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~e concentration of cerebral cortical e-2 adrenergic receptors measured using the 
antagonist ligan~ [~H]yohimbine was increased by the addition of soditm] chloride or 
guanylnucleotides. 'lhe effects of ~le two factors together were additive, the total 
increase in receptor concentration _being from 55 ± 5.8 to ]06 ± 5.8 fmol/mg protein in the 
presence of bo~ 200 .n~ [~Cl and i0 sM guanylyl-5'-imidodiphosphete. Similar increases 
were produced by sodium acetate and GTP. Neither sodium ion nor guanylnucleotides cause£ 
any ~ange in the affinity of dle receptors for [3H]yohimbine ~ut caused an additive 
decrease in the average affinity of agonists. Similar effects of sodium ion and 
guanylnucleotides on receptor concentration ~re observed in hypothalamus but not kidney. 

I N%T{ODUCT I ON 

Central ~-adrenergic receptors were first measurec] with the non-selective 

3 a-antagonist ligand [ H]aihydroergocrytptine ([3H]DHE)[i]. Biphasic displacement of bound 

[3H]DHE by the ~-I and a-2 selective compounds prazosin and yohimbine indicated the 

presenc e of both receptor subclasses in the central nervous system [2]. More recent 

studies have used selective radioligands such as the antagonists [3H]~4101 [3] or 

[3H]prazosin [4] for a-i receptors and the agonist ligands [3H]c!onidine [5] or 

[3}i][~re-amino-clonidine [6] for a-2 receptors. ~bwever ~le binding of agonist compounds 

to bo~ central andperi~]eral ~-2 receptors is complex. Agonists but not antagonists bind 

to sites of more th~n one affinity. Moreover, agonist but not antagonist affinity is 

modulated by cations and guanylnucleotides [5,7,8]. 

qhe introduction of [3H]yohi~ine has provided a selective antagonist ligand for ~-2 

receptors. In membranes prepared from peripheral tissues the binding of [3H]yohimbine is 

unaffected by sodium ion an(] guanylnucleotides in contrast to the previously used agonist 
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igands [9,10,ii]. In the course of experiments attempting to characterize [-H]yohimbine 

)inding to membranes from the central nervous system, it was found that [3H]yohimb~ne 

>inding was increased in the presence of sodium ion and GPP (NH)P. This paper reports 

;tudies investigating this observation. 

IETHODS 

L. Materials 

Yohimbine [methyl 3H] specific activity 75-90 Ci/m~aol was 
~ucleonics. 

obtained from Searle 

The following compeunds were obtained from the Sigma Chemical Company, St. Louis - 
,ohimbine hydrochloride, tris (hydroxymethy!) aminomethane, l-epinephrine bitartrate, 
-arterenol bitartrate, l-isoproterenol ~EI, guanosine-5'-triphosphate (GTP), 
luanylyl-5'-imi~odiphosphate (GPP ~)P), adenosine-5'-triphosphate (ATP), 
juanosine-5'-monophosphate (GMP). d-Epinephrine bitartrate was obtained from KEK Fine 
~hemicals. Prazosin was supplied by Pfizer and e-methy~norepinephrine by Sterling 
~armaceuticals. 

~. Preparation of membranes. 

Adult Sprague-Dawley rats (150-250g) were killed by decapitation. Cerebral cortex 
ind hypothalamus were dissected [12]. Tissue was homogenized in 50 mM tris HCI pH 7.7, i0 

P~S04, 0.25M sucrose, using a Potter-Elvejhem homogeniser. }bmogenates were filtered 
:hrough two layers of gauze and centrifuged at 30,000 g for 15 min. The pellets were 
~shed three times with the above sucrose buffer. The final pellets were resuspen~ed in 
~0 ~ tris HC1, pH 7.7, I0 mM MgSO~, 1 mM mercaptoethanol at a protein concentration of 
~-~mg/ml. Protein concentration was measured by the method of Lowry et al. [13] using 
)ovine serum albumin as standar@. Kidney membranes were prepared as described previously 
ii~]. 

I. ~3!l]Yohimbine Binding 

Incubations containe~ in a final volume of 200 ~ - [3H]yohir~bine (1-50 ~M), 50 ~ 
:ris HCI pH 7.7, i0 mN MgSOn, 1 ~M mercaptoethanol, membranes 1-3 mg/ml protein and other 
~dditions as indicated. InCubation was at 25°C for 20 mins and was terminated by 
[iltration through %,,ha~man GF/C glass fibre filters. The filters were washed with I0 m~ 
~f ice cold buffer. ]'bn-specific binding was defined as binding not displaceable by I0 M 
~epinephrine. Non-specific binding represented 30% of total binding at l0 nM 
i H]yohimbine in brain membranes in the presence of sodium ion and guany!nucleotides. In 
:he absence of these factors non-specific binding to central membranes was 50% of total at 
0 nM [~H]yohimbine (see Results) an¢ 30% of total when renal membranes were used. 

rESULTS 

. Effects of sodium ion and guanylnucleotides on [3H]yohimbine binding to cerebral 
:ortical membranes. 

The a@dition of increasing concentrations of NaCI between 10 and 300 m~ produce4 a 

:oncentration dependent increase in specific binding of [3H]yohimbine to cerebral cortical 

le~ranes. ~b effect on non-specific binding was observed. GTP and its analogue 

;PP(Ntl)P(10-8-10-4M) also increased specific binding with no effect on non-sI~cific 

)inding (Figure i). Scatchard analysis of binding in the presence of NaCl and 
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Figure I: 
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Effects of sodium chloride and guanylnucleotides on [3H]yohimbine binding to 
cerebral cortical membranes. 
Effect of NaCl on specific and non-specific binding at i0 nM 
[SH]yohimbine. 
g4 specific binding; X-X non-specific blnSing 

Effect of nucleotides at I0 nM [3H]yohimbine. 
Q-Qguanylyl-5'-imidodiphosphate (sz~ciflc binding) 
X-X guanylyl-5'-imidodiphosphate (non-speciflc binding) 
O-O GTP specific binding; 8-{ ATP specific binding 
A-{ Q~P specific binding 

& d) Scatchard analysis of [3H]yohimbine binding 
I-Ono ~dditions 
O-O 10-SM guanylyl-5'-imidiodiphosphate 
X-X 200 mM MaCl 
A-I 200 ram NaCI plus 10-SM guanylyl-5'-imi~iodiphosphate 

14 200 m~, KCI 
X-X 200 m~! sodium acetate 
0-O 200 ~ soditr, chloride plus 10-~M CYP 

guanylnucleotides indicated d~at ~e increase in binding %~s due to an increase in 

available sites and not to a change in a[finity. The increases in sites produced hy NaCl 

and guanylnucleoti@es were additive (Figure ]; Table i). 

2. Specificity of the NaCl-guanylnucleotide effect. 

KCI at 200 m~t vms ineffective in increasing [3H]yohimbine binding. However 200 ~ 

sodium acetate produced a similar increase to that produced hy 200 ~J NaC] (Figure i; 
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TABLE I: 
Increase in cerebral cortical a-2 receptors in the presence of sodium ion 

and guanylnucleotides. 

NO NaCl GPP_6NH)P NaCI + Na ACETATE NaCI+GTP 
ADDITIONS 200ram I0 s,~ GPP(NH)P + GPP(NH)P (i0 ~M)** 

Kd [nM] 10.3±2.5 i0. ~(~- 1.6 o.8±1.2 8.8-+1.3 9.5-+ 2. l 8.8-+2.3 

a-2 Receptor , , 
conc. 55-+5.8 78 -+5.2 73 -+5.4 i06+±5.~ 301+±6.1 ].14++-+7 
(fmol/mg) 

Results are mean ± SE of 4 or more experiments. 
* p<0.01 relative to no additions. 

+ p<0.01 relative to GPP(~i)P 
++ p<0.01 relative to NaC]. 

** plus 20 ~M phosphorylcreatine and 10 ~g/ml creatine kinase. 

ble I). qhese results indicated that the causative ~gent was Na + ion and not CI- ion. 

P (in the presence of a generating system 20 mM phosphoryl creatine plus I0 ug/ml 

eatine kinase) and GPP(NH)P produced similar maximum increases in [3H]yohimbine binding 

EC50 values for the two were respectively 2 -+ ixl0 -7 (SE) and 1.5 -+ ixl0 -6 (SE) (n=3) 

ATP and GMP at concentrations up to 10-4M were ineffective (Figure i). 

A similar relative increase in receptor sites was caused by the addition of NaCl (200 

i) and GPP(NH)P (10-5M) to hypothalamic membranes. However these factors failed to cause 

y detectable increase in [3H]yohimbine binding to renal cortical ~-2 receptors. 

reover the addition of NaCI and GPP(NH)P did not affect [3H]prazosin binding to cerebral 

rtical membranes. Thus the effect of NaCl and guanylnucleotides was specific for ~-2 

renergic receptors of the central nervous system (Figure 2). 

l 

" sol .',,, I _o Io I ' t  

"I X :IX-, • 

' I - X - ,  .X 
K)O 200 50 I00 50 I00 

[3H]-YOHIMBINE BOUND fmol / mg protein [3H'J-PRAZO$1N BOUND 
fmol/n~l protein 

Figure 2: Effect of sodium chloride and guanylyllS'-imidodiphosph(~te CPP(NH)P oncentral 
and peripheral s-receptor binding. Fmatchar.4 analysis of binding data 
using ['H]yohimbine an~ ['H]pLazosin. All experiments were performed at least 3 
times. ~-~no additions; 0-0200 mM NaC] plus 10-SM GPP(NH)p. 
a) Hypothalamus ['H]yohimbine binding 
b) Renal cortex ['H]yohimbine binding 
c) Cerebral cortex ['Ei]prazosin binding 
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TABLE 2: 

Affinities of ~-adrenergic agonists and entagonists for cerebral5cortical 
~-2 receptors in the presence and absence of 200 ~I NaCI and i0- M 
GPP (NH) P. 

COMPOUND NO ADDITIONS NeCI + GPP(NH)P 

l-epinephrine 8.8 ± 0.2x10 -8 4.3 ± 0.3x10 -~ 

d-epinephrine 1.2 ± O.3xl0 -~ >i0 -~ 

l-norepinephrine 1.7 ± 0.3x10 -7 6.2 ± 0.4x10 -6 

~-methylnorepinephrine 9.8 ± 0.3x10 -8 3.1 ± 0.5 xl0 -6 

yohimbine 1.4 ± 0.2x10 -8 9.7 ± 0.3x10 -9 

prazosin 2.5 ± 0.5x10 -5 2.7 ± 0.4xlC -5 

phentolamine 8.5 ± 0.6x10 -9 i.i ± 0.Sx10 -8 

Results are K Iav [I] values [M] ± SE of 3 experiments. 

3. Effects of NaCI and GPP(NH)P on the binding affinities of a-adrenergic agonists and 
antagonists. 

There ~as no effect of NaCI and GPP(NH)P on the affinities of the antagonist 

compounds prazosin, phentolamine and yohimbine for cerebral cortical e-2 receptors (Tabl~ 

2). The binding affinities of e-2 adrenergic agonists to cerebral cortical a-2 receptor~ 

was decreased in the presence of NaCI (200 mM) and GPP(NH)P (10-5M). ~le binding of 

1-epinephrine was further examined in ~e presence of the t~ factors separately as well 

as in combination. NaCI (200 mM) or GPP(NH)P (10 -5 ) both caused a ].0-20 fold decrease ir 

the average affinity of epinephrine. Together a 100-200 fold decreese was observed. The 

effects of NaCI and GPP(NH)P on ~e binding of 1-epinephrine were similar in membranes 

from cerebral cortex an(] renal cortex (Figure 3). 

DISCUSSION 

In ~lis paper %~ have demonstrated a specific increase in the concentration of 

central a-2 adrenergic receptors measured in the presence of sodium ion and 

guanylnuc!eotides. 

While the combination of sodium ion and guanylnucleotides produced a 100% increase J 

the number of ~-2 receptors, no change in the affinity of the receptors for yohimbine or 

the other antagonists tested (phentolamine and prazosin) could be_ detected. In contrast, 

the average binding affinities of agonist compounds were decreased in the presence of 

sodium ion and g~3nylnucleotides. Both of these factors separately decreased agonist 
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Figure 3: Effects of sodi~n chlori~e and, guanylyl-5'-imi~odiphosphate (GPP(NH)P)on the 
affinity of 1-epinephrine for ~-2 receptors in cerebral cortex an~ renal cortex. 
The experiments were performed 3 times. 
O-~no additions; (~ ]O-'M GPP(NH)P; A-~ 200 mM ~CI; A~A 200 m~ ~, NaClplus ]0-sM 
GPP (NH) p. 
a) Cerebral cortex 
b) Renal cortex 

~inity and the effects of the two factors together were additive. This effect, on 

)nist affinity at central a-2 receptors, was similar to that observed in the kidney 

~re a-2 receptors are coupled to the inhibition of adenylate cyclase [18]. Similar 

~dings have also been reported in platelets [7] and liver [8]. Despite the similarities 

the effects of these factors on agonist binding in ~ rebral cortex and renal cortex 

~ir effects on receptor concentration were c~rTy ~i~z~t~c ~i~,~SF~Co 

Monovalent cations and CTP are both required for maximt~n inhibitioq )~ {~le~1?~! ~ 

;lase via a-2 receptors in platelets, adipocytes, liver and kidney [15-18]. Similar 

.~cificity applies to modulation of a-2 agonist affinity indicating a relationship 

;ween the binding properties of agonist compounds and adenylate cyclase coupling in 

.~se tissues [7-9]. The similar effects of these factors on agonist affinity at cerebral 

tical a-2 receptors suggest that these are also coupled to adenylate cyclase 

~ibition. Moreover the requirement for sodium ion and GTP to increase available 

:eptor sites in cerebral cortex membranes suggests that this is also a function of 

.~nylate cyclase coupling. Since there was no apparent change in the characteristics of 

.~ receptors it appears that the effect of sodium ion and GTP has been to unmask further 

,~eptors which were not otherwise available for [3!]]yohimbine binding. 
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The mechanism of the observed increase in central a-2 receptors and its relationship 

to receptor function cannot be ascertained without further purification of the components 

5bwever the practicalconsequences are more obvious. Our results demonstrate that the 

measured concentration of central ~-2 receptors depends on dle incubation concentration o 

sodium ion and guanylnuc]eotides. ~le use of an antagonist ]igand has enabled this 

relationship to be clearly demonstrated because, with the previously use<! agonist ]igands 

the increase in sites would be masked by the simultaneous decrease i n  

ligand affinity in the presence of sodium ion ~%nd guanylnucleotides. 
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