
Biochemical Pharmacology. Vol. 33. No. 5. pp. 751-756. 1984. 
Printed m Great Britain. 

ON&2952’84 $3.00 + 0.00 
0 19X4 Pergamon Press Ltd. 

THE MINDING OF ~~H~PRAZOSIN AND [~H~CLONIDINE 
TO RAT JEJUNAL EPITHELIAL CELL MEMBRANES 

DAVID J. COTTERELL, KENNETH A. MLWDAY and JUDITH A. POAT 

Department of Physiology and Pharmacology, University of Southampton. Bassett Crescent 
East, Southampton SO9 3TU, U.K. 

(Received 8 July 1983; accepted 26 September lY83) 

Abstract-The binding of [3H]prazosin and [)H]clonidine to rat jejunal epithelial cell membranes has 
been studied. The membrane preparation was enriched in baso-lateral components as determined by 
Na-. K+ ATPase and alkaline phosphatase activities. The membranes possessed two saturable specific 
binding sites for [3H]prazosin, a high affinity (Kd 0.17 nM) low capacity (8,,,,27.3 fmole bound per mg 
protein) and a low affinity (& 5.0 nM) high capacity (B,,, 276 fmole bound per mg protein) site. The 
specificity of both sites was similar and was related to al-adrenoceptors. [‘HjClonidine bound to the 
membranes in a saturable fashion (& 7.3 nM). The specificity of this site was related to a*-adrenoceptors. 
The [3H]clonidine binding site was present in the membranes in much lower density (Bmilr 22.X fmole 
bound per mg protein) suggesting that @I-adrenoceptors predominate in this tissue. 

There has been an increasing amount of information 
suggesting that noradrenaline and adrenaline have 
several effects on intestinal transport. In uiuo infu- 
sion of noradrenaline stimulates net absorption of 
fluid from closed rat jejunal sacs [ 11, an effect which 
is inhibited by acadrenoceptor antagonists such as 
phentolamine but not by Padrenoceptor antagon- 
ists. In rabbit ileal mucosa in u&o adrenaline and 
noradrenaline decrease electrical potential differ- 
ence and short circuit current [Z], these effects being 
due to an increase in the net absorption of Na- 
and Cl- by an electrically neutral process and net 
secretion of HCO.7 being abolished. Again these 
effects were inhibited by ai but not @-adrenoceptor 
antagonists 121. Thus there is general agreement that 
catecholamines act as antisecretory agents by an 
adrenoceptor-linked mechanism. 

a+Adrenoceptors have been characterized into two 
groups designated cul- and &2 [3,4]. cul-Adrenocep- 
tars are postsynaptically located whilst crz-adreno- 
ceptors are found both pre- and postsynaptically. 
Recently Chang et al. [S] have determined that in 
vitro in rabbit ileum the ion changes produced by 
adrenaline can be inhibited by yohimbine but not 
by prazosin, and are mimicked by clonidine. These 
results suggested that the transport responses to nor- 
adrenaline are via cur-adrenoceptor stimulation. In 
this study they found no evidence for an cui-adreno- 
ceptor role in intestinal function. In contrast to this 
observation net fluid absorption by in vitro sacs of 
rat jejunum was stimulated by noradrenaline. an 
effect which was blocked by &I-adrenoceptor 
antagonists [6]. The present study attempts to iden- 
tify the intestinal adrenoceptor population by direct 
ligand binding techniques. 

lLlATERIALS ANDMETHODS 

Membrane preparution 

Male Wistar rats (200-250 gj were killed by cervi- 
cal dislocation and a 1&20cm length of jejunum, 
distal to the ligament of Trietz. removed. The jeju- 

num was rinsed thoroughly with ice-cold 0.154M 
NaCl and filled with a citrate solution containing KC1 
(1.5 mM), NaCl (96mM), sodium citrate (27 mM), 
KHzPO4 (8 mM), NazHP04 (5.6mM), pH 7.3, and 
incubated for 1.5 min at 37”. The citrate solution was 
discarded and the jejunal sac refilled with a 250 mM 
sucrose solution containing 10 mM triethanolamine- 
WC1 and 1 mM PMSF, pH7.6. The sac was gently 
manipulated to release epithelial cells into the lumen. 
The cells were collected by centrifugation (300g x 

10 min) and washed twice with cold sucrose solution. 
The final pellet was resuspended in fresh buffer and 
homogenized in a Polytron PT-10 homogenizer. The 
‘crude’ plasma membrane fraction was prepared 
from this homogenate by the methods of Murer et 
nl. [7] and Scalera ef al. 181. The homogenate was 
centrifuged at 3000 g for 15 min and the supernatant 
centrifuged at 26,000 g for 20 min. The resulting dark 
pellet and supernatant were discarded and the ‘fluffy 
layer’ formed above the pellet was collected. 

This method essentially prepares functional ves- 
icles used for studies of ion transport. In these experi- 
ments the vesicles were lysed by rehomogenization 
in 10 mM triethanolamine-HCI and 5 mM Tris-HCl. 
The final pellet was resuspended in the lysis buffer 
at a concentration of 2-3 mg protein per ml. 

Birrding assay 

Membranes (200 ~11 containing 30~700 ,ug protein) 
were incubated in 800ktl 1OmM triethanolamine- 
HCl containing SO 11 [3H]prazosin (l-2 nM; sp. act. 
23 Ci/mole) or [“Hlclonidine (8-1OnM: sp. act. 
20Ci/mole) and the volume made up to 2ml with 
50mM Tris-HCl. pH 7.6. Specific binding was 
assayed in duplicate tubes by the addition of 1 $LM 
prazosin or lO;fM phentolamine for prazosin 
binding. and 10 $rM clonidine for clonidine binding. 
Drugs when used were added in SO ul Tris-HCl 
buffer, pH 7.6. After incubation at 25b for 16 min 
binding was stopped by placing the tubes on ice for 
1 min and rapidly filtering through Whatman glass 
fibre (GF/B) filters. The filters were washed twice 
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with 5 ml Tris-HCl buffer and placed in 1 ml 1% 
sodium dodecyl sulphate for 12 hr. Tritoscint (8 ml) 
was added and the tubes were assayed by liquid 
scintillation spectrometry in an Intertechnique SL40 
counter. being corrected for background, quenching 
and machine efficiency. The results were expressed 
as fmole bound per mg protein after subtraction of 
filter blanks, which consisted of identical incubations 
in the absence of membranes. 

Enzyme assays 

Alkaline p~ospharuse. Alkaline phosphatase 
activity was assessed by the measurement of phos- 
phate released fromp-nitrophenylphosphate [9]. The 
validity of the assay was established using alkaline 
phosphatase (bovine intestine, Sigma) and care was 
taken to ensure that samples from the cell fractiona- 
tion procedure were always on the linear portion of 
the curve. 

Sodium-potassium A TPase. Na/K ATPase was 
estimated by the measurement of phosphate released 
from ATP. The activity of the Na/K ATPase was 
taken as that inhibited by the addition of 2 mM 
ouabain to duplicate assay tubes [lo]. Care was taken 
to ensure that the enzyme activity in the cell samples 
was on the linear portion of the curve. 

Protein was estimated using Coomassie brilliant 
blue dye with bovine serum albumin as standard [ll]. 

Analysis of data 

The number of specific binding sites (Bmax) and 
the dissociation constant (&) were determined using 
computer-assisted curve-fitting and line-fitting analy- 
sis. Hill plots were used to assess the homogeneity 
or heterogeneity of binding sites; results were fitted 
by a least-squares fit to a logistic equation. Where 
Hill plots were significantly less than one, a two-site 
analysis was empioyed. 

RESIJLTS 

Purity of the preparations 

Ouabain-sensitive Na/K ATPase and alkaline 
phosphatase were assayed in fractions taken through- 
out the preparation of the membranes. Table 1 shows 
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the results obtained. In the final membrane prepara- 
tion there was a 3-fold increase in the activity of the 
Na/K ATPase and a 30% reduction in the activity of 
the alkaline phosphatase. Subsequently, [3H]prazo- 
sin binding (6.5 nM) was measured in the same frac- 
tions and as is shown in the table, the specific binding 
was greatest in the final membrane preparation. The 
results suggest that the fraction contained an enrich- 
ment of baso-lateral membranes. and was used for 
subsequent binding studies. 

minding studies 

Crude intestinal baso-lateral membranes bound 
both [3H]prazosin and [3H]clonidine in a specific 
saturable fashion. 

[3H] Pruzosin binding 

Specific [31-I]prazosin binding was saturable in the 
concentration range O-10 nM (Fig. 1) while the non- 
specific binding was linear over this concentration 
range. Computer-fit saturation analysis of this data 
gave an equilibrium dissociation constant of 5.01 +. 
0.77 nM and a maximal binding capacity (Bmax) of 
276 -t 28 fmole bound per mg protein. The & was 
also assessed by the determination of the rate of 
association (kl) and dissociation (k-1) in separate 
experiments (see Fig. 2). From these separate 
estimations, the &was determined as 1.2 nM, which 
is in reasonable agreement with the value obtained 
by saturation analysis. The specificity of this satur- 
able [3H]prazosin binding component was tested by 
determining the ability of a range of adrenoceptor 
agonists and antagonists to compete for the binding 
site. The results, expressed as ic5ovalues, are shown 
in Table 2. The table shows that the binding site 
appears to have the characteristics of an a-adreno- 
ceptor site in that (-)-noradrenaline and adrenaline 
were both active in displacing specific binding while 
(+)-noradrenaline, atenalol, GABA, acetylcholine 
and serotonin were all inactive in competing for the 
binding. The table also demonstrates that antagon- 
ists were more active in displacing specific [3H]prazo- 
sin binding, the most potent antagonists being those 
directed at the al-adrenoceptor subclass. Thus 
prazosin, indoramine and WB4101 were all more 

Table 1. The assessment of the purity of rat jejunal baso-lateral membranes 

Crude homogenate 

Na+ ,K’ ATPase 

[ 100 

Alkaline 
phosphatase 

100 

Specific 
[“Hlprazosin 

binding 

100 
1 

Pellet 1 27.6 
Supernatant 1 287.7 

L 
Fraction 

2 < 97.8 98 
Pellet 2 23.9 

Supernatant 2 23.3 
Fluffy layer 

1 
Crude baso-laterai 

membranes 1 324 63 310.6 

The results are expressed as percentage activity recorded in the crude homogenate (Na-.K* 
ATPase 0.287 pmole phosphate produced /min per mg; alkaline phosphatase 2.56 hmole p-nitro- 
phenol produced/min per mg) and are mean values of 3-6 determinations in 1-2 experiments. 
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Fig. 1. Specific [3H]prazosin binding to rat jejunal baso-lateral membranes. Membra,les (3OC-700 yg) 
were incubated for 16 min at 25”. Specific binding was assessed by the addition of 1 JIM prazosin to half 

of the tubes. The points are the means of triplicate determinations from two experiments. 

active than yohimbine and rawolscine, prszosin 
being 300 times more active than yohimbine. 

Recently [“HJprazosin has been used to label or- 
adrenoceptor sites in other transporting epithelial 
tissues, namely the kidney cortex [12]. McPherson 
and Summers obtained a site of higher affinity than 
that reported in this study (& 0.1 nM). In view of 
this, a similar site was looked for in baso-lateral- 
enriched jejunal membranes. In these experiments 
the protease inhibitor PMSF (phenylmethyl- 
sulphonylfluoride) was incorporated into the buffer 
and 10 PM phentolamine was used to displace specific 
binding. Under these conditions a binding site with 
higher affinity was obtained. Figure 3 shows the 
saturation data obtained in the [3H]prazosin range 
O-O.5 nM. Computer-fit saturation analysis gave a 
value of 0.17 t 0.04 nM for the & and a B,,, of 
27.3 % 4.2 fmole bound per mg protein. The ability 
of a selection of the drugs tested on the lower affinity 
site to compete for the binding was examined (Table 
3). The results demonstrate that the rank order of 
potency was similar to that described for the low 
affinity site; again the cul-adrenoceptor antagonist 
prazosin was 300 times more potent than the cuz- 
adrenoceptor antagonist yohimbine. Of the drugs 
tested indoramine and noradrenaline were more pot- 
ent in displacing specific [3H]prazosin binding from 
this site than from the site previously described; 
the other drugs tested had similar 1~50 values. The 
potency of prazosin and phentolamine at the site 
was compared when maximum specific binding was 
defined with 1 !IM prazosin or 10 /AM phentolamine. 
The displacement curves for the two drugs were not 
similar as shown in Fig. 4. the Hill coefficients of 
1.6 for phentolamine and 0.91 for prazosin 
(phentolamine as displacer of maximum specific 
binding) emphasizing this difference. 

[3H]Clonidirz~ birzding 

Rat jejunal membranes enriched in baso-lateral 

membranes bound ~~H]clonidine in a specific 
saturable fashion. Saturation anaiysis gave a & of 
7.3 t 2.1 nM and a maximum binding capacity of 
22.8 rt 10.6 fmolc bound per mg protein (from three 
experiments). Kinetic analysis from the rate of as- 
sociation and dissociation gave values of K,,bS 
0.331 min-I, kz 0.237 mint and kl 1.67 x 107M re- 
sulting in an equilibrium dissociation constant of 
14.2 nM, which is in agreement with the results des- 
cribed from saturation analysis. The specificity of the 
site as determined by the ability of drugs to compete 
for the specific [‘Hlclonidine binding was clonidine 
(ICSO 11.2 nM), phentolamine (63 nM), (-)-nor- 
adrenaline (127 nM), yohimbine (351 nM). prazosin 
(3903 nM), phenylephrine (5620 nM), atenolol > 
10 PM serotonin. histamine, dopamine and (+)-nor- 
adrenaline inactive at concentrations up to 100 FM. 
Thus this site seems to be related to az-adrenocep- 
tors, shows stereospecificity. and agonists displace 
more potently than antagonists. At this site dcz- 
adrenoceptor-directed drugs are amongst the most 
potent, clonidine and yohimbine being more potent 
than prazosin and phenylephrine. Yohimbine was 11 
times more potent than prazosin in displacing the 
specific [?H]clonidine binding in contrast to the pre- 
viously described sites. 

DISCCSSION 

The results demonstrate that rat jejunal epithelial 
cell membranes enriched in baso-lateral membranes 
contain specific saturable binding sites for both [“HI- 
prazosin and [3H]clonidine. The requirements for 
these specific binding sites as assessed by a range of 
drugs suggest that they have similar characteristics 
to ~-adrenoceptors. On both binding sites (-)-nor- 
adrenaline was much more active in displacing spe- 
cific binding than (+)-noradrenaline showing stereo- 
specificity of the binding sites [13]. 
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Fig. 2. (a) Determination of the rate of association of [3H]prazosin binding to crude rat jejuoal baso- 
lateral membranes. The rate of association was determined with membranes (300-600 ug) + 4.5 nM 
[3H]prazosin. Prazosin (1 uM) was added to half of the tubes to define specific binding. Determinations 
are the mean t S.E.M. of four determinations. The inset shows the pseudo-first order rate kinetics 
obtained from association data. From these. &,was determined as 0.65 min-‘. (b). Rate of dissociation 
of [3H]prazosin from crude baso-lateral membranes. Membranes (3~6OO~(g) were incubated with 
4.5 nM[W]prazosin for 16 min at 25”. At time zero, 1 PM prazosin was added and the rate of dissociation 
assessed. Determinations are the mean 2 S.E.M. of four determinations. The inset shows the first order 

kinetic plot of these data; the dissociation constant kz was 0.143 min-I. 

Using [WI-prazosin as an ar-adrenoceptor- 
directed ligand, two binding sites were identified, 
one with a Kd of 0.17 nM and a B,,, of 27 fmole per 
mg protein and the second with a & of 5 nM and a 
maximal binding capacity of 276 fmole per mg pro- 
tein. A similar situation has been described with 
membranes prepared from rat kidney cortex 1121 
where two sites labelled by [“Hlprazosin, Kd 0.15 
and 6nM, were identified. The order of potency 
of adrenoceptor drugs at both of these sites was 
essentially the same with the exception that 
indoramine and noradrenaline had increased poten- 
cies for the highest affinity site. The potency ratio of 
prazosin and yohimbine, which are generally ac- 
cepted as CY~- and crz-adrenoceptor antagonists. 
respectively, remained the same. It is interesting to 
note that the al-agonists phehylephrine and methox- 

amine were only very weakly active in displacing 
specific [3H]prazosin binding at either of the sites 
whereas the @z-adrenoceptor agonist clonidine was 
surprisingly active. Again this is similar to results 
obtained in renal cortex membranes with (?H]prazo- 
sin binding, where clonidine was 20 times more active 
than methoxamine in displacing the binding [12]. 
This low potency of phenylephrine and methoxamine 
is interesting in that in a study of transport effects of 
rabbit ileum the inability of phenylephrine to mimic 
the noradrenaline effect was interpreted as evidence 
against an @r-adrenoceptor involvement. However. 
this lack of effect may be due to the low efficacy of 
this drug in transporting epithelia (51. 

The Hi11 coefficients for various drugs on the [‘H] 
prazosin binding sites were very variable and showed 
no consistent pattern with the agonists and antagon- 
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Fig. 3. Specific binding of f3H]prazosin to baso-lateral membranes from rat jejunum. Membranes (200- 
300 pg) were incubated for 30 min at 25”. Specific binding was assessed by the addition of 10 /IM 
phentolamine to half of the tubes. PMSF was added to the citrate incubation to enhance the integrity 

of the membranes. The points are means of triplicate determinations of four experiments. 

ists. This is very similar to the situation in rat renal 
membranes 1121, with [sH]clonidine binding in the 
ileum [14] and [3H] clonidine and [3H]prazosin in rat 
brain [1.5]. Whether this effect is indicative of co- 
operativity at the sites or that the hgands are binding 
to more than one site is unclear. 

Again the physiological relevance of the two bind- 
ing sites for [3H]prazosin is at present difficult to 
interpret. This could represent two distinct Lu-adreno- 
ceptor populations or be manifestations of the same 
site. There remains the possibility that the two sites 
are a result of the assay systems used in the same 
way as [3H]clonidine binding is altered depending on 
whether the assay is in HEPES or Tris-HCI buffer. 

Table 2. Effect of drugs on low affinity [3H]prazosin (Kd 
5.01 nM, B,,, 276.6 fmole/mg) binding 

ICS (nM) 

Prazosin 14.74 
indoramine 50.68 
Phentolamine 1034.00 
WB4101 3083.00 
(-)~Noradrenaline 2(~.660.00 
Yohimbine 24.940.00 
Clonidine 23.271 .OO 
Rauwolscine 36,270.OO 
Adrenaline 99,180.oO 
Phenylephrine 496.31 ,uM 
Methoxamine 936.29 ,uM 

Imprimine and histamine were active at 50 ,uM. serotonin 
and dopamine at 100 HIM. Acetylcholine GABA. (+)-nora- 
drenaline and atenalol were inactive at concentrations less 
than 100 JLM. 

Membranes were incubated with 1.5-2.5 nM [“Hlprazo- 
sin for 17 min at 25” in the absence and presence of carving 
concentrations of the drugs tested: ICX values are described 
as the concentration of drug displacing 50% of the maximal 
displaceable binding as defined by 1 uM prazosin. Each 
drug was tested at 7-S concentrations in triplicate and the 
best line-fit determined by the Keen plot first produced for 
radioimmunoassay fitted by a least-squares fit to a logistic 
equation. 

In this case, both sites were similar whether prazosin 
or phentolamine was used as the displacing agent to 
define specific binding. However, there were differ- 
ences in the displacement curves, prazosin generally 
displacing 15% more binding than phentolamine. 
In other systems where w-adrenoceptors have been 
studied there are similar discrepancies, thus in plate- 
lets where there are no aI-adrenoceptor binding sites 
the binding of [“H]dihydrogocryptine is not totally 
accounted for by [3H]yohimbine, an a?-adrenoceptor 
antagonist, and in the intestine (3H]-yohimbine bind- 
ing has a large component of binding apparently 
unrelated to an ar-adrenoceptor [16]. 

Rat jejunal baso-lateral enriched membranes also 
contain specific binding sites for the az-adrenoceptor 
agonist [3H]clonidine. The Kdfor this site was 7.4 nM 
by saturation analysis and 14.2 nM from independent 
measurements of the association and dissociation 
constants; the B,,, was 22.8fmole bound per mg 
membrane protein. These values correspond well 

Table 3. Effect of drugs on high affinity [?H]prazosin (& 
0.2 nm. B,,,27.3 fmole per mg) binding site in rat jejunal 

epithelial cells 

tCilr (n.M) 

Indoramine 
Prazosin 
(- )-Noradrenaline 
Phentolamine 
Yohimbine 
Clonidine 
PhenylephriIle 

0.9 
13.1 

537.7 
1122.0 

33.780.0 
36,S90.0 

> I.OmM 

Membranes were incubated with 0.5-0.6 nM [“Hlprazo- 
sin for 30 min in the presence of 100 uM PMSF and in the 
absence and presence of varying concentrations of the drugs 
tested: ICI,) values are described as the concentration of 
drug displacing SO9 of the maximal displaceable binding 
as defined by 10 krM phentolamine. Each drug was tested 
at six concentrations in triplicate in three experiments and 
the best line-fit determined hy the Keen plot fitted by a 
least-squares fit to a logistic equation. 
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Fig. 4. Displacement of [jH]prazosin binding (I .03 nM) from crude rat jejunal membranes by phentol- 
amine (0) and prazosin (m). The results are the mean t S.E.M. of triplicate determinations. 

with a specific binding site identified in rabbit ileum 
membranes using ~-~3H]aminoclonidine. This ligand 
also displayed specific binding to a site of higher 
affinity (0.4 nM) which the authors suggested was not 
of physiological significance. Using [“Hlyohimbine as 
an @l-adrenoceptor-directed antagonist ligand. two 
reports have recently identified single specific bind- 
ing sites in intestinal membranes [l&17] with &s of 
6.0 and 28&f, similar to that reported with [3H]- 
clonidine in the present study. The specificity of 
this binding site suggests that it is related to an CUZ- 
adrenoceptor since clonidine was the most potent of 
the compounds tested in displacing binding, and 
yohimbine was more potent than prazosin in 
dispiacing the specific binding. 

The present study has thus identified specific bind- 
ing sites for both LYI- and az-adrenoceptors in baso- 
lateral membranes from rat jejunum. There appears 
to be a greater density of [3H]prazosin binding sites. 
These data agree well with the ability of al-directed 
adrenoceptor antagonists prazosin, WB4iOl and in- 
doramine to inhibit noradrenaline-induced stimula- 
tion of net fluid transport in rat jejunal everted sacs 
[6] compared with yohimbine and rauwolscine, which 
were very weak antagonists of the response. These 
observations are somewhat in variance with those of 
Chang et al. 1161. who suggested that in rabbit ileum 
al-adrenoceptor antagonists are the most effective 
in blocking NaCl absorption. This difference may be 
accounted for by the differences in areas of the 
intestine and the different species studied. A second 
possible explanation for the discrepancy is that the 
study in rabbit intestine was carried out on tissue 
where secretion was stimulated by administration of 
theophylline. Thus it is possible to speculate that nl- 
adrenoceptors modulate absorptive processes and 
cuz-adrenoceptors are involved in secretion. the ad- 
renoceptor profile of differing parts of the intestine 
varying with the role of that particular part of the 
enterocyte. 

In conclusion, this study has demonstrated 
functional ai-adrenoceptors on rat jejunal epithelial 

cells which appear to be involved in the stimulation 
of net fluid absorption by noradrenaline [S]. These 
membranes also contained iower numbers of a?- 
adrenoceptors which probably have a role in secre- 
tion processes, the two intestinal functions being 
brought about by independent mechanisms. 
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