








Ultrll5tructure of �I �n�,�u �l �i�n�·�S�~�i�m�u�l�l�l�t�W� Adrenal MednHn '" 
Wi\S frequent in t hese stimulated chromaff in cells, particul!l rly 011 the lateI'll.! 
plasma. membrane (Fig. 3). T he omega shaped invaginations of the exocyrotic 
profil es werc often extremely d ilated, given rise to v!\clloles. However, the electl·on· 
dense material of the extruded grallules was usua.ll y detectable in t he lumen of the 
vacuoles. At the same time it was surprising that a. conspicuous increase of 
exocytosis could not be obsen:ed at the a-picaJ poles of stimulated chromaff in cells 
(Fig. 4). [n some instances exocytosis was found also on t,he lateI'll I surface of 
cell s containing llOrepincphrine. 

Six hours after insulin treatment t he vacuoles fOI'med after exocytosis were 
still llUmCI'OUS and t heir l umi na were constantly dilated, but, the elech·on·dense 
material of secretory granules was no longer obscrvable (Fig. 5). The number of 
secretory granules decreased in the cytoplasm whercas the amOtlnt of the rough. 
surfaced �~�l�l�d�o�p �l �i�l�s�m �i �c� reticuhl 111 increasEd. 

DIscussion 
Al though a number of authors (Diner 1967; Grynszpan.Wi nograd, 1971 ; 

Benedeczky and Smith, 1972) provided morphologic examples of e:tocytosis in t he 
hamster adrenal medulla, the stimulated gland-as far as; we know-has not been 
examined so far by conventional electron microscopy. The studies of Yates (1964) 
\I 'ere concerned with Lhe effect of insulin administra.tion on the Syrian hamster 
but at that. time exocytosil> had not yet been described in endocrine ti ssues and the 
author suggested that tho release of catecholamines waf; not dependent upon the 
complete disintegration of secretory granules. I n view of recent data on exocytosis 
the question a.rises whet·her or not t.hel'e is a. mO"phologically detecta blc correlat.ion 
between stimulated secretion and �e�x�o�c�y�t�o�~�i�s� in �~�h�e� hamster adl"Cll(l1 medulla! 
Before answering the above question it is considercd necessar y to analyze briefly 
the f ine structural features of the nonstimulated adrenal lIleduBa.. In �~ �h�i �s� regard 
the folloll'ing observations were made: 

1_ Frequency of cxocyt.osis was low in the nonsti mulated (normal) adrenal 
medullal' l' cells (approx. 5%). 

2. Numerous exoc}"tosis ma.y occur at the same t lme on the surface of a given 
chromaffin cell. 

3. A great number of secretory granules are in close morphologic contact wi th 
the plasma membranes. 

The incident,al occurrence of exocytosis in the nonstimulat-ed hamster adrenal 
medulla is not surprising. According to physiologiea-! da.ta the so·called "resting 
secretion" of t.he adrenal medulla is very small (0 .1 p.g/min body weight kg: �E �u�l �~ �r �,� 

1956; H oltz et al., 1952; Malmajec, 1952). It is also possible that exocyt.osis, as a.­
single extrusion process, is able to perfOrlll this function satisfactorily , The fact, 
however, that 11.1. the same ti me, a. lal'ge number of secretory grn-n\lles is attached 
t-o the plasma membranes suggests that· hormone discharge can take place also 
in other ways. 

According to Smith and Winkler (1972) t here may be "a high frequeucy of 
random collisions bet,ween the vesicles and the inner side of t.he plasma membrane 
as a result of Brownian motion." 
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Fig. 3. E~oc.l' tOOlft (If) WAS f re4"e,,~ '" .. g~M p,oJl<H't lOn of ellroHlaffjn <ell_, I ... niculorly "" 
Ihe I~\C, ... I pl.~n'.' men,b"nne (I.) nltel' 3b",,, .. of in ,,,I;n 110IU/100g) ',_ Im",,\.. NOle 

nucleo .. (.Y) ~"d weil·deve!olJ8d GoIJi appclr~I"¥ (G). )( 18(l(lO 



Ult l·"Al rue-llIl"C of .l nAlIlin Sti lllll l~ t &d Adl·enul )ledll tl~ 

Ilig 4. Chrom(lffin cells, 3 hours "fler Insulin (10 IU/loo g/body "'c'ihtJ ~dmin ls~rllt jOll. 111 U 
group of eel I. o<:ca. ional eJ(ocytosis (8) Wtl.A obsened 011 apirol (A) Ilnd Intcml ( L ) plasllI,," 

membrane_ x 18000 
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."g. S. CllI'omuff in ceJh~, 6 h01l11l alter lIaulin t.l'eau nen1.. ExocytoUc VACUOIe$ (E I') " 'ere titill 
Ilumerou.l bilL e1ectl'OlI·dell.5e 'nAter;:! ] of ace~l.Ory g~nnle. '''" 110 longer obtervable. Note 

ttb undant:e of rough'III,inced enrioplllSmie reticul um (rer). X 18000 



Ultrastructure of Insulin·Stimulated Adrena.l Medultn '" 
I n consequence of t.he coll is.ion t.he membrane of the granu les may fuse with 

t he plasm a. membrane, and the Iusion , gives an opportuni ty fOl" t.he release of 
secretory material. If the fusion is short (1 ms or less} the release of the low moleo· 
ular weight substan ces takcs place preferentially and t he secretory granules become 
relatively rich in protei n (e,g .,dopamine f3, hydl·oxy lase : Smith and Winkler, 1972). 
All of this suggest-s tllat exocytosis is not the exclusive way of hormone release. 
In the nonst imulated hamster adrenal medulla therefore both cxocytosis and t he 
close morphologic contact of secretory gra.nules to t.he cell membranes (tight 
junction) may represent a fo.·m of hormone secretion. 

I n ordel' to study ", hethe.· the ultra.structurnl organizntion of act ively secreting 
cells changes in the stimulat.ed gland, golden h amsters were subjected to insulin 
t reatment. Since the eatechol ll,mine.mobilizing effect of insulin is welllnJOwn, an 
increase ill t he frequency of exocytosis 'I'M expected to occur fi rst of all on t he 
apical surfaces of chrollla.ffill cells. Cont.rary to th is, however, an increased inci· 
d ence of exocytosis was lIot observed on th e apical cdl membrane, but. on th e 
lateral one. It was conspicuous that. at. the s ite of exocytosis, large "acuoles also 
developed . On the bas is of these the questioll ari£es as to why the exocytotic 
profi les prefel"entially d evelop on th e In.toral plasma. membranes. An answer can 
be suggested jf we a.ssume that during an increased and long lasting secret ion, 
(i.e. , induced by insulin ) th e apical pole of chromaffin cells becomes unable t.o 
perform the discharge of secretory materiB!. r n consequ ence, i t i ~ obvious that t be 
large surface of la teral plasma membranes furn ishes an excellent opportunity for 
hormone IiberaLion and so they become the nlain poillt fOI" t he events of exocytosis. 
Oil the basis of morphologic observations it is rat her diffi cult t o explain th e signif. 
icance of large exocytot ic vacuoles on the lateral cell ~ lIrfa.ce under intensive 
secretion in the hamster adrenal medulla. 

Our preliminary mOI·phometric measurements (Belledec7.1ty et al. , 1973) 
showed that th e concell~ratioll of secretory granules in ~he cytoplasm decreased . 
T his indica.tes that t he insulin·induced hormone mobilization also causes a.n 
absolute d ecrease in t he number of secretion granules. I n other words, th eir 
disappearance occurs by means of a complete d isintegration process, that is, by 
exocytosis. 
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