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tic release accounted for 23.1% (±5.01%) of the total
electrophoretic release of noradrenaline. The esti-
mated 'real' transport number for noradrenaline was
0.220 (±0.025).
The relative contribution of electro-osmosis to total

release seen in these experiments is considerably
greater than the 110% estimated by Krnjevic, Mitchell
& Szerb (1963) for acetylcholine released from a 3.0
M solution. Apart from the different ionic species
used, this could also reflect the weaker solutions used
in our experiments. Electro-osmosis and iontophor-
esis may be thought of as the passage of current
through two resistors in parallel; the use of weak
solutions increases the resistance to iontophoretic

current flow, thus causing more current to be carried
by eclectro-osmosis.

This work was supported by the Wellcome Trust.
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Homogeneity of f-adrenoceptors on rat
erythrocytes
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Recent studies, using direct receptor labelling tech-
niques, have provided evidence for the co-existence
of flI and P2 adrenoceptors in the same tissue, (Rugg,
Barnett & Nahorski, 1978; Nahorski, 1978). We were
particularly interested, therefore, to determine
whether f-receptor sub-types could co-exist in the
same population of cells. Rat erythrocytes represent

a convenient source of single cell-types which contain
fl-receptors (Kaiser, Wiemer, Kremer, Dietz & Palm,
1978; Beckman & Hollenberg, 1979). The present
study suggests that [3H]-dihydroalprenolol ([3H]-
DHA) binds to rat erythrocyte membranes in a man-
ner indicating interaction with a physiological ,B-
receptor, and that the receptors present are a hom-
ogenous population of fl2-adrenoceptors.

Erythrocyte membranes were prepared from male
Wistar rats (150-200g) essentially as described by
Charness, Bylund, Beckman, Hollenberg & Snyder,
1976.

Specific [3H]-DHA binding, that binding which
was displaced by 200 lim (--isoprenaline (Nahorski.
1978), represented almost 100% of the total [3H]-
DHA bound to the membranes at 1 nm [3H]-DHA.

Table 1 Affinities of adrenoceptor agonists and antagonists for ,B-adrenoceptors present on rat erythrocytes

Ki (nM)

Agonists
(-)-Isoprenaline 33 ( 3)
(-)Noradrenaline 3,000 ( ± 370)
(-)Adrenaline 240 ( ± 19)
(± )-Salbutamol 360 ( ± 26)

Antagonists Hill coefficient
(±_-Atenolol (#I selective) 2,500 ( ± 220) 1.08 (±0.06)
(_-Practolol (PlI selective) 21,000 ( ± 580) 1.03 (±0.04)
(-)Alprenolol (Non-selective) 0.3* 0.98
(-)Propranolol (Non-selective) 0.36 (±0.04) 1.11 (±0.03)
(+ )Propranolol (Non-selective) 25 (± 3) 1.09 ( ±0.09)
(± )-OPC 2009 (p2 selective) 23 (± 2) 0.97 (±0.02)

Ki was determined from the equation Ki = IC50/l + S/Kd, where S is the concentration of [3H]-DHA in the
assay and Kd is the dissociation constant for [3H]-DHA. The data are the mean (± s.e. mean) of 3-5 experiments
conducted in duplicate.
* 2 determinations performed.
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Specific binding was stereoselective, rapid, reversible
and saturable. Scatchard analysis demonstrated a
single, high affinity, binding site (Kd [3H]-DHA=
0.2 (±0.02) nM, n = 9; Bmax = 212 (±6) fmoles/mg
protein, n = 9), while the Hill coefficient (nH = 1.015
(±0.06), n= 7) revealed the absence of co-operative
interactions.
The relative potencies of,-adrenoceptor agonists

and selective adrenoceptor agents in displacing [3H]-
DHA from rat erythrocyte membranes is indicative of
a #2-adrenoceptor (Table 1). An indication of the
homogeneity of these receptors is also suggested by
an analysis of the displacement curves of these highly
selective agents. In tissues which possess mixed PI1
and f2 adrenoceptors, such agents produce non-law
of mass action displacement curves with Hill coeffi-
cients <1. In rat erythrocytes, however, these agents
produce displacement curves with Hill coefficients
which are close to 1 (Table 1). Such results suggest
that rat erythrocytes possess a homogenous I2
adrenoceptor population.
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The ability of mitochondria to regulate the cytoplas-
mic level of Ca2+ by sequestering Ca2+ ions may

be of importance in the control of the contractile pro-
cess in smooth muscle. The demonstration that
2-2'-pyridylisatogen, 2-phenylisatogen and papaverine
antagonised Ca2 +-induced contractions in isolated
taenia of the guinea-pig caecum pointed to a possible
involvement of Ca2+ in their mechanism of action
(Spedding & Weetman, 1978). We have therefore con-
tinued our investigations on the mode of action of
these smooth muscle relaxant drugs by studying their
effects on calcium metabolism in isolated mitochon-
dria.
The uptake of Ca2+ by tightly-coupled mitochon-

dria, which is accompanied by a marked stimulation
of respiration, can be supported by a variety of respir-

Table 1 Effect of relaxant drugs on Ca2-stimulated respiration in mitochondria in the presence of either
phosphate or acetate

IC50 ± s.e. mean
(#M)

Phosphate-activated Acetate-activated
reaction reaction

2-2'-pyridylisatogen 12.2 + 1.6 8.2 + 0.4
2-phenylisatogen 10.2 + 0.5 11.0 + 0.8
Papaverine 5.5 + 0.4 6.2 + 0.7

Guinea-pig liver mitochondria (10 mg protein) were incubated at 300 in a medium containing 0.25 M sucrose,
10 mM tris-HCI buffer, pH 7.4, 3.3 mM sodium succinate (or 3.3 mm sodium glutamate plus 3.3 mm sodium
malate) and 3.3 mm phosphate buffer, pH 7.4 (or 5 mM sodium acetate) for 2 minutes. The reaction was initiated
by the addition of 1 pmol CaC12, to give a final volume of 3 ml; drugs were added 2 min before the CaCl2.
IC50 is the concentration of drug that produced a 50% reduction in the stimulation of respiration that followed
the addition of CaCl2 to the reaction chamber. The values were obtained using concentration-effect curves for
each drug (n = 5). The IC50 values for each drug on the two reactions were not significantly different (P > 0.05).


