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the present investigation that this MADH is another
enzyme which takes part in the physiological inactivation
of biogenic amines. Of course, further work in this direc-
tion is essential, especially to elucidate its actual role in
connection with monoamine metabolism.
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Effects of chlorpromazine and pr-amphetamine on calcium uptake by
adrenal chromaffin cell membrane

(Received 24 January 1977 accepted § March 1977}

Biochemical investigations have shown that plasma mem-
brane of adrenal medulla is concentrated in the micro-
somal fraction [ 1, 2]. Electron microscopy has shown that
vesicles form from this plasma membrane-rich fraction
{1. 27, and biochemical evidence suggests that these plasma
membrane vesicles take up calcium in the presence of ATP
[2]. This calcium transfer mechanism may be of impor-
tance in regulating calcium-mediated secretion. Agents that
modify this transfer mechanism may also modify secretion
in the intact organ. Recent evidence suggests that caffeine
and certain inorganic cations may act, at least in part,
by interfering with this plasma membrane calcium transfer
mechanism [3]. Caffeine, Zn?*, Cd** and Hg?** produce
a relatively prolonged catecholamine release from perfused
adrenal medulla [4,5]. These agents probably cause se-
cretion by mobilizing intracellular calcium [4] and by inhi-
biting calcium extrusion from the adrenal medullary cell
[31

It has also been proposed that chlorpromazine and
amphetamine evoke catecholamine release from the
adrenal medullary cell by mobilizing intracellular calcium

pools [4]. The purpose of the present investigation was
to determine if chlorpromazine and amphetamine also in-
hibit adrenal medullary plasma membrane calcium trans-
port.

Bovine adrenal glands were obtained from a local
slaughterhouse and carried on ice to the laboratory and
used within 2 hr post-mortem. Approximately 5 g of med-
ullary tissue was dissected free from the cortex and hom-
ogenized in 10 vol. of 0.32 M sucrose using a conical all-
glass homogenizer (Duall tissue grinder, Kontes Glass Co.).
The homogenate was centrifuged at 800 gy, for 10 min
to separate nuclei and cell debris. The supernatant
obtained was centrifuged at 27,000 g,,,,, for 10 min to separ-
ate mitochondria and chromaffin granules. This superna-
tant was centrifuged at 105,000 g,,, for 60 min. The final
pellet which represented purified microsomes was resus-
pended in 5ml of 0.32 M sucrose.

For Ca®”-stimulated adenosinetriphosphatase (Ca®" -
ATPase) activity, a 0.1-mi aliquot of the sample was made
0.1 per cent with respect to sodium desoxycholate and in-
cubated for 20 min at 37° in a Dubnoff metabolic shaker
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with CaCl,-2H,0, 2.5 mM; ATP-disodium salt, 4 mM;
and 100 umoles Tris-HCI, pH 74, in a 3-ml volume. Cal-
cium-stimulated inorganic phosphate liberation was
measured by the method of Lowry and Lopez [6].

45Ca’"* uptake was studied at 37° for 10 min in a 3-ml
incubation mixture containing Tris-HCl (pH 74),
30 umoles; ATP-dimagnesium salt, 9 ymoles; ammonium
oxalate, 15 umoles; **Ca?”, 0.4 uCi; calcium, 0.2 mM; and
0.1 ml of the microsomal fraction. All experiments were
performed in the presence and absence of ATP. The in-
cremental increase in the presence of ATP was considered
ATP-mediated **Ca’" uptake.

Millipore filters (0.45 um) were soaked in 250 mM KCl
solution and then washed with 10ml of distilled water
prior to sample filtration to reduce #*Ca?* binding. After
incubation the samples were filtered through the 0.45-um
Millipore filters under suction. The particulate matter on
the filters was then washed with 10 ml 0.32 M sucrose. The
filters were then dried and placed in glass counting vials.
Fiftcen ml of scintillation fluid [0.6% 2.5-diphenyloxazole
(PPO) and 0.01°%, 1.4-bis[2-(5-phenyloxazolyl)]benzene
(POPOP) in !:1 toluene and 2 ethoxyethanol] was added
and the *°Ca?"* counted in a Packard Tricarb scintillation
counter. Counting efficiency was determined using an
external standard.

Total protein was estimated colorimetrically by the
biuret method [7].

The data in Table 1 are reported as ATP-mediated
uptake of **Ca**. Nonspecific binding of *°Ca?" in the
absence of ATP was subtracted from the total concen-
tration of **Ca’" in the presence of ATP. The resulting
increment in **Ca’?* content is referred to as ATP-
mediated uptake. Ammonium oxalate was used as the per-
miant anion to facilitate **Ca?"* transport. Oxalate has
been previously shown to augment the uptake of *°Ca**
into vesicles of adrenal medullary microsomes [2].

Chlorpromazine, at a concentration range of 0.0l to
1.0 mM, did not significantly alter ATP-mediated **Ca’*
uptake. However, amphetamine in the same concentration
ranges tended to increase *°Ca’” uptake. This augmented
uptake was inversely proportional to the concentration of
amphetamine used. Amphetamine, 0.0l mM and 0.1 mM,
produced a 71 and 25 per cent increase in **Ca’* uptake,
respectively, while 1.0 mM amphetamine did not signifi-
cantly alter the uptake process as compared to controls.

Neither chlorpromazine nor amphetamine in concen-
tration ranges of 0.01 to 1.0 mM altered Ca’*-ATPase ac-
tivity (Table 2). Although chlorpromazine at a concen-

Table 1. Effects of chlorpromazine and prL-amphetamine
on ATP-mediated **Ca®* uptake by adrenal medullary
cell membranc*

Table 2. Effects of chlorpromazine and pL-amphetamine
on Ca’*-ATPase activity of adrenal medullary cell
membrane*

Ca2*-ATPase
activity

{umoles Pi/20 min/ Per cent
mg protein)f of control

Control (N = 5) 4.50 + 0.87
Chlorpromazine
1.OmM (N = 5) 322 +£033 72 +74
01mM (N =15) 5.20 + 0.68 116 + 15.2
001l mM (N =5) 4.57 + 0.58 102 + 123
Control (N = 4) 4.05 + 0.44
Amphetamine
1.O0mM (N = 4) 398 + 046 99 + 114
0.1 mM (N = 4) 3.89 +0.39 96 + 9.6
001 mM (N = 4) 373 £ 034 92 + 84

* Values represent mean + S. E.
+ Statistical significance was determined using the Stu-
dent r-test.

tration of 1.0mM produced an apparent inhibition of
Ca?*-ATPase activity, this depression was not signifi-
cantly different from control values.

Nonspecific binding of **Ca’* in the absence of ATP
was significantly altered by both chlorpromazine and
amphetamine (Table 3). Chlorpromazine, 1.0 mM, pro-
duced a 31 per cent depression of **Ca?* binding, but
binding was not altered by chlorpromazine at lower con-
centrations (0.01 and 0.1 mM). Amphetamine, on the other
hand, potentiated **Ca®* nonspecific membrane binding.
Amphetamine, 0.0] and 1.0 mM. produced approximately
a 43 per cent increase in **Ca’” binding. Amphetamine
at a concentration of 0.1 mM produced an apparent 34
per cent increase in **Ca?”* binding but this increase was
not significant as compared to controls.

Physiologic release of catecholamines from the adrenal
medulla is known to require extracellular calcium [8].
Agents such as potassium and acetylcholine depolarize the
adrenal medullary cell membrane and allow calcium to
enter the chromaffin cell to initiate stimulus-secretion
coupling [8]. Removal of extra-cellular calcium eliminates
the ability of these agents to cause secretion. Caffeine,

Table 3. Effects of chlorpromazine and prL-amphetamine
on **Ca’* nonspecific binding by adrenal medullary cell
membrane*

ATP-mediated
4*Ca’* uptake Per cent
(umoles/mg protein)t of control

43Ca?* nonspecific

Control (N = 5) 11.14 + 2.70

Chlorpromazine

1.0mM (N = 5) 9.54 +2.19 86 + 19.7
0.l mM (N = 5) 12.54 + 3.52 113 + 31.6
0.0l mM (N = 5) 12.26 + 1.50 110 + 135
Control (N = 4) 1149 + 1.09

Amphetamine

1.O0mM (N = 4) 11.95 + 042 104 + 3.7

0.1 mM (N = 4) 1437 + 0.38% 125 £33

00l mM (N = 4) 19.63 + 3.94% 171 + 343

binding Per cent

(umoles/mg protein)t of control
Control (N = 5) 8.56 + 1.46
Chlorpromazine
1.0mM (N = 5) 593 + 0.50% 69 + 58
0.1mM (N = 5) 734 + 1.16 86 + 15.
00l mM (N = 9) 8.18 + 1.57 96 + 18.2
Control (N = 4) 497 + 044
Amphetamine
1.0mM (N = 4) 7.26 + 1.75% 143 + 35.2
0.lmM (N =4) 6.66 + 1.22 134 + 246
00ImM (N =4) 7.10 £ 0.87% 143 +17.5

* Values represent mean + S. E.

t Statistical significance was determined using the Stu-
dent r-test.

1 Significantly different from controls (P < 0.05).

* Values represent mean + S. E.

t Statistical significance was determined using the Stu-
dent t-test.

1 Significantly different from control (P < 0.05).
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chlorpromazine and amphetamine have also been shown
to cause catecholamine secretion from the adrenal medulla
[4]. but. unlike potassium and acetylcholine, these drugs
will stimulate release in the absence of extracellular cal-
cium. It has been suggested that these pharmacological
agents can evoke catecholamine secretion by mobihizing
different calcium pools within the adrenal medullary cell
4]

Caffeine also decreases ATP-mediated **Ca” " uptake by
plasma membrane-rich subfractions of adrenal medullary
microsomes. Since it has been reported that this calcium
pump is localized in the plasma membrane [1,2]. it was
suggested that caffeine may possess the capacity to inter-
fere with calcium removal from the cell and thus inhibit
termination of the secretory response [3]. Studies with
chlorpromazine and amphetamine in this investigation
suggest that these agents do not depress the chromaffin
cell membrane calcium pump. Amphetamine increased
ATP-mediated **Ca’” uptake by plasma membrane-rich
fractions of adrenal medullary microsomes. This increase
was not associated with any change in Ca® -ATPase ac-
tivity. This may suggest that amphetamine may exert a
pharmacological action directly on the ultrastructurc of
the plasma membrane in a manner which doces not involve
the ATP-dependent Ca® ™ pump reported by Leslic and
Borowitz [2].

The potentiation of Ca”* uptake by amphetamine
appears to be inversely proportional to the concentration.
This type of response to amphetamine has been previously
reported in the literature [9]. Amphetamine at a dosage
of 2.5mg/kg significantly increcases endogenous mouse
brain dopamine levels. while amphetamine (15 mg/kg) sig-
nificantly reduces brain dopamine concentrations.

Chlorpromazine has been reported to decrease **Ca’*
uptake in the mitochondrial fraction of rat brain [10]. In
the sarcoplasmic reticulum of rabbit skeletal muscle, chilor-
promazine activates, while chlorpromazine free radical in-
hibits, the calcium transport system [11]. In this investiga-
tion chlorpromazine had no significant effect on **Ca?”
uptake by plasma membrane. In addition. no significant
change was seen in Ca’’ -ATPase activity.

Nonspecific *°Ca’ " binding in the absence of ATP was
significantly decreased with 1.0 mM chlorpromazine. This
may be due to the potent surface activity of chlorproma-
zine [12]. More recent work with erythrocyte ghosts [13]
and with simulated membranes [ 14] suggest that chlorpro-
mazine may competitively displace Ca** from binding
sites and alter membrane structure, making fewer binding
sites available.

In conclusion, it appears that chlorpromazine has no
effect on the ATP-dependent Ca’' uptake process of

adrenal medullary plasma membrane, but does. in high
concentrations, depress nonspecific **Ca’* binding to
membranes of the microsomal fraction. Amphetamine in-
creases ATP-dependent **Ca®* uptake but there is no cor-
responding change in Ca®” -ATPase activity. This suggests
that the amphetamine action is not on the ATP-dependent
Ca*" pump.
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