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Summary

Previous reports have demonstrated that Cyclosporine A (CyA) chronically
administered induces an increase in adenosine plasma concentration by inhibiting
adenosine uptake by red blood cells (RBC). We hypothesized that this effect may
modulate, by a down regulation, the m RNA expression of adenosine receptors in rat
kidney. Since high blood pressure (HBP) is a classical side effect of CyA treatment,
nicardipine, a dihydropyridine calcium channel blocker, is often associated with CyA
in treatment. To distinguish between the effects of CyA-induced HBP and the
effects of CyA by itself, we have evaluated the effects of CyA and/or nicardipine on
the mRNA expression of Al and A2a adenosine receptors. The study was performed
on five groups of rats (n= 8) receiving during 21 days either serum saline (0.5 ml
i.p), CyA (12mg/kg/day , i.p), nicardipine (1.2 mg/kg i.p) or nicardipine + CyA.
The last (or fifth) group was injected with vehicle (0.5ml i.p). Blood samples for
adenosine assay were collected in the renal artery at day 21, just before the rat
kidneys were removed for quantitation of adenosine Al and A2a mRNA
concentration by RT-PCR. We make two conclusions :i) Nicardipine induces a
decrease in mRNA expression of Al but not of A2a adenosine receptors. However,
because nicardipine lowered both blood pressure and AImRNA expression, it is not
possible to conclude if A1 mRNA decrease is implicated in the nicardipine effects on
blood pressure.ii) CyA induces an increase in renal artery adenosine concentration
and a decrease in mRNA expression of Al and A2a adenosine receptors.
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Because of its immunosuppressive effect (1-3), Cyclosporine A (CyA) has marked beneficial effects
in organ transplantation. However, hypertension and nephrotoxicity are two major side effects that
seem related to the vascular toxicity of CyA (4-6). It has been suggested that vasoactive humoral
substances such as angiotensin II (6) prostaglandin (7-8), and endothelin (9-10) mediate the renal
vascular effects. Recently, it was shown that CyA inhibits adenosine (ADO) uptake by red blood
cells (RBC), leading to an increase in ADO plasma concentration in kidney transplant recipients
(KTR) (11). Adenosine acts on renal vascular tone via purinergic P1 receptors. Three subtypes of
adenosine receptors have been identified in the kidney: Al and A2a, which are abundant (12-14)
and A2 b, which is present but poorly expressed (14). Renal vasoconstriction is mediated by the
adenosine Al receptor subtype (15) whereas vasodilatation is produced by stimulation of the A2a
subtype (14 and for review see 15). The increase in ADO plasma concentration in renal vascular
territorries may participate in CyA-induced high blood pressure (HBP) for two reasons: i) The acute
administration of ADO into the renal artery increases sys.temic blood pressure, and the
coadministration of adenosine deaminase which degrades adenosine into inosine, reverses this
increase (16). ii) The renal toxicity of CyA is decreased by an adenosine antagonist, pentoxyphillin
(17-18).

CyA can increase bradykinin B2 receptor number in the rat (19) and modulate the mRNA
expression of endothelin A in kidney transplant recipients (20). Moreover, other
immunosuppressive agents like glucocorticoids can regulate the expression of adenosine receptors in
the nervous sytem (21). But to our knowledge, nothing is known about the effect of CyA on the
mRNA expression of adenosine receptors in the kidney.

The aim of this study was to evaluate the mRNA expression of P1 purinergic receptors in
rats chronically administered CyA. We also investigated the effects of nicardipine on the mRNA
expression of P1 receptors. Indeed, calcium channel blockers are effective against CyA-induced
nephrotoxicity (22).

Materials and Methods

Animals and treatments

Studies were performed on five groups of eight Sprague female rats (250-300g) bred in our
laboratory. Grouping was as follows:

-group 1: serum saline 0.9% intra peritoneally (i.p) 0.5 ml

-group 2: Cremophor ® (BASF Munich, Germany) 0.5 ml, i.p+ 0.5% methyl cellulose oral gavage.
-group 3: Cyclosporine A (Sandimmun®, Sandoz Laboratories, Rueil Malmaison France) 12
mg/kg/day i.p

-group 4: nicardipine (Loxen® Sandoz Laboratories, Rueil Malmaison France)) 1.2 mg/kg/day, i.p
-group 5: Cyclosporine A 12 mg/kg/day + nicardipine 1.2 mg/kg/day, i.p.
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Animals were housed four per cage and were kept at a constant temperature (26°C). They had free
access to food and water and were subjected to 12h cycles of light and dark. Cyclosporine,
cremophor®® and serum saline were injected once a day between 9 and 11 am. Nicardipine was
injected twice a day : 1 h before CyA injection in the morning and between 6 and 7 p.m. All the
injections were performed during 21 days. Systolic blood pressure was measured with a tail blood
pressure cuff, a pulse sensor attached to a piezoelectric crystal, and an automated
electrophygmomanometer (Omron healthcare® Gmbh, Hamburg, Germany). The value recorded
was the mean value of four measurements. For this procedure, the animals were lightly sedated with
midazolam (Hypnovel® Roche Laboratory, Neuilly sur Seine, France) 0.15 mg/kg, i.p. Systolic
blood pressure was evaluated two days before the administration of drugs, serum saline, or vehicle
(cremophor®) and then at day 7 and 21. Body weights were evaluated on days 1, 7, 14 and 21 to
adjust the dosage.

Adenosine assay.

Adenosine (crystallized, 99% pure), adenosine deaminase (calf intestine, specific activity 200
IU/mg), and dipyramidole (5 mg/ml) were from Boehringer Mannheim (Paris, France). Inosine
(99% pure), o, B-methylene-adenosine-5'-diphosphate and deoxycoformycin were from Lederle
Laboratories (Paris, France) 9-erythro (2-hydroxy-3-nonyl) adenine was from Burroughs Welcome.
Heparin (25 1U/ml) was from Sanofi Winthrop (Gentilly France). Methanol, other reagents and the
reversed phase chromatography column (Merck LIChrospher C18, 250 x 4 mm) were obtained
from Merck (Dramstadt, Germany).

Blood samples.

Blood samples were collected at day 21 before the kidneys were removed. Rats were anaesthetized
with penthotal (120mg/kg). Whole blood (1 ml) was drawn from the renal artery after laparotomia,
using a butterfly connected to a special sample collection system for ultra rapid mixing with the cold
stopping solution. With this method (see 23-24), the blood sample can be rapidly mixed with 3 mi
of cold (0°C) stopping solution, which prevents ADO uptake by RBC (25-27). We checked that the
mixed solution was correct by measuring hematocrits (mean values 46 + 11 %; mean values of the
hematocrits of blood plus stopping solution 17 + 5 %). The stopping solution was composed of 0.2
mM dipyridamole, 4.2 mM Na2EDTA, 5 mM EHNA, 79 mM AOPCP, heparin sulfate 1 TU/ml,
and 0.9% NaCl. The sample plus stopping solution was centrifuged at 2500 g for 10 min and the
supernatant was deproteinized by adding 70% perchloric acid v/v followed by a second
centrifugation (2,500 g for 10 min). The supernatant was lyophilized and redissolved in 1 ml of 50
mM sodium phosphate buffer (pH 4). The resulting solutions were filtered by centrifugation in a
Millipore Ultrafree-MC 0.45 pm filter before being chromatographed. Finally, 1ml of wole blood
was collected from the renal artery for CyA peak levels.
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HPLC.

Samples were analyzed by HPLC (Kratos HPLC 4000) with a 1 ml loop. Absorbance was
measured at 254 nm, and eluted peak areas were measured with a Shimatzu Chromatopac C-RCA
integrator. The technique has been described (23-24). Briefly, the column was equilibrated with 50
mM sodium phosphate buffer (pH 4). The sample was injected and was eluted with a methanol
gradient (0 % to 46% methanol in 40 minutes) at a flow-rate of 1 ml/min. ADO was identified by
elution time and by incubation with adenosine deaminase, which increases the inosine peak and
decreases the ADO peak (see 23). ADO was quantified by comparison with the peak areas given by
known quantities of adenosine. In these conditions, the sensitivity threshold was 10 pM injected in
1ml of plasma matrix.

Collection of tissues
Kidneys were rapidly dissected out after blood sample collection, snap frozen in liquid nitrogen, and
stored at -70°C until use for subsequent sectioning and total RNA extraction.

RNA extraction

Total cellular RNA was extracted from tissue samples according to the acid-guanidine-thiocyanate-
phenol-chloroform method of Chomczynski and Sacchi (28). The reagent was Trizol LS (Life
Technologies, Gaithesburg, MD.).

Reverse transcription polymerase chain reaction (RT-PCR)

Six micrograms of total RNA was reverse transcribed in the presence of random hexamers by the
use of M-MLYV reverse transcriptase (Pharmacia Biotech Inc.) according to the manufacter’s
recommendations. Of the resulting cDNA, 2 pl was amplified by a PCR developed in our
laboratory, with primers derived from the adenosine receptor cDNA sequences (Table 1). Beta-actin-
specific primers sense 5’TTGTAACCAACTGGGACGATATGG 3’ and antisense.
S’GATCTTGATCTTCATGGTGCTTAGG 3, designed to generate a 838 b p PCR product, served
as internal standard. PCR was performed on a Perkin Elmer® thermocycler 9600 with 31 cycles at
94°C for 15 sec, 58°C for 30 sec and 72°C for 30 sec, and then a simple extension step of 72°C for
3 min. We followed the recommendations of Kwok and Higuchi (29) to avoid contamination. All
RT-PCR reactions were performed on the same preparation for the analysis of the different mRNA
receptors. After PCR a 10pl aliquot of each sample was electrophoresed on a 2% agarose gel, and
the PCR product was visualized by ethidium bromide staining and a U V illuminator. PCR products
were verified by sequence analysis.
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RT-PCR quantitation of adenosine Al and A2a receptor mRNA concentrations

To compensate for variations in RNA isolation and tube-to-tube variations in RT and PCR reactions,
multiplex RT-PCR can be performed by relative RT-PCR using [ actin as an internal standard.
Relative RT-PCR allows direct comparison between multiple samples. To increase reproducibility,
the level of PCR product is adjusted, on the basis of the signal of the co-amplified internal standard.
The PCR products were analyzed while the PCR was still in linear amplification for the target and
the beta-actin. Quantitation was performed on the digital photography by an NIH image 6.1
software.

Statistical analysis

We used the Mann Whitney U-test to compare mRNA expression, adenosine concentration and
systolic blood pressure and, the Wilcoxon test to compare systolic blood pressure as a function of
time in the same group.

Results

CyA concentrations:
Whole blood CyA peak levels were 9524350 ng/ml in the 16 rats CyA administered.

Blood pressure (Figure 1)

Cremophor® did not modify systolic blood pressure relative to serum saline control group (mean+
SD 10.5+0.8 vs 9.9£1.2 cmHg). Rats under CyA treatment clearly develop systolic hypertension at
day 21, since systolic blood press (mean + SD = 14+2 cmHg) was higher than that of serum saline
control group (mean+SD = 9.9+1.2 cmHg). On the contrary, rats under nicardipine alone developed
systolic hypotension (mean + SD= 7.9+1 cmHg). Finally, at day 21, systolic blood pressure of rats
under both CyA and nicardipine was in the same range at day 21 as serum saline controls (mean +
SD= 10.2£1.2 vs 9.9+1.2 cmHg)

Adenosine plasma concentration (Table 2)

Adenosine plasma concentrations in CyA and CyA + nicardipine-treated rats were respectively 3.3
and 3-fold the values in rats administered serum saline (Table 2). Cremophor® or nicardipine alone
did not modify ADO plasma concentration

Individual values, means and standard deviations (SD) of adenosine plasma concentrations evaluated
in five groups of eight rats. Samples were collected in the kKidney artery 21 days afyer drugs
administration. We used a Mann Whitney U-test for statistical analysis. p>.05 was considered as
significant.
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Fig. 1

Means and standard deviations of systolic blood pressure in five groups of eight rats
during the administration of drugs, serum saline or vehicle (Cremophor®). The value
recorded was the mean value of four measurements which were performed two days
before the beginning of experimentation and at day 7 and 21. * Mann Whitney U-test
p<.05 relative to serum saline control group. A Wilcoxon test, p<.05 relative to the first

day of drug administration.

MRNA expression of adenosine receptors

Levels of adenosine Al and A2a receptor mRNAs were expressed as the Al recpetor/B-actin or
A2a receptors/B—actin ratio of RT-PCR products (Figure 2). Cremophor® did not modify Al or
A2a m RNA receptor concentration relative to serum saline group (see Figure 3). CyA and /or
nicardipine induced a significant decrease in mRNA Al receptor concentration : mean of 58% for
CyA alone, 61% for nicardipine alone, and 71% for the association CyA+ nicardipine, compared
with controls (see Figure 3). CyA alone or coadministered with nicardipine induced a decrease in
mRNA A2a receptor concentration that is in mean of 50 and 38 % respectively, relative to serum
saline group, whereas nicardipine alone had no effect.
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Table 2
|-— p=0.0024
Groups serum saline chremophor® CyA nicardipine CyA+ nicardipine
0.30 0.35 0.7 0.50 0.55
0.35 0.50 1.4 0.50 1.2
0.25 0.55 1 0.20 1
0.45 0.35 0.9 0.20 1.3
0.40 0.25 1.2 0.30 0.9
0.20 0.28 1 0.40 0.8
0.35 0.45 0.9 0.18 1
0.19 0.25 1.2 019 0.8
Mean 0.31 0.37 1.03 0.3 0.94
sD 0.09 0.1 0.22 0.14 0.23
- p=o.15;NsJ
p=0.37;NS
p=0.0027

Individual values, means, and standard deviations (SD) of adenosine plasma
concentrations evaluated in five groups of eight rats. Samples were collected in the kidney
artery 21 days after drug administration. We used a Mann Whitney U-test for statistical
analysis. P<.05 was considered significant.

Discussion

In the rat kidney, nicardipine, a dihydropyridine calcium channel blocker, decreased the
mRNA expression of Al but not A2a adenosine receptor. The mechanism of this Al "down
regulation” is unclear. Interactions between adenosine and calcium channel blocker antagonists have
been investigated in several tissues including cardiovascular system or central nervous system or
even blood cells, but to our knowledge never in the kidney. Dihydropyridine inhibits
nitrobenzylthioinisine binding to human erythrocyte nucleoside transporter (30-31), suggesting that
these calcium channel blockers can inhibit ADO uptake by RBC and then increase ADO plasma

concentration. However, we found that nicardipine does not modify ADO plasma concentration,
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receptor A1 A2a

rats 1212

838 bp
225 bp

542 bp

M
Fig. 2

2% agarose gel electrophoresis of RT-PCR products. The products size of B actin,
adenosine Al and A2a receptors were respectively of 838 bp, 542 bp and 225 bp. Rats
identified as 1 and 2, belonged to serum saline control group. M : molecular weight size
marker phi-X 174 DNA digested with Hae III.

probably because the Ki values for dihydropyridine inhibition are in the higher micromolar range
(31). Thus the decrease in mRNA expression of purinergic receptors is not secondary to the increase
in ADO plasma concentration induced by nicardipine. Dihydropyridine inhibits the coronary
vasodilatation action of adenosine in vivo (32) and interacts with adenosine receptors in guinea pig
cerebral cortical preparations (33) and in rat cerebral cortex membranes (34).Nicardipine derivates
bind to both Al and A2a adenosine receptors in rat brain (35). Moreover, Hu et al .(36), reported no
effect of dihydropyridine binding on Al receptor-mediated adenylcyclase inhibition, suggesting that
dihydropyridines may act as an antagonist of adenosine receptors in the central nervous system.
They also reported that dihydropyridine derivates inhibit the binding of both agonists and
antagonists of Al adenosine receptors whereas non-dihydropyridine derivates have no effect. Some
drugs can regulate the number of adenosine receptors in the cardiovascular or the nervous system.
Thus chronic intra-cerebro-ventricular administration of morphine downregulates spinal adenosine
Al receptors in rats (37), whereas amiodarone downregulates Al adenosine receptors in rat
myocardial cells in vitro (38). Conversely, neuroleptics upregulates adenosine A2a receptors in rat
striatum (39) whereas cisplatin upregulates adenosine receptors in the cochlea (40). However, in all
cases, the precise mechanism of this drug-induced modulation of adenosine receptor number is
unknown. Moreover, little is known about the effects of dihydropyridine derivates on kidney
adenosine receptors.
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CyA nicardipine CyA+nicardipine Chremophor® serum saline

p=
I—p= TI I—p> 0.05;NS —l

Al 0.41/0.06 0.34/0.1 0.29/0.06 1.098/0.2 0.89/0.12
| -
P=
pP=
p=
CyA nicardipine CyA+nicardipine Chremophor® serum saline

l_:=p= Tl [P oosiNs —|

A2a 0.2/0.05 0.45/0.09 0.34/0.08 0.65/0.1 0.59/0.12

| -

Fig. 3

Means and standard deviations of adenosine A1 (Figure 3A) or A2a (Figure 3B)
receptor mRNA concentrations in rat kidneys. Rats were injected intra-peritonealCy
during 21 days with CyA (12mg/Kg/day) and/or nicarpidine (1.2mg/Kg/day) or vehicle
(cremophor®; 0.5 ml/day). Those injected with serum saline (0.9%) served as
controls.levels of adenosine A1 and A2a receptor mMRNAs were expressed as the Al or A2
receptor/B-actin ratio of RT-PCR products. We used the Mann Whitney U-test for
statistical analysis. p<.05 was considered significant.
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CyA chronically administered induced an increase in ADO plasma concentration and a decrease
in the mRNA expression of both Al and A2a adenosine receptors. CyA administration increases
ADO plasma concentration by inhibiting ADO uptake by RBC (11). As a general rule, in the
cardiovascular system, adenosine via the activation of Al receptors decreases systemic blood
pressure, by inhibiting noradrenergic neurotansmission (41). However, the kidney has a paradoxical
response to adenosine. Indeed, acute adenosine infusion into the renal artery increases systemic
blood pressure (16) by acting on the Al receptors (15). We found high ADO concentration in the
renal artery of rats chronically administered CyA which may explain the decrease in P1 receptor
mRNA expression through a down regulation. This "down regulation” is probably not limited to the
kidney; changes in mRNA expression could perhaps occur in the cardio-vascular system. However,
extra renal modification of adenosine receptor function are probably poorly implicated since it is well
established that the predominant effect of CyA induced HBP is renal vasoconstriction, mainly at
preglomerular sites (42).This vasoconstriction may be mediated via enhanced vasoconstrictor
prostaglandins, such as thromboxane (8), sympathetic nerve stimulation (43-44) and endothelin
release (9-10). Another possible mechanism of CyA -induced renal vasoconstriction and then HBP
is up regulation of A1 receptor or down regulation of A2a receptors (45). In our study, we found
that CyA induced a decrease in both A1 and A2a mRNA expression. These decreases suggest that
HBP induced by CyA treatment is not secondary to CyA-induced mRNA adenosine receptor
decrease in the kidney and may also explain the lack of effect of Al adenosine receptor antagonist.
to prevent CyA-induced nephrotoxicity (46).

In conclusion, nicardipine chronically administered induces a decrease in Al mRNA
receptor concentration in rat kidney. However because nicardipine lowered both blood pressure and
A1mRNA expression, it is not possible to conclude wether A1 mRNA decrease is implicated in the
nicardipine effects on blood pressure. CyA chronically administered induces a decrease in both Al
and A2a mRNA adenosine receptor concentration. These results however, do not permit any

conclusion on the modification of the receptor function.
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