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adrenomedullary cells is regulated by a common 
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Dihydropiridines ( + )-PN200-110 and (±)-Bay-K-8644 inhibit or poten tia te , respective! y, ca techo lamine re le ase evoked by DMPP
or K-stimulation of perfused cat adrenal glands. Since both , secretion of adrenaline and noradrenaline are equally affected , and these 
two drugs specifically act on voltage-dependent chromaffin Ca channels, it seems that secretion of each amine from their respective 
cell is regulated by the same type of channel. 

Separate adrenomedullary chromaffin cells con
taining noradrenaline or adrenaline were first visual
ized by Hillarp and Hokfelt14

• Selective release of 
one 0r the other amine in response to various stimuli 
has been repeatedly demonstrated in the cat1

-
4

· 

6- 8.16. This might have physiological significance in 
the light of the fact that target adrenoceptors for both 
catecholamines have different tissue distribution and 
that noradrenaline and adrenaline preferentially 
stimulate a or f3 adrenoceptors. Since acetylcholine 
and high K5 as well as many other secretagogues13 

cause secretion by Ca-dependent mechanisms, it is 
obvious that different voltage-dependent Ca chan
nels on the plasma membrane of noradrenaline- or 
adrenaline-containing cells might be responsible for 
the differential secretion of catecholamines. If so, the 
selective secretion of adrenaline and noradrenaline 
should be affected differently by Ca-channel modula
tory drugs. In this communication we demonstrate 
that in the perfused cat adrenal gland, the dihydropy-

ridines (DHP) Ca channel activator, (±)-Bay-K-
8644, and the blocker ( + )-PN200-110 equally en
hance or inhibit, respectively, dimethylphenylpipe
razinium (DMPP) or high K-evoked adrenaline and 
noradrenaline release. 

Cat adrenal glands were isolated 11 and perfused at 
room temperature (22 ± 2 oq and 1 ml/min with 
Krebs-Tris solution of the following composition 
(mM): NaC1134, KCI5.9, CaC12 2.5, MgC12 1.2, glu
cose 11, and Tris 10. The solution was bubbled with 
pure 0 2 and the pH adjusted to 7.4 with HCI. High K 
solutions contained 35.5 mM KCl with iso-osmotic 
reduction of NaCI. DMPP iodide was directly dis
solved in Krebs solution; ( + )-PN200-110 and (±)
Bay-K-8644 were dissolved in ethanol (10-2 M) and 
diluted in Krebs . Both, the solutions and the experi
ments were made under sodium light. 

The experimental protocol consisted of an initial 
perfusion equilibration period (1 h) followed by stim
ulation pulses of DMPP (5 ,u:M, 1 min) or K (35.5 
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TABLE 1 

Adrenaline and noradrenaline re/ease in basal, K- or DMPP
stimulaied cal adrenal m edullae perfused wilh Krebs solwion 

K (35 .5 mM) or DMPP (5 pM) were applied during a 60-s 
period. Data are means ± S.E .M. of the number of experi
ments shown in parentheses. 

Basal 

K 

DMPP 

Noradrenaline 
(ng·4 min- 1) 

34 ± 7 
(n = 21) 

183 1 ± 164 
(n = 12) 

1543 ± 214 
(n = 13) 

Adrenaline 
(ng·4 min- 1) 

43 ± 7 
(n = 21) 

1330 ± 100 
(n = 12) 

1649 ± 229 
(n = 13) 

% Towl 

Noradren- Adren-
afine afine 

44 56 

58 42 

48 52 

mM , 1 min) app lied at 30 min intervals to test the se
cretory response. Two perfusion samples were col
lected during each test in cold-acidified tubes (0.05 N 

perchloric acid , final): a 4 min sample in Krebs be
fore the pulse (basa l release) anda 4 m in sample con
sisting of 1 min stimulation of DMPP or high-K solu
tions plus an additional 3 min in Krebs. Noradren
aline and adrenaline were separated by high-perfor
mance liquid chromatography and measured with an 
electrochemical detector2. Each gland was stimu
lated 5 times with DMPP or K, either in the absence 
or the presence of cumula ti ve concentrations of ( + )
PN200-110 or (±)-Bay-K-8644. Data are means ± 
S.E.M. of the individual amine release obtained in 
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each stimulation period (S 1-S5) after subtracting the 
basal release. These data are plotted as percentage of 
the catecholamine release in S1• The concentration

response curve , in presence of DHP, represents 
adrenaline or noradrenaline release in each individu
al pulse expressed as percentage of the same stimula
tion period in control glands (in the absence of di
hydropyridine) . 

Upon stimulation with high-K (35.5 mM for 1 
min) , noradrenaline release rose from 34 to 1. 831 ng, 
an amount equivalent to 58% of total catecholamines 
released ; the remaining 42 % (1.330 ng) accounted 
for adrenaline (Table 1). When this pulse was repeat
ed at 30 min intervals, the size of the secretory re
sponse gradually decreased to reach 50% of S1 at the 
fifth stimulus (Fig. lA) ; both catecholamines de
cayed in a parallel manner. PN200-110 inhibited , and 
Bay-K-8644 enhanced K-evoked secretion in a con
centration-dependent manner. Modifications in 
adrenaline and noradrenali ne secretory responses 
were very close for both catecholamines (Fig. lB). 

DMPP (5 ,uM for 1 min) also enhanced catechol
amine release in a comparable manner to high-K 
stimulation. In 13 experiments , noradrenaline re
leased was 1.543 ng and adrenaline secreted amounted 
to 1.649 ng (Table I) . When such a stimulation pat
tern was repeated at 30 min intervals , secretion grad
ually decreased to reach around 45 % of S1 at the fifth 
stimulus; both , adrenaline and noradrenaline release 
desensitized in a parallel manner (Fig . 2A). ( + )
PN200-110 inhibited and (±)-Bay-K-8644 enhanced 
DMPP-evoked secretion in a concentration-depen-
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Fig . 1. A: adrenaline (AD) and noradrenaline (NA) release induced by 5 stimulation periods with K + (35.5 mM , 1 min) applied a t 30 
min interva ls (S 1- S5). Data are means ± S. E.M. of 5 expe riments and are plotted as percentage of amine release during S1. B: e ffects 
of increasing concentrations o f PN200-110 a nd Bay-K-8644 on AD and NA release evoked by five K pulses (35 .5 mM , 1 min ). Data 
are means ± S.E. o f 4 experime nts and represen! the e ffect of DHP on ADorNA release in each individual pulse expressed as per
centage of the same stimulation pe riod in control glands (absence of DHP). 
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Fig. 2. A: adrenaline (AD) and noradrenaline (NA) release evoked by 5 pulses of DMPP (5 ,uM, 1m in) applied at 30m in intervals (S 1-

S5). Data are means ± S. E .M. of 5 experiments and are plotted as percentage of catecholamine release during S1• B: effects of in
creasing concentrations of PN200-110 and Bay-K-8644 on AD and NA release evoked by 5 stimulations with DMPP (5 11M , 1 min) . 
Data are means ± S.E.M. of 4 experiments and represen! the effect ofDHP on ADorNA release in each individual pulse expressed as 
percentage of the same stimulation periods in control glands (in the absence of DHP). 

dent manner. Such modifications of secretory re
sponses were very similar for both, noradrenaline 
and adrenaline (Fig. 2B). 

In conclusion, since Bay-K-8644 and PN200-110 
specifically act on chromaffin cell Ca channels enhan
cing or blocking, respective! y, Ca uptake and cate
cholamine release9•
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·12· 13· 15 , it seems that secretion 

of noradrenaline and adrenaline from their respec
tive ce lis is regulated by the same type of voltage- and 
DHP-sensitive Ca channel. 

Anichkov , S.V., Malyghina , E .I. , Poskalenko , A.N. and 
Ryzhentov , V.E ., Reflexes from carotid bodies upon the 
adrenals, Arch. lnt. Pharmacodyn. Ther. , 129 (1960) 
156- 165. 

2 Borges, R. , Sala , F. and Garcia , A .G ., Continuous mon
itoring of catecholamine release from perfused cat adre
nals, J. Neurosci. Meth., 16 (1986) 289- 300. 

3 Critchley , J.A .J .H. , Ellis , P . and Ungar , A. , The reflex re
lease of adrenaline and noradrenaline from the adrenal 
glands of cats and dogs , J. Physiol. (Lond.), 298 (1980) 
71-78. 

4 Critchley , J.A .J.H. , Ellis , P. , Henderson , C.G. , Ungar, A. 
and West , C.P., Muscarinic and nicotinic mechanisms in 
the responses of the adrenal medulla of the dog and cat to 
reflex stimuli and to cholinomimetic drugs , Br. J. Pharma
co/. , 89 (1986) 831 - 835. 

5 Douglas , W.W. and Rubin , R.P ., The role ofcalcium in the 
secretory response of the adren al medulla to acetylcholine , 
J. Physiol. (Lond.), 159 (1961) 40- 57. 

6 Douglas, W.W. and Poisner , A.M. , Preferential release of 
adrenaline from the adren al medulla by muscarine and pi lo
carpine , Nature (Lond.), 208 (1965) 1102- 1103. 

7 Feuerstein , G. and Gutman, Y ., Preferential secretion of 
adrenaline or noradrenaline by the cat adrenal in vivo in re
sponse to different stimuli , Br. J. Pharmacol. , 43 (1971) 
764-775 . 

8 Folkow , B. and Von Euler , U .S. , Selective activation of 
noradrenaline and adrenaline producing cells in the cat 's 
adrenal gland by hypothalamic stimulation , Circ. Res. , 2 
(1954) 191 - 195 . 

9 Fonteriz , R.I. , Gandia , L. , Lopez, M.G. , Artalejo , C.R. 

We thank Dr. P. Hof, from Sandoz Ltd , Basle , 
Switzerland for the kind gift of ( + )-PN200-110 and to 
Prof. F. Hoffmeister from Bayer, AG , F.R .G . for 
(±)-Bay-K-8644 . We wish a!so to thank Dr. M.R. 
Alpera for her help with the HPLC equipment and 
Mrs . Natividad Tera for typing the manuscript. This 
work was supported by grants from CAICYT (Min
isterio de Educación y Ciencia), Fundación Ramón 
Areces and FISS (Ministerio de Sanidad y Consu
mo) , Spain. 

and Garcia, A. G., Dihydropyridine chirality at the chro
maffin cell calcium channel , Brain Research, 408 (1987) 
359- 362. 

10 Gandia , L. , Lopez , M.G. , Fonteriz , R.I. , Artalejo , C.R. 
and Garcia , A.G. , Relat ive sensitivity of chromaffin cell 
calcium channels to organic and inorganic calcium antago
nists, Neurosci. Leu., 77 (1987) 333-338. 

11 Garcia , A.G. , Hernandez , M., Horga , J.F. and Sanchez
Garcia , P. , On the release of catecholamines and dopa
mine-¡3-hydroxylase evoked by ouabain in the perfused cat 
adrenal gland , Br. J. Pharmacol., 68 (1980) 571-583 . 

12 Garcia , A.G ., Sala , F. , Reig , J.A. , Viniegra , S., Frias , J. , 
Fonteriz, R . and Gandia , L. , Dihydropyridine Bay-K-8644 
activates chromaffin cell calcium channels, Nature ( Lond.), 
309 (1984) 67-71. 

13 Garcia , A.G. , Artalejo , C. R ., Borges , R ., Reig, J.A . and 
Sala , F. , Pharmacology of the chromaffin cell calcium chan
nel. In I. Atwate r, E. Rojas and B . Soria (Eds.) , Biophysics 
of the Pancreatic Beta Cell, Plenum, London, 1986, pp. 
139-159. 

14 Hillarp, N.Á. and Hokfelt , B. , Evidence of adrenaline and 
noradrenaline in separate adrenal medullary cells, A cta 
Physiol. Scand. , 30 (1953) 55- 68. 

15 Ladona , M.G. , Aunis, D. , Gandia , L. and Garcia , A.G. , 
Dihydropyridine modulation of the chromaffin cell secreto
ry response , J. Neurochem. , 48 (1987) 483- 490. 

16 Rubin , R.P . and Miele , E., A study of the different ial se
cretion of epinephrine and norepinephrine from the per
fused cat adrenal gland, J. Pharmacol. Exp. Ther., 164 
(1968) 115- 121 . 

' 1 
... 




