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The effect  of the original  Soviet an t idep res san t  f luacizine compared  with imip ramine  on the 
abi l i ty of ad rene rg ic  ne rve  f ibe r s  of the r a t  vas  deferens  to accumula te  exogenous n o r a d r e n -  
alin in vitro, a f t e r  depletion of the endogenous r e s e r v e s  of  the med ia to r  by r e se rp ine  was 
studied by methods of f luorescence  h i s tochemis t ry ,  spec t ro f luo r ime t ry ,  and cytochemical  
e l ec t ron  m i c r o s c o p y .  F luac iz ine  (1 Pg/ml) ,  l ike imip ramine  (1 Pg/ml) ,  was found to inhibit 
the uptake of noradrenal in  by the sympathe t ic  f ibe r s .  This  effect  is cons idered  to be a t t r i b -  
utable to blocking of the axonal ceil  m e m b r a n e .  

Imip ramine  and cer ta in  other  an t idepressan t s  of this group have the p rope r ty  of inhibiting the abil i ty 
of ad rene rg ic  ne rve  f ibers  to accumula te  exogenous noradrena l in  (NA) f rom the externa l  medium [1, 51. 

The object  of this invest igat ion was to d i scover  whether  the original  Soviet an t idepressan t  f luacizine 
(10-[ f i -d ie thylaminopropionyl ] -2- t r i f luoromethylphenothiaz ine  h y d r o c h t o r i d e ) p o s s e s s e s  th is  p roper ty ,  and 
to c o m p a r e  its effect  with that of imip ramine .  F o r  this purpose ,  the abil i ty of p resynap t ic  ad rene rg ic  
f ibers  to a s s i m i l a t e  and accumula te  exogenous NA a f t e r  depletion of the endogenous r e s e r v e s  of the 
med ia to r  by r e s e r p i n e  was studied by s p e c t r o f l u o r i m e t r i c  and f luorescence  h is tochemicaI  methods .  An 
e l e c t r o n - m i c r o s c o p i c  analys is  of the NA content in the synapt ic  ves ic les  was c a r r i e d  out in the course  of 
these  expe r imen t s .  

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

The vas  deferens  f rom ra t s  weighing 200-300 g, r ichly  innerva ted  with sympathe t ic  nerve  f ibe r s ,  was 
used.  To deplete the ca techolamine r e s e r v e s ,  r e s e r p i n e  was injected in a dose of 5 m g / k g  20 h before  the 
exper iment .  Af ter  isolat ion the vas deferens was incubated under  conditions (Krebs '  solution, 32" C, 
aerat ion)  pe rmi t t ing  its functional ac t iv i ty  to be moni to red  during e lec t r i ca l  t r a n s m u r a l  s t imulat ion through-  
out the exper iment .  Af te r  f r ee  incubation of the organ in the medium for  1.5 h, in some  cases  NA (0.5 
pg/ml)  o r  NA and iproniazid  (0.1 m M)were  added for  30 rain, while in other  cases  the an t idepressan ts  
f luacizine (1 Pg/ml)  o r  i m i p r a m i n e  (1 gg/ml)  were  added 15 min  before  the NA and iproniazid.  In alI the 
exper iments  the vas was divided into three  p a r t s :  in one pa r t  the total NA content was de te rmined  s p e c t r o -  
f l uo r ime t r i ca l l y  by the method of Eu l e r  and Lishajko [3], the second pa r t  was t r ea ted  for  f l u o r e s c e n c e - h i s t o -  
chemical  study of NA in the nerve  f ibe r s  by the method of Falck  and Owman [4!, and the content of med ia to r  
in the synaptic  ves ic les  was studied in the third p a r t  by cy tochemica l  e lec t ron  m i c r o s c o p y  [10]. The num- 
be r  of g ranu la r  synaptic ves ic les  containing ca techolamines  p e r  p2 of sect ion through the nerve  f iber  was 
counted, using a t  l ea s t  20 e lec t ron  m i c r o g r a p h s  f rom each spec imen .  

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

In the control  s e r i e s  the total  NA content in the vas was  9.7 ttg/g wet  weight of t i s sue .  The f l u o r e s -  
cence-h i s tochemica l  invest igat ion showed that  the NA was contained a lmos t  en t i re ly  in adrenerg ic  nerve  
f ibe r s ,  which fo rmed  a dense plexus of t e rmina l  b ranches  of axons giving g reen  f luorescence .  Along the i r  
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Fig. 1. F luo rescence  of monoamines  in ad rene rg ic  ne rves  of 
the ra t  vas  deferens  (200• a) control ;  b) 20 h a f t e r  injection 
of r e se rp ine  (5 mg/kg) ;  c) 20 h a f t e r  inject ion of r e s e r p i n e  (5 
mg/kg)  and incubation with NA (0.5 t tg/ml,  30 rain) and with 
iproniazid  (0.1 raM, 30 rain); d) 20 h a f t e r  r e s e r p i n e  (5 mg/kg)  
and incubation with f luacizine (1 pg /ml ,  15 rain before  NA), NA 
(0.5 #g /ml ,  30 rain), and iproniazid  (0.1 ram,  30 min). 

Fig.  2. E lec t ron -mic roscop ic  study of med ia to r  in synapt ic  ves ic les  of ad rene rg i e  
nerve  f ibers  of the ra t  vas  deferens:  A) control  (80,000x); B) 20 h a f t e r  injection 
of r e se rp ine  (5 mg/kg)  and incubation with NA (0.5 Pg /ml ,  30 rain) and iproniazid  
(0.1 raM, 30 rain) (70,500x). 

length the f ibe r s  contained br ight ly  f luorescen t  swell ings or  va r i co s i t i e s ,  which were  r i ches t  in NA (Fig~ la) .  
E l e c t r o n - m i c r o s c o p i c  study of the s a m e  t i s sue  revea led  numerous  t e rmina l  o r  p r e t e r m i n a I  axons contain- 
ing synaptic ves ic les ,  main ly  600-800.A in d iamete r ,  with dense inclusions in the center  (Fig. 2A); these 
consis ted of the cy tochemicaI  reac t ion  product  of ca techolamines  s to red  in the ves i c l e s  [2, 8-10]o The 
mean  number  of g ranu la r  synapt ic  ves i c l e s  pe r  p2 sect ion through the ne rve  f iber  in the control  s e r i e s  was 
130• 
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TABLE 1, Inhibition of Uptake of Exogenous 
NA and Its Storage in the Synaptic Vesicles of 
Nerves of the Rat Vas Deferens by Antide- 
pressan ts  af ter  Depletion of the NA Reserves  
by Reserpine 

Treatment 

Content Of t ~o 

wetwt, IO~l'~ ~ ~ ]~=~N 

Control 
Reserpine ~ 
Reserpine~- NA 4 

Reserpine-.- NA 
"iproniazid s 

Reserpine, 

fluacizine " 
iproniazid 

Reserpine-- 
imipramine s , 

NA + iproniazid 

9,7• 
2,0• 
2,5~0,9 
7,9~ 1,2 

2,2~0,6 

2,4~0,5 

] oo + + + +  
21 @ 
26 . 
81 + + + ( +  

23 @ 

25 + 

lO0 
9 

lO 
II 

l0 

iConfidence l imits  of the mean for  P = 0.05. 
2++++Bright f luorescence;  +++ moderate ;  ++ 
weak; + very  weak. 
SReserpine in a dose of 5 Pgc/kg was injected 
20 h before sacr i f ice .  
4Incubation with NA (0.5 #g/mI) lasted 30 min 
in nil exper iments .  
Sin this and subsequent experiments  0.1 mM 
iproniazid was added to the medium. 
6Fluacizine (1 #g/ml) or  imipramine (1 gg /  
mI) was added 15 rain before NA. 

rescence-h i s tochemica l  tests to detect the media tor  
thus showed close corre la t ion  between the total content 

of NA in the t issue and its content in the adrenerg ic  nerve f ibers .  Hence it follows that the main r e se rves  
of NA revealed biochemically were  localized in the nerve f ibers .  The accumulat ion of mediator  in the s y m -  
pathetic fibers af ter  incubation of the vas with NA and iproniazid demonstrates  the ability of axons of the 
vas deferens to ass imila te  exogenous NA af ter  inhibition of monoamine oxidase. In this case it can be 
supposed that NA accumulates in the ex t raves icu la r  space of the axons, for the e lec t ron-mic roscop ic  in- 
vestigation showed synaptic vesic les  containing hardly any catecholamines (Table 1), in agreement  with 
the observations of Van Orden et aI. [11]. The absence of NA accumulat ion in the synaptic vesicles  can 
be explained in all probability by the proper ty  of rese rp ine  not only to deplete the catecholamine r e se rves ,  
but also to block the reen t ry  of NA into the synaptic vesicles  [6, 11]. Inhibition of the ability of the p r e -  
synaptic fibers to accumulate exogeneous media tor  by fluacizine resembles  the effect of the ant idepressants  

of the imipramine group. 

It can be concluded from the resul ts  of this investigation that the mechanisms of this inhibition are  
located at the level of the outer  axon membrane  [7]. 

Af ter  depletion of the catecholamine r e se rves  with 
reserpine  the total NA content in the vas fell to 2 Pg/g 
(Table 1). The f luorescence-his tochemica l  study revealed 
the a lmost  total extinction of f luorescence of the adrenergic  
f ibers ,  except in single var i scos i t ies  (Fig. lb; Table 1). 
E lec t ron-mic roscop ic  investigation showed a sharp de -  
c rease  in the number  of axons containing granular  syn-  
aptic vesic les  and the number of these vesicles  in the 
axons also was considerably reduced (Table 1). The sub-  
sequent addition of NA (0.5 gg/ml)  led to marked r e -  
covery of the media tor  r e se rves  in the t issue and nerve 
fibers but only in those cases in which a monoamine oxi- 
dase inhibitor (iproniazid, 0.1 raM) was present  in the 
medium. It will be c lear  f rom Table 1 that the NA con- 
tent in the t issue in this case rose  to 81%_ Restorat ion 
of f luorescence of the adrenergic  fibers was observed 
under these c i rcumstances  (Fig. lc ,  Table 1), indicating 
the accumulat ion of NA inside the axons.  If NA (and 
iproniazid) were added to the medium af ter  incubation 
of the vas with fluacizine (1 ttg/ml) o r  imipramine (1 
gg/ml) ,  the recovery  of the r e se rves  and accumulation 
of NA in the fibers did not take place.  As Table 1 shows, 
during incubation with the ant idepressants  the total con- 
tent of the media tor  in the t issue and the f luorescence of 
the nerve f ibers (Fig. ld) remained the same as in the 
experiments with rese rp ine .  The e lec t ron-mic roscop ic  
study showed that the number of granular  synaptic  
vesicles  in the experiments in which NA was added and 
in the experiments with the ant idepressants  and NA was 
not increased (Fig. 2B; Table 1). It must  also be pointed 
out that the observed effects of fluacizine and imipramine 
were  comparable .  

The resul ts  of the spec t rof luor imet r ie  and fluo- 
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