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Activation of renal calcium and water excretion by novel physiological and
pharmacological activators of the calcium-sensing receptor
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Summary allosteric  actiators of the CaR. Furthermore,
) ) physiologically releant fluctuations in the concentration of
1. Activated _Cé*-sensmg receptors (CaRs) plagyk ppysiological amino acid mixtures can modulate receptor
roles in the rgulation of whole body calcium metabolismyivitys. The amino acid binding site is likely to lie in the
by inhibiting the secretion of theek @lcitropic hormone, onserved N-terminal, Venus FlyTrap donfain
PTH and promoting urinary calcium excretion. In the kidng, the CaR is expressed in multiple sites.
2. We havenow examined the effects of inWenous  These include the apical membrane of the proximailéyb
administration of neel calcium receptor aatétors on renal he pasolateral membrane of the cortical thick ascending
function in anaesthetized female Wistar rats. limb (CTAL) and the apical membrane of the medullary
3. The type-ll calcimimetic, NPS R467 and the CaRgglecting ducts (réew:”). Thus,fluctuations in the serum
active anino acids, L-Phe and L-Ala, which act at distinCieygs of C2* and amino acids might be expected to
binding sites on the receptor all aeted urinary flov rate, mnoqulate CaR activity in the @T and fluctuations in the
calcium and osmolar excretion and suppressed uring{yylar fluid levels of C&* and amino acids might be
osmolality. expected to modulate CaR adty in the proximal tuble

4. The effects of L-Phe and NPS R-467 on urin@flo 44 collecting ducts. Consistent with a role for the CaR in
rate and calcium excretion were stereoselectonsistent the regulation of urinary phosphatexceetion, dietary

with _the idea that thesefetts were mediated by Ca|Cium'phosphate loading has been shown to suppress the
sensing receptors. ~ expression of the CaR in the apical brush border membrane
5. However, D-Phe also suppressed urinaryof the proximal tuble®. Furthermore, the CaR agonist
osmola_llty and promoted o_smola_r excret|0r_1 possibly béfajolinium (G&*) and the type-Il calcimimetic NPS R-467
exceeding the tran_spo_rt maximum in t_he proximal tu_bule. reversed PTH suppression of phosphate reabsorption in
6. The data indicate that e activators of calcium-  ¢jiyred proximal tubule cefls On the other hand,
sensing  receptors, including L-amino acids  akression of the CaR in the &I has been linked to the
physiologically releant serum concentrations, play acontrol of urinary calciumseretion and expression of the
significant role in the gulation of urinary calcium and caR in the collecting tubule has been éidkio the control
water excretion. of urinary water excretion and osmolalityn particular,
CaR actiation suppresses vasopressin-inducedtew
reabsorption, dcilitating the excretion of solutes such as
The calcium-sensing receptor (CaR) is a member 6@lcium, phosphate and oxalate that might otherwise
group C of the G-protein coupled receptor stfperily.  contribute to the formation of renal calédli
These receptors play multiple roles in calcium homeostasis The patterns of expression described vabanply
including ley mles in mediating the feedbaclgrdation of roles for CaR actetors in the rgulation of multiple renal
paratlyroid hormone secretion and urinary calciunfunctions including proximal tubular transport, calcium
excretion. Inacwating mutations of the CaR underlieexcretion and urinary concentrationof=example, CaR-
several human pathological states including the re¢hi actve amino acids (e.g., L-Phe and L-Ala) and type-Il
benign condition dmilial hypocalciuric hypercalcemia andcalcimimetics are predicted to promote calciureretion
its more seere tut much rarer homozygous form, neonata(Fig. 1) and raise urine flo and suppress urinary
savere typerparatiroidism which requires osmolality (Fig. 2). We have examined the impact of
paratlyroidectomy within the first f& weeks of life intravenously administered L-amino acids or the type-ll
(review?). The widespread distribution of these receptorgalcimimetic, NPS R-467 on renal calcium anchtev
together with their resistance to desensitization, points €cretion in rats and report herein our preliminary findings.
much wider roles in mammalian physiology (revidw: The data provide support for theygotheses that CaR
Recently two new dasses of calcium-sensingactvators including L-amino acids promote urinary calcium
receptor (CaR) aatitors hae been identified. The type-Il and water excretion.
calcimimetics (e.g., NPS R-467 and R-568) wenseidped
from a lead pheralkylamine compound identified in a

large-scale drug scre&n Type-Il calcimimetics sensitize NPS R-467 and its 100-fold less potent isomer S-467
the CaR to calcium ions.by binding to a site in thgere the generous gifts of Dr Edm Nemeth (NPS
receptors ransmembrane géor’. More recently seveal  pharmaceuticals, Toronto, Canadanimal experiments
sub-classes of L-amino acids (including aromatic, polag, 4 total of approximately forty rats were performed with
and aliphatic amino acids) V& been shown to act as approval from the Unversity of Sydng Animal Ethics
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amino acids were commenced, continuing for 60 min prior
Blood _ to return to the control solution. Blood samples (0.25 mL)
were collected at regular intervals for analysis of serum
creatinine, osmolalitytotal calcium and various amino
acids. Urine samples were collected at 15 min intervals to
assess flo rate, osmolality and the concentrations of
creatinine, calcium and amino acids. Osmolalitasw
determined by vapour pressure osmome@rgatinine vas
determined by an adaptation of the alkaline picrate
method?! using a Wdllac Victor2 multi-well plate reader
and serum and urine total calcium concentrations were

+ 2+
Naza-r Ca 4+ determined using an autoanalyzer (Roche/Hitachi 912).
. Amino acid leels in serum and urine were determined by
Tubular Fluid HPLC separation and fluorimetric detection of O-

phthaldialdehyde-conjugafésIn some experiments, bolus

Figure 1. Schematic diaaram of a thicascending limb injections were administered to test for acutfea$ of
9 | gram ot a g im R-467, S-467 and amino acids including L-Phe and L-Ala.
cell. The digram shows the inhibitory effect of calcium-

sensing eceptor activation on apical N&*/2CI co-trans- The data are routinely expressed as mez8EM (number

port and K recycling The impact of CaR activation is of experiments).
believed to be aeduction in the lumen-positive potentialResylts and Discussion
difference that drives Gareabsorption.
The type-ll calcimimetic R-467 administered as a
bolus intraenous injection of 2 pmol stereoselgely
) enhanced urinary calciunxeretion (by 3-4 fold; Fig. 3A)
Vasopressin and also promoted urinary florate (Fig. 3B). In addition,
R-467 stereoselewtly suppressed urinary osmolality from
a haseline lgel of 946 + 70 mosm/kg to 723 80 mosm/kg
(n = 4; p = 0.01) after 15 min consistent with an inhibitory
action of the CaR on vasopressin-inducedater
reabsorption in the collecting ducts. Although the
osmolality dropped, the osmolaxaeetion rate increased
following exposure to R-467. The baseline osmolar
excretion rate was 1252.4 posmol/min and this increased
to 34.6+ 0.8 posmol/min follwing R-467 (n = 3; p = 0.01).
R-467 also lowered serum total calciumds (not shavn)
as preiously reported for the related calcimimetic R-568
The 100-fold less potent isome®s467 was much less
effective than R-467 on all of the parameters tested.
Infusions of the CaR-aet L-amino acid, L-Phe
sufficient to raise the serumvd from 0.05 mM to about 2
mM (determined by HPLC), also gkted urinary calcium
excretion (by about 2-fold; Fig. 4A) and urinarylaate
Figure 2. Sbematic diagram of an epithelial cell from the (Fig. 4B). Both efiects were L/D seleate (Fig. 4). In
collecting tulules. The digram shows the inhibitory fett addition, both D-Phe and L-Phevessibly suppressed
of CaR activation on vasopressin stimulated watabr rinary osmolalityIn the case of L-Phe, urinary osmolality
sorption via aquaporin-2. In this wafaR activatos that  \yas maximally suppressed from 76720 mosm/kg to 599
have entered the renal filtrate and have not beesbt 4+ 17 mosm/kg (n = 3) after 60 min. The reason for the
sorbed in the proximal nephron may promote urinary wate{pparent lack of L/D selewtty of this effect is not clear
excretion. However, it may hae aisen from higher local D-amino
acid concentrations in the wibar fluid as a result of the
Committee. Female Wtar rats (200-300 @) were Selectvity of proximal tubular amino acid transporters for
anaesthetized with halothane (2% in oxygen; 0.8 mL/mify@mino acids. In addition, the osmolar excretion raés w
then catheterized. Both jugular veins were cannulated apignificantly increased followingxposure to L-Phe and D-

the animals were infused at a constant rate (4 or 5 mL g&e. The baseline osmolar excretion rate was 3%
h) with an isotonic pysiological saline solution of the HOSMol/min and this increased to 3%44.2 posmol/min

following composition: 140 mM NaCl, 4.0 mM Kcl, 15 following D-Phe (n = 3; p < 0.01) and 36% 5.3

mM NaHCQ, 2.5 mM CaC}, 1 mM MgCl,. After a 60 min Hosmol/min following L-Phe (n = 3; p < 0.01). Bolus
equilibration period, continuous infusions of D and/or Linjections of L-Phe and L-Ala also acutely\eted urinary

Tubular Fluid Urine

~
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Figure 4. Efects of L-Phe and D-Phe infusions on uri-
nary calcium excretion and flo rate. Female Wistar ats
were anaesthetised and infused intravenously with physio-
logical saline at a ate of 4 mL/h via a jugular vein can-
nula. After60 min, the infusion was swhied to saline that
contained D-Phe (200 mM) and, after 120 min, to saline
that contained L-Phe (200 mM). The maximum plasma
amino acid concentration observed under the conditions of
these experiments was appimately 2 mM (baselineJel
calcium excretion and flo rate and lowered urinary around 0.05 mM) and the urine amino acid concatidn
osmolality (not shown). rose to aound 20 mM in the case of D-Phe and around 10
Taken together the data are consistent with the ideaM in the case of L-Ph&he data ae neanst SEM (n=4).
that navel activators of the CaR including L-amino acids
and type-Il calcimimetics such as R-467 mimic thea$
of elevated plasma C4 concentration on urinary calcium Reférences
expretion, f_I(w rat_e and osmo!alitylncreqsed serum and 1. Brown EM, Pollak M, Seidman CE, Seidman JG,
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physiological signals for enhanced solute andhtexr 234-40.
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consistent with the proposed sites of CaR action in the thigk NemethEF, Steffey ME, Hammerland LG, Hung BCP
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Figure 3. Efects of NPS R-467 on urinary calcium excre-
tion and flow rate. Female Wistar ats wee anaesthetised
and infused intravenously with physigical saline at a
rate of 4 mL/h via a jugular vein cannuldhe CaR activa-
tor, R-467 and its stereoisomer S-467 weklivered inta-
venously as bolus injections (0.5 mL) in physgjalal
saline The data ae meanst SEM (n=4).
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