
between them, ha agreement with the very considerable difference in the anticoagulation activity of HO-3 and 
HP-4 [3, 4]. The relative content of organic components is grea ter  in the HP-3 anion than in the HP-4 anion, 
and the bands at 1615 and 1550 cm -1 are weaker in the spectra of HP-3.  The maximum at 1250 era -1 is c l ea re r  
in the spectrum of HP-3 than in that of HP-4. The presence of the "amide I n and namide IIn bands in the spec- 
t ra  of the HP-3 and HP-4 preparations not contaminated by other proteoglycaus is probably due to the presence 
of a certain number of N-acetyl groups in heparin, as is confirmed by other physical methods [10]. However, 
this is a problem for further investigation, which is particularly necessary in view of evidence that heparin 
contains mannose derivatives as structural components [17]. 
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FUNCTIONAL CHARACTERISTICS OF NERVE ENDINGS 

ISOLATED FROM THE BRAIN BY HAJOS' METHOD 
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tion of GABA. 

Isolated nerve endings (sya]aptosomes) provide a unique opportunity for the direct study of mechanisms 
of the fundamental processes lying at the basis of synaptic function: biosynthesis and secretion of mediators ,  
accumulation of mediators in vesicles,  uptake of the cxtracellular  mediator by the terminal.  

The solution of these problems requires  the possession of synaptosome preparations free from impuri-  
t ies and preserving the initial level of functional activity as far  as possible. The most  widely used method of 
isolation of synaptosomes [6] satisfies these demands partially, but is time-consuming. In many cases, the 
long duration of fractionation required is unacceptable, and for that reason investigators are content with the 
initial stages of fractionation and work with the P2 fraction of unpurified synaptosomes, in which synaptosomes 
proper  account for up to 55% of the total (as protein). To allow for interference caused by the impurities, an 
additional ser ies  of experiments is set up. 
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Fig. I. Effect of ouabain, benzylpenicillin, and high con- 
centrations of K + ions on oxygen consump%ion (in % of con- 
trol)  by synap tosomes .  BP) In benzylpenici l l in medium 
com pared  with r e sp i r a t ion  in K r e b s '  medium;  OU, BP +OU) 
5 rain a f t e r  addition of ouabain to suspensions  of synapto-  
somes  in K r e b ' s  medium and in benzylpenici l l in medium 
compared  with r e sp i ra t ion  in these  same media  before  ad-  
dition of ouabain. KCh a) 5 rain af ter  addition of KC1, b) 
during next 15 rain. 

Fig.  2. Dis t r ibut ion of GABA (in %) between synaptosomes  
(shaded p a r t s  of  columns) and incubation medium (unshad- 
ed pa r t  of columns) at  r e s t  (I) and a f te r  inhibition of Na ,K-  
A T P a s e  by 0.3 mlVi ouabain (II). 

Recent ly ,  Halos [3] suggested a rap id  method of isolat ion of a highly purif ied f rac t ion  of synap tosomes  and 
showed that ,  during incubation in physiological  media ,  morphology  of synap tosomes  isola ted by his method is 
a lmos t  identical with that  of nerve  endings in situ. The object  of the p r e s e n t  invest igat ion was to undertake 
the hmctional  evaluat ion of this highly pur i f ied p repa ra t ion  of synaptosomes  with r e s p e c t  to a number  of b io-  
chemical  c r i t e r i a :  the oxygen comsumpt ion  and maintenance  of t r a n s m e m b r a n e  m e d i a t o r  grad ien ts  at r e s t  
and under  the influence of some depolar iz ing agents .  

EXPERIMENTAL M E T H O D  

Synaptosomes were isolated on the K-24 centrifuge (East Germany) by Hajos' method [3]. In the experi- 
ments of  s e r i e s  I, to study oxygen consumptIon,  synaptosomes  f rom r a t  c e r e b r a l  co r t ex  were  suspended (3-4 
m g  p r o t e i n / m l )  in K r e b s '  med imn  of the following composi t ion  (in ntM): NaC1 124, KC1 5, KI-I21:~) 4 1.2, CaC12 
0.75, MgC12 1.3, glucose 10, Na2H2PO 4 20, pH 7.5. In the penicil l in medium, the  NaC1 was rep laced  by the 
equivalent quantity of the sodium sal t  of benzylpenici l l in.  Oxygen absorpt ion was m e a s u r e d  m a n o m e t r i c a l l y  
in a Warburg  appara tus  for  40 rain at 37~ To study the action of depolar iz ing agents (0.3 mM ouabaln o r  
56 mM K + - final concentra t ions)  the appropr ia te  solutions were  added 20 rain a f t e r  the beginning of incubation 
and changes in r e sp i r a t i on  were  studied during the next 20 min.  The synap tosomes  were  then sepa ra ted  f rom 
the incubation medium by eentr i fugat ion (10,000g, 10 min) and the content of amino acids in the medium and 
ex t rac t  of synap tosomes  was de te rmined  on the AAA-881 (Czeehoslovakia) automat ic  amino acid ana lyzer .  

In the expe r imen t s  of s e r i e s  II synap tosomes  were  isola ted f rom the lumbar  en la rgement  of the r a t  spinal 
cord.  Synaptosomes  (100 pl  of a suspension in 0.32M sucrose)  were  added to 0.9 ml  of incubation medium 
containing 0.5 ~Ci  [3H] GABA (New England Nuclear ,  Boston, Mass . ) .  The composi t ion  of the incubation 
medium was as  follows (in raM): NaC1 104, KC1 5, CaCI 2 1.2, MgC12 1.3, KH2PO 4 1.2, Tr ic-HC1 20; pH 7.4. 
Synaptosomes  (0.25-0.30 mg  pro te in /ml )  were  incubated at 37~ for 8 rain, a f t e r  which they were  sepa ra t ed  
f rom the incubation med ium on Synpore {Czechoslovakia) f i l t e r s  with a pore  s ize of 0.8 p and d iame te r  of the 
f i l t e r  i t se l f  of  24 ram.  The r e s idues  were  washed with 10 ml  of 0.32M suc rose  at 22~ To study the effect  
of p o t a s s i u m  depolar iza t ion (final concentra t ion of K + 56 mM),KC1 was added with a mic rop ipe t  8 rain a f t e r  
the beginning of incubation, and the synap tosomes  were  s epa ra t ed  on the f i l t e r  5 rain l a t e r  as  desc r ibed  above. 
Af te r  drying, the f i l t r a tes  containing synap tosomes  were  mixed  in f lasks  with a m ix tu r e  of 3 m l  2 -methoxy-  
ethanol and 7 ml  toluene sc in t i l la tor .  Radioact ivi ty  was m e a s u r e d  a f t e r  24 h in an SL-30 (Intertechnique, 
France)  scint i l la t ion s p e c t r o m e t e r .  
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Fig. 3. Effect of ouabain on GABA content (in umoles/100 
mg protein) in incubation med ium of synaptosomes .  I) Con-  
t ro l ,  II) in presence of ouabain. 

Fig. 4. Accumulation of [~H]GABA by synaptosomes from 
spinal cord at rest (I) and during potassium depolarization 
(ll). IV!can results of eight experiments. Ordinate, radio- 
activity of synaptosomes. 

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

The yie ld  of synap tosomes  when isola ted  f rom the c e r e b r a l  co r t ex  was the s ame  as that  r epo r t ed  by 
Hajos  [3]: about 10 mg  pro te in  f rom 1 g wet weight of t i s sue .  The p repa ra t ion  contained main ly  intact synapto-  
s o m e s * .  The yield of synap tosomes  f rom spinal cord  t i s sue  was only about 30% of t he i r  yield f rom brain ,  
and bes ides  synap tosomes  the f rac t ion  also contained m a n y  f r agmen t s  of myel in .  These  d i f ferences  can e v i -  
dent ly  be  explained by the fac t  that  the spinal  cord ,  with i ts  powerful  conducting sy s t em,  contains f a r  f ewer  
ne rve  ce l l s  and synapses  than the c e r e b r a l  co r tex .  

The oxygen consumption of the suspension of b ra in  synap tosomes  was l inea r  for  40 rain.  The absolute 
values  of  oxygen consumption,  namely  49 �9 3 ~ moles  O2/100 mg pro te in /h ,  were  c lose  to values  obtained for  
synap tosomes  iso la ted  by the s tandard  method [6]. 

It was decided to study changes in the oxygen consumption under  the influence of f ac to r s  changing ac t ive  
o r  pass ive  ion t r a n s p o r t  through the p l a s m a  m e m b r a n e .  The r e su l t s  a r e  given in Fig.  1. To revea l  the act ion 
of these  agents  m o r e  c lea r ly ,  va r i a t ions  in the r a t e  of  r e s p i r a t i o n  a r e  e x p r e s s e d  in pe rcen tages  of  the r a t e  of  
oxygen consumption by the s ame  synap tosomes  before  exposure  to the cor responding  agent. Ouabain, a specif ic  
inhibi tor  of  t r a n s p o r t  N a , K - A T P a s e ,  caused  inhibition of r e sp i ra t ion ,  probably on account  of inhibition of 
r e s p i r a t o r y  control  through a d e c r e a s e  in ADP format ion .  

In media  in which the p r inc ipa l  anion was benzylpenicil l in,  inhibition of r e sp i r a t ion  of the synap tosomes  
was well reproduc ib le ,  but smal l  in magni tude.  It  might  be supposed that  the effect  of inhibition was due to 
in t e r fe rence  with the pas s ive  en t ry  of Na + into the ne rve  endings: The m a s s i v e  anion did not pene t ra te  into 
the endings and Na + t r a n s p o r t  was r e s t r i c t e d  through the fo rmat ion  of a Donnan equi l ibr ium potential .  This  
explanation of the inhibition of  r e s p i r a t i o n  is in a g r e e m e n t  with known fac ts  indicating that  r e sp i r a t i on  of 
synap tosomes  depends essent ia l ly  on the degree  of s t imulat ion of N a , K - A T P a s e  by Na + ions penet ra t ing  into 
the ne rve  ending [5]. Since the pe rmeab i l i t y  of synaptosomal  m e m b r a n e s  for  Na + is low at r es t ,  the weak effect  
of benzylpenici l l in ought not to cause  s u r p r i s e .  Agains t  the background of benzylpenici l l in,  the act ion of oua -  
bain was s t r onge r  (Fig. 1). 

The action of 56 ~ K + on r e s p i r a t i o n  of the synap tosomes  was biphasic:  Init ial ly the r a t e  of  oxygen 
consumption r o s e  sharp ly ,  but l a t e r  i t  fel l  (Fig. 1). The i nc rea se  in oxygen consumption by the synap tosomes  
under  the influence of  po tasskun  depolar iza t ion  of the n ~ m b r a n e  is in a g r e e m e n t  with data in the l i t e r a t u r e  
[2], and the subsequent  inhibition could pe rhaps  r e f l e c t  the specia l  sens i t iv i ty  of  energy  p r o c e s s e s  in synaptic 
mi tochondr ia  to the i n c r e a s e d  o s m o l a r i t y  of the incubation med ium.  On the whole, the r e su l t s  desc r ibed  above 
indicate a connection between the m e c h a n i s m  of ac t ive  ion t r a n s p o r t  and the intensi ty of energy  p r o c e s s e s  in 

* The authors  a r e  gra tefu l  to Dr .  Med.  Sci. O. M. Po zdnyakov for  e l e c t r o n - m i c r o s c o p i c  ver i f ica t ion  of the 
pur i ty  of  the f rac t ions  and fo r  valuable advice.  
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the synaptic mitochondria, making good the expenditure of energy on cation transport .  Prel iminary experi-  
ments showed that cationic regulation of the processes  of synaptosomal respirat ion may be substantially 
improved by the use of 0.30-0.32 M sucrose, buffered with Tric-HC1 and containing chelating agents for Ca ++, 
as the brain tissue homogenization medium, 

Data on the GABA content in the synaptosomes and incubation medium under normal conditions and after 
inhibition of Na, K-ATPase activity by ouabain are given in Figs. 2 and 3. Under normal conditions (Fig. 2), 
almost 90% of the GABA is retained in the cytoplasm of the synaptosomes, evidence of the normal functioning 
of the mechanism of mediator  reassimilation and the provision of energy for the functioning of this mechanism. 
Under the influence of ouabain,GABA is released into the incubation medium (Fig. 3); its concentration in the 
incubation medium thereupon increases fourfold (P < 0.001). The GABA content in the synaptosomes fell 
sharply under these circumstances (Fig. 2A). 

Data on the uptake of [~I]GABA from the external medium by synaptosomes isolated from spinal cord 
t issue are  given in Fig. 4. Synaptosomes accumulated GABA and re leased part  of the accumulated mediator 
during potassium depolarization of the membranes.  An increase in the incubation time to 2.5 h was accom- 
panied by a decrease in the ability of the synaptosomes to take up labeled GABA (by 50%, compared with ac- 
cumulation of the mediator by synaptosomes immediately after  their  isolation). 

The data described above confirm the good functional character is t ics  of synaptosomes obtained by 
Hajos '  method. Considering that the method does not require the use of expensive centrifuges and that it gives 
fractions of higher purity yet requires  a shorter  time, it can be concluded that it has important advantages 
when used to isolate synaptosomes from rat  cerebral  cortex. 
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