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Abstract-The selective radioligand [“Hlclonidine has been used to localise cuz adrenoceptors in guinea 
pig kidney. Chemical sympathectomy with 6-hydroxydopamine produced no significant change in the 
number of sites labeled by [‘Hlclonidine indicating that the majority of binding sites were not located 
on sympathetic nerve terminals. Binding was enhanced in membranes prepared from renal tubules and 
considerably reduced in preparations from glomeruli. Subcellular fractions of renal cortex revealed that 
binding was to plasma membranes and that the greatest binding capacity was present in the fraction 
rich in basal lateral membranes. It is concluded that the major concentration of renal 9 adrenoceptors 
are present on renal tubules and that they may be localised to a particular pole of the renal tubule cell. 

[3H] Clonidine has been used as a radioligand to 
study ai adrenoceptors in membranes prepared from 
the kidneys of guinea pig [I] and rat [2]. Within the 
guinea pig kidney the a~2 adrenoceptors are highly 
localised to membranes prepared from the renal 
cortex with membranes from medulla and papilla 
having much lower concentrations [3,4]. Recent 
autoradiographic studies have confirmed these find- 
ings and extended them to show that the CQ adren- 
oceptors are located on the proximal convoluted 
tubules [5]. The results are consistent with the pres- 
ence of (Y adrenoceptors on proximal convoluted 
tubules which mediate sodium reabsorption [6]. 

In the experiments described here 
[3H]clonidine binding within the guinea pig renal 
cortex has been localised using the techniques of 
chemical sympathectomy with 6-hydroxydopamine, 
preparation of membranes from glomeruli and tub- 
ules and subcellular fractionation. A preliminary 
account of some of this work has been previously 
described [7]. 

MATERIALS AND METHODS 

Chemical sympathectomy. Male guinea pigs 
(500-800 g) were given 6-hydroxydopamine 
(150mg/kg i.p.). Animals were killed and the kid- 
neys removed 5, 7 or 11 days after injection. The 
extent of sympathectomy was estimated by measure- 
ment of the catecholamine content of a sample of 
tissue by radioenzymatic assay [9]. Only kidneys in 
which the noradrenaline content was less than 5 per 
cent of the controls were used in this study. 

Preparation of glomeruli and tubules. Kidneys 
were removed from male guinea pigs and placed on 
ice. Renal cortex was dissected from medulla and 
papilla, minced with a razor blade, forced through 
a 212 micron nylon mesh and suspended in isotonic 
Tris 50 mM/sucrose 8%: pH 7.6 at 4”. This procedure 
disrupted the tubular structures and freed the glom- 
eruli which were then separated from the debris by 
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a combination of differential centrifugation and fil- 
tration. The glomerular suspension obtained after 
the initial sieving was centrifuged (1OOOg for 1 min), 
the supernatant removed and the pellet was resus- 
pended in fresh buffer. This procedure was repeated 
a further five times before passing the suspension 
through an 85 micron nylon mesh. The majority of 
the remaining tubule fragments passed through the 
mesh leaving the glomeruli (dia - 120 microns) on 
the surface. 

Tubules were prepared from renal cortex incu- 
bation in Krebs-Henseleit solution containing 0.05% 
collagenase (Sigma type II) for 30min at 37” with 
vigorous shaking (120 shakesimin) [lo]. After diges- 
tion the slices were disrupted by repeated passage 
into a Pasteur pipette. The suspension was then 
passed gently through a 212 micron nylon mesh to 
complete dispersion. After three washes in colla- 
genase free Krebs the suspension was layered onto 
a discontinuous sucrose gradient (75, 58 and 50%) 
and spun at 5000 g for 35 min. Tubules were collected 
from the interface (50:58) and purity checked by 
microscopic examination. Membranes from both 
tubules and glomeruli were prepared by homogen- 
ising the structures in Tris buffer (50mM, pH 7.6 
at 4” and 25”) as previously described (41. 

Subcellularfractionation. Subcellular fractionation 
was carried out, using a homogenate of guinea pig 
renal cortex [ll]. Briefly, renal cortex was minced 
and homogenised in 10 vol. of 8% sucrose (pH 7.0) 
using 10 strokes of a Dounce homogeniser with a 
tight fitting pestle. A sample of this homogenate was 
retained (Hl). The remainder was centrifuged at 
1OOOg for 10 min, the supernatant saved and the 
pellet resuspended in 2.5 vol. of 8% sucrose. After 
rehomogenisation and centrifugation the superna- 
tant was combined with that from the first spin and 
the pellet (Pl) retained. The supernatant was spun 
at 9000g for 10 min. The lower pellet (P2) was 
retained whereas the soft upper portion was com- 
bined with the supernatant and centrifuged at 
47,000 g for 20 min. The clear supernatant from this 
spin was discarded. The upper lighter portion of the 
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pellet was used to prepare fractions enriched in 
luminal (P4) and basal-lateral (PS) membranes by 
selective precipitation and the lower pellet was 
retained (P3A). The fractions HI, Pl, P2, P3A. P4 
and PS. were washed at least twice by suspension in 
Tris-I-ICI buffer (pH 7.6 at 4”) and centrifuged at 
49,OOOg for 10 min. Finally the fractions were sus- 
pended in Tris-HCI buffer pH 7.6 at 25” (protein 
concentration l-3 mgiml). 

In some experiments enzyme marker assays for 
Na’lK’ ATPase [l2] and alkaline phosphatase [13] 
were conducted to assess the degree of enrichment 
of each membrane fraction. 

Chemicals. Drugs used in the present experiments 
were; [‘Hlclonidine, 22-26 Ciimmole (NEN), 6- 
hydroxydopamine hydrobromide and collagenase 
(type II) (Sigma); phentolamine hydrochloride 
(Ciba). All other reagents were ‘analar’ grade 
chemicals. 

RESULTS 

The effects of 6-hydroxydopaminr pretreatment 

The effect of 6 hydroxydopamine pretreatment on 
[‘Hlclonidine binding to membranes prepared from 
the renal cortex is seen in Fig. 1. There was a reduc- 
tion in the apparent dissociation constant (Kd) from 
approximately 8 to 4nM which was dependent on 
the time after denervation. the change being maximal 
after 11 days. In contrast, there was little change in 
the maximal number of binding sites (B,,.,,) from 17 
pmoles/g wet wt of tissue in all cases. The Hill 
coefficient (nH) did not significantly differ from unity 
in all experiments, indicating no change in cooper- 
ativity with 6-hydroxydopamine administration. The 
results for all experiments are summarised in Table 
1. The lack of change in the density of binding sites 
indicates that the bulk of the renal az adrenoceptors 
labeled by ]‘H]clonidine are located other than on 
sympathetic nerve terminals. However, since the 
standard deviation about the mean density of binding 
sites was ? 22.6 per cent, it is possible that small 
changes produced by denervation would not be seen 
against a much larger population of sites not associ- 
ated with nerves. 

(‘HJClonidine binding to glomeruli and tubules 

In membranes prepared from the renal cortex the 
K,, for ]‘H]clonidine binding was 8.3 t 0.3 nM with 
a B,,, of 186 t 25 fmolesimg protein (N = 4). After 
sieving or collagenase digestion, the apparent affinity 
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Fig. 1. The effect of chemical sympathectomy Hlth 6- 
hydroxydopamine on [‘Hlclonidine binding to membranes 
from guinea pig renal cortex. Scatchard plots are shown 
for control (0) and animals sympathectomised 7d (+) or 

14d (0) previously. 

of [‘H]clonidine binding increased to 3 nM while the 
B,,, was reduced to B 95 fmolesimg protein (Table 
2). Since the preparation of glomeruli or tubules 
followed sieving or collagenase digestion the controls 
for glomeruli were the suspension obtained after 
sieving and for tubules. the suspension obtained after 
collagenase digestion and disruption with the Pasteur 
pipette. 

(‘HlClonidine binding was not localised to glom- 
eruli since membranes prepared from these struc- 
tures showed a reduced B,,, (Fig. 2). In two of the 
four experiments the B,,, was 47 fmolesimg protein 
or about half that in controls. In the remaining two 
experiments no specific binding was observed. The 
suspension that remained after sieving (the glomeruli 
free preparation) showed a slight increase in B,,,,, to 
134.4 fmoles/mg protein (n = 4) compared to con- 
trol. Since glomeruli form only 1-2 per cent of the 
mass of the renal cortex and have a lower binding 
capacity than the starting material it is clear that 
they can be responsible for only a small (<IV ) 

Table 1. Effect of h-hydroxydopamine pretreatment on (‘Hlclonidine 
binding constants in membranes prepared from guinea-pig renal 

cortex 

Time B max Kd nH n 

(pm01 9-l wet wt) (nM) 

Control i6.4 * 1.1 7.4 f 0.9 0.99 ? 0.01 8 

5 days 17.3 + 3.3 6.3 t 0.7 0.94 f 0.02 3 

7 days 17.7 f 1.7 4.5 r 0.05 1.0 f 0.02 8 

11 days 17.4 t 0.7 3.6 f 0.1 1.02 2 0.05 3 
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Table 2. [‘HlClonidine binding constants in membranes from guinea pig 
renal tubules and glomeruli 

Tubules 

B max 
(fmol mu-lprotein) 

Kd 

(nM) 

IlH 

n = 4 Control 95.5 f 9.7 3.3 t 0.5 1.00 f 0.01 

Purified tubules 167.5 t 13 4.0 t 0.6 1.00 ? 0.01 

Glomeruli Control 94.8 + 16 3.3 t 0.6 1.0 2 0.01 

n=4 Purified Glomeruli 46.5 4.88 0.86 

Glomeruli free 134.4 ? 24 4.20 f 1.4 0.97 f 0.03 

oreparation 
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Fig. 2. Scatchard plot of binding of [‘Hlclonidine to mem- 
branes prepared from glomeruli (0), tubules (0) or col- 

lagenase treated renal cortex (+). 

fraction of the binding seen in membranes prepared 
from renal cortex. The dissociation constants for 
[3H]clonidine binding in control, glomerular and con- 
trol minus glomerular, fractions were similar (Table 

2). 
Membranes prepared from renal tubules collected 

at the 50158% sucrose interface showed enhanced 
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Fig. 3. Scatchard plots of [‘HJclonidine binding to mem- 
brane fractions prepared from guinea pig renal cortex; 
(0) starting homogenate HI, (0) Pl - cell debris, (X) 
P3A - plasma membrane fraction, (m) P4 - luminal 
membrane enriched, (0) P5 - basal lateral membrane 

enriched. 

binding, having a B,,, of 167.5 + 13.Ofmolesimg 
protein compared with 95.5 t 9.7 fmolesimg protein 
in controls (Fig. 2). Values for the Kd’s in the two 
preparations were 3.3 ? 0.5 and 4.0 k 0.6 nM 
(N.S.). In all cases Hill coefficients did not differ 
significantly from unity indicating no cooperativity 
in binding. 

Table 3. [‘H]Clonidine binding constants in subcellular fractions from 
guinea pig renal cortex 

Fraction Bmax fmollmg protein Kd nM nH n 
- 

HI 134.1 f 15 6.5 t 0.6 1.00 ? 0.01 4 

Pi 113.6 10.2 0.96 2 

P2 28.2 f 4.1 12.9 t 3.3 0.97 i 0.03 4 

P3A 94.8 f 15.8 5.6 f 1.8 0.99 t 0.03 4 

P4 93.4 f 17.6 3.2 f 0.5 1.02 ? 0.01 4 

P5 251.7 f 43 4.3 f 0.3 1.00 2 0.01 4 

* In 2 experiments the membranes prepared from the Pl fraction filtered 
too slowly for valid estimates to be made of the binding constants. The 
results from these experiments have been excluded. 
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Table 4. Protein content and total binding capacity of subcellular fractions 
prepared from guinea pig renal cortex 

Fraction protein content Total ninding n 

mg Capacity % total 

PI 79.1 t 15.1 

P2 172 + 41 

P3A 122 * 17 

P4 24.5 * 4.0 

P5 115.7 2 3.4 
___~_ ~ ~~ _ 

[‘H]Chidinr binding to membrane fructiom frml 
guinea pig renal cortex 

Subcellular fractions were prepared from guinea 

pig renal cortex. Assay of marker enzymes, NaiK 
ATPase and alkaline phosphatase. revealed that 
there was a 2-fold enrichment of Na/K ATPase 
activity (antiluminal membrane marker) in PS and 
a 4 fold enrichment of alkaline phosphatase activity 
(luminal membrane marker) in P4. Scatchard plots 
of the results of representative experiments are 
shown in Fig. 3. The Kd obtained in all fractions was 
similar but the B,,,, showed marked variation with 
greatest enhancement of [‘Hlclonidine binding being 
obtaired in the PS fraction. 

To determine what contribution [ ‘Hlclonidine 
binding in each fraction contributes to that seen in 
whole kidney cortex, protein recovery was measured 
in 3 of the experiments, and the results are shown 
in Table 4. Some 66 t 9 per cent of total binding 
capacity was recovered in the experiments. The total 
binding capacity of each fraction was calculated by 
multiplying the maximal density of binding sites by 
the protein content in the fraction. The greatest 
binding capacity was observed in the P5 fraction 
which contained more tharr SO per cent of the total 
binding capacity of the original homogenate. 

DISCUSSION 

[“HlClonidine binding to LQ adrenoceptors in 
guinea pig kidney is localised to the renal cortex 141. 
Segments of the nephron which are largely confined 
to the cortex include glomeruli. and proximal and 
distal convoluted tubules. Since the bulk of the renal 
sympathetic innervation is to juxtaglomerular cells 
and clonidine selectively acts on prejunctional al 
adrenoceptors [14] the possibility that a fraction of 
the [3H]clonidine binding in kidney membranes is to 
prejunctional receptors was explored. Chemical 
sympathectomy with h-hydroxydopamine failed to 
reduce the maximum number of binding sites at 5? 
7 or 11 days, the only change being an increase in 
apparent affinity. The reasons for the increase in 
affinity are not clear. It is unlikely that endogenous 
noradrenaline remains bound to receptors during 
membrane preparation thereby lowering the affinity 
of binding since preincubation of membranes at 37” 
for 1 hr had little effect on the K,J and measurements 
of catecholamines in the final pellet using a sensitive 
high performance liquid chromatographic-electro- 

4.1 ? 2.1 3 

8.2 ? 1.9 3 

23.5 f 7.5 3 

9.2 f 3.7 3 

54.9 t 3.3 3 

chemical detector system failed to reveal detectable 
amounts (McPherson and Summers. unpublished 
results). It is more likely that long term removal of 
transmitter by h-hydroxydopamine increases the pro- 
portion of LY: adrenoceptors in the high affinity ( CI:~) 
state [ 171 causing an increase in apparent affinity of 
binding. This effect is similar to that observed in 
other tissues [lS. 161. Since neural tissue forms onI) 
a small fraction of total tissue mass, the majority of 
W: adrenoceptors labeled by [‘HJclonidine are 
located postjunctionally in the kidney as in other 
tissues [18]. This conclusion was supported by the 
results of these experiments in which particular struc- 
tures were isolated from renal cortex. 

The techniques involved in the preparation of 
glomeruli or tubules produced some changes to the 
binding parameters. After either sieving or colla- 
genase digestion the apparent K,, decreased as did 
the B,,,,. The controls in these studies were therefore 
sieved (glomeruli) or collagenase treated (tubules) 
suspensions of renal cortex. The nz adrenoceptors 
were not localised to glomeruli since membranes 
prepared from these structures. which form only 
1-2 per cent of the mass of the cortex. showed a 
reduced density of binding sites whereas membranes 
from renal tubules showed almost double the density 
of binding sites compared to controls. These results 
are in agreement with those of Young and Kuhar 
[5] in which aZ adrenoceptors in guinea pig kidney 
labeled by [‘Hlclonidine and visualised by autoradio- 
graphy were shown to be localised to the proximal 
convoluted tubule with little labeling to glomeruli. 

The preparation of membrane fractions from 
guinea pig renal cortex indicated that binding was 
largely confined to fractions rich in plasma mem- 
branes. The membrane markers in fraction P4 and 
P5 indicate that these fractions were enriched in 
luminal and antiluminal membranes respectively. 
The only fraction to display marked enrichment of 
binding was PS which could indicate that the 0: 
adrenoceptors are localised to antiluminal mern- 
branes or at lease to membranes that come down 
with this fraction. 

The results reported here provide evidence that 
cuz adrenoceptors in guinea pig kidney are located 
in plasma membranes derived from renal tubules. 
Few if any of the receptors are associated with glom- 
eruli or sympathetic nerves. In dogs, renal infusion 
of noradrenaline increases reabsorption of sodium 
in the proximal tubule and the effect is independent 
of changes in renal haemodynamics. The effects of 
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clonidine are consistent with its partial 
agonist character. Low (agonist) doses produce a 
decreased excretion of sodium [19] or no change 
[20-221 whereas high (antagonist) doses have a 
natriuretic effect [20,23,24]. The evidence supports 
the concept of (Y adrenoceptors in renal proximal 
tubules which mediate sodium reabsorption. 

In conclusion this study demonstrates that the bulk 
of a2 adrenoceptors labeled by [3H]clonidine in 
guinea pig kidney are located on renal tubules, not 
on glomeruli or sympathetic nerve endings. 
[3H]Clonidine binding is markedly enriched in prep- 
arations rich in basal lateral membranes indicating 
that cu2 adrenoceptors may be further localised to a 
particular pole of the renal tubule cell. 
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