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requi red  to  confer  t he  to lerance 10. Consequent ly  the  dose 
was raised to 17 to  23 × 108 cells, b u t  larger numbers  of 
cells were general ly  le thal  to new-born  mice. Fol lowing 
this  t r ea tment ,  24 mice surv ived  to matur i ty ,  and only 1 
of these was successfully colonized by  the  ra t  hemopoie t ic  
tissue. 

The  red blood cell coun t  of th is  mouse  was increased 
f rom the  anemic  level  of app rox ima te ly  7 × 108/ram 3 to a 
count  of up to 10.9 × 10e/mm ~. Elec t rophores is  of red cell 
lysates  revea led  the  presence of ra t  hemoglobin  (Figure). 
The  granulocytes  when s ta ined h is tochemica l ly  showed 
high alkal ine phospha tase  ac t i v i t y  in t he  cy toplasm,  
typ ica l  of t he  rat .  Mouse granulocytes  do no t  h a v e  this  
enzyme.  

Since serum proteins,  w i th  the  except ion  of the  7" 
globulins,  are manufac tu red  by  the  l iver  ix, a s tudy  of 
these m a y  indicate  whether ,  in add i t ion  to the  s tem cells 
in the  foetal  l ive r  cell inoculum, any  p a r e n c h y m a  cells 
had  also implanted .  Elec t rophores is  of  p l a sma  samples,  
however ,  showed no evidence of any  ra t  p lasma proteins.  
This  method ,  using s tarch gel, is not  h ighly  sensitive,  and 
t race  amoun t s  of r a t  p ro te in  m a y  well h a v e  been present,  
b u t  i t  was fel t  t h a t  t he  exis tence of any  fair ly large 
func t ioning  implan t s  of r a t  l iver  t issue could be  excluded.  
No  immunoe lec t rophore t i c  s tudies were  made  of the  
7-globulins. 

Clinically, the  an imal  appeared  runt .  I t s  g rowth  was 
s tun ted  and i t  developed dermat i t i s .  I t  was sacrificed for 
ch romosome studies a t  the  age of 31/~ months .  A t  au topsy  
i t  had  gross splenomegaly ,  and  the  t h y m u s  was small,  b u t  
al l  t he  o the r  organs  appeared  normal  to  macroscopic  
examina t ion .  

Mitot ic  chromosome studies were m a d e  following 
Colcemid (CIBA) t r e a t m e n t  using an air  dried me thod  12. 
These  revealed  t h a t  the  bone mar row consisted exclusively  
of r a t  cells. The  spleen, too,  had  a large propor t ion  of ra t  

cells (99%), and  the  lympho id  t issue (obtained f rom 
cervical ,  brachial ,  ax i l la ry  and inguinal  l y m p h  nodes) was 
composed of 40% ra t  cells. The  minu te  t h y m u s  yielded 
few ceils, and no mitoses  could be found. 

I t  would  appear ,  therefore,  t h a t  a xenogeneic  hemo-  
poiet ic  t issue graft ,  t hough  diff icul t  to  achieve,  can exis t  
in t he  W v W  * anemic  mice.  However ,  t he  gross ant igenic  
difference be tween  donor  and hos t  is not  en t i re ly  w i thou t  
consequence and run t  disease ensues. I n  the  bone mar row 
the  foreign cells have  such a select ive a d v a n t a g e  over  the  
defect ive  hos t  t h a t  t h e y  comple te ly  replace them.  I t  is of 
in teres t  t h a t  granulopoiesis  has  been comple te ly  t aken  
over  b y  the  donor  cells. This  suggests  tha t ,  in add i t ion  to  
erythropoiesis ,  granulopoiesis  is also defect ive  in the  
W v W  v mice is. 

ZusammenJassung. Speziesfremdes,  hAmopoiet isches Ge- 
webe wurde  neugeborenen,  an~imischen WvWv-M~tusen 
implant ier t .  Die  Folgen  d a v o n  werden analysier t .  
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L o n g - T e r m  P e r s i s t e n c e  o f  B o v i n e  S e r u m  A l b u m i n  w h e n  I n j e c t e d  i n t o  t h e  A m p h i b i a n  Xenopus laevis 
D a u d i n  

The  use of pure  prote ins  to s t imula te  an t ibody  produc-  
t ion in amphib ians  has m e t  wi th  va ry ing  success. Pro te ins  
of low molecular  weight,  such as a lbumins  and  globulins, 
h a v e  p roduced  nega t ive  resul ts  when  in jec ted  into  some 
amphib ians  1-4, whereas  o the r  amphib ians  respond by  
produc ing  c i rcula t ing ant ibodies  *,5-v. Pos i t ive  results  are 
also ob ta ined  when  proteins  of high molecular  weight ,  
such a~ hemocyanins ,  are used s. 

Inves t iga t ions  in th is  l abora to ry  on fur ther ing  know-  
ledge of t h e  i m m u n e  response in Xenopus laevis (South  
Afr ican clawed toad)  show t h a t  toads  of our  colony readi ly  
produce  agglut inins  to  sheep red blood cells, b u t  a t t e m p t s  
to  s t imula te  an t ibody  produc t ion  to bov ine  serum a lbumin  
(BSA) have  failed. Dur ing  these exper iments  the  observa-  
t ion  was m a d e  t h a t  the  in jec ted  B S A  was no t  cleared 
f rom the  c i rcula t ion  b u t  persists  for m a n y  months .  

Materials and methods. 8 male  and 8 female  adu l t  
Xenopus (average weight  50 and 100 g respect ively)  were 
in jec ted  wi th  B S A  in these exper iments .  

Three  exper iments  were set  up. In  expe r imen t  1 the 
an t igen  was admin is te red  by  different  routes.  6 toads  
(3 males  and  3 females) rece ived  a series of 3 in ject ions  of 
B S A  (Armour  bov ine  a lbumin  powder,  f rac t ion V f rom 
bovine  plasma) in 0.85% saline a t  weekly  intervals .  E a c h  
in jec t ion  conta ined  2 m g  B S A  for male  animals  and 4 mg  
for females.  2 animals  (1 male,  1 female) were inj coted into  

the  dorsal  l y m p h  sac, 2 (1 male,  1 female) i.p. and the  
last  2 i.m. As a control  to this  expe r imen t  3 animals  were 
g iven  a series of 3 in ject ions  of 0.85% saline a t  weekly  
intervals .  E a c h  an imal  was in jec ted  t h roughou t  by  one 
of  t he  routes  men t ioned  above.  

I n  expe r imen t  2, an t igen  was adminis te red  ini t ia l ly  
wi th  comple te  F r e u n d ' s  a d j u v a n t  in to  the  dorsal  l y m p h  
sac of 1 male  and 1 female  animal .  The  former  was g iven  
2 mg  and the  l a t t e r  4 mg BSA.  This  ini t ial  in jec t ion  was  
followed by  2 boos ter  in ject ions  of B S A  in saline a t  week ly  
in terva ls  g iven  i.p. E a c h  of these  in ject ions  con ta ined  2 m g  
B S A  for the  male  an imal  and 4 mg  for the  female.  Animals  
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in these  2 e x p e r i m e n t a l  g roups  were b led  7, 14, 28 a n d  
87 d a y s  a f t e r  t h e  las t  in jec t ion ,  w h e n  t h e y  were killed. 

E x p e r i m e n t  3 was  des igned  to  i n v e s t i g a t e  t he  pers is t -  
ence  of t h e  an t igen .  8 a n i m a l s  rece ived  a s ingle i n j ec t i on  
of 10 m g  B S A  in  sa l ine  i n t o  t he  dorsa l  l y m p h  sac. 26 weeks  
a f t e r  th i s  i n j ec t i on  b lood  samples  were  t a k e n  to  t e s t  for 
t h e  pe r s i s t ence  of t h e  an t igen .  These  a n i m a l s  are  st i l l  
l iv ing  a n d  f u r t h e r  t e s t s  will be  made .  

All a n i m a l s  were  k e p t  a t  23 :L 1 °C. Blood samples  were 
o b t a i n e d  b y  p u n c t u r i n g  t h e  Scia t ic  ve in  a n d  t h e  s e r u m  
t e s t e d  b y  m e a n s  of d o u b l e  d i f fus ion  o n  a g a r  mic ro  p la tes ,  
u s ing  H y l a n d  i m m u n o  p l a t e s  p a t t e r n  B.  Xenopus s e r u m  
was  t e s t e d  a g a i n s t  (a) r a b b i t  a n t i - b o v i n e  a l b u m i n  (Hy land)  
for t h e  p resence  of B S A  a n d  (b) va r ious  d i lu t ions  of B S A  
for t h e  p resence  of p r e c i p i t a t i n g  a n t i b o d y  to  th i s  p ro te in .  
All a n i m a l s  were  t e s t e d  before  in i t i a l  i n j ec t ions  of B S A  
a n d  t h e n  aga in  a t  t he  t imes  m e n t i o n e d  above .  

Results. The t e s t s  on  con t ro l  a n i m a l s  a n d  t h e  pre-  
in j ec t ion  t e s t s  on  e x p e r i m e n t a l  a n i m a l s  s h o w e d  t h a t  t h e r e  
were  n o  p r o t e i n s  in  Xenopus s e r u m  t h a t  c ross - reac t  w i t h  
a n t i s e r u m  to  B S A  p r o d u c e d  in r a b b i t s  a n d  t h a t  t h e r e  
were  no  n a t u r a l l y  occur r ing  p rec ip i t ins  to  BSA.  No 
prec ip i t ins  to  B S A  were de t ec t ed  in t h e  sera  of exper i -  
m e n t a l  an imals .  

Samples  f rom al l  3 e x p e r i m e n t a l  g roups  w h e n  t e s t e d  
a g a i n s t  r a b b i t  a n t i - B S A  c o n s i s t e n t l y  gave  s t r o n g  precipi-  
t a t i o n  l ines  i n d i c a t i n g  t h a t  B S A  was  p r e s e n t  in  t h e  se rum.  
Such  l ines  n e v e r  occu r red  in con t ro l  an imals .  

A n i m a l s  of g roups  1 a n d  2 were  ki l led a t  87 d a y s  a f t e r  
t h e  l a s t  in jec t ions .  A t  t h i s  t i m e  t h e i r  seru st i l l  showed  
s t r o n g  p r e c i p i t a t i o n  l ines to  a n t i - B S A .  I n  t h e  t h i r d  exper i -  
m e n t ,  in  wh ich  t o a d s  were i n t e n t i o n a l l y  k e p t  for  26 weeks 
before  tes t ing ,  t h e  p r e c i p i t a t i o n  l ines were  l ikewise sti l l  
s t rong .  Th i s  shows t h a t  B S A  was  st i l l  p r e s e n t  in  t h e  
c i r cu la t ion  6 m o n t h s  a f t e r  i t  h a d  been  i n j e c t e d  (Figure) .  

Discussion. T h e  p h e n o m e n o n  of l o n g - t e r m  pe r s i s t ence  
of i n j ec t ed  p ro t e in s  of low molecu la r  w e i g h t  ha s  been  
p rev ious ly  n o t e d  in severa l  lower v e r t e b r a t e s .  KASTER 
a n d  SCHECHTMAN 9 found  t h a t  h u m a n  s e r u m  a l b u m i n  
pers i s t s  in  t h e  a n u r a n ,  Rana pipiens, for  2-3  m o n t h s .  

CITING a n d  WEDGWOOD 4 work ing  on  t h e  Axolot l ,  Siredon 
mexicanum, showed  t h a t  h u m a n  g a m m a  g lobul in  (HGG) 
pers is ts  for  45 weeks.  I n  a n o t h e r  lower  v e r t e b r a t e ,  t h e  
r a i n b o w  t r o u t ,  B S A  pers i s t s  for  138 d a y s  1°. MAUNG n in  
his  work  on  rep t i l es  showed  t h a t  t h e  a l b u m i n  f r ac t i on  of 
n o r m a l  r a b b i t  s e r u m  pers is t s  for  7 m o n t h s .  

I t  is qu i te  poss ible  t h a t  t h e  doses of p r o t e i n  used  in all  
t hese  e x p e r i m e n t s  p a r a l y s e d  t h e  a n i m a l ' s  i m m u n e  sys tem.  
CHING et  al. 4 m e n t i o n e d  t h i s  p o i n t  in  t he i r  work  on  t h e  
Axolot l ,  b u t  f o u n d  t h a t  pe r s i s t ence  of H G G  occur red  w h e n  
as  l i t t l e  as  1 m g  of p r o t e i n  was in jec ted .  E v e n  if pa ra lys i s  
is occur r ing  in t he se  an imals ,  t h e  t i m e  t h e  a n t i g e n  r e m a i n s  
c i r cu la t ing  is r e m a r k a b l e  w h e n  c o m p a r e d  w i t h  m a m m a l s .  
I f  t h e  l a t t e r  are  i n j ec t ed  w i t h  he t e ro logous  p r o t e i n s  of 
low molecu la r  w e i g h t  t h e i r  half- l i fe  d u r i n g  n o n - i m m u n e  
e l imina t ion ,  p r io r  to  a n t i b o d y  syn thes i s ,  is on ly  a few 
days  1. as i t  is w h e n  t3SA is i n j ec t ed  i n to  n e o n a t a l  a n d  
t o l e r a n t  a d u l t  r a b b i t s  i s  

P r e v i o u s  a u t h o r s  work ing  o n  Xenopus h a v e  also b e e n  
u n a b l e  to  d e m o n s t r a t e  a n t i b o d y  f o r m a t i o n  to  B S A  
(ALcocK 1) or  to  b o v i n e  g a m m a  g lobul in  (ELEK, REES 
a n d  GOWING3), a l t h o u g h  these  t oads  a re  c ap ab l e  of an t i -  
b o d y  p r o d u c t i o n  to h igh  molecu la r  we igh t  p ro t e in s  s a n d  to  
p a r t i c u l a t e  a n t i g e n s  ~,3. ALCOCK also showed  t h a t  t h e  com-  
m o n  frog, Rana temporaria, could  n o t  p ro d u ce  a n t i b o d i e s  
to  BSA.  N ev e r t h e l e s s  some a n u r a n s  *,~-7 a re  c ap ab l e  of 
r e s p o n d i n g  to  p ro t e in s  of low mo lecu l a r  w e i g h t  a d m i n i s -  
t e r ed  in  doses  c o m p a r a b l e  to  those  used  in  t h e  p r e s e n t  
e x p e r i m e n t .  Th i s  d i f fe rence  in  r e sponse  g iven  b y  d i f f e ren t  
a n u r a n s  is of in te res t .  One  poss ible  e x p l a n a t i o n  m a y  lie 
in  t h e  d i f ferences  in  a n t i g e n - t r a p p i n g  m e c h a n i s m s  t h a t  
t he se  a n i m a l s  possess. T h e  m a r i n e  toad ,  Bu/o marinus s,v, 
a n d  t h e  l a rvae  of t h e  bul l f rog,  Rana catesbeiana 6, are  b o t h  
ab le  to  p r o d u c e  a n t i b o d i e s  to  B S A  a n d  in b o t h  l y m p h  
nodes  occur,  n a m e l y  t h e  j u g u l a r  bod ies  of B. marinas 14 
a n d  t h e  l y m p h  g l ands  a n d  v e n t r a l  c a v i t y  bod ies  of 
R. catesbeiana ~6. To m y  knowledge  such  l y m p h o i d  o rgans  
h a v e  n o t  b e e n  desc r ibed  in  Xenopus. I n  f ac t  some  ear l ier  
w o r k  b y  STERBA ~ sugges ts  t h a t  j u g u l a r  bod ies  do  n o t  
occur  in a d u l t  Xenopus. 

I n  v iew of t h e  l o n g - t e r m  pers i s t ence  of B S A  d e m o n -  
s t r a t e d  in  t h i s  e x p e r i m e n t ,  a n t i g e n - t r a p p i n g  m e c h a n i s m s  
of Xenopus r equ i re  f u r t h e r  i nves t iga t ion .  

Rdsumd. D a n s  ces exper iences  le Xenopus laevis, m a i n -  
t e n u  X 23 °C, n ' a  pas  form6 d ' a n t i c o r p s  en  pr6sence  de 
l ' a l b u m i n e  du  s6 rum b o v i n  (BSA).  L a  B S A  se conse rve  
p lus ieurs  mois  d a n s  le s6 rum de t o u s l e s  a n i m a u x  exp6ri-  
m e n t a u x .  
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Precipitation lines after immunodiffusion on agar mieroplate. 
Experiment 3. Wells 1-4 contain serum of 4 individual X. laevis, 
taken 26 weeks after injection of 10 mg BSA into the dorsal lymph 
sac. Well 5 contains serum from a control, non-injected toad. In the 
central well is antiserum to BSA (produced in a rabbit). × 4. 
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