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Abstract-Effects of intracellular calcium antagonists, S-(N,N-diethylamino)-octyl-3.4.5trimethoxy- 
benzoate hydro~hIoride (TMB-8) and 1-(5-~-nitrophenyi)-furfury~id~n~-Gino) hydantoin scdium 
hydrate (dantrolene sodium). on ~atecho~amine release and ‘War+ uptake were studied using cultured 
bovine adrenal chromafhn cells. TMB-8 inhibited carbamylcholine-evoked catecholamine release and 
“‘Ca?* uptake in a concentration-dependent manner with a similar potency. On the contrary, dantrolene 
sodium did not show obvious inhibitory effects of catecholamine release and “Ca*+ uptake. Although 
TMB-8 inhibited the high F-evoked catecholamine release and %a2’ uptake, the potency of the drug . _ 
was approximately IOOrfold fess than when used to inhibit the ~arbamylcholine”evoked catecholamiue 
release and “Cat’ untake The inhibitorv effect of TMB-8 on the carbamvi~ho~jne-evoked catechoiamine 
release was not overcome by an increase in an extraceflular calcium concentratian, and was nor due to 
competitive antagonism at the nicotinic receptor site. Moreover, TMB-8 inhibited the ~arbam~lchoijne- 
stimulated 4sCa2’ effhrx, but dantrolene sodium failed to affect it. These results suggesr that TMB-8, a 
well-known intracellular calcium antagonist, prevents the cellular calcium uptake in cultured adrenal 
chromaffin cells, and thus prevents catecholamine release. 

The key rote of Ca2+ in stimulus-s~~reti~n coupling 
in adrenal medulla was first recognized by Douglas 
and Rubin [l, 21. Catecholamines are released from 
adrenal chromaffin cells by a Ca2+-dependent exocy- 
totic process and the Ca’+channels play an important 
role for the entry of extracellular Ca2+ into the ceffs 
[3,4]. Recently several investigators have reported 
that Ca’+ charmer antagonists (D-600? verapamil, 
diltiazem) or calmodulin antagonists (trifhroperaz- 
ine, pimozidc, W-7*) inhibit the catecholamine 
release by blocking the cellular Caz” uptake in adre- 
nal chromaffin cells [5-81. However, little is known 
concerning the effects of putative intracellular Ca2+ 
antagonists, such as TMB-8 and dantrolene sodium, 
in these cells. Therefore, in the present study we 
examined the effects of TMB-8 and dantrolene 
sodium on catecholamine release and 4SCa2* uptake 
evoked by carbamylcholine or high KC using cultured 
bovine adrenal chromaffin cells. 

~ff~~~~~~~. The following materials were obtained 
from the companies indicated: 4”CaC1Z (32Ci/g), 

* Abbreviations: TMB-8, 8-(NJ&diethylamino)-octyf- 
3,4,5_trimethoxybenzoate hydrochloride; dantrolene 
sodium, l-(S-~-njtrophenyl)-furfuryliden~-amino) hydan- 
toin sodium hydrate; D-600, methox~erapamil; w-7, N- 
(6 - aminohexyl) - 5 - chloro - 1 - naphthalenesulfonamide; 
Hepes, 4 - (2 - hydroxyethyl) - I - piperazineethanesuifonic 
acid. 

New England Nuclear, Boston. MA; TMB-8, 
Aldrich Chemical Company, Milwaukee, WI; dan- 
trolene sodium, Yamanouchi Pharm. CO, Ltd., 
Tokyo, Japan; carbamylcholine chloride, d-tuboc- 
marine chloride, collagenase type I, 5-fhrorodeox- 
yuridine, cytosine arabinoside and uridine, Sigma 
Chemical Company, St, Louis, MU; Dulbecco’s 
Modified Eagle’s Medium, my~ostat~n and fetal calf 
serum, Gibco, Grand Island. NY; penicillin G, 
Banyu Pharmaceutical Co., Ltd., Tokyo, Japan; 
streptomycin sulfate, Meijiseika Kaisha, Ltd., 
Tokyo, Japan; gentamicin sulfate, Schering Co., 
U.S.A., Kenilworth, NJ. 

Primary culture of adrenal c~ro~~~n cells. Fresh 
bovine adrenal glands were obtained from a local 
slaughterhouse, and chromaffin cells were isolated 
by retrograde perfusion with 0.025% collagenase as 
described previously [8,9]. The purified chromaffin 
cells were cultured by the method described by Kil- 
patrick et ai. f3f with a slight mod~~~ation. The cells 
were plated on 16mm dia wells of a 4-weli plastic 
muftidish at a concentration of 3-6 x l@ cell~ml in 
Dulbecco’s modified Eagle’s Medium, supplemented 
with 10% fetal calf serum, and were cultured at 37” 
in an atmosphere of 95% sir/5% COZ. The culture 
medium contained the following antibiotics: peni- 
cillin G (100 units/ml), streptomycin sulfate (100 pg/ 
ml), gentamicin sulfate (40 @g/ml) and mycostatin 
(25units/ml). The medium also contained fluoro- 
deoxyuridine (10 PM), cytosine arabinoside (IO FIM) 
and uridine (5 ,uM) to prevent the proliferation of 
non-neuronal cells, and was replaced every 3 to 4 
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days. Cell viability estimated by a trypan blue 
exclusion test was above 95% after 10 days of culture. 
The cells were used for experiments between 4 and 
10 days of culture. 

Catecholarnine release. Cultured cells were first 
washed with Locke’s solution of the following com- 
position: 154 mM NaCl, 5.6 mM KCI, 2.2 mM CaCl,. 
1.2 mM MgC12, 3.6 mM NaHC03, 5.6 mM glucose, 
5.0mM Hepes (pH7.5) and were incubated with 
0.5 ml of the same solution. To determine the effects 
of drugs the cells were preincubated at 37” for 5 min 
with different concentrations of each drug. After 
preincubation, carbamylcholine (final concentration: 
0.3 mM) or KC1 (final concentration: 56 mM) was 
added to the medium and the incubation was con- 
tinued for another 2 min to measure catecholamine 
release. Cellular catecholamines (noradrenaline plus 
adrenaline) and released catecholamines 
(noradrenaiine plus adrenaline) in the medium were 
extracted with 0.4N perchloric acid and analyzed 
by a high performance liquid chromatography unit 
(Waters Assoc., Milford, MA) equipped with an 
electrochemical detector (Bioanalytical Systems 
Inc., W. Lafayette, IN) [lo]. 

“Ca2+ uptake. After preincubation of the cells in 
0.45 ml Locke’s solution in the presence and absence 
of drugs at 37” for 5 min, a 0.05 ml buffer containing 
““CaQ (1 @J/well) and each secretagogue was 
added to each well. After 1 min. the radioactive 
medium was removed to stop the uptake, and the 
cells were immediately washed 4 times with the ice- 
cold buffer. The cells were solubilized in 1% Triton 
X-100 solution in water for 30 min and the radio- 
activity was determined. 

a5Cat+ eflux. Cells were preincubated for 20 hr in 
a 0.5 ml of culture medium containing 45CaC12 (2 #Zi/ 
well). The cells were rapidly washed 4 times with 
Locke’s solution and were used as 45Ca2’-loaded 
cells. Incubation was carried out at 37” with 0.5 ml 
of Locke’s solution containing either carbamyl- 
choline or c~rbamylcholine plus each Ca*’ antagonist 
for the indicated time periods. After incubation, the 
medium was transferred to a plastic test tube in ice 
and centrifuged at 1OOOg for 15 min. The radio- 
activity in the supernatant was determined. 

RESULTS 

Figure 1 shows the effects of various concentrations 
of TMB-8 and dantrolene sodium on catecholamine 
release from cultured adrenal chromaffin cells. When 
the cells were preincubated with TMB-8 for 5 min, 
the carbamylcholine-evoked catecholamine release 
was inhibited in a concentration-dependent manner. 
The apparent ICY” value for the inhibition was 1 PM. 
Although TMB-8 also inhibited the high Kc-evoked 
catecholamine release, approximately loo-fold 
higher concentrations of TMB-8 were required to 
inhibit the release. On the other hand, dantrolene 
sodium did not show an obvious inhibitory effect on 
catecholamine release evoked either by carba- 
mylcholine or high K+ (Fig. 1). Both TMB-8 and 
dantrolene sodium, at the concentrations which we 
used, failed to affect the spontaneous release of 
catecholamines (data not shown). 

Figure 2 shows the effects of TMB-8 and dan- 
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Fip. 1. Effects of TMB-8 and dantrolene sodium on the 
ca~bamylcholine- or the high K’-evoked catecholamine 
release from cultured adrenal chromaffin cells. The cells 
were preincubated with various concentrations of TMB-8 
or dantrolene sodium for 5 min. After preincubation, the 
cells were stimulated by carbamylcholine (0.3 mM) or high 
K+ (56m~) for Zmin, and the amount of released cat- 
echolamine was 15.2 ‘- 0.6% and 9.2 % 0.7% of rhe total 
catecholamine content, respectively. The spontaneous 
release was 3.6 + 0.4% of the total content. Each stimulant- 
evoked fraction of catecholamine release in the presence 
of an inhibitor is expressed as a percentage of the release 
determined in the absence of an inhibitor. The data for 
carbamylcholine-evoked ( ----) and high K‘-evoked 
(- - -) catechoiamjne release represent the means of trip- 
licate determinations. Typical data obtained from two or 
three different ceil preparations are presented, Symbols: 
(O), + TMB-8; (A), + dantrolene sodium. *. P < 0.01 vs 

control value (no inhibitor). 
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Fig. 2. Effects of TMB-8 and dantrolene sodium on the 
carbamylcholine- or the high K+-evoked l’Ca’* uptake in 
cultured adrenal chromaffin cells. The cells were pre- 
incubated with various concentrations of I‘MB-8 or dan- 
trolene sodium for 5 min. After preincubation. the cells 
were stimulated by carbamvlcholine (0.3 mM) or high K- 
(56 mM) for 1 min. %Za’- in the ceils was extracted with 
1% Triton X-100 solution and was counted by a liquid 
scintillation counter. Each stimulant-evoked fraction of 
j5Ca’+ uptake in the presence of an inhibitor is expressed 
as a percentage of the uptake determined in the absence of 
an inhibitor. The data for carhamylcholine-evoked “CazL 
uptake (--- ) and high K--evoked %Ia’” uptake 
(- --) represent the means of triplicate determinations. 
Typical data obtained from two or three different cell 
preparations are presented. Symbols: (0). + TMB-8; (A). 
+ dantrolene sodium. *. P <: 0.01 vs control value (no 

inhibitor). 
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trolene sodium on the 45Ca2+ uptake of cultured 

adrenal chromaffin cells. TMB-8 inhibited the uptake 
of 45Ca2+ stimulated either by carbamylcholine or 
high K+ at the concentrations similar to those inhi- 
biting the secretion of catecholamines. Dantrolene 
sodium slightly but si nificantly reduced the car- 

9 bamylcholine-evoked 4 Ca*+ uptake at the highest 
concentration tested, i.e. 100 PM. The high K+-evo- 
ked 45Ca2+ uptake was not affected by dantrolene 
sodium. TMB-8 and dantrolene sodium showed no 
effect on the basal 45Ca2+ uptake at the con- 
centrations which we tested (data not shown). These 
results suggest that the inhibitory effect of TMB-8 
on catecholamine release is mainly due to its effect 
on the process of Ca*+ uptake. 

Figure 3 shows the differential actions of TMB-8 
and verapamil on the carbamylcholine-evoked cat- 
echolamine release in the presence of various con- 
centrations of extracellular Ca*+. Verapamil(3 PM), 
a well-known Ca*+ channel blocker [ll], inhibited 
carbamylcholine-evoked catecholamine release sig- 
nificantly. The inhibitory effect of verapamil was 
overcome by an increase in extracellular Ca2+ con- 
centration, indicating that the inhibitory effect of 
verapamil is competitively antagonized by Ca*+. The 
results were consistent with previous reports [8]. On 
the contrary, the inhibitory effect of TMB-8 was not 
overcome by Ca*+. 

In order to investigate the type of inhibition caused 
by TMB-8, effects of changes in the carbamylcholine 
concentrations on the inhibitory effects of TMB-8 
were studied. As shown in Fig. 4, the inhibitory 
effects of d-tubocurarine on the carbamylcholine- 
evoked catecholamine release and 45Ca2+ uptake 
were overcome by an increase in the carbamylcholine 
concentrations, indicating that the inhibitory effects 
of d-tubocurarine are competitively antagonized by 
carbamylcholine. On the other hand, the inhibitory 
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Fig. 3. Effects of various concentrations of Ca” on the 
inhibition of carbamylcholine-evoked catecholamine 
release by TMB-8 and-verapamil. The cells were pre- 
incubated with TMB-8 (3 uM) or verauamil (3 uM) for 
5 min. After preincubation; cells were stimulated by car- 
bamylcholine (0.3 mM) for 2 min in the presence of various 
concentrations of CaZ+. The spontaneous release (3.5% of 
the total cellular content) was subtracted from secretion 
data. The values represent the mean t S.E. of triplicate 
determinations. Typical data obtained from two different 
cell preparations -are presented. Symbols: (W), car- 
bamylcholine alone; (0). + TMB-8; (O), + verapamil. *, 

P < 0.01 vs (q. 

effects of TMB-8 were not overcome by an increase 
in the carbamylcholine concentrations, suggesting 
that the inhibitory effects of TMB-8 are not due to 
the competitive antagonism at the nicotinic receptor 
site. 

Since TMB-8 blocked 4%a2+ uptake, the effects 
of TMB-8 and dantrolene sodium on the efflux of 
45Ca2+ from 45Ca2+ preloaded cells were examined. 
As shown in Fig. 5, 0.3 mM carbamylcholine sig- 
nificantly increased the 45Ca2+ efflux from the cells. 
Although TMB-8 (10 PM) did not affect the spon- 
taneous 45Ca2+ efflux, the carbamylcholine-evoked 
increase in 45Ca2+ efflux was completely inhibited 
by this agent. On the contrary, dantrolene sodium 
showed no effect on either spontaneous or car- 
bamylcholine-evoked 45Ca2+ efflux. 
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Fig. 4. Effects of changes in carbamylcholine con- 
centrations on the inhibitory effects of TMB-8 and d-tubo- 
curarine on carbamylcholine-evoked catecholamine release 
(a) and 45Ca2+ uptake (b) in cultured adrenal chromaffin 
cells. (a) Cells were preincubated with TMB-8 (3 ,uM) or 
d-tubocurarine (0.75 PM) for 5 min. After preincubation, 
the cells were stimulated by various concentrations of car- 
bamylcholine for 2 min. The spontaneous release (3.3% of 
the total cellular content) was subtracted from secretion 
data. (b) Cells were preincubated with TMB-8 (3 FM) or 
d-tubocurarine (0.75 PM) for 5 min. After preincubation, 
the cells were stimulated by various concentrations of 
carbamylcholine for 1 min. The basal 45Ca*+ uptake (the 
mean value of triplicate determinations was 408 cpm/ 
6 X lo5 cells) was subtracted from the data. Each of these 
data represents the mean + S.E. of triplicate deter- 
minations. Typical data obtained from two different cell 
preparations are presented. Symbols: (W), carbamylcholine 
alone; (O), + TMB-8; (A), + d-tubocurarine. *, P < 0.01 

vs (q. 



406h N. SASAKAWA et al. 

I 
0 2 4 8 8 10 

TIME (minj 

Fig. 5. Effects of TM&X and dantrolene sodium on 4SCa~‘+ 
efflux from cultured adrenal chromaffin cells. The 4sCazf- 
loaded cells were incubated for the indicated time periods 
with carbamylcholine (0.3 mM) alone, carbamylcholine 
plus TMB-8 (10 PM) or carbamylchohne plus dantrolene 
sodium (10 ,uM). After incubation, the radioactivity 
released into the medium was determined. Solid and open 
symbols represent the carbamylcholine-evoked and basal 
“CaZ- efflux. respectively. The values represent the mean 
? SE. of triplicate determinations. Typical data obtained 
from two different cell preparations are presented. 
Symbols: @,a). None; (A, A), + TMB-8; (El, #), -+ 
dantrolene sodium. *. P < 0.01 vs (0). t, P < 0.01 vs (e). 

DISCUSSION 

According to Chiou and Malagodi, TMB-8 is a potent 
inhibitor of skeletal and smooth muscle contraction, 
and is capable of inhibiting caffeine-induced 45Ca2+ 
release from skeletal muscle sarcoplasmic reticulum 
1127. They suggested that TMB-8 exerts its inhibitory 
action by interfering with the release of Ca*+ from 
the intracellular store sites. Dantrolene sodium also 
has muscle retaxant properties and depresses exci- 
tation~ontraction coupling without interfering with 
either neuromuscular trans~ssion or conductio~l of 
the muscle action potential { 13,f 41. In general, these 
compounds have been used as intracellular CaZ* 
antagonists in various types of cells [12-l?]. 

In this study, we examined the effects of these two 
compounds on catecholamine release, 45Ca2+ uptake 
and 4SCa”+ efflux in cultured adrenal chromaffin cells. 
Our present results clearly show that TMB-8 inhibits 
the carbamylcholine-evoked catecholamine release 
and 45Caz+ uptake. The concentrations of TMB-8 
required to inhibit catecholamine release and dsCa”+ 
uptake were similar. 

These results suggest that the inhibitory effects of 
TMB-8 on carbamylcholine-evoked catecl~olamine 
release are due to its inhibitory action on the process 
of Ca’+ uptake. TMB-8 also inhibited the car- 
bamylc~ol~~e-stimulated “%L$+ e.fflux (Fig. 5). In 
adrenal chromaffin cells, it has been reported that 
cY+ efflux is stimulated by muscarinic agents 
[ 18,191. Moreover, Tennes et al. reported that TMB- 
8 inhibits the binding of a muscarinic agonist ([3H] 
QNR) to its receptor of mouse pancreas [20]. There- 
fore, it seems possible that the inhibitory effect of 
TMB-8 on the carbam~~chol~ne-stimulated ‘%a2 
efflux is due to the antagonism at the muscarinic 
receptor site. It seems possible that TMB-8 may also 
interact with the nicotinic receptor site. However, 
the inhibitory effects of TMB-8 on carbamylcholine- 

evoked catecholamine release and 4sCa’i uptake 
were not overcome by an increase in the car- 
bamylcholine concentration, indicating that the 
inhibitory effects of TMB-8 are not due to the com- 
petitive antagonism at the nicotinic receptor site. 

The inhibitory effects of TMB-8 were not antag- 
onized by an increase in the extracellular Ca2” con- 
centration. The result clearly shows that the mech- 
anism of inhibition of catecholamine release by 
TMB-8 is different from that by verapamil. 

Although TMB-8 inhibits high I(+-evoked “sCat* 
uptake and catecholamine release by similar 
potency, the concentrations of TMB-8 required to 
inhibit high P-evoked eventswere higher than those 
required to inhibit the carbamylcholine-evoked 
events. It has been suggested that the voltage-sen- 
sitive Ca2+ channel and the acetylcholine receptor- 
coupled Ca”+ channel may play important roles for 
the entry of Ca2+ in adrenal chromaffin cells [21]. In 
line with this hypothesis, TMB-8 may block the Ca? + 
uptake through the acetylcholine receptor-coupled 
Ca2+ channel with higher potency than the uptake 
through the voltage-sensitive Ca2+ channel. 

On the other hand, dantrolene sodium did not 
show obvious inhibitor effects on catecholamine 
release and 45Ca2t uptake and 4sCa2’ efflux in chro- 
maffin cells. This result is consistent with the opinion 
that dantrolene sodium is an intracellular Ca*+ antag- 
onist [13,14]. 

It has been reported that caffeine (JOmM or 
above) and theophylline (10 mM) induce the 
catecholamine release from perfused bovine adrenal 
glands [22,23] and also from rat adrenal slices in 
Ca2* free medium 1241, and it has been suggested 
that the catecholamine releasing effects of the above 
two methylxanthine derivatives were probably due 
to the Cal* mobilizing action of these agents from 
the intracellular Ca2’ store sites. In cultural adrenal 
chromaf~n cells, however, theophyllin~ (-5 mM) 
failed to induce eatecholamine release in Cal+ free 
medium (data not shown}. When we use the higher 
concentrations of theophylline (10 mM), the cell 
morphology is obviously altered (shrunken) by 3 min 
incubation. Therefore, we could not examine the 
effects of TMB-8 on the intracellular Ca*+-mediated 
catecholamine release evoked by theophylline. 

In summary, our present results clearly dem- 
onstrate that a putative intracellular Ca” antagonist, 
TMB-8, affects the transmembrane Ca” flux andor 
the plasma membrane associated Ca*+ binding, and 
therefore inhibits the catecholamine release. 
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