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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 .  

9 I. Kampfer, K. Nissler and J. Lobe, XIII. Symposion der Sek- 
tion Nuklearmedizin der Gesellsehaft ffir Medizinische Radio- 
logie, 17.-21. M~trz 1976 Reinhardsbrunn, in press. 

10 D.M. Bissell, L. Hammaker and R. Sehmid, J. Cell Biol. 54, 
107 (1972). 

11 S. Draz, J. E. Byfield, P. Byfield and E. W. Fonkalsrud, Arch. 
Surg. J02, 574 (1971). 
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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 .  

1 T . J .  Chopra, D. A. Fisher, D. H. Solomon and G. N. Beall, J. 
clin. Endocr. Metab. 36, 311 (1973). 

2 R. Pitt-Rivers and ol. E. Rall, Endocrinology 68, 309 (1961). 
3 H.Haibach, Endocrinology 88, 918 (1971). 
4 H. Haibach, Metabolism 20, 819 (1971). 
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Results .  The m e a n  pre in jec t ion  T4/T 3 molar  ra t io  4- SE 
ca lcula ted  f rom 4 sepa ra te  e s t ima tes  t h r o u g h o u t  t he  
expe r imen ta l  per iod was 52.1 • 3.1-57.5 • 5.5 for the  
SH group and  46.7 4- 2.9 for t he  A X  group (p = 0.1-0.05). 
There  was  no dose-response  re la t ionship  following single 
in jec t ions  of T R H  for e i ther  TSH,  T z or T 4 and resul ts  
f rom all doses have  been  combined.  The max ima l  T S H  
response  occurred wi th in  15 min  of T R H  inject ion,  
m a x i m a l  T s a t  4.5 h and  m a x i m a l  T 4 a t  6-7 h (figure 1). 
There  was a s ignif icant  difference (p = 0.001) be t w een  
breeds  a t  t he  m a x i m a l  T 3 response.  
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Fig. 1. Percentage changes in serum TSH, T 3 and T~ in AX and SH 
breeds of cattle, following a single injection of TRH. Mean 4- SE. 
For TSH results, both breeds combined. 
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The percen tage  changes  in the  T J T  a molar  ra t ios  f rom the  
ini t ial  value is shown in figure 2. The ra t io  began  to  
decline a lmos t  a t  once and  by  1 h the  ra t io  for b o t h  
breeds  was 75% of the  ini t ial  value.  In  the  A X  group the  
ra t io  t h e n  began  to  rise while in t he  SH group i t  con- 
t inued  to fall, reaching at  4.5 h a m i n i m u m  of 60% of t he  
init ial  value. There  was a s ignif icant  difference be tween  
the  responses  of t he  2 breeds  a t  2.5, 4.5 and 6 h (p = 0.02, 
0.01 and 0.05 respect ively) .  By  22 h b o t h  breeds  had  
T4/T3 molar  ra t ios  well above the  ini t ial  value, 153% in 
the  SH group and  164% in the  A X  group. Fol lowing 2 
in jec t ions  of T R H  24 h a p a r t  a decrease in the  Ta/T 3 
molar  ra t io  was observed  on b o t h  days.  This  decrease 
was grea te r  in t he  SH group,  pa r t i cu la r ly  on the  second 
d a y  (table). 
W h e n  repea ted  inject ions  of T R H  were given on the  same 
day,  the  TJT3  molar  ra t io  was 60%, 4 h af ter  the  f i rs t  
T R H  inject ion,  and  a l though  still  low, had  increased to  
68% by  8 h, desp i te  the  con t inued  inject ions.  
Discussion.  The T , /T  3 molar  ra t io  s ignif icant ly  and  
rap id ly  decreased following a single in jec t ion  of T R H  into  
cat t le .  The magn i tude  of th is  response  var ied  be tween  
individuals  and  also be tween  the  2 breeds.  The more  
mark ed  decrease in the  SH breed suggests  the re  is a real  
difference in t hy ro id  func t ion  be tween  the  2 breeds.  This  
could well be a consequence  of adap t ive  changes  to the  
d i f ferent  c l imates  for which t h e y  have  been  bred.  
There  is l i t t le evidence a b o u t  condi t ions  which  m a y  
change  the  se rum T J T  3 ra t io  in no rma l  animals .  In  the  
r a t  iodine def ic iency lowers t he  T4/T 3 ra t io  in t h e  thyro id  
g land 5 and  changes  in the  ra t io  have  also been repor ted  
in the  neona ta l  ra t  e. The dai ly  in ject ion of T S H  increases 
the  rat io of T 3 to  T 4 in s tored  thyrog lobu l in  7. W h e t h e r  
the re  were cor responding  changes  in the  re la t ive secret ion 
ra tes  of T 3 and  T 4 were no t  repor ted .  
The changes  in se rum T J T  3 molar  ra t io  which  were 
observed  following T R H  in jec t ion  could have  been  
b ro u g h t  abou t  in several  ways.  The ra te  of secret ion of T 3 
f rom the  thy ro id  gland could have  changed rela t ive to 
t h a t  of T,. The re la t ive ra te  of c learance of T 3 and T 4 
f rom the  blood could also have  changed  or there  could 
have  been increased per iphera l  convers ion  of T 4 to T 3. 

5 R. Pitt-Rivers and R. R. Cavaliere, in: The Thyroid Gland, 
p. 87. Ed. R. Pitt-Rivers and W. R. Trotter. Butterworths, 
London 1964. 

6 W.H. Florsheim, M. A. Faircloth, N. L. Corcorran and P. Rudko, 
Aeta endocr. 52, 375 (1966). 

7 M.A. Greer and C. Rockie, Endocrinology 85, 244 (1969). 

Effect of 2 injections of TRH f3 [xg/kg lwt) 24 h apart on the TJT 3 
molar ratio of 2 breeds of cattle (% change from pre experimental 
valueI 

Day 1 Day 2 
Time 0 h 4 h 8 h 0 h 4 h 8 h 

Shorthorn 100 52.8 78.3 112.0 73.3 96.7 
• ~11.2 4-21.3 4-14.3 :~19.6 

Africander 100 63.3 115.7 170.7 124.3 144.5 
• :t=13.6 4-22.4 113.5 :z14.4 

Probability NS 0.05 NS 0.05- 0.01- 
0.02 0.05 

Fig. 2. Percentage change in serum TJT 3 molar ratio in AX and SH 
breeds of cattle following a single injection of TRH. Mean :z SE. NS, not significant. 
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There  is no evidence t h a t  e i ther  T R H  or T S H  is capable  
of d i rec t ly  a l ter ing the  ra te  of per iphera l  convers ion  of 
T 4 to  T 3. The dai ly  in jec t ion  of T 4 in to  man,  increased 
p lasma  T 3 concen t r a t ion  and  the  clearance ra te  of b o t h  
T 3 and  T4 resul ted  in a n e t t  increase in the  T4/T a ra t io  s. 
On the  o the r  h a n d  a single i.v. in jec t ion  of T 4 did no t  a l ter  
the  f rac t ional  t u rnove r  ra te  of T3 for a t  least  i h af ter  
in ject ion,  a l though  i t  had  decreased by  24 h. Thus  in- 
creased secre t ion of Ta alone, while a l ter ing the  p lasma  T 3 
concen t r a t ion  and  clearance ra te  does no t  lead to an 
i m m e d i a t e  decrease  in t he  T J T  3 rat io.  
I t  appears  therefore  t h a t  the  decrease in the  T J T  3 molar  
ra t io  t h a t  follows the  acute  s t imula t ion  of t he  t hy ro i d  
gland is due to increased secret ion of T 3 re la t ive  to T 4. 
This  re la t ive  increase in T 3 to T 4 secret ion is p r o b a b l y  
unde res t ima ted .  This  is because a l though  b ind ing  of T a 
to t hy ro id  b ind ing  globulin does occur 9, i t  is p robab l y  no t  
t i gh t ly  b o u n d  10 and  therefore  will be r emoved  more  
rap id ly  f rom the  c i rcula t ion t h a n  T 4, mos t  of which  is 
bound  to p l a sma  prote ins .  The shor t  t e r m  release of 

s tored  thyrog lobu l in  ough t  no t  cause rapid  changes  in t he  
T4/T 3 ratio.  However ,  b y  w h a t e v e r  mechan i sm this  in- 
creased T 3 secret ion is b r o u g h t  about ,  t he  n e t t  resul t  is 
clearly an increase in the  act ive  form of the  c i rcula t ing 
thy ro id  hormones .  
We  conclude t h a t  in non-pa tho log ica l  condi t ions  2 mecha-  
n isms opera te  to mee t  t issue thyro id  ho rmone  require-  
ments .  Normal ly ,  T a r equ i r emen t s  are me t  largely b y  
per iphera l  de iod ina t ion  of T 4 to  T 3, the  act ive form of the  
hormone .  However ,  u n d e r  condi t ions  of increased d e m a n d  
for t h y r o i d  h o rmo n es  the  release oi b o t h  h o r m o n e s  is 
enhanced,  w i t h  T 3 being d ischarged more  rapidly  t h a n  T 4. 

8 L; E. Braverman, A. Vagenakis, P. Downs, A.E. Foster, K. 
Sterling and S. H. Ingbar, J. olin. Invest. 52, 1010 (1973). 

9 K.A. Woeber, E. Hecker and S. H. Ingbar, J. clin. Invest. 49, 
650 (1969). 

10 A.A. Zaninovich, H. Faraeh, C. Ezrin and R. Volp~, J. clin. 
Invest. 45, 1290 (1966). 

Effect of g r o w t h  fac tors  on  hepat ic  drug  m e t a b o l i s m  in d i a b e t i c - h y p o p h y s e c t o m i z e d  rats  

D. E. Cook and  C. K. Phares  

Department o/ Biochemistry, University o/ Nebraska Medical Center, Omaha (Nebraska 68105, USA), 
17 December 1976 

Summary. In  vivo admin i s t r a t i on  to  d i abe t i c -hypophysec tomized  ra t s  of e i ther  t he  g rowth  factor  p roduced  b y  the  
plerocercoid larvae  of the  t apeworm,  Sp i romet ra  mansonoides ,  or m a m m a l i a n  g rowth  h o rmo n e  caused inhib i t ion  of 
hepa t i c  drug  me tabo l i sm measured  in vi tro.  

H o r m o n a l  cont ro l  of hepa t ic  me tabo l i sm is, a t  best ,  only  
vaguely  unders tood .  R e c e n t  inves t iga t ions  have  shown 
t h a t  the  g rowth  factor  p roduced  by  the  plercoceroid larvae 
of the  t apeworm,  Sp i romet ra  mansonoides ,  causes inhibi-  
t ion  of hepa t ic  drug me tabo l i sm in h y p o p h y s e c t o m i z e d  
ra t s  1. The inhib i t ion  of drug  me tabo l i sm by  the  plero- 
cercoid g rowth  fac tor  (PGF) is accompanied  by  enhanced  
g rowth  1 and  is s imilar  to  the  response  observed  when  
m a m m a l i a n  g rowth  ho rmone  is admin i s t e red  to  hypo-  
physec tomized  ra ts  2. Since a l loxan diabetes ,  a condi t ion  
of abnorma l ly  low insulin levels, is known to affect  drug 
me tabo l i sm in ra t s  8, 4 and  since GH is repor ted  to have  
some insulin-like as well as ant i- insulin-l ike ac t iv i ty  5, i t  
is i m p o r t a n t  to  know w h e t h e r  the  effect  of g rowth  factors  
on hepa t ic  drug  me tabo l i sm in h y p o p h y s e c t o m i z e d  ra ts  

Table 1. Effect of in vivo treatment of diabetic-hypophysectonfized 
rats with plerocercoid growth factor (PGF) on hepatic drug metab- 
olism of aminopyrine and aniline in vitro ~ 

Drug Control PGF-treated b Inhibition 
substrate (%) 

is d e p e n d e n t  on or i n d e p e n d e n t  of normal  insulin levels. 
Therefore ,  t he  p re sen t  s t u d y  was  designed to de t e rmine  
the  effect  of P G F  and bovine  g rowth  ho rmone  (BGH) on 
hepa t ic  drug  me tabo l i sm in d i abe t i c -hypophysec tomized  
rats.  
Methods. 3 weeks af ter  h y p o p h y s e c t o m y  (Hormone  Assay, 
Chicago, Ill.) male Sprague-Dawley  ra ts  ( approx imate iy  
100 g) were in jec ted  i .p .  w i th  al loxan m o n o h y d r a t e  
(Eas tman)  (250 mg/kg  b.wt) to  induce diabetes .  Serum 
sugar  concen t ra t ions  were de t e rmined  6 wi th  blood col- 
lected by  orbi ta l  sinus punc ture .  Only those ra t s  w i th  
fed se rum sugar  concen t ra t ions  grea ter  t h a n  300 mg/100 ml 
4 days  a f te r  a l loxan in jec t ion  were considered to  be 
diabet ic .  I n  one e x p e r i m e n t  ra t s  Were t r ea ted  wi th  P G F  
by  the  s.c.  in ject ion of 10 p lerocercoids / ra t  7 4 days  af ter  
a l loxan t r e a t m e n t .  In  an o t h e r  e x p e r i m e n t  ra ts  were  t rea-  
t ed  wi th  B G H  (NIH-GH-B-18,  a gift  of the  Endoc r ine  
S tudy  Section,  N I H ,  Be thesda ,  Maryland)  by  dai ly s.c.  
in ject ion of 500 ~zg of t he  h o rmo n e  dissolved in 0.85% 
NaC1 beginn ing  9 days  af ter  a l loxan injection.  7 days  
subsequen t  to  the  in i t ia t ion  of e i ther  t r e a t m e n t ,  the  ra t s  
were sacrif iced af ter  a 12-h fas t  and  the  livers used for 
in v i t ro  drug  me tabo l i sm s tudies  as previously  descr ibed 1. 

([xmoles/min g liver) (~xmoles/min g liver) 
Aminopyrine 51.72 i 2.86 (9) 38.05 ~ 3.37 (6) c 26 
Aniline 12.81 =t_ 0.59 (9) 7.02 :t: 0.58 (6) a 45 

a The results are expressed as formaldehyde-formed or p-amino- 
phenol-formed with aminopyrine or aniline as substrate, respectively. 
The numbers given are mean -4- SEM (number of animals), b Treat- 
ment conditions are described in methods, c ~ 0.02 versus control. 
d p < 0.01 versus control. 
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