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EFFECT OF THYROTROPIN RELEASING HORMONE AND THYROXINE 

ON CYTOCHBOME OXIDASE ACTIVITY IN THE PAT ADENOHYPOPHYSIS 

L. G. Morozova and V. P. Fedotov UDC612.433.015.1.014.46:612.433.441.018 

Thyro t rop in  r e l eas ing  hormone  (TRH), in a dose  of 0.01 and 1.0 p g / m l ,  sha rp ly  inc reased  
cy toch rome  oxidase  ac t iv i ty  in the adenohypophysis  of r a t s  fed for 6 weeks with me thy l th iou r -  
aci l .  Th i s  effect  of  TRH on enzyme  act ivi ty  was blocked by thyroxine(T4),  if  added to the 
incubation med ium in a concent ra t ion  of 20 p g / m l .  Act inomycin D (20 p g / m l )  p reven ted  
the blocking of cy toch rome  oxidase  by T 4. TRH in a concentra t ion  of 0.01 p g / m l  and T4, in 
a dose of 2.0 p g / m l ,  caused  no change in cy toch rome  oxidase  act ivi ty  in the adenohypophysis  
of intact  and par t i a l ly  thyro idec tomized  ra t s .  
KEY WORDS: thyro t rop in  r e l ea s ing  hormone;  thyroxine;  cy toch rome  oxidase;  adenohypo-  
physis .  

Lit t le informat ion is ava i lab le  on the effect  of  r e l ea s ing  ho rmones  on metabol ic  p r o c e s s e s  accompanying  
the sec re t ion  of the p i tu i tary  t ropic  ho rmones .  The s t imula t ing  effect  of  thyro t ropin  r e l eas ing  horming  (TBH) 
on the fo rmat ion  of  14CO 2 f rom [I4C]glucose by pig [7, i l ]  and ra t  [8] p i tu i tary  glands and the blocking of this e f -  
fect  by thyroxine  (T4) have recen t ly  been desc r ibed  [7, 11]. 

Since the intensi ty of t i s sue  r e sp i r a t i on  is known to depend on the s ta te  of the cy toch rome  s y s t e m ,  in-  
cluding cy toch rome  oxidase  act ivi ty  [4], it was decided to study cy tochrome  oxidase ac t iv i ty  in ra t  p i tu i tary  
glands under  the influence of TRH and T 4. 

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

Intact  r a t s  and r a t s  in which the sens i t iv i ty  of  the thyro t rophs  of the adenohypophysis  was inc reased  by 
par t i a l  t hy ro idec tomy o r  by feeding the an ima l s  dai ly  for  6 days  (5 mg  p e r  animal)  with methyl th iourac i l  were  
used. The adenohypophysis  of the r a t s ,  a f t e r  decapi ta t ion,  was divided into halves  (one h a l f  was the cont ro l ,  the 
o ther  exper imenta l ) .  Five or six halves  of  adenophypophyses  w e r e  washed,  weighed toge the r ,  and placed in 
E r l e n m e y e r  f lasks  with 2 ml  of Hanks '  m e d i u m ,  ae ra t ed  with a m ix tu r e  of  95% O 2 + 5% CO 2 to comple te  s a t u r a -  
tion. The s a m p l e s  were  then placed in an appa ra tus  of  Warburg  type for  preincubat ion.  After  1 h, TRH (from 
Hochst ,  West  Germany) ,  T4, o r  ac t inomycin  D (from Re , r ea l ,  Hungary) in 0.5 ml  Hanks '  medium was added to 
the exper imenta l  s am p l e s  and 0.5 ml  of Hanks '  m e d i u m o n l y  to the control .  Cytochrome oxidase  ac t iv i ty ,  de -  
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T A B L E  1. E f f e c t  o f  T R H  a n d  T 4 on C y t o c h r o m e  O x i d a s e  A c t i v i t y  in A d e n o h y p o p h y s e s  
of  I n t a c t  a n d  P a r t i a l l y  T h y r o i d e e t o m i z e d  R a t s  (!VI + m )  

Number ]Cytochromeoxidase activity 
of de- ~ " ' ' ' ' - ' : 7 " ~ . . ,  , _,_~ I ~ tetrazohum/ 
termma- I0~0 tions mg ussue % 

Animals CondRions of incubation P 

Control 5 1 0'23--+0'02 100 
TRH, 0.01~zg/ml (10 rain) 0,29-----0,02 125 >0,05 
TRH, 1 ,g /ml  (10 rain) 5 0,41-----0,02 178 <0,05 

Intact Control R 0,37-----0,08 100 >0,0.5 
T4, 20 /~g/ml (120 min) 0,43*-0,01 116 

Control 6 0,23~0,05 100 
TRH, 0.0t pg/ml (10 min) 0,29+- 0,04 125 > 0,05 

Partially thyroidec- 
tomized 

Control 6 0,27----0,05 100 >0,05 
T4, 20 pg/ml (120 min) 0,30----- 0,02 111 

T A B L E  2. E f f e c t  o f  TRH a n d  T 4 on  C y t o -  
c h r o m e  O x i d a s e  A c t i v i t y  in  A d e n o h y p o p h y -  
s e s  o f  R a t s  a f t e r  F e e d i n g  w i th  M e t h y l -  
t h i o u r a c i l  f o r  6 W e e k s  (lVl ~ m )  

�9 '. CXtochrome 
~, oxidase ac- 

Animals ~ =o tivity 
,N'~_lm~ tetrazo- 
; ~ li~m/100 

"~ mg tissue 

Control [ 
TRH, 0.01 pg/ml 

(10 min) 
Control 
TRH, 1.0 pg/ml (10 min) 
Control [ 
T4, 2.0 pg/ml (120 min) 
Control 
T~ 20.0 pg/ml (120 min) 
Control ] 
To 20 pg/ml(60 min)+ ] 

TRH. 1 ug/ml I 
T4, 20/ag/fnl(120 min)+ I 

'rRH, 1 ~g / ml } 

ActinomycinD, 20 ;~g/ml 
(120 re,n)+ T 4, 20 ~g/ 
ml (60 min) 7 

Control 6 
TRH, 1.0 pg/ml(10 min) 6 
Actinomycin D 

(120 mln) 6 
Actinomycin D (120 

min)+ TRH, 1.0 pg/ml 
(10 min) 6 

Actinomycin D (120 
min)+ T 4 (60 min)+ 
TRH (I0 [ 
min) 6 

6 0,55-----0,09 

6 0,93-----0,16 ' 
0,59-----0,06 

6 1,181-----0,05 
0,57~0,05 
0,54-+-0,05 

6 0,56----- 0,05 
6 0,30----- 0,02 
6 0,54"+'0,02 

6 0,54"+'0,01 

6 0,24+-0,07 

0,50~0,06 
0,57--- + 0,07 
0,87+---0,04 

0,54+--0,05 

0,76-----0,02 

0,86+-0,06 

P 
% 

00] 

~69 <0,05 
001 
i I .00, <0,001 
[00 
94 
[00 
54 <0,05 
[00 

100 

54 <0,05 

92 
I00 
152 <0,05 

95 133[ <0,05 

152 <0,05 

T A B L E  3. E f f e c t  o f  T R H  a n d  T 4 on  C o n c e n t r a t i o n  o f  I m m u n o r e a e t i v e  T T H  (in m i l l i -  
u n i t s / m l )  in  R a t  B l o o d  P l a s m a  (M * m )  

I TTH concentration 
Control 30 rain after injec- 2 h after injection of 

[tion of TRH (0r01 T4 (20 gg/ml) 
I pg/ml) 

0,28--0,02 (7) ] 0,72---+0,02 (6) I <0,015 (7) 

30 rain after injection 
of TRH and T4 (T4 1 h 
before TRH) 

0,49-----0,03 (6) 

130 rain after injection 
of TRH and T4 (T4 2 h 
before TRH) 

I 0,40~0,03 (7) 

L e g e n d .  N u m b e r  o f  d e t e r m i n a t i o n s  in  p a r e n t h e s e s .  
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t e r m i n e d  spec t ropho t om e t r i c a l l y  by the optical  densi ty  of  a solution of reduced neo te t razo l ium in the p resence  
of pa raphenylened iamine ,  was e x p r e s s e d  in m g  n e e t e t r a z o l i u m / 1 0 0  mg  wet wet of  t i s sue  [6]. Immunoreac t ive  
thyro t rop ic  ho rmone  (TTH) was de t e rmined  by the method desc r ibed  in [1]. 

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

Cytochrome oxidase  ac t iv i ty  in the adenohypophysis  of  intact  r a t s  and of r a t s  subjected to l e f t - s ided  thy-  
ro idec tomy 4 weeks before  s a c r i f i c e  (Table 1) was not s ignif icant ly  changed a f te r  the addition of 0.01 g g / m l  
TBH or  20 p g / m l  T 4 to the incubation med ium.  This indicates  that  smal l  doses  of T13H and T4, which af fec ts  
the intensi ty  of s ec re t i on  of TTH and pro lac t in ,  can exe r t  this effect  without any vis ib le  changes in cy toch rome  
oxidase  act ivi ty .  The sens i t iv i ty  of the l ac to t rophs  and thyro t rophs  of the adenohypophysis  to TBH and T 4 is 
known to be inc reased  if thyroid  function is blocked or  cons iderab ly  inhibited [8, 10]. The absence  of sensi t iviW 
of the cy toch rome  s y s t e m  of adenohypophyses  obtained f rom ra t s  a f t e r  par t i a l  t hy ro idec tomy to smal l  doses  of 
TI~I-I and T 4 can evident ly  be explained by the g r ea t  powers  of  compensa t ion  of the thyroid gland. This is con-  
f i rmed  by invest igat ions  showing that  the TTH concent ra t ion  in the p lasma  and p i tu i ta ry  of  thyro idee tomized  
an ima l s  d i f fers  only a v e r y  l i t t le  f rom that  in intact  r a t s  [2]. Meanwhile,  a 100-fold i n c r e a s e  in the dose of 
TRtt led to m a r k e d  s t imula t ion  of cy toch rome  oxidase  ac t iv i ty  in intact  an imals  (Table 1), showing that  the a c -  
t ivity of this enzyme depends on hypothalamic  r e l eas ing  hormone .  

The c o n s i d e r a b l y g r e a t e r  sens i t iv i ty  of the enzyme to r egu la to ry  hormonal  fac tors  was found in the adeno-  
hypophyses  of  r a t s  whose thyroid function had been blocked with methy l th iourac i l  (Table 2). The basa l  level  
of cy toch rome  oxidase  ac t iv i ty  in the adenohypophyses  of these  an ima l s  was only half  that in intact  r a t s .  Sim- 
i l a r  r e su l t s  with r e s p e c t  to g lucose -6 -phospha t e  dehydrogenase  agains t  the background of i nc reased  TTH s e -  
c re t ion  were  obtained by Ochi et  alo [5]~ Cytochrome oxidase  ac t iv i ty  in the an imals  rece iv ing  methyl th iourae i l  
was inc reased  by 1.5-2 t imes  by both doses  of TRH and was reduced by the act ion of T 4 in a dose  of 20 # g / m l .  
The m e c h a n i s m  of potentiat ion of the r e s pons e  of the an t e r i o r  p i tu i ta ry  to r egu la to ry  f ac to r s  in hypothyroid ism 
is evidently e x t r e m e l y  complex .  In pa r t i cu l a r ,  informat ion  has been obtained that  addit ional s e c r e t o r y  ce l l s  
develop in the adenohypophyses  of  an ima l s  with T 3 and T 4 def ic iency.  The inc reased  abil i ty of the p lasma  m e r e -  
b r anes  of the adenohypophyses  of  r a t s  rece iv ing  methy l th iourac i l  to bind labeled TRH [5] could be evidence of 
an initial change in the p r o p e r t i e s  of  the r e c e p t o r  appara tus  of  the thyro t rophs .  The next  expe r imen t s  we re  
c a r r i e d  out on the p i tu i ta ry  glands of r a t s  rece iv ing  methyl th iourac i l .  

Pre incubat ion of the adenohypophyses  with 20 p g / m l  T 4 for  1 h be fo re  the addition of 1.0 p g / m l  TBH to 
the s a m p l e s  p reven ted  mani fes ta t ion  of the act ion of the Tl~H and the enzyme act iv i ty  was the s ame  as  init ially.  
Prolonging incubation with T 4 to 2 h led to a fall in enzyme act ivi ty  to 50% below the control  level .  Aet inomyein 
D, which blocks nucleic acid syn thes i s ,  had no s ignif icant  effect  on cy tochrome  oxidase  ac t iv i ty ,  just  as in ex -  
p e r i m e n t s  by o ther  w o r k e r s  it did not af fec t  14CO 2 format ion  [11] and TTH sec re t ion  [3]. However ,  if  the adeno-  
hypophyses  were  incubated s u c c e s s i v e l y  for 2 h with ac t inomycin  and for  1 h with 20 g g / m l  T 4 and for  10 rain 
with 1 p g / m l  TBH, the cy toch rome  oxidase  ac t iv i ty  co r r e sponded  to the value obtained a f t e r  t r e a t m e n t  with 
TBH alone~ The inhibi tory act ion of T 4 on cy tochrome  oxidase  ac t iv i ty  was thus comple te ly  abolished by a e t i -  
nomycin  D. In expe r imen t s  in v i t ro  an i nc rea se  in the blood TTtt  concentra t ion was obse rved  in r e spo n se  to 
addition of T13H, but a sha rp  d e c r e a s e  was obtained in r e s p o n s e  to T t (Table 3). If injected into r a t s  1 and 2 h 
before  TBH, T t l a rge ly  inhibited the r e s pons e  of TTH to this specif ic  s t imula tor .  

The m a r k e d  inc rea se  in cy tochrome  oxidase  ac t iv i ty ,  accompanied  by intensif icat ion of t i s sue  r e sp i r a t i on ,  
was evidently n e c e s s a r y  to p rov ide  the energy  for  the m o r e  rapid  sec re t ion  of  hormones .  Since ac t inomycin  D 
can p reven t  the inhibition of cy toch rome  oxidase  by T4, this sugges ts  that  T 4 induces the synthes is  of an unknown 
pro te in  subs tance  that  ac ts  as  TTH antagonis t .  A s i m i l a r  conclusion was drawn by other  w o r k e r s  with r e s p e c t  
to the effect  of T 4 not only on t i s sue  r e sp i r a t i on  [7, 8], but a l so  on the sec re t ion  [3] a n d s y n t h e s i s  [9] of TTH. 
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C O M B I N E D  A C T I O N  O F  P R O T E I N - C H O N D P O I T I N - 4 - K E R A T A N - S U L F A T E  

A N D  H Y A L U R O N I C  A C I D  ON A G G R E G A T I O N  A N D  A D H E S I O N  O F  R E D  C E L L S  

S. M. B y c h k o v  a n d  S. A.  K u z ' m i n a  UDC 612.111.44:547.995.13/ .15  

The ra t e  and degree  of aggrega t ion  of r ed  ce l l s  produced by a m ix tu r e  of  p r o t e i n - c h o n d r o -  
i t i n - 4 - k e r a t a n - s u l f a t e  (PCKS) and hyaIuronic  acid (HUA) were  found to be g r e a t e r  than the 
sum o f  the values  of  the co r respond ing  indices for the s e p a r a t e  act ion of these  pro teoglycans  
on red cell  aggregat ion  in the s a m e  concent ra t ions  as  in the m i x t u r e s .  It is sugges ted  that  
this effect  is due to the fo rmat ion  of a hybr id  PCKS-HIUA complex  in the m i x t u r e  which is 
m o r e  accu r a t e  as r e g a r d s  red  cel l  aggrega t ion  than the s e p a r a t e  components .  
KEY WORDS: p r o t e i n - c h o n d r o i t i n - 4 - k e r a t a n - s u l f a t e ;  hyaluronic  acid; complexes ;  red 
blood ce l l s ;  aggrega t ion .  

Studies of  t h e r o l e  of p ro teog lycans  in the aggregat ion  and adhesion of ce l l s ,  using red blood ce l l s  as a 
model  of isolated ce l l s  have shown that  the abi l i ty of p r o t e i n - c h o n d r o i t i n - 4 - k e r a t a n - s u l f a t e  (PCKS) and h y a l u r -  
onic acid (HUA) to induce nonspecif ic  r e v e r s i b l e  aggrega t ion  of r ed  ce l l s  is due main ly  to the p r o p e r t y  of  these  
b iopo lymers  of c rea t ing  s u p r a m o l e c u l a r  complexes  and t h r ee -d imens iona l  s t r u c t u r e s  in solut ions which d i s -  
place the red cel ls  f rom the space  they occupy into a s epa ra t e  phase .  E lec t ros ta t i c  in te rac t ion  between the red 
cel l  su r face  and these  macropo lyan ions  evidently p lays  a l e s s  impor tan t  ro le  in red cell  aggrega t ion  [2, 3]. It 
has been suggested that  red  cell  aggregat ion  induced by PCKS and HUA is an expres s ion  of common  p r o p e r t i e s  
of  these  p ro teog lycans  of  concentra t ing va r ious  t i s sue  e lements  in a definite and l imi ted  space ,  and thus enabling 
all  f o r m s  of in te rac t ion  between them to be man i fe s t ed  [2, 3, 5]. 

In o r d e r  to p robe  deepe r  into the ro le  of p ro teog lycans  in cell  adhesion,  in the invest igat ion desc r ibed  b e -  
low the combined act ion of PCKS and HUA on red cel l  aggregat ion  was s tudied,  for  in m a n y  types  of connect ive 
t i s sue  these  two subs tances  coexis t  in va r ious  amounts  and,  by combining with each o the r ,  they m a y  form hy -  
br id  complexes  [6-10]. 

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

PCKS was isola ted f rom the car t i lag inous  r ings  of  the bovine t r achea  [4] and EUA f rom human umbi l ica l  
co rds  [1]~ Both b iopo lymers  we re  used in the exper imen t s  as  the i r  po tass ium sa l t s .  

Rabbit  red blood ce l l s  were  washed with physiological  sa l ine  and a 1% (by volume) suspens ion  of these  
ce l l s  was p r e p a r e d  in the s a m e  solution. P ro teog lycans  dissolved in 0.16 M NaC1 were  added to a known volume 
of the suspension in sufficient  quanti ty to obtain the n e c e s s a r y  final concentra t ion  of the pro teoglycan.  The 
mix tu r e  was quickly s t i r r e d  and pa r t  of  it t r a n s f e r r e d  to a counting chamber ,  a f t e r  which it  was photographed 
at var ious  t ime  in te rva l s  under  the m i c r o s c o p e  qnagnification 120). The total  numbe r  of  ce l l s  was counted 
v isua l ly ,  by means  of a p r o j e c t o r ,  f rom the photographic  f r a m e s  taken during the f i r s t  1-2 rain. The n u mb er  of 
s ingle  red  ce l l s ,  i .e . ,  unaggrega ted ,  was  counted in the s a m e  f r a m e s  obtained subsequent ly,  The d i f fe rence  
between the init ial  total  number  of red  ce l l s  and the number  of  ce l l s  s t i l l  r emain ing  s ingle  a t  the subsequent  
t imes  gave the num ber  of red  ce l l s  forming agg rega t e s .  Aggregat ion was e x p r e s s e d  by the number  of a g g r e -  
gated red ce l l s  as  a pe rcen tage  of  the i r  total  number .  A suspens ion of red  ce l l s  in physiological  sa l ine ,  photo-  
graphed a f t e r  the s a m e  t ime  in te rva l s  as the exper imen ta l  s a m p l e s ,  s e rved  as the control .  Aggregat ion of  the 
red ce l l s  was  not obse rved  in the contro l  s ample s .  
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