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kung vorgetRuscht wird, waren die Resul ta te  aber 
grunds~itzlich anderer Ar t :  Die Gesamtrate  der archen- 
zephalen Gebilde blieb gegenfiber den Kontrol len stets 
gleich oder wurde sogar in unterschiedtichem Masse er- 
h6ht (Abb. 4). Eine detaill ierte Bet rachtung der ver- 
schiedenen archenzephalen Gebilde ergab, dass in allen 
Fermentserien die ¢.starken~ archenzephalen Organe 
(Hirnteile, Augen und Nasen) deutlich vermehrt ,  w~th- 
rend die Zahl der ~schwachen~, (freie Linsen, Lentoide, 
Balancer und Epidermisverdickungen) wechselnd beein- 
flusst, oft  auch vermehr t  wurden. Wir  glauben, nach 
diesen Befunden yon einer echten Erh6hung der archen- 
zephalen Induktionsleis tung nach Ribonukleasebehand- 
lung sprechen zu k6nnen. Das Vorkommen der spino- 
kaudalen und deuterenzephalen Gebilde liisst keine 
gesetzm~tssigen Veriinderungen erkennen. 
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Abb. 3. Induktionsleistungen der Meerschweinehen-Parotis in Ab- 
hiingigkeit vom Erniihrungszustand. 

Unsere Befunde scheinen die bisher vorliegenden Ver- 
mutungen ~ fiber die Natur  der Induktionsstoffe zu be- 
st/itigen. Denatur ierung und Abbau gewisser Proteine 
durch Alkoholbehandlung und Hunger  sowie die dami t  
Hand in Hand  gehende Ausl6schung der spinokaudalen 
InduktionsIeistung sprechen ffir den Prote incharakter  
des spinokaudal wirksamen Agens. 
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Abb. 4. Induktionsleistungen der M~useniere nach Ribonuklease- 
behandlung (1 : ~500; 2 h ; 40 ° C). 

Das Verhalten der archenzephalen Indukt ionen im 
Hunger- und Fermentversuch  deutet  darauf hin, dass 
weniger die hochpolymere Ribonukleins/iure als viel- 
mehr deren Spal tprodukte  Iiir das archenzephale Induk- 
tionsgeschehen yon Bedeutung sind ; denn durch Hunger  
werden Abbauprozesse der Ribonukleins/iure eingeleitet, 
ebenso durch Ribonukleasebehandlung,  welche bei un- 
seren Versuchen wahrscheinlich nicht  bis zu den letzten, 
nicht mehr induktionsfiihigen Bestandtei len gefiihrt hat. 
Diese Abbauprodukte  k6nnten auf Grund ihres besseren 

1 F. E. L~'UMANN, Ein/ghrung in die physiologische Embryologie 
(Verlag Birkhfiuser, Basel 19.15), S. 319 ff. - S. TOWOrCEI% Rev. 
suisse Zool. 57, 41 (1950). - T. Kmssl, Anti. Zool. Soe. zool.-bot. 
Ferm. ,Vanamo, 14, .t, 1 1951). 

Diffusionsverm6gens vom Induktor  in das Reakt ions-  
material  die Steigerung der archenzephalen Induktions-  
leistung in den Fermentserien bewirkt haben. 

H. ENGLANDER, 
A. GISELA JOHNEN und XV. VAHS 

Zoologisches Ins t i tu t  der Universitiit K6ln ,  den 15. A u- 
gust 1952. 

S u m m a r y  

Various animal tissues were tested for their  capa- 
bilities as inductors in implanta t ion experiments. After  
being fixed in alcohol for a short  t ime (few hours), 
parotis, kidney, and thymus  of the guinea pig, as well 
as the kidney of the white mouse (Series I), proved to be 
specifically deuterencephalic-spinocaudally acting in- 
ductors, whereas the liver and heart  of the guinea pig, 
and the liver of mouse and Tri turus (Series II), showed 
themselves as specifically archencephalic-deuterence- 
phalic inductors. 

If  the affection by alcohol is prolonged (up to 4 weeks), 
the deuterencephalic-spinocaudal effect is gradually lost 
iu series I, while new archencephalic structures come 
into existence. 

The tissues of series II ,  however, retain their  arch- 
encephalic-deuterencephalic effect. The action of the 
tissues tested, except  tha t  of the heart  muscle, changes 
in the same way when the animals are subjected to a 
s tarvat ion diet for several weeks. The archencephalic 
rate of induction increases while the spinocaudal rate 
decreases in proportion. In all the tissues tested, the 
capacity of archencephalic induction can be increased 
by t r ea tment  with ribonuclease. 

D y n a m i c  State  and Half  Life T i m e  of H u m a n  
S e r u m  Chol ines terase  

An impor tan t  biological concept  evolved in recent 
years is t ha t  of the dynamic state of the body consti t-  
uents. Formerly,  for example,  for one of these, the body 
proteins, semi-static stores were implied from which 
proteins were removed by catabolism and to which the 
anabolism of the body supplied replacements.  Actually,  
SCtlOENHEIMER ~ has demonstrated,  using the isotope 
technique, tha t  there is a regular, continuous, dynamic 
interchange of the body elements in which there is 
concurrent  synthesis and degradation.  

One method employed il lustrates the general isotope 
approach:  an amino acid, for example,  glycine, labeled 
with radioact ive N ~s, is administered to the animal.  
Various proteins are then collected at  periodic intervals,  
isolated, and quan t i t a t ive ly  studied as to isotope con- 
centrat ion per uni t  weight  of protein. The peak for the  
incorporation of the gtycine is reached short ly following 
cessation of administrat ion,  following which a decline 
occurs, This corresponds to the disappearance through 
degradation of the isotope labeled protein molecules. 
The rate of decline indicates a constant  replacement  of 
the labeled with newly synthesized unlabeled molecules. 
This is i l lustrated in Figure 1. I t  is cus tomary  to denote 
the average t ime of replacement of these molecules as 
the half life t ime of the part icular  protein being studied. 

We are interested in an enzyme, pseudocholinesterase, 
which is found in human serum, and which we have 

1 R. SCltOEmtEIMER, The Dynamic State o[ the Body Constituents 
(Harvard University Press Cambridge, Mass., 1942). 
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r e p o r t e d  t t o  h a v e  some q u a n t i t a t i v e  r e l a t i onsh ip  to  
s e r u m  a l b u m i n  in t h e  h u m a n .  I f  we could  re la te  t h e  r a t e  
of syn thes i s  of th is  e n z y m e  to  t h a t  o b s e r v e d  for a l b u m i n  
b y  the  i so tope  m e t h o d ,  we wou ld  h a v e  a f u r t h e r  m e a n s  
of u n d e r s t a n d i n g  t h e  r e l a t i onsh ip  of t he  two .  U n t i l  now,  
t h e  s emi - s t a t i c  c o n c e p t  of t he  s t a t e  of t h e  p seudocho l in -  
es te rase  has  a s s u m e d  t h a t  i t  is s y n t h e s i z e d  in t h e  l iver  
and  is t h e n  t r a n s f e r r e d  to  t h e  b lood  s t r e a m  as n e e d e d  to  
m a i n t a i n  a c o n s t a n t  b lood  level.  
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Fig. 1.--N 1~ concentration in serum proteins after feeding N 15 labeled 
glycine for ~ days. The slope of the curve from the peak concentration 
of the labeled protein to its mininmm value indicates the rate of 
destruction of serum protein. [After I. M. LONnON, in Plasma Pro- 

teins, ed. by J. B. YOUMANS (Thomas, Springfield, 1950)]. 

F o r  t h e  p r e s e n t  i t  is imposs ib le  to  ut i l ize  t h e  i so tope  
m e t h o d  for  s e r u m  cho l ines te rase ,  s ince t h e  p r o c e d u r e  is 
of va lue  on ly  if t he  e n z y m e  m a y  be pur i f i ed  cons ide rab ly .  
This  has  as y e t  n o t  been  a c c o m p l i s h e d  w i t h  a n y  success.  
W e  have ,  however ,  a r r ived  a t  a n o t h e r  m e t h o d  for  
d e t e r m i n i n g  t h e  s a m e  i n f o r m a t i o n  so d r a m a t i c a l l y  
i l lus t rab le  t h r o u g h  t h e  i so tope  p rocedu re .  I t  has  been  
d e m o n s t r a t e d  t h a t  s e r u m  cho l ines t e r a se  is i n h i b i t e d  b y  
a n u m b e r  of chemica l  s u b s t a n c e s  i nc lud ing  Di - i sopropy l  
F l o r o p h o s p h a t c  (D.F .P . ) ,  a r e l a t i ve ly  i r revers ib le  2 in- 
h ib i to r .  I n  vivo, t h e  a d m i n i s t r a t i o n  of th i s  d r u g  is 
fo l lowed b y  t h e  r a p i d  d i s a p p e a r a n c e ,  a m o n g s t  o t h e r  
th ings ,  of s e r u m  cho l ines t e r a se  fo l lowed by  i ts  i m m e d i a t e  
r e g e n e r a t i o n  8. The  r a t e  of th i s  r e g e n e r a t i o n  ind ica t e s  
t h e  s ame  i n f o r m a t i o n  as t o  t h e  d y n a m i c  s t a t e  of th i s  
p a r t i c u l a r  p r o t e i n  w h i c h  t h e  i so tope  has  g iven  for o t h e r  
t i ssue  e l emen t s .  Because  of a c o n s t a n t  level of th is  e n z y m e  
in t h e  h u m a n  ove r  a long pe r iod  of t ime ,  t h e  r a t e  of 
r e a p p e a r a n c e  of  t h e  e n z y m e  would  ac tua l l y  i nd i ca t e  t he  
t ime  and  q u a n t i t y  of t h e  r egu la r  s y n t h e s i s  of t h e  mole-  
cules.  Since t h e  e x p e r i m e n t  in h u m a n s  offers  some  
dif f icul ty ,  i t  ha s  been  poss ible  to  secure  d a t a  for th i s  
r e g e n e r a t i o n  f r o m  o t h e r  sources  a n d  th i s  is p r e s e n t e d  
in F igu re  2. 

Medhod .  The  d a t a  of four  g roups  of i n v e s t i g a t o r s  h a v e  
been  e x a m i n e d  s t a t i s t i ca l ly .  Series n u m b e r  one 4 cons is t s  

of 13 n o r m a l  i nd iv idua l s  w h o  rece ived  2 m g  of D . F . P .  
in  p e a n u t  oil i n t r a m u s c u l a r l y .  Series n u m b e r  two  z 
cons i s t s  of 35 sub jec t s ,  25 of w h o m  were  n o r m a l  con- 
va l e scen t s  and  t e n  w i t h  m y a s t h e n i a  gravis .  5 t e n t h s  of 
3 m g  of D . F . P .  were  a d m i n i s t e r e d  i n t r a m u s c u l a r l y  or 0.5 
to  2 mg  in  a q u e o u s  so lu t ion  was  g iven  in t r a - a r t e r i a l l y .  
Series n u m b e r  three-* cons i s t s  of 8 n o r m a l  s u b j e c t s  wi th  
d e t e r m i n a t i o n s  on t h e  4 th, 8 th, a n d  15 th d a y  a n d  9 
s u b j e c t s  on t h e  f i rs t  day .  D . F . P .  was  a d m i n i s t e r e d  
t h r o u g h  v a p o r  i nha l a t ion .  Series n u m b e r  four  8 cons is t s  
of 6 s u b j e c t s  who  were  g iven  2 to  3 m g  of D . F . P .  in t ra -  
m u s c u l a r l y  in p e a n u t  oil. I n  all  of t hese  t h e  s t a n d a r d  
WARBURG t e c h n i q u e  was  e m p l o y e d  to  d e t e r m i n e  s e r u m  
cho l ines te rase .  D e t e r m i n a t i o n s  were  m a d e  i m m e d i a t e l y  
fol lowing ces sa t ion  of D . F . P .  a d m i n i s t r a t i o n  a t  which  
in i t ia l  p o i n t  t h e  s e r u m  cho l ines t e rase  h a d  d i s a p p e a r e d  
a l mo s t  c o m p l e t e l y  f r o m  the  se rum.  F o r  t h e  d a t a  of 
GROB el al. 4 a n d  MAZUR a n d  BODANSKY 2, t h e  cu rves  are 
p l o t t e d  f r o m  tab les  i n c l u d e d  in t h e i r  paper s .  The  d a t a  
of WESCOE et al. 5 cons is t s  of r e p l o t t i n g  t h e  curve  inc luded  
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Fig. ~.--Regeneration of human serum eholinesterase following the 
administration of D.F.P. Curve No. 1 from the data of WESCOE et al. 5. 
Curve No. 2 from the data of LILIENTHAL et al. z. Curve No. 3 from 
the data of ~IAZUR and BODANSKY 2. Curve No. 4. froul the data of 

C O M R O E  £t al .  3. 

in t he i r  p a p e r  so t h a t  t h e  va lues  are  d e t e r m i n e d  as 
p e r c e n t  r e g e n e r a t i o n  r a t h e r  t h a n  ac tue l  s e r u m  chol- 
i nes t e r a se  a c t i v i t y  read ings .  The curve  o b t a i n e d  f rom 
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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 en zyme .  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 .  

1 j .  H. COMROE, J. TODD, and G. B. KOm.LE, J. Pharm. Exp. 
Ther. 87, 281 (1946). 

z I. M. LONDON, D. SUEMI~, R, WEST, and D. RITTENBERGER, 
J. Biol. Chem. 179, 463 (1949). 

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  
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