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intracel lular  phospha tase  is no t  associated wi th  bone for- 
mat-ion and  m a y  largely disappear ,  to  be succeeded by  a 
second w a v e  of fo rmat ion  of phosphatase ,  a grea t  p a r t  of 
which is found outs ide  the  cells' .  A po in t  of d iscr iminat ion  
is to  be  m a d e  abou t  t he  na tu re  of phospha tase  react ions  
found in t h e  cells before t he  d isappearance  and  af te r  t he  
reappearance.  Before  t h e  d i sappearance ,  t he  alkal ine 
phospha tase  local isat ion is seen to  be mos t ly  int racel lular ,  
whereas  a f te r  t h e  reappearance  i t  is ex t race t lu lar  in na ture .  
However ,  t he  deep phospha tase  local isat ion of t he  mes-  
enchymatous  cells is t h r o u g h o u t  an  i m p o r t a n t  pecu l ia r i ty  
of th is  s tudy .  The  p las ter ing  cells a re  mesenchyma tous  
cells and  t h a t  is w h y  t h e y  a lways  show posi t ive  phos-  
pha tase  react ion.  The  s t u d y  conf i rms the  v iew t h a t  a lka-  
line phospha tase  is associated in t he  d e v e l o p m e n t  of the  
bone e l emen t  of the  ve r t eb ra l  column,  and a t  the  t ime  of 
calcification,  there  is a phenomenon  of r eappearance  of 
phosphatase  in t he  cells. This  s t udy  also suppor ts  the  
view prev ious ly  expressed by  LORCH ~ tha t ,  in the  absence 
of ex t race l lu la r  phosphatase ,  the re  cannot  be fo rmat ion  
of bone. 

This problem was suggested by Dr. SlVATOSIt MOOKERJEE and 
I am indebted to him for his constant help and encouragement. 

ASOKE BOSE 

Department o[ Zoology, Presidency College, Calcutta, 
June I9, 1959. 

Zusammen/assung 

Zu Beginn der  Eu twick lung  derWirbelsAure  im Hfihner-  
embryo  finder sich die alkal ische Phospha tase  in t ra-  
zellulAr. Mi t  der  sp~Lteren Verka lkung  und  En twick lung  
des Knochenmarks  ist die Reak t ion  eXtrazelluliir nach-  
weisbar. 

Protective Action of Irradiated Bone Marrow Cells 

The  po ten t ia l  of t h e  hos t ' s  immunogen ic  tissue sur- 
v iv ing  fol lowing le tha l  i r rad ia t ion  de te rmines  whe the r  a 
foreign graf t  will  t ake .  I f  i t  is feasible to  comple te ly  
suppress the  i m m u n o g e n i c  sys tem of t he  hos t  by  x-ray ,  
t he  immunologic  po t en t i a l  of t he  graf t  de te rmines  h o w  
long the  hos t  will  surv ive .  P rov ided  t h a t  t he  remain ing  
hos t ' s  immunogen ic  t issue a f t e r  le tha l  i r rad ia t ion  is negli-  
gible, ' t akes '  and progress ive  g r o w t h  in t he  new hosts  of  
foreign bone marrow,  if st i l l  funct ional ,  wou ld  ensueL 
E v e n  if the  implants  were hypo- func t iona l ,  or  afunct ional ,  
t h e y  would  nevertheless  mod i fy  the  i r rad ia t ion  response.  

Since i t  appears  undesirable  to  in jec t  cells ful ly capable  
of reac t ing  immunologica l ly  aga ins t  t he  host,  in t he  
p resen t  s tudy ,  bone mar row was sub jec ted  to  i r rad ia t ion  
in vitro prior  to t ransplanta t ion .  The  degree of p ro tec t ion  
afforded by  isologous (DBA1), homologous  (C57BL/6) and  
heterologous  ('WR) bone mar row exposed to f rac t iona ted  
doses was assessed f rom the  n u m b e r  of mice (DBAI) sur- 
v iv ing  le tha l ly  i r rad ia ted  controls.  The  effects  of al l  t r ea t -  
ments  are p resen ted  in tabular  form (Table). 

The  observa t ions  made  indicated t h a t :  (1) isologous 
bone m a r r o w  cells exposed in vitro up to  950 r exerc ised  
some p ro tec t ive  effect  in le thal ly  i r rad ia ted  mice,  and  (2) 
i r rad ia t ion  of homologous  and heterologous  bone  m a r r o w  
before in ject ion,  (a) did no t  render  t h e m  incapab le  of  
reac t ion  agains t  t he  host ;  (b) were des t royed,  or, (c) could  
no t  repa i r  t he  hos t ' s  rad ia t ion- in jured  cells. 

Assuming  t h a t  r ad ia t ion  is cumula t ive ,  t h e  t o t a l  
a m o u n t  of x - rad ia t ion  to  the  an imals '  bone m a r r o w  is 
ob ta ined  s imply  by  adding  the  doses of le thal  b o d y  i r ra-  
d ia t ion  and  the  in vitro exposure  of the  isologous bone  
m a r r o w  in jec ted  s. 

x G.W. SANtos and L. J. COLE, J. nat. Cancer Inst. 21, 279 (1958). 
W. SaELDON, K.C. ATWOOD, M.L. RANDOLPH, and H.E.  

LmPPOLD, Biophys. biochem. Cytol. 4, ~65 (1958). 

Experiment 

i f 
Isologous bone marrow** 
(DBA/1) t 

I I  
Homologous bone marrow 
(C57B/6) 

,,i I 
Heterologous bone marrow 

I 

No. of Mice 
Treatment of Treatment of 
host; X-irra- graft; X-irra- 

diation* diation 

509 r No bone 
marrow 

509 r None 
950 r 475 r 
950 r 950 r 
950 r 1425 r 

950 r No bone 
marrow 

950 r None 
950 r 475 r 
950 r 950 r 
950 r 1425 r 

950 r No bone 
marrow 

950 r None 
950 r 475 r 
950 r 950 r 
950 r 1425 r 

M S T of mice 
dying of 
exposure 

11 

Permanent 
28 
14 
10 

11 

22 
15 

9 
19 

11 

12 
9 

10 
10 

No Survival 
o v e r  

Total number 

o/5 

5/5 
1/5 
Us 
0/5 

'0/5 

215 
015 
0/5 
0/5 

o15 

oi5 
0/5 
o/5 
0/5 

* LDloo/n= 950 r; rate 190 r/rain. 250 Kvp, 15 ma; 1/2 mm Cu + 1 mm AI filters ** 10s-1012 cells/0-5 ml saline i.v. 24 h post-irradiation 
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The  fact  t h a t  isologous mar row exposed to 1425 r stil l  
con ta ined  viable  cells is of considerable  interest .  I t  would  
indica te  t h a t  l e tha l i ty  f rom to ta l  body  i r rad ia t ion  is .not 
t he  resul t  of bone m a r r o w  deple t ion  alone, b u t  due to  
damage  to  var ious  organs,  the  bone  mar row being ac tu -  
al ly more  res i s tan t  to  rad ia t ion  t h a n  the  b o d y  as a whole.  

By  the  in vitro exposure  of homologous and heterologous 
bone marrow to var ious  dose levels of  x-rays ,  i t  was  hoped  
to  r e m o v e  hos t  specif ici ty and  to  abol ish graf t -versus-hos t  
r eac t ion  t h r o u g h  x - r ay  induced muta t ion ,  ch romosomal  
aberra t ions ,  breaks,  delet ion,  and /o r  p lo idy  a. Obviously,  
severa l  gene r equ i remen t s  would  h a v e  to  be  a l te red  in 
order  t h a t  t he  foreign bone  m a r r o w  be compat ib le  wi th  
t h e  new hos t  4. I t  wou ld  appea r  t h a t  e i ther  in vitro i r radia-  
t ion  did n o t  render  homologous  and  heterotogous  bone  
m a r r o w  immunolog ica l ly  incompe ten t ,  or  t h a t  a 100% 
le thal  dose migh t  no t  a d e q u a t e l y  suppress  the  hos t ' s  im-  
munogenic  sys tem.  Also, i t  would  be conce ivable  to  sus- 
p e c t  t h a t  desoxyr ibonuclease  p layed  an  i m p o r t a n t  p a r t  
in des t ruc t ion  of D N A  t h a t  follows irrazliation~. The  in- 
ab i l i ty  of  i r r ad ia ted  homologous  and  hetero iogous  bone  
m a r r o w  to  pers is t  and  prol iferate ,  e v e n  t empora r i l y  in t he  
new host,  s imi lar  to  isologous bone  marrow,  or  to  s t imul-  
a te  regenera t ion  of t he  hos t ' s  bone m a r r o w  was p resum-  
ab ly  because  of t he  degree of genet ic  diss imilar i ty .  

This investigation was supported in part by a grant from the 
National Institutes of Health, USPHS CY3335, and the Children's 
Cancer Research Foundation. 

H. MEIER a n d  BARBARA L. BROWN 

The Children's Cancer Research Foundation and the De- 
partments of Pathology, The Children's Medical Center and 
Harvard Medical School, Boston (Mass.), July 7, 7959. 

Zusammen/assung 

W u r d e  in vitro r6n tgenbes t rah l tes  K n o c h e n m a r k  (475 r, 
950 r, 1425 r) in letal  bes t rah l te  M/~use (LD 100/11 = 
950 r) inj iziert ,  so e rgab  sich: Isologes Knochenm ark ,  m i t  
950 r bes t rahl t ,  bes i tz t  noch beacht l iche  Schu tzwi rkung ;  
bes t rah l tes  homologes  und  heterologes  K n o c h e n m a r k  
war  weniger  oder  ganz inakt iv .  

s T. T. PUCK, Proc. nat.  Acad. Sei., Wash.  44, 72~ (1958). 
a N. A. MITCHISON, Biological Replication o] Macromolecules, 

S. E. B. Symposia (Acad. Press. Inc., New Yor k 1958), p. 225. 
a F. M. BACQ, P. FISCHER, A. HERVE, C. LIEBECQ, and S. LIE- 

BEoG-HuTT~R, Nature 182, 175 (1958). 

I m m e d i a t e  Effects of UV Irradiat ion 
on  the  Iso lated  Rat  B l a s t o c y s t  

I t  has  recent ly  1, 2 been repor t ed  t h a t  t h e  inner  cell mass  
of a r a t  b las tocys t  (4x]2 d a y  af te r  copulat ion)  is des t royed  
af te r  1500 e rgs /mm 2 of U V  i r radia t ion.  B y  t h e  t e n t h  d a y  
of pregnancy,  on ly  cells descending f rom the  t rophob las t  
are  found in a normal ly  conf igura ted  egg-chamber .  

The  present  s t u d y  is an  a t t e m p t  to  e luc ida te  these  re- 
sults,  ana lyz ing  the  i m m e d i a t e  cytological  changes  a f t e r  
i r radia t ion .  W e  t r ied  to  inves t iga te  t h e  fol lowing possible 
cyto logica l  effects :  

(1) since i t  is well  known  3 t h a t  t he  U V  i r rad ia t ion  can  
re ta rd  or  inh ib i t  cell divis ion and  cleavage,  we coun ted  
mitoses  and  cells of  t he  blastocysts .  

(2) The  inner  cell mass of a no rma l  m a m m a l i a n  blasto-  
cys t  shows a p ronounced  af f in i ty  for pyronine  4. Such cy to-  
p lasmic  basophi l ia  m a y  disappear  a f te r  U V  irradiat ion,  
as has  been shown in nuclea te  and anuc lea te  f ragments  of 
a m e b a  5 

(3) The  pycno t i c  cells are of ten found af te r  i r radia t ion  e 
and  the  af f in i ty  of the  nuclei  for m e t h y l  green m a y  dis- 
a p p e a r L  

As before, we used the modif ied  egg- t ranfer  m e t h o d  s 
t oge the r  wi th  i r radiat ion.  Owing to  th is  technique ,  t h e  
t r ansp lan ted  eggs are  a lways in t he  r igh t  u ter ine  horn  and  
those  of the  recipient  in the  lef t  one. 

I n  order  to  t e s t  these  possibilit ies,  we recovered  the  
i r rad ia ted  and t r ansp l an t ed  blas tocysts  f rom t h e  u ter ine  
horn  of t he  rec ip ient  af ter  6 (Series 1} or  17 h fol lowing 
i r radia t ion  (Series 2). The  eggs were f ixed in toto 4 and 
s ta ined b y  the  usual  m i x t u r e  a f te r  Unna -Brache t .  

Series 1. The  eggs recovered  6 h af ter  i r rad ia t ion  (i. e. 
still  t he  f i f th  d a y  of pregnancy)  showed no changes  a t  
all, if  1500 e r g s / m m  2 were  used, b u t  t h e y  h a d  some rare  
pycno t i c  cells a f t e r  3000 ergsUmm *. The  ave rage  n u m b e r  
of cells af ter  bo th  doses was 31-77 / :  1-19. Of 6 blas to-  
cysts  (3000 e r g s / m m  ~) in three  the re  were  4 pycno t i c  cells. 
Controls  had  the  same n u m b e r  of cells (33 4- 2.93), b u t  
no pycno t i c  ceils. A t o t a l  n u m b e r  of  17 b las tocys ts  w i th  
550 cells has  been counted.  

Series 2. Afte r  16-17 or  19 h (i. e. a l r eady  the  s ix th  d a y  
of pregnancy)  t he  ave rage  n u m b e r  of cells was as follows 
(dose 1500 e rg s /mm ~) : 

Experiment (right uterine horn) 

a transplantation [ b transplantation 
and irradiation ] only 

(8) 26 :k 1.57" , (7) 48.43:1:1.98 

Controls (left uterine horn) 

b a 

(5) 51 4- 4"09 (7) 49 :t: 0'03 

* ~ standard error. ( ) = number of blastocyst. 
Total number: ~7 blastocysts with 1146 cells. 

A considerable  n u m b e r  of b las tocysts  were t r ansp lan ted  
and  i r radia ted ,  b u t  only  a smal l  n u m b e r  was recovered  
and  successfully f ixed and stained.  

Thus  we m a y  conch,  de t h a t  t r ansp lan ta t ion  does n o t  
d is turb  the  mi to t i c  process, the  n u m b e r  of cells being 
a p p r o x i m a t e l y  t he  same as in the  controls.  Only  the  irra-  
d ia ted  blastocys'ts have  a smal ler  n u m b e r  of cells. The  dif- 
ference is h igh ly  s ignif icant  (P  < 0.01). This  n u m b e r  (26) 
is n o t  v e r y  different  f rom the  n u m b e r  of cells f rom series 1, 
r ecovered  the  f i f th  day  of p regnancy  (the difference is no t  
significant).  

The  re la t ive  n u m b e r  of cells of the  inner  cell  mass is ap- 
p r o x i m a t e l y  t he  same in i r rad ia ted  blas tocysts  as in t he  
controls  (about  32-37%).  
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