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SECTION IV

Properties of Adrenergic Tissues
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A. INTRODUCTORY REMARKS
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During the 10 years which have passed sin(e the suhcellular l)al’ticles contain-

illg Ilorej)inephrine (XE) were first demonstrated in nerves or orga�is (2) it has

hecollie increasingly evident that they play a fundamental role in tile adrellergic

t ransnlission process. By various honlogenizat ion 1111(1 cent ri fugat ion techniq ties

the granules can be obtained in a relatively pure forni allowing (ietailed studies

of their properties in rico aiid in vitro.

OIl incubation, the isolated particles from bovine splenic nerves give off their

NE at a characteristic rate (3). Using tritiated NE, Potter tuid Axeirod (14)

fouiid essentially the same release rate also for granules front the rat’s ileart, later

confirnled for rabbit’s heart witil unlabeled NE (5). This release rate differs

considerably from that of adrenal medullary granules as described by Hillarp

and Nilson (9). Thus the half-time for bovine nerve granules is about 10 111111 at

1)H 7.5 while that of adrenal medullary granules is more than 10 times longer.
The difference indicates important differences in their properties (cf. 15) (fig. 1).

Large amounts of an adrenaline-like substance have earlier been observed in

the vesicular gland of the bull (1); this later proved to be XE. In a recent study

of subcellular granules from this organ (8) it was found that the NE release rate

at 37#{176}Cand rH 7.5 was 011 an average 33 mm, or about 3 times that of the splenic

nerve granules. The effect of reserpine i0� M in the incubation medium was a

slight inhibition of the release rate conlpared to the strong inilibition on splenic

nerve granules (4). Also with regard to the actions of other drugs, sucii tts prenyl-

allline (Segontin) and phenoxyhenzaniine, the inhii)itory action on the NE

release front bull vesicular gland granules was niucil weaker than that foulid witil

sl)lellic nerve granules. With tile histochemical fluorescence tecilnique of Falck
and Hillarp the catecholamine-containing structures in tile tissue �s’ere shown to

cOllsist entirely of nerves (13).

These observations show that the subcellular XE-containing Particles nItty

vary greatly in their properties in different adrenergic structures even if tile

histocheniical ap��earance of these may be similar.

The different kinds of (‘atecholamine granules thus seei�� to possess inilerellt

Iltechanisms for deterlllinilig a cilaracteristic release rate. It is tempting to assume

tiiat such a Illechanisln is highly significant as a rate-lintiting factor, perluitting

the iierve granules to discharge XE at a high rate while preventing excessive

anline release from other sources, rich in NE, such as the adrenal nle(lulla.
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FIG. 1. Isolated granules from bovine tissues (splenic nerVes, vesicular gland of bull,

adrenal medulla) incubated in isotonic K-phosphate buffer 37#{176}C,pH 7.5. Ordinates: NE
content in sedimeitted granules after incubatioll, in percent of original amount (for adrenal
medullary granules E + NE).

The rapid uptake of NE, injected in vivo, in the particulate fraction of the

rabbit heart after depletion with prenylanune (10), or decaborane (6), in con-

nection with the constant fraction of granule-bound NE, indicates a rapid

equilibrium of the NE content between the extragranular and the granular

storage sites, as observed also by Stj#{228}rne(15) and Michaelson et a!. (11). Similarly

the rapid refilling of the prenylamine-depleted rabbit heart with NE, following

injection of octopanune or tyramine and, to a lesser extent, phenylethylamine,

points to a rapid uptake of the first-mentioned antines (7) at granular sites. The

Significallce of the binding groups of the amine molecule has recently been

discussed by Musacchio et a!. (12).

The importaiit role of the NE granules for the physiologic function of the

adrenergic nerve structures is further indicated by the recent finding that isolated

splenic nerve particles are able to synthesize NE front dopa (16) (cf. Stj#{228}rne,

Section IV 1’�). From these and other recent findings it appears that the nerve

granules play a determining role in the syfltilesis, storage and time course of

release of XE. These processes may be strongly acted upon by a variety of drugs,

whicli thereby (ItIl influence adrenergic nerve transmission.

REFERENCES

1. EULER, U. S. v. : An adrenaline-like action in extracts from the proetatic and related glands. J. Physiol., Lond.

81: 102-112, 1934.

2. EULER, U. S. v. AND IIILLARP, N-A. : Evidence for the presence of noradrenaline in submicroscopic structures of

a(IreflergiC axons. Nature, Lond. 177: 44-45, 1956.

3. EULER, U. S. V. AND I,IsII&JKo, F. : Catecholaniine release and uptake in isolated adrenergic nerve granules. Acta

physiol. scand. 57: 466-480. 1963.

4. EULER, U. 5. v. AND LISHAJKO, F. : Effect on reserpine on the uptake of catecholamines in isolated nerve storage

granules. mt. J. Neuropharmacol. 2: 127-134, 1963.

5. EULER, U. 5. V. AND LISIIAJKO, F. : Free and bound noradrenaline in the rabbit heart. Nature, Lond. 205: 179-

180, 1965.
6. EULER, U. S. V. AN!) LI�IIAJKo, F. : Uptake of catecholalnines in the rabbit heart after depletion with decaborane.

Life Sci. 4: 969-972, 1965.

7. EULER, tT. S. v. ANI) LJSHAJKO, F. : Refilling of noradrenaline stores in the prenylamine.depleted rabbit heart
after injection of ()ctopanline and tyramine. Life Sd. 4: 1421-1424, 1965.

8. EULER, U. 5. V. ANI) LISHAJKO, F. : To be published.



VON EULER 367

9. HILLARP, N-A. AND Nn�aoN, B. : The structure of the adrenaline and noradrenaline containing granules in the
adrenal medullary cells with reference to the storage and release of the sympathomin�etic amines. Acta physiol.

seand. 31: suppl. 113, 79-107, 1954.
10. MAC�ENNA, B. R. : Uptake of catecholamines by the hearts of rabbits treated with Segontin. Acta physiol. scand.

63: 413-422, 1965.
11. MICHAELSON I. A., RICHARDSON, K. C., SNYDER, S. N. AND Tiius, E. 0. : The separation of catecholamine storage

vesicles from rat heart. Life Sci. 3: 971-978, 1984.

12. MUSACCHIO, J. M., KOPIN, I. J. AND WEISE, V. K: Subcellular distribution of some sympathomimetic amines

and their fi -hydroxylated derivatives in the rat heart. .1. Pharmacol. 148: 22-28, 1965.

13. OWMAN, Cii. AND SJ#{246}STRAND, N. : Personal communication.

14. POI-rER, L. T. AND AXELROD, J. : Properties of norepinephrine storage particles of the rat heart. J. Pharmacol.

142: 299-305, 1963.
15. STJARNE, L. : Studies of catecholamine uptake storage and release mechanisms. Acta physiol. scand. 62: suppl

228, 1964.

16. STJARNE, L., EULER, U. S. v. AND LIsHAJxo, F. : To be published




