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Polyphosphoinositide hydrolysis is associated with 
exocytosis in adrenal medullary cells 
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[3H]inositol-labelled products are released from adrenal medullary cells during exocytotic secretion. In 
‘leaky’ cells in which small molecules readily enter and leave the cytoplasm, addition of micromolar calcium 
ions in the presence of ATP stimulates exocytosis and causes the release of inositol polyphosphates. These 
data support the idea that hydrolysis of plasma membrane polyphosphoinositides may be an essential step 

in exocytotic secretion. 
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1. INTRODUCTION 

There is substantial evidence in some types of 
secretory cells that polyphosphoinositide hydrolysis 
precedes the increase in cytoplasmic free calcium 
which triggers exocytosis [l] and that it is a 
necessary precursor to secretion [2]. The hydrolysis 
products are second messengers [3] which act by 
releasing calcium from internal stores and by ac- 
tivating a plasma membrane-associated protein 
kinase [4]. In some circumstances, the rate of exo- 
cytosis is modulated by both calcium and protein 
kinase activation [5-71. However, in other 
secretory cell types, hydrolysis of phosphatidyl- 
inositol bisphosphate (PtdInsPz) and phospha- 
tidylinositol phosphate (PtdInsP) seems to be a 
consequence rather than a cause of an increased 
cytosolic calcium [8- 111. We have demonstrated 
that hydrolysis of PtdInsP;! is tightly coupled to ex- 
ocytosis in sea urchin eggs [12]. I show here that 
hydrolysis of PtdInsPz occurs during exocytosis in 
adrenal medullary cells. 

2. MATERIALS AND METHODS 

Adrenal medullary cells were obtained by en- 

zymatic dissociation of bovine adrenal glands [14] 
in a physiological saline solution of 150 mM NaCl, 
5 mM KCI, 1.8 mM MgClz, 1.8 mM CaClz and 
10 mM Hepes, pH 7.2. The dissociated cells were 
embedded in agar (Sigma, Poole) and agar slices 
0.5 mm thick were made with razor blades to per- 
mit efflux measurements to be made. Cells in agar 
slices were incubated with [myo-‘Hlinositol 
(30&i/ml; Amersham) in saline solution for 2 h 
at 37°C. [‘H]Inositol efflux was measured by in- 
cubating slices (lo5 cells) in 2 ml gassed (100% 02) 
solution. Each change of solution was assayed for 
catecholamine content [15] and radioactivity by 
measured liquid scintillation counting. At the end 
of each experiment, the catecholamine and [‘HI- 
inositol remaining in the slice was determined by 
extracting with Triton X-100. Efflux is expressed 
as a percentage of the slice content at the time at 
which the sample was taken. 

‘Leaky’ cells were made by exposing the slices to 
an intense electric field [ 131 in a solution similar in 
composition to cytoplasm: 140 mM potassium 
glutamate, 5 mM MgC12, 2.5 mM ATP, 1 mM 
EGTA and 20 mM Pipes, pH 6.7. Free calcium 
concentration in calcium containing solutions was 
5.9 pM (calcium/EGTA ratio 0.838 [12]). 
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Pig9 la shows that adrenal medullary cells res- 
pond to an increase in extracellular potassium con- 
centration by transiently secreting c&achoIamines, 
Elevntsd extracellular potassium concentrations 
are thought to induce secretion by stimulating an 
influx of calcium II4]. Fig. lb and c show that in- 
creasing extracellular potassium also ~tirnui~t~s the 
efflux of ~~~~inositol from the cells. Other agonists 
such as carbaehol and veratridine st~rn~~te @If- 
i~~si~oi efflux (non shown). Thes: results are con- 
sistent with the idea that a ~~~~rn~~rn~at- 
ed ~ly~hosphoinositide h~~~lysls occurs during 
secretion, but other explanations, for example, 

rpr., , 70mM K’ 

&s 94 104 114 

~~iurn~~~e~de~t alterations in ~osit~I tr~~s~~ 
across tht? plasma membrane, are equally 
plausible. 

I have used leaky adrenal cells to determine 
whether the inositol efflux which occurs during 
secretion CM he ascribed to hydrolysis of 
PtdInsPz, FigS?a shows that subjecting cells to 
brief, intense electric fieIds makes them permeable 
to [3H]inositok. Immediately after the cells are 
made leaky* there is a rapid loss of four-Wftbs of 
the Iabel. In 6 ~~~e~rne~ts 85 + 15% (mearr 5 SE] 
~~H~~os~~~~ was rapidly reieased from leaky C&S. 
FigJa also indicates that there is a slower compo- 
nent of i~~si~~l efflux in leaky cells, Fig .2b 
demonstrates that exposing ceils to these brief, in- 
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tense electric fidds causes no loss of catcchof- 
amines, but that subsequent addition of 6@I 
calcium stimulates secretion of catechoiamines. 
The catecholamines are released by exocytosis [13]. 

The slow component of [3H]inositol efflux in 
leaky cells might correspond to a compartment 
within the cell from which [3H]inositol which had 
not been incorporated into lipid was slowly re- 
leased. Fig.3 shows that t3H]inositol phosphate 
(InsP) and [‘H]inositol b&phosphate (InsP2) are 
present in this component of the efflux. Inositol 
phosphates are produced by hydrolysis of 
PtdInsPt and PtdInsP, rather than by 
ph~sphorylation of free inositol[2]. The slow com- 
ponent of f3H]inositol efflux in leaky cells appears 
to correspond to loss of [3H]inositol and [3H]- 
inositol phosphates from polyphosphoinositide 
phospholipids. In intact cells, the species leaving 
the cell is almost entirely [‘I-I]inosital. This is con- 
sistent with the finding that inositol phosphates do 
not readily cross the plasma membrane [X6], 

Fig.3 also shows that addition of micromolar 
calcium ions to Ieaky celis in the presence of ATP, 
or addition of ATP in the presence of micromolar 
calcium ions, stimulates the efflux of inositol 
phosphates. Either of these manoeuvres also 
results in exocytotic secretion [17]. Stimulation of 

EGTA Cn ATP 

F&,3. Composition of the 3H efflux in intact and ‘Leaky’ F&.4. Simuhaneous measurements of catecholamine 
cells. Wnstim, cells in physiological saline. K+, celIs secretion and sN efflux. Mean and SE of 6 experiments 
stimulated by 70 mM external potassium ions. EGTA, are shown. In each experiment 3 experimental conditions 
cells in ghttamate medium (see section 2). Ca, cehs applied. Until A, each set of cells was incubated in 
stimulated by addition of bpM free calcium in the glutamate medium (see section 2). (*I No change at A; 
presence of 2.5 mM MgATP. ATP, ceils stimulated by 6pM free calcium added at B. f&f 2.5 mM MgATF 
addition of 2.5 mM MgATP in the presence of 6gM added at A; 6 ,&I free calcium added at B. {a) 6 @l free 

free crdcium. calcium added at A; 2.5 mM MgATP added at B. 

exocytosis in intact cells by 70 m&I I(* causes an 
increased efflux of inositol. These data suggest 
that during exocytosis there is an mcreased 
hydrolysis of polyphosphoinositide phospholipids 
and production of inositol polyphosphates which 
in intact cells do not cross the plasmalemma. 

This idea is supported by the data of fig.4, which 
indicate that polyphosphoinositide hydrolysis oc- 
curs only if calcium and ATP are both present, 
Addition of calcium in the absence of ATP does 
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not cause exocytosis; nor is there any increase in 
[‘Hlinositol efflux. Addition of ATP in the 
absence of calcium causes neither exocytosis nor 
increased [3H]inositol efflux. Addition of ATP in 
the presence of calcium or calcium in the presence 
of ATP causes both exocytosis and polyphospho- 
inositide hydrolysis to occur. 

4. DISCUSSION 

It appears that exocytosis in adrenal medullary 
cells is accompanied by polyphosphoinositide 
hydrolysis, and that adrenal medullary cells 
possess a calcium-activated phospholipase C. The 
polyphosphoinositide hydrolysis products may 
play a part as second messengers. InsPs may 
release calcium from the cell’s internal calcium 
stores. There is evidence for a calcium-stimulated 
contribution to increased intracellular calcium 
concentration during secretion [ 181. The com- 
plementary hydrolysis product, DAG, may 
modulate secretory activity [7], since secretion in 
leaky cells has been shown to be sensitive to DAG 
[8]. An alternative possibility is that, as in sea ur- 
chin eggs, polyphosphoinositide hydrolysis is more 
intimately related to the mechanism of exocytosis 
itself. Neomycin, a drug which inhibits 
polyphosphoinositide hydrolysis [ 191, inhibits 
exocytosis in leaky adrenal cells (P.F. Baker and 
D.E. Knight, unpublished) and mast cells [20]. It 
is an attractive possibility that the generation of 
fusogenic lipids (DAG and its metabolites [21,22]) 
by hydrolysis of PtdInsPz and PtdInsP is responsi- 
ble for the fusion of secretory granules with the 
adrenal cell plasma membrane. 
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