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W e  essent ia l ly  agree w i t h  t he  h y p o t h e s i s  t h a t  t he  poly-  
c lonal  a c t i v a t i o n  of B-cells  in t he  presence  of a c o n t i n u o u s  
t r y p a n o s o m e  in fec t ion  is l ikely to  resu l t  in a progress ive  
dep le t ion  of an t i gen - r eac t i ve  B - l y m p h o c y t e s  1~ since 
these  cells would  t h e n  be  a c t i v a t e d  to change  in to  secre tor  
cells, p e r h a p s  w i t h  l i t t le  or no  a c c o m p a n y i n g  pro l i fe ra t ion .  
I n  t h i s  way  t h e  i m m u n o s u p p r e s s i o n  in t r y p a n o s o m e  in-  
fec t ions  m a y  be  exp la ined  b y  t he  dep le t ion  of B-cells  
capab le  of recogniz ing  t he  i n t r o d u c e d  an t igen .  Indeed ,  a 
n u m b e r  of B-ce l l -mi togens  h a v e  r ecen t ly  been  s h o w n  to 
comple te ly  suppress  p r i m a r y  i m m u n e  responses  in  v ivo  
to sheep e r y t h r o c y t e s  19. Our  d e m o n s t r a t i o n  of the  in v i t ro  
mi togen ic  a c t i v i t y  of these  t r y p a n o s o m e  p r o d u c t s  lends  
concre te  s u p p o r t  to  t he  above  hypothes i s .  F ina l ly ,  if b o t h  
a c t i v a t i o n  and  i m m u n o s u p p r e s s i o n  are polyclonal ,  i t  
would  be expec ted  t h a t  the  a n t i b o d y  responses  to  la ter -  
a p p e a r i n g  t r y p a n o s o m e  an t igen ic  v a r i a n t s  would  also be  
impai red .  R e c e n t  f ind ings  1~ lend some s u p p o r t  to  th i s  
view. 
O t h e r  theories ,  such  as e n h a n c e m e n t  of T - suppres so r  cell 
f unc t i on  d u r i n g  t r y p a n o s o m i a s i s  7, m u s t  be cons idered  in 
t he  l igh t  of r ecen t  compel l ing  ev idence  t h a t  suppresso r  
cells were i nvo lved  in t he  immuno log ica l  hypore spons ive -  
ness obse rved  in Af r i can  t r y p a n o s o m i a s i s  20. Y e t  st i l l  an-  
o t h e r  r e l e v a n t  a n d  possible  m e c h a n i s m  of i m m u n o s u p -  
press ion  could be  t h a t  cells s t i m u l a t e d  in v ivo  w i t h  t he  
mi togen  could release l y m p h o k i n e s  21 (e.g. interferon22),  

wh ich  would  t h e n  b lock  (or s t imula te )  o t h e r  essent ia l  cell  
l ines l ikely to p l ay  a p r o m i n e n t  role in  p r i m a r y  i m m u n e  
response,  as has  indeed  r ecen t l y  been  p o s t u l a t e d  ~ to ex- 
p la in  t he  complex  p h e n o m e n o n  of i m m u n o s u p p r e s s i o n .  
We  have ,  however ,  r e cen t l y  fai led to d e t e c t  increased  in-  
t e r fe ron  levels in  T. congolense in fec ted  ca lves  (Dr B. 
Rouse ,  pe r sona l  c o m m u n i c a t i o n ) .  
In  conclusion,  our  f ind ings  ind ica te  t h a t ,  u n d e r  o p t i m a l  
cond i t ions  of cu l ture ,  t he  T. congolense-derived fac to rs  
are p o t e n t l y  mi togen ic  in v i t ro  for splenic  l y m p h o c y t e s  
f rom n o r m a l  and  congen i t a l l y  a t h y m i c  mice.  W e  feel t h a t  
i t  would  also be  w o r t h w h i l e  to  i nves t i ga t e  t he  poss ib i l i ty  
of d e m o n s t r a t i n g  t h i s  mi togen ic  effect  on  the  l y m p h o i d  
cells of ca t t l e  and  man ,  t he  2 species in wh ich  ti le n a t u r a l  
disease is mos t  i m p o r t a n t .  W e  would  also l ike to  k n o w  
wh ich  f r ac t ion  of the  t r y p a n o s o m a l  fac to r  p roduces  t h i s  
effect  a n d  i ts  role in t he  pa thogenes i s  of t he  n a t u r a l  dis- 
ease. W e  are c u r r e n t l y  i nves t i ga t i ng  all  t he se  possibi l i t ies .  
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Summary. I n  mice g iven  3 H - t h y m i d i n e  sys temica l ly  d u r i n g  t e m p o r a r y  c i r cu la to ry  occlusion of one h i n d  l imb,  com- 
pa r i son  of t he  labe l ing  of r ap id ly - r enewing  smal l  l y m p h o c y t e s  in the  t ib ia l  m a r r o w s  d e m o n s t r a t e d  t h a t  these  cells 
were local ly p roduced .  Labe l ing  b y  3 H - t h y m i d i n e  in fus ion  revea led  t h a t  m a n y  m a r r o w  large l y m p h o i d  cells, pre-  
s u m p t i v e  smal l  l y m p h o c y t e  p rogeni to rs ,  h a d  a m a r k e d  p ro l i fe ra t ive  a c t i v i t y  and  rap id  t u r n o v e r  wh ich  va r i ed  ac- 
co rd ing  to cell size, was  m a x i m a l  in young  mice and  decl ined w i t h  increas ing  age. 

I n b r e d  mice h a v e  been  used widely  in immuno log i ca l  
s tud ies  and  t he  bone  m a r r o w  has  been  s t rong ly  imp l i ca t ed  
as a p r i m a r y  s i te  of p r o d u c t i o n  of r ap id ly - renewing ,  
v i rg in  B smal l  l y m p h o c y t e s  3,4, b u t  the  mye logenous  
or igin of such  cells ha s  no t  been  fo rma l ly  p roven .  The  
p r e s e n t  s tudies ,  u t i l iz ing  r a d i o a u t o g r a p h y  w i t h  ~H- 
t h y m i d i n e ,  were the re fore  des igned  to d e m o n s t r a t e  
w h e t h e r  or no t  the  r ap id ly - r enewing  smal l  l y m p h o c y t e s  
in  mouse  m a r r o w  are local ly  p roduced ,  a n d  to e x a m i n e  
t he  p ro l i fe ra t ion  of p r e s u m p t i v e  p rogen i to r  cells in  t h i s  
species. 
3 H - t h y m i d i n e  was a d m i n i s t e r e d  sys temica l ly  to  C3H 
mice while  be ing  exc luded  f rom t he  t i ssues  of one  h i n d  
l imb  b y  t e m p o r a r y  c i r c u l a t o r y  occlusion (figure 1). The  
a p p e a r a n c e  of labe led  cells in  the  t ib ia l  m a r r o w  of b o t h  
h i n d  l imbs  was t h e n  compared .  A t  all s amp l ing  i n t e rva l s  
a f t e r  3 H - t h y m i d i n e  in jec t ion ,  a m a r k e d  d i s p a r i t y  ex is ted  
be tween  t he  smal l  l y m p h o c y t e  labe l ing  i ndex  in t h e  
m a r r o w  of t he  2 l imbs.  The  c u s t o m a r y  rap id  increase  in 
sma l l  l y m p h o c y t e  labe l ing  was shown  only  in t he  m a r r o w  
t h a t  h a d  in i t i a l  access to  t he  in jec ted  ~ H - t h y m i d i n e  
(figure 1), i nd i ca t i ng  t h a t  t he  a c c u m u l a t i o n  of labeled  
smal l  l y m p h o c y t e s  was d e p e n d e n t  u p o n  t he  in i t i a l  
l abe l ing  of local ly  s i t u a t e d  p recurso r  cells. If  t he  labeled  
m a r r o w  smal l  l y m p h o c y t e s  were b lood-borne  i m m i g r a n t s  
t h e y  would  be  expec t ed  in s imi la r  n u m b e r s  and  labe l ing  

in tens i t i e s  in b o t h  t ib ia l  mar rows ,  because  each  l imb  h a d  
access to  labeled,  c i r cu la t ing  cells for up  to 3 days .  
A t r a n s i t o r y  a p p e a r a n c e  of smal l  n u m b e r s  of weak ly  
labeled  smal l  l y m p h o c y t e s  in  t he  in i t i a l ly  occ luded 
m a r r o w  (figure 1) can  be a t t r i b u t e d  to t he  local  reu t i l iza-  
t ion  of c i rcu la t ing  3 H - t h y m i d i n e  labeled  p roduc t s .  T h a t  
the  t e m p o r a r y  vascu la r  s tas is  h a d  not ,  in itself, i m p a i r e d  
the  local  r enewal  of m a r r o w  smal l  l ympt locy t e s  was  
d e m o n s t r a t e d  b y  sub jec t i ng  mice  to t he  s t a n d a r d  l i m b  
occlusion p rocedure  sho r t l y  a f t e r  3 H - t h y m i d i n e  h a d  
been  a d m i n i s t e r e d  a n d  c leared f rom t h e  c i r cu la t ion :  
48 h a f t e r  a H - t h y m i d i n e  in j ec t ion  the  labe l ing  i ndex  of 
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smal l  l y m p h o c y t e s  in  t he  t ib i a l  m a r r o w  was 47.8 4- 3.7%, 
closely s imi la r  to  t h a t  in n o r m a l  non-occ luded  l imbs  
(figure 1). These  resu l t s  d e m o n s t r a t e  t h a t  in t he  mouse,  
as s h o w n  p rev ious ly  in t he  guinea-pigS, S, t he  newly-  
fo rmed  smal l  l y m p h o c y t e s  in the  m a r r o w  are local ly  
p roduced .  
Y o s h i d a  a n d  O s m o n d  5 h a v e  d e m o n s t r a t e d  in t he  guinea-  
pig  t h a t  t he  i m m e d i a t e  precursors  of ind igenous  m a r r o w  
smal l  l y m p h o c y t e s  are con t a ined  in a p o p u l a t i o n  of 
large l y m p h o i d  cells. Mouse m a r r o w  also con ta ins  large 
l y m p h o i d  cells 6 m a n y  of which,  unl ike  smal l  l y m p h o -  
cytes,  undergo  DNA-syn thes i s ,  as shown  b y  SH- thymid ine  
i n c o r p o r a t i o n  s . P r o b a b l y ,  such  large l y m p h o i d  ceils 
are smal l  l y m p h o c y t e  p rogen i to r s  in  mouse  mar row,  as 
s h o w n  in t he  guinea-pig ,  because  t h e y  are t he  on ly  
p o p u l a t i o n  of o the rwise  u n c o m m i t t e d  m a r r o w  ceils 
wh ich  are a d e q u a t e  in  n u m b e r s  to  fulfil t h i s  role% To 
s t u d y  t h e i r  p ro l i fe ra t ive  b e h a v i o u r  a c o n t i n u o u s  in fus ion  
of 3 H - t h y m i d i n e  was g iven  to  mice aged 4, 8 a n d  16 weeks, 
t h u s  labe l ing  all  D N A - s y n t h e s i z i n g  cells and  the i r  p rogeny  
for  per iods  up  to 5 days.  M a n y  large l y m p h o i d  ceils 
showed  i m m e d i a t e  (1 h) u p t a k e  of SH- thymidine ,  t h e  
p r o p o r t i o n  of such  labeled  D N A - s y n t h e s i z i n g  cells be ing  
h ighe r  in  y o u n g e r  a n i m a l s  t h a n  in older  ones  (60%, 
4 weeks;  42%,  8 weeks;  36%,  16 weeks) (figure 2a). 
The  labe l ing  of large l y m p h o i d  cells increased  r ap id ly  
d u r i n g  a H - t h y m i d i n e  in fus ion  (figure 2a). B y  1 day,  
94%,  88% a n d  85% of m a r r o w  large l y m p h o i d  cells were 
labe led  in mice  aged 4, 8 a n d  16 weeks,  respect ive ly .  
F r o m  2 days  onward ,  t he  r a t e  of a p p e a r a n c e  oI labe led  
cells decl ined marked ly ,  b u t  t he  labe l ing  indices  r e m a i n e d  
h ighes t  in y o u n g  an i m a l s  (figure 2a).  W h e n  s u b d i v i d e d  
accord ing  to  cell d i a m e t e r  the  p r opo r t i ons  of large 
l y m p h o i d  cells in  each of 3 size g roups  were s imi la r  in 
mice  of all  ages s tud ied  (8.0-9.9 p.m; 86.3 • 0 .2%;  
10.0-11.9 ~xm; 10.1 • 0 .1%;  > 12.0 [xm; 3.7 • 0 .3%).  
The  labe l ing  i ndex  was h ighe r  a m o n g  larger  cells t h a n  
smal le r  ones  f rom 1 h o n w a r d  (figures 2b, c, d). The  
la rges t  cells ( >  12.0 ~m) showed  100% label ing  t h r o u g h -  
out .  Fo r  2 o t h e r  size ca tegor ies  (8.0-9.9 ~xm ; 10.0-11.9 [xm) 
t he  levels of b o t h  t h e  in i t ia l  l abe l ing  indices  a n d  sub-  
s e q u e n t  l abe l ing  cu rves  were re la ted  to  the  age of t he  
mice (figures 2b,  c, d). B y  2 days,  95%,  90% a n d  88% 
of the  cells m e a s u r i n g  8.0-9.0 ~xm were labeled  in mice 
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Fig. 1. Percentage of labeled small lymphocytes in bone marrow after 
3H-thymidine injection. 8, male, 12 weeks old, C3H/HeJ mice 
(Jackson Laboratories, Bar Harbor, Me., USA), were injected via 
the lateral tail vein with s H-thymidine (25 [xei; spee. act. 6.7 Ci/mM; 
New Er2gland Nuclear Corp., Boston, Mass., USA), while the cir- 
culation to the left hind limb was occluded by a rubber tourniquet 
tied around the proximal portion of the thigh for 20 min. After 24, 
48 and 72 h, radioautographs of bone marrow smears from both 
tibiae were prepared as described elsewhere *. 

aged 4, 8 a n d  16 weeks,  respect ively .  Af te r  4 days ,  
while  nea r ly  all  (98%) such  cells were labeled in 4-8-  
week-mice,  10% stil l  r e m a i n e d  un l abe l ed  in 16-week-mice 
(figures 2b,  c, d). 
The  ac t ive  p ro l i f e ra t ion  of m a n y  large l y m p h o i d  cells in  
mouse  mar row,  revealed  in t he  p re sen t  work  b y  the  h igh  
p r o p o r t i o n  of cells i n  D N A - s y n t h e s i s  and  the i r  r ap id  
increase  in labe l ing  a t  ea r ly  i n t e rva l s  of a H - t h y m i d i n e  
infusion,  is cons i s t en t  w i th  a p o s t u l a t e d  l y m p h o c y t e  
p rogen i to r  func t ion .  The  decl ine w i t h  age in the  f r ac t ion  
of large l y m p h o i d  cells in D N A - s y n t h e s i s  and  in t he i r  
s H - t h y m i d i n e  labe l ing  cu rves  accords  w i t h  p rev ious ly  
d e m o n s t r a t e d  age- re la ted  changes  in t he  m a g n i t u d e  of 
smal l  l y m p h o c y t e  r enewal  4 a n d  in the  n u m b e r  of l y m p h o i d  
ceils of va r ious  sizes in  mouse  m a r r o w  a. Thus,  b o t h  t he  
p ro l i fe ra t ion  of large l y m p h o i d  cells a n d  the  p r o d u c t i o n  
of smal l  l y m p h o c y t e s  are m a x i m a l  in young  (4 weeks) 
mice, dec l in ing  t h e r e a f t e r  un t i l  adu l thood .  Whi l e  t h i s  
is t he  f i r s t  s t u d y  of age-re la ted  changes  in large l y m p h o i d  
cell k ine t ics  in the  mar row,  t he  cor re la t ion  b e t w e e n  
p ro l i fe ra t ive  a c t i v i t y  a n d  cell size m a t c h e s  t h a t  observed  
p rev ious ly  in young  guinea-pigs  7-o. In  o t h e r  respects ,  t he  
f ind ings  in mice  and  guinea-pigs  show some differences.  
In  t he  guinea-pig ,  large l y m p h o i d  cells e x h i b i t  a r ange  of 
cy top la smic  basophi l ia ,  genera l ly  cor re la ted  w i t h  cell 
size, mos t  of the  D N A - s y n t h e s i z i n g  cells be ing  baso-  
philicT, s. No such  range  of basoph i l i a  ha s  been  obse rved  

9 C. Rosse, Nature 227, 73 (1970). 
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Fig. 2. Percentage of labeled large lymphoid cells iu bone marrow 
during 3H-thymidine infusion. 18 mice, comprising 3 equal groups 
aged 4, 8 and 16 weeks, respectively, were infused s.c. with 8H- 
thymidine, as described previously 4. Animals were killed at 12 h 
and at daily intervals from 1 to 5 days after beginning isotope in- 
fusion. Radioautographie smears of femoral marrow were prepared, 
as described ~. From each animal, approximately 800 large lymphoid 
cells (>  8.0 [xm nuclear diameter) were measured noting cells labeled 
with 3 or more grains. In each experiment, 3 grains indicated positive 
labeling by comparison with counts of background grains over 500 
erythrocytes. Values at 1 h represent the mean from 2 to 3 mice, each 
given a single dose of 3 H-thymidine (1 [xCi/g b. wt) 1 h before sampling. 
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among  mouse  large lympho id  cells, possibly ref lect ing a 
species difference in the i r  potent ia l .  Large lympho id  cells 
account  for app rox ima te ly  20% of all l ympho id  cells 
in mouse mar row 9, b u t  45% of all l ympho id  ceils in 
guinea-pig mar rowL Some cells in guinea-pig marrow,  
classified morphologica l ly  as large lymphoid  cells, m a y  
be des t ined  to produce  cells o ther  t h a n  small  lympho-  
cytes,  account ing  for the  re la t ively  high p ropor t ion  of 

large l y mp h o i d  cells. On the  o ther  hand ,  t he  observa t ion  
in mice of all ages t h a t  some large l y mp h o i d  ceils remain  
unlabeled  af ter  4-5 days  con t inuous  3H- thymid ine  
infusion suggests  tha t ,  even in mouse marrow', no t  all 
large lymphoid  cells are engaged in the  cont inuous  
p roduc t ion  of small  lymphocy tes .  Some m a y  comprise  a 
noncycl ing  subpopu la t ion  of cells, poss ib ly  ' res t ing '  
p rogeni tor  cells, as pos tu la ted  for the  guinea-pig 9. 

The at tenuat ion of pros tag land in - induced  luteolys is  in decidual  t i s sue -  
bear ing  pseudopr e g na nt  rats  ~, 2 

V. D. Cas t racane  ~ and I. Ro thch i ld  

Department o/ Reproductive Biology, Case Western Reserve University School o/Medicine, 
Cleveland (Ohio d4706, USA), 22 June 1977 

Summary. Decidual  t issue (DT)-bearing p seudop reg n an t  (PSP) rats,  in con t ras t  to hys te rec tomized  P S P  rats,  were 
res i s t an t  to a lu teolyt ic  regimen of e i ther  PGF~a or P G E  2 when  examined  for the  dura t ion  of P S P  diestrus.  The PG 
t r ea tmen t s ,  however ,  caused a marked  fall in the  se rum proges te rone  levels on days  10 and 12, a l though  the  levels in 
DT-bear ing  ra ts  on day  10 were s ignif icant ly  higher  t h a n  in the  hys t e rec tomized  rats.  

Melampy  et  al. 4 suggested t h a t  the  decidual ized uterus  
prolonged pseudopregnancy  (PSP) in the  ra t  in the  same 
manne r  as hys t e rec tomy ,  t h a t  is, by  p reven t ing  the  
p roduc t ion  of a uter ine  luteolysin.  Recen t  evidence has 
suggested t h a t  th is  lu teolysin  in the  rat ,  as in some 
o ther  species, m a y  be a p ros t ag land in  (PG)~-7. Repor t s  
from this  l abora tory  s 10 and f rom Melampy ' s  n have  
indica ted  t h a t  decidual  t issue (DT) m a y  have  a luteo- 
t rophic  effect  which is d i s t inc t  f rom wha t eve r  abi l i ty  it 
m a y  have  to p r even t  luteolysis.  Other  repor t s  have  shown 
t h a t  decidual iza t ion  does no t  cause a decrease in the  
p roduc t ion  of PGs by  the  u terus  12-14. To see whe the r  DT 
interferes wi th  PG- induced  luteolysis,  the  effect  of PG 
t r e a t m e n t  on proges terone  secret ion in DT-bear ing  P S P  
ra ts  was compared  wi th  its effect  in hys te rec tomized  P S P  
rats.  The dura t ion  of vaginal  dies t rus  was used as a 
measure  of the  ma in t enance  of proges terone  secret ion 
and the  change  in per iphera l  serum proges te rone  levels 
as a measure  of change  in ra te  of proges te rone  secret ion 
since, in the  rat,  a change in the  former  closely parallels 
one in the  la t te r  la. 
Materials and methods. Regular ly  cyclic, 250-300 g female 
H o l t z m a n  (Sprague-Dawley)  ra t s  were ma in t a ined  at  
24.5 ~ under  a 14 : 10 l ight :dark schedule,  wi th  free access 
to Pur ina  ra t  chow and water .  P seudop regnancy  was 
induced by  mechanica l  s t imula t ion  of the  cervix wi th  a 
glass rod on the  days  of vag ina lp roes t ru s  and estrus.  Day  
1 of P S P  was the  day  of ovula t ion  (estrus). 
On day  5 of the  PSP ,  ra t s  were divided in to  2 groups, a t  
which t ime  1 group was hys te rec tomized ,  and the  o the r  
had the i r  uter i  sc ra tched  wi th  a ba rbed  needle to induce 
DT formation13. On the  morn ing  of day  9, each ra t  was 
l aparo tomized ;  th is  was done pr imar i ly  to conf i rm the  
fo rmat ion  of DT in the  la t te r  rats,  and  as a control  
procedure ,  therefore ,  in the  hys t e rec tomized  ones. Each  
group was then divided into 2 subgroups.  In  one, the  ra ts  
were in jec ted  wi th  P G E  2 (1 mg) twice dai ly  on days  
9 and 10, and in the  other ,  wi th  the  t r o m e t h a m i n e  sal t  
of P G E ~  (400 ~xg) each morning,  on days  9 and 10. E a c h  
dose was given s.c. in 0.2 ml of 25% e thanol : sMine .  
Vehicle controls  were no t  included,  bu t  da t a  f rom 
unin jec ted  controls  were avai lable f rom o the r  s tudies  
done a t  the  same t ime 9, iv. 
Blood was collected by  di rect  jugular  ven ipunc tu re  f rom 
each ra t  jus t  before the  PG in jec t ion  on days  9 and 10, 
and again on day  12. IAght e ther  anes thes ia  was used to 
faci l i tate  t he  blood sampling.  The  blood samples  were 

allowed to clot, and  were cent r i fuged a t  4 ~ the  se rum 
was then  s tored at  -- 20 ~ unti l  assayed for proges terone .  
Vaginal  smears  were recorded dai ly  for each ra t  for the  
dura t ion  of the  expe r imen t  to de t e rmine  the  length  of 
P S P ;  in all the  rats,  an es t rous  cycle of normal  dura t ion  
followed the  end of P S P .  
Proges te rone  was assayed at  f irst  by  the  p ro te in  b ind ing  
d i sp lacemen t  (PBD) me thod ,  as used in th is  l abora to ry  18, 
and  in la ter  expe r imen t s  by  r ad i o i mmu n o as s ay  (RIA) 
wi th  a sheep an t i s e rum to 11/~-hydroxyprogesterone 
complexed  to BSA (GDN-337). The detai ls  of the  assay,  
evidence for its specifici ty,  sensi t iv i ty ,  and  var iabi l i ty ,  
and a compar i son  wi th  the  P B D  method ,  are descr ibed 
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