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The act ion of s eve ra l  s t e ro ids  on lipid peroxidat ion in the mi tochondr ia l  m e m b r a n e s  of the 
r a t  l i ve r  in the p r e s e n c e  of Fe ++ ions was studied by record ing  the ve ry  weak chemi lumi -  
nescence ,  All the hormones  inves t igated had an antioxidant action, but the m e c h a n i s m  of 
this act ion var ied .  Removal  of the ova r i e s  and adrena l s  gave ef fec ts  opposite to those of 
inject ion of e s t rogens  and g lucocor t icoids  in v i t ro .  
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Cons iderable  e x p e r i m e n t a l  evidence o f t h e m e c h a n i s m  of act ion of s te ro id  ho rmones  onthe  cell  has now 
been  obtained. Steroid hormones  have been  shown to affect  the pe rmeab i l i t y  of m e m b r a n e s  [7], the act ivi ty 
of enzyme s y s t e m s  [10], and the genetic  m e c h a n i s m  of synthes is  of b iopo lymers  [8, 10]. It is postulated 
that  some of these e f fec t s  can  be explained by the abi l i ty of s t e ro ids  to dep re s s  the peroxidat ion of m e m -  
b rane  lipids [1], compounds known to affect  the pe rmeab i l i t y  of m e m b r a n e s ,  enzyme activity,  mitot ic  ac-  
t ivi ty in the cel ls ,  p ro l i f e ra t ive  p r o c e s s e s  in organs ,  and so on [2, 5, 9]. The possibi l i ty  cannot be ruled 
out that the study of the m e c h a n i s m  of the antioxtdant act ion of s t e ro ids  could provide a bas i s  for  the under -  
standing of many  aspec t s  of the act ion of s t e ro id  hormones .  

In the invest igat ion desc r ibed  below an a t tempt  was made,  by using a sensi t ive  method of de t e rmin -  
ing antioxidant act ivi ty,  to study the antioxidant act ion of s te ro id  hormones .  

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

Mitochondria  were  i so la ted  f r o m  ra t  l i ve r  in a med ium containing 0.25 M sucrose  and 2.5 mM t r i s -  
HC1, pH 7.4. The pro te in  of the suspens ion was m e a s u r e d  by  Lowry ' s  method.  A suspens ion of mitochon-  
d r ia  containing 1 mg pro te in  was added to each  sample ;  the volume was made up to 10 ml with incubation 
medium.  The m ed i um  for  m e a s u r i n g  the luminescence  was a solution containing 105 mM KC1 and 20 mM 
t r i s - b u f f e r .  The chemi luminescence  of the mi tochondr ia  was r eco rded  on a specia l  appara tus  in which 
the e lement  rece iv ing  the ve ry  weak luminescence  was a sens i t ive  photoelect ronic  mul t ip l i e r  (Fl~U-39A). 
To de te rmine  the antioxidant act ivi ty  the method suggested by the w r i t e r s  p rev ious ly  was used [1]; it is 
based  on m e a s u r i n g  the power  f ac to r s  5 in the equation descr ib ing  the kinet ics  of the initial,  exponential  
s tage of the slow bu r s t  of luminescence .  The antioxidant action of the hormones  on lipid peroxida t ionwas  
a lso  c h a r a c t e r i z e d  by m e a s u r i n g  the la tent  per iod of the chemi luminescence  (T-- t ime a f t e r  addition of 
FeSO 4 during which the ampli tude of the slow bu r s t  of luminescence  reached half i ts  max imal  value).  The 
concent ra t ion  of malonic  dialdehyde (MDA) in the sample ;  was de te rmined  by the reac t ion  with th iobar-  
b i tur ic  acid (TBA). The ra te  of accumula t ion  of the peroxidat ion products  was de te rmined  by the indices 
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Fig.  1. Effect of es t radiol  on intermediate 
burs t  of chemi luminescence .  Numbers by 
curves  denote es t radiol  concentrat ion (in 
nmoles).  Abscissa ,  time of ehemilumines-  
eence (in see); ordinate,  intensity of ehemi-  
luminescence (in conventional units). 

TABLE i.  Effect of Steroid Hormones on 

Some Parameters of Lipid Peroxidation 
in Mitochondrial Membranes 

Name of 
hormone 

E s t r o n e  

Estradiol 
Estriol 
Corticosterone 
Cortisone 
Androsterone 
Progesterone 

d 
I 

101~ 200 1011 [ 150 
10 s 200 10 s I 150 
3-10 e 200 106 ] 150 
5.109 200 5.101~ 50 
l0 s 200 l0 s [ 50 
IO s 200 [5.104 5O 
5-10 ~ 200 [ 105 50 

J 

AMDAh 
~-% ~---M--D--Ao �9 ~,o 

36 
36 
45 
44,3 
56,6 
82,3 

100 

Legend: C1) concentra t ion of s teroid causing 
100% change in duration of latent period (%); 
C2) concentrat ion of s teroid causing 50% 
change in value of 60; 5) tangent of angle of 
slope of s traight  line showing relationship 
between logar i thm of intensity of lumines-  
cence and time to initial, exponential stage 
of slow burst ;  60, %) pa rame te r s  of react ion 
without addition of hormones  to samples .  

AMDAh and AMDA o - t h e  mean difference between 
the MDA content af ter  addition of 10 -G M FeSO 4 twice 
within a per iod of 5 rain in the presence  and absence 
respec t ive ly  of 10 -4 M of the hormone.  

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

The regulation of lipid peroxidation in the cell is 
determined by the state of the Fe ions in the sys tem 
(their binding, reduction, or  oxidation) [11]. The main 
react ions taking place during peroxidation of lipids in 
the presence  of Fe ions have been studied [1, 3]. Inter-  
action between Fe ++ ions and radicals  part icipating in 
the peroxidation of lipids has been found to have a de- 
cisive influence on the kinetics of peroxidation. In the 
ear ly  stage of peroxidation these radicals  could be al-  
koxyl radicals  RO', formed by decomposit ion of hydro-  
peroxides and part icipating in the branching of the pe r -  
oxidation chains [2]. This hypothesis is based on obse r -  
vation of the intermediate burs t  of chemiluminescence 
(Fig. 1), possibly caused by the accumulat ion of these 
radicals ,  which was inhibited by an excess  of Fe ++ ions 
and by low concentrat ions of s teroid hormones .  Inhibi- 
tion of RO" format ion is evidently the basic  p rocess  in 
the action of physiological  concentrat ions of natural 
antioxidants, which include the steroid hormones .  In 
fact, under conditions in which an intermediate burs t  of 
chemiluminescence  was observed in the control,  very  
low concentrat ions of s teroid hormones acted as anti- 
oxidants. This action was manifested as a twofold in- 
c rease  in the latent period (Table 1). As Table 1 shows, 
the mechanism of the antioxidant action was common to 
all s teroid hormones .  

The second manifestat ion of the antioxidant action 
of Fe ++ ions was delay in the development of the slow- 
burs t  of chemiluminescence.  Only the action of e s t ro -  
gens on peroxidation was found to lead to a decrease  in 
the value of 6, i.e., to an increase  in the antioxidant ac-  
tion at the stage of the slow burst ,  while the other groups 
of hormones,  on the other hand, increased  the value of 

this index (Table 1). The reason for  the difference between the action of nonestrogenic s teroids  on the 
intermediate  and slow burs t  could be connected with the fact that they reac t  only with RO" radicals  and not 
with RO 2" radica ls .  

Very  few investigations have been ca r r i ed  out with the aim of detecting the products of lipid peroxida-  
tion in vivo [6], and there are  virtually no data on the hormonal mechanisms  regulating this p rocess  in the 
body. 

In the present  experiment ,  endocrine organs  producing s teroid hormones (the adrenals and ovaries) 
were success ive ly  removed in o rder  to study the role of the endocrine background of s teroid hormones in 
vivo. The antioxidant action of the hormones was studied after  the endocrine background had beenlowered 
in this way. As might be expected, removal  of each endocrine component in ra ts  gave an effect opposite 
to that observed after  adminis t rat ion of the corresponding hormones in vitro (Table 2). For  instance, r e -  
moval of the ovar ies  led to an increase  in the index 6, whereas  removal  of the adrenals,  by contrast ,  led 
to a decrease  in this index and a simuItaneous shortening of the latent period and an increase  in the TBA- 
active peroxidation products .  After adminis t ra t ion of small  doses of hormones  to the ovar ieetomized and 
adrenaleetomized animals , the  effect of the antioxidant action corresponded to the resul ts  obtained in vitro. 
For  instance, the action of es t rogens  given in vivo was manifested as a rule as an increase  in all the pa-  
r ame te r s  of antioxidant action: lengthening of the latent period, decrease  in the value of the TBS-aetive 
peroxidation products ,  and a decrease  in the index (5. 
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TABLE 2. Effect  of Remova l  of Some Endocrine Organs and Rep lace -  
ment  Adminis t ra t ion  of Es t rogens  of Some P a r a m e t e r s  of Chemilu-  
minescence  of Peroxida t ion  and i ts  Products  (M am)  

Charaomr of experiments 

Normal 
Ovariectomy 

P 
Ovariectomy + adrenalectomy 

P 
Ovariectomy + admnaleotomy+ 

estrone 
P 

Ovariectomy + adrenalectomv + 
estriol 

P 

5,6+__0,27 
13,0• 

G0,001 
9,7• 
G0,02 

13,8• 
G0,02 

13,7+__0,7 
G0,002 

3,7__+o,14 
4,33__+o,15 

G0,05 
2,6• 
GO,OO1 

1,97• 
<O,Ol 

2,6___0,96 
G0,01 

MDA (in ~ moies/ 
mg protein) 

6,5• 
3,3• 
~0,001 

4,6___0,1 
<0,001 

2,8• 
<0,001 

3,1• 
d0,001 

Note. Es t rogens  injected in a dose of 0.1 #g/g in t raper i tonea l ly  
before  decapitat ion.  R e m a i n d e r  of legend, see Table 1. 

24 h 

These r e su l t s  show that all the inves t igated hormones  p o s s e s s  some degree  of antioxidant action, a l -  
though the m e c h a n i s m  of this action on the mi tochondr ia l  m e m b r a n e s  va r i e s .  Es t rogens  and glucocor t icoids  
have the s t ronges t  antioxidant action. Es t rogens  act  as powerful  inhibi tors  of the rad ica l s  respons ib le  for  
branching of the chains at the in te rmedia te  bu r s t  s tage,  and they also give r i se  to para l le l  inhibition of the 
rad ica l s  r espons ib le  for  the ra te  of r i se  of the slow burs t .  Glucoeort ieoids ,  however,  act  only as inhibi tors  
of the f i r s t  type of rad ica l s  and they do not inhibit the development  of the slow burs t .  It is not quite c l ea r  
whether  this act ion of the g lucocor t icoids  is connected with the i r  abil i ty to s tabi l ize the m e m b r a n e s  and 
thus to affect  the cour se  of the chain oxidation reac t ions  in the lipid phase indirect ly .  As r ega rds  the andro-  
gens and p roges t e rone ,  while they have ve ry  weak antioxidant action, mani fes ted  as absence of inhibition 
of the accumula t ion  of peroxidat ion  products  such as MDA (Table 1), in high concentra t ions  they neve r the -  
l e s s  lengthen the la tent  per iod in the development  of the p roce s s  (Table 1). This points to the impor tan t  
role  of the m e m b r a n e - s t a b i l i z i n g  effect  of these  hormones  in the observed  kinet ics  of chemi luminescence  
and the ra te  of chain oxidation. Expe r imen t s  c a r r i e d  out in vivo showed that s te ro id  hormones  produced 
by the body i t se l f  may also signif icantly affect  the p roce s s  of peroxidat ion.  Judging f r o m  thei r  effect  on 
the p a r a m e t e r s  of peroxidat ion studied, the m e c h a n i s m  of the antioxidant action of these hormones  is iden- 
t ica l  wfth that of the i r  act ion in vi t ro .  
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