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The copper  concentration in the organs and t issues and the ceruloplasmin activity in the 
blood of albino ra t s  were studied 3, 10, 20, 30 and 60 days af ter  hypophysectomy. The 
copper concentration in the blood, l iver ,  kidneys, and testes was increased,  while in the 
muscles  it was reduced, and in the heart  and brain it was unchanged. The blood ce ru lo -  
plasmin activity was more than twice as high a normal  in the experimental  animals .  

Copper plays an important  role in biochemical  p rocesses  [2, 3, 6, 7, 9, 12]. Its metabolism in the 
body is c losely  connected with the endocrine organs and it is to some extent control led by them. On the 
other hand, a disturbance of the optimal proport ions of copper in the t issues of the body plays an impor t -  
ant role in the pathogenesis of diseases  connected with disturbances of endocrine function. However, the 
relat ionship between copper metabolism and pitui tary hormones has not been studied, despite repor t s  [16, 
17] indicating the important  role of the pituitary in the metabolism of copper and other t race  e lements .  

In the investigation descr ibed below the dynamics of the copper concentration in the organs and 
t issue and the level of eeruloplasmin (1o10.3.2) in the blood were studied in hypophysectomized ra t s .  
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Fig. 1. Blood ceru lo-  
plasmin activity of con- 
trol  (1) and hypophy- 
sectomized (2) albino 
ra t s .  Abscissa ,  days 
af ter  operation; ordinate, 
activity of enzyme (in 
conventional units). 

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

Experiments  were ca r r i ed  out on 150 hypophysectomized,  115 control ,  
and 27 intact male albino ra t s  weighing 150-230 g. The pitui tary was removed  
by Smith 's  method in the modification of Bagramyan and Sakhatskaya [4]. 
Complete removal  of pi tui tary was verified initially by the decrease  in weight 
of the animal and later by examination of the sella turcica  and by the decrease  
in weight of the thyroid and adrenal glands and the testes of the sacr i f iced 
animals.  An operation s imilar  to hypophysectomy, but without actual removal  
of the gland, was pe r fo rmed  on the control  animals .  The control and exper i -  
mental animals were sacr i f iced on the 3rd, 10th, 20th, 30th, and 60th days 
after the operation.  Samples of t issues and organs were taken, dried, and 
incinerated in a muffle furnace at 450-500~ The copper concentrat ion in 
the t issues and ceruloplasmin activity in the blood were determined by Baben- 
ko 's  method [1]. Numerical  resul ts  were subjected to stat is t ical  analysis  [12]. 

EXPERIMENTAL RESULTS 

In the hypophysectomized animals (Table 1) the copper concentration in 
the blood, l iver ,  kidneys, and testes was significantly increased.  The copper 
concentration in the hear t  also was increased,  bu t the inc rease  was not s tat i -  
stically significant. The concentrat ion of copper in the skeletal muscles  was 
reduced, and in the brain it was unchanged. The maximal changes in copper 
metabolism were observed in the ear ly  periods af ter  hypophysectomy (in the 
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blood, l iver ,  and kidneys on the 10th day and in the musc les  on the 20th day af ter  the operat ion).  La te r  
(30th and 60th days) there was a tendency toward r e s to ra t ion  of the n o r m a l  copper  concentrat ion in the 
t i s sues  (except of the tes tes) .  

Changes in ce ru lop lasmin  act ivi ty  in the blood followed a s i m i l a r  course  to the changes in the copper  
concentra t ion (Fig. 1). The act ivi ty  of this me ta loenzyme in the blood inc reased  sharp ly  in the hypophy- 
sec tomized  r a t s  to r each  a max imum on the 20th day af ter  the operat ion.  

The d is turbances  thus r evea led  in copper  me tabo l i sm in the organs  and t i s sues  of the hypophysec-  
tomized  r a t s  mus t  be cons idered  in connection with the biological  role  of this t r ace  e l emen t  in var ious  
aspec ts  of me tabo l i sm.  

Hypophysectomy sharp ly  inhibits t i ssue r e sp i ra t ion  in the l iver ,  kidneys,  musc le s ,  and spleen [5] 
and lowers  the act ivi ty  of the copper-conta in ing  enzyme cy tochrome oxidase [14] and of other  oxidative 
enzymes .  Copper s t imula tes  t i ssue r e sp i r a t ion  [6] and i n c r e a s e s  act ivi ty  of oxidases [2] and, in pa r t i cu la r ,  
of cy tochrome oxidase [7]. 

Hypophyseetomy is followed by inhibition of e ry th ropo ie s i s ,  by the development  of anemia  [13], and 
by c h a r a c t e r i s t i c  d is turbances  of prote in  me tabo l i sm with a negative balance of ni t rogen,  phosphorus ,  and 
ca lc ium [10]. Copper  has a w e l l - m a r k e d  ant ianemic action, i t  s t imula tes  hemoglobin synthesis  [7], i m -  
p roves  the absorpt ion and uti l ization of i ron by the o rgan i sm  [19], p romo te s  ass imi la t ion  of p ro te ins ,  
i n c r e a s e s  the gain in weight of exper imenta l  an imals  [3], and i n c r e a s e s  the uptake of ca lc ium and 
phosphorus sa l t s  by the body [8]. In addition, there is evidence that copper  has a d i rec t  re la t ionship  with 
p i tu i ta ry  physiology.  Voinar [7], for instance,  emphas i ze s  that in m a m m a l s  the action of copper  sa l t s  
is s im i l a r  to that of gonadotropic hormones .  Copper aceta te  induces ovulation in rabbi t s  through d i rec t  
s t imulat ion of the hormonal  act ivi ty  of the an te r io r  lobe of the p i tu i ta ry .  According to Pavlova  [11] copper  
sa l t s  inc rease  the act ivi ty  of p i tu i tary  hormones  which are  unstable and rapidly  inact ivated in the blood 
s t r e a m .  

The inc rease  in the copper  concentrat ion in the blood, l iver ,  kidneys,  and t e s t e s  of the hypophysee-  
tomized  albino r a t s  must  probably  be r ega r ded  as a protec t ive  measu re  by  the an imal .  The inc reased  
blood ee ru lop lasmin  act ivi ty in the exper imen ta l  an imals  must  be r e g a r d e d  in the same light. This enzyme 
oxidizes adrenal in ,  noradrena l in ,  serotonin ,  and other biogenie amines .  Synthesis of some of them,  notably 
noradrena l in ,  in the t i s sues  of hypophysectomized r a t s  is sharp ly  inc reased  [18], with a consequent  inc rease  
in ee ru lop lasmin  act ivi ty.  

However ,  compensa to ry  changes in the copper  concentrat ion in the t i s sues  of hypophysectomized 
an imals  are  evident ly  re f  leered to a ce r ta in  degree  in the metabo l i sm of other  subs tances ,  e spec ia l ly  
ca rbohydra te  me tabo l i sm.  

Adminis t ra t ion of biological  doses  of copper  induces a hypoglycemic effect ,  faci l i ta tes  glycogen 
format ion  in the l iver ,  reduces  diabetic hyperg lycemia  and g lucosur ia ,  r educes  a l imen ta ry  and adrenal  
hyperg lycemia ,  and i nc rea se s  insulin hypoglycemia .  These  facts  s e rved  as the bas i s  for the t r ea tmen t  
of diabetes  mell i tus  with mic rodoses  of copper  [3]. 

Dis turbances  of carbohydra te  me tabo l i sm ar i s ing  af ter  hypophysectomy (hypoglycemia,  a dec rease  
in a l imen ta ry  and adrenal  hyperg lycemia ,  a dec rease  in the glycogen content in the l iver  and an inc rease  
in i ts  content in the musc les  [10, 18, 19] a re  analogous to those following adminis t ra t ion  of m ic rodoses  of 
copper  and they are  probably  due to the accumulat ion of this t race  e l emen t  in the t i ssue and organs  of 
hypophysectomized r a t s .  
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