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Age differences in interaction between the hypothalamic-hypophyseal system and the thyroid 
gland were studied with consideration to both direct  and feedback control. In old age signifi- 
cant disturbances affect both direct  and feedback components of this system; the sensitivity 
of thyroid tissue to TSH and of the hypothalamus and pituitary to the action of T4 is increased. 
The increased sensitivity of the hypothalamic-hypophyseal system to T 4 is largely determined 
by activation of the deiodination of T a by the adenohypophysis. The reactivity of the thyroid 
gland and hypothalamic-hypophyseal complex to the corresponding factors is reduced. KEY 
WORDS: hypothalamus; pituitary; deiodinating power; thyroxine; aging. 

Interaction between the hypothalamic-hypophyseal system (HHS) and the thyroid gland is largely deter-  
mined by: 1) the effect of thyroid-stimulating hormone (TSH) on the secretion of thyroid hormones (T4, T3); 2) 
the effect of T 4 and T3 on the synthesis and secret ion of TSH [3, 6, 12, 14]. The object of this investigation was 
to study age differences in the interaction between HHS and the thyroid gland, with eonsideration to both direct 
and feedback control. 

E X P E R I M E N T A L  M E T H O D  

Experiments were carr ied out on noninbred male rats of three age groups: 1.5-2, 8-10, and 28-32 months. 
The blood TSH concentration in the experimental animals was determined by a radioimmunologic method using 
kits from the f i rm CEA-IRE Sorin (France), and in the pituitary by means of a biological method [8] in the modi- 
fication described in [13]. TSH from Spofa (Czechoslovakia) was used to plot a calibration curve and the results 
were expressed in international units (i.u.) per  milligram of tissue and per  total weight of adenohypophysis. 
The concentration of total thyroxine (T 4) in the blood was determined by Thyopac radioisotope kits (Radiochemi- 
cal Centre, Amersham, England) and total triiodothyronine (T 3) was determined by a radioimmunologic method 
with kits f rom CEA-IRE Sorin (France). The deiodinating power of the pituitary tissue was investigated by in- 
cubating slices (100 mg) at 37~ with 60 agitations per  minute, in Krebs -R inge r  phosphate buffer (pH 6.4) with 
T 4 = 131I (25 �9 10 -8 M), and also by subsequent thin-layer  chromatography of extracts of the medium. The con- 
trol  contained the same component but without the slices. The results were expressed in nanomoles of T~ de- 
composed in 180 min per 100 mg tissue [7]. The sensitivity of the glands (thyroid, adenohypophysis) was 
judged from the threshold reactions to addition of minimal amounts of hormone; reactivity was judged from the 
range of changes in reactions on addition of increasing quantities of hormone. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The blood TSH levelwas increased in adult animals compared with those aged 1.5-2 months, and signifi- 
cantly reduced in old animals. TSH synthesis underwent similar  changes, as shown by the content of the hor -  
mone in the adenohypophysis (Table 1). 

The decrease  in the TSH concentration ill the adenohypophysis of the old animals was not connected with 
a change in the weight of the organ, which remained unchanged compared with its weight in the adult animals. 
During aging the sensitivity and reactivity of the thyroid tissue to the action of TSH changes. This was shown 
by determining the total T 4 concentration in the blood before and 1, 2, and 3 h after injection of TSH in a dose 
of 0.5, 1, and 3.5 units/100 g body weight. In the old animals the sensitivity of the thyroid parenchyma to the 

Institute of Gerontology, Academy of Medical Sciences of the USSR. Research Institute of Endocrinology 
and Metabolism, Ministry of Health of the Ukrainian SSR, Kiev. (Presented by Academician of the Academy of 
Medical Sciences of the USSR D. F. Chebotarev.) Translated from Byulleten, l~ksperimental'noi Biologii i 
Meditsiny, Vol. 86, No. 8, pp. 133-137, August, 1978. Original art icle submitted July 5, 1977. 

0007-4888/78/8608- 0981 S07o50 �9 1979 Plenum Publishing Corporation 981 



TABLE 1. TSH Content in Adenohypophysis and TSH, T4, and T 3 Levels  in Blood of 
Rats  of Different  Ages 

Weight of ade- 
Age of rats, [ 'nohypophysis, 
months 

/mg 

PA--2 (I) 

8--10 (II) 

P I I - - I  
28---32 (III) 

Pll I--II 

3,0-----0,9 
(n=20) 
6,5= 1,6 
(n=20) 
>0,05 

7,2-----0,8 
(n=lo) 
>0,05 

TSH 
ad enohypo physis b food 

i.u./mg [Ltt. per gland' 

35,0----- 1,3 105,0=2,4 
(n= 20) (n= 20) 

57,0=2,7 370,0~3,7 
(n=20) (n=20) 
<0,001 <0,00! 

22,0-'- 1,7 158,0~3,0 
(n= 10) (n= 10) 
<o,o01 <O2Ol 

rig/m1 

4,4+0,3 
(n=lO) 
6,1-4-0,8 
(n=12) 
<0,05 
3,3~0,5 
(.=Io) 
<o,ool 

Legend. n) Number  of r a t s .  

T4, gg/lO0 
ml 

8,1~0,5 
(n=30) 
5,6=0,8 
(n=30) 
<0,001 
4,2=0,2 
(n=25) 
<0,00! 

T s, ng/lO0 
ml 

250,0-- 35,0 
(n= 10) 

195,0-*'21,0 
(n= 10) 
>0,05 

93,0-----4,3 
(n= 10) 
<0,02 

TABLE 2. Effect  of Adminis t ra t ion  of T 4 on TSH Leve l  in Blood and Adenohypophysis 
of Adult and Old Rats  

Age, months 
, - -  10 ~ 8 - - 3 2  

Dose 
blood, ng/ml adenohypophysis, adenohypophysis, 

i.u./mg blood, ng/ml i.u./mg 

Intact. (11 = 20; I) 
2/Jg/lOD g (n = 20; II) 

4hI-i lOO/g (n : 20; m) /lg 
PIII-I 

6,1~0,8 
5,0m0,4 
>0,05 
3,2-*-0,7 
<0,001 

57,0:2,7 
51,0-'-3,7 
>0,05 

45,0=1,5 
. <0,001 

3,3~0,5 
1,5=0,2 
<0,001 
1,3=0,1 

22,0m 1,7 
18,04-0,5 
<o,o5 

17,o-+-o,7 

act ion of TSH was increased :  a f t e r  admin i s t r a t ion  of the min imal  dose of TSH (0.5 uni t /100 g) the g r e a t e s t  in- 
c r e a s e  in the blood T 4 concentra t ion  was obse rved  in r a t s  aged 28-32 months,  and in an imals  aged 1.5-2 and 
8-10 months the thyroid  gland did not r eac t  to this  dose of the hormone .  After  injection of TSH in doses  of 1 
and 3.5 un i t s /100  g body weight the r eac t ion  of the thyroid  gland was s t r onge r  in an imals  aged 1.5-2 and 8-10 
months,  whe reas  in the old an imals  the blood T 4 level  a f t e r  injection of these  doses  of TSH was the s ame  as a f -  
t e r  inject ion of 0.5 uni t /100 g. F u r t h e r m o r e ,  the r e sponse  of the thyroid  p a r e n c h y m a  to admin is t ra t ion  of any 
dose of TSH was  delayed: the i nc rea se  in the blood T 4 concentra t ion in these  an imals  did not take place until 3 
h a f t e r  injection of the TSH, whereas  in r a t s  aged 1.5-2 and 8-10 months  it was obse rved  a f te r  1 h. Consequent-  
ly, despi te  the fact  that  the sens i t iv i ty  of the thyroid  gland to TSH is i nc reased  in old age, the range of its r e -  
sponse  to TSH was nar rowed.  Hence,  during aging signif icant  changes a r i s e  in the reac t ion  of the thyroid  gland 
to effects  of the HHS media ted  through TSH. 

Age changes also were  found in the s tage of feedback control  in the HHS and thyroid gland brought  about 
through the e f fec ts  of T 4 andT~ on TSH synthes i s  and sec re t ion .  In this s e r i e s  of expe r imen t s  a solution of T4 
(Reanal, Hungary) in 50% propylene  glycol  (0.3 ml) was injected in t raper i tonea l ly  in doses  of 2 and 4 ~g /100  g 
body weight in the cour se  of 7 days  into an imals  aged 8-10 and 28-32 months.  The TSH concentra t ions  in the 
blood and adenohypophysis  we re  de te rmined  24 h a f t e r  the las t  injection (Table 2). 

As Table  2 shows, injection of T4 in a dose of 2 # g / 1 0 0  g led to a s ignif icant  d e c r e a s e  in the synthes is  
and s ec re t i on  of TSH in the o l d r a t s ,  whe reas  in adult r a t s  the changes w e r e  not significant.  However ,  i n c r ea s -  
ing the dose of T 4 to 4 # g / 1 0 0  g in an imals  aged 28-32 months did not lead to any fu r the r  inhibition of TSH 
synthes i s .  In adult an imals  rece iv ing  this dose of ho rmone  the TSH level  in the blood and adenohypophysis  was 
s ignif icant ly  reduced.  

Evidence of age changes in in te rac t ion  be tween HHS and the thyroid  gland is a lso  given by data showing 
the re la t ions  between the basa l  TSH level  in the blood and adenohypophysis  and the blood level  of thyroid h o r -  
mones .  In r a t s  aged 28-32 months the blood concentra t ion of T4 and T3 is low. This low concentra t ion of thy-  
ro id  h o r m o n e s  is maintained,  incidentally,  despi te  a low TSH concent ra t ion  in the p i tu i ta ry  and blood, ye t  by 
the feedback pr inciple ,  this  should s t imula te  the synthes is  of T4 and T3. 

The dec i s ive  role  in the  mechan i sm of rea l iza t ion  of the ho rmona l  effect  of the iodothyronine on the v a r i -  
ous t i s sues ,  including the adenohypophysis ,  is p layed by p r o c e s s e s  of in t r ace l lu l a r  deiodination [4, 5, 10, 11]. 
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That is why to analyze the causes  of the changes in in terac t ion  between HHS and the thyroid gland during aging 
it would be a s ignif icant  s tep to de te rmine  the Tcde iod ina t ing  power  of the p i tu i tary  at different  age per iods .  
During aging of an imals  the re  is a m a rked  inc rea se  in the deiodinatiug power  of the adenohypophseal  t i s sue  
(Fig. 1). It can tenta t ively  be suggested that inc reased  deiodination of T 4 in old an imals  la rge ly  explains the in- 
c r e a s e d  sensi t ivi ty  of the i r  HHS to the act ion of thyroid hormones  and the maintenance of a low TSH level de-  
spite a fal l  in the blood T 3 and T 4 concent ra t ions .  

Evidence of the impor tance  of deiodination p r o c e s s e s  in the age changes in the r e sponse  of the pi tui tary  
t i s sue  to T 4 was g ivenby  exper imen t s  in which 6-methy l th iourac i l  (6-MTU) was g iven to  block pe r iphe ra l  de-  
iodination [1, 2, 9, 11]. A single dose of 6-MTU (10 m g / 1 0 0  g body weight) was found to lead a f te r  2 h to a 
m a r k e d  d e c r e a s e  in the quantity of T 4 deiodinated in the p i tu i tary  of an imals  of all  age groups  (Fig. 2), and also 
to a sharp  inc rease  in the intensi ty of synthes is  and sec re t ion  of TSH, as re f lec ted  in the concentrat ions of the 
hormone  in the p i tu i tary  and blood (Fig. 3). Data showing the effect  of 6-MTU on old an imals  we re  pa r t i cu la r ly  
interest ing.  A low pH level in the blood and adenohypophysis  and intensive deiodination of T 4 in the adenohy- 
pophysis  were  found in intact r a t s  aged 28-32 months.  After  admin is t ra t ion  of 6-MTU the TSH level  in the old 
an imals  became  higher ,  and the s ame  as in adult r a t s  a f t e r  injection of 6-MTU. Depres s ion  of the intensity of 
deiodination by injection of 6-MTU thus to some  extent canceled out the age d i f fe rences  in the initial TSH level 
in the p i tu i ta ry  and blood. Under these  c i r c u m s t a n c e s  the level  of thyroid ho rmones  in the exper imenta l  (6- 
MTU) an imals  r ema ined  the s ame  as in intact an imals  of the s a m e  age. 

Hence, re la t ions  between the HHS and thyroid  gland change with age. In old age substant ia l  d i s turbances  
a r i s e  at the s tages  of d i r ec t  and feedback control  of this sys tem:  the sensi t iv i ty  of the thyroid gland to TSH 
and of the HHS to the act ion of T 4 i nc r ea se s .  This i nc rease  in the sensi t ivi ty  of the HHS to T4 is la rgely  d e t e r -  
mined by act ivat ion of deiodination of the hormone  by the p i tu i tary .  Meanwhile the reac t iv i ty  of the thyroid  
gland and of the HHS with r e s p e c t  to the cor responding  fac to r s  is cons iderably  reduced.  Changes taking place  
during aging in in teract ion between the HHS and thyroid gland thus, on the one hand, l imit  the range of r e sponse  
of the whole of this complex and uni tary sys t em,  but on the o ther  hand they adapt  this s y s t e m  of control  to ex-  
is tence under conditions of low levels  of T4, T3, and TSH. 
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