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Abstract-The characteristics of [‘HI-prazosin binding in renal cortical membranes of the rat have been 
assessed under a variety of buffer conditions. At 37, in Krebs’ phosphate and Tris buffer, [SH]-prazosin 
bound to two sites, a small population of high affinity sites with properties of cu,-adrenoceptors and a 
much larger population of low affinity sites with different characteristics. High affinity [3H]-prazosin 
binding was insensitive to Na+, K+, Ca2+ and Mg2+ ions, but low affinity [3H]-prazosin binding was 
markedly increased in Krebs’ phosphate or sodium phosphate buffer and further enhanced in membranes 
pretreated with EGTA. Binding was decreased in the presence of Ca2+, the decrease in binding mainly 
being due to a decrease in the number of low affinity sites labelled by the ligand. Low affinity [“HI- 
prazosin binding was increased at 37” and relatively insensitive to cY-adrenoceptor antagonists which 
were weak competitors while catecholamines failed to compete for low affinity binding. Scatchard plots 
of [3H]-prazosin binding performed using (-)-noradrenaline (1 mM) to define non-specific binding 
defined binding only to cu,-adrenoceptors. This provides a means of differentiating high and low affinity 
[3H]-prazosin binding. 

There is now general acceptance of the concept that 
ctcadrenoceptors exist as two subtypes designated a1 
and a2 and that this nomenclature does not define 
their anatomical location, but rather their phar- 
macological specificity in response to drugs [ 11. This 
concept has been strengthened by the development 
of drugs with selective actions at the receptor 
subtypes. The a,-adrenoceptor antagonist prazosin 
has been shown in pharmacological [2] and radio- 
ligand studies [3-51 to display high selectivity for (Ye- 
adrenoceptors. The available of high specific activity 
[3H]-prazosin has led to its use as a molecular probe 
to label cu,-adrenoceptors in brain [4,6,7], lung [8] 
and kidney [9-111. In a recent study of al-adreno- 
ceptors in kidney studied by both receptor binding 
and biochemical techniques, the pharmacological 
properties and distribution of receptors indicated 
that high affinity [3H]-prazosin binding is to (Ye- 
adrenoceptors controlling gluconeogenesis [ 121. It 
was also evident from these studies that when binding 
was examined under physiological conditions (37” 
and Krebs phosphate buffer), two sites could be 
differentiated-a small population of high affinity 
sites with characteristics of cul-adrenoceptors and a 
much larger population of low affinity sites. In the 
study presented here the characteristics and in par- 
ticular the ion sensitivity of these two binding sites 
have been further examined. 

MATERIALS AND METHODS 

[3H]-Prazosin binding to membranes prepared 
from rat renal cortex was assessed in Krebs phos- 
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phate buffer (NaCl, 119; KCl, 4.8; MgS04, 1.2; 
NaH2P04, 10; CaC12, 1.27 mM; pH7.4). Mem- 
branes were prepared as previously described [12]. 

Aliquots (0.25 ml) of membrane suspension (con- 
taining 5 mg tissue wet weight of tissue) were incu- 
bated with 1.75 ml of Krebs phosphate buffer con- 
taining increasing amounts of [3H]-prazosin (final 
concentration 0.02-5 nM). All determinations were 
performed in duplicate. Incubations were carried out 
for 30 min at 37”. For comparison, identical experi- 
ments were performed using Tris buffer (50mM, 
pH7.6) with incubations being carried out at both 
25” and 37”. Phentolamine (10 @I) was used to define 
non-specific binding at each concentration of [3H]- 
prazosin. 

Characterization of [3H]-prazosin binding to low 
ujjkify binding sites. LIGAND [13] analysis of satu- 
ration data indicated that [3H]-prazosin was binding 
to two sites, one high affinity and another of rela- 
tively low affinity. In preliminary competition studies 
it was found that phentolamine (10pM) was not 
adequately definin 

9 
non-specific binding at higher 

concentrations of [ HI-prazosin. In addition the full 
characterization of the low affinity site necessitated 
using much higher concentrations of prazosin than 
could practically be achieved using labelled ligand. 
Because of this, separate saturation experiments 
were performed to characterize the low affinity bind- 
ing site. One ml aliquots of the final membrane 
suspension (20 mg of tissue wet weight) were incu- 
bated with an equal volume of Krebs’ phosphate 
buffer with [3H]-prazosin (final concentration 
approx. 2 nM) and increasing amounts of unlabelled 
prazosin (final concentrations l-250 nM). Non- 
specific binding was defined using phentolamine 
(1 mM). 
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Competition for low affinity [3H]-prazosin binding. 
Competition studies characterizing high affinity [3H]- 
prazosin binding have previously been described 
[12]. Competition studies characterizing low affinity 
[3H]-prazosin binding were performed in Krebs’ 
phosphate buffer at 37”. [3H]-Prazosin (1.5 nM) was 
added to 13.5 nM unlabelled prazosin to give a final 
concentration of 1.5 nM of [3H]-prazosin (with 
reduced specific activity) to predominantly label the 
low affinity site. 

One ml aliquots of membrane suspension were 
incubated with an equal volume of Krebs’ phosphate 
buffer containing 15 nM [3H]-prazosin in the pres- 
ence of increasing amounts of unlabelled drug. Non- 
specific binding was defined using phentolamine 
(1 mM). 

The effect of ions on high and low affinity [3H]- 
pratosin binding. The influence of ions other than 
-Ca*+ bn both high and low affinity [3H]-prazosin 
binding was assessed using sodium phosphate buffer 
(10 mM, pH 7.4) containing EGTA (0.1 mM). The 
effect of Ca*+ was studied in membranes prepared 
in calcium-free Krebs’ phosphate buffer with EGTA 
(0.1 mM). 

Na+ (lO-2OOmM), K+ (0.3-lOmM), Mg*+ (0.3- 
3 mM) &d Ca*+ (0. l-l .27 mM) were added to dupli- 
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Fig. 1. The effect of mono and divalent cations on specific 
[“HI-prazosin binding to high affinity (labelled with 0.1 nM 
ligand) (top) and low affinity sites (labelled with 15 nM 
ligand) (bottom). Non-specific binding was determined 
using phentolamine lO@l. The percentage change in 
specific binding is shown on the ordinate and the con- 
centration of cation on the abscissa (log scale). Cations 
tested were calcium (0)) sodium (0)) magnesium (A) and 
potassium (A). Each point is the mean of 3 separate 

experiments conducted in duplicate 2 S.E.M. 

cate tubes containing 1 ml of the final membrane 
suspension and 7 ml of phosphate EGTA (or Krebs’ 
phosphate EGTA for Ca*+) buffer containing [3H]- 
prazosin, 0.1 nM or 15 nM. 

In saturation studies investigating the calcium 
dependence of the low affinity [3H]-prazosin binding 
site, renal cortical membranes were prepared in the 
following buffers: (a) Sodium phosphate buffer 
(10mM) pH7.4; (b) Sodium phosphate buffer 
(10mM) with EGTA (0.1 mM); (c) Krebs’ 
phosphate, Ca *+ free, with EGTA; (d) Krebs’ phos- 
phate with EGTA and Ca*+ 1.27 mM; and saturation 
studies performed as described above. 

Calculation of results. After incubation, bound and 
free ligands were separated by filtration through 
Whatman GF/B filters and washed with 3 x 5 ml 
aliquots of the appropriate ice cold buffer. Filters 
were then transferred to scintillation vials and the 
radioactivity eluted and counted at approximately 
55% efficiency by standard liquid scintillation spec- 
trometry. Where appropriate, results were processed 
by the computer programme “EBDA” [14] which 
provides preliminary estimates of equilibrium bind- 
ing parameters by Scatchard, Hill and Hoffstee 
analysis and then produces a file for use by the 
non-linear curve fitting programme “LIGAND” [13] 
which was used to obtain final parameter estimates. 

Drugs and chemicals. (-)-cx-Methylnoradrena- 
line, (+)-noradrenaline bitartrate (Sterling-Win- 
throp) , r_-phenylephrine hydrochloride (Koch- 
Light), oxymetazoline hydrochloride (Allen and 
Hanburys) , prazosin hydrochloride (Pfizer), 
BE2254 (2(p(4-hydroxyphenyl)ethyl-aminoethyl)- 
tetralone) (Beiersdorf AG, Hamburg, FRG), indo- 
ramin (Wyeth), phentolamine hydrochloride (Ciba, 
Basel, Switzerland), [3H]-prazosin (20.2 Ci/mmol- 
Radiochemical Centre, Amersham). All other 
chemicals were of analytical grade. 

RESULTS 

Saturation studies 

When membranes are prepared and incubated in 
Krebs’ phosphate buffer, [3H]-prazosin binds to both 
high and low affinity sites in membranes from rat 
kidney cortex [12] but only the high affinity site has 
characteristics of al-adrenoceptors. The low affinity 
site can be characterized using a preparation of [3H]- 
prazosin of low specific activity which allowed much 
higher ligand concentrations to be reached. The con- 
tribution of the high affinity component to binding 
at low ligand concentration was compensated for by 
fixing predetermined values for KD (0.062 nM) and 
B,, (6.2 pmol/g) in “LIGAND”. Under these con- 
ditions, numerous low affinity sites were observed 
with a KD of 173 k 21 nM and a B,, of 
382 f 54 pmol/g (N = 3). Experiments performed 
with membranes prepared in Tris and incubated at 
37” also indicated low affinity sites with a KD of 
102 f 17 nM but of lower density (B,,,, 
88 2 35 pmol/g). Numerous low affinity sites are 
therefore seen in Krebs phosphate at 37”, fewer in 
Tris at 37” and these sites are virtually absent in Tris 
at 25” [12]. 
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The effect of cations on high and low ajyinity [3H]- 
prazosin binding 

re-added, the KD was 114 + 16nM, (NS) but the 
B 
tigte 

was reduced to 392 f 52 pmol/g wet weight 
(P <c 0.01; N = 4) (Table 1). Thus in both 

High and low affinity prazosin binding sites were Krebs’ phosphate and phosphate buffer, the removal 
preferentially labelled with either 0.1 nM or 15 nM of 
[3H]-prazosin, and the effects of mono and divalent 

of calcium significantly increases the maximum num- 
ber of binding sites but has little effect on the appar- 

cations tested. ent affinity of binding. 
The effect of each concentration of cation is 

expressed as a percentage of the amount of [3H]- 
prazosin specifically bound in the absence of ions. 
The high affinity site was relatively insensitive to 
cations when compared to the control. Ca2+ had a 
tendency to decrease while Mg*+ increased binding 
when compared to control (Fig. 1). The low affinity 
site, however, was sensitive to Ca2+ which sig- 
nificantly (N = 3, P < 0.05) suppressed binding by 
approximately SO%, at near physiological con- 
centrations (0.3-1.7 mM). K+ facilitated binding, 
although this result was not significantly different 
from that of control. Both Mg2+ and Naf had little 
effect at lower concentrations but significantly 
depressed [3H]-prazosin binding at higher con- 
centrations (N = 3, P < 0.05) (Fig. 1). 

The was, however, a marked difference between 
[3H]-prazosin binding in Krebs’ phosphate with 
EGTA and phosphate with EGTA. The m~imum 
number of binding sites in phosphate is approxi- 
mately half that seen in Krebs’ (317pmol/g wet 
weight cf. 745 pmol/g wet weight; P < 0.05; N = 3) 
and the affinity of the receptor for [3H]-prazosin had 
tripled (45nM cf. 145nM; P< 0.05; N = 3). It is 
possible therefore that the presence of other ions in 
Krebs’ phosphate influences [3H]-prazosin binding 
under these conditions. 

Competition for [3H]-pratosin binding to low affinity 
sites 

The eflect of ca~~~urn ions on the saturation kinetics 
of f3H]-prazosin binding 

In order to obtain a clearer picture of the effect of 
Ca2+, experiments were conducted with membranes 
prepared and incubated in sodium phosphate buffer 
(lOmM, pH7.4). In the absence of EGTA, [3H]- 
prazosin binding differed from that observed in 
Krebs’ phosphate. The Kn for the low affinity site 
was 51 + 17 nM, some three times higher than that 
seen in Krebs’ phosphate (P < 0.05; N = 3) whereas 
the B,, was reduced by 50% to 194 ZL 38 pmol/g 
wet weight (P < 0.01; N = 3) (Table 1). In phosphate 
buffer with EGTA (0.1 mM) the Kn was unchanged 
(45 + 8 nM) whereas the B,, was increased to 
317 +- 71 pmol/g wet weight of tissue (P < 0.05; 
N = 3). Removal of Ca*’ therefore significantly 
increased the maximum number of binding sites with- 
out altering Kn. 

It has been shown previously that agonists and 
antagonists having a high affinity for q-adreno- 
ceptors compete for high a~nity (3Hj-prazosin bind- 
ing to rat renal cortex membranes [12]. In the study 
reported here low affinity sites were preferentially 
labelled (approx. 84%) by 15 nM [3H]-prazosin and 
all of the compounds tested were much less effective 
competitors. 

As shown in Fig. 2, prazosin, BE2254, oxy 
metazoline and phentolamine competed for [3H]- 
prazosin binding in a concentration dependent 
manner. The lcso values (nM) for the compounds 
tested against [ 3H]-prazosin binding determined by 
probit analysis were, prazosin 32, BE2254 300, oxy- 
metazoline 3400, indoramin 13,500 and phen- 
tolamine 15,000. Competition curves were shallow 
and relatively high concentrations of antagonists 
were needed to inhibit [3H]-prazosin bin~ng. 

In Krebs phosphate without Ca2+ but with EGTA, 
the mean KD was 145 + 28 nM and the B,,, was 
745 +- 130pmol/g wet weight tissue. With calcium 

None of the full agonists previously tested in this 
system [12], (-)-noradrenaline, (-)-adrenaline, 
(-)-phenylephrine or (-)-cu-methylnoradrenaline 
(up to 1 mM) had any significant effect on low affinity 
[3H]-prazosin binding. This was confirmed for (-)- 
noradrenaline in saturation studies. When (-)-nor- 

Table 1. Effects of incubation and buffer conditions on the characteristics 
of low affinity [3H]-prazosin binding in membranes prepared from rat 

renal cortex 

Buffer N 

3 
( pmo?/; wet 

weight tissue) 

Tris control 3 102 ‘- 17 88 ” 33 
Phosphate 3 51 f 17* 194 It 38* 
Phosphate + EGTA 3 45 2 8* 317 -r- 71* 
KP control 3 173 2 21 382 ‘-c 54 
KP + EGTA 3 145 * 28 745 ?L 130* 
KP + EGTA -t CaZ* 1.27 mM 3 114 rt 16* 392 f 52 

The apparent dissociation constant &) and maximum density of bind- 
ing sites (B,,) are given as the mean + S.E.M. Asterisks (*) indicate 
significant differences compared to control. KP = Krebs’ phosphate 
buffer. 
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Fig. 2. Competition curves for cu-adrenoceptor antagonists 
against t3H]-prazosin binding to low affinity sites labelled 
with 15 nM ligand in rat renal cortical membranes. Incu- 
bations were performed at 37” in Krebs’ phosphate buffer. 
Binding is expressed as a percentage of that in the absence 
of competitors and plotted on the ordinate and -log drug 
concentration on the abscissa. Drugs shown are prazosin 
(x), BE2254 (+), oxymetazoline (0), and phentolamine 
(e). Each point is the mean of several determinations (ti 

in parentheses) conducted in duplicate 2 S.E.M. 

adrenaline (1 mM) was used to define non-specific 
binding, linear Scatchard plots were obtained and 
the data were best described by a single site model. 
The binding parameters, Ko were respectively, 
0.169 + 0.06 nM and 0.171” 0.003 nM (NS) and 
B,,,BX 8.75 or: 0.9 pmol/g and 9.13 rt 3 pmol/g (NS). 
The ability of agonists and antagonists known to act 
on other receptor systems was also tested on low 
affinity [3H]-prazosin binding. The @-adrenoceptor 
antagonists propranolol, H35/25, and metoprolol, 
the calcium antagonist D600, the nicotinic and 
muscarinic cholinoceptor antagonists d(+)-tubo- 
curarine, atropine, and pempidine, the histamine Hz 
receptor antagonist cimetidine, the MAO1 inhibitor 
pargyline, and the mo~hine antagonist nalorphine 
all produced greater than 50% inhibition of specific 
(defined by phentolamine 1 mM) low affinity binding 
at 1 mM. Only ouabain, theophylline and the cat- 
echolamines produced less than this effect at similar 
concentrations. 

DISCUSSION 

In Krebs’ phosphate buffer, the binding isotherm 
obtained for [3H]-prazosin binding to rat renal cor- 
tical membranes could not be described by a single 
site model. Non-linear curve fitting by LIGAND 
indicated that [3H]-prazosin was binding to two sites. 
Binding to the high affinity site was saturable and of 
high affinity (Ko = 0.06 nM). Conversely, the second 
site had an extremely low affinity for [3H]-prazosin, 
so low in fact (Ku = 173 nM) that both the high and 
low affinity sites could not be easily characterized in 
the same saturation experiments [12]. 

We have previously shown that [3H]-prazosin 
binding to the high affinity site has appropriate 
characteristics for binding to el-adrenoceptors [12]. 
These characteristics were not shown by the low 
affinity site, since [3H]-prazosin binding could not be 
displaced by catecholamines at a concentration of 
1 mM. Scatchard plots of saturable binding of [3H]- 
prazosin in rat kidney membranes using (-)-nor- 
adrenaline to define non-specific binding revealed 

only a single high affinity process. The binding site 
defined by (-)-noradrenaline was identical in nature 
to the high affinity portion of the [3H]-prazosin bind- 
ing isotherm observed using phentolamine (1 mM) 
to define non-specific binding. (-)-Noradrenaline 
can therefore be used to define non-specific binding 
in experiments designed to examine cyi-adreno- 
ceptors and to differentiate between cu,-adreno- 
ceptors and the low affinity site labelled by [3H]- 
prazosin. a-Adrenoceptor antagonists were able to 
displace [3H]-prazosin binding from the low affinity 
site, but only at high concentrations. This finding, 
together with the low Ku for [3H]-prazosin and the 
extremely high density of binding sites, suggests that 
the low affinity binding sites are not cu-adrenoceptors. 
In addition the observation that non-adrenoceptor 
agents displace binding at high concentrations also 
supports this conclusion. However, it should be 
stated that some of these compounds (e.g. padreno- 
ceptor antagonists and atropine) do possess a- 
adrenoceptor blocking actions at high concentrations 
[15,16]. 

One possibility to be considered is that during the 
preparation of membranes by homogenization in 
isotonic buffers, vesicles are formed which then take 
up [3Hf-prazosin. However, dissociation experi- 
ments (results not shown) indicated that [3H]-prazo- 
sin dissociated from the low affinity site quite rapidly 
(<2sec) suggesting that this is not the case. In 
addition, other rat tissues have been screened under 
identical conditions to kidney to see whether two 
sites can be identified. In cerebral cortex, the Scat- 
chard plot was linear, indicating binding to a single 
site. These findings support the idea that vesicle 
formation and subsequent ligand uptake is not a 
contributing factor to the biphasic Scatchard plots 
obtained with [3H]-prazosin binding to rat renat cor- 
tical membranes. Studies using cerebral cortex also 
indicate that the biphasic Scatchard plots observed 
for [3H]-prazosin binding to renal cortex were not 
a consequence of technical considerations, such as 
binding of the Iigand to glass Iibre filters. 

The use of high concentrations of phentolamine 
(1 mM) to define non-specific binding may have had 
unforeseen, membrane perturbating effects. This 
phenomenon has been well documented for anaes- 
thetics and tranquilizers [17]. However, it is apparent 
in the present study that the low affinity site did 
not result from the use of a high concentration of 
phentolamine used to define non-specific binding 
since two sites were aiso seen with a low con- 
centration (10 PM) of phentolamine. 

Since the low affinity binding site for j3Hf-prazosin 
has to date only been found in the kidney, one 
possibility is that it represents an excretory or reab- 
sorptive site associated with renal handling of weak 
acids and bases, including many drugs [l&19]. 
Prazosin at physiological pH would exist as a cation 
by virtue of its amino substituent. The binding site 
could therefore represent a site at which cationic 
molecules are bound prior to trans-tubular transport. 
It would be of interest to examine other radio- 
actively-labelled cations or anions to determine 
whether they, too, identify the same high capacity 
site. 

All other studies chara~te~zing [3H]-prazosin 
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binding have used Tris buffer with incubations per- 
formed at 25”. Our studies indicate that the ionic 
composition of the incubation media can have impor- 
tant effects on binding characteristics in some tissues. 
The low affinity site revealed in the present study 
is both ion- and temperature-sensitive since when 
incubations were performed at 25” in Tris buffer, no 
low affinity site could be detected. These studies 
indicate that when comparisons are made between 
drug affinities determined by receptor binding tech- 
niques or by examination of an end organ response 
it is important to examine binding in an ionic environ- 
ment (i.e. in physiological buffers), irrespective of 
the nature of the ligand, since other potentially 
important ligand binding sites may be left 
undetected. 

The high affinity binding of [3H]-prazosin to (yl- 
adrenoceptors in rat renal cortical membranes was 
insensitive to Ca*+ ions. This was shown in experi- 
ments in which the saturation of [3HJ-prazosin bind- 
ing was examined in Krebs’ phosphate or Tris buffers 
at 37”. The characteristics of the high affinity site 
were similar irrespective of the incubation medium. 
In addition the high af~nity site was selectively label- 
led by low concentrations of [3H]-prazosin, and 
under these conditions Na+, K+, Ca2+ and Mg2+ had 
virtually no effect on binding. These findings agree 
with previous reports which show that antagonist 
binding to at-adrenoceptors is insensitive to cations 
[4,11,20,21]. The low affinity site however, 
dis layed a marked ion-dependence in particular to 
Ca!+, which regulated the density of binding sites 
in a negative fashion. Removal of Ca2+ by EGTA 
unmasked more sites in both phosphate and Krebs’ 
phosphate buffer. 

In conclusion, the results of this study suggests 
that when studied in rat renal cortical membranes 
prepared and incubated in Krebs’ phosphate or 
sodium phosphate buffers, [‘HI-prazosin binds to 
two sites, a high affinity site having properties of an 
a-adrenoceptor and analogous to the site observed 
in Tris buffer at 25” and a low affinity site which is 

both Ca’+ and temperature sensitive and can be 
differentiated using (-)-noradrenaline to define non- 
specific binding. 
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