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Immunolocalisation of adenosine, Aeceptors in the rat kidney
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Abstract

The location of adenosine ;Areceptors in the rat kidney was investigated using immunolabelling with antibodies raised to a
15-amino-acid sequence near the C-terminus of the receptor (antibody I) and to a 14-amino-acid sequence in the second extracellular |
(antibody 11). In the cortex, antibody | bound to adenosineréceptors in mesangial cells and afferent arterioles, whilst antibody Il bound
to receptors in proximal convoluted tubules. In the medulla, both antibodies bound to receptors in collecting ducts and the papillary surfa
epithelium. These observations provide support for the diverse functional roles previously proposed for the adgnesiegtdx in the
kidney. The labelling of distinct but different structures in the cortex by antibodies raised to different amino acid sequences,on the A
receptor protein suggests that differing forms of the receptor are present in this region of the kidney. © 2001 Elsevier Science Inc. All right
reserved.
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1. Introduction In addition to physiological roles within the kidney,
adenosine is implicated in the pathogenesis of some forms
Adenosine is a paracrine agent in many tissues where itof renal dysfunction and acute renal failure. Adenosine
acts as a potential regulator that balances cell oxygen de-mediates, at least in part, the adverse effects of radiocontrast
mand with delivery. In the kidney, adenosine has diverse media [9,10] and bacterial lipopolysaccharide [11,12] on
actions that include modulation of renal blood flow and its renal haemodynamicsl Administration of adenosine antag_
distribution within the kidneys, glomerular filtration rate, onjsts, particularly selective Aadenosine receptor antago-
transport function, and urine flow [1,2]. The presence of higis has been shown to ameliorate acute renal dysfunction
adenosine receptors in the kidney is well-established [1], jhqyced in animals by intramuscular glycerol injection [13,
although their functional significance is less clear. r&- 14], cisplatin [15], ischaemia [16], or hypoxia [17]. More-
ceptors may mediate tubuloglomerular feedback [3] and, in over, it has recently been reported that the selectiye A

conjunction with the qubtypg, regulate vasomotor tone in agonist DWH-146e reduces ischaemia—reperfusion injury in
the outer medullary descending vasa recta [4]. The adeno-rat kidney [18]

sine A, receptor subtype also mediates antidiuretic and . -
antinatriuretic effects, as demonstrated by the diuresis and . We. have recently shoyvn that alterations in @etary so-
dium intake and glycerol-induced acute renal failure affect

natriuresis produced in both man and the rat by selective : i ) X
expression of adenosine, Aeceptors in the kidney [19,20].

A, adenosine antagonists [5,6]. Adenosine receptors lo- ) " : i
cated on the apical membrane of tubule cells influence In these studies, autoradiographic techniques were used to

electrolyte transport in the distal nephron: sodium chan- identify and assess the density of adenosineréceptors.

nels are regulated by stimulatory, Z&nd inhibitory A, The resglting _autoradio_grams aIIovyed receptors to be
receptors [7] and calcium reabsorption is stimulated by Mapped in particular regions of the kidney, but the resolu-
A, receptors [8]. tion was insufficient to locate receptors at the cellular level.

The aim of this study was to employ immunocytochemical
* Corresponding author. Tel.+44-113-233.4316; fax:+44-113- te:\chnlques, which permit greater re§olut|0n than ,aUtora-
233.4228. diography, to study the cellular location of adenosing A
E-mail addressm.s.yates@leeds.ac.uk (M.S. Yates). receptors in the normal rat kidney.
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2. Materials and methods

2.1. Materials

Anti-rabbit immunoglobulin G fluorescein isothiocya-
nate (FITC)-labelled antibody, amti-smooth muscle actin
Cy3- labelled antibody, electrophoresis, and enhanced
chemiluminescence reagents were purchased from Sigma
Horseradish peroxidase-conjugated anti-rabbit antibody was
obtained from Bio-Rad. Sulfo-link™, coupling gel was ob-
tained from Pierce.

2.2. Preparation of antiserum

A peptide sequence corresponding to a region near the
carboxyl terminus (amino acids 309-323; CQPEPPID-
EDLPEEK) of the rat adenosine Aeceptor was synthe
sised and covalently linked to keyhole limpet haemocyanin.
A New Zealand white rabbit was immunised with the con-
jugated peptide at two weekly intervals (performed by Ge-
nosys International) using Freund’s complete and incom-
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2.4. SDS-PAGE and immunoblotting

SDS—-PAGE was performed according to Laemmli [24].
Cell membrane preparations (brain, 8@) were diluted 2:1
in SDS sample buffer (0.125 M Tris—HCI [pH 6.8], 4%
SDS, 0.02% [w/v] bromophenol blue, 108émercaptoetha-
nol, 20% glycerol) at room temperature for 15 min. Proteins
were separated on a 10% polyacrylamide gel followed by
electrophoretic transfer to nitrocellulose membranes. The
membranes were blocked with 5% non-fat milk powder in
PBS for 1 hr at room temperature followed by an overnight
incubation at 4° with primary antibodies | or Il (1:500
dilution in PBS containing 1% milk powder). Membranes
were washed three times in PBS containing 0.2% Tween 20,
after which goat anti-rabbit peroxidase-labelled secondary
antibody (1:3000 dilution in PBS containing 1% milk pow-
der) was added for 1 hr at room temperature. The nitrocel-
lulose membranes were washed three times in PBS contain-
ing 0.2% Tween 20 and peroxidase activity detected using
enhanced chemiluminescence reagents and Kodak
X-Omat™ film.

plete adjuvant. Test bleeds were performed at 5, 7, 9, and 112.5. Immunocytochemical staining of oocytes
weeks and analysed by enzyme-linked immunosorbant as-

says. The antiserum collected at week 11 (antibody I) was
affinity-purified using a peptide—agarose column prepared
using Sulfo-link™ gel. In addition, a second affinity-puri-
fied antibody to the rat adenosing feceptor was used in
the study. This antibody (antibody II, Alpha Diagnostics
Inc.) was raised to the second extracellular loop (third ex-
tracellular domain) of the rat adenosing receptor (amino
acids 163 to 176, GEPVIKCEFEKVIS).

2.3. Membrane preparation

The specificity of the antisera was verified by immuno-
blotting with brain membrane preparations. Brain mem-

Dumont stage V or stage VKenopusoocytes were
injected with 50 nL adenosine ;Areceptor cRNA (20-30
ng) and maintained at 19° in modified Barth’s solution (88
mM NacCl, 1 mM KCI, 2.4 mM NaHCQ, 0.82 mM MgSQ,
0.33 mM Ca(NQ),, 0.41 mM CaCJ, 5 mM Tris—HCI (pH
7.4), 100 U/mL of penicillin, 10Qug/mL of streptomycin).
Three days after cRNA injection, oocytes were fixed in
methanol for 4 hr at-20° and cryopreserved at 4° in PBS
containing 30% sucrose. A further three days later, oocytes
were embedded in octyl transferase andu2f-sections cut
at —18° with a cryostat (Bright). Sections were mounted
onto slides with Vectashield antifade mountant, allowed to
air-dry for 5 min, and then blocked in PBS containing 1%
BSA at 4° for 2 hr. Sections were incubated overnight at 4°

branes were used to characterise binding of the antibodies, iy, either antibody 1 or I, diluted 1:50 or 1:500, respec-
since there is a higher level of expression of adenosipe A tively, with 3% BSA in PBS (antibody dilution buffer).

receptors in brain than in kidney [21,22]. Male Wistar rats gqjiowing incubation with antibody, sections were washed
(200250 g) were killed by cervical dislocation. Brains hree times with PBS containing 0.1% Tween 20 and anti-
were rapidly removed, freeze clamped in liquid nitrogen, yappit immunoglobulin G—fluorescein isothiocyanate conju-
and stored at-70° until required. Brains were homogenised gate added at 1:100 in antibody dilution buffer for 1 hr at
with a Potter Teflon homogeniser at setting 6 in 4 volumes rgom temperature. A coverslip, with a drop of Vectashield,
of 0.25 M sucrose, 100 mM sodium dihydrogen phosphate, \yas lowered on to the slide and the edges sealed with

pH 7.4, and 0.1 mM phenylmethylsulphonyl fluoride. Ho-
mogenates were centrifuged at 4° for 30 min at 7§00
Supernatants were passed through mesh (ifi(pore size)
prior to centrifuging at 100,00@ for 1 hr at 4°. The
resulting pellet was resuspended in PBS (140 mM NacCl, 5
mM KCI, 3 mM Na,HPQ,, 3 mM KH,PQ,, pH 7.4) and
stored at—70° until required. Protein concentration in brain
cell membranes was determined by the method of Lostry
al. [23] with BSA as the standard.

DePeX mounting medium (BDH). Sections were viewed
using an inverted microscope (Nikon Diaphot 300) and
images were collected using a cooled CCD camera
(Hamamatsu Photonics). All the imaging was controlled by
Improvision software that included Openlab 1.7.7 (Image
Processing & Vision Company Ltd.) and operated on a 8600
Macintosh Power PC. To provide controls, sections were
cut from uninjected oocytes and exposed to primary and
secondary antibodies.
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2.6. Immunocytochemical studies of rat kidney kDa A B

Male Wistar rats (200—250g) were anaesthetised with
sodium thiopentone (120 mg kg, i.p.) and a cannula
placed in the abdominal aorta caudal to the left renal artery.
A ligature was placed on the abdominal aorta above the
right renal artery, and both kidneys were perfused retro-
gradely via the aortic cannula with sterile saline (0.9% wiv 200 — . T—
NacCl) for 1 min. The kidneys were rapidly removed, sliced
longitudinally, and immersed in 0.5 M sucrose in PBS for 2 116
min at 4°. Kidneys were frozen in isopentane precooled in

liquid nitrogen. Tissue sections (@m) were cut at—18° 97 =

with a cryostat (Bright), thaw-mounted onto pallysine-

coated slides, and stored a70° until required. .
The frozen kidney sections (10—15 sections from the kid- . —

neys of 3 rats) were allowed to air-dry for 1 hr and fixed with 66 o TR

acetone for 3 min at room temperature. Fixed sections were
washed twice with PBS and blocked at room temperature for

20 min with 0.3% BSA, 0.1% Triton X-100 in PBS containing

0.1% Tween 20, followed by a 30-min block in 25% goat 45
non-immune serum in PBS containing 0.1% Tween 20. Sec-

tions were incubated overnight at 4° with antibodies | or I,

diluted 1:500 with antibody dilution buffer or, in the case of

control sections, antibodies | or Il pre-adsorbed with the cor-
responding antigenic peptide, or antibody dilution buffer alone. 31
All controls were without labelling. A number of sections were

also incubated with an anti-smooth muscle actin Cy3-con-

jugated antibody (1:200, 2 hr). Following this, sections were
washed three times with PBS containing 0.1% Tween 20 and 21
anti-rabbit immunoglobulin  G—fluorescein isothio-cyanate
conjugate added at 1:100 in antibody dilution buffer for 1 hr at

room temperature. The sections were washed 3 times, mountes

with Vectashield antifade mountant, and sealed with DePeX
mounting medium (BDH). Slides were viewed and images
collected as described above.

Fig. 1. Immunoblots of rat brain membranes using affinity-purified anti-
bodies to the rat adenosine, Aeceptor raised to (A) a 15-amino-acid
3. Results sequence near the C-terminus (antibody I) and to (B) a 14-amino-acid
sequence in the second extracellular loop (antibody I). The blots are
representative of 5 similar blots prepared using brain membranes from 10
rats. Adsorption with the appropriate immunising peptide removed bands
identified by both antibodies.
Representative immunoblots of brain membranes are

shown in Fig. 1. The antibody to a peptide sequence near the

C-terminus of the rat adenosine, Aeceptor (antibody I)  ing cRNA corresponding to the receptor. Sections taken
detected two strongly staining bands at 35 and 37 kDa andfrom these oocytes showed labelling of cell membranes
a weak band at 39 kDa, together with three further bands with both antibodies. (Fig. 2, A and B). Intracellular binding
clustered at 68, 74, and 79 kDa (Fig. 1A). Antibody II, was also detected, which was improbably due to receptor
raised to a peptide sequence in the second extracellular loogorotein present in the endoplasmic reticulum. By contrast,
of the receptor, induced a signal at 79 kDa (Fig. 1B). neither antibody | or Il bound to the cell membranes of

uninjected oocytes (Fig. 2, C and D).

3.1. Immunoblots

3.2. Immunocytochemical detection of adenosipe A
receptors in Xenopusocytes 3.3. Immunocytochemical localisation of adenosine A
receptors in the kidney
In order to eliminate the possibility that the two antibod-
ies recognise proteins other than the adenosineegeptor, Both antibodies detected structures in the cortex and
we expressed the Areceptor inXenopusoocytes by inject medulla. Antibody | bound to glomerular structures (Fig.
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Fig. 2. Immunolabelling of sections taken froXenopusoocytes injected with 20—-30 ng adenosing receptor cRNA. Labelling in (A) was with
affinity-purified antibodies to the rat adenosingri&ceptor raised to a 15-amino-acid sequence near the C-terminus (antibody 1), whilst labelling in (B) was
with antibody raised to a 14-amino-acid sequence in the second extracellular loop (antibody Il). No labelling was detected in uninjected aseytdés exp

either antibody | (C) or antibody Il (D). Anti-rabbit immunoglobulin G fluorescein isothiocyanate-labelled antibody was used to visualiseearttbodi
adenosine Areceptors. Labelled sections are representative of 10—12 similarly prepared sections from 3 oocytes.

3A) but to no other sites within the cortex (Fig. 3D). The medulla (Fig. 4, A and B) and on the papillary surface

glomerular structures labelled by antibody | were single epithelium (Fig. 4, C and D).

mesangial cells in the glomerular tuft and the afferent arte-

riole just within or adjacent to the glomerulus (Fig. 3A).

Binding of antibody toa-smooth muscle actin confirmed 4. Discussion

the identify of the afferent arteriole (Fig. 3B). By contrast to

the pattern of binding with antibody I, no structures were This study has, using immunocytochemistry, shown the

labelled in or adjacent to glomeruli by antibody Il (Fig. 3C), presence of adenosine, Aeceptors at various sites within

but binding was noted in the proximal convoluted tubules in the renal cortex and medulla. These observations support

the cortical labyrinth (Fig. 3E). the functional roles proposed for the adenosinedceptor
Although the A adenosine receptor antibodies labelled in the kidney, as discussed below. Antibody to the peptide

different structures in the cortex, the pattern of labelling was sequence near the C-terminus of the receptor protein (anti-

similar in the medulla. Labelling with both antibodies was body I) detected three bands in the 35-39 kDa range. The

found along the length of collecting ducts in the inner molecular mass of the adenosing #eceptor using immu
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Fig. 3. Immunolabelling of adenosine, Aeceptors and-smooth muscle actin in sections from the rat renal cortex. (A) Glomerulus after exposure to antibody
| showing labelling of adenosine,Aeceptors in mesangial cells (m) and afferent arteriole (aa); (B) labellingsofiooth muscle actin in the afferent arteriole;

(C) glomerulus after exposure to antibody Il with no adenosipeekeptors labelled; (D) proximal convoluted tubules after exposure to antibody | with no
adenosine Areceptors identified; and (E) proximal convoluted tubules after exposure to antibody Il showing labelling of adenasiceptors. Images
shown in (A) and (B) were taken with the same section. Both antibodies were raised to peptide sequences of the rat ageeospierAantibody | to a
15-amino-acid sequence near the C-terminus and antibody Il to a 14-amino-acid sequence in the second extracellular loop. Anti-rabbit imim@oglobul
fluorescein isothiocyanate-labelled antibody was used to visualise antibodies to adenasineptorsa-Smooth muscle actin was visualised in (B) using
Cy3-labelled antibody. The labelled sections are representative of 10-15 similarly prepared sections from 3 rats. Incubation of sectiof®dyith anti
pre-adsorbed with corresponding antigenic peptide resulted in no labelling (data not shown). Scale bar in (A) reprgsent@tBmll images taken at the
same magnification.

noblots has been estimated as 38 kDa in rat brain mem-with antibody | detecting more glycosylated forms of the
branes [25] and 39 kDa in rat kidney membranes [26]. The receptor than antibody Il. Future studies using deglycosy-
molecular mass of the deglycosyated receptor in rat brainlated samples may help to clarify how glycosylation affects
has been reported as 32 kDa [27] or 30 kDa [28], with the binding of the antibodies. By contrast to the differing im-
receptor undergoing glycosylation with different sugar moi- munoblots, both antibodies clearly detected adenosipe A
eties [28]. Antibody | might therefore bind to the receptor in receptor protein heterologously expressed in the cell mem-
the brain in its various glycosylated forms. A previous study brane ofXenopusoocytes. The Western blots and oocyte
using immunoblots to identify adenosing Feceptor in pig studies confirm the specificity of the antibodies for the
brains detected receptor dimer as well as the monomer [29].adenosine Areceptor, although they may bind to different
Similarly, antibody | bound to three bands in the adenosine forms of the receptor when expressed in rat tissues.
A, receptor dimer range (68—79 kDa). Antibody to the Visualisation of A receptors in the afferent arteriole in
peptide sequence in the second extracellular loop (antibodythe cortex, using antibody I, confirms the functional study of
II) only detected the receptor dimer in brain membranes, asHoltz and Steinhausen [31], who noted constriction of the
it only bound to one band at 79 kDa. Using antibody to arteriole in response to application of cyclohexyladenosine,
adenosine Areceptor from the same source (Alpha Biag an adenosine Areceptor agonist. Contraction of cultured
nostics Inc.), Zowet al. [26] detected receptor monomer at mesangial cells has also been reported in response to stim-
39 kDa in membranes prepared from either rat renal cortex ulation of adenosine Areceptors [32], a finding supported
or medulla. by immunocytochemical detection of the receptor in this
Glycosylation often occurs on the second extracellular cell type, although no signal far-smooth muscle actin was
loop of the receptor [30], the location of the peptide se- detected. Failure to localise-smooth muscle actin to mes-
quence to which antibody Il was raised. Consequently, angial cells is not unexpected, since an investigation by
glycosylation might impede binding of antibody I, whilst Adyel et al. [33] found that this protein was not expressed
interaction of antibody | to the C-terminus should be rela- in kidney biopsy specimens from normal kidneys as used in
tively unaffected. Such an explanation may account for the this study, although expression was recorded in specimens
differences in immunostaining produced by the antibodies, from patients with glomerulonephritis.



242 J.A. Smith et al. / Biochemical Pharmacology 61 (2001) 237-244

Fig. 4. Immunolabelling of sections from the rat renal medulla showing medullary collecting ducts (A and B) and papillary surface epithelium (C and D)
Labelling in (A) and (C) was with affinity-purified antibodies to the rat adenosipee&eptor raised to a 15-amino-acid sequence near the C-terminus
(antibody 1), whilst labelling in (B) and (D) was with antibody raised to a 14-amino-acid sequence in the second extracellular loop (antibodyalbifnt
immunoglobulin G fluorescein isothiocyanate-labelled antibody was used to visualise antibodies to adepasioeptors. The labelled sections are
representative of 10-15 similarly prepared sections from 3 rats. Incubation of sections with antibody pre-adsorbed with corresponding eptiigenic p
resulted in no labelling (data not shown). Scale bar in (A) represenisn®5with all images taken at the same magnification.

By contrast to our previous autoradiographic studies [19, cells, whilst antibody Il bound to receptors in the proximal
20], adenosine Areceptors were identified, using antibody tubule, with no evidence of any overlap between the binding
I, in the proximal convoluted tubule. Previous autoradio- of the two antibodies in the cortex. The binding of antibod-
graphic investigations in guinea-pig and human kidneys ies raised to different peptide sequences of the receptor
[34] or in situ hybridisation studies of the rat kidney [35] protein could occur if there are subtypes of the receptor
have also failed to detect adenosing r&ceptor protein or  arising from splice variants, although none have been re-
MRNA in proximal tubules. However, adenosing recep ported for the rat adenosine Aeceptor. Two transcripts for
tor mRNA has been detected in the proximal tubule, cortical the human adenosine, Aeceptor have been identified, but
collecting duct, and cortical thick ascending limb of the rat these transcripts have the same coding sequence [38]. A
using the reverse transcriptase—polymerase chain reactiorfurther possible explanation for the differential binding of
[36]. There is also functional evidence for the presence of the two antibodies is the degree and nature of glycosylation
adenosine Areceptors in the proximal tubule. For example, of the receptors at tubular and glomerular sites. Since the
studies of rabbit proximal tubules indicate that endogenous glycosylation state affects immunoreactivity of the rat aden-
adenosine, via an adenosing Peceptor, stimulates baso  osine A receptor [28], antibodies | and Il may selectively
lateral N& -HCO3 cotransport [37]. Moreover, studies in both  bind to different glycosylated forms of the receptor.
rat and man suggest that the diuresis produced by selective Antibodies to adenosine Aeceptor also bound to struc
adenosine Areceptor antagonists such as 1,3-dipropyl-8- tures in the inner medulla, with the pattern of receptor-
cyclopentylxanthine and FK-453 «(-(R)-[(E)-3-(2-phe- binding sites similar to that recorded in our previous auto-
nylpyrazolo[1,5a]pyridin-3-yl)acryloy]-2-piperidine etha-  radiographic studies [19,20]. The most likely candidates for
nol) is primarily evoked by an action on the proximal tubule, the labelled tubular structures in the inner medulla are the
with some activity at more distal nephron segments [5,6]. collecting ducts, sincen situ hybridisation studies showed

Detection of adenosine ;Areceptors in the glomerulus that adenosine Areceptor mRNA in the rat kidney was
and proximal tubule was by different antibodies: antibody I most abundant in these tubular elements [35]. One potential
bound to receptors in the afferent arteriole and mesangialrole for adenosine Areceptors in collecting tubules is to
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influence sodium channel function and therefore sodium [9] Arend LJ, Bakris GL, Burnett JC, Megerian C, Spielman WS. Role

excretion (see Ref. 19)_ Adenosinq Peceptors were also for intrarenal adenosine in the renal hemodynamic response to con-
. . . trast media. J Lab Clin Med 1987;110:406-11.

found on the papillary surface epithelium. Transporter pro- : !

. X . [10] Erley CM, Duda SH, Schlepckow S, Koehler J, Huppert PE, Stro-
teins, such as H K"-ATPase [39] and vasopressin,V hmaier WL, Bohle A, Risler T, Osswald H. Adenosine antagonist

receptors [40], have been identified in this epithelium, in- theophylline prevents the reduction of glomerular filtration rate after

dicating that it has similar transport properties to the col- contrast media application. Kidney Int 1994;45:1425-31.

lecting duct. Therefore, as in the collecting duct, adenosine [11] Knight RJ, Bowmer CJ, Yates MS. Effect of the selectiveaiien

A. receptors mav influence sodium channel function in the osine antagonist 8-cyclopentyl-1,3-dipropylxanthine on acute renal
17 P y . . . dysfunction induced bi£scherichia coliendotoxin in rats. J Pharma-

papillary surface epithelium. Both antibody | and Il bound col 1993:45:979—84.

to collecting ducts and the papillary surface epithelium. [12] Nishiyama A, Miura K, Miyatake A, Fujisawa Y, Yue W, Fukui T,

This suggests that either the medullary receptors are a mix- Kimura S, Abe Y. Renal interstitial concentration of adenosine during

ture of the forms detected in the cortex by each antibody or __ €ndotoxin shock. Eur J Pharmacol 1999;385:209-16.

. . . [13] Bowmer CJ, Collis MG, Yates MS. Effect of the adenosine antagonist
the adenosine freceptor present in the medulla binds both 8-phenyltheophylline on glycerol-induced acute renal failure. Br J

antibodies. Pharmacol 1986;88:205-12.
In conclusion, this study has, for the first time, used [14] Kellett R, Bowmer CJ, Collis MG, Yates MS. Amelioration of glyc-
immunocytochemistry to localise adenosing r&ceptors erol-induced acute renal failure in the rat with 8-cyclopentyl-1,3-

in the kidney. Receptors were identified at the afferent ___ dipropyixanthine. Br J Pharmacol 1989;98:1066-74.

teriol ial I . | luted tubul [15] Knight RJ, Collis MG, Yates MS, Bowmer CJ. Amelioration of
arteriole, mesangial cells, proximal convoluiea tubule, cisiplatin-induced acute renal failure with 8-cyclopentyl-1,3-dipropy-

medullary collecting ducts, and papillary surface epithe- Ixanthine. Br J Pharmacol 1991:104:1067—8.

lium. The labelling of distinct and different structures in [16] Lin J-J, Churchill PC, Bidani AK. Effect of theophylline on the
the cortex by antibodies raised to different amino acid initiation phase of postischemic acute renal failure. J Lab Clin Med
sequences on the,Areceptor protein suggests that -dif 1986;108:150—4.

feri f fth in thi . f [17] Gouyon JB, Guignard JP. Theophylline prevents the hypoxemia-
ering forms of the receptor are present in this region o induced renal hemodynamic changes in rabbits. Kidney Int 1988;33:

the kidney. 1078-83.
[18] Okusa MD, Linden J, Macdonald T, Huang L. Selectivg,Aaden
osine receptor activation reduces ischemia—reperfusion injury in rat
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. . L MS. Regulation of renal adenosine, Aeceptors: effect of dietary
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oocytes. [20] Smith JA, Whitaker EM, Bowmer CJ, Yates MS. Differential expres-
sion of renal adenosine Aeceptors induced by acute renal failure.
Biochem Pharmacol 2000;59:727-32.
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