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t echn iques  3 a n d  4, b u t  s ign i f ican t ly  h igher  w i t h  tech-  
n ique  2 (4.9 %) a n d  especial ly  w i t h  t e c h n i q u e  1 (10.9%). 
Techn iques  1 and  2 h a v e  in c o m m o n  t he  same  oxid iz ing  
a g e n t :  N a N O  v Moreover ,  in  t e c h n i q u e  1 (which leads  to  
t h e  h ighes t  f ixa t ion)  t h e  Ig is for a while  dissolved in an  
acid solut ion.  

The  h y p o t h e s i s  t h a t  th i s  m i g h t  be  t he  cause  of such  an  
increase  was  s u b s t a n t i a t e d  b y  t he  fol lowing expe r imen t .  
4 ba t ches  of Ig were p r e i n c u b a t e d  for 48 h a t  p H  7.3 (con- 
trol) ,  6.0, 5.0 a n d  4.0 a n d  t h e n  neut ra l ized .  The i r  a f f in i ty  
for t i ssues  was found  t h e n  to  be  increased  respec t ive ly  
2.3, 7.0 a n d  31.0% for t h e  3 ac id i ty  degrees  s tudied .  

I n  t h e  3 e x p e r i m e n t s  where  un labe l led  Ig was i n c u b a t e d  
w i t h  t he  po lys ty rene - su l fona te ,  i t  was  poss ible  to  e lute  
a q u a n t i t y  co r re spond ing  respect ively ,  on  a n  average,  to  
1.0, 2.7 a n d  3.0% of t h e  whole.  The  resu l t s  were t he  same 
w i t h  b o t h  m e t h o d s  of e lu t ion.  

I n  t e c h n i q u e s  us ing  K I  as a carrier ,  t h e  n u m b e r  of I 
a t o m s  pe r  molecule  was ca lcula ted .  T he  Tab le  shows t he  
absence  of cor re la t ion  b e t w e e n  th i s  n u m b e r  a n d  t he  
a f f in i ty  of t he  label led  Ig. I n  a c o m p l e m e n t a r y  expe r imen t ,  
6 label l ings  were pe r fo rmed  s i m u l t aneous l y  on  one b a t c h  
of Ig  us ing  progress ive  q u a n t i t i e s  of car r ie r  so t h a t  dif- 
f e ren t  n u m b e r s  of I a t o m s  ( f rom 0.01-60) could  be  in t ro -  
duced  i n to  t he  molecule ;  those  6 p r e p a r a t i o n s  b e h a v e d  ill 
t h e  same  m a n n e r  as far  as non-specif ic  a f f in i ty  to  t issue 
was concerned .  

Discussion. I t  is c lear  t h a t  some t echn iques  of iodina-  
t ion  a l t e r  t h e  i m m u n o g l o b u l i n  so t h a t  i t  adhe re s  more  to 
t he  t issues.  This  was  no t  t he  case w i t h  t he  t echn iques  3 
a n d  4 used here.  These  m e t h o d s  did  no t  requi re  d e n a t u r i n g  
reagents .  The  f ixa t ion  of 2% o b t a i n e d  a f t e r  labe l l ing  w i t h  
these  2 m e t h o d s  m a y  well  r ep resen t  t he  t r ue  va lue  of th i s  
non-specif ic  aff ini ty ,  no t  on ly  because  t he  same  resu l t  was  
found  w i t h  these  2 me thods ,  b u t  also because  t h e  same  
resu l t  was  r eached  if non- labe l led  p r o t e i n  was i ncuba t ed .  

Never the less ,  t h i s  l as t  po in t  could on ly  be  es tab l i shed  on  a 
s u b s t i t u t e  for  t he  biological  s u b s t r a t e  since e lu t ion  f rom 
the  l iver  powder  would  h a v e  been  impossible .  

The  non-specif ic  a f f in i ty  was  increased  a f t e r  labe l l ing  
w i t h  t e c h n i q u e s  1 a n d  2, because  t h e  globul in  was de-  
n a t u r e d  b y  one  of t he  reagents .  The  N a N O ,  m u s t  be  
respons ib le  in  b o t h  cases, a n d  the  acid mil ieu in t e c h n i q u e  
1. I n  m o s t  t e c h n i q u e s  used n o w a d a y s  iod ina t ion  is per-  
fo rmed  in n e u t r a l  or a lka l ine  so lu t ion ;  never the less ,  t h i s  
las t  o b s e r v a t i o n  is i m p o r t a n t  since Ig  p r e p a r a t i o n s  m a y  
be  t r e a t e d  b y  acid so lu t ions  in c i r cums tances  o t h e r  t h a n  
label l ing,  for i n s t ance  pur i f i ca t ion  b y  (NH4)2SO 4 or o t h e r  
subs tances ,  a n d  t h e n  used in a u t o i m m u n i t y  research.  

C o n t r a r y  to w h a t  has  been  obse rved  for t he  a n t i b o d y  
func t i on  ~, t he  p r o p e r t y  s tud ied  here  was  no t  in f luenced  
b y  t he  n u m b e r  of iodine  a t o m s  per  molecule.  

Rdsumd. On recherche  si le m a r q u a g e  au  rad io- iode  
p e u t  d ~ n a t u r e r  les i m m u n o g l o b u l i n e s  au p o i n t  d ' e n  
modi f ie r  la f ixa t ion  n o n  sp~cifique aux  t issus (affinit6 n o n  
sp6cifique).  Des 4 t e c h n i q u e s  de m a r q u a g e  essay6es, 2 ne  
m o d i f i e n t  pas  ce t te  propri6t6,  t a n d i s  que les 2 au t r e s  
a u g m e n t e n t  n e t t e m e n t  la p r o p o r t i o n  d ' i m m u n o g l o b u l i n e s  
fix6es. 
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T u r n o v e r  of L y m p h o c y t e s  in Rat  Per i tonea l  Fluid 

P e r i t o n e a l  f luid con ta ins  a large a n d  va r i ed  p o p u l a t i o n  
of cells inc lud ing  (at  leas t  in  t he  mouse)  some w i t h  hemo-  
poie t ic  s tem-cel l  c a p a b i l i t y  1. I n  t he  ra t ,  smal l  l y m p h o c y t e s  
c o n s t i t u t e  a p p r o x i m a t e l y  60% of all  cells p r e sen t  in 
pe r i t onea l  f luid ~-4. A l t h o u g h  t he  t u r n o v e r  of pe r i tonea l  
m a c r o p h a g e s  ha s  been  s tud ied  b y  severa l  workers  5-s, 
t he re  is l i t t l e  i n f o r m a t i o n  conce rn ing  t h e  m o v e m e n t  of 
smal l  l y m p h o c y t e s  in to  a n d  ou t  of t h e  pe r i t onea l  c a v i t y  of 
u n s t i m u l a t e d  an imals .  T he  p r e s en t  s t u d y  p rov ides  a pre-  
l i m i n a r y  c h a r a c t e r i z a t i o n  of l y m p h o c y t e  k ine t ics  in  t he  
pe r i t onea l  fluid.  

Methods. Y o u n g  male  a lb ino  r a t s  (175-250 g) received 
a single i.v. i n j ec t ion  of t r i t i a t e d  t h y m i d i n e  (3HTdR).  
The  an ima l s  were anes t he t i z ed  wi.th e the r  a n d  t he  isotope 
(0.5 txCi/g, specific a c t i v i t y  1.9 Ci/,mmole) was  in jec ted  in 
a v o l u m e  of 0.15 ml  in to  t he  exposed  r i g h t  s aphenous  vein.  
To check  t h e  i.p. a v a i l a b i l i t y  of 3 H T d R  in jec ted  i.v., a 
s epa ra t e  g roup  of r a t s  rece ived  1.0 ml  of t he  isotope i.p. 
20 ra in  p r io r  to  sacrifice. 

R a t s  in  groups  of 2 or 3 were sacr i f iced b y  cerv ica l  dis- 
loca t ion  a n d  cells were col lected b y  r ins ing  t he  pe r i tonea l  
c a v i t y  w i t h  50 ml  of cold sal ine c o n t a i n i n g  hepar in .  The  
re su l t ing  f luids were pooled a n d  cen t r i fuged  a n d  t h e  cell 
pe l le t  r e suspended  in  a few drops  of r a t  s e rum a n d  
smeared .  A u t o r a d i o g r a p h s  were p r e p a r e d  w i t h  K o d a k  
N T B - 2  emuls ion,  exposed for 6 weeks, developed,  and  

s t a ined  w i t h  Giemsa ;  5000 cells were coun ted  for each  
poin t .  

M a n y  pe r i t onea l  leucocytes  are diff icul t  to  classify un-  
equ ivoca l ly  *. I n  t he  p re sen t  s tudy ,  cells were scored as 
' smal l  l y m p h o c y t e s '  ( < 10 V d iamete r )  or large m o n o n u c l e a r  
cells (10-20 ~ d iamete r ,  a p p e a r a n c e  s imi la r  to  t h e  'macro -  
phages '  of g lycogen- induced  exuda t e s  5) ; s izing was done  
w i t h  a n  eyepiece reticle.  Mas t  cells, eosinophils ,  a n d  
neu t roph i l s ,  wh ich  t o g e t h e r  c o n s t i t u t e  30% of t he  popu-  
la t ion,  were n o t  e n u m e r a t e d .  

Results and discussion. Only  1% of t he  pe r i tonea l  cells 
is labeled  20 ra in  a f te r  i.v. or i.p. in jec t ion  of 3 H T d R  
(Figure).  Of these  labeled  cells, 92% are large m o n o -  
nuc lea r  cells. The  p r o p o r t i o n  of labeled  pe r i tonea l  cells 
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increases  a t  a r a t e  of 1 .9% per  day,  r each ing  a m a x i m u m  
of 8 .5% b y  t he  4 th  to  6 th  day.  Th i s  increase  in t h e  pro-  
po r t i on  of labeled  cells is a t t r i b u t a b l e  to  b o t h  large mono-  
nuc lea r  ceils a n d  smal l  l ymphocy tes .  The  l a t t e r  increase  
f rom 0.1% a t  zero t i m e  to  4 .9% b y  t he  4 t h  day.  

Pe r i t onea l  large m o n o n u c l e a r  cells are heav i ly  labeled 
20 m i n  a f te r  in j ec t ion  of 8 H T d R  (med ian  gra in  c o u n t  49, 
r ange  20-60), r e m a i n  a t  th i s  level  t h r o u g h  t he  4 th  day  
(44 grains/cell) ,  t h e n  fall  to  13 grains /cel l  ( range 7-34) b y  
t he  14th  day.  Smal l  l y m p h o c y t e s  in  b o t h  b lood a n d  peri-  
t onea l  f luid are  also heav i ly  labeled  on  t h e  1st day  
(med ian  gra in  c o u n t  35 for pe r i tonea l  l ymphocy te s ,  50 for 
b lood lymphocy tes )  b u t  t he  r ange  is s imi la r  in  b o t h  cases 
(20-60) and  t he  means  are no t  s t a t i s t i ca l ly  dif ferent .  

These  d a t a  are cons i s t en t  w i t h  t he  v iew t h a t  t he  labeled  
smal l  l y m p h o c y t e s  which  a p p e a r  in  pe r i tonea l  f luid origi- 
n a t e  in  t he  blood. A l t h o u g h  some l y m p h o c y t e s  m i g h t  
o r ig ina te  f rom div is ion  of large m o n o n u c l e a r  ceils w i t h i n  
t he  pe r i t oneum,  t h e  gra in  c o u n t s  and,  pa r t i cu la r ly ,  t he  
p a u c i t y  of mi to t i c  f igures in t he  large m o n o n u c l e a r  cell 
p o p u l a t i o n  ind ica te  t h a t  th i s  source is no t  q u a n t i t a t i v e l y  
i m p o r t a n t .  

The  pe r i tonea l  c a v i t y  of a 200 g r a t  con ta ins  approx i -  
m a t e l y  12.5 • 106 cells of which  60% (7 .6•  106) are smal l  
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Percent of labeled cells in rat peritoneal fluid after a single i.v. injec- 
tion of 3H-TdR. Each point was obtained by counting 5000 cells from 
a pooled sample obtained from 2 or 3 rats. The labeling after a single 
i.p. injection of 3H-TdR is also shown (A). Points on the lymphocyte 
curve represent a 3-point moving average calculated from the actual 
data. 

l y m p h o c y t e s  4. The  p r o p o r t i o n  of labeled  smal l  l y m p h o -  
cytes  increases  a t  a r a t e  of 1.7% per  d a y  d u r i n g  t he  f i rs t  
2 days  (Figure),  so (neglect ing ex i t  of labeled cells) a b o u t  
6.5 • 10* labeled  l y m p h o c y t e s  jo in  t he  p o p u l a t i o n  each  day,  
or 2.7 x 108 labeled  cells/h. Since less t h a n  2% of t h e  smal l  
l y m p h o c y t e s  in b lood are  labeled  du r ing  th i s  i n t e r v a l  6, t he  
t o t a l  in f lux  of sma l l  l y m p h o c y t e s  ( labeled plus  unlabe led)  
in to  t h e  pe r i t onea l  f luid m a y  be  as m u c h  as 50-fold 
greater ,  or 1 .4 •  105 cells/h. Since t he  t o t a l  n u m b e r  of 
pe r i tonea l  l y m p h o c y t e s  r ema ins  cons t an t ,  t h e  same  n u m -  
ber  of ceils m u s t  leave  t he  pe r i t onea l  f luid (or be  des t royed  
w i t h i n  it) as enter .  

I f  we ignore t h e  m o v e m e n t  of ceils ou t  of t he  p o p u l a t i o n  
and  assume t h a t  pe r i t onea l  smal l  l y m p h o c y t e s  are h o m o -  
genous  w i t h  respec t  to  res idence- t ime  w i t h i n  t he  peri-  
t onea l  fluid, t he  t u r n o v e r  t i m e  ( t ime for  comple t e  
r ep lacemen t )  for these  cells is 7.6 • 10s/(6.5 • 104)(50) = 
23.4 days.  However ,  m a n y  l y m p h o c y t e  c o m p a r t m e n t s  
con t a in  a m i x t u r e  of shor t - l ived  and  long- l ived cells a n d  
if t h i s  is also t r ue  for t he  pe r i tonea l  f luid t he  ca lcu la ted  
t u r n o v e r  t i m e  is mere ly  t he  m e a n  for 2 (or more)  popu la -  
t ions.  Obviously ,  t he  ca lcu la ted  va lue  c a n n o t  be  t a k e n  too  
seriously un t i l  t h i s  m a t t e r  can  be  resolved,  since t he  cal- 
cu la t ion  will be  g rea t ly  inf luenced  b y  the  presence  of even  
a smal l  n u m b e r  of ve ry  shor t - l ived  or v e r y  long- l ived 
cells 9. 

Zusammen/assung. Zel lk ine t i sche  U n t e r s u c h u n g e n  an  
R a t t e n  n a c h  I n j e k t i o n  von  H~-Thymid in  e rgaben  eine 
rasche  M a r k i e r u n g  der  grossen m o n o n u k l e ~ r e n  Zellen 
i n n e r h a l b  von  20 Min und  eine l angsamere  M a r k i e r u n g  
der  k le inen  L y m p h o z y t e n ,  fiir welche eine T u r n o v e r - Z e i t  
von  23,4 Tagen  e r r echne t  wurde .  S t i indl ich  ge langen  ca. 
105 kleine L y m p h o z y t e n  in die Bauchh6hlenf l i i s s igke i t .  
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Calf T h y m u s  Fract ions :  E n h a n c e m e n t  and S u p p r e s s i o n  of I m m u n o c o m p e t e n t  Cells  in N e o n a t a l  Mice  

The  func t iona l  s ignif icance of t he  t h y m u s  ha s  been  an  
e n i g m a  for m a n y  years.  R e c e n t  s tudies  h a v e  ind ica t ed  
t h a t  the  t h y m u s  m a y  funct ion ,  a t  leas t  in pa r t ,  as a source 
of h u m o r a l  subs t ances  necessary  for d e v e l o p m e n t  of lym-  
pho id  t issue and  immuno log ica l  i n t eg r i ty  1. Ear l i e r  s tudies  
ind ica t ed  t h a t  t h y m u s  e x t r a c t s  m a y  induce  l y m p h o  
cytopoesis  and  increased  l y m p h o i d  t i ssue  size 2,3. More 
r ecen t  repor t s  h a v e  i nd i ca t ed  t h a t  t h y m u s  e x t r a c t s  can  
also p r e v e n t  was t ing  disease and  fa t a l  v i rus  infec t ions  in 
t h y m e c t o m i z e d  mice4 s. 

A f rac t ion  der ived  f rom calf t h y m u s ,  t e r m e d  t h y m o s i n ,  
was p r epa red  by  GOLDSTEIN, SLATER and  }VHITE 7 in 1966. 
This  fac tor  could s t i m u l a t e  l y m p h o i d  t i ssue  hype rp la s i a  

and  DNA,  R N A  a n d  p ro t e in  syn thes i s  in  vivo.  In  1967, 
HAND, CASTOR and  LUCKEY 8 p repa red  a bas ic  p ro t e in  
f rom calf t h y m u s  ex t rac t s .  Th i s  s u b s t a n c e  s t i m u l a t e d  
l ymphocy topoes i s  a n d  l y m p h o i d  t issue hype rp l a s i a  in  
mice w h e n  a d m i n i s t e r e d  in m i c r o g r a m  quan t i t i e s .  LAW 
and  AGNEW 9, and  LAW, GOLDSTEIN a n d  WHITE 10 r epo r t ed  
t h a t  t h y m o s i n  could res tore  immuno log ic  r e a c t i v i t y  of 
spleen cells of t h y m e c t o m i z e d  mice. Recent ly ,  TRAININ, 
SMALL a n d  GLOBERSON n d e m o n s t r a t e d  in a n  in v i t ro  
sys t em t h a t  a t h y m u s  e x t r a c t  could res tore  i m m u n o -  
c o m p e t e n c e  to spleen ceils f rom t h y m e c t o m i z e d  mice. 
However ,  r e la t ive ly  large a m o u n t s  of t he i r  s u b s t a n c e  
were necessary.  W e  now descr ibe  t he  effects of pur i f ied  


