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Cort ieosteroid  production in mammalian adrenals  is controlled by the hypothalamo-hypophyseal  system. 
Important  e lements  of this system were pro-opiomelanocor t in  (POMC), a pituitary polypeptide and p r e c u r s o r  
of ACTH, and several  other  hormones  (a- ,  ~?-, and 7-  melanoeyte-s t imulat ing hormones,  /% and 7-1ipotrophins), 
and ~-, /3-, and 7-endorphins  [3, 11]. Peptide hormones  contained in the s t ructure  of POMC are considered to 
be purely pi tui tary in origin, but it has recent ly  been found that some POMC fragments  are presen t  in organs  
such as the hypothalamus, thyroid gland, lungs, gastrointest inal  t ract ,  reproductive organs,  and so on [2, 8, 9, 
12, 13]. Despite the widespread occur rence  of peptide f ragments  of POMC in the t i ssues  of cer tain endocrine 
glands and other  organs,  it seems unlikely that thePOMCgene could be expressed in the adrenals,  for  the 
adrenals  are the target  organ for pi tui tary ACTH. The absence of peptide f ragments  of POMC, such as p- 
endorphtn, for example [6], has been definitely observed in a number of investigations. 

Meanwhile facts  have been discovered to contradict  the view that pituitary ACTH plays an exclusive role 
in the regulation of cor t ieos teroid  production in the adrenals,  and pointing indirectly to the possibil i ty of for-  
mation of POMC and its biologically active f ragments  in these glands. For  example, it has been shown that 
after  destruct ion of the suprachiasmatie  nuclei of the rat  hypothalamus the blood ACTH level falls, and this is 
accompanied by complete disappearance of the circadian rhythm of fluctuations in the blood ACTH level, 
whereas  the plasma cor t icos terone  concentration is virtually unchanged, and the amplitude and frequency of 
c i rcadian fluctuations in the plasma eor t icos terone  level are indistinguishable f rom normal [14]. It has also 
been found that hypophyseetomy causes  no changes in the circadian rhythm of cyclic nucleottde production in 
cel ls  of the adrenal cortex [5]- It has also been reported that some peptide f ragments  of PONC (p-endorphin, 
ACTH, and c~-melanotrophtn) [4] have been found in ext rac ts  of human adrenal t i ssues  post mor tem.  However, 
the authors cited did not identify POMC itself in the adrenal t i ssues  and were unable to demonstra te  the p res -  
enee of its f ragments  in adrenals  of other slSecies of mammals  (ox, sheep, rabbit,  rat ,  dog, or  gulneapig). 

This paper  descr ibes  the resul ts  of an investigation to show that biosynthesis  of PONC, its proteolytie 
process ing,  and secret ion of the peptide products  of that process ing  take place in the bovine adrenals.  

EXPERIMENTAL METHOD 

The method of obtaining rabbit  ant isera  against endorphins and of using them for rad io immunoassay  of 
these pep[ides was descr ibed previously [1]. Antisera against /%lipotrophin were obtained in the same way 
(bovine fl-lipotrophin was generously presented by P ro fe s so r  Yu. A. Pankov, Institute of Experimental  Endo- 
cr inology and Hormone Chemistry,  Academy of Medical Sciences of the USSR). 12~I-Labeled pep[ides were 
obtained by the ehloramine method [1] and purified from free ~25I on Sephadex G-10 (0.7 • 5 cm, centr ifuga- 
tion for 10 rain at 1500 g). To obtain acid ex t rac ts  the minced t issue was heated for 20 rain at 95~ in 7 vol- 
umes of 1 M CHuCOOH , pH 2.0 (HC1), then homogenized and treated with an equal volume of redist i l led chloro-  
form. The mixture was centrifuged for 40 mln at 15,000 g, and the aqueous phase was lyophilized, redissolved 
in RIA buffer (0.05 M Na phosphate, pH 7.5, 0.15 M NaCl, 0.2~ bovine serum albumin, 0.02% NAN3) , and neu- 
t ra l ized with 1 M NaOH to pH 7.0. To obtain ex t rac ts  for immunoblotting the tissue was homogenized in 5 
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Fig. 3 

Fig.  1. Disp lacement  of 125I-c~-endorphin f rom complexes  with specif ic  antibodies 
by oe-endorphin and by ex t r ac t s  of the bovine adrenal  co r t ex  and medulla:  1) oe- 
endorphin; 2) adrenal  cor tex,  3) adrenal  medulla .  

Fig.  2. Disp lacement  of 125I-fl-endorphin f rom complexes  with specif ic  ant i -  
bodies  by f l-endorphin and by pe r fusa t e  of bovine adrenals .  R e t r o g r a d e  continuvus 
per fus ion  through centra l  adrenal  vein with 60 ml  of Locke '  s solution, containing 
0~ bovine s e r u m  albumin,  at  r a t e  of 4.0 m l / m i n  for  1 h. 1)/~-Eadorphfn; 2) ad re -  
nal pe r fusa te .  R e m a i n d e r  of legend as to Fig. 1. 

Fig.  3. Identif ication of POMC and i ts  f r agmen t s  in ex t r ac t s  of bovine p i tu i ta ry  and 
adrenal  medul la  and cor tex.  After  f rac t ionat ion in 16% po lac ry lamide  gel, p ro te ins  
were  e l ec t rophore t i ca l ly  t r a n s f e r r e d  onto n i t roce l lu lose  l eaves  and were  subsequently 
incubated with an t i s e rum to f l -LPT and covalent ly bonded with h o r s e r a d i s h  perox idase  
to Ig G rabbi t  antibodies.  We induced pe rox idase  act ivi ty  with the help of diaminobenzi-  
dene. In the role  of mo lecu l a r  m a s s  ind ica tors  we used the following prote ins  - phos-  
phory lase  (94 kD), bovine s e r u m  albumin (67 kD), egg albumin (43 kD), ca rbohydrase  
(30 kD), t ryps in  inhibi tor  (20 kD), and a - l a c t o a l b u m i n  (14.4 kD). a) .adrenal medulla;  
b) adrenal  cortex; c) hypophysis .  

vo lumes  of 0.05 M Tris -HC1 buffer,  pH 6.8, at 0~ heated for  5 min at 100~ in the p re sence  of 5~ sodium 
dodecylsulfate  and 1% 2-mercap toe thanol ,  centr i fuged for  60 min at 50,000 g and 20~ and the superna tants  
were  dialyzed against  buffer  consis t ing of 0.05 M Tris-HC1,  pH 6.8, 0.1% sodium dodecylsulfate ,  and 0.1% 
2- mereaptoe thanol .  

Re t rograde  perfus ion of the bovine adrena l s  was c a r r i e d  out through the cent ra l  adrenal  vein at 30~ 
and at the ra te  of 4.0 m l / m i n ,  wit}l L o c k e ' s  solution (154 mM NaCI, 5.6 mM KCL, 2.2 mlg CaCI 2, 1 mM MgCI 2, 
6 mM NaHCO 3 and 10 mM glucose),  sa tura ted  with O2/CO 2 (19 : 1) mixture .  The p e r f u s a t e s  were  col lected in 
f l a sks  with 1/50 of the i r  volume of 10 M HCI (final concentra t ion 0.2 M), with constant  mixing. After  p e r -  
fusion the s amples  were  heated for  20 min to 90~ frozen,  and lyophilized. The lyophilized samples  were  r e -  
d issolved in1 /15  volume of 0.005 M sodium phosphate ,  pH 7.5 with 0.02% NAN3, neutral ized with 1M NaOH to pH 
7.0, and used for  r a d i o i m m u n o a s s y  of pep t ides .  

E l ec t ropho re s i s  of p ro te ins  was c a r r i e d  out in p la tes  of 16% po lyacry lamide  gel [7]. Ant iserum against  
f l- l ipotrophtn and donkey an t i s e rum against  rabbi t  IgG, covalent ly  bound with ho r se r ad i sh  peroxidase ,  were  
used for  immunoblot t ing by the method in [15]. 
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TABLE 1. Content (in p icomoles /g  tissue) of Im- 
munoreact ive a - ,  fl-, and ~/-Endorphins ( a -E ,  
fl-E, and 3~-E) and of f i -LPT in Bovine Adrenal 
Medulla and Cortex (M~m) 

Adrenal medulla " i 
(n=5) 2,13• t 0,4I---+0.03 0.07~+0,01 I 1,04~0,30 

O,lO• 0,64~0,31 

EXPERIMENTAL RESULTS 

When studying biosynthesis  of POMC in the adrenals,  as peptide m a r k e r s  of POMC we used its C - t e rm-  
inal f ragments :  a - ,  p-, and T-endorphins and p-lipotrophin (p-LPT). Concentrat ions of immunoreactive 
endorphins and f i -LPT in ex t rac t s  of the bovine adrenal cortex and medulla showed that these s t ruc tures  con- 
rain appreciable quantities of endorphins and ltpotrophin; increasing quantities of ext rac ts  displaced labeled 
peptides f rom comptexes  with specific antibodies, moreover ,  in the same way as did increasing quantities of 
a - ,  /3-, and T-endorphins and of p -LPT.  This points to the close kinship or  complete identity of the co r r e -  
sponding peptides and immunoreact ive  compounds contained in the t issue extracts .  As an illustration, data ob- 
tained when determining the content of (~-endorphin in ext rac ts  f rom the adrenal medulla and cortex are illus- 
t rated in Fig. 1. The quantitative resul ts  of est imation of endorphins and f~-LPT in the bovine adrenal medulla 
and cor tex are  given in Table 1. 

To detect secret ion of peptide f ragments  of POMC in the adrenals  experiments  were undertaken to de- 
termine the p-endorphin content in per fusa tes  obtained during re t rograde  perfusion of the bovine adrenals.  It 
was found that immunoreact ive  compounds, indistinguishable in their  [mmunochemical  proper t ies  f rom fi-en- 
dorphin, are  p resen t  in the perfusates ,  just  as in the t issue extracts .  The concentration of immunoreact ive 
f~-endorphin in the per fusa tes  was 1.4~0.4 f emtomole /ml  (Mem, n = 7). 

To identify POMC itself in the adrenal tissue, a combination of techniques of e lectrophoret ic  protein 
fract ionation based on molecular  weight [7] and immunoblotting [15] was used. PO~C and its f ragments  were 
detected with the aid of ant iserum against ~-LPT.  For  comparison,  a protein extract  of bovine pituitary gland, 
known to contain nonglycosylated and glyeosylated fo rms  of POMC [3], was analyzed. These fo rms  of pituitary 
P O ~ C  (tool. wt. 30-35 kilodaltons) are c lear ly  visible in Fig. 3 (band C). Similar fo rms  of h igh-molecular -  
weight polypeptides (30-35 kilodaltons) also were found in ex t rac ts  of bovine adrenal medulla and cor tex (Fig. 
3, bands A andB), so that it can be definitely concluded that endogenous POMC is present  in bovine adrenal 
glands. Incidentally, s imi lar  resu l t s  were obtained during analysis  of t issue ext rac ts  f rom rat  adrenals  (data 
not given). 

After fractionation in 16~ polyacrylamide gel plates, proteins were transferred electrophoreticaIly from 
the gels to sheets of nitrocellulose and then incubated with antiserum against ~-LPT and with donkey antibod- 
ies against rabbit IgG cova[ently bound with horseradish peroxidase. Peroxidase activity was demonstrated 
with the aid of diaminobenzidine. The following proteins were used as markers of molecular weight (in kilo- 
daltons): phusphorylase (94), bovine serum albumin (67), ovalbumin (43), carbonic anhydrase (30), trypsin in- 
hibitor (20), and ~-lactaibumin (14.4). It can thus be concluded from these results that the POMC gene is ex- 
pressed in the medulla and cortex of the bovine adrenal gland, and also that as a result of processing of PO~C 
in the adrenal cells, appreciable quantities of its peptide fragments are formed and secreted. Since under 
these circumstances high local concentrations of POMC fragments must be observed, it can also be postulated 
that pathways of regulation of adrenal function independent of the pituitary, involving the participation of pep- 
tide fragments of POMC, formed in the adrenal, must exist. 
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FORMATION OF COMPLEXES OF a-TOCOPHEROL WITH PHOSPHATIDIC ACID 
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L. L. Prilipko, and V. E. Kagan 
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Activation of phosphol ipases  in the animal  cell  is an essen t i a l  step, under  cer ta in  conditions, in the 
course  of severa l  metabol ic  and functional p r o c e s s e s  [1]. In pa r t i cu la r ,  phospholipase D takes  pa r t  in the syn- 
thes i s  of c e r a m i n e s -  an impor tant  component  of b ra in  l tpids [8, 5]. Meanwhile activation of phosphol ipases  
means  not only guarantee ing the course  of e ssen t i a l  p r o c e s s e s ,  but also modificat ion of some of the physico-  
chemical  p a r a m e t e r s  of biological  m e m b r a n e s ,  including bra in  synaptic m e m b r a n e s  [5]. This s tate  of a f fa i r s  
explains  why pro tec t ive  m e c h a n i s m s  against  the harmful  action of phosphol tpases  are  essent ia l  in o rde r  to 
mainta in  Cellular homeos tas i s .  

It has  recent ly  been shown that  a - tocophe ro [  s tabi l izes  synaptosomal  m e m b r a n e s  against  the harmful  
action of phosphol ipase  A 2 [5]. This s tabi l iz ing effect  is due to the abili ty of ~x-tocopherol to fo rm complexes  
with f ree  fatty acids (FFA) [4, 7]. Invest igat ion of the nature  of complexes  of a - tocophe ro l  with FFA has  
shown that  this p r o c e s s  takes  place through two types  of interact ion:  polar  interact ion between the OH-group 
of the chromane  r ing of a - tocophe ro l  and the carboxyl  group of the fat ty acid and hydrophobic interact ion of 
c i s -unsa tu ra t ed  double bonds of the fat ty  acid with methyl  groups  of the chromane  ring of a - tocophe ro l  [2]. 

Since complexes  of this kind can potent ial ly  be fo rmed  with a f a i r ly  wide c lass  of compounds [3, 6], the 
poss ib i l i ty  of fo rmat ion  of complexes  of ~ - tocophero l  with phosphatidic acid (PA), the pr incipal  hydro lys i s  
product  of phospholiptds by phosphol ipase  D, was investigated.  

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

~-Tocophe ro l  was obtained f rom Serva (West Germany) ,  PA was obtained by phospholipid hydro lys i s  of 
ovolecithtn (PAL), and d imyr is toylphosphat id tc  acid (DMPA) were  f rom Koch-Light  (England), and deutera ted  
ch lo ro form f r o m  Merck  (West Germany) .  Heptane was purif ied by redis t i l la t ion.  
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