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Uridine incorporation and actinomycin binding: mean grain counts (MGC) in 2 normal human bone-marrow specimens 

Marrow cells Case i Case 2 

Uridine ( M G C )  Aetinomycin (MGC) Ufidine ( M G C )  Actinomycin (MGC) 

Myeloblasts 114.6 114.7 103 96.4 
Promyelocytes 98 107.5 91.1 103.5 
Neutr. myeloeytes 25 73.8 24.9 72.5 
Neutr. metamyeloeytes 2.8 65.8 2.3 59.1 
Neutr. granuloeytes 1,3 61.5 0.9 53.6 
Proerythroblasts 154.6 118.6 228 128 
Bas. erythroblasts 71.9 70.3 94.7 93.5 
Early poly.erythroblasts 10.1 62.7 9.7 55.4 
Late poly.erythroblasts 3.2 53.7 3 51.4 
Lymphoeytes 1.6 39 0.8 44.6 

acid (70:30) a t  0~ and  t h e n  p laced  in a 5 aCi /ml  aH- 
a c t i n o m y c i n  so lu t ion  (spec. a c t i v i t y :  6.5 C i /mM)  for 1 h 
a t  r oom t e m p e r a t u r e .  T h e y  were n e x t  t r e a t e d  w i t h  10 
~xg/ml un labe l l ed  a c t i n o m y c i n  and  r insed  in r u n n i n g  w a t e r  
o v e r n i g h t  before  p r e p a r a t i o n  for a u t o r a d i o g r a p h i c  process- 
ing in I l ford  K2 emuls ion,  a n d  s t a ined  w i t h  May-Grf in-  
wald-Giemsa .  For  u r id ine  up take ,  bone  m a r r o w  d i lu ted  
1:1  w i t h  H u n k ' s  m e d i u m  was i n c u b a t e d  a t  37~ for 1 h 
w i t h  10 [xCi/ml 5-T-ur id ine  (spec. a c t i v i t y  3 Ci /mM).  
P r e p a r a t i o n  of t h e  smears  was  fol lowed b y  f ix ing  in 
acet ic  Carnoy  a n d  a u t o r a d i o g r a p h i c  process ing  14.  Gra in  
coun t s  were m a d e  for each  cell t y p e  and  in each  ease on 
m i n i m u m  of 50 cells for mye lob la s t s  a n d  p r o e r y t h r o b l a s t s ,  
or 200 cells for a l l  o the r  types .  T he  m e a n  gra in  c o u n t  was  
t h e n  de te rmined .  W h e n  se lec t ing t h e  a u t o r a d i o g r a p h i c  
p r epa ra t i ons ,  use was  m a d e  of exposures  (20 days)  
showing  s ign i f ican t  labe l l ing  even  on  t he  p a r t  of v e r y  
m a t u r e  e r y t h r o i d  a n d  mye lo id  cells. 

Results and discussion. T he  Tab le  gives t he  m e a n  gra in  
coun t s  for a c t i n o m y c i n  D b i n d i n g  a n d  u r id ine  incorpora-  
t i on  in  mye lo id  and  e r y t h r o i d  cells. 

I t  can  be seen t h a t  a c t i n o m y c i n  D b i n d i n g  va lues  
decrease  in func t i on  of increas ing  d i f f e r en t i a t i on  in b o t h  
cell lines. This  p a t t e r n  is even  more  s t r i k ing  in t h e  case of 
u r id ine  inco rpora t ion .  Here  v a r i a t i o n s  of t he  order  of 
i 0 0 : 1  be tween  cells in  d i f fe ren t  s tages  of d i f f e r en t i a t i on  
h a v e  been  noted ,  in  c o n t r a s t  to  t h e  a p p r o x i m a t e l y  2 :1  
v a r i a t i o n s  found  for  a e t i n o m y c i n  b i nd i ng  values.  

Th i s  d i spa r i t y  could be  due to  large differences  in  
r ibosomal  R N A  syn thes i s  d u r i n g  t h e  var ious  s tages  of 
d i f fe ren t ia t ion ,  whi le  v a r i a t i o n s  in  genet ic  t r ansc r ip t i on ,  
i.e. messenger  R N A  synthes is ,  m i g h t  be  m u c h  smaller .  
The  l a t t e r  is p r e s u m a b l y  ev idenced  b y  t he  ab i l i ty  of chro-  
m a t i n  to  b i n d  a c t i n o m y c i n  D, whi le  i t  is c lear  t h a t  u r id ine  
i n c o r p o r a t i o n  will on ly  p e r m i t  e v a l u a t i o n  of t o t a l  R N A  

a c t i v i t y  ; no d i s t i nc t i on  be tween  r i bosoma l  R N A  syn thes i s  
a n d  t he  lesser messenger  R N A  a n d  t r a n s f e r  R N A  syn the -  
ses has  so fa r  been  possible  w i t h  t h i s  me thod .  I n  o the r  
words,  nuc leo la r  organiser  D N A  would  be  more  ac t ive  in 
i m m a t u r e  i lucleola ted cells and  th i s  wou ld  resu l t  in  
i n t ens ive  r i bosoma l  R N A  syn thes i s :  t h i s  h igh  a c t i v i t y  
would  be de t ec t ab l e  b y  m e a s u r e m e n t  of u r id ine  incorpora -  
t ion,  b u t  no t  b y  t h a t  of a c t i n o m y c i n  D b ind ing .  These  
f ind ings  are in  l ine  w i t h  r ecen t  work  on  mac romolecu l a r  
syn thes i s  d u r i n g  ear ly  e m b r y o n i c  d e v e l o p m e n t  showing  
t h a t  t h e  syn thes i s  of t h e  va r ious  k inds  of R N A  is no t  
coo rd ina t ed  4,10. 

Riassunto. Nel  midol lo  u m a n o  normale ,  pa r a l l e l amen te  
al la  d i f fe renz iaz ione  cel lulare  delle l inee mie lo ide  ed 
er i t roide,  si osserva,  pe r  l ' i ncorporaz ione  de l l ' u r id ina  
ne l I 'ARN,  u n a  d iminuz ione  maggiore  di quel la  del la  
f issazione de l l ' a c t i nomic ina -D  al la  e roma t ina .  
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Immunosuppress ive  Activity of Azathioprine in Experimental  Infection of the Mouse with 
Trichinella spiralis (Nematoda)  

Mice infec ted  w i t h  t he  muscle  s tage  of Trichinella 
spiralis cha rac t e r i s t i ca l ly  expel  t he  m a j o r i t y  of a d u l t  
worms  f rom t h e  i n t e s t i ne  d u r i n g  t he  second week  of t h e  
in i t ia l  infect ion.  This  expu ls ion  is due  to a p r i m a r y  de layed  
h y p e r s e n s i t i v i t y  (cellular) r e ac t i on  a g a i n s t  t he  adu l t s  a n d  
a s econda ry  i n f l a m m a t o r y  change  in t he  i n t e s t i n a l  t i s sue  1. 
Th i s  expu l s ion  has  been  suppressed  b y  var ious  i m m u n o -  
suppress ive  c o m p o u n d s  in va r ious  hos t s  2. Tile effect  of 

a z a t h i o p r i n e  on  T. spiralis has  been  r e p o r t e d  on ly  for the  
gu inea  pig  2. As a resul t ,  t h e  ob jec t ives  of t h i s  s t u d y  were 
t o  i nves t i ga t e  t h e  eff icacy of a z a t h i o p r i n e  aga ins t  t he  

1 j .  E. LAR$H, N. F. WEATHERLY, H. T. GOULSON and E. F. CHAFFEE, 
J. Parasit. 58, 1052 (1972). 

2 j .  ~p. HARLEY, Proc. helminth. Soc. Wash. d0, 242 (1973). 
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p r i m a r y  i m m u n e  a n d  a n a m n e s t i c  responses  in  t h e  mouse  
in fec ted  w i t h  T. spiralis. 

Materials and methods. Swiss -Webs te r  ma le  a lb ino  mice  
were used t h r o u g h o u t .  R e c o v e r y  of l a rvae  f rom s tock  mice 
a n d  in fec t ion  p rocedures  were acco rd ing  to  HARLEY a n d  
GALLICCHIO a. 20 mice  were in fec ted  b y  gavage  w i t h  350 
T. spiralis l a rvae .  Af te r  30 days  pos t in fee t ion ,  10 of these  
mice  were des ig ina t ed  Group  I ( immunized  controls)  and  
10 Group  I I  ( i m m u n i z e d  + aza th iopr ine ) .  

S tock  mice w h i c h  h a d  no t  been  in fec ted  were d iv ided  
in to  Groups  I I I  (control ,  n o n i m m u n i z e d )  a n d  I V  (control  
+ aza th iopr ine ) ,  w i t h  10 mice pe r  group.  E a c h  mouse  
received,  b y  gavage,  350 T. spiralis larvae.  Groups  I I  a n d  
I V  were s i m u l t a n e o u s l y  t r e a t e d  ora l ly  w i t h  3 r a g / d a y  of 
a z a t h i o p r i n e  ( I m u r a n  | We l l come  Resea rch  Labora to r i e s )  
b e g i n n i n g  2 days  p re in fec t ion  a n d  c o n t i n u i n g  da i ly  t h r o u g h  
d a y  20 pos t in fec t ion .  

All  mice were ki l led 30 days  pos t i n f ec t i on  a n d  t he  
n u m b e r  of muscle  l a rvae  d e t e r m i n e d  accord ing  to  HARLEY 
a n d  GALLICCHIO 3. S t u d e n t ' s  t - tes t  was used to  d e t e r m i n e  
t he  s t a t i s t i ca l  s igni f icance  of t he  obse rved  differences  in  
n u m b e r s  of muscle  l a rvae  r ecovered  f rom e x p e r i m e n t a l  
a n d  con t ro l  groups .  A p r o b a b i l i t y  g rea t e r  t h a n  0.05 was 
no t  cons idered  s igni f icant .  

Results and discussion. T he  effect  of a z a t h i o p r i n e  on 
n u m b e r s  of T. spiralis musc le  l a rvae  in  i m m u n i z e d  vs  
n o n i m m u n i z e d  mice  is s h o w n  in  the  Table .  S ta t i s t i ca l ly ,  
t h e r e  was no s ign i f i can t  ( P > 0 . 0 5 )  d i f ference in t h e  
n u m b e r  of muscle  l a r v a e  in i m m u n i z e d ,  nonsupp re s sed  

Effect of azathioprine on numbers of Trichinella spiralis muscle 
larvae in immunized vs nonimmunized mice 

Group Mean :t: S.D. 

Immunized mice + 350 T. spiralis 
larvae (I) 

Immunized mice + 350 T. spiralis 
larvae + azathioprine (II) 

Normal mice + 350 T. spiralis 
larvae (III) 

Normal mice + 350 T. spiralis 
larvae + azathioprine (IV) 

715.832• 

327.191:1= 97.81.3 

499.703:~177.797 

945.971=t=266.164 

mice  (Group I) as c o m p a r e d  to  n o n i m m u n i z e d ,  suppressed  
mice (Group IV). All  o the r  d i f ferences  were s ign i f ican t  
(P < 0.05). 

Thus ,  a z a t h i o p r i n e  suppressed  t h e  p r i m a r y  i m m u n e  
response  of mice  in fec ted  w i t h  T. spira'lis; however ,  t he  
a n a m n e s t i c  response  was n o t  suppressed .  Th i s  s t u d y  gives 
f u r t h e r  ev idence  t h a t  i m m u n i t y  in  mice  in fec ted  w i t h  T. 
spiralis is p r i m a r i l y  due  to  de layed  (celluIar) hypersens i -  
t iv i ty .  This  l a t t e r  response  leads to  i n t e s t i n a l  i n f l a m m a t i o n  
and  s u b s e q u e n t  expu l s ion  of adu l t  worms.  Since t h e  
n u m b e r  of musc le  l a rvae  was s ign i f i can t ly  r educed  ( P  
< 0.001) in i m m u n i z e d ,  suppressed  mice  as c o m p a r e d  
w i t h  t he  i m m u n i z e d  nonsupp re s sed  mice, t h e  a n a m n e s t i c  
response  was no t  affected.  

This  aga in  gives f u r t h e r  s u p p o r t  to  t he  a c c u m u l a t i o n  of 
ev idence  t h a t  t h e  i n f l a m m a t o r y  change  in  t he  i n t e s t i ne  is 
t he  f ina l  effector  m e c h a n i s m  of t h e  de layed  hype r sens i t i -  
v i t y  reac t ion .  T h a t  t h i s  de layed  h y p e r s e n s i t i v i t y  exists,  
suppor t s  t he  h y p o t h e s i s  t h a t  ' t h e  i m m u n i t y  of mice  
aga ins t  t he  adu l t  worms  of T. spiralis has  a ce lLmed ia t ed  
bas is '  1. F ina l ly ,  t h i s  descr ibed  hos t -pa ra s i t e  mode l  
s y s t e m  can  be  a useful  a d j u n c t  to  e v a l u a t e  t he  i m m u n o -  
suppress ive  ac t ion  of o t h e r  e x p e r i m e n t a l  d rugs  t h a t  are  
des igned  to  i n h i b i t  t he  h y p e r s e n s i t i v i t y  p h e n o m e n a  a n d /  
or a n t i b o d y  formation-~ 

Zusammen/assung. Die W i r k u n g  y o n  A z a t h i o p r i n  au f  
die I m m u n a n t w o r t  yon  m i t  Trichinella spiralis inf izier-  
t en  M/iusen is t  auf  G r u n d  der  A n z a h l  in  der  M u s k u l a t u r  
au fge fundenen  L a r v e n  beu r t e i l t  worden.  N a c h  e iner  
E r s t i n f e k t i o n  zeigen b e h a n d e l t e  Tiere gegeni iber  K o n t r o l -  
len eine u n t e r d r i i c k t e  I m m u n a n t w o r t .  L i n e  i m m u n -  
suppress ive  W i r k u n g  y o n  A z a t h i o p r i n  b l e ib t  bet  e iner  
sekund/ i ren  I n f e k t i o n  h ingegen  aus. 
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Control  of Ant i coagu la t ion  in Rats  

Coumar in s  are  wide ly  used as ra t -k i l l e r s  b y  i n d u c i n g  
severe  h y p o c o a g u l a b i l i t y  wh ich  resu l t s  in  h a e m o r r h a g i n g ,  
b u t  socalled t h e r a p e u t i c  a n t i c o a g u l a t i o n  in  t h e  ra t ,  as 
one of t h e  m o s t  f r e q u e n t l y  used l a b o r a t o r y  an imals ,  has  
scarcely  been  s tud ied .  For  t h e  l a b o r a t o r y  con t ro l  of t h e  
degree of a n t i c o a g u l a t i o n  in ra ts ,  t h r o m b o p l a s t i n s  1-~ 
were used, wh ich  were no t  wel l -def ined as to  t h e i r  sensi-  
t i v i t y  for r a t  coagu la t ion  factors .  

E x p e r i e n c e  in h u m a n s  has  been  t h a t  c a l i b r a t i on  of 
t h r o m b o p l a s t i n s  is r a t h e r  d i f f icul t  5. Sens i t i v i t y  for c lo t t -  
ing fac to r  levels ha s  to  be  checked  as well  as t he  i n h i b i t -  
o ry  in f luence  of i n a c t i v e  c lo t t i ng  factors,  cal led P I V K A s  
(Pro te ins  in v i t a m i n  K-absence ;  H e m k e r  et  al.6). W e  
decided to  eva lua t e  a r ap id  a n d  we l l - s t anda rd i zed  as say  
m e t h o d  for  i t s  s e n s i t i v i t y  for  t he  m e a n  c lo t t i ng  fac to r  level  
of t h e  p r o t h r o m b i n  com pl ex  7 a n d  t h e  poss ib le  in f luence  
of P I V K A  on  t he  t e s t  r e su l t  in  r a t s  u n d e r  an t i coagu la t ion .  

Methodology. A) F o r  t he  c o n s t r u c t i o n  of a re fe rence  
cu rve  for b lood  samples  a s sayed  in t he  N o r m o t e s t  r e a g e n t  

(Nyco, Oslo, Norway) 12 healthy male Wistar rats (aged 
4 months, body weight 325-375 g) from an inbred colony s 
fed on a standard diet and with factor II, VII and X 
levels in the normal range (80-120% assayed against 
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