t ,  we h a v e  d e t e r m i n e d  t he  q u a n t i -  
t ies  of m o r e  t h a n  t w e n t y  c o m p o u n d s  p r e s e n t  in  t h e  u r i n e  
of t u m o r - s u s c e p t i b l e  a n d  - r e s i s t a n t  ra t s .  D a i l y  a n d  long  
r a n g e  e x c r e t i o n  v a r i a t i o n  h a s  b e e n  c o m p e n s a t e d  for  b y  
p o o l i n g  f ive  2 4 - h o u r  u r ine  s p e c i m e n s  pe r  i n d i v i d u a l  r a t ,  
a n d  r e p e a t i n g  t h e  p r o c e d u r e  a second  t i m e  t w o  m o n t h s  
la ter .  Q u a n t i t a t i v e  d e t e r m i n a t i o n s  in  r e p l i c a t e  were  
m a d e  u p o n  e a c h  of t h e s e  t w o  poo led  i n d i v i d u a l  s amp le s .  
V a l u e s  o b t a i n e d  were  c o r r e c t e d  for  t h e  w e i g h t  of ind i -  
v i d u a l  r a t s  so as to  m a k e  c o m p a r i s o n s  poss ib le .  T h e  
n u m b e r  of g r a m s  of feed  r e q u i r e d  to  b e  c o n s u m e d  pe r  
r a t  to  y e l d  a n  e x c r e t i o n  of one  m i l l i g r a m  of a g iven  
s u b s t a n c e  was  d e t e r m i n e d .  T h e  T a b l e  p r e s e n t s  t y p i c a l  
d a t a  for  a s ingle  s u b s t a n c e  ( leucine),  a n d  se rves  to  
i l l u s t r a t e  t h e  m e t h o d  e m p l o y e d .  

U t i l i z i n g  t h e  m e d i a n  v a l u e  for  e a c h  c o m p o u n d  
exc re t ed ,  a n i m a l s  m a y  be  r a n g e d  a c c o r d i n g  to  w h e t h e r  

Evaluation of leucine excretion as a means of differentiating between 
tumor-resistant and tumor-susceptible rats. 

Weight 
in grams* 

per rat per day 

Susceptible 
rats  
322 0.26 
401 0.29 
351 0"24 
497 0.33 
368 0.23 
450 0-26 
329 0.24 

Resis tant  
ra ts  
305 0.27 
369 0.26 
405 0.28 
378 0.29 
335 0.29 
270 0.26 
340 0.25 
406 0.32 
280 0"27 
357 0"33 
364 0.29 

Milligrams Grams feed 
leucine consumed excreted 

per day 

25"7 
28-3 
26"3 
35'4 
25"1 
25.7 
26.6 

23 "6 
29'2 
27'6 
25"2 
24"1 
17"6 
27"4 
28"1 
23"6 
25"8 
25"8 

Corrected 
leucine 

excreted 
per day** 

88'6 
108.8 
105 "2 
147.5 
109.1 
121.4 

98.5 

;~ =i11.3- 

73-8 
112"3 
110.4 

90.0 
75-3 
50"3 

101-5 
96-9 
67"4 
75-9 
89"0 

~.,=85.7 

* Median weight: 364 (weighted to equalize classes). 
** Grams feed consumed per day per individual 

(milligrams leucine excreted per day per rat) [ |median weight \ } 
\individual weight] 

x l - x  2 = 25.6; n 1 = 7, n~ = 11; d. f. = 16; Sx 2 = 6387.7; t = 2-66, 
P < 0-02; significant at P < 0.03 level by median test 1. 

1 A. M. Moon, Introduction to Theory o/ Statistics (McGraw-Hill, 
New York, 1950), pp. 394. 

t h e y  exc re t e  more  or  less t h a n  t h i s  " n o r m a l "  va lue .  
R e p o r t e d  in  t h i s  m a n n e r ,  i t  is poss ib le  to  d i f f e r e n t i a t e  
m o s t  of t h e  su scep t i b l e  a n i m a l s  b y  u t i l i z ing  s ing ly  a n y  
one  of s eve ra l  c o m p o u n d s .  These  s e p a r a t i o n s  are  s t a t i s t i -  
ca l ly  s ign i f i can t ,  b u t  in  e a c h  case  one or  t w o  a n i m a l s  
d e m o n s t r a t e  a b e r r a n t  b e h a v i o r ,  s u c h  t h a t  i t  is i m p o s s i b l e  
to  use t h e  r e su l t s  of a s ingle  d e t e r m i n a t i o n .  T h e  differ-  
ence  b e c o m e s  m u c h  m o r e  s t r ik ing ,  howeve r ,  w h e n  
s eve ra l  c o m p o u n d s  a re  c o n s i d e r e d  s i m u l t a n e o u s l y .  

J .  B.  LOEFER a n d  R. B. ]~{EFFERD J r . t  

F r o m  the Southwest Foundat ion for Research and 
Education,  and Tr in i t y  University,  San Antonio,  Texas,  
U .S .A . ,  November 78, 7952. 

Zusammen/assu  ng 

Es  w u r d e  e in  F i b r o s a r k o m  der  R a t t e  t r a n s p l a n t i e r t ,  
we lches  s ich n i e h t  in  a l len  T i e r e n  de r  S h e r m a n - R a s s e  
e i n p f l a n z e n  1Xsst. I~ber  zwanz ig  K o m p o n e n t e n  des U r i n s  
yon sowohl  r e s i s t e n t e n  wie a u c h  y o n  e m p f A n g l i c h e n  T ie ren  
w u r d e n  a n a l y s i e r t .  Die s t a t i s t i s c h e  B e h a n d l u n g  de r  Re-  
s u l t a t e  zeigte,  dass  bei  T i e r e n  aus  g le icher  Z u c h t  deu t -  
l iche q u a n t i t a t i v e  U n t e r s c h i e d e  in d e n  U r i n a n a l y s e n  
ex i s t i e ren .  Die  L e u z i n a u s s c h e i d u n g  in  e i n e m  V e r s u c h  
m i t  18 m ~ n n l i c h e n  R a t t e n  i i b e r t r a f  be i  d e n  empf£ng l i -  
c h e n  T i e r e n  u m  30% d ie jen ige  de r  r e s i s t e n t e n  y o n  dem-  
se lben  A l t e r  ( P <  0,02). A u c h  die A u s s c h e i d u n g  a n d e r e r  
K o m p o n e n t e n  i s t  bei  den  E m p f A n g l i c h e n  v e r s c h i e d e n  
y o n  de r  r e s i s t e n t e r  Tiere.  

x Post-Doctoral Fellow in Cancer Research of the Damon Runyon 
Memorial Fund. 

Mammal ian  Specificity of Fibrinogen 

T h e r e  is no  u n i f o r m i t y  in  t h e  r e su l t s  of i n v e s t i g a t i o n s  
c o n c e r n i n g  t h e  a n t i g e n  p r o p e r t i e s  of f i b r inogens .  I n  some 
p a p e r s  1 c o n s i d e r a b l e  d i f fe rences  were  r e p o r t e d  b e t w e e n  
f i b r i n o g e n s  of d i f f e r en t  an ima l s ,  in  o t h e r s  ~ a l i m i t e d  
r e l a t i o n s h i p  was  d e m o n s t r a t e d  b e t w e e n  t h e  f i b r i nogens  
of some  m a m m a l s ,  whi le  in  a t h i r d  g r o u p  of p a p e r s  3 t he  
r e l a t i o n s h i p  is s t a t e d  to  be  r a t h e r  r e m o t e .  I t  seems  
i m p o r t a n t  to  c la r i fy  t h i s  p r o b l e m  b o t h  f r o m  a t h e o r e t i c a l  
a n d  f r o m  a p r a c t i c a l  p o i n t  of v iew.  B y  t h e  f r a c t i o n a t i o n  
of h u m a n  p l a s m a  d i f f e r en t  d e r i v a t i v e s  of f i b r i n o g e n  are 
p r e p a r e d  w h i c h  a re  success fu l ly  used  in  t h e r a p y  in differ-  
e n t  l ines  of m e d i c a l  p rac t i ce .  T h e  e x t e n s i v e  use  of these  
p r o d u c t s ,  howeve r ,  cou ld  n o t  be  rea l ized ,  owing  to  t he  
f a c t  t h a t  t h e y  a re  p r o d u c e d  f r o m  human  p l a s m a ,  a r aw 
m a t e r i a l  a v a i l a b l e  o n l y  in  l i m i t e d  a m o u n t s ,  a n d - i n  sp i te  
of v o l u n t a r y  d o n o r s - - v e r y  e x p e n s i v e .  I n  a d d i t i o n  t he  
f i b r i n o g e n  leve l  in  h u m a n  p l a s m a  is v e r y  low, a n d  a 
c o n t i n o u s  p r o d u c t i o n  of t h e  t h e r a p e u t i c  d e r i v a t i v e s  
c a n n o t  eas i ly  be  o rgan ized .  Hence ,  d i f f e r en t  s u b s t i t u t e s  
are  used  such,  as g e l a t i n a - f o a m ,  ox id i zed  cellulose,  
p o l y e t h y l e n ,  etc. ,  w h i c h  are  u n a b l e  to  c o m p e n s a t e  n a t u r a l  
p r o t e i n s  in  t h e  o r g a n i s m .  Since  all  f i b r i n  p r o d u c t s  are 
d e r i v a t e s  of f i b r inogen ,  f i r s t  of all  t h e  a n t i g e n  p r o p e r t i e s  
of f i b r i n o g e n  were  s t ud i ed .  

3Iaterials and methods 

_Preparation o/ [ibrinogen [rom m a m m a l i a n  and fowl 
plasma. F i b r i n o g e n  was  p r e p a r e d  b y  LAKI'S m e t h o d  4. 
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