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SHORT COMMUNICATIONS 

The effect of desipramine on the noradrenaline stimulated Na-K ATPase of 
rabbit synaptic membranes 

(Received 13 Ju!v 1979; accepted 7 September 1979) 

Sodium, potassium-activated adenosine triphasphatase 
(Na-K ATPase, EC 3.6.1.3) is thought to be an enzymic 
representation of the sodium-potassium pump [ 1). Several 
investigators have reported that Na-ATPase in brain tissue 
was stimulated by biogenic amines such as dopamine, nor- 
adrenaline and serotonin [2-61. At present we do not know 
the physiological significance of the biogenic amine stimu- 
lation of synaptic membrane Na-K ATPase, aithough a 
few possibilities are discussed in connection with biogenic 
amine transport [.5] and slow inhibitory postsynaptic poten- 
tials generated by biogenic amines [7]. This paper examines 
the effects of inhibitors of noradrenaline uptake on the 
noradren~ine stimulation of Na-K ATPase. 

Albino male rabbits were stunned and decapitated. The 
brain was rapidly exposed and removed to ice-cold isotonic 
sucrose (0.32M). The cerebral cortex was removed and 
homogenized in 10% w:v ice-cold isotonic sucrose, by six 
thrusts of a power-driven (25 mm diameter) Teflon pestle 
(clearance 0.18 mm). The speed of the motor was 900 r.p.m. 

The homogenate was centrifuged at 1000 g for 20 min in 
a Sorvall Model SSl centrifuge with an 8 x SJml angle 
head. The pellet was discarded and the supernatant cen- 
trifuged at 20,~g for 3Omin. The supernatant was dis- 
carded and the pellet was washed once and resuspended 
in isotonic sucrose. The resultant suspension was centri- 
fuged at 30,OOOg for 30 min. The pellet was resuspended 
in isotonic sucrose and laid onto a discontinuous density 
gradient (15 ml of 1.2 M sucrose, 10 ml of 0.8 M sucrose) 
in a 50 ml centrifuge tube and centrifuged at 30,000 g for 
2 hr on an 8 x 50 ml angle head of the MSE SS 40 centri- 
fuge. The synaptosomal fraction was collected at the 
0.8/l .2 M sucrose internhase. The isotonicitv was restored 
by slowly adding 4% vol. of 0.16 M sucrose. The suspen- 
sion was centrifuged at 30,OOOg for 30 min and the pellet 
re-suspended in isotonic sucrose. Synaptic membranes were 
prepared by osmotically rupturing the synaptosomes using 
distilled water and centrifuging the resultant suspension at 
50,OOOg for 1 hr. Synaptic membranes which are rich in 
Na-K ATPase are pelleted by this procedure. 

ATPase were assayed by determination of the rate of 
release of inorganic phosphate (Pi). Membranes were 
incubated at 37”, unless otherwise stated, in a SO mM his- 

tidine HCl buffer, pH 7.4 (unless otherwise stated). Total 
ATPase activity was assayed in a medium contacting 
150 mM Na, 10 mM K, 3 mM Mg and 3 mM ATP. The Mg 
ATPase was assayed in a medium containing 3 mM Mg and 
3mM ATP. All data presented here was obtained using 
Boeheringer disodium ATP. The membranes were added 
to a final concentration of lOO~g/mi and the incubation 
was commenced by the addition of ATP. 

The incubations were stopped by adding 4 ml of colour 
solution prepared by dissolving 10 g of ammonium molyb- 
date and 10 g of Lubrol WX in 11 of 0.9 M H2SO.t. The 
colour was left to develop and was stable for 3 hr at room 
temperature. Noradrenaline (10e4 M) affects the estima- 
tion of Pi by this method. When possible this was overcome 
by using noradrenaline at concentrations not greater than 
20pM. However, if the concentration of noradrenaline 
greater then 20 PM were required, standard Pi graphs were 
prepared for each noradrenahne concentration used. The 
drugs also affected the estimation of Pi. Standard graphs 
were prepared for each drug. 

Protein estimation was performed by the method of 
Lowry et al. [8]. 

Noradrenaline did not affect the degree of inh~biti~~~ of 
Na-K ATPase by harmaline. Phentolaminc 1OyM. an 
adrenoreceptor antagonist. and chlorpromazine lt)~M, 
which has both adreno and dopaminergic receptor antag- 
onist properties. did not affect Na-K ATPase: however. 
both were potent inhibitors of noradrenaline induced stimu- 
lation of Na-K ATPase (Table 1). The drug concentration 
required to inhibit the noradrenaline stimulation of enzyme 
by 50 per cent was calculated from u plot of percentage 
inhibition of the stimulation of Na-K ATPase by 10”’ M 
noradrenaline against the logarithm of the drug concen- 
tration. Phentolamine was the most potent: IC.\~t values 
phentolamine, 2.0 t 0.9 x 10-s M, 
3.5 ? 0.6 lo-’ M, 

chlorpromazine, 
desipramine, 1.2 x 0.1 x lo- M 

(mean * SD.). The antagonism of the noradrenaline 
response by pbento~amine could be reversed by increasing 
the concentration of noradrenal~ne. However, desipramine 
was a non-competitive inhibitor of the noradrenaline stimu- 
lation of Na-K ATPase [Fig. 1). 

The reuptake of noradrenahne into presynaptic terminals 

Table 1. Effects of psychotropic drugs on Na-K ATPase of rabbit cerebral synaptic 
membranes 

Na-K ATPase Net increasezP 
pmoles Piimglhr in Na-K 

[NA] = 0 [NA] = IO-~ M ATPasc 

Control 18.7 t 0.9 25.3 t 1.45 6.7 It).% 
~hento~amine 19.1 t 1.5 20.3 5 1.4 1.1 FO.l$ 
Chlorpromazine 18.9 r 0.9 20.7 -c I.6 1.8 t o.s+ 
Desipramine 18.8 -c 1.4 22.3 It 1.9 3.3 i 0.W 
Imipramine lR.9 5 1.1 23.7 rt: 1.9 5.0 It o.xi 

* Mean difference in Na-KAtPase activity 2 S.D. produced by fO-%f nora- 
drenaline. Data obtained from 11 experiments. 

“r P<O.Ol. 
f P<O.Ool. 
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Fig. 1. The net increase in Na-K ATPase activity plotted 
as a function of the noradrenaline concentration, -O- con- 
trolandin thepresenceof-0-phentolamine(IDzc~ = 10.‘M) 

or -0. desipramine (IDscl = I()-’ M). 

is ouabain sensitive, suggesting that the prcaynaptic mem- 
brane Na-K ATPase is involved in the amine uptake mech- 
anism. The possibilities are that Na-K ATPase may gen- 
erate the correct ionic environment for the operation of 
the amine pump of the enzyme may have a more direct 
role in the transport of noradrenaline. The former sugges- 
tion is supported by the requirement of the amine pump 
for a high external [Na’]. However. the noradrenaline 
uptake system of cerebral nerve endings is unique among 
amino acid and sugar transport mechanisms found in neural 
tissue in that the affinity of the carrier is not affected by 
[Na+]t, [9] and further, an inward directed sodium gradient 
is not necessary for the re-uptake of noradrenaline [lo]. 

The amine may have an allosteric interaction with the 
enzyme to increase its rate of working. thus providing more 
energy for the transport mechanism. Hovvever. there was 
no evidence from the studies on the effect of noradrenaline 
concentration on the increase in Na-K ATPase activity to 
suggest that there was such an allosteric interaction. It is 
not inconceivable that the amine could compete with one 
of the monovalent ions for occupancy of a site on the 
enzyme; however. the optimum condittonr l’or noradren- 

aline stimulation of the Na-K ATPase were the same as 
the optimum conditions for Na-K A~I‘Pasc, and further 
increasing the [ K+]u or [Nat],1 did not decrease the effects 

of noradrenaline on the Na-K ATPase activity. Phcnto- 
lamine, a competitive inhibitor of the amine activation ot 
Na-K ATPase (IDso 10-’ M) had no effect on the activtt! 
of the Na-K ATPase at drug concentrations in CYCC‘\\ ot 
lo-‘M. The possibility of the existence of a specific species 

of ATPase requiring noradrenaline for tts activity 1s 
invalidated by the observation that the increase in Na-K 
ATPase in the presence of noradrenaline does not show, 
affinity saturation kinetics with respect to [ATP]. 

The order of potency of drugs inhibiting the uptake 01 
noradrenaline by synaptosomes is desipramine > imipra- 
mine > chlorpromazine [ 111. Phentolamine is a very weak 
inhibitor of NA uptake. In this study. the order of potency 
of drugs antagonising the noradrenaline activation of Na- 
K ATPase was quite the reverse; phentolamine > chlor- 
promazine > desipramine. Indeed. desipramine is 
lo3 X more potent as a competitive inhibitor of noradren- 
aline uptake than as a non-competitive antagonist of nor- 
adrenaline stimulation of Na-K ATPase. These results 
indicate that the characteristic noradrenaline stimulation 
of Na-K ATPase is not identical with the characteristics 
of the presynaptic noradrenaline uptake system. 

To summarise, the activation of Na-K ATPase by nor- 
adrenaline was antagonised by phentolamine > chlorpro- 
mazine > desipramine. Phentolamine was a competitive 
antagonist and desipramine was a non-competitive antag- 
onist of the noradrenaline effect on the enzyme. 

Department of Physiology, 
The London Hospital Medical 

College, 
Turner Street, 
London El 2AD. 
CJ. K. 

J. G. LO(;AN 

Department of Physiology, 
University College, 
Galway, 
Ireland 

D. J. O’DONOVAN 

REFERENCES 

I. J. C. Skou. Physiol. Rev.5, 596 (IY6.5). 
2. K. Yoshimura. J. Biochem.. Tok>,o 74. 3XY ( lY73). 
3. A. Schaefer, A. Seregi and M. Komlos. Biochem. 

Pharmac. 23, 2257 (1974). 
4. T. Godfraind. M-C. Koch and N. Vcrbeke. H/ot/ze?r1. 

Pharmac. 23, 3505 (1974). 
5. J. G. Logan and D. J. O’Donovan. J. :Vcrrroc/lrr?l. 27. 

IRS (1976). 
6. K. Akayawa and Y, Tsukada. Nrrcroc~11r~rt. Res. 2. j.30 

(1977). 
7. G. G. Yarbrough. Neuropharmacology 15. 335 (IY7h). 
8. 0. H. Lowry, N. J. Rosebrough, A. L. Farr and R. 

J. Randall, J. biol. Chem. 193. 265 ( 1951). 
9. J. G. Logan and D. J. Donovan. J. PI~x\iol.. f.furd 

242. 140 (1974). 
10. T. D. White and P. Keen, Biochem. bioph!s. Acta 196. 

285 (1970). 
11. A. S. Horn. J. T. Coyle and S. (1. Snyder-. ,Zl/~/cc~. 

Pharmac. 7. 66 (1971). 


