
adenylic acid in the present experiments; see Table 1). Preliminary treatment with chlorgyline under condi- 
tions when this inhibitor largely blocked type A MAO activity (to judge from the deamination of 5-HT), but left 
type B MAO activity almost unchanged (tested by deainination of fl-phenylethylamine), prevented the appearance 
of ability to deaminate histamine or AMP under these experimental conditions (Table 1). Conversely, deprenil, 
a type B MAO inhibitor, did not prevent the appearance of ability to catalyze these reactions in mitochondria 
incubated under aerobic conditions in the presence of Cu 2+ cations.  The results indicate that the ability to 
undergo transformation of catalytic activity under conditions favoring oxidation of SH groups is a feature of 
type A MAO but not of type B. I t  is known that MAO deaininates the most important of the neuromediators 
[5] and that transformation is particularly readily undergone by the MAO of brain tissue [4]. 

1. 
2. 
3. 
4. 
5. 
6. 
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2,6-Dimethyl-3,5-dicarbethoxy-l,4-dihydropyridine interacts with the NADPH-dependent 
electron transport system of rat  l iver microsomes: It forms a type 1 complex with the 
terminal oxidase (cytochrome P-450) and also definitely inhibits the activity of NADPH- 
cytochrome c reductase and methindione demethylase. In experiments in vivo repeated 
administration of the compound had no inducing action on Inicrosomal enzymes. 
KEY WORDS: liver microsoines; electron transport system; 2,6-diinethyl-3,5-dicarbethoxy- 
1,4-dihydropyridine; antioxidants. 

The compound 2,6-diinethyl-3,5-dicarbethoxy-l,4-dihydropyridine (DHP) possesses marked antioxidant 
and antiradical activity [1, 2, 6]. By oxidation of DHP in vivo 2,6-diinethyl-3,5-dicarbethoxypyridine is formed. 

H~CoO=CHT~Hco~c=I% H~C,O.~C--/~,--CO,C.,,H~ 
HaC-k J-CHa "H~C__ L J - C H  3 ' ] 

N N 2,6-dimethyl-3,fi-di- 
N H carbethoxypyridine 

DHP 
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TABLE i. Effect  of DHP and Its Oxidized Form on 
NADPH-Cytochrome c Reductase Activity in Rat 
Liver Microsomes (M �9 m) 

Cytochrome c Activity, 
Experimental reductase ac- % of 
conditions tivit)1, nmoles/ control 

rain/rag protein 

Microsomes +NADH 
(2.5 mM) (control) 319--8,4 (5) I00 

Microsomes + NADH + 
oxidized form of DHP 
(20 raM) 

Microsomes +NADPH + 
DHP (20 mM) 

Microsomes +NADPH + 
DHP (60 mM):, 

322-----5.6 (5) 

182-----.4,1" (5) 

115----- 1,8" (5) 

100 

5. 

36 

Legend:  1) P r o t e i n  content  of s a m p l e  1.67 rag. 2) 
N u m b e r  of e x p e r i m e n t s  shown in p a r e n t h e s e s  (a lso 
in Tab le  2). 3) A s t e r i s k  ind ica te s  tha t  d i f f e r ence  
f rom cont ro l  is s t a t i s t i c a l l y  s ign i f i can t ,  P < 0.01. 

TABLE 2. 
Aniline Hydroxylase Activity in Rat Liver Microsomes (M • m) 

- -  Content of micro- Content of cyto- Content of cyto- 
Experimental somal protein in lehrome,P-450 chrome bs, 

nmoles/mg nmoles/mg conditions liver, mg/g protein protein 

Effect  of DHP on Conten t  of P r o t e i n  and  C y t o c h r o m e s  P-450  and  b 5 and  on 

Aniline hydroxylase 
activity,, nmoles 4- 
aminophenol/rag 
protein/30 rain 

Control 20.74~ 1,44 0.42--0,01 0,20--+ 0,02 1.05~0,025 
(I 1) 100% (6) 100% (6) (15) 100% 

15,08=-0.6t * 
(4) 7300 

27,16 + 1,25" 
(5) 131% 

i8,44--0.37 
(6) 

20.90-----0,34 
(6) 

20.09--+ 0,32 
(5) 

22,52-+- 0,85 
(6) 

0.61• 
(6) 145~ 

0.41~0.01 
(5) 

0,44~0,004 
(5) 

0.43-----0,01 
(5) 

0,30-- 0.001* 
(5) 7i % 

0,37--0.004" 
(6) 88~ 

0,25-- + 0,03 
(6) 

0,15+_0,002 * 
(5) 

0,20.~ 0,004 
(5) 

0,16+-0,00l 
(5) 

0,15+0,00 * 
(5) 

0,17---0~001 
(6) 

After addition of DHP 
(days): 

i 

2 

:? 

4 

l() 

1,10 ~- 0,027 
(5) 1049,0 

1,41+0,024 
(5) 134% 

1.41~0,027 
(5) I34% 

0.85"-0,013 
(5) 81% 

0,86--- +0.000 
(5) 82% 

* Changes  (in %) s ign i f i can t  (P < 0.05) r e l a t i v e  to con t ro l .  

The an t iox idan t  p r o p e r t y  of DHP can be used c l i n i ca l l y  for  the t r e a t m e n t  of v a r i o u s  pa tho log ica l  s t a t e s  
[4, 5]. The m e c h a n i s m  of the  an t iox idan t  effect  of chemica l  compounds  is  known to be de f in i t e ly  l inked  with 
the funct ion of the NADPH-dependen t  e l e c t r o n  t r a n s p o r t  s y s t e m  of the l i v e r  m i c r o s o m e s  [13]. 

It  was  a c c o r d i n g l y  dec ided  to s tudy i n t e r a c t i o n  be tween DHP and ce r t a in  componen t s  of the l i v e r  m i c r o -  
s o m e s .  

EXPERIMENTAL METHOD 

E x p e r i m e n t s  we re  c a r r i e d  out on n o n i n b r e d  m a l e  r a t s  weighing 180-200 g. The l i v e r  m i c r o s o m e s  were  
i so l a t ed  by the method  of Cin t i  et  a l .  [9]. I n t e r a c t i o n  be tween DHF and  e n z y m e s  of the NADPH-dependen t  
e l e c t r o n  t r a n s p o r t  s y s t e m  of the m i c r o s o m e s  was  s tud ied  by s p e c t r o p h o t o m e t r i c  methods .  The b inding  of 
cy toch rome  P - 4 5 0  with s u b s t r a t e s  was  r e c o r d e d  on the Specord  UV VIS (Eas t  Germany)  s p e c t r o p h o t o m e t e r  by 
the  method  of Schenkman  et a l .  [12]. 

M i c r o s o r n a l  c y t o c h r o m e s  were  d e t e r m i n e d  quan t i t a t i ve ly  by the method  of O m u r a  and  Sato [11]. The 
fol lowing ex t inc t ion  coef f ic ien t s  we re  used:  for  cy toch rome  b 5 163 cm - i  �9  -1 for  the d i f f e r ence  between 
a b s o r p t i o n  s p e c t r a  a t  424 and 409 nm,  for  cy toch rome  P-450  91 m m  -1 "mM -1 for  the d i f f e r ence  be tween 
a b s o r p t i o n  a t  450 and  490 nm.  

795 



Activi ty of NADPH-cytochrome c reduc tase  was studied by the method of Tor r i e l l i  and Slater  [13]. The 
demethylation of methindione was de termined  from the quantity of formaldehyde formed during oxidative 
demethylat ion of the substance [3]. Activity of aniline hydroxylase  was de termined  by the phenolindophenol 
method f rom the formation of 4-aminophenol [8]. Prote in  was de termined  by the biuret  react ion [10]. 

EXPERIMENTAL RESULTS 

Investigation of the effect of DHP on the first part of the microsomal electron transport chain (NADPH- 
cytochrome e reductase) showed that the compound definitely inhibits the activity of that enzyme in vitro; 
moreover, the inhibitory effect increases with an increase in the concentration of the antioxidant. Like the 
other known antioxidant, pyrogallate, perhaps DHP binds the radical semiquinone form of the flavoprotein and 
thereby blocks electron transport in the first part of the microsomal chain [13]. Oxidized DHP (3,5-dicarbeth- 
oxy-2,6-dimethylpyridine)t which has lost its antiradical properties, has no inhibitory effect on NADPH- 

specific flavoprotein (Table i). 

The compound DHP also interacts with the terminal part of the chain, cytochrome P-450. On binding 
with cytochrome P-450, DHP induces type 1 spectral changes. The absorption maximum of the differential 
spectrum of type 1 preparations lies in the 390-nm region; DHP itself absorbs in that region. For that reason 
the type 1 spectrum of the preparation was identified from the absorption minimum in the 420-nm region and 
its deepening in the presence of an excess of NADPH. 3,5-Dicarbethoxy-2,6-dimethylpyridine also forms a 
type 1 complex with cytochrome P-450. 

By forming a complex with cytochrome P-450, DHP may disturb interaction of other xenobiotics with 
this enzyme. This has been shown by the writers for two different substrates of cytochrome P-450. For 
instance, DHP was shown to be a competitive inhibitor of the demethylation of methindione, a typical substrate 
of cytochrome P-450; DHI 3 also prevents interaction between CCI 4 and cytochrome P-450 [7]. 

The writers showed previously that DHP in vitro inhibits the peroxidation of lipids of unsaturated fatty 
acids initiated by CCI 4 metabo[ites in rat liver microsomes [7]. Themechanism of this effect of the antioxidant, 
taking into account the results described above, can be represented as follows. First, by blocking centers of 
radical formation (NADpH-eytochrome e reductase and cytoehrome P-450), DHP may inhibit the conversion 
of CCl 4 into the [" CCI 3] radical Second, since it possesses antiradical properties, DHP can directly bind the 
[. CC13] radical. This leads to inhibition of peroxidation processes. 

The ability of DHP to block the activity of the enzymes of the NADPH-dependent electron transport 
system of the microsomes may thus play a definite role in the mechanism of its antioxidant effect. Antioxi- 
dantshaTebeenused for a long time as pharmacotherapeutic agents. However, during prolonged administration 
of DHP induction of m i c r o s o m a l  enzymes  may be observed,  with a consequent diminution of the antioxidant 
p rope r t i e s .  Because  of this  the effect  of DHP, given by repeated  oral  doses  of 200 m g / k g  as a suspension in 
Tween-80,  on the quantitative Content of cy tochromes  b 5 and P-450, the concentrat ion of mic rosomal  protein,  
and aniline hydroxylase  act ivi ty  was studied. As Table 2 shows, during the f i r s t  2 days the compound caused 
definite f luctuations in protein content, which r e tu rned  to normal  during the following day. The level  of 
eytochrome P-450 did not inc rease  until the second day, and the concentrat ion of this enzyme s ta r ted  to fall 
on the sixth day. The content of cytochrome b 5 and aniline hydroxylase  ac t iv i ty  showed no significant changes 
at  any t ime during the study. Repeated adminis t ra t ion of DHP thus has no inductive effect  on the mic rosomal  

enzymes  studied. 
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LATENT CREATINE PHOSPHOKINASE ACTIVITY IN THE 

LIPOSOMES 

E. F. Davidenkova,* O. A. Rozenberg, 
and E. I. Shvarts 

UDC 612.015.1:577.152.273 

To study the conditions for preparing liposomes with a high internal protein content the uptake 
of creatine phosphokinase by the liposomes was studied quantitatively under different experi- 
mental conditions. Addition of 20% of a positively charged lipid (stearylamine) to the lipid 
mixture followed by ultrasonic treatment of the liposomes for i rain gave the highest levels 
of latent activity of the enzyme. Maximal uptake (6.1%) was obtained by the use of a 300 mM 
glucose solution, pH 7.0, containing 0.5 mg protein/ml, as theaqueous phase. Washing the 
preparations of liposomes with physiological saline at 205,000g gave minimal external enzyme 
activity. When the liposomes were kept for 7 days under argon protection at 4~ there was 
no decrease in the internal protein content and no increase in external activity. 
KEY WORDS: liposomes; creatine phosphokinase. 

One way of correcting inborn er rors  of metabolism is by replacement enzyme therapy. It has been 
shown that cells can take up proteins in vitro in cultures of mutant fibroblasts [2]. After parenteral adminis- 
tration of purified enzymes to patients a sharp increase in their  activity has been found in the liver and 
cerebrospinal fluid [4, 8]. The absence of a clinical effect following treatment of this sort is attributed to the 
slow rate of penetration of proteins through the plasma membrane of the cells and to the development of hyper- 
thermic crises and immunological reactions during repeated administration of the enzymes [3]. 

Recently published investigations have shown that these disadvantages can be overcome by protecting 
the injected proteins with artificial lipid membranes [10]. These structures, which have been called liposemes 
[13], are vesicles, surrounded by multilayered membranes, formed by the swelling of phospholipids in an 
aqueous medium. If the procedure is carried out in a solution of proteins, these can be incorporated into the 
interlamellar spaces of the liposomes [10]. 

This paper gives the results of an investigation into the conditions for preparing liposomes with a high 
internal protein content and minimal external activity, their  purification from unbound protein, verification of 
the integrity of the liposomes,and their keeping properties. 

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

Creatine phosphokinase (CPK; Olaine factory, USSR) was used as the test system. This protein has high 
stability when kept in solution. Phosphatidylcholine (PCh) was obtained from phospholipids of egg yolks [9]. 

* Corresponding Member of the Academy of Medical Sciences of the USSR. 

Academic Group of Professor  E. F. Davidenkova,* Leningrad. Translated from Byulleten' ~ksperi-  
mental'noi Biologii i Meditsiny, Vol. 83, No. 6, pp. 673-675, June, 1977. Original article submitted July 19, 
1976. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $7.50. 

797 


