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During incubation of r a t  l i v e r  mi tochondr ia  in the p r e s e n c e  of the cent ra l  eholinolytic 
cyc los i l  (0.04 m g / m l )  the e f fec t iveness  of fo rma t ion  of h igh-energy  compounds is increased .  
The r a t e  of O 2 ut i l izat ion r ema ined  unchanged. Some tendency was obse rved  fo r  the inward 
K + t r a n s p o r t  into the mi tochondr ia  to be inc reased  in the p r e s e n c e  of cyclosi l .  The resu l t s  
point to an inc reased  deg ree  of energ iza t ion  of the mi tochondr ia  in the p r e s e n c e  of eytos i l .  
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Cent ra l  cholinolyt ics a r e  widely used  in cl inical  p r ac t i c e  at the p r e s e n t  t ime.  However ,  when drugs  of 
this group a r e  used with the object  of achieving a cen t ra l  chol inergic  blocking effect,  f requent ly  insufficient 
account is taken of the c h a r a c t e r  of the i r  effect  on pe r iphe ra l  o rgans  and t i s sues .  When pe r iphe ra l  act ion of 
cen t ra l  cholinolyt ics has been r eco rded ,  the conclusions have been based  as a rule  on changes in the functional 
composi t ion  of a p a r t i c u l a r  physiological  s y s t e m  as a whole. The p rob lem of the d i r ec t  act ion of the compounds 
of this group on ce l lu la r  and subce l lu la r  s t r u c t u r e s  of pe r iphe ra l  t i s sues  st i l l  r ema ins  unsolved.  

The high pha rmaco log ica l  ac t iv i ty  of the cen t ra l  chol inolyt ics  sugges t s  that  the i r  act ion is based  on def -  
inite metabol ic  shifts .  In this connection the analys is  of function of the energy  me tabo l i sm s y s t e m s  and ion 
t r anspor t ,  which is coupled with them, is pa r t i cu l a r ly  in teres t ing.  

The objec t  of this invest igat ion was to study the act ion of the cen t ra l  cholinolytic cyclos i l  (hydrochloride 
of the d imethylamino e s t e r  of phenylcyclopentylglycol ic  acid) on oxidative phosphoryla t ion  and K + t r a n s p o r t  
in r a t  l i ve r  mi tochondr ia  in v i t ro .  This  compound also  has a marked  pe r iphe ra l  effect.  

Data in the l i t e r a tu r e  on the act ion of cen t ra l  cholinolyt ics  on oxidat ive phosphoryla t ion  a r e  few in num- 
ber  and con t rad ic to ry  in na ture  [1, 4, 12]. 

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

Exper imen t s  we re  c a r r i e d  out on 50 ra t s  of both sexes  weighing 260-320 g. By di f ferent ia l  cen t r i fuga -  
tion [14] mi tochondr ia  w e r e  isolated f r o m  l ive r  homogenates  in medium containing 0.25-0.3 M s u c r o s e  and 10 
mM Tr is -HC1,  pH 7.4. The uptake of oxygen by the mi tochondr ia  was r eco rded  b y a  po la rographic  method 
[9] on the L P - 7  po la rograph  (Czechoslovakia)  with closed pla t inum e lec t rode  of the Clark  type [10]. The c o m -  
posi t ion of the incubation medium was: KC1 150 raM, Tr is -HC1 5 raM, KH2PO 4 5 mM (pH 7.4). The pro te in  con-  
tent  was de te rmined  by the b iure t  method [11]. The expe r imen t s  we re  c a r r i e d  out by the following scheme:  
incubation medium (1 ml) was poured into the po la rographic  cell ,  to it w e r e  added the oxidation subs t r a t e  (10 
mM succinate)  and 0.05 ml of a suspens ion  of mi tochondr ia  in the isolat ion medium,  containing 2.9--3.4 mg 
p ro t e in /ml ;  the initial r a t e  of oxygen uptake (V0) was then measu red .  ADP was then added to the s amples  in 
a dose  of 100 ~moles /ml  in two succes s ive  por t ions  and the r a t e  of oxygen uptake was measu red  in Chance ' s  
s ta te  3 (V3), when r e sp i r a t i on  was ac t iva ted  by the addition of phosphate  accep to r  to the cell,  and in s ta te  4 
(V4), which a r i s e s  a f t e r  the end of phosphoryla t ion  and is c h a r a c t e r i z e d  by the slowing of resp i ra t ion .  All 
m e a s u r e m e n t s  we re  made  at 28~ After  the addition of 40 gmoles  2 ,4-dini t rophenot  (DNP) to the sample  the 
r a t e  of O 2 uptake was then m e a s u r e d  in the p r e s e n c e  of the uncoupler  (VDNP). Cyclosi l  was added to the 
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TABLE I. 
during Incubation with Cyelosil (0.04 mg/ml), M • m 

C~oup of 1 a~' I a~, RC L 
a n i m a h  , , 

Oxidative Phosphorylat ion and Ion Transpor t  in Rat Liver  Mitochondria 

RCc 1 ~g-eq/mg protein 

Con,to, 1,,00 ,0,10,9, 0,02 1,93 0,,6 Experimental 0,84!-0,001 0,77~0,03 2,33--~--0, I0 2,41 --~0,03 0,0046~-4-0 013 
P <0,I  <'6,1 <-6,1 <-O,l t <0,~ 

~ r  RCL) Respiratory control after Lardy and Welhnan -- ratio of rate of O z uptake in presence of ADP(V3) to 
ate of O z uptake (VD); RC C) respiratory control after Chance and Williams --ratio of V3 to rate of O 2 uptake 

when all ADP is ph0sphorylated to ATP (V4); Atl) phosphorylation time of first addition of ADP; At 2) phosphorylation 
time of second addition of ADP. Number of experiments 12-15. 
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Fig. 1. Effect of cyclosi l  on oxidative 
phosphorylat ion in ra t  l iver  mitochondria.  
Abscissa ,  phosphorylafion t ime (in min, 
1 min = 2 cm); ordinate,  ra te  of r e s p i r a -  
tion (O 2 uptake) in nanoatoms O2/mg p r o -  
te in /min.  Continuous curve  - control ,  in-  
t e r rupted  curve  - in p resence  of cyclosi l .  
Indices 1 and 2 at tached to values V 3 and V 4 
denote f l r s t  and second additions of ADP. 

f resh ly  isolated mitochondria  in a final concentrat ion of 0.04 m g / m l  of the suspension of par t ic les  ( co r re -  
sponding to a dose of the cholinolytic of 10 mg /kg  if uniformly distributed af ter  parentera l  injection) and the 
samples were  incubated for  20 rain. 

The K + concentra t ion was determined by means of a f lame photometer  (from Carl  Zeiss ,  East  Germany).  
The mitochondria  were  suspended in 0.25 M suc rose  and placed in medium containing 11 mM K-phosphate buf- 
f e r  (pH 7.4), 5 mM MgC12, 50 mM KC1, 0.25 M sucrose ,  2 mM EDTA, 17 mM e~-ketoglutarate, 0.83 mM NAD +, 
and 4.7 mM ADP. In the control  samples  the mitochondria  were  sedimented by centrifugation immediately 
af ter  addition to the incubation medium. The experimental  samples were  incubated at 20~ for  20 rain. The 
res idue  of mitochondria  was washed with medium without K +, dried, and suspended in t0  ml 0.1 N HC1, and 
then left to stand overnight.  The K + concentra t ion in the mitochondria  was determined f rom a cal ibrat ion and 

the protein content by Lowry ' s  method [15]. 

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

Pre l iminary  addition of cyclosi l  in a concentra t ion of 0.04 m g / m l  did not affect the oxygen uptake of the 
mitochondria:  the ra tes  of oxidation of suecinate without phosphate acceptor  (V 0) were  the same in the control  
and experiment.  However, the p resence  of the cholinolytic increased the effectiveness of formation of high- 
energy compounds in mitochondria  incubated with them compared  with intact par t ic les  (Table 1). This is 
shown (Fig. 1) by the dec rease  in the veloci t ies  V41 and V42 (rates of 02 ulJtake af ter  the addition of ADP), ob- 
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served after  the completion of the phosphorylation cycle, indicating improvement of the energy regulation of 
respirat ion because of the accumulation of ATP. The sample of mitochondria incubated with cyclosil was a 
more closely coupled, energized system (Table 1), as is confirmed by the decrease  in the phosphorylation 
time and the increase in the values of the respi ra tory  control. Repeated addition of ADP revealed more fully 
the " reserves  of strength" of the energy regulation of the mitochondria. It will be c lear  from Fig. 1 that 
mitochondria incubated with cyclosil could complete a second phosphorylation cycle, just like the f irst ,  without 
any changes of any kind, which would have indicated damage to the mitochondria as a result  of incubation with 
the cholinolytic. 

The experiments to study the effect of cyclosil (0.04 mg/ml) on the active translocation of K + rat l iver 
mitochondrial membranes showed that there is a tendency for K + accumulation in the mitochondria to be in- 
creased.  

The results of these experiments suggest that during incubation of mitochondria with cyclosil direct  
interaction is observed between the cholinolytic and membranes.  Evidence that this may be so is given by the 
results  of experiments with the cholinolytics benactyzine and adiphenine [3]. According to observations by 
Volkova [2], central cholinolytics increase 02 uptake in rat  brain, liver, and kidney tissues. 

However, most investigations [1, 4, 7, 8, 13] have shown that cholinolyties such as hydrallazine, aprophen,* 
difazin,$ and caramiphen reduce 02 uptake in different organs. There is evidence [12] that benactyzine does 
not disturb the oxidative phosphorylation cycle. The present  experiments show that incubation of mitochondria 
with cyclosil does not lead to changes in 02 uptake. Meanwhile the process of formation of high-energy com- 
pounds becomes more  effective, and this in turn favors the transition of the mitochondria into a more closely 
coupled state. Mitochondria preineubated with cyclosil are  a highly energized preparation, i.e., the energy 
regulation of electron t ransport  by high-energy phosphates is intensified in these mitochondria [6]. 
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*2-diethylaminoethyl-2,2-diphenylpropionate hydrochloride. 
fl 0-di ethylam inoac etylphenoth iaz ine. 
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