
BIOCHEMISTRY AND BIOPHYSICS 

EFFECT OF STEROID HORMONES ON ELECTRON 

TRANSPORT IN MITOCHONDRIA 

R. D. Seifulla, Yu. P. Denisov, UDC 615.357.453.015.42:[612.35.014.31:612.26 
P. V. Sergeev, and Yu. A. Vladimirov 

Steroid hormones inhibit respi ra t ion  of mitochondria and uncouple oxidative phosphorylation. 
Es t rogens  are  the most  active. The effect of these hormones is evidently connected with the 
presence  of a f ree  hydroxyl group in the C3-position of the aromat ic  ring. Interaction be-  
tween steroids and the enzymes of the electron t ranspor t  are  hydrophobic in charac ter .  

The object of this investigation was to make a comparat ive  study of the action of ethinylestradiol  and 
tes tos terone  propionate on resp i ra t ion  and oxidative phosphorylation in ra t  l iver mitochondria.  

EXPERIMENTAL METHOD 

Experiments were carried out with a suspension of liver mitochondria from male rats (weighing i00- 
150 g). The mitochondria were isolated in medium containing 0.3 M sucrose, 0.03 M Tris-HCl buffer, and 
0.2 mM EDTA. The composition of the incubation medium (in millimoles/5 ml) was: sucrose 200, Tris- 

HCI 30, MgCI 2 0.5, KCI 20, KH2PO 4 2, EDTA 0.2; protein i0 mg; pH 7.4. Parallel measurements were 
made of the level of reduction of endogenous NAD (fluorimetrieally) and the oxygen consumption of the 
mitochondria (polarographically) at 20~ Steroid hormones (Calbiochem, USA), dissolved in ethanol, were 
introduced into a cuvette for preincubation for 3 min in a volume of 0.I ml. The results were analyzed as 
follows: the intensity of fluorescence of NAD �9 H z in states I, HI, and IV after Chance was measured from 
fluorescence curves and converted into a ratio of the intensity of fluorescence in state II (100%). The 
fluorescence in state IV was then compared in the experimental and control series and the value of AI/I = 

was calculated, where and I F represent the intensiV of fluorescence in state IV in the 
experimental and control series respectively. Ability of the pyridine-nucleotides to undergo oxidation on 
the addition of ADP was estimated by the equation 

it _ _  t ~ I  ' 100%, 
e J e  

The rate  of oxygen consumption in states III and IV, i.e., the value of ODC = VIII/VIV, was calculated f rom 
the polarographic curve.  

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

Analysis of the resul ts  (Table 1) shows that administrat ion of ethinylestradiol  (10 -5 M) gave a mean 
value of A I / I  of 15.6% and the response  to addition of ADP was reduced by 24%. The ra te  of resp i ra t ion  in 
state III was reduced. A decrease  in the ra te  of resp i ra t ion  was observed  when glutamate was used as the 
oxidation substrate.  During the oxidation of succinate,  this concentrat ion of the hormone caused no change 
in the pa ramete r s  of oxidative phosphorylation. In a concentrat ion of 10 -4 M ethinylestradiol  significantly 
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inhibited respi ra t ion and uncoupled phosphorylation (stimulation of respi ra t ion in state IV during oxidation 
of succinate). The high degree of reduction of NAD �9 H 2 and the absence of inhibition of e lectron t ranspor t  
in the r e sp i r a to ry  chain during the oxidation of succinate suggest  that the zone of inhibition lies in the 
flavoprotein region of the electron chain. This hypothesis is supported by data in the l i tera ture  [3]. Since 
the estrogen inhibits respi ra t ion  in lower concentrat ions than those which uncouple oxidative phosphoryla-  
tion, it can be concluded that ethinylestradiol  differs significantly in the mechanism of its action f rom clas-  
sical  uncouplers (of the dinitrophenol type), which stimulate respirat ion.  The fact that there  was little or  
no increase  in the ra te  of respi ra t ion  in state IV during the action of ethinylestradiol  (with glutamate as the 
substrate) can be explained by the masking effect of inhibition of electron t ranspor t :  no increase  in the rate  
of respi ra t ion  is possible under those conditions. Tes tos terone  propionate was much less active. In a con- 
centrat ion of 10 -5 M, for instance, it had virtually no effect on respiration or phosphorylation, and only 
within the concentration range of 10 -3 to 10 -4 M was this hormone able to uncouple oxidative phospheryla- 
tion and to cause slight inhibition of respiration. Inhibition of respiration by ethinylestradiol can be ex- 
plained by its hydrephobic interaction with the respiratory chain enzymes (for example, with NAD �9 H 2- 
dehydrogenase), as has been demonstrated for phenols with a low dissociation constant [I]. Estrogens 
(pK > 9) are practically undissociated at neutral pH values and their interaction with enzyme cannot there- 
fore be electrostatic in character. Since hydrophobic interactions take place in the nonaqueous phase [2] 
the degree of dissociation of the hormone molecule in water plays no important role in the activity of the 
steroids .  However, the polar groups evidently are  of some importance in the specific activity of the es t ro -  
gen and, in part icular ,  for the manifestat ion of its uncoupling action. These groups may a r range  the lipid 
moiety of the steroid along the partit ion boundary between the phases so as to c rea te  the most  favorable 
position for interaction with the enzyme in the mitochondrial  membrane .  

1. 
2. 
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