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Abstract-The characteristics of beta adrenergic receptors of human erythrocyte membranes were 
investigated using ( -)125iodocyanopindolol as a radioligand. 

Inhibition of (-)125iodocyanopindolol specific binding was checked using either atenolol and meto- 
pro101 as beta, selective antagonists or ICI 118551 and IPS 339 as beta2 selective antagonists. The results 
showed non linear Hofstee’s plots suggesting that both beta, and beta2 adrenergic receptors are present. 

Analysis of the data yielded a betaljbeta, adrenergic receptor ratio of approximately 33/67. Thus it is 
concluded that beta, subtype is predominant on human erythrocyte membranes. 

The presence of beta receptors on the membranes 
of human red blood cells (RBC) is still debated. 
Some authors have documented their existence 
[l-5] whereas others think that there is no evidence 
for such receptors [6,7]. However, strong arguments 
obtained in animals support the existence of these 
receptors in man too. Various ligands known as 
agonists or antagonists of beta receptors, bind to the 
RBC and to the corresponding membranes in other 
animal species [8-131. However, in man, the dif- 
ficulty of the characterization of this binding lies 
probably in the very low number of such RBC bind- 
ing sites. So, in order to ascertain their existence, it 
is required to use both a ligand of a high specific 
radioactivity and a relatively farge amount of RBC 
to collect enough membranes, i.e. beta receptors. It 
seems also that this preparation must not be con- 
taminated by other blood cells, since lymphocytes 
and granulocytes were shown to possess a rather 
large number of such sites [14, 1.51. Considering that 
beta adrenoceptors have already been assessed in 
many other species [8-131 their existence seems likely 
on human RBC. Moreover a stimulation of those 
receptors in man leading to an increase in adenylate 
cyclase activity [3-61, strongly suggests that human 
erythrocyte membranes (HEM) have a biological 
function, mediated by those receptors perhaps in the 
cell deformability [16]. It was also demonstrated that 
a plasma component may increase the number of 
RBC beta receptors [I]; for Sager they are mainly 
of beta* subtype [S]. 

This study was performed to assess the existence 
of beta receptors on HEM and to define their sub- 
types using a ligand, ( -)‘25iodocyanopindolol 
[( -)“251CYP], with a very high specific radio- 
activity (S2000 Ci/mmole). 

(-)‘251CYP is characterized by its specificity for 
beta-receptors associated with a high affinity con- 
stant and by a lack of selectivity for either beta1 or 
beta2 subtype. Its binding parameters, concentration 
of binding sites per mg of protein (B,,,) and the 
corresponding dissociation constant (IQ were meas- 
ured after incubation with membrane preparations, 

either alone, or with agonists or antagonists selective 
for one receptor subtype. 

MATERIALS AND METHODS 

Materials 

( -)1251CY~ev;aal supplied by Amersham Inter- 
national. agonists, (-)isoproterenol, 
(-)epinephrine, (-)norepinephrine, purchased 
from Sigma Chemical Company. Different beta 
adrenoceptors antagonists were selected; (r)ICI 
118551 beta2 selective [17, 181, (?)atenolol beta1 
selective and (rt)propranolol not selective ‘were 
obtained from ICI Pharma, (~)metoprolol beta1 
selective from Ciba Geigy and (+) IPS 339 beta2 
selective, was kindly supplied by Pr G. Leclerc 
(Department of Pharmacology, Faculty of Medicine, 
F-67085, Strasbourg). 

A suspending medium (A) containing NaCl 
(121 mM), NaHCO, (25.3 mM), CaCl, (1.3 mM) was 
adjusted at pH 7.8 according to Sager [4]. A buffer 
(medium B) containing NaCl (14 mM), KC1 
(5.4mM), CaC12, (1.8mM), MgClz (0.8mM) and 
Tris (25 mM) was adjusted at pH 7.4 with 1 N HCl 
at 37” for incubation experiments and at 0” for wash- 
ing the membrane preparations. 

Methods 

Preparation uf HEM. Blood was collected from 
young healthy subjects in polypropylene tubes con- 
taining heparin at a final concentration of 10 IU per 
ml. The blood was centrifuged at 750 g for 15 min at 
O-4“. Plasma and buffy coat were aspirated to remove 
polynuclear and mononuclear cells and erythrocytes 
were resuspended in ice-cold medium A to 50% 
hematocrit. The supernatant was removed after cen- 
trifugation at 75Og for 15 min. 

After three washings the composition of the prep- 
aration was checked using a cell differential counter 
(Coulter). The selected samples were devoid of lym- 
phocyte or granulocyte. If not, additional washings 
and centrifugations were made until the erythrocyte 
suspension was pure. Then, the cells were lysed 



4046 F. BREE et al. 

in ice-cold distilled water for 30 min with a gentle 
shaking. HEM were obtained by homogenization of 
the lysate in a Potter-Elvehjem glass homogenizer 
with three strokes by the motor driven Teflon pestle. 
The homogenate was centrifuged at 30,OOOg for 
30 min. The pellet was washed in medium A four or 
five times. By this procedure more than 95% of 
haemoglobin was removed. Total protein con- 
centration was determined according to Lowry [20]. 
Membrane protein concentration was 8 mg/ml; HEM 
were stored at -35”. 

Beta-adrenergic receptor binding assay. Binding 
experiments were performed in medium B. Mem- 
branes were at a final concentration of 0.1 mg protein 
per ml. Nineteen different concentrations of 
( -)iz51CYP ranging from lo-l2 to 6.10-” M, with or 
without 10m6M propranolol were used in a final 
volume of 1 ml. The equilibrium was obtained after 
75 min at 37”. Reaction was then stopped by immers- 
ing all tubes in ice and samples were ra idly filtered 
under vacuum through Whatman GF k glass fiber 
filters. Each filter was washed twice with 10 ml of 
medium B used as washing buffer. Radioactivity was 
determined in a scintillation spectrometer Packard 
Tricarb 460 CD. Specific binding was defined as total 
bound radioactivity minus the radioactivity not 
displaced by 10m6M propranolol. This non specific 
binding was approximately 50% of total binding at 
Kd value. The two parameters B,,, and Kd were 
estimated using a previously published method [21]: 
it consisted in fitting simultaneously total and non 
specific binding data. The non-linear regression 
based upon a uniformly weighted sum of squares was 

performed using a Gauss Newton iterative mini- 
mization method. 

Determination of K, values. To determine the 
efficacy of the various drugs in inhibiting ( -)1151CYP 
specific binding, samples were incubated with 
increasing concentrations of each drug in the medium 
B. In order to saturate all specific binding sites we 
used a concentration of ( -)1”51CYP superior to the 
Kd value determined in the preceding section. Cor- 
respondant data were processed according to the 
general mass action law for competitive inhibition: 

N. F 

W + 

Where B is the concentration of (-)1251CYP bound 
to the two receptors subtypes, F the concentration 
of free (-)1z51CYP and I the concentration of the 
inhibitor. N, and N2 are the concentrations of the 
beta, and the beta2 adrenergic receptors respectively. 

In the absence of inhibitor, Kd, and Kdz are the 
respective dissociation constants of ( -)‘251CYP. In 
equation (l), Kd, = Kdz as this ligand is devoid of 
any selectivity for one subtype. When an inhibitor is 
added, K,, and K,, are the respective dissociation 
constants characterizing its interaction with each 
receptor subtype on HEM. 

F [PM] 

Fig. 1. Equilibrium binding of (-)‘*‘ICYP to human erythrocyte membranes. (a) Specific binding 
(A-A) was calculated by difference between total (O+) and non-specific (C-O) bindings in presence 
of 10V6 M (2) propranolol. Binding studies were performed at 37” for 75 min. Each value represents 
the mean of three experiments. (b) Scatchard plot of the only (-)“‘ICYP specific binding, showing one 

class of binding sites. B is expressed in fmole/mg protein, (B)/(F) in (ml)/(mg protein). 
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Fig. 2. inhibition of ( -)*z51CYP specific binding by selected 
agonists. Binding of (-)“‘ICYP to HEM was measured 
with increasing concentrations of either (-)isoprenaline 
(&-O), either (-)epinephrine (Cm) or (-)norepine- 
phrine (A-A). (-)“‘ICYP concentration was 8.10-i* M 
(Kd = 6.10-i* M for this subject), B,,, value was 4.27 
fmoles/mg protein. The results are represented as per- 
centage of (- )1Z51CYP specifically bound and represent the 

mean of three experiments. 

Parameters Ni, Nz, Kdl, Kd2, K,, and KI, were 
estimated by fitting the equation (1) to the experi- 
mental data: a non linear regression technique based 
upon a Gauss-Newton type minimization algorithm 
was used. 

RESULTS 

(-)12sZCYP binding to human erythrocyte mem- 
branes. Typical binding experiments are shown on 
Fig. 1. Scatchard analysis of the specific binding data 

-10 -9 -6 -7 -6 -5 -4 -3 -10 -9 -8 -7 -6 -5 -4 -3 

log CATENOLOLJ(M) log rtcr 1185511(M) 

Table 1. Dissociation constants (K,) of selected agonists 
calculated from competition binding studies to HEM 

Drug (2) 

(-)Isoproterenol 2.27 x 10-s 
(-)Epinephrine 4.5 x 10-7 
(-)Norepinephrine 3.2 x 1O-6 

The inhibition of ( -)‘r51CYP specific binding was deter- 
mined for each agonist as described in Fist. 2. K, was 
calculated from competition binding accordhg to dheng 
and Prusoff [22j. 

gave linear plots suggesting a single class of binding 
sites, mean Kd value for the 6 subjects was 
1.91 2 1.44 x lo-” M and the B,,, was 4.32 it 1.48 
fmoies/mg protein. 

Znhibition of ( -)125ZCYP binding by non selective 
beta-adrenergic agonists. The influence of various 
adrenergic agonists on specific binding of ( -)*251CYP 
to HEM is presented in Fig. 2. The corresponding 
K, values are shown in Table 1. The decreasing order 
of potency was IPR, EPI and NE with a difference 
of about one order between these three agonists. 

Znhibiti~n of ( -)‘*5ZCYP specific binding by selec- 
tiue beta-adrenergic antagonists. (k)AtenoIoI (Fig. 
3a) and (+-)metoprolol were being used as beta, 
selective antagonists, (I) ICI 118551 (Fig. 3b) and 
(L) IPS 339 as beta2 selective antagonists. The trans- 
formation of the corresponding inhibition curves by 
Hofstee’s representation (Fig. 4) showed two distinct 
straight lines for each drug indicating the presence 
of two binding sites, one of high affinity (the first 
half of the points) and the other of low affinity (the 
second half of the points) [23]. 

An interindividual variability of KI was observed 
for the 6 subjects (Table 2). 

Fig. 3. inhibition of (-)i”ICYP specific binding by selective antagonists. Binding of (-)‘2SICYP to 
HEM was performed with increasing concentrations of either atenolol beta, selective (a), or ICI 118551, 
beta2 selective (b). (-)‘2sICYP concentration was 30.10-t* M (Kd = 12.69 x 1Om'2 M) the B,,, value was 
5.12 fmole/mg protein). For the subject N.4 beta&eta, = 23/77 for the displacement with atenolol and 
27/73 with ICI 118551. The results are expressed as percentage of (-)‘251CYP specifically bound and 

represent the mean of three experiments. 
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Table 3 showed the ratio between the B,,, charac- 
terizing the sites of high affinity and low affinity. 
which suggests the predominance of beta1 receptor 
subtype. 

DISCUSSION 

An indirect method was used to identify the HEM 
beta adrenoceptors. This technique, also less precise 
than direct binding experiments was used because 
(-)iz51CYP was the only available radioligand. Two 
unlabelled displacers, respectively betai (atenolol, 
metoprolol) and beta2 antagonists (ICI 118551, IFS 
339) were systematically used in order to minimize 
the non entire selectivities for each subtype. Indeed, 
the selectivity of most antagonists and of those selec- 
ted here is always relative. It can be measured by 
their efficacy, i.e. the ratio of the corresponding 
association constant (Ka = l/K,), they exhibit for 
each subtype: 

Ka, 
the efficacy beta,/beta* = I( was 22 

Q 

for metoprolol and 30 for atenolol. was 0.016 for ICI 
118551 and 0.04 for IPS 339 (calculations drawn from 
references 11,24). Furthermore, as the respective 
efficacies of selective antagonists of the same subtype 
are not equivalent, two ligands of each group were 
used. 

For ethical reasons, it was difficult to collect more 
than 80 ml blood from each volunteer. Thus, when 
HEM recovery was low it was impossible to check 
all the displacing agents. For this reason the HEM 
of each subject was studied systematically in a cross- 
over manner at least with one beta, and one beta1 
antagonist. Keeping in mind that lymphocytes and 
granulocytes discarded in the buffy coat by several 
w-ashings, thus low B,,, value can be attributed only 
to HEM. Moreover any contamination would lead 
to an increase of beta, adrenergic receptors as it is 
the only subtype of these cells [14,X]. So, one may 
consider that only HEM beta-receptors can account 
for our results. 

Characteristics of HEM beta adrenergic receptors. 
K, values obtained with the selected agonists are 
close to those previously reported by Sager [3]. Thus 
the presence of beta-adrenergic receptors on HEM 
with a beta2 subtype tendency is confirmed. When 
beta1 or betaz-selective antagonists were used; com- 
puter analyses of the competition curves clearly indi- 
cated the existence of two populations sites. The 
percentages of low- and high-affinit~~ sites were about 
the same as for betai-selective drugs atenolol and 
metoprolol, i.e. 254.5% for high affinity sites and 
55575% for low-affinity sites (Table 3). Comparison 
of the affinities of these antagonists for their respect- 
ive sites with those reported in the literature 
[23-251, also strongly suggests, that the high-affinity 
sites correspond to the beta, receptor subtype and 
that the low affinity sites correspond to the beta?- 
receptors. These results were confirmed with the use 
of beta* selective antagonists, ICI 118551 and IPS 
339. They showed the presence of 67% beta,- and 
33% beta,-receptors (Table 3). Thus as expected by 
Sager [3-51, beta,! subtype is the predominant HEM 
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Fig. 4. Hofstee plot of the inhibition of ( -)1z51CYP specific binding by selective antagonists. The amount 
of competiting antagonist bound (expressed as percentage of specific inhibition of ( -)‘251CYP binding) 
was plotted on the ordinate. The same value divided by the concentration of competiting drug, was 
plotted on the abscissa: (a) atenolol added; (b) ICI 118551 added as competiting antagonists. The data 

represent the mean of three experiments performed on HEM. 

adrenergic-receptor. Physiological and pharmaco- 
logical data suggest that beta-adrenergic receptors 
can be classified into subtypes that may coexist in 
the same organ [23,26-281. Moreover, it is also 
proved that distinct subclasses of beta-adrenergic 
receptors can coexist in a single ceil type [29]. 

In retrospect, it seems somewhat surprising that 
the majority of such studies have been performed 
mainly on non mammalian erythrocyte preparations. 
Initial characterization of the avian and amphibian 
erythrocyte receptors had suggested that these sys- 
tems may possess beta,- and betaz-adrenergic recep- 
tors respectively. However, it was proved that for 
instance chick, frog [12] and turkey [lo] erythrocyte 
membranes exhibit receptor characteristics different 
from those of mammalian beta, and beta2 adrenergic 
receptors. 

Our results as compared to those reported in dif- 
ferent mammalian tissues, are in relatively good 
accordance. Nevertheless, we observed a high inter- 
individual variation between the KI values of the 
different antagonists. Even if we accept Furchgott’s 
[30] guidelines stating that drug affinities would differ 
more than 3-fold between membrane preparations, 
it is significant that KI values of our subjects deviate 

from that expected for either receptor subtype in a 
range from 1 to 100. We have no explanation for 
these variations. As & values of (-)‘251CYP vary 
only in a relatively smaI1 range between the 5 subjects 
(I.91 + 1.44 lo-“M), it seems that the large dif- 
ferences observed in the corresponding KI values for 
the antagonists, are not relevant to methodological 
errors but more likely to physiological variation. 

Thesignificance of HEM beta-adrenergic receptors. 
In human erythrocytes, CAMP basal and maximal 
levels as observed after isoproterenol stimulation, 
represent respectively accumulations of 90 and 300 
molecules per set and per cell [S]. These variations 
can probably explain some biological effects as mem- 
brane deformation [ 161. 

In rat erythrocytes, during maturation, the guan- 
ine nucleotide regulatory protein decreases [31]. This 
protein acts as a cofactor of beta adrenergic stimu- 
lation and is stimulated by guanine nucleotide. Thus 
the effect of catecholamine stimulation on adenylate 
cyclase activity decreases with maturation and 
explains the low activity in mature RBC. These 
observations suggest a functional role of HEM beta- 
adrenergic receptors as in other tissues. 

Beta, adrenergic receptors are often considered as 

Table 3. Relative concentrations of beta,- and beta2-adrenergic receptors in HEM 

Subject No. 

1 
2 
3 
4 
5 
6 

Atenotol 

45/z 
4$4 

23/77 
38162 
ND 

Metoprolol 

4$8 
ND 

45/55 

ICI 118551 

lS/SS 
20/80 
44/56 
27/73 
26/74 
50/50 

IPS 339 

25/75 
3%8 

20/80 
36164 
42/58 

Mean 

29171 
31/&9 
40/6cl 
29/71 
33167 
42/58 

33167 

The inhibition of (-)‘2sICYP specific binding was determined for each antagonist 
selected as described inf Fig. 3. Computer analysis of the resulting Hofstee plots 
resulted in the relative percentages of each component on HEM. Each value is the 
mean of three separate experiments (ND means not determined). 
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the former subtype specially adapted to epinephrine. 
During evolution, the progressive transformation 
from beta? to beta, receptors may be the result of an 
adaptation to noradrenaline [32]. So the ratios of 
norcpinephrine/epinephrine and betaJbeta* are 
often compared [33]. As in human plasma norepine- 
phrine levels. 500 pdml, are far higher than epi- 
nephrine levels, 5Opg/ml [34], a predominance of 
beta, receptors on HEM was expected. 

However, the use of those two catecholamine 
levels seems too simplistic to anticipate the receptor 
subtypes distribution, since our results show a betat- 
beta, ratio of 33/67. Thus the regulation of eryth- 
rocyte beta-adrenoceptors, if any, may be either 
partially linked to the plasma catecholamines levels 
or even totally independent. In addition in other 
circulating cells with beta-adrenoceptors such as lym- 
phocytes and granulocytes, beta;, subtype is pre- 
dominant [14, 1.51. This point needs further 
investigations. 
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