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Liver homing in the r a t  of.i 111 Indium labelled beef and neuraminidase-treated:~ rat ierythrocytes 
(Studies  with a Gamma Camera) 
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Summary. The  ra t e  ol l iver  h o m i n g  of m In - l abe l l ed  e r y t h r o c y t e s  ha s  been  m e a s u r e d  u n d e r  a G a m m a  Camera .  H o m i n g  
of n e u r a m i n i d a s e - t r e a t e d  or xenogene ic  e r y t h r o c y t e s  is de layed  b y  p r e in j ec t i on  of glycol ipids  or g lycopept ides .  

N e u r a m i n i d a s e - t r e a t e d  e r y t h r o c y t e s  are cleared b y  t he  
l iver  w h e n  r e in j ec t ed  i n t o  r a t s  3. Sheep red  b lood  cells 4 
a n d  o t h e r  xenogeneic  e r y t h r o c y t e s  (Fr iedr ich,  u n p u b -  
l ished) ' h o m e '  to  t he  r a t  l iver  w i t h o u t  p r e - t r e a t m e n t .  
These  s e q u e s t r a t i o n  processes  m a y  be  t r iggered  b y  
sur face  componen t s ,  ' g a rbage  s ignals '  exposed  b y  t he  
e n z y m e  t r e a t m e n t  or p e r m a n e n t l y  ava i l ab le  on xenogene ic  
cells. Ashwel l ' s  e x p e r i m e n t s  w i t h  des ia l i a ted  g lycopro-  
r e ins  sugges t  t h a t  t e r m i n a l  sugars  m a y  m e d i a t e  l iver  
t r a p p i n g  s. T h u s  l iver  h o m i n g  of e r y t h r o c y t e s  should  be 
de l ayed  b y  p re in j ec t i ng  a p p r o p r i a t e  suga r - con ta in ing  
molecules .  I n  t h i s  p a p e r  we r e p o r t  on  some e x p e r i m e n t s  
w h i c h  show t h a t  glycol ipids de lay  seques t r a t i on  of neur -  
a m i n i d a s e - t r e a t e d  r a t  red  b lood cells and  t h a t  po lypep t ides  
i so la ted  f rom bov ine  e r y t h r o c y t e s  de l ay  h o m i n g  of b o v i n e  
e r y t h r o c y t e s  to  r a t  l iver.  
B o v i n e  e r y t h r o c y t e s  were w a s h e d  in sal ine,  r a t  e ry th ro -  
cy tes  were i n c u b a t e d  w i t h  n e u r a m i n i d a s e  f rom Vibr io  
cholerae  (Serva) for 1 h (100 ~xl packed  e r y t h r o c y t e s  w i t h  
5 x 10-a units) .  E r y t h r o c y t e s  were label led  w i t h  m l n d i u m  
as desc r ibed  6 a n d  in jec ted  t h r o u g h  t he  ta i l  vein (0.25 ml  
p a c k e d  e r y t h r o c y t e s  in  a t o t a l  v o l u m e  of 0.5 ml  saline).  
G lycopep t ides  i so la ted  f rom b o v i n e  e r y t h r o c y t e s  7 were 
d issolved in 1 ml  sal ine (100 mg/ml)  and  in jec ted  3 m i n  
before  t he  in jec t ion  of label led  e ry th rocy te s .  Gangl io-  
sides ( to ta l  f rac t ion  of 'ac id  glycolipids ' )  were i so la ted  
f rom beef  b r a i n  8, suspended  in sal ine b y  u l t r a  son ica t ion  
(5 or 10 mg/ml)  a n d  1 ml  in jec ted  aga in  3 ra in  before  t he  
labe l led  e ry th rocy te s .  Fo r  t he  purpose  of compar i son  1 ml  
of t h e  fol lowing so lu t ions  were p r e i n j ec t ed :  ga lac tose  
(0.4 M), me thy lg lucose  (0.4 M) and  bov ine  a l b u m i n e  
(10 mg/ml ) .  
T h e  a n a e s t h e t i z e d  ra t s  were  s c i n t i g r a p h e d  w i t h  a G a m m a  
C a m e r a  (Nuclear  Chicago) and  t he  d a t a  s tored  b y  a 
compu te r .  F igure  1 shows an  a n i m a l  s c in t i g r am:  The  
c o u n t s  a c c u m u l a t e d  up  to 2 ra in  c lear ly  show c i rcu la t ing  
e r y t h r o c y t e s ,  a f t e r  30 m i n  m o s t  of t he  r a d i o a c t i v i t y  is 
t r a p p e d  in t he  liver.  Fo r  the  q u a n t i t a t i v e  s tudies  2 
' reg ions  of i n t e re s t '  were selected.  A ' h e a r t  reg ion '  as 
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Fig.  1. Whole animal i n I n  scint~gram. 0.5 ml Indium labelled 
erythrocytes (neuralninidase-treated rat erythrocytes) injected intra- 
venously. A. Seintigram between 0 and 2 min; B. Seintigram be- 
tween 28 and 30 rain. 
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Fig. 2. Time-dependent radioactivity detected in specified liver and 
heart regions (cpm/region). Heart region as a measure of circulating 
radioactivity, Liver region representing the storing organ. Neur~mi- 
nidase-treated rat erythrocytes without (A) and with (B) preinjected 
glycolipid fraction. 
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r e p r e s e n t a t i v e  for c i rcu la t ing  r a d i o a c t i v i t y  a n d  a ' l iver  
reg ion '  r e p r e s e n t a t i v e  for t h e  s to r ing  organ.  F igu re  2 
shows t h e  t ime  course of r a d i o a c t i v i t y  de t ec t ed  in these  
2 def ined  regions :  A. S e q u e s t r a t i o n  of n e u r a m i n i d a s e -  
t r e a t e d  e r y t h r o c y t e s  is c o m p l e t e d  a f te r  6 min.  Inc rease  in 
t h e  l iver  region a n d  decrease  in t h e  h e a r t  reg ion  are  closely 
corre la ted ,  t3. Af te r  p r e i n i e c t i o n  of glycol ipids seques t ra -  
t ion  of n e u r a m i n i d a s e - t r e a t e d  e r y t h r o c y t e s  is de l ayed  b y  
a f ac to r  of a b o u t  3. Here  again,  t h e  decrease  in t he  h e a r t  
region co r responds  w i t h  t h e  increase  in t h e  l iver  region.  
The  resu l t s  of e x p e r i m e n t s  w i t h  d i f fe ren t  e r y t h r o c y t e s  
a n d  d i f fe ren t  c o m p e t i n g  agen t s  are l i s ted  in t he  t ab le .  The  
obse rved  h o m i n g  of e ry th rocy te s ,  e i the r  n e u r a m i n i d a s e -  
t r e a t e d  or xenogene ic  is i r revers ib le :  a f t e r  24 a n d  48 h 
t he  r a d i o a c t i v i t y  is st i l l  local ized in t he  l iver  region ( the 

Liver sequestration kinetics 

Erythrocytes and competing agents Time for maximal 
sequestration 

Rat erythrocytes neuraminidase-treated 5 4- 1.5 (7) 
Gangliosides (5 rag/animal) 14 4- 4 (4) 
(10 rag/animal) 25 • 5 (2) 
Methylglucose ;> 15 (2) 
Galaetose > 15 (2) 

Bovine erythrocytes 18 4- 4 (6) 
Glyeopeptides (10 mg/animal > 30 (4) 
Bovine albumine (10 mg/anirnal) 15 4- 5 (3) 

The agents mentioned were prelnj'ected 3 min before injection of the 
labelled erythrocytes. Details see text. Number of animals given in 
parentheses. 

t e r m  ' l a s t  h o m i n g '  would  the re fo re  be  more  appropr i a t e ) .  
I t  is p r o b a b l e  t h a t  t h e  e r y t h r o c y t e s  r e a c h  t h e  l iver  as 
i n t a c t  cells: a) in  v i t ro  i n c u b a t i o n  of t h e  used e r y t h r o -  
cy tes  w i t h  r a t  s e rum did  n o t  lead to  f r a g m e n t a t i o n .  
b) A n o t h e r  a r g u m e n t  comes  f rom h o m i n g  e x p e r i m e n t s  
w i t h  lysed l n l n d i u m  label led  e ry th rocy te s .  W h e n  th i s  
lysa te  was  in j ec t ed  i n to  ra ts ,  t h e  r a d i o a c t i v i t y  s t a y e d  
f i rs t  in  circulat icm, s lowly a c c u m u l a t i n g  in t he  k idneys  
r a t h e r  t h a n  in t h e  l iver.  ( In  th i s  lysa te  I n d i u m  rad io-  
a c t i v i t y  is assoc ia ted  to more  t h a n  95% w i t h  hemoglo-  
bin)  9. Th i s  m a y  ind ica t e  t h a t  surface  c o m p o n e n t s  are 
recognized  b y  l iver  cells. P r e in j ec t ed  glycol ipids  a n d  
g lycopro te ins  m a y  b lock  p r e s u m p t i v e  r ecogn i t ion  sites. 
Th i s  is in  l ine w i t h  Ashwel l ' s  e x p e r i m e n t s ;  however ,  
t h e r e  seems to  be  a m a j o r  d i f ference:  Des ia l i a t ed  glyco- 
p ro t e in s  are obv ious ly  t r a p p e d  and  i n c o r p o r a t e d  b y  l iver  
p a r e n c h y m a l  cells~ whereas  e r y t h r o c y t e s  h o m i n g  to  
l iver  a p p e a r  to  be  t a k e n  u p  b y  s inuso ida l  cells 10. T h u s  i t  
m a y  be  conc luded  t h a t  R E S  cells of t h e  l iver  recognize  
a l t e red  or xenogene ic  cells b y  surface  componen t s .  
Th i s  could be  r e l e v a n t  n o t  on ly  for t h e  e l i m i n a t i o n  of 
e ry th rocy te s .  T u m o r  cells could show s imi lar  s igns of 
' fore igness '  a n d  indeed,  t u m o r  cells h a v e  been  found  to  
h o m e  to  l iver  i r r eve r s ib ly  4,11. The  func t iona l  i n t e g r i t y  of 
l iver  s inuso ida l  cells m a y  t h u s  p l ay  a n  i m p o r t a n t  p a r t  
in  t he  con t ro l  of t u m o r  cell popu la t ions .  
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Changes in the T4/T 3 molar ratio following thyrotrophin releasing hormone injection in cattle 
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Summary. The  in j ec t ion  of t h y r o t r o p i n  re leas ing  h o r m o n e  in to  ca t t l e  r e su l t ed  in a r ap id  decrease  in  t he  T4/T 3 mo la r  
ra t io .  2 b reeds  of cat t le ,  S h o r t h o r n  a n d  Af r i cande r  Cross were s tud ied .  The  decrease  in t he  T J T  3 m o l a r  ra t io  was signi- 
f i c an t l y  g rea t e r  in  t h e  S h o r t h o r n  breed.  I t  is conc luded  t h a t  acu te  s t i m u l a t i o n  of t h e  t h y r o i d  g land  w i t h  T R H  resu l t s  
in  e n h a n c e d  release of b o t h  T 3 a n d  T 4 a n d  t h a t  T~ is d i scha rged  more  r ap id ly  t h a n  T~. 

The re  a re  m a r k e d  dif ferences  a m o n g  species in  t he  r a t io  
of t h y r o x i n e  (T4) to  t r i i o d o t h y r o n i n e  (T3) in  t h e  t h y r o i d  
g land.  T h u s  t h e  T4/T 3 r a t io  in  m a n  h a s  b e e n  r e p o r t e d  to 
be  20 :11  a n d  in  r a t  6:12.  Since t he re  appea r s  to  be  on ly  
v e r y  l imi ted  conve r s ion  of T 4 to  T 3 in t he  t h y r o i d  3, 4 i t  is 
r ea sonab le  to  expec t  t h a t ,  in  general ,  T 3 a n d  T 4 will  be  
secre ted  in t h e  s ame  ra t io  as t h e y  occur  in  t he  g land.  
However ,  l i t t l e  is k n o w n  a b o u t  t he  v a r i a t i o n  of t i le  
t h y r o i d  T4/T 3 r a t io  w i t h i n  a p a r t i c u l a r  species or of con-  
d i t ions  w h i c h  m a y  a l t e r  t he  secre t ion  r a t e  of T 4 to  T 3. 
I n  t h i s  s t u d y  we r e p o r t  acu te  changes  in  t h e  s e r u m  T , / T  3 
m o l a r  r a t io  in  2 b reeds  of c a t t l e  fol lowing t h e  in j ec t ion  of 
T R H .  
Methods. 2 groups  of 6 ca t t le ,  one  compr i sed  of S h o r t h o r n s  
(SH),  a t e m p e r a t e  c l ima te  a d a p t e d  b reed  a n d  t h e  o t h e r  
of A f r i c a n d e r  Crosses (AX),  a t rop ica l ly  a d a p t e d  breed,  
were i n j ec t ed  i.v. w i t h  T1RH (Calbiochem, L o t  30075). 
3 i n j ec t i on  schedules  were  used :  a) a s ingle i n j ec t i on  of 

e i t h e r  0.4, 1, 2.5 or  5 ~g/kg  l ive we igh t  (1.wt), b) 2 injec-  
t ions  of 3 ~g/kg 1.wt 24 h a p a r t  or c) r epea t ed  in jec t ions  
of inc reas ing  a m o u n t s  of T R H  (1, 2, 3, 4 a n d  5 [xg/kg 1.wt) 
h o u r l y  over  4 h. Th i s  l a t t e r  in j ec t ion  schedule  gave  a 
t o t a l  dose of 15 txg/kg 1.wt pe r  an imal .  :Blood samples  
were t a k e n  a t  i n t e r v a l s  f rom a j ugu l a r  ve in  a n d  t he  
r e su l t i ng  s e r u m  samples  ana lyzed  us ing  r a d i o i m m u n o -  
a s says  for  t h y r o i d  s t i m u l a t i n g  h o r m o n e  (TSH),  T a a n d  T 4. 
E x p e r i m e n t s  were  ca r r i ed  o u t  a t  l eas t  1 week  a p a r t  t o  
a l low a r ecove ry  per iod  before  t he  n e x t  in j ec t ion  of T R H .  
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