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C H A N G E S  IN L A R G E  D E N S E - C O R E V E S I C L E S  IN S Y M P A T H E T I C  

N E R V E  E N D I N G S  C A U S E D  BY C E R T A I N  D R U G S  

P .  A.  M o t a v k i n ,  V.  M.  C h e r t o k ,  
a n d  G.  G.  B o z h k o  

UDC 612.89.014.46 

An e l e c t r o n - m i c r o s c o p i c  invest igat ion of the la rge  d e n s e - c o r e  ves i c l e s  of adrenerg ic  ne rve  endings 
in the middle  c e r e b r a l  a r t e r i e s  of v e r t e b r a t e s  showed that 60-70 rain a f te r  injection of iproniazid 
(3 mg/kg)  and dopamine (40 mg/kg)  significant  changes (compared with the control) were  observed 
in the ves i c l e s ,  the number  of which was increased  s ta t i s t ica l ly  significantly.  The par t ic ipat ion 
of the la rge  d e n s e - c o r e  ves i c l e s  in the accumulat ion and convers ion  of noradrenal in  and (or) its 
p r e c u r s o r s  is postulated.  
KEY WORDS: c e r e b r a l  v e s s e l s ;  innervat ion;  iproniazid and dopamine. 

Numerous  invest igat ions have shown that  the t e rmina l  expansions of the sympathet ic  ne rve  f ibers  contain 
not only sma l l  osmiophi l ie  ves i c l e s ,  but a lso  la rge  d e n s e - c o r e  ves ic les  (DCV), about 80-110 n m  in d iamete r .  
The view is held [4, 10] that DCV a r e  fo rmed in the pe r ika ryon  of adrenerg ic  neurons ,  f rom which they a r e  
t r anspo r t ed  along the axon to the n e r v e  ending. These  ves i c l e s  can take up noradrenal in  or other  monoamines  
[1, 5] and not infrequently they a r e  t r a n s f o r m e d  in the axon t e rmina l s  of sympathet ic  ne rves  into sma l l  synaptic 
ve s i c l e s  [3, 7] or they a r e  extruded f rom the ne rve  ending by a p r o c e s s  of exocytos is  [10, 11]. Studies of the 
effect  of ce r t a in  drugs  capable  of modifying the ca techolamine  r e s e r v e s  in the t i s sue  depots (6-hydroxydopamine,  
r e s e r p i n e ,  prot r ip tyl ine)  have shown [2, 6, 8, 9] that a few hours a f te r  admin is t ra t ion  of the drugs many modi-  
fied DCV appear  in the adrenerg ic  t e rmina l  expansions of the axons and the number  of these  ves ic les  inc reases .  
This  phenomenon has been in te rpre ted  as a compensa to ry  reac t ion  to a deficiency of ca techolamines  in the 
axon t e rmina l s .  The appea rance  of modified ves ic l e s ,  m o r e o v e r ,  has been in terpre ted  e i ther  as the r e su l t  of 
the d i rec t  effect  of the drug on the DCV [12] or  an an indication of inc reased  act ivi ty of the DCV as a r e su l t  of 
convers ions  of noradrena l in  in the mobi le  ca techolamine  depots [9]. 

The object  of this invest igat ion was to study the r e s p o n s e s  of DCV in the t e rmina l  expansions of s y m p a -  
thet ic  axons to drugs p romot ing  the accumulat ion of biogenic amines  in the t i s sue  depots.  

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

The middle c e r e b r a l  a r t e r i e s  of 10 hens and 12 cats  were  investigated.  Five an imals  f rom each group 
were  used as contro ls  and the r e s t  r ece ived  in t raper i tonea l  injections of iproniazid (3 mg/kg) ,  followed 6 h 
la te r  by dopamine (40 mg/kg) .  The aminals  were  killed 60-70 rain a f t e r  the last  injection of the drugs. P ieces  
of the v e s s e l s  we re  fixed in 2.5% glutaraldehyde and then stained with o smium in Millonig 's  mixture ,  dehydrated 
in alcohols of inc reas ing  concentra t ion,  and embedded in Epon 812. The sect ions were  examined in the e lec t ron  
mic roscope .  The r e su l t s  were  a s s e s s e d  on the bas i s  of changes in the large ves ic les  in 100 c r o s s  sect ions of 
ad renerg ic  axon t e rmina l s  of the contro l  an imals  and 125 expansions of axons obtained f rom exper imen ta l  t i s -  
sue samples .  The la rge  d e n s e - c o r e  ves i c l e s  were  measu red  in two mutual ly perpendicular  d i rect ions .  
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Fig .  1. 

F ig .  2. 

F ig .  1 F ig .  2 

Axons  with a d r e n e r g i c  v e s i c l e s  (con t ro l ;  5 8 , 0 0 0 •  

Axons  with  a d r e n e r g i c  v e s i c l e s  a f t e r  i n j ec t ion  of d r u g s  (46,000• 

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

The  s t r u c t u r a l  o r g a n i z a t i o n  of the axon t e r m i n a l s  and the  d i s t r i b u t i o n s  of DCV in them w e r e  v i r t u a l l y  
i n d i s t i n g u i s h a b l e  in the  two s p e c i e s  of a n i m a l s .  A t y p i c a l  c r o s s  s e c t i o n  of an axon,  c h a r a c t e r i s t i c  of the t e r m i -  
n a l  e x p a n s i o n  of a d r e n e r g i c  n e r v e  f i b e r s ,  is  i l l u s t r a t e d  in F ig .  1. It con ta ins  one to t h r e e  m i t o e h o n d r i a ,  many  
s m a l l  v e s i c l e s ,  and s u b s t a n t i a l l y  f e w e r  DCV. 

The  DCV in the  c o n t r o l  s e c t i o n s  w e r e  s p h e r i c a l  f o r m a t i o n s  m e a s u r i n g  about  86 i 11.5 nm in d i a m e t e r ,  
wi th  a c e n t r a l  o s m i o p h i l i c  g r a n u l e .  The  con ten t s  of the  g r a n u l e s  a r e  f ine ly  d i s p e r s e d .  Be tween  the c e n t r a l  
s u b s t a n c e  and the  b o r d e r  of the  v e s i c l e  t h e r e  was a c l e a r l y  def ined  t r a n s l u c e n t  r i m .  The  n u m b e r  of DCV in 
t h e s e  axons  was as  a r u l e  s m a l l ,  n a m e l y  1.54 • 0.18. 

If the  e l e c t r o n - m i c r o s c o p i c  p i c t u r e s  of the  a• t e r m i n a l s  of the c o n t r o l  a n i m a l s  a r e  c o m p a r e d  with 
t h o s e  of the  t i s s u e  s a m p l e s  ob ta ined  a f t e r  i n j ec t ion  of the  d r u g s  it can  e a s i l y  be seen  tha t  in  the second  c a s e  
(Fig .  2) t h e r e  was  a s i g n i f i c a n t  i n c r e a s e  (P <0.01) in the  n u m b e r  of DCV (14.75 • 3.4). They  a l so  w e r e  changed  
in s i z e ,  which  in th i s  c a s e  v a r i e d  a round  111.3 • 9.8 nm,  a l though s o m e  v e s i c l e s  a t t a ined  a s i z e  of 150 nm. 
T h e s e  v e s i c l e s  a p p e a r e d  s w o l l e n  on the e l e c t r o n  m i c r o g r a p h .  

The  o s m i o p h i l i c  con ten t s  of the DCV a c q u i r e d  high e l e c t r o n  d e n s i t y  and in m o s t  c a s e s  w e r e  d i s p l a c e d  
t o w a r d  the b o r d e r  of the  v e s i c l e s .  As  a r e s u l t  of the  a s y m m e t r i c a l  a r r a n g e m e n t  of the  g r a n u l e s ,  the  t r a n s l u -  
cen t  p e r i g r a n u l a r  r i m  b e c a m e  i r r e g u l a r l y  ou t l ined  and f r e q u e n t l y  was a b s e n t  o v e r  s o m e  d i s t a n c e .  

By the u s e  of d r u g s  p r o m o t i n g  the a c c u m u l a t i o n  of b iogen ie  a m i n e s ,  a s t a t i s t i c a l l y  s i g n i f i c a n t  change  in 
the  n u m b e r  and a change  in  the  s i z e  and s t r u c t u r e  of the  DCV a r e  thus  o b s e r v e d  in axon t e r m i n a l s  of the  s y m -  
p a t h e t i c  n e r v o u s  s y s t e m  in the  a r t e r i e s  at  the  b a s e  of the  v e r t e b r a t e  b r a in .  Th i s  s u g g e s t s  tha t  t h e s e  v e s i c l e s  
p a r t i c i p a t e  in the  p r o c e s s e s  of a c c u m u l a t i o n  and c o n v e r s i o n  of n o r a d r e n a l i n  and (or) i ts  p r e c u r s o r s .  

A s i m i l a r  e f fec t  is  o b s e r v e d  in a d r e n e r g i e  n e r v e s  a s  a r e s u l t  of a d m i n i s t r a t i o n  of d rugs  l o w e r i n g  the 
m o n o a m i n e  l e v e l  [2, 6, 8]. The  use  of t h e s e  s u b s t a n c e s ,  wi th  t h e i r  o p p o s i t e  ac t ion ,  m a y  e v i d e n t l y  be c h a r a c -  
t e r i z e d  i n i t i a l l y  by an i d e n t i c a l  t ype  of r e s p o n s e ,  which is  m a n i f e s t e d  in p a r t i c u l a r  as  an i n c r e a s e  in  the  conten t  
of b iogen ic  a m i n e s  in the  DCV. C o n s e q u e n t l y ,  the  r e s u l t s  canno t  exp la in ,  a s  s o m e  w o r k e r s  have done [12], the  
a p p e a r a n c e  of  m o d i f i e d  DCV as  a r e s u l t  of the  d i r e c t  a c t i on  of the d r u g s  on them.  
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DEMETHYLATION OF METHINDIONE 
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and S. K. Germane 
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Demethylation of methindione was shown to take place in vivo in rats .  The process  involves the 
participation of the mic rosomal  NADPH-dependent electron t ranspor t  system, in experiments 
in vivo demethylation of methindione takes place rapidly and is accompanied by the part ial  loss 
of its anticonvulsant proper t ies .  
KEY WORDS: methindione; demethylation; inactivation; mierosomes .  

To understand the special  pharmacological  proper t ies  of the new anticonvulsant drug methindione (2- 
methylamino-2-ethyl indanedione- l ,3  hydrochloride) [1, 2], information on its metabolism is necessary .  

The object of this investigation was to study one of the pathways of methindione metabolism, namely its 
demethylation, and to est imate the velocity of this process .  

EXPERIMENTAL METHOD 

Experiments  were car r ied  out on noninbred male albino ra ts  weighing 150-230 g. The following p repa ra -  
tions of methindione were used : 1) 14C-labeled in the keto group, 2) 14C-labeled in the second position of the 
indanedione ring, 3) t4C-labeled in the methyl group, and 4) nonradioactive.  The preparat ions were given by 
mouth. The urine from the experimental  animals was collected for 28 h. The level of labeled products was 
measured with a scintil lation counter.  To compare  the levels of excretion of labeled preparat ions 1 and 3 with 
the urine, they were injected in doses of equal radioactivi ty (14 pCi/kg). Fractionation and determination of 
methindione and its metabolites were  car r ied  out by paper (in a sys tem of n-butanol : glacial acetic acid : water,  
4 : 1 : 5), th in- layer  (silica gel adsorbent;  system of isopropanol : n-butanol : 25% ammonia solution : water,  
5 : 10 : 0.3 : 2.5), and gas chromatography,  using standards and analytical reagents .  In the f i rs t  case  radioactive 
preparat ions were used (0.13-0.9 pCi/kg), in the res t  unlabeled methindione (300 mg/kg). Methindione and its 
metabolites were isolated f rom the urine after its p re l iminary  hydrolysis  by/3-glucuronidase [9]. The activity 
of the demethylation enzyme sys tem in the postmitochondrial  supernatant and in the microsomes  of the liver 
was determined in vitro f rom the amount of formaldehyde formed [4]. The mic rosomal  fraction was isolated by 
the method of Cinti et al. [5]. Protein was determined by Lowry ' s  method [6]. To study the kinetics of the 
demethylation process  the values of Km and Vma x were analyzed [3]. The binding of cytochrome 1-450 with 
rnethindione was recorded  on the Specord UV VIS spectrophotometer  by the method of Schenkman et al. [7]. In 
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