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Effects of diadenosine polyphosphates on glomerular volume
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1 Diadenosine polyphosphates (P',P3-diadenosine triphosphate, Ap;A; P'P*diadenosine tetra-
phosphate, Ap,A; and P',P>-diadenosine pentaphosphate, ApsA) are vasoactive molecules. The
experimental model of isolated rat renal glomeruli was used to investigate their effects on glomerular
vasculature. We measured the changes of glomerular inulin space (GIS) as a marker of glomeruli
contractility.

2 Ap,A and Ap;A induced concentration- and time-dependent reduction of GIS whereas Ap;A had
no effect. The effects of Ap,A and ApsA (both at 1 uM) were prevented by a nonselective P2 receptor
antagonist, that is, suramin (10 uM) and P2Y receptor antagonist — reactive blue 2 (50 uM). However,
the antagonist of P1 receptor, that is, theophylline (1 uM) and A, receptor 8-cyclopentyl-1,3-
dipropylxanthine (DPCPX; 10 uM) did not affect the responses of glomeruli to Ap,A or ApsA.

3 ApsA, in contrast to Ap,A and ApsA, prevented angiotensin II-induced reduction of GIS in a
concentration- and time-dependent manner. This effect was partially prevented by suramin and
markedly reduced by reactive blue 2 and the specific antagonist of P2Y, receptor - MRS 2179 (10 uMm).
However, theophylline and the specific antagonist of A, receptor — 3,7-dimethyl-1-propargylxanthine
(DMPX; 10 uM) — did not affect Ap;A action.

4 We indicate that diadenosine polyphosphates changed the glomerular volume via activation of P2
receptors. We suggest that extracellular Ap,A and ApsA via P2X and P2Y receptors may decrease and
ApsA via, at least in part, P2Y, receptors may increase filtration surface, which in turn may modify

glomerular filtration rate.
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Introduction

The naturally occurring diadenosine polyphosphates (Ap,As,
n=2-7) are recognised as vasoactive nucleotides. These
molecules consist of two adenosine moieties connected via 5'-
ribose linkage to both ends of the polyphosphate chain. Ap,As
are present in all living cells and certain amounts of these are
released into extracellular space during platelet aggregation,
metabolic stress and neurotransmission (Luthje & Ogilvie,
1988; Schluter et al., 1994; Miras-Portugal et al., 1998). The
effects of Ap,As are mediated via P1 and P2 receptors or
dinucleotide receptors (Hoyle et al., 1996; Vahlensieck et al.,
1996; Pintor et al., 1997; Ralevic & Burnstock, 1998;
Verspohl et al., 1999). P1 receptors (G proteins coupled
receptors) are classical receptors for adenosine and are
further subdivided, according to convergent molecular, bio-
chemical and pharmacological evidence into the following
subtypes: A, Asa, Asg and Aj;. These receptors have been
cloned from several species (Ralevic & Burnstock, 1998). P2
receptors are divided into P2X (ligand-gated ion channels) and
P2Y (G proteins coupled receptors). Up to this time, seven
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mammalian P2X receptors: P2X, ; and eight mammalian
P2Y receptors: P2Y,, P2Y,, P2Y,, P2Yq, P2Y 1 13 and P2Y s
have been cloned (Illes & Ribeiro, 2004). There is also
pharmacological evidence favouring the hypothesis that
biological action of Ap,As is mediated by activation of the
specific dinucleotide receptor (Pintor & Miras-Portugal,
1995; Diaz-Hernandez et al., 2001; Jimenez et al., 2002).
However, this receptor has not been cloned yet. Vasomotor
actions of Ap,As depend on the localisation of receptors and
number of phosphate groups in the moiety (Ralevic et al.,
1995; Van der Giet et al., 1997; Ralevic et al., 2001). Ap;A
(P',P*>-diadenosine triphosphate) induces endothelium-depen-
dent vasodilatation in the rat mesenteric arteries (Ralevic
et al., 1995) and endothelium-independent vasodilatation in
rabbit mesenteric arteries (Busse et al., 1988). Ap,A (P',P*-
diadenosine tetraphosphate) induces endothelium-independent
vasoconstriction and endothelium-dependent vasodilatation
in rabbit mesenteric arteries (Busse er al, 1988). ApsA
(P',P>-diadenosine pentaphosphate) induces vasoconstriction
in rat mesenteric arteries (Ralevic & Burnstock, 1991) and
relaxation in the porcine coronary artery (Sumiyoshi et al.,
1997).
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There is also an increasing interest in the renal effects of
Ap,A (Hohage et al., 1996). ApsA and ApsA induce
vasoconstriction of intralobular arteries (Gabriels et al.,
2000). Bolus injection of Ap,A, ApsA or ApsA into the
jugular vein decreases the renal blood flow (Khattab er al.,
1998). It has been shown that Ap;A, ApsA, ApsA and ApsA
can influence the tone of resistance arteries in the human
kidney (Steinmetz et al., 2003). We have shown that
intravenous infusion of ApsA reduces glomerular filtration
rate (GFR) and evokes natriuresis and diuresis in rat
(Szczepanska-Konkel et al., 2003). There are also reports
describing action of Ap,As on renal cells. Ap;A, ApsA, ApsA
and ApsA induce depolarisation of mesangial cell membrane
by activation of CI~ and nonselective conductance (Kleta et al.,
1995). Diadenosine polyphosphates (Ap;A—ApsA) modulate
pH regulation of rat mesangial cells (Schulte er al., 1999).
Moreover, these nucleotides increase intracellular calcium
concentration (Tepel et al., 1996) and cause contraction of
mesangial cells (Schlatter et al., 1995).

These reports have led us to focus our efforts on the
investigation of the influence of Ap,As on glomerular
microvasculature. The diameter of glomerular vessels is one
of the factors that may alter GFR. In the present study, we
examined the vasomotor properties of Ap;A, Ap,A and ApsA
in isolated rat renal glomeruli. The effects of nucleotides were
evaluated based on changes of glomerular [*H]-inulin space
(GIS).

Methods
Animals

Experiments were performed on male Wistar rats (weighing
220-250 g). The rats were housed in an animal care facility at
the Medical University of Gdansk and fed the standard pellet
diet (Altromin GmbH, Lage, Germany). Experiments were
approved by the local Ethics Committee for Animal Research.

Isolation of renal glomeruli

Rats were decapitated under diethyl ether anaesthesia (Sml 1
air ', inhalation for 1 min in a glass bell) and the kidneys were
removed and placed in ice-cold phosphate-buffered saline
(PBS; pH 7.4, composition in mM) containing NaCl 137, KCl
2.7, Na,HPO, 8.1, KH,PO, 1.5, CaCl, 0.9, MgCl, 0.49 and
glucose 5.6. Glomeruli were isolated by gradual sieving
technique (Misra, 1972). Briefly, the renal capsule was
removed and the cortex was minced with a razor blade to a
paste-like consistency and strained through a steel sieve (pore
size 250 um). The mash that passed through this sieve was
suspended in ice-cold PBS. Then, the suspension passed
through two consecutive steel sieves (120 and 70 um). The
glomeruli retained on the top of the 70 um sieve were washed
off with ice-cold PBS. Glomeruli were resuspended in ice-cold
PBS buffer. The final suspension consisted of decapsulated
glomeruli devoid of afferent and efferent arterioles. The
tubular contamination was less than 5% as assessed under
the light microscope. The entire procedure was carried out in
an ice bath and took no more than 1 h.

Determination of glomerular inulin space

Glomerular inulin space (GIS) was measured according to
the previously described method (Savin, 1986; Fujiwara et al.,
1989) with our own modifications (Szczepanska-Konkel ez al.,
1991; Jankowski M et al, 2001a). Briefly, about 2000
glomeruli were suspended in 200 ul ice-cold PBS containing
1% bovine serum albumin. Samples were preincubated with
0.5 uCi [*Hlinulin for 30 min at 37°C in a shaking water bath
(1.7 Hz). Incubation was continued with varied concentrations
of tested agents for the indicated time. The final volume of
incubation mixture was 250 ul. Reactions were terminated by
centrifugation in the following manner: suspension of glomer-
uli (200 ul) was transferred to a microtube containing 100 ul
ice-cold silicone oil (Wacker Silicone) and centrifuged for 5s at
5000 x g. Glomeruli were spun through the oil, forming a
pellet on the bottom of the tube with incubation medium
remaining behind. The tip of the microtube with the
glomerular pellet was cutoff with a scalpel blade and content
was resuspended in 500 ul 0.3% Triton X-100. Supernatant
(20 ul) was taken from the medium above the oil and also
transferred to the scintillation vial. After solubilisation, 2 ml of
scintillation cocktail was added. Radioactivity of samples was
measured in a liquid scintillation counter (LKB Wallace). GIS
of a single glomerulus was calculated as follows:

[*H]pellet

[*H]supernatantxno. of glomeruli in the pellet

GIS =

where [*H]pellet is measured in counts per minute (c.p.m.) and
[*H]supernatant in c.p.m. divided by picolitres. The number of
glomeruli in suspension medium was counted with a light
microscope at low magnification. Each GIS determination was
carried out in quadruplicate samples.

The results are expressed as picolitres per glomerulus or as a
percentage of basal GIS value. Basal GIS value (mean +s.e.m.)
of pooled calculations (n= 36, control GIS before the start of
incubation with tested agents) was 632+ 18 pl per glomerulus.

Experimental protocols

Measurements of GIS were performed according to the
following protocols

Group 1. Effects of Ap;A, Ap,A and ApsA on GIS of
intact glomeruli: concentration- and time-dependency
For concentration-response curves, glomeruli were incubated
for Smin with Aps;A, ApsA or ApsA at concentration range
1 pM—100 uM each. For time-response curves, glomeruli were
incubated with 1 uM tested dinucleotides for 0—10 min.

Group 2. Effect of Pl and P2 receptors antagonists on
Ap4A and ApsA action on GIS of intact glomeruli Glo-
meruli were preincubated with theophylline (1 M), 8-cyclo-
pentyl-1,3-dipropylxanthine  (DPCPX; 10uM), suramin
(10 uM) or reactive blue 2 (50 uM) for 2min and, thereafter,
incubation was continued with 1 uM Ap,A or ApsA for 5Smin.

Group 3. Effects of Ap;A, Ap,A and ApsA on GIS in the
presence of angiotensin II: concentration- and time-
dependency For concentration-response curves, glomeruli
were co-incubated with 1uM angiotensin II and different
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concentrations of Ap;A, Ap,A or ApsA (1 pM—1 uM) for 5 min.
For time-response curves, glomeruli were co-incubated
with 1 uM angiotensin II and 1 uM Ap;A, ApsA or ApsA for
0-10 min.

Group 4. Effect of Pl and P2 receptors antagonists on
Ap;A action on GIS in the presence of angiotensin
Il Glomeruli were preincubated with theophylline (1 uMm),
3,7-dimethyl-1-propargylxanthine (DMPX; 10 uM), suramin
(10 uM), reactive blue 2 (50 uM) or MRS 2179 (10 uM) for 2 min
and, thereafter, incubation was continued with 1uM angio-
tensin II and 1 uM Ap;A for 5min.

Hydrolysis of Aps;A, Ap,A and ApsA in suspension
of glomeruli

The hydrolysis of dinucleotides by glomeruli was determined
by measurement of ATP, adenosine, inosine and hypoxanthine
concentration in suspension of glomeruli. About 2000 glomer-
uli were suspended in 200 ul ice-cold PBS and preincubated for
30min at 37°C in shaking water bath (1.7Hz). Then,
incubation was continued with Ap;A, ApsA or ApsA (each
at 1 uMm) for the indicated time. Reactions were terminated by
centrifugation (5s at 5000 x g) of 200 ul of the suspension in
the microtube containing 100 ul of ice-cold silicone oil (Wacker
Silicone). Supernatant (150 ul) was taken from the medium
above the oil and concentration of ATP, adenosine, inosine
and hypoxanthine was measured immediately.

Analysis of metabolite formation from Ap;A, Ap,A
and ApsA

The concentration of ATP in suspension of glomeruli was
measured using ATP Bioluminescence Assay Kit CLS II as per
the manufacturer’s instructions according to the published
method (Kimmich et al, 1975). The concentration of
adenosine, inosine and hypoxanthine in suspension of glomer-
uli was determined using the standard chemiluminescent
method (Kather et al., 1987). Since adenosine was transformed
to inosine, followed by conversion into hypoxanthine, the
amount of inosine and hypoxanthine was pooled to that of
adenosine to evaluate the total adenosine formation. The
incubation medium (pH 8.2) contained 0.2mM Na,HPO,/
KH,PO,, 2.5mM EDTA, 25uM luminol and the following
enzymes (all activities in Uml™'): 1.5 peroxidase, 40 xantine
oxidase, 50 nucleoside phosphorylase, 2.4 adenosine deami-
nase. Luminescence was measured in room temperature with a
photon-counting luminometer (TD-20/20) with autoinjector
system.

Data analysis

Data were analysed statistically using Student’s #-test or one-
way analysis of variance, followed by a Dunnett’s multiple
comparison test using Sigma Stat 2.01 as appropriate.
Differences were considered statistical significant where P
was found to be <0.05. Data are shown as the mean +s.e.m.
from n independent experiments.

Materials

Ammonium salts of Ap;A, Ap,A, ApsA, MRS 2179, scintilla-
tion cocktail, suramin, reactive blue 2, theophylline, luminol,
nucleoside phosphorylase were purchased from Sigma
(St Louis, MO, U.S.A.), DPCPX and DMPX from RBI
(Natick, MA, U.S.A.) and peroxidase, xantine oxidase,
adenosine deaminase and ATP Bioluminescence Assay Kit
CLS II from Roche (Mannheim, Germany). [*H]Inulin was
obtained from DuPont NEN Products (Boston, MA, U.S.A.).
All other agents were purchased from POCh (Gliwice,
Poland).

Results
Hydrolysis of Ap,A by isolated glomeruli

ApsA, Ap,A and ApsA were tested to evaluate their potential
degradation by glomerular ecto-nucleotidases to vasoactive
metabolites, that is, ATP and adenosine. The results are
summarised in Table 1 (n=3). Luminescence analysis of the
supernatant of glomeruli suspension incubated with 1uM
Ap;A did not reveal any detectable accumulation of ATP.
With 1uM ApsA or ApsA, however, there was significant
accumulation of ATP after 1-min incubation. The maximal
ATP concentration was detected during incubation with Ap,A
60.5+1.7nM and it was three times more than with ApsA. All
tested dinucleotides were degraded to adenosine, inosine and
hypoxanthine during 5-min incubation. Total concentrations
of these metabolites increased about three-fold compared to
basal value (control).

Effects of Ap;A, Ap,A and ApsA on GIS of intact
glomeruli

The actions of Ap4A and ApsA were concentration dependent.
Ap4A and ApsA had an apparent ECs, of approximately 1 pM
(Figure 1, n=5-6). By contrast, the actions of Ap;A were not
concentration related in the range used in this study. The
reduction of GIS induced by 1uM Ap,A or ApsA was
significant in the 2nd min, reaching a maximum, that is,
reduction of GIS about 15% in the 5th min (Figure 2, n =4-5).

Effect of Pl and P2 receptor antagonists on responses
of glomeruli to Ap,A and ApsA

It is accepted that A, receptors mediate vasoconstrictive
response to adenosine. Therefore, in order to investigate the

Table 1 Hydrolysis of 1uM Ap,A by isolated rat

glomeruli
Apn,A ATP (nM) Ado+Ino+ Hyp (uM)
I min 2min 5 min 5 min
Control ND ND ND 0.44+0.04
Ap;A ND ND ND 1.39+0.16*
Ap,A 60.5+1.7% 54.14+0.6% 454+1.1% 1.31+£0.15%
ApsA 17.5+0.6% 15.7+0.8% 21.44+0.2*% 1.13+0.06*

n=3, *P<0.001, ND =not detectable.

British Journal of Pharmacology vol 144 (8)
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Figure 1 Concentration—response curves illustrating the constric-
tor effects of Ap,As on GIS. Glomeruli were incubated with Ap;A
(open circles), Ap,A (filled triangles) or ApsA (filled squares) at
concentration range 1 pM—100 uM for 5 min. Results are expressed as
the mean of absolute values+s.e.m. for n=5-6 experiments.
*P<0.05 Ap,As vs basal value.
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Figure 2 Time-response curves illustrating the constrictor effects
of Ap,As on GIS. Glomeruli were incubated with 1 uM Ap;A (open
circles), Ap,A (filled triangles) or ApsA (filled squares) for the
indicated time. Results are expressed as the mean of absolute
values +s.e.m. for n=4-5 experiments. *P<0.05 agent vs basal
value.

potential involvement of A, receptors in Ap,A-induced
reduction of GIS, we used the nonselective antagonist of P1
receptor; theophylline (Theo) and selective antagonists of A,
receptor, that is, DPCPX. In the presence of Theo (1 uM) or
DPCPX (10 um) (Figure 3, n=4-5), responses of glomeruli to

20 [ Buffer
15 Theo
Hl orcrx
—~ 10+
L)
=2 *
o
et 54 *
©
w
©
2 0+
o
X
o S
]
< .10
-15 -
-20 -
Adenosine ApgA ApsA

Figure 3 Effects of Pl receptor antagonists on contractile re-
sponses of glomeruli to Ap,A and ApsA. Glomeruli were incubated
with 1 uM theophylline (Theo, rising right columns), 10 uM DPCPX
(selective A, receptors antagonist, solid columns) or with buffer
(open columns) for 2min. Incubation was continued for 5min with
Ap4A, ApsA and adenosine (each at 1 uM). Results are expressed as
the percentage of changes of basal value+s.e.m. for n=4-5
experiments. *P <0.05 agent + antagonist vs agent + buffer.
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Figure 4 Effects of P2 receptor antagonists on dilation responses of
glomeruli to Ap4A and ApsA. Glomeruli were incubated with buffer
(open columns), 10 uM suramin (rising right columns) or 50 uM
reactive blue 2 (RB-2, solid columns) for 2 min and then with ATP,
Ap4A and ApsA (each at 1 uM) for 5min. Results are expressed as
the percentage of changes of basal value+s.e.m. for n=3-4
experiments. *P<0.05 agent + antagonist vs agent + buffer.

ApsA and ApsA were not significantly affected. The control
response to 1 uM adenosine (Ado) was completely abolished.
Theo and DPCPX alone did not exert any significant influence
on GIS (data not shown).

In another set of experiments, the glomeruli were preincu-
bated with nonselective P2 receptor antagonist, that is,

British Journal of Pharmacology vol 144 (8)
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suramin (10 uM) or relatively selective P2 receptor antagonist,
that is, reactive blue 2 (50 uM) to evaluate the involvement of
P2 receptors in ApsA- and ApsA-induced reduction of GIS
glomeruli. The responses to Ap,A, ApsA and ATP as well,
were almost completely abolished (Figure 4, n=3-4, P<0.05).
Suramin and reactive blue 2 alone did not exert any significant
influence on GIS (data not shown).

Effects of Ap;A, ApsA and ApsA on GIS in the presence
of angiotensin I1

To evaluate the potential vasodilatory effects of Ap,A, the
responses of glomeruli to Ap;A, Ap,A and ApsA were tested
in the presence of a vasoconstrictive agent, that is, angiotensin
II. It was published that angiotensin II-induced reduction of
GIS and ATP prevented the action of angiotensin II in a
concentration- and time-dependent manner (Jankowski M
et al., 2001a). As shown in Figure 5 (n=5-6), Ap;A at
concentration range 1pM-1uM prevented Ang Il-induced
reduction of GIS with apparent ECs, of approximately 1pM.
Ap;A and ApsA (0.1nM—-1puM) were not active in the
concentration range used in this study. The effect of Ap;A
was maximal in the 2nd min and stable during the 10 min of
incubation (Figure 6, n=5-6).

Effects of P1 and P2 receptor antagonists on responses
of glomeruli to Ap;A in the presence of angiotensin I1

To determine whether glomerular vasodilator response to
ApsA involves A, receptors, Theo (1 uM) and selective A,
receptor antagonist — DMPX (10 uM) — were used. Following
preincubation with Theo or DMPX, the maximal responses to
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Figure 5 Concentration—response curves illustrating the dilator
effects of Ap,As on GIS. Glomeruli were co-incubated with 1 uM
angiotensin Il and tested Ap,A: ApsA (open circles), ApsA (filled
triangles) and ApsA (filled squares) at concentration range 1 pM—
1 uM for 5min. Results are expressed as the absolute values +s.e.m.
for n=5-6 experiments. *P<0.05 Ap,As+Ang II vs Ang
11 + bufter.
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Figure 6 Time-response curves illustrating the dilator effects of
Ap,As on GIS. Glomeruli were incubated with 1 uM Ap;A (open
circles) or buffer (control; closed circles) in the presence of
angiotensin II (1 uM) for the indicated time. Results are expressed
as the absolute values+s.e.m. for n=>5-6 experiments. *P <0.05
ApsA vs control.
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Figure 7 Effects of P1 and P2 receptors antagonists on dilation
responses of glomeruli to Ap;A. Glomeruli were preincubated with
buffer (solid column) or P1 receptors antagonists: 1 uM theophylline
(Theo, open columns), 10uM DPMX (selective A, receptors
antagonist, horizontal lines column) or P2 receptors antagonists:
10 uM suramin (rising left column), 50 uM reactive blue 2 (horizontal
cross hatch) and 10uM MRS 2179 (selective P2Y, receptors
antagonist, diagonal cross hatch) for 2min. Incubation was
continued with angiotensin II (1 M) and Ap;A (1 uM) for Smin.
Results are expressed as the percentage of changes of Ang Il-treated
glomeruli +s.e.m. for n=4-5 experiments. *P<0.05
Ap;A + antagonists vs Aps;A + buffer.

ApsA were not significantly affected (Figure 7, n=4-5). In
order to determine whether P2 receptors are involved in Ap;A
action, P2 receptor antagonists were used. The effect of Ap;A
was almost completely abolished following preincubation

British Journal of Pharmacology vol 144 (8)
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of glomeruli with reactive blue 2 (50 uM) or selective P2Y,
receptor antagonist MRS 2179 (10 uM). The response to Ap;A
was partially attenuated by suramin (P <0.05).

Discussion

The filtration of plasma, which occurs in renal glomeruli, is a
fundamental physiological process. The glomerular tuft
comprises capillary network supported by a central mesan-
gium made up of smooth-muscle-derived cells, that is,
mesangial cells and the dense fibrillar matrix (Lemley et al.,
1992). It is known that mesangial cells contain well-developed
contractile apparatus (Foidart et al., 1980; Anderson et al.,
1981). Contraction of mesangial cells may lead to reduction of
the effective filtration area, which, in turn, may reduce GFR.
The studies on regulation of glomerular filtration have
provided findings showing that ultrafiltration may be sig-
nificantly changed as a result of mesangial cell contraction
(Savin, 1986; Mene et al., 1989). The glomerular endothelial
cells also influence the filtration process. These cells, under
physiological conditions, are able to produce and release
vasoactive substances, for example, nitric oxide, PGI,. These
substances may influence mesangial cells tension and, in turn,
GFR (Stockand & Sansom, 1998).

In this study, we investigated the action of diadenosine
polyphosphates on contractility of glomeruli by measuring
changes of extracellular volume (*H-labelled inulin space) of
isolated decapsulated rat glomeruli. It has been shown that
most of the extracellular space of decapsulated glomeruli is the
intracapillary space that accounts for about 34% of total
glomerular volume (Fujiwara et al., 1989). The intracapillary
volume was calculated (GIS) after the separation of glomeruli
from the medium. The basal GIS value we determined was
632+ 18 plglomerulus™'. This value was comparable with
other estimations (Fujiwara et al., 1984; Lewko et al., 1997).
An increase or decrease of GIS reflects a relaxation or
contraction of glomeruli, respectively. The validity of this
method was endorsed by a previous study (Fujiwara et al.,
1984; Kikkawa et al., 1986). It was confirmed that a decrease
of glomerular diameter about 4% in response to angiotensin II
was equivalent to about 10% decrease of GIS.

In the present study, we have investigated responses of
isolated rat glomeruli to extracellular Ap;A, ApsA and ApsA.
We have shown, for the first time, that incubation of intact
glomeruli with Ap,A and ApsA leads to concentration- and
time-dependent reduction of glomerular volume. However,
Ap;A did not affect the volume of native isolated glomeruli.
Conversely, the potential vasodilatory activities of Ap,A were
investigated during co-incubation with angiotensin II (Ang II).
This well-known vasoconstrictive agent induces stable in time
reduction of GIS by about 20% (Fujiwara et al., 1984) or 16%
(Figure 6). In our experiments, Ap;A prevented the action of
Ang II in a concentration- and time-dependent manner.
However, ApsA and ApsA did not affect the vasoconstrictive
action of Ang II. These observations are in line with findings in
various isolated vascular beds and arteries of several species
(Busse et al., 1988; Van der Giet et al., 1997; Gabriels et al.,
2000; Steinmetz et al., 2002). However, on the contrary to our
observations, several investigators have shown that Ap,A and
ApsA possess the vasodilatory activity (Busse et al., 1988; van
Ginneken et al., 2002). This bidirectional action of Ap,A and

ApsA observed by other investigators is probably due to, at
least in part, characteristic for particular species and vessels
distribution of purinoceptors, which may be simultaneously
activated by Ap,A (Steinmetz et al., 2000).

We have previously shown that extracellular ATP possesses
unique vasomotor properties and acts bidirectionally on
isolated glomeruli. ATP induces cGMP-dependent relaxation
of angiotensin II-precontracted glomeruli (Jankowski M et al.,
2001a) and induces contraction of intact glomeruli (Jankowski
et al., 2000) with involvement of Rho-kinase in this process
(Jankowski M et al., 2003). In contrast to ATP, the tested
dinucleotides affect the glomerular volume only in one
direction; Aps;A induces only relaxation whereas Ap,A and
ApsA induce only contraction of isolated glomeruli.

The effects of dinucleotides on glomeruli can be induced, at
least in part, through their vasoactive metabolites, such as
mononucleotides and adenosine. It has been reported for
several cell types that dinucleotides are degraded by cell
surface ecto-nucleotides that may be of importance for
biological effects of extracellular dinucleotides (Verspohl
et al., 1999). We analysed the ability of isolated glomeruli to
hydrolyse Ap,A and we observed significant release of
adenosine (from Ap;A, Ap,A and ApsA) and ATP (from
ApsA and ApsA) during incubation (Table 1). From our
previous work with ATP and adenosine in isolated glomeruli,
it was suggested that dinucleotides might act through their
vasoactive metabolites, that is, adenosine and ATP. We have
previously shown that adenosine induces decrease of the
glomerular volume and this effect is abolished in the presence
of nonselective antagonist of P1 receptor, that is, theophylline
(Jankowski M et al., 2001b). It is widely accepted that the
vasoconstrictor response to adenosine is mediated via A,
receptors (Olivera et al., 1989). The expression of A, Asa, Asp
receptors has been observed on the cells of glomerulus (Inscho,
2001; Vitzthum et al., 2004). In order to investigate the
potential involvement of adenosine receptors in Ap,A-induced
contraction and relaxation of glomeruli, we used the non-
selective antagonist of P1 receptor; theophylline and selective
antagonists of A; receptor, that is, DPCPX and A, receptor,
that is, DMPX. Neither theophylline nor DPCPX prevented
Ap,A- and ApsA-induced contraction of glomeruli. Similarly,
theophylline and DPMA did not prevent Aps;A-induced
relaxation of glomeruli. These results suggest that Pl
receptors, in particular A; and A, receptors, are probably
not involved in vasoconstrictive and vasodilatory effects of
Ap,A. However, we cannot fully exclude that adenosine via P1
receptors, which appears in medium during incubation,
modulates response of glomeruli to Ap,A. Further studies
are needed to investigate the cross-talk between P1 and P2
receptors during incubation of glomeruli with Ap,A.

It has been previously reported that vascular effects of Ap,A
are mediated, at least in part, via P2 receptors. Ap;A and ApsA
evoke transient constrictions in vessels of the hydronephrotic
rat kidney via P2 receptors (Gabriels et al., 2000). ApsA
mediates the decrease of mean arterial blood pressure by
activation of P2Y, receptors (Steinmetz et al., 2000). There is
also pharmacological evidence showing that activity of ApsA
in the isolated perfused rat kidney is mediated by P2X
receptors (Van der Giet et al., 1999). Ap,A and ApsA are
full agonists of rat P2X; receptors and Ap,A is the partial
agonist of rat P2X, when expressed in Xenopus laevis oocytes
(Wildman ez al., 1999). It has been reported that Ap;A is a
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potent agonist of P2Y, (Pintor et al., 1996). Our previous study
has shown the functional expression of P2X receptors in
isolated glomeruli (Jankowski et al., 2000). The expression of
P2Y,, P2Y,, P2Y,, P2Y, and P2X,; receptors has been
observed in glomeruli (Inscho, 2001; Bailey ef al., 2004).

The contraction and relaxation of glomeruli induced by
Ap,A can be compared to the glomerular effects of mono-
nucleotides. ATP has been shown to be a potent agonist of
P2X and P2Y receptors in the renal glomeruli (Jankowski M
et al., 2001a; Bailey et al., 2004). The role of P2 receptors in
response to Ap,A was analysed using a common P2 receptor
antagonists, that is, suramin (nonselective of P2 receptors) and
reactive blue 2 (relatively selective of P2Y receptors). Both
antagonists abolished the effects of Ap4A, ApsA, and ATP as
well, on isolated glomeruli. Conversely, the vasodilatory effect
of Aps;A was partially prevented by suramin and markedly
reduced by reactive blue 2. It has been previously shown that
ApsA is a potent agonist of P2Y, receptors (Pintor et al.,
1996). We have shown that the potent agonist of P2Y,
receptors, that is, 2-methythio-ATP induces the relaxation of
glomeruli (Jankowski M e al., 2001a). Moreover, mRNA for
P2Y, receptors has been detected in isolated glomeruli (Bailey
et al., 2004). Based on the above evidence we used MRS 2179:
selective antagonist of P2Y, receptor (Baurand et /., 2001). In
our experiments, MRS 2179 abolished the vasodilatory effect
of Ap;A. This finding strongly suggests that the Ap;A induces
relaxation via P2Y, receptors, which are probably located on
endothelial cells. Similar effects were observed in rat mesen-
teric arterial bed where the effects of Ap;A were blocked by
endothelium removal (Busse et al., 1988).

Our experiments show that the effects of Ap;A, ApsA and
ApsA on glomerular volume are mediated via P2 receptors.
However, it should be noted that Ap,A are hydrolysed to
mononucleotides, which may act on glomerular cells via P2
receptors. To our knowledge, it is not feasible to differentiate
between effects evoked by Ap,A per se and ATP and ADP in
this experimental model. Hydrolysis of Ap,A can be affected
by agents that are antagonists of P2 receptors, for example,
suramin, PPADS, Cibacron Blue. However, application of P2
inhibitors, for example, suramin will potentially obscure
pharmacological experiments in which the involvement of P2
receptors in Ap,A action on isolated glomeruli are investigated
— because Ap,A hydrolysis and P2 receptors are simulta-
neously blocked (Vollmayer et al., 2003).

Taken together, we have shown that Ap;A, Ap,A and ApsA
per se or via their degradation products, that is, ATP or ADP
affect glomerular volume in a concentration of nmol range.
ApsA via P2Y, receptors increase the glomerular volume but
ApsA and ApsA via P2X and P2Y receptors decrease
glomerular volume. These actions may subsequently lead to
modification of GFR. Accordingly, we have previously shown
that intravenous infusion of Ap4A reduces GFR (Szczepanska-
Konkel et al., 2003). The concentrations of Ap;A—ApsA in the
human plasma are in umol range under physiological condi-
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