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Experiments  in vitro On rat l iver  mitochondria showed that morphine inhibits oxidation of 
subst ra tes  in the presence  of ADP and reduces the rate of phosphorylation and the activity 
of dini trophenol-st imulated ATPase .  The inhibition constant for  all these reactions is the 
same,  namely 6.5 mM. Respirat ion of mitoehondria in the presence  of an uncoupling agent 
and also the activity of ATP synthetase and ATPase  of the submitochondrial  par t ic les  are  
not inhibited in the presence  of morphine. It is postulated that morphine inhibits the t r ans -  
fe r  of adenine nucleotides across  the mitochondrial  membrane.  
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Administrat ion of morphine produces hypothermia in an animal [3], lowers the ATP level in the brain 
[4], inhibits contract ions of smooth muscle  [8], modifies the t ranspor t  of glucose into cells [5], and changes 
the activity of glycolysis  [2]. These effects of morphine can be presumed to be the result  of its influence 
on oxidative phosphorylation in the mitochondria.  

The object of this investigation was to study the effect of morphine on the mitochondrial  sys tem of 
oxidative phosphorylation. 

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 l iver  mitochondria of male albino rats and on phosphorylating sub- 
mitochondrial  par t ic les  (PSPs)* of bovine heart .  Mitochondria were isolated in a medium containing 0.3 M 
suc rose  and sedimented under the same conditions. Mitochondrial preparat ions  with a protein concent ra-  
tion of 120-140 mg/ml were used. 

The oxygen consumption was measured  polarographical ly  by means of an open s teady-s ta te  platinum 
electrode.  Activity of ATPase  and ATP synthetase was measured potentiometrically.  The platinum and 
glass electrodes with the electrodes for  compar ison were mounted in a single block so that the oxygencon-  
sumption and changes in pH could be recorded  simultaneously.  The volume of the cuvette was 2 ml. 

The incubation medium for  recording the oxygen consumption and ATP synthetase activity contained 
0.3 M sucrose ,  0.02 M KC1, 0.005 M MgC12, 0.003 M KH2PO4, 0:002 M N-2-hydroxye thy lp iperaz ine-N ' -2-  
ethanesulfonic acid (HEPES-buffer),  0.005 M succinate,  10 -s M rotenone, and 0.2 mM ADP. The incubation 
medium for  measur ing  ATPase  activity contained 0.3 M sucrose ,  0.02 M KC1, 0.005 M MgC12, 0.004 M 
HEPES-buffer ,  and 0.004 M ATP; the react ion was started by the addition of 2,4-dinttrophenol (DNP) up to 
a concentrat ion of 25 ~M. Activity of PSP ATP synthetase was measured  on the MPS-3 (Hitachi) spec t ro -  
f luorometer  f rom the rate  of reduction of NADP + in a coupled glucose hexokinase and glucose-6-phosphate  

* The PSP prepara t ions  were kindly provided by the Department of Bioenerget ics ,  In ter -Facul ty  Labora-  
tory  of Bio-Organic Chemistry,  Moscow University.  

Department of Molecular Pharmacology and Radiobiology, N. I. Pirogov Second Moscow Medical In- 
stitute. (Presented by Academician of the Academy of Medical Sciences of the USSR S. E. Severin.) T r a n s -  
lated f rom Byulleten'  l~sper imenta l 'no i  Biologii i Meditsiny, Vol. 80, No. 10, pp. 77-79, October, 1975. 
Original ar t ic le  submitted September 9, 1974. 
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T A B L E  1. Effec t  of Morphine  on R e s p i r a t i o n  Ra te  of Mi tochondr ia  
and A T P  Synthe tase  and A T P a s e  Act iv i ty  of Submi tochondr ia l  P a r -  
t ic les  (M:~m) 
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Fig. 1. Effec t  of  m o r p h i n e  on A T P  s y n t h e t a s e  ac t iv i ty  (1) 
and A T P a s e  ac t iv i ty  (2) of ra t  l i ve r  mi tochondr i a .  A b s c i s s a ,  
m o r p h i n e  c o n c e n t r a t i o n  (in raM); o rd ina te ,  A T P  syn the t a se  
o r  A T P a s e  ac t iv i ty  (in pmo le s  H + / m g  prote in / ra in) .  

Fig.  2. Effec t  of m o r p h i n e  on r e v e r s e d  e l ec t ron  t r a n s p o r t  in 
r e s p i r a t o r y  chain  of ra t  l i ve r  m i tochondr i a :  1) without  m o r -  
phine; 2) in p r e s e n c e  of 5 m M  morph ine .  Added: 5 mM s u c -  
c ina te ,  200 #M ADP, 1 ~M C C P  ( m - c h l o r o c a r b o n y l  cyan ide  
pheny lhydrazone) .  

d e h y d r o g e n a s e  s y s t e m  [6]. The  incubat ion m e d i u m  conta ined 0.3 M s u c r o s e ,  0.02 M KC1, 0.005 M MgCI2, 
0.003 M KI-I2PO4, 0.002 M H E P E S - b u f f e r ,  0.015 M g lucose ,  0.3 mM NADP +, 0.005 M succ ina te ,  10 -~ M r o -  
tenone,  30 units hexokinase ,  0.46 units g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e ,  and 0.2 mM ADP. R e v e r s e d  
e l e c t r o n  t r a n s p o r t  in the r e s p i r a t o r y  cha in  of the m t t o c h o n d r t a  f r o m  succ tna te  to NAD + was m e a s u r e d  
f r o m  the r a t e  of r educ t ion  of endogenous  pyr id ine  nuc leo t ides  (PN) on the s p e c t r o f l u o r o m e t e r .  The  incu-  
bat ion m e d i u m  was  the s a m e  as f o r  m e a s u r e m e n t  of the oxygen consumpt ion ,  except  that  ro t enone  was  ex -  
c luded.  The vo lume  of the cuve t t e  f o r  the f l u o r o m e t r i c  m e a s u r e m e n t s  was 3 mI. The  wave leng th  of the 
exc i t ing  light was  340 nm and the wave leng th  of the f l u o r e s c e n c e  456 nm. 

Morphine  h y d r o c h l o r i d e  solut ion,  neu t r a l i zed  to pH 7.5, was  used  in the e x p e r i m e n t s  in c o n c e n t r a -  
t ions of  0.5 to 5 m M  depending on the objec ts  of the expe r imen t .  

All m e a s u r e m e n t s  w e r e  c a r r i e d  out at 20~ and pH 7.5. 

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

M e a s u r e m e n t  of the r e s p i r a t i o n  of the m i t o c h o n d r t a  in d i f fe ren t  s t a t e s  showed that m o r p h i n e  inhibits  
oxida t ion  of succ ina t e  in the p r e s e n c e  of ADP (phosphory la t ing  oxidation) but does not inhibit e l ec t ron  t r a n s -  
f e r  in an uncoupled r e s p i r a t o r y  cha in  tin the p r e s e n c e  of DNI: 5 (Table 1)o It can  acco rd ing ly  be conc luded  
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that the inhibitory action of morphine is connected with inhibition of energy t ranspor t  reactions and not 
with inhibition of electron t ranspor t  in the resp i ra to ry  chain. Morphinelikewise is not an uncoupler, for  the 
respirat ion rate of mitochondria in Chance 's  4th s tate  is not increased in the presence  of morphine. 

"The effect of morphine on ATPase  and ATP synthetase activity of the mitochondria is shown in Fig. 1. 
During oxidative phosphorylation in the presence  of succinate,  alkalification of the medium takes place only 
through ATP synthesis  f rom ADP and phosphate and the l iberation of a proton into the medium is observed 
in the ATPase  reaction. As Fig. 1 shows, both reactions a re  inhibited equally by morphine. Calculation of 
the inhibition constants f rom these data by Dixon's method [1] showed their  complete agreement :  the value 
of K i for  ATPase  and for  the ATP synthetase sys tem was 6.5 mM. 

The adenylate kinase activity of the mitochondria,  measured f luorometr ica l ly  f rom the reduction of 
NAP + in a hexok inase -g lucose -6 -phospha te  dehydrogenase sys tem [6], was unchanged in the presence  of 
morphine; inhibition of oxidative phosphorylation was thus unconnected with activation of the adenylate 
kinase react ion in the mitochondria.  

The kinetics of reduction of PN in the mitochondria on reve r sa l  of electron t ranspor t  in the presence  
of succinate is i l lustrated in Fig. 2. The addition of ADP causes cyclic oxidation and reduction of PN, con- 
nected with activation of the t rans fe r  of endogenous high-energy compounds to ADP and the format ion of 
ATP, accompanied by an increase  in the rate of electron t ranspor t  (removal of r e sp i ra to ry  control). On 
exhaustion of ADP in the incubation medium, reduction of PN again takes place, in the presence  of m o r -  
phine (curve 2) inhibition of the rate of PN reduction is not observed, i.e., the rate  of formation of high- 
energy compounds and the r eve r sed  electron t ranspor t  f rom succinate,  dependent on them, is not reduced. 
However, the addition of ADP causes  a much l e s se r  degree  of oxidation of PN and an increase  in the t ime 
required for  phosphorylation of the added ADP and subsequent reduction of PN. The rate of oxidation of 
PN on the addition of the uncoupling agent CCP was the same in the presence  and absence of morphine. It 
can be concluded f rom these findings that morphine does not inhibit the electron t ranspor t  chain or  the r e -  
action of formation of the high-energy intermediate compound at the coupling points, but in all probabili ty 
it prevents  the penetration of ADP to the enzymes of the inner mitochondrial  membrane  responsible for  
ATP formation.  

This hypothesis was confirmed by investigation of the effect of morphine on the ATPase  and ATP 
synthetase activity of the SMP (Table 1). In these preparat ions  ATP synthesis  by oxidative phosphoryla-  
tioa and ATP hydrolysis  in the presence  of the uncoupling agent were  unconnected with the stage of adenine 
nucleotide t ranspor t  through the mitochondrial  membrane,  for  these reactions are  ca r r i ed  out by enzymes 
located on the outer  sur face  of the SMP vesicles .  As will be c lear  f rom Table 1, both enzymes are  insen- 
sit ive to morphine. 

It can thus be concluded f rom the facts presented above that morphine inhibits the t ranspor t  of aden- 
ine nucleotides through the mitochondrial  membrane  and thereby inhibits the activity of oxidative phos-  
phorylation. Considering that morphine can accumulate in the cells of some t issues against the concent ra-  
tion gradient [7], it can be postulated that a high morphine concentrat ion leads to de-energizat ion of the 
t issue through inhibition of oxidative phosphoi:ylation in the mitochondria.  
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