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A factor which, if injected parentera l ly  into ra ts ,  induces hyperkal iemia has been isolated 
f rom the pineal t issue.  The factor also re ta rds  the res tora t ion  of the normal  p lasma po- 
tass ium concentration af ter  intraperi toneal  loading with potass ium chloride.  The sub- 
stance is active in small  doses.  After proteolysis  of the factor  by pronase and trypsin, its 
activity is completely lost.  Prepara t ions  f rom t issues  of the ce rebra l  cortex and l iver  ob- 
tained in the same way as f rom the pineal gland do not possess  the hyperkal iemic action. 

There is exper imental  evidence that the pineal gland is an endocrine organ which part ic ipates  in the 
regulation of water  and mineral  metabolism. In part icular ,  administrat ion of pineal ext rac t  activates the 
secret ion of aldosterone and other  mineralocor t icoids  by the adrenals  [1, 2]; the pineal gland contains 
principles which act on the level of diuresis  [3]; pinealectomy leads to changes in the blood se rum sodium 
concentration [4], a decrease  in the potassium concentrat ion in the muscles ,  and increased excret ion of 
potass ium with the urine [5]. 

In the course of an investigation of the role of the pineal gland in water  and mineral  metabol ism the 
wr i t e r s  found and isolated a protein-peptide factor  possess ing hyperkaliemic action f rom bovine pineal 
t issue.  This paper  descr ibes  resul ts  demonstrat ing the physiological activity of this factor .  

EXPERIMENTAL METHOD 

Bovine pineal glands were used for the isolation and purification of the factor. An acetone powder 
was prepared from the tis sues of the pineal glands and extracted three times with 0o 05-M ammonium bicarbonate 
(pH 9.5). The alkaline extracts were discarded. The residual material was extracted twice with 0.2-M 
ammonium acetate (pH 4.5). These acid extracts were lyophilized, redissolved in 0.5% acetic acid, and 
t reated by gel- f i l t ra t ion in a column with Sephadex G-15. By gel-f i l t ra t ion the acid ext rac t  was divided 
into five components (Fig. 1). Hyperlmliemic activity was concentrated in fraction I (shaded in Fig. 1). 
Fur the r  purification of fract ion I was ca r r i ed  out by ion-exchange chromatography on a column with CM- 
cellulose.  The conditions of chromatography and the resul t  of division of this fraction are  given in Fig.  2. 
The active fraction was eluted at 0.2 M in an ammonium acetate gradient.  

To test the biological action of the factor ,  female Wistar  ra ts  weighing 150-160 g were used. The 
potassium concentration was determined in heparinized blood plasma by flame photometry.  Blood was 
taken f rom the orbital  sinus. The doses of the factor  and the duration of its action on the ra ts  varied de- 
pending on the purpose of the experiment (see below). 

E X P E R I M E N T A L  R E S U L T S  

A hyperkal iemic effect of the factor  was detected and it depended on the duration of action of the sub- 
stance. The dose of the fac tor  was 20/~g. The mater ia l  was dissolved in 0.5 ml physiological saline before 
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TABLE 3. Effect  of P inea l  F a c t o r  on 
P o t a s s i u m  Concentra t ion  in Blood 
P l a s m a  of A d r e n a l e c t o m i z e d  Rats  

Potassium 
concentra- 

Group of rats tion in 
plasma. 
f me q_/!iter) 

Intact . . . . . . . .  3,85___0,10 
Control (adre nalectomy) 4,7+0,19 
Adrenalectomy + KC1 . . 5,48___0,30 
Adrenalectom) + KC1 + 

factor . . . . . . . .  6,36-+-0,21 

0,0l 
0,001 

0,00l 

admin i s t r a t i on  and was given dai ly,  a l t e rna t e ly  by subcutane-  
ous and i n t r a m u s c u l a r  in jec t ions .  The r e s u l t s  of these e x p e r i -  
ments  a re  given in Table 1. 

As Table 1 shows, an i nc rea se  in the b lood-p lasma po-  
t a s s i u m  concentra t ion  in r e sponse  to in ject ion of the fac tor  
occur s  a f te r  about 24 h and i t  becomes  s t ab i l i zed  at  a leve l  on 
the average  1.5 m e q / l i t e r  h igher  than in the control~ 

The r e s u l t s  for  the h y p e r k a l i e m i c  ac t ion of the fac tor  
were  p a r t i c u l a r l y  demons t r a t i ve  in expe r imen t s  p e r f o r m e d  in 
accordance  with the scheme d e s c r i b e d  below. Twice, at in- 
t e r v a l s  of 12 h," the r a t s  r e c e i v e d  an inject ion of 20 pg of the 
fac tor ,  followed 24 h l a t e r  by the fac tor  and 40 mg po tas s ium 

chlor ide  i n t r ape r i t onea l l y .  The dynamics  of the changes in the p l a s m a  p o t a s s i u m  concentra t ion  of the ex-  
p e r i m e n t a l  and control  groups  of r a t s  was s tudied for  the next 5 h. The max ima l  po t a s s ium level  a f te r  
loading o c c u r r e d  in both groups  at  20-45 min.  

The p o t a s s i u m  concent ra t ion  in the control  r a t s  then quickly r e tu rned  to no rma l ,  but in the e x p e r i -  
menta l  an ima l s  it  continued to r e m a i n  at  a high leve l  (about 6.3 m e q / l i t e r ) .  

Invest igat ion of the way in which the effect  of po t a s s ium re tent ion  in the p l a s m a  a f t e r  po t a s s ium 
chlor ide  loading depends on the dose of the f ac to r  showed that  a dose of 0.05 pg has no act ion.  With an in-  
c r e a s e  in the dose f rom 0.1 to 5 pg the effect  app rec i ab ly  i nc rea sed ,  and with a fu r the r  i n c r e a s e ,  a phase  
of sa tu ra t ion  o c c u r r e d .  Consequently,  the fac tor  has  i ts  phys io log ica l  act ion in s m a l l  doses ,  a c h a r a c t e r -  
i s t i c  fea ture  of typ ica l  h o r m o n e - l i k e  subs tances .  

The fac to r  i s  ev ident ly  a spec i f i c  component of the p ineal  gland.  This is  shown by the absence  of 
h y p e r k a l i e m i c  ac t iv i ty  in p r e p a r a t i o n s  obtained f rom the c e r e b r a l  cor tex  and l i ve r  (Table 2). The c e r e b r a l  
cor tex  was chosen as  a t i s sue  most  c lose ly  r e l a t e d  to the p inea l  gland h is to log ica l ly ,  while l i ve r  t i s sue  was 
chosen as  a t i s sue  with act ive me tabo l i sm .  The spec imens  f rom the bra in  and l i v e r  were  p r e p a r e d  in the 
same way as  those f rom pinea l  t i s sue .  

It is  a l so  c l e a r  f rom Table 2 that the ac t iv i ty  of the f ac to r  i so la ted  f rom the p inea l  gland is  not due 
to the p r e s e n c e  of mela tonin  as  an impur i ty ,  for  mela tonin  has no hype rka l i emic  effect .  

P roof  of the p ro t e in -pep t ide  na ture  of the hype rka l i emic  fac tor  f rom the p inea l  gland is  given by the 
fact that  i t s  t r e a t m e n t  with p ro t eo ly t i e  enzymes  ( t rypsin  and pronase)  for  18 h (with an enzyme : fac tor  ra t io  
of 1:50) comple te ly  abo l i shed  i ts  ac t iv i ty .  

The ad rena l  m i n e r a l o c o r t i e o i d s  a r e  k n o ~  to regula te  the e l ec t ro ly t e  l eve l  in the body. It can t h e r e -  
fore  be pos tu la ted  that the fac tor  i so la ted  f rom the pineal  gland e x e r t s  i t s  act ion i nd i r ec t l y  through the 
a d r e n a l s .  With this  in mind t e s t s  were  c a r r i e d  out to study the effect  of the f ac to r  on the po ta s s ium con- 
cen t ra t ion  in a d r e n a l e e t o m i z e d  an ima l s .  The r a t s  were  ad rena l ec tomized  5 days before  the e xpe r i men t s .  
The m a t e r i a l  was in jec ted  into the r a t s  in the same  doses  as  in the p rev ious  e x p e r i m e n t s .  The po ta s s ium 
concent ra t ion  in the p l a s m a  was de t e rmined  5 h af te r  po t a s s ium chlor ide  loading (Table 3). 

It is  c l e a r  f rom Table 3 that ad rena l ec tomy  alone leads  to an i n c r e a s e  in the po ta s s ium concentra t ion 
in the blood p l a sma ,  but the hype rka l i emic  ac t iv i ty  of the fac tor  was a lso  exhib i ted  in a d r e n a l e c t o m i z e d  
an ima l s .  

A phys io log ica l ly  act ive p r inc ip le  capable of influencing po ta s s ium me tabo l i sm in the body was thus 
i so la ted  f rom the p inea l  gland.  However the mechan i sm of i ts act ion is not ye t  c l e a r .  The hype r ka l i emie  
effect  of the fac tor  may pe rhaps  not be p r i m a r y ,  but merely- ind i rec t  evidence of i ts  act ion at o the r  l eve l s .  
However,  it  should be noted that  the fac to r  i so la ted  by the authors  se l ec t ive ly  changes the p l a s m a  po ta s s ium 
concentra t ion  and has no effect  on the sodium and ca lc ium concent ra t ions .  

I. 

2. 
3. 
4. 
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