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Monoamines in isolated nerve ending particles* 

(Received 26 April 1965 ; accepted 14 May 1965) 

STUDIES on the localization and distribution of catecholamines (CA) in the adrenergic nervous system 
and terminals have been greatly facilitated by the specific histochemical fluorescence method developed 
by Hillarp and co-workers (for references, see DahlstrGm and Fuxel). The monoaminergic nerve 
terminals have abundant, brightly fluorescent enlargements (varicosities).2-.* In view especially of the 
studies relating endogenous CA and 5-HT to the fraction containing the isolated nerve-ending 
particles (NEPS) or synaptosomes, S-7 it was of importance to determine whether the amine- 
containing varicosities observed in the fluorescence microscope are related to the synaptosomes. 

MATERIALS AND METHODS 
The brain stem of Sprague-Dawley rats was homogenized in cold 0.32 M sucrose and the Ps 

residue of Gray and Whittakers was obtained by differential centrifugation. This pellet was resus- 
pended in isotonic sucrose and subfractionated by density gradient centrifugation.6 The three well- 
defined subfractions of PZ (A, B and C) were isolated and smears were prepared on micoscope slides. 
These slides were treated with formaldehyde gas at 80” for 1 hr. With this treatment CA and serotonin 
(5-HT) are converted to intensely fluorescent compounds, the former being green or yellow-green 
and the latter yellow. The specificity and chemical basis of this reaction have been discussed recent1y.l 

RESULTS 
The three subfractions (Pz-A, Pz-B and Pz-C) were examined in the fluorescence microscope. 

From normal rats, the P2-B smear was covered with a myriad of intensely green to yellow-green (and 
possibly a few yellow) fluorescent spots of about the same size as varicosities (Fig. 1). The Pz-A and 
Pz-C smears had relatively much fewer numbers of fluorescent spots. The Pz-B slides showed no 

* This study has been supported by research grants (Y 247 and 482) from the Swedish Medical 
Research Council and by a U.S. Public Health Service Research Grant (NB 0523641) from the 
National Institute of Neurological Diseases and Blindness. 



FIG. I. Smear from the Pt-B fraction, obtained by differential centrifugation of a homogenized 
brain stem of a normal rat. Formaldehyde gas treatment for the visualization of monoamines. 
Fluorescence microphoto. The fluorescent spots have about the same size as the varicosities of 

nerve terminals, seen in tissue sections. (Magnification .’ 550) 
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fluorescence in the absence of formaldehyde treatment. The brain stems from rats pretreated with 
reserpine (5 mg/kg i.p. 12 hr) were homogenized and fractionated concurrently with those from 
normal animals. These smears were free of fluorescent spots. 

DISCUSSION 
Because of the small dimensions of the isolated particles, it was not possible to determine whether 

the fluorescent spots were all green to yellow-green (NA or dopamine) or whether a few had a yellow 
fluorescence (5-HT). Nevertheless, the size of the fluorescent spots and the specificity of the fluores- 
cence reaction leave little doubt that they contain monoamines and indicate that they are identical 
with the varicosities of the nerve terminals. It is thus clear that amine-containing fluorescent structures, 
presumably the varicosities, follow the separation of the NEPS fraction by density gradient centrifuga- 
tion, since the Pz-A fraction consists mainly of myelin fragments, Pz-B of NEPS, and Pz-C of mito- 
chondria.8 5-HT and NE determinations of the subfractions of Pa69 7 are in general accordance with 
the present results. 

Electron microscopic observations have shown that the synaptosomes” and the synaptic structures 
of autonomic nerves seen in tissue sections w I1 have the same structural characteristics. There is 
strong evidence that these latter structures are identical with the varicosities of the nerve terminals 
observed in the fluorescence microscope. 3, 4 The fluorescent spots seen in the present study are thus 
in all probability identical with the varicosities of the nerve terminals seen in the fluorescence micro- 
scope, with amine-containing synaptosomes obtained by density gradient centrifugation, and with 
the presynaptic widenings of the nerves seen in electron microscopic sections. All these structures 
thus in all probability represent the synaptic structures of the monoaminergic nerve terminals. 
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Release of cardiac noradrenaline by decaborane in the heart-lung preparation of guinea pig 

(Received 6 May 1965; accepted 27 May 1965) 

MERRIT et a1.l reported the ability of decaborane (BIoHI~) to deplete noradrenaline from the rat 
brain. Recently Euler and Lishajko2 have found that decaborane (1O-5 M) releases catecholamines 
from isolated adrenergic nerve granules. A striking decrease of the noradrenaline content in the 
rabbit organs 2448 hr after the administration of 4 mg/kg of this drug has been shown by the same 
authors. The depletion of the heart catecholamines was found to be 80-90 per cent. The action of 
decaborane was previously studied in viva by i.p. or S.C. administration. With this procedure it is 
difficult to follow the first phase of the depletion process. In an attempt to gain further information 


