N

N

New insights into the presence of sodium hydrogen
urate monohydrate in Randall’s plaque
Dominique Bazin, Letavernier Emmanuel, Chantal Jouanneau, Pierre Ronco,
Christophe Sandt, Paul Dumas, Guy Matzen, Emmanuel Véron,

Jean-Philippe Haymann, Olivier Traxer, et al.

» To cite this version:

Dominique Bazin, Letavernier Emmanuel, Chantal Jouanneau, Pierre Ronco, Christophe Sandt, et al..
New insights into the presence of sodium hydrogen urate monohydrate in Randall’s plaque. Comptes
Rendus. Chimie, 2016, 10.1016/j.crci.2015.02.010 . hal-01262825v1

HAL Id: hal-01262825
https://hal.sorbonne-universite.fr /hal-01262825v1
Submitted on 27 Jan 2016 (v1), last revised 29 Mar 2016 (v2)

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.sorbonne-universite.fr/hal-01262825v1
https://hal.archives-ouvertes.fr

CR_Chimie_19 Urate HALL_3Juin2015 1

New insights on the presence of sodium hydrogen urate monohydrate in Randall’s plaque

Dominique Bazin®, Emmanuel Letavernier™®, Chantal Jouanneau®, Pierre Ronco®", Christophe
Sandt®, Paul Dumas®, Guy Matzen!, Emmanuel Véron", Jean-Philippe Haymann®®, Olivier
Traxer?, Pierre Conort", Michel Daudon”*

% CNRS, Sorbonne Universités, UPMC Univ Paris 06, Collége de France, Laboratoire de Chimie
de la Matiere Condenseée de Paris, 11 place Marcelin Berthelot, 75005 Paris, France.

b AP-HP, Hopital Tenon, Service d’Explorations Fonctionnelles, 4 Rue de la Chine, 75970 Paris
Cedex 20, France.

‘Unité INSERM UMR S 1155, Hopital Tenon, 4 Rue de la Chine, 75970 Paris Cedex 20, France
d AP-HP, Hopital Tenon, Service de Néphrologie et d’Hémodialyse, 4 Rue de la Chine, 75970
Paris Cedex 20, France.

¢ AP-HP, INSERM UMR S 1155, Hépital Tenon, Service d’Explorations Fonctionnelles, 4 Rue
de la Chine, 75970 Paris Cedex 20, France.

¢ Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin - BP 48, 91192 Gif-sur-Yvette,
France

"CNRS-CEMHTI 1D avenue de la Recherche Scientifique, 45071 Orléans Cedex 2, France

9 AP-HP, Hopital Tenon, Service d’Urologie, 4 Rue de la Chine, 75970 Paris Cedex 20, France.
" AP-HP, Groupe Hospitalier Pitié-Salpétriére, Service d’Urologie, 4 Rue de la Chine, 75970
Paris Cedex 20, France.

Abstract

Calcium oxalate nephrolithiasis is a common ailment. Frequent risk factors associated with
are low diuresis, dietary imbalance, inherited or acquired metabolic disorders. Another important
factor, namely the presence of a mineral deposit made of apatite at the surface of the papilla,
named Randall’s plaque (RP), has been recently underlined. In most cases, RP which serves as a
nidus for kidney stone formation is made of calcium phosphate apatite (CA). However, RP does
not seem to be composed exclusively of CA. We would like to assess the case of RP where
sodium hydrogen urate monohydrate (NaUr) is also present in its chemical composition. To
attain this goal, a set of experiments including Environmental Scanning Electron Microscopy
(ESEM) and Synchrotron Radiation Fourier Transform InfraRed (SR-FTIR) has been performed
to analyze papillae of six kidneys randomly selected after they were surgically removed for
cancer. NaUr crystals were found in two samples. We show through ESEM an usual morphology
of RP present at the surface of kidney stones in the presence of NaUr. Moreover, we discuss the
presence of NaUr in the renal parenchyma and its spatial repartition with CA. The complete set
of data indicates that different biochemical mechanisms are probably involved in the
pathogenesis of RP. The next step will be to establish a significant relationship between these
physicochemical data and the clinical and biochemical data of the patients.

Keywords: Randall’s plaque, Kidney stone, Environmental scanning electron microscopy,
Synchrotron radiation-pFourier Transform Infra Red spectroscopy, Sodium hydrogen urate
monohydrate, Calcium phosphate apatite.
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1. Introduction

One of the main challenges for urology in the 21st century is to understand the
biochemical mechanisms involved in the formation of Randall’s plaque (RP) [1-4]. RP is a white
deposit commonly made of calcium phosphate visible at the tip of papilla beneath the papillary
epithelium. It was first reported by Alexander Randall in 1936, and it is considered today as a
major factor for nucleation of calcium oxalate stones. From an epidemiologic point of view, a
progression of the presence of RP at the tip of the papilla has been recently reported in
industrialized countries [5-7]. More precisely, in US up to 80% of calcium stone formers present
Randall’s plaque at the tip of their papillac [8]. In France, more than 50% of stone formers
exhibit Randall’s plaque [9]. Stone formation is proportional to papillary surface coverage by
RP, which may explain the significant increase of kidney stones prevalence observed over the
past two decades in industrialized countries [10-14].

In the recent model proposed by A.P. Evan et al. [15,16], apatite plaque begins in the
basement membrane of the thin loops of Henle, and spreads from there into the papillary
interstitium. The starting point of our investigation is given by the observation that, if calcium
phosphate apatite (CA) is the major component of most RP, other chemical phases can be found,
such as amorphous carbonated calcium phosphate (ACCP) [17], whitlockite (WK), brushite, uric
acid and sodium hydrogen urate monohydrate (NaUr) [18]. Even if NaUr is present in only 3.5%
of RP [19], it represents a high number of patients, about 70000 subjects in France. Indeed, the
occurrence of NaUr in urinary calculi is around 0.7%, i.e. 5 times less than in RP. Such chemical
diversity of RP could indicate that RP begins not only in the basement membrane of the thin
loops of Henle but in other parts of the kidney.

The aim of this study which follows our previous ones dedicated to RP [5,17,20,21] is to
seek and discuss the presence of NaUr crystals in RP at the surface of kidney stones as well as in
kidney tissues. Investigation regarding such pathological calcifications [22-25] calls for a set of
in lab techniques [26-39] or ones related to large scale instruments [40-49] capable which lead to
a multi scale description [50,51]. Observations of the topology at the micrometer scale of RP
present at the surface of calculi have been performed through an environmental scanning
electron microscope (ESEM) equipped with an energy-dispersive X-ray spectrometer (EDS) [52-
54]. Chemical composition of such biological entities was obtained through classical Fourier
Transform Infrared (FT-IR) spectroscopy [55]. Moreover, in order to obtain the spatial
distribution of NaUr in kidney tissue slices, Synchrotron Radiation uFT-IR (SR-uFTIR) data
have been also collected [56-61].

2. Materials and methods

The biological samples including kidney tissue slices and kidney stones used in the present
investigation came from Tenon hospital. As a referal center for stone analysis, the urolithiasis
laboratory of AP-HP has had the opportunity to perform a morphoconstitutional analysis of more
than 70,000 urinary stones over the past three decades coming from more than fifty hospitals in
France. Such analytical procedure based on the structure and the chemistry is of primary
importance [62-64] and was previously described [65,66]. Because a number of stones are now
removed from the urinary tract by various fragmentation techniques including ESWL,
percutaneous nephrolithotomy or ureteroscopy, we selected only unfragmented stones, i.e. a
cohort of 35,323 calculi.

Regarding ectopic calcifications, healthy parts of six Kkidneys removed by
nephrectomy for cancer were used for seeking the presence of crystal deposits in the
papillae.
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All specimens were snap frozen and fixed with acetone. For light microscopy analysis,
sections were stained with hematoxyline. For ESEM and SR-pFTIR analysis, four
microns slices of the papillae’s tip were deposited on low-e microscope slides (MirriR,
Kevley Technologies, Tienta Sciences, Indianapolis). Consent was obtained by Tenon
hospital urology team according to the French legislation and samples were
immediately anonymized. No data about patients were collected.

An FEI/Philips XL40 environmental scanning microscope (ESEM) equipped with an
energy dispersive X-ray spectrometer (EDS) was used for a precise description of the sample
topology [22-25]. An important feature of the ESEM compared to a conventional SEM is the fact
that non-conductive materials can be imaged without any conductive coating, which permits a
direct observation with no damage to the sample. Imaging was performed with a gaseous
secondary electron detector, an accelerating voltage of 20 kV and a water pressure of 0.4 torr in
the chamber. This low pressure was used to maintain a high spatial resolution for the X-ray
analysis by minimizing the scattering of the primary electrons beam. Also, a Zeiss SUPRA55-VP
type scanning electron microscope was used for microstructure observation. This field effect gun
microscope operates at 0.5 to 30 kV. High resolution observations were obtained using two
secondary electron detectors: an in lens SE detector and an Everhart-Thornley SE detector.

SR-UFTIR experiments were performed at the infrared beamline SMIS of the Soleil-
Synchrotron (St Aubin-Gif sur Yvette) operating in top-up mode at 300mA [67]. The IR spectra
were collected in reflection mode using an infrared microscope (Continuum-Thermo Electron
Corporation) coupled to a FTIR spectrometer (Thermo Nicolet Nicplan IR microscope
32X/NAO0.6 objective). The IR microscope is equipped with a motorized sample stage (precision
0.5 um) and a liquid nitrogen cooled mercury cadmium telluride (MCT) detector (50 um size).
Each spectrum was acquired after 100 accumulations (Imn) at 4 cm™ spectral resolution in a
range of 650-4000 cm™. The spatial resolution was 11x11pm?. Data acquisition and processing
were performed using Omnic software (Version 7.3, Thermo Electron Corporation).

3. Results
3.1. Epidemiologic investigation

From an epidemiologic point of view, among 35,323 unfragmented calculi referred to our
stone laboratory over the past three decades, morphologic examination coupled with FTIR
identified 10,462 (29.6%) umbilicated calculi initiated from a papillary deposit, namely a RP.
Most of these stones (89.5%) were made of calcium oxalate monohydrate (COM) either pure or
admixed with calcium oxalate dihydrate. Regarding the chemical composition of RP, we have
already pointed out its chemical diversity [5, 17, 19-21]. Among 10,462 RP analyses, we found
CA in 95,6%, ACCP in 7.2%, NaUr in 3.4%, WK in 1% of cases. Other compounds were also
identified such as brushite, bobierrite, opale, uric acid and some rare urates, overall representing
less than 0.35% of cases. Of note, 16.9% of RP found in the stones appeared as mixtures of two
or more crystalline phases irrespective of calcium oxalate. Of noticed, even if NaUr is present in
3.4% of the RP, it corresponds to a large number of patients. In 28% of cases, NaUr was the only
crystalline phase identified in RP. In the other cases, it was mixed with either CA or ACCP. The
presence of NaUr in RP appeared sex dependent since NaUr-containing RP was found in 4.3%
of stones from male patients and in only 0.6% of cases in female patients (p<0.00001).
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3.2 Description of RP on kidney stones at the micrometer scale through ESEM and FTIR

100um
_—

Fig. 1. (a) Microscopic aspect of an RP made of a mixing of NaUr needles and of carbapatite
(black arrow) (b) RP (areas 1 and 2) attached on a calculus made of whewellite (area 3). NaUr
needles of large dimension are visible on area 2

The different RP containing NaUr display quite similar structure at the micrometer scale
(Fig. 1a). On the ESEM photograph of a typical RP containing NaUr (Fig. 1b), a core (Area 1 in
Fig. 1b) surrounded by needles (Area 2 in Fig. 1b) is observed. Such structural description is
completed by FTIR spectroscopy in order to identify its chemical composition. The IR
absorption band at 1037 cm™ indicates that the core (Area 1 on Fig. 1b) is made of CA (Fig. 2a),
while the needles (Area 2 on Fig. 1b) are composed of NaUr (its specific bands are positioned at
3600 and 1004 cm™ on Fig. 2b). As shown in Fig. 2c, the stone layers surrounding RP (Area 3 in
Fig. 1b) are made of whewellite.
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Fig. 2. Infrared spectra of different parts of RP and of the first layers of the stone around RP: (a)
calcium phosphate apatite (b) NaUr (c) whewellite.

At higher magnification, we can see through ESEM that the central part in figure 1b (area
1) is made of an intimate mixing of CA spherules [68-72] and NaUr acicular entities with the
presence of small spherical entities at the extremity of the needles (Figure 3a). Complementary
information is given by EDS measurements regarding the elementary composition of these
spherical and needles entities (Figure 3b). EDS spectra indicate that spherical entities are made
of Ca, P and O while needles are made of Na, C, O and N.
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Fig. 3 (a) At the extremity of some NaUr needles, white spherical entities are visible (b)
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Elementary composition through EDS of the white spherical entities show that these entities are
made of Ca, P and O.

3.3 Shedding light on the presence of NaUr in kidney tissue
Regarding kidney tissue, we perform this investigation through polarizing microscopy,

ESEM at the mesoscopic scale and SR-pFTIR analysis on the same samples. Six randomly
selected kidneys were examined.

Fig. 4. Crystal deposit observed by polarizing microscopy within the papilla of a kidney. Two
types of crystals may be observed: CA (black arrow) and NaUr (white arrow)

Among the papillae analyzed by SR-UFTIR, several from three different kidneys (50%)
presented with incipient RP at the tip of the papillae. Polarized light microscopic examination of
tissues revealed two types of tissular crystal aggregates in two of the six kidneys: unorganized,
unpolarizing aggregates, closely associated to needle-shaped polarizing crystals (Figure 4) while
in one third kidney, only unorganized non polarized aggregates were found. SR-pFTIR analysis
of these incipient plaques revealed a mixed composition of NaUr (needle-shaped polarizing
crystals) and CA (large non polarized aggregates, figure 5a).
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Fig. 5. Infrared spectra of two different parts of the crystal deposits found in the papilla of the

same kidney (a) spectrum of CA mixed with NaUr (b) spectrum of whitlockite mixed with CA.
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Fig. 6. Magnification of the crystal deposit seen in fig. 4. Note the presence of numerous cells
(arrows) around the needle-shaped crystals made of NaUr monohydrate.

S.R.-uFTIR analysis proved that needles were made of NaUr and spherules were made of
CA. In some parts of the deposits, the two chemical species were mixed as shown in Fig. 5a.
While CA deposit resembles a plug within a renal tubule, needle-shaped crystals of NaUr seem
located both in the tubule and in the interstitium (Fig. 4). In addition, in another part of the same
kidney sample, deposits within the papilla were located around the tubule. Infrared spectra
evidenced the presence of whitlockite, another form of calcium phosphate containing Mg ions.
Whitlockite was mixed with CA (Fig. 5b). NaUr crystal aggregates were sometimes surrounded
by numerous cells as observed in figure 6, thus suggesting an inflammatory process not observed
in other parts of the tissue where only CA or CA+WK mixture was found. ESEM photographs
also confirm the close association between NaUr needles and CA spherules (Figure 7).
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Fig. 7. Observations through ESEM of a kidney slice show the presence of both NaUr needles
and apatite spherical entities.

4. Discussion

From a medical point of view, ectopic calcification defined as inappropriate
biomineralization occurring in soft tissue (which can be related to severe pathologies like breast
or testicular cancer) and concretion defined as deposition of crystalline material in excretory
ducts (KS, also gallstones, salivary stones and so on.) constitute two very different families of
pathological calcifications [22]. Our study is dedicated to the growing process of a concretion on
an ectopic calcification.

The fact that several epidemiologic studies point out Randall’s plaque as a major public
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health problem have induced a number of investigations in order to understand precisely the
biomechanims responsible for the formation of these ectopic calcifications [73-101]. Recently,
S.R. Khan et al. have reported that RP starts as small, discrete spherical entities, perhaps as a
result of mineral imbalance, but it grows by the addition of more crystals through the
mineralization of membranous vesicles and collagen fibers [102]. Other authors have considered
genetically engineered mice lacking Tamm-Horsfall protein as a possible animal model of
Randall’s plaque [103]. Their data show that the location, ultra-structure, chemical composition
and lack of associated inflammation of the interstitial crystals in THP-null mice strongly
resemble those of RP found in humans. Other authors advance the hypothesis that RP constitutes
a truly ectopic biomineralization in the renal tissue, and that Henle’s loop epithelial cells, or
pericyte-like interstitial cells, or papillary stem cells differentiating along a bone lineage might
be involved [104].

All these studies discuss only CA RP. The starting point of our investigation was based on
the observation that different chemical phases have been identified in RP opening a discussion of
the initial model in which only CA based RP have been identified [15,16]. First, observations at
the micrometer scale through ESEM on a typical RP containing NaUr show clearly that large
needles of NaUr are present around a central part made of an intimate mixing of CA spherules
and NaUr needles. Such spatial description is far from the one we have observed previously for
apatite RP [8,15,16]. As previously reported, it seems that apatite RP is the result of an
agglomeration of empty and apatite filled cylindric channels which correspond both to calcified
Bellini’s ducts and vessels and to collecting ducts filled by CA plugs [8,15,16]. Thus RP at the
surface of the papilla epithelium could be the consequence of an agglomeration of CA spherules
from both interstitium and tubular lumen as suggested by the very highly variable carbonation
rate of CA [5]. These ESEM observations indicate clearly that different biochemical mechanisms
are involved in the pathogenesis of RP. The simultaneous presence of CA and NaUr in 3.4% of
RP suggests the involvement of urate salt in a number of patients, i.e. more than 70,000 subjects
in France as based on epidemiological data regarding the prevalence of kidney stones in the
general population. Moreover, among the six kidney tissue samples analyzed for identifying
possible ectopic crystals, we found NaUr in two cases, i.e. a third of the kidneys, which is a very
high occurrence.

To address more deeply the presence of NaUr in RP, SR-FTIR spectroscopy, a technique
which combines IR spectroscopy and microscopy for determining the distribution of molecular
groups at the cell scale has been used [71,105-114]. Thanks to 2D imaging and the high signal to
noise ratio, different publications have shown that such approach is particularly suitable for
tissues which are usually complex and heterogeneous [105-118]. Regarding the different kidney
slices that we have considered in this investigation, SR-uFTIR experiments point out the
presence of NaUr in the renal papilla as well as an intimate mixing of CA and NaUr. From a
physicochemical point of view, NaUr and apatite may have epitaxial relationships. In 1976, Pak
reported that NaUr was able to serve as heterogeneous nucleator for hydroxyapatite and
conversely [119].

Several studies have considered the relationship between NaUr and calcium oxalate stone.
Some authors underline that particulate monosodium urate is likely to influence calcium oxalate
stone formation by binding to and attenuating the potency of urinary inhibitors [120].

However, our results highlight that NaUr may also segregate with CA at the tip of renal
papillae. Our data deserve further studies to identify whether urate crystals originate from tubular
structures or grow within interstitium. The close association of urate and apatite in tissues, as
well as in established plaques, is striking: these two crystalline phases usually do not coexist in
renal stones. Moreover, the identification of urate in at least some incipient Randall’s plaque
may impact surrounding tissues. Actually, NaUr crystals have been identified a few years ago as
a powerful danger signal, triggering NLRP3 inflammasome-dependent and independent

-10 -
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pathways to generate interleukin-1 beta synthesis and innate immune cells recruitment [121].
Our observation of cells around NaUr crystal aggregates may advocate this pro-inflammatory
role. This observation may be a clue to understand the discrepancy in the literature about the
potential link between Randall’s plaque and inflammation [122,123]. One may hypothesize that
the inconstant presence of urate salts within plaque is the trigger of inflammatory cells
recruitment. Our data are too sparse to draw any definitive conclusion on this topic but we did
not identify any immune cells infiltrate surrounding the CA incipient Randall’s plaque devoid of
urate salts. Work is in progress to identify the cells observed around NaUr crystals.

5. Conclusion

The complete set of data shows that Randall‘s plaque are not always made of apatite, but
may also contain other phosphate salts and oxypurines such as NaUr that modifies significantly
their morphology at the micrometer scale. Such a finding suggests that several pathways are
involved in the RP formation. The latter phase is present in kidney tissue quite close to apatite,
an experimental fact which has not been included in the biochemical mechanisms involved to the
pathogenesis of Randall’s plaque. As Coe et al. said, “No single theory of pathogenesis can
properly account for all human kidney stones.” It seems that this sentence is also true for
Randall’s plaque [123]. Further investigations are needed to establish a significant relationship
between such chemical and structural data and the clinical data of the patients.

Dissclosure
All the authors declared no competing interests.

Acknowledgments

This work was supported by the Physics and Chemistry Institutes of CNRS and by contracts
ANR-09-BLAN-0120-02, ANR-12-BS08-0022, ANR-13-JSV-10010-01, convergence UPMC
CVG1205 and CORDDIM-2013-COD130042.

References

[1] A.Randall, N. Engl. J. Med. 214 (1936) 234.

[2] A.Randall, N. Eng. J. Med. 111 (1936) 1006.

[3] A.Randall, Ann. Surg. 105(1937)1009.

[4] A.Randall, J. Urol. 44(1940)580.

[5] M. Daudon, O. Traxer, P. Jungers, D. Bazin, AIP Conf. Proc. 900 (2007) 26.

[6] M. Daudon, O. Traxer, J.C. Williams Jr, D.C. Bazin “Randall’s Plaques” in “Urinary Tract
Stone Disease”, 2011, Ed. Springer.

[7] R.K.Low, M.L. Stoller, J. Urol. 158 (1997) 2062.

[8] B.R. Matlaga, F.L. Coe, A.P. Evan, J.E. Lingeman, J. Urol. 177 (2007) 31.

[9] M. Daudon, O. Traxer, J.C. Williams, D. Bazin “Randall's plaques”. In: Rao N,
Preminger GM, Kavanagh J (eds) Urinary Tract Stone Disease, Springer,
New York, 2011, pp.103-112.

[10] S.C.Kim, S.L. Coe, W. Tinmouth, R.L. Kuo, R.F. Paterson, J.H. Parks, L.C. Munch,
A.P. Evan, J.E. Lingeman, J. Urol. 173 (2005) 117.

[11] A. Hesse, E. Brandle, D. Wilbert, A. Hesse, E. Briandle, D. Wilbert, K.U. Kéhrmann,
P. Alken, Eur. Urol. 44 (2003) 709.

[12] O. Yoshida, A. Terai, T. Ohkawa, Y. Okada, Kidney Int. 56 (1999) 1899.

[13] A. Trinchieri, F. Coppi, E. Montanari, A. Del Nero, G. Zanetti, E. Pisani,
Eur. Urol. 37 (2000) 23-35.

[14] K.K. Stamatelou, M.E. Francis, C.A. Jones, L.M. Nyberg, G.C. Curhan,

-11 -



CR_Chimie_19_Urate HALL_3Juin2015 12

[15]
[16]
[17]

[18]
[19]

[20]
[21]

[22]
[23]
[24]
[25]
[26]

[27]
[28]

[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]

[37]
[38]

[39]
[40]
[41]

[42]
[43]

[44]

Kidney Int. 63 (2003) 1817.

A.P. Evan, J.E. Lingeman, F.L. Coe, J.H. Parks, S.B. Bledsoe, Y. Shao, A.J. Sommer,
R.F. Paterson, R.L. Kuo, M. Grynpas, J. Clin. Invest. 111 (2003) 607.

A.P. Evan, F.L. Coe, J.E. Lingeman, Y. Shao, A.J. Sommer, S.B. Bledsoe, J.C. Anderson
E.M. Worcester, Anat Rec (Hoboken) 290 (2007) 1315.

X. Carpentier, D. Bazin, P. Jungers, S. Reguer, D. Thiaudiére, M. Daudon

J. Synchrotron Rad. 17 (2010) 374.

L. Cifuentes Delatte, J.L. Mifion Cifuentes, J.A. Medina, J Urol 137 (1987) 1024.

M. Daudon, R. Donsimoni, C. Hennequin, S. Fellahi, G. Le Moél, M. Paris, S. Troupel
B. Lacour, Urol. Res. 23 (1995) 319.

M. Daudon, P. Jungers, D. Bazin, AIP Conf. Proc. 1049 (2008) 199.

X. Carpentier, D. Bazin, Ch. Combes, A. Mazouyes, S. Rouziére, P.-A. Albouy,

E. Foy, M. Daudon, J. of Trace Elements in Medicine and Biology 25 (2011) 160.

D. Bazin, M. Daudon, Ch. Combes, Ch. Rey, Chem. Rev. 112 (2012) 5092.

D. Bazin, M. Daudon, J. Phys. D: Appl. Phys. 45 (2012) 383001.

D. Bazin, M. Daudon, J. of Physics: Conference Series 425 (2013) 022006.

D. Bazin, J.-Ph. Haymann, E. Letavernier, J. Rode, M. Daudon,

Presse Med. 43 (2014) 135.

J.R. Guerra-Lopez, J.A. Guida, C.O. Della Védova,

Urological Research 38(2010)383.

A. Zamiri, S. De, J. of the mechan. Behavior of biomed. Mat. 4 (2011) 146.

B. Hannache, D. Bazin, A. Boutefnouchet, M. Daudon

Progrés en Urologie 22 (2012)577.

S. Mangialardo, V. Cottignoli, E. Cavarretta, L. Salvador, P. Postorino, A. Maras,
App. Spectrosc. A 66 (2012) 1121.

A. Le Bail, M. Daudon, D. Bazin,

Acta Cryst. Section C Cryst. Struc. Comm. 69 (2013)734.

Ch. Bonhomme, Ch. Gervais, D. Laurencin,

Prog. In Nuclear Magn. Res. Spect. 77 (2014) 1.

A.K. Mukherjee, J. of the Indian Inst. Of Science. 94 (2014) 35.

H.H. Chang, C.L. Cheng, P.J. Huang, S.Y. Lin, Anal. And Bioanal. Chem. 406 (2014)359.
K. Zelic, P. Milovanovic, Z. Rakocevic, S. Askrabic, J. Potocnik, M. Popovic, M. Djuric,
Dental Mat. 30 (2014) 476.

M. Livrozet, S. Vandermeersch, L. Mesnard, E. Thioulouse, J. Jaubert, J.J. Boffa,

J.P. Haymann, L. Baud, D. Bazin, M. Daudon, E. Letavernier, PlosOne 9(2014)e102700.
A.L. Rossi, S. Moldovan, W. Querido, A. Rossi, J. Werckmann, O. Ersen, M. Farina
Micron 56 (2014) 29.

D. Bazin, M. Daudon, J. of Radioanalytical and Nuclear Chemistry 300(2014)195.

B. Hannache, A. Boutefnouchet, D. Bazin, M. Daudon, E. Foy, S. Rouziére,

A. Dahdouh, Progrés en Urologie 25(2015)22.

L. Louvet, D. Bazin, J. Biichel, S. Steppan, J. Passlick-Deetjen, Z.A. Massy

PLoS ONE 10 (2015) e0115342.

D. Bazin, P. Chevallier, G. Matzen, P. Jungers, M. Daudon

Urological Research 35 (2007) 179.

D. Bazin, X. Carpentier, O. Traxer, D. Thiaudiere, A. Somogyi, S. Reguer,

G. Waychunas, P. Jungers, M. Daudon, J. Synchrotron Rad. 15 (2008) 506.

J. Siritapetawee, W. Pattanasiriwisawa, J Synchrotron Radiat.15 (2008)158.

J. Rajendran, S. Gialanella, P.B. Aswath,

Materials Science and Engineering: C 33(2013) 3968.

C.G. Frankr, A.C. Raffalt, K. Stahl, Cal. Tiss. Internat. 94 (2014) 248.

-12 -



CR_Chimie_19_Urate HALL_3Juin2015 13

[45]

[46]
[47]

[48]

[49]
[50]

[51]
[52]
[53]
[54]
[55]
[56]

[57]

[58]
[59]
[60]
[61]

[62]
[63]

[64]
[65]
[66]
[67]
[68]
[69]
[70]

[71]

[72]

D. Bazin, A. Dessombz, Ch. Nguyen, H. K. Ea, F. Lioté, J. Rehr, Ch. Chappard,

S. Rouziere, D. Thiaudiere, S. Reguer, M. Daudon, J. Synchrotron Rad. 21 (2014) 136.
D. Bazin, C.R. Chimie 17(2014)615.

D. Bazin, M. Daudon, A. André, R. Weil, E. Véron, G. Matzen,

J. of App. Cryst. 47 (2014) 719.

J. Cosmidis, K. Benzerara, N. Nassif, T. Tyliszczak, F. Bourdelle

Acta Biomaterialia 12 (2015) 260.

G. Artioli, Synchrotron Radiation (2015) 319.

S. Mann, J. Webb, R.J.P. Williams, Biomineralisation: Chemical and Biochemical
Perspectives; Ed.; VCH Verlag: Weinheim, Germany,1990.

Bonucci, E. Biological Calcification, Normal and Pathological Processes in the Early
Stages; Springer Verlag; Berlin, 2007.

Brisset F, Repoux M, Ruste J, Grillon F, Robaut F., Microscopie électronique a
balayage et Microanalyses, EDP Sciences, 2009. ISBN : 978-2-7598-0082-7.

D. Bazin, M. Daudon, Annales de Biologie Clinique, sous presse.

M. Daudon, D. Bazin, Application of Physical Methods to Kidney Stones and Randall’s
Plaque Characterization in “urolithiasis : Basic Science and Clinical Practice®

pp 683-707 Ed. Springer-Verlag London (2012).

N. Quy-Dao, M. Daudon M (1997) Infrared and Raman Spectra of Calculi.
Elsevier.

D. Bazin, M. Daudon, P. Chevallier, S. Rouziere, E. Elkaim, D. Thiaudiere,

B. Fayard, E. Foy, Ann. Biol. Clin. 64 (2006) 125.

An Investigation into Quantitative ATR-FT-IR Imaging and Raman spectroscopy
of small mineral inclusions in kidney biopsies

H.J. Gulley-Stahl, 2010, PhD, Miami University, Chemistry.

F. Le Naour, C. Sandt, C.Y. Peng, N. Trcera, F. Chiappini, A.M. Flank, C. Guettier,
P. Dumas, Anal. Chem. 84 (2012)10260.

H.H. Chang, C.L. Cheng, P.J. Huang, S.Y. Lin,

Analytical and bioanalytical chemistry 406 (2014) 359.

M. Pucetaite, S. Tamosaityte, A. Engdahl, J. Ceponkus, V. Sablinskas, P. Uvdal,
Cent. Europ. J. of Chem. 12 (2014) 44.

A. Dessombz, D. Bazin, P. Dumas, Ch. Sandt, J. Sule-Suso,

M. Daudon, PLoS ONE 6 (2011) e28007.

M. Daudon, P. Jungers, D. Bazin, New Engl. J. Med. 359 (2008) 100.

D. Bazin, G. André, R. Weil, G. Matzen, E. Veron, X. Carpentier, M. Daudon
Urology 79 (2012) 786

A. Dessombz, E. Letavernier, J.-Ph. Haymann, D. Bazin, M. Daudon

The J. of Urology, In Press.

M. Daudon, C.A. Bader, P. Jungers, Scanning microsc. 7 (1993) 1081.

L. Estépa, M. Daudon, Biospectroscopy 3 (1997) 347.
http://www.synchrotron-soleil.fr/portal/page/portal/Recherche/LignesLumiere/SMIS
M.1. Kay, R.A. Young, A.S. Posner, Nature 204 (1964) 1050.

J.C. Elliott JC (1994) Structure and chemistry of the apatites and other

calcium orthophosphates. Elsevier, Amsterdam

X. Carpentier, M. Daudon, O. Traxer, P. Jungers, A. Mazouyes, G. Matzen,

E. Véron, D. Bazin, Urology 73 (2009) 968.

D. Bazin, C. Chappard, C. Combes, X. Carpentier, S. Rouziére, G. André

G. Matzen, M. Allix, D. Thiaudiere, S. Reguer, P. Jungers, M. Daudon,

Osteoporos Int. 20 (2009) 1065.

D. Bazin, X. Carpentier, I. Brocheriou, P. Dorfmuller, S. Aubert, Ch. Chappard,

-13 -


http://www.synchrotron-soleil.fr/portal/page/portal/Recherche/LignesLumiere/SMIS

CR_Chimie_19_Urate HALL_3Juin2015 14

[73]

[74]
[75]

[76]
[77]
[78]
[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]

[87]
[88]

[89]
[90]

[91]
[92]
[93]
[94]
[95]
[96]
[97]

[98]
[99]

Biochimie 91 (2009) 1294.

A.F. Burry, R.A. Axelsen, P. Trolove, J.R. Saal

Human Pathology 7(1976)435.

S. Ohman, L. Larsson, Medical Hypotheses 39(1992)360.

L. Cifuentes Delatte, J. Mifion Cifuentes, J.A. Medina,

Urology 48 (1996) 343.

M.L. Stoller, R.K. Low, G.S. Shami, V.D. McCormick, R.L. Kerschmann

The Journal of Urology 156(1996)1263.

V. Sepe, G. Adamo, A. La Fianza, C. Libetta, M.G. Giuliano, G. Soccio, A.Dal Canton,
Am. J. of Kidney Diseases 48(2006)706.

A.P. Evan, F.L. Coe, J.E. Lingeman, Y. Shao, A.J. Sommer, S.B. Bledsoe, J.C. Anderson,
E.M. Worcester, The Anatomical Record 290 (2007)1315.

F.F. Amos, L. Dai, R. Kumar, S.R. Khan, L.B. Gower,

Urological Research 37 (2009)11.

N.M. Bhuskute, W.W. Yap, T.M. Wah, Eur. J. of Radio 72 (2009) 470.

Th. Knoll, Eur. Urol. Supplements 9 (2010)802.

N.L. Miller, J.C. Williams Jr, A.P. Evan, S.B. Bledsoe, F.L. Coe, E.M. Worcester,
L.C. Munch, S. Handa and James E. Lingeman, BJU International 105(2010)242.
D.G. Reid, G.J. Jackson, M.J. Duer, A.L. Rodgers,

The Journal of Urology 185 (2011)725.

N.L. Miller, The Journal of Urology 186(2011)783.

K. Bouchireb, O. Boyer,Ch. Pietrement, H. Nivet, H. Martelli, O. Dunand, F. Nobili,
G.L. Sylvie, P. Niaudet, R. Salomon, M. Daudon,

Nephrol. Dial. Transplant. 0(2011)1.

A.E. Krambeck, J.C. Lieske, X. Li, E.J. Bergstralh, A.D. Rule, D. Holmes 3rd,
C.M. McCollough, T.J. Vrtiska, Urology 82(2013) 301.

M. Daudon, Archives de Pédiatrie 20 (2013) 336.

H.S. Bagga, T. Chi, J. Miller, M.L. Stoller,

Urologic Clinics of North America 40(2013)1.

H.-G. Tiselius, Urolithiasis 41(2013)369.

A. Ciudin, M. Pilar Luque Galvez, R.S. Izquierdo, M.G. Diaconu, A.F. de Castro,
V. Constantin, J.R. Alvarez-Vijande, C. Nicolau, A.A. Asensio

Urology 81(2013)246.

W.L. Strohmaier, M. Hormann, G. Schubert, Urolithiasis 41 (2013)475.

R. Strakosha, M. Monga, M.Y.C. Wong, Indian J. Urol. 30 (2014) 49.

N. Abrol, N.S. Kekre, African J. of Urology 20 (2014)174.

A. Chidambaram, D. Rodriguez,S. Khan, L. Gower, Urolithiasis 43(2015) 77.
S.R. Khan, B.K. Canales, Urolithiasis 43(2015) 1009.

M. Daudon, D. Bazin, E. Letavernier, Urolithiasis 43(2015) 5.

J. C. Williams Jr, J.E. Lingeman, F.L. Coe, E.M. Worcester, A.P. Evan,
Urolithiasis 43(2015) 13.

M. P. Ferraro, A. D’Addessi, G. Gambaro in Urolithiasis 43(2015) 59.

W. Xue-Ru, Urolithiasis 43(2015) 65.

[100] W.G. Robertson, Urolithiasis 43(2015) 93.
[101] A.P. Evan, E.M. Worcester, J.C. Williams Jr., A.J. Sommer, J.E. Lingeman,

C.L. Phillips, F.L. Coe, The Anatomical Record in press.

[102] S.R. Khan, D.E. Rodriguez, L.B. Gower, M. Monga, J. Urol. 187 (2012) 1094.
[103]Y. Liu, L. Mo, D. Goldfarb,A. Evan, F. Liang, S. Kahn,J. Lieske, X.R. Wu

J. Urol. 183 (2010) e764.

[104] G. Gambaro, A. Fabris, C. Abaterusso, A. Cosaro, M. Ceol, F. Mezzabott, R. Torregrossa,

-14 -



CR_Chimie_19_Urate HALL_3Juin2015 15

E. Tiralongo, D. Del Prete, A. D’Angelo, F. Anglani,
Clin. Cases Miner Bone Metab. 5 (2008) 107.
[105] S. Bohic, C. Rey, A. Legrand, H. Sfihi, R. Rohanizadeh, C. Martel, A. Barbier, G. Daculsi
Bone 26(2000)341.
[106] P. Dumas, F. Polack, B. Lagarde, O. Chubar, J.L. Giorgetta, S. Lefrancois,
Infrared Physics and Technology 49 (2006) 152.
[107] L.M. Miller, G.D. Smith, G.L. Carr, J. of Biological Physics 29 (2003)219.
[108] H. Fabian, P. Lasch, M. Boese, W. Haensch,
J. of Molecular Structure 661-662(2003)411.
[109] M. Cotte, P. Dumas, M. Besnard, P. Tchoreloff, Ph. Walter
J. of Controlled Release 97(2004) 269.
[110] P. Lasch, D. Naumann, Biochimica et Biophysica Acta-Biomembranes,
1758(2006)814.
[111] M. Szczerbowska-Boruchowska,P.Dumas,M.Z. Kastyak,J. Chwiej,M. Lankosz,
D. Adamek,A. Krygowska-Wajs,
Archives of Biochemistry and Biophysics 459 (2007) 241.
[112] L. Wang, B. Mizaikoff, Analytical and Bioanalytical Chemistry 391 (2008)1641.
[113]S. Chio-Srichan, M. Réfrégiers, F. Jamme, S. Kascakova, V. Rouam, P. Dumas
Biochimica et Biophysica Acta 1780 (2008) 854.
[114] M.J. Walsh, A. Hammiche, T.G. Fellous, J.M. Nicholson, M. Cotte, J. Susini,
N.J. Fullwood, P.L. Martin-Hirsch, M.R. Alison, F.L. Martin,
Stem Cell Research 3(2009)15.
[115]S. Bohic, M. Cotte, M. Salomé, B. Fayard, M. Kuehbacher, P. Cloetens,
G. Martinez-Criado, R. Tucoulou, J. Susini,
J. of Structural Biology 177(2012)248.
[116] P. Mereghetti, P.A. Corsetto, A. Cremona, A.M. Rizzo, S.M. Doglia,
D. Ami, Biochimica et Biophysica Acta (BBA) - General Subjects 1840(2014)3115.
[117] A. Vargas-Caraveo, H. Castillo-Michel, G.E. Mejia-Carmona,
D. Guillermo Pérez-Ishiwara, M. Cotte, A. Martinez-Martinez,
Spectrochimica Acta Part A 128 (2014)141.
[118] Z. Zhang, M. Chen, Y. Tong, T. Ji, H. Zhu, W. Peng, M. Zhang, Y. Li, T. Xiao
Infrared Physics & Technology 67(2014)521.
[119] C.Y.C Pak, Y. Hayashi,L.H. Arnold, Exp. Biol. Med. 153 (1976) 83.
[120] R.L. Ryall, C.M. Hibberd, V.R. Marshall, Urol. Res. 14 (1986) 63.
[121] F. Martinon , V. Pétrilli, A. Mayor, A. Tardivel, J. Tschopp, Nature 440 (2006) 237.
[122] S.R. Khan, Urol. Res. 34 (2006) 86.
[123] A.P. Evan, J.E. Lingeman, F.L. Coe, Y. Shao, J.H. Parks, S.B. Bledsoe, C.L. Phillips,
S. Bonsib, E.M. Worcester, A.J. Sommer, S.C. Kim, W.W. Tinmouth, M. Grynpas,
Kidney Int. 67 (2005) 576.

-15 -



