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Assuming  homogenous  flow in the  muscularis ,  t he  two  
fas t  c o m p o n e n t s  (I, II) must ,  by  exclusion, be located in 
the  mucosal  and  submucosa l  layers. If  the  t i ssue/blood 
pa r t i t i on  coefficient  is close to  one the  hal f - t ime values  of 
componen t s  I and  I I  cor respond to blood flows of 400-1400 
and  30-70 ml /min  �9 100 g, respect ively .  

The fas tes t  c o m p o n e n t  (I) m a y  indicate  the  exis tence 
of a shun t ing  mechan i sm which would then  be of consid-  
erable magn i tude  judging  by  the  percen tage  of init ial  
ac t iv i ty  (Table). Theoret ical ly ,  the  shun t ing  of k r y p t o n  
could be expla ined  in t e r m s  of an ar te r io-venous  blood 
flow shunt ,  b u t  it  is a priori  unl ikely t h a t  as m u c h  as 
35-50% of the  in tes t ina l  blood flow should be d i s t r ibu ted  
to  such a bypass  and  there  are no o the r  da t a  to suppor t  
th is  possibil i ty.  A n o t h e r  exp lana t ion  seems more  plau- 
sible. P re l iminary  expe r imen t s  in th is  l abora to ry  indicate  
the  exis tence of a coun te r -cu r ren t  exchange be tween  the  
ar ter ial  and  venous ends  of the  hairpin-l ike vascular  loops 
of the  in tes t ina l  villi s. Such an a r r a n g e m e n t  would facili- 
t a t e  a diffusion t r ans fe r  f rom the  ar ter ial  to the  venous  
end  of easily diffusible and /o r  l ipid-soluble subs tances  in 
the  blood. These subs tances  would, ins tead  of pass ing 
along the  long axis of the  vessels, t end  to be shun t ed  be- 
tween  the  ar ter ia l  and  venous  ends  of capi l lary loops, as 
is the  case in the  renal  medul la  9a0. I t  is sugges ted  t h a t  

in t raa r t e r i a l ly  in jec ted  k r y p t o n  is shun ted  in the  in tes t ine  
of t he  ca t  b y  such a mechanism11. 

Zusammen/assung. Der zeitliche Verlauf  der  El imina-  
t ion von  in t raar te r ie l l  in j iz ier tem K r y p t o n  aus den Ge- 
weben  des K a t z e n d a r m e s  wurde  unte rsucht .  Die gefun- 
dene E l imina t ionskurve  konn te  in vier  Tei lkurven auf- 
gel6st und  die ana tomische  Lokal is ierung und funkt ionel le  
B e d e u t u n g  dieser  K o m p o n e n t e n  kurz d iskut ier t  werden.  
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STUDIORUM PROGRESSUS 

The Effect of Acute  Starvat ion  on Thyro id  
Funct ion in Rodents  

A t r o p h y  and colloid r e t en t ion  in the  thyro id  as a con- 
sequence of s t a rva t ion  was first  r epor ted  by  JACKSON in 
19161; STEPHENS 2 repor ted  similar resul ts  in 1940. In  
1949, WILLIAMS et  al. a d e m o n s t r a t e d  d imin ished  1311 
up take  by  the  t hy ro id  gland in the  s t a rved  animal .  
RIVERO-FONTAN et  al. 4 r epor ted  comparab le  results.  
However ,  VAN MIDDLESWORTH 5'6 a n d  MONEY ~ found 
d iminished  up take  by  the  thyro id  in s ta rva t ion .  DONATI 
et  al. s in 1963 repor ted  d iminished oxygen uti l izat ion,  
decreased e ry th rocy t e  rad io t r i iodo thyron ine  uptake ,  di- 
minished p lasma levels of t r i iodo thyron ine  and  thyroxine ,  
as well as increases in the  24 h laliodide thyro id  up take  
and  thyro id  concen t ra t ions  of iodide, moniodo ty ros ine  
(MIT), d i iodotyros ine  (DIT), t r i iodo thyron ine  (Ta) and 
thy rox ine  (T4) in acute ly  s t a rved  rats.  The exp lana t ion  of 
these results  was no t  immed ia t e ly  apparen t ,  and  the  pre-  
sent  s t u d y  was u n d e r t a k e n  to  clarify the  mechan i sms  in- 
volved.  

Materials and methods. Female  Sprague-Dawley  ra ts  
weighing 180-200 g were ut i l ized in all exper iments .  
S ta rva t ion  was for a 96 h per iod wi th  water  ad l ibi tum. 
T S H  t r ea t ed  ra ts  received 0.5 uni t  bovine TSH/0 .5  ml  
0.9% saline solut ion in t raper i tonea l ly  a t  the  same t ime  
intervals .  L i t t e r  ma te s  fed a d ie t  of Pur ina  Labo ra to ry  
Chow served as controls .  Oxygen  up take  was de t e rmined  
by  means  of 1 min oxygen  up take  sp i rometer  using 100% 
oxygen  wi th  anhydrous  po tass ium hydrox ide  as the  CO 2 
absorber .  The e ry th rocy t e  rad io t r i iodo thyron ine  up take  

(ETa) was de te rmined  by  a modif ica t ion  8 of the  m e t h o d  
of HAMOLSKY e t  al.9 

24 h following the administration of i/~c of carrier free 
Na i~II the amount of radioactivity in surgically removed 
rat thyroids was measured and the thyroid uptake calcu- 
lated. 4 thyroid glands were subsequently homogenized 
and hydrolyzed for a 40 h period at 37 ~ ill a buffered 
solution with pancreatin added to a final concentration 
of I~o at a pH of 8.5. Aliquots of the hydrolysate and a 
non-radioactive concentrate of 50 #g each of IV~IT, DIT, 
T3, T4, and potassium iodide were then applied to What- 
man No. i chromatography paper. Bidimensional ascend- 
ing chromatography was carried out for 18 h at 20~ 
in an n-butanol dioxane, 2 normal NH4OH system 
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(40: 1 0 : 5 0 ) , 0  a n d  a f t e r  t h e  c h r o m a t o g r a m  w a s  t u r n e d  90 
d e g r e e s  in  a n  n - b u t a n o l  g l ac i a l  a ce t i c  a c i d  a n d  w a t e r  s y s -  
t e m  (78 : 5 : 17) fo r  18 h a t  20 ~ n .  R a d i o a u t o g r a p h s  of t h e  
c h r o m a t o g r a m  were  p r e p a r e d ,  t h e  c a r r i e r s  we re  l oca t ed ,  
a n d  s u p e r i m p o s i t i o n  o f  t h e  r a d i o a u t o g r a p h  o n  t h e  c h r o -  
m a t o g r a m  i n d i c a t e d  t h e  a r e a s  of  r a d i o a c t i v i t y  w h i c h  we re  
r e m o v e d  a n d  t h e  r a d i o a c t i v i t y  d e t e r m i n e d .  

A n  a l i q u o t  of  h y d r o l y s a t e  i d e n t i c a l  to  t h a t  a p p l i e d  to  
t h e  c h r o m a t o g r a p h y  p a p e r  w a s  c o u n t e d  a n d  t h e  r a d i o -  
a c t i v i t y  of  M I T ,  D I T ,  T3, T 4 a n d  i od i de  r e c o v e r e d  f r o m  
t h e  p a p e r  were  e x p r e s s e d  as  % of  t h i s  a l i q u o t .  

1 ffc t h y r o x i n e  13 ' I /0 .026 fig t h y r o x i n e  '27I w a s  a d -  
m i n i s t e r e d  i .v .  T o t a l  s t o o l  co l l e c t i on  w a s  m a d e  o n  e a c h  
r a t  e v e r y  24 h a n d  t h e  a m o u n t  of  r a d i o a c t i v i t y  of  t h e  t o t a l  
s too l  d e t e r m i n e d .  A t  96 h ,  t h e  r a t s  we re  k i l led ,  t h e  g a s t r o -  
i n t e s t i n a l  t r a c t  r e m o v e d  i n t a c t ,  o p e n e d  l o n g i t u d i n a l l y ,  
a n d  w a s h e d  u n t i l  f ree  of  a l l  p a r t i c u l a t e  m a t t e r .  T h e  r a d i o -  
a c t i v i t y  of  t h e  i n t a c t  a n d  t h e  w a s h e d  g a s t r o i n t e s t i n a l  
t r a c t  a n d  of t h e  c a r c a s s  w a s  d e t e r m i n e d  in  a l i q u i d  sc in -  
t i l l a t i o n  c o u n t e r  5. R a d i o a c t i v i t y  of  t h e  t o t a l  s tooI ,  a n d  
t h e  d i f f e r e n c e  b e t w e e n  t h e  w a s h e d  a n d  u n w a s h e d  g a s t r o -  
i n t e s t i n a l  t r a c t  w a s  s u m m e d  u p  a n d  e x p r e s s e d  a s  % of  
i n j e c t e d  r a d i o a c t i v i t y .  T h i s  r e p r e s e n t s  t h e  a b s o l u t e  e n t e r i c  
loss  of  T 4 ~31I less  t h a t  r e a b s o r b e d .  

10 ffc 13~I t h y r o x i n e / 0 . 6 7  # g  '27I t h y r o x i n e  w a s  g i v e n  
i .v.  A t  0.25, 6, 24, 48, 72 a n d  96 h ,  g r o u p s  of  5 r a t s  e a c h  
were  k i l l ed  a n d  t h e  r a d i o a c t i v i t y  of  1 m l  of  p l a s m a  f r o m  
e a c h  r a t  w a s  d e t e r m i n e d .  S t a r v a t i o n  w a s  t h e n  i n s t i t u t e d  
a n d  g r o u p s  of  5 a n i m a l s  e a c h  were  k i l l ed  a t  120, 144 a n d  
168 h a n d  t h e  r a d i o a c t i v i t y  of  1 m l  of  p l a s m a  d e t e r m i n e d .  
1 u n i t  T S H  2 w a s  a d m i n i s t e r e d  i .p.  a t  168 h a n d  g r o u p s  of 
5 a n i m a l s  e a c h  we re  k i l l ed  a t  192 a n d  216 h a n d  t h e  r a d i o -  
a c t i v i t y  of  1 m l  of  p l a s m a  m e a s u r e d .  

Results .  D e t e r m i n a t i o n  of  t h e  e n t e r i c  loss  of  r a d i o -  
i o d i n a t e d  t h y r o x i n e  d e m o n s t r a t e d  no  s i g n i f i c a n t  d i f fe r -  
ence  b e t w e e n  t h e  s t a r v e d  (73.0 4- 4 . 8 %  12 in  8 r a t s )  a n d  
t h e  f ed  (72.1 4- 6 . 0 %  ,2 in  8 r a t s )  a n i m a l s .  

T h e  d i s t r i b u t i o n  of la~I in  p a n c r e a t i n  d i g e s t s  of  r a t  
t h y r o i d s  24 h f o l l o w i n g  t h e  a d m i n i s t r a t i o n  of  131iodide is 
p r e s e n t e d  in  t h e  T a b l e .  T h e  s t a r v e d  a n i m a l s  d e m o n s t r a t e d  
a n  i n c r e a s e  in  t h e  t h y r o i d  r a d i o a c t i v i t y  of  T 4 (p < 0.5) 
a n d  a n  i n c r e a s e  in  t h e  t o t a l  24 h *~*I u p t a k e  (p < 0.001) 
b y  t h e  t h y r o i d  b u t  o n l y  a s l i g h t  n o n - s i g n i f i c a n t  d i m i n u -  
t i o n  in  t h e  t h y r o i d  c o n t e n t  of  T 3 a n d  T 4 c o m p a r e d  w i t h  
s t a r v e d  c o n t r o l s .  O x y g e n  u t i l i z a t i o n  d i m i n i s h e d  in  t h e  
s t a r v e d  a n i m a l s  a n d  i n c r e a s e d  a f t e r  t h e  a d m i n i s t r a t i o n  of 
T S H  b y  s i m i l a r  i n c r e m e n t s  in  b o t h  t h e  f ed  a n d  s t a r v e d  
a n i m a l s .  T h e  o x y g e n  u t i l i z a t i o n  of s t a r v e d  T S H  t r e a t e d  
r a t s  d id  n o t  i n c r e a s e  to  t h e  l eve l  of  t h e  f ed  a n i m a l .  T h e  
e r y t h r o c y t e  r a d i o t r i i o d o t h y r o n i n e  u p t a k e  o f  t h e  s t a r v e d  

r a t  w a s  d e c r e a s e d .  T S H  a d m i n i s t r a t i o n  to  b o t h  t h e  f ed  
a n d  s t a r v e d  a n i m a l s  a u g m e n t e d  E T  a u p t a k e .  H o w e v e r ,  
t h e  E T  a u p t a k e  of t h e  s t a r v e d  T S H  t r e a t e d  r a t  d i d  n o t  
i n c r e a s e  to  t h e  l eve l  of  t h e  fed  a n i m a l .  P l a s m a  f r o m  n o r -  
m a l  r a t s  i n c u b a t e d  w i t h  r ed  b l o o d  ce l l s  f r o m  s t a r v e d  o r  
n o r m a l  r a t s  p r o d u c e d  E T  a u p t a k e s  of  50.0 4-4-5.2% 12 
a n d  51.7 4 - 6 . 0 %  .2 r e s p e c t i v e l y ;  p l a s m a  f r o m  s t a r v e d  
a n i m a l s  i n c u b a t e d  w i t h  r e d  b l o o d  cel ls  f r o m  s t a r v e d  or  
n o r m a l  a n i m a l s  g a v e  E T  a u p t a k e s  of  38.7 4- 3 . 4 %  *~ a n d  
39.2 4- 2 . 8 %  *~ r e s p e c t i v e l y .  T h u s ,  t h e  a l t e r a t i o n  in  t h e  
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Serum radiothyroxine disappearance. Each point represents the 
mean of the radioactivity in 1 ml of plasma from each of 5 rats. 

One unit of TSH was administered on day 7. 
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Results of oxygen utilization, 24 h 1~I iodide thyroid uptake, erythroeyte radio triiodothyronine uptake, and thyroid chromatography 
following the administration of radioiodine in starved and fed rats 

Fed rats Starved rats 

Control TSH treated Control TSH treated 

Results Results Results Results 

Oxygen uptake ml/g H ~ 
24 h '311 thyroid uptake %e 
ET a uptake % c 
Thyroid MIT % radioactivity recovered 
Thyroid DIT % radioactivity recovered 
Thyroid T a % radioactivity recovered 
Thyroid T~ % Radioactivity recovered 

8 ~ 2 .1  j_  0.6 12 ~ 2.5 • 0.3 8 ~ 1.1 • 0.3 12 �9 1.5 4- 0.4 
14 a 7.5 • 2.9 16 �9 11.0 ~ 1.3 14 �9 20.6 =t= 5.1 14 a 31.1 • 7.2 
24 ~ 49.9 ~ 6.6 128 53.2 i 4.1 24 �9 27.0 • 3.4 128 45.0 -4- 2.7 

25.89 b 24.15 b 29.13 b 32.99 b 
36.98 b 16.85 b 38.31 b 24.46 b 

0.30 b 0.11 ~ 0.60 b 0.56 b 
2.61 b 1.25 b 4.31 b 3.15 b 

Number of rats. b Mean of resuIts for three chromatograms of the thyroid homogenate, c Mean 4- S.D. 
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ET 3 uptakes was not due to the effect of starvation on the 
erythrocyte. 

The T 4 t31I plasma clearance curve is presented in the 
Figure. The plasma clearance of radiothyroxine dimin- 
ished with the initiation of starvation. The administration 
of TSH to the starved rat produced augmentation of the 
clearance rate toward that  of the fed animals. 

Comment. Marked structural alterations of the thyroid 
ill the starved animal characterized by atrophy and flat- 
tening of the acinar epithelium with retention of col- 
loidt, 2,4,~ have been described. Studies of radioiodide 
uptake by the thyroid of starved animals have led to 
apparently contradictory results; some investigators 
demonstrating an increased 3,5,6, others diminished up- 
take 4,5. In the present study, a marked augmentation of 
the 24 h ~31iodide uptake by the thyroid was demon- 
strated in acutely starved rats. These apparently contra- 
dictory results can be explained in the most part by 
alteration in the periods of starvation or variation in the 
time elapsed for determination of the radioiodine uptake. 
Studies in which 13~iodide uptake was determined 24 h 
following the administration of ~3tiodide in starved ani- 
mals3, 7 generally agree with the present findings. The 
augmentation of thyroid lalI uptake coincident with star- 
vation could be explained by a diminution in the iodide 
pool, altered renal clearance of iodide, reduced turnover 
of the iodide pool, alteration in TSH secretion or an in- 
crease in the enteric loss of thyroid hormones. Alteration 
in the enteric loss of T 4 131I was not found in the present 
study. 

Increased 24 h thyroid ~atiodide uptake as well as in- 
creased thyroidal radioactivity of thyroxine suggest that  
the thyroid is concentrating iodine and producing hor- 
mone, but  that  there is altered release of the hormone in 
the starved animal. 

Thyroid hormone release is under the control of TSH. 
Therefore, impaired release of thyroid hormones could be 
associated with a diminution of TSH. However, the in- 
creased radioiodine uptake and increased concentrations 
of thyroxine suggest that  other mechanisms might be 

operative. In the present study, the administration of 
TSH to starved animals did not completely abolish the 
thyroidal effect of starvation. Indeed, TSH produced all 
augmentation of the 24 h 1311 uptake with non-significant 
diminution ill the thyroid concentration of triiodothyro- 
nine and thyroxine ill the starved animal. TSH adminis- 
tration in the starved animal, did, however, alter the 
plasma T 4 clearance curve toward the slope demonstrated 
by the fed animals. 

Although acute starvation produced an augmentation 
of the thyroid 13~I uptake, the circulating hormone was 
diminished4,7, 8. The decrease ill erythrocyte radiotriiodo- 
thyronine uptake demonstrated in the starved animal 
substantiates these prior reports. The administration of 
thyroid stimulating hormone produced an increase in the 
radiotriiodothyronine uptake of starved animals, but not 
to the level of the fed controls. This result is reflected in 
the oxygen consumption ill starved TSH treated animals 
which increased but not to the level of the fed control. 

Rdsumd. Apr~s 96 h de jefine, le rat  consomme moins 
d'oxyg~ne et ses erythrocytes moins de radiotriiodothyro- 
nine. La thyroide de l 'animal en 6tat de jefine absorbe 
davantage d'iode radioactif administr6 pendant 24 h et 
la concentration thyroidienne ell thyroxine est augmen- 
t6e. Le jefine ne modifie pas la perte intestinale de la 
radiothyroxine. L'administration de TSH ne r6tablit pas 
compl~tement la fonctioI1 thyroidienne, bien que la courbe 
de la 'clearance' plasmatique de la radiothyroxine des rats 
affam6s se rapproche alors de celle observ6e apr~s Fad- 
ministration de TSH chez les animaux nourris normale- 
merit. 
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