THE QUANTITATIVE DETERMINATION OF RISEDRONATE
IN URINE BY SI'E-LC-M5-MS

FIELD OF THE INVENTION

The preseal invention is direcled io a SPE-LC-MS-MS5 method for quantifatively
determining risedronate in 4 urine sample.

BACKCROUND OF THE INVENTION

Bisphosphonales inhibit bone resarption and erc cifcctive treatraents far metabolic
bone diseases including cslecporosis and Paget's discase (1. Elomas, C. Blomqvisi, L. Porkka,
T Holmstrom, T.Taube, C Lamberg-Allardt, G.H_ Borgstrom. Lawcer 1985; 1:1155; 1.P.
Kosonen, J. Pharm Biomed Anal. 1992; 10:881; JA. Cantril, HM. Buckler, D.C. Andcrson,
Ann_ Rheumatol. Dis. 1986; 45:1012; H.Fleisch, Horm. Metab. Res. 1997; 29:145). The
prevention of bone reserption results from inhibilory effecis on the function of mature
oslzoclasts. Several binanalytical methods have been published for bisphosphonates. 1n
general, lhose methods are mainly bused on ion-exchange and ion-pair chromatopraphy with
UV, fluprescence (with a pre or posl column derivatization}, conductivity, flame pholometric
phospherus scleclive, refractive index end exploretive lighl-scatiering detection (Y. Virlanen,
L.H.J. Lajunen, J. Chromarogr. 1993; 617:291; V. Virtanem, L. H.J. Lajunen, Tafanta 1993,
40: 661; B5.E. Meck, D.I. Pictrzvk Anql. Chem. 1988; 60:1397; M.). Lovidahl, D). Pieozyk,
J. Chromatopr. A 1999; 850:143; B. Niemi, H. Taipale, M, Ahlmark, I, Yepsalainen, T.
Jarvinen, JJ. Chromatopr. B 1997, TO1:97; T.L. Chesler, Anal. Chem. 1980, 52:1621}.

The technique of GC-MS, combincd with acylation and silylation, hes been used lo
delermine Risedronate in human urine (D.Y. Miichell, R.A. Euschio, L.E. Dunlap, KA.
Pallone, 1.D. Mesbit, D.A. Russell, MLE. Clay, P.J. Bekker, Pharm. Res. [998; 15:228). The
more sensitive method for enelysis of Risedronate in humen urine hes been achieved using
enzyme linked immunosorbenl assay {ELISA) {D.Y_ Mitchell, M.A. Heise, KA. Pallone, 1.D.
Nesbill, M_E, Clay, 1.D. Neshidl, D.A. Russell, C.W. Melson, J Clin. Pharmace!. 1999,
48:534). The column-swilching ion-pair HPLC with UV deicclion has also been reporded to
quantify Lhe Risedronale in human urine {P.T. Vallano, 5.B. Shupars, W.F. Kline, E.J. Woolf,
B.K. Matuszewski, J. Chromatopr B 1003; 794:23), Although some of these melhods showed
a very high sensitivity, they are all very complicated and time-consuming,

Recently, more effort hes been put on the development of LC/MS/MS methed for
riscdronate with post-exlraciion or on cartridge derivertization {L.8, Zhu, V.N. Lapko, J.W.
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Lee, Y.I. Basir, C. Kafonek, R. Olsen, C. Briscog, Repld commun. Mass Spectrom. 2006, 20:
3421; S.Turcote, ). Couture, F. Valles, AAPS PharmSci Vol. 5, No. 4, Abstraci M1357
(2003).

SUMMARY OF THE INVENTION The present invention is direcied (o 2 method [or
quantilalively determining risedronale in a unine sample comprising:
a) adding an internal standard to the urinc sample;,
b) applying the urine sample to an Oasis HLB cariridge, wherein the cartridge has becn
pre-conditioned with methanol,
¢) washing the cartridge with aboul 1% (¥/v)} TEA in water and aboul 1% (v/v}) formic
2cid in methanol;
d) eluting risedronale, at least once, with a mixture of about 60% (v/v) methanol end
gboul 40% {v/v) waler conlaining aboul 3 mM EDTA under vacunm,
¢) evaparaling Lhe eluted soluhion and reconstituling with 2 mixture of 10% (v/v)
methanol and #% {(v/v) 0.05 M NH Ac-NHOH buffer to provide & sample mixture of
risexdronale and the intemnal siendard:; end
[) apalyzing the sample mixture with a LC-MS/MS syslem.
The aforcsaid SPE-LC-MS-MS method for quantitative determinalion of risedronate in
e urine sample is relatively simple, sepsitive, precisc and accurate, and more fully discirssed
with the aid of the following figures and detailed description below.,

BRIEF DESCRIFTION OF THE DRAWINGS
FIGURE 1 is the EST-MS Spectrum of Risedronale.
FIGURE 2 is the ESI-MS Specirum of Deoxy-risedronate.
FIGURE 3 is the Chromalogram of Risedronate in Mouse Urine (LLOQ 10 ng/mL), wherein
Lhe intensity of the peak al reiention of 2,27 minute is more than three times of the intensity of
the same peak in the HPLC Spectrum of Blank Mouse Urine Sample. This means that the
risedronate concentration at 10 ng/mL in mouse urine can be quentified.
FIGURE 4 is the Chrometagrem of Mause Control Urine.
FIGURE 5 is the Typical Chromatogram of Risedronale and Deoxy-Risedronale.
FIGURE 6 is the Typical Calibration Curve of Risedronate in Mouse Urine.
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DETAILED DESCRIFTION OF THE INVENTION

Definltions and Abbreviatlons

As used ebove, end throughout the description of the invention, the following

ebbreviatians, wnless oiherwise indicaled, shall be undersiood to have the Fallowing meanings:

Cps
CV%
Dill%

EDTA
ESI
HPLC
LC-MS
Spectrometry
LLOG
MEM
MS
mfz
NH:Ac
NH,OH
5D
SPE
TEA

vy

Atom mass unit
Counl per second
Prreent cocfficicnt of veriation
Pereentage diflference belween theoretical concentmtion and
measured concentration
Ethylencdiaminctetreacetic acld
Eleciricel Sprey Ionizalion
High Pressure Liquid Chromaiography
High Pressure Liquid Choomalography-Mass

Lower limit of quantity

Multiple reaction monitoring

Mass Spectromeiry

Mass/charpe

Ammonium acelate
Ammonium hydroxide

Standerd deviation

Solid phase extraciion

Treciliylamine

Volumefvalume

As used above, and throoghout Lthe deseription of the invenlion, the followiog

terms, unless otherwise indicaled, shall be understood (o have the following meanlnps.

“Deoxy-Risedmonale™ means (1-phosphons-2-pyridin-3-yl-ethyl)-phosphonic acid,

having ihe [ollowing chemical structurs:



‘“Inerisil Pheayl-3 HPLC column® 18 manulactured end sold by Varian, Inc.

“Inlernal slandard” is a chernical subslance thel is added in 2 consienl amount to
samples, blank end calibrelion standards i an analysis. This chemicel substanice is used for
celibration by plotting the matic of the analyte signal (o the internal stznderd signel az e
Minction of the analyle concentration of the siendards. This is done to measure and correct far
the loss of analyle dunng sample preparation or sample inlei. Particularly, (he internal
slandard is a compound Lhat has similar, bul not same, chernical structure ro Lhe analyte.

“Dasiz HLB cartridge” is meoufactured end sold by Welers Corporation. The size of
the cartridge iz dependent upon the nscdronale ¢concentrelion in the wrine sample. The lawer
risedronale conceniration ithe unnc semple has, the bigger size of the cartridge, and the lerger
volume of urine sample and the solulion (o wash Lhe ¢arinidge and elute risedronate should be
used.

“Risedronate” means (1-hydroxy-1-phasphone-2-pyridmn-3-yl-ethyl)-phosphonic acid,

hzving (ke [ollowing chernical slrugture:

0 oHY
HD—I?—I—I;-‘—DH
OH CHon
“
= N\

‘Urine sample” means mammelian urine sample, including human urine sample.
Particular Embodiment of the Invention
Ope parlicular embodiment of the invention is the methed for quantilalively

delermining risedronale in & urine sample, wherein the urine sample 33 2 mouss or ret wnAne

sample.
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Another particular embodiment of Lthe invention is the method for quantilatively
detcrmining riscdranate in a urine sample, wherein the inlernal standard is deoxy-riscdronate.

Anpther particular embodiment of the invention is the method for quantilatively
determining riscdronate in & urine sample, whersin the Oasis HLE cartridge is e 30 mg Oasis
HLE celndge.

Another particuler cmbodimenl of the invention is the methed for quanitatively
delermining Hscdronatc in 8 vrine sample, wherein the internal standard is deoxy-riscdronate
that is edded es a solution in water; more parlicularly as an about 10 pgfmL salution in waler.

Anather particular cmbodiment of the invention is the method for quanttatively
delermining Hsedronals in a urine sample, wherein lhe amount of the urine 2ample is ebout 0.4
mL.

Another perticular embadiment of the invention is the method for quanlitatively
delenmining risedronate in a urine sample, wherein the cariridpe has been pre-conditioned with
about 1 mL of methanol.

Another particular embadiment of the invention is the method for quantilelively
determining risedronate in & urine sample, wherein the cariridge has been pre-condilioned with
about 1 mL of methano! and followed by eboul 0.5 mL of 1% (v/v} TEA in waler.

Anolher parlicular embodiment of the invenlion is the method for quantilatively
determining risedronate in # urine sample, wherein the cartridge is washed with about 0.5 mL
of about 1% (v/) TEA in water and aboul 0.5 mL of about 1% (v/v) formic acid in methanol.

Analher particular embodiment of the invention is the methed for quantitatively
delermining risedrenzle in a urine sample, wherein (he amount of Ihe mixtare of eboul 60%
{(v/v) methanal end about 40% (v/v} waler containing aboui 3 mM EDTA 1is ebowt 1.5 mL,

Anather particular embodiment of the invention is the method for quantitatively
delermining risedrenzle in a urne sample, wherein risedronate is cluted twice with aboul 0.75
ml. of the mixiure of about 60% (¥/v) methanol and about 40% (v/v) water conlaining about 3
m EDTA

Anaother perticular embodiment of the invention Is the method for quantitatively
determining risedronale in a urine sampls, wherein the amount of the mixture of 10% (v/¥)
methanol and 0% {v/v) 0.05 M NHsAc-NH4OH buffer is about 100 plL.

Another particular embodiment af the invention i the method for quantitalively
determining risedronate in a urine sample, wherein the inlernal slandard is deoxy-risedronaie,

angd analyzing the sample mixture with a LC-MS/MS sysiem comprises separating risedroante
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and deoxy-nscdronele by HPLC on an nerisil Phenyl-3 HPLC column by gradicnt clution
with a mixture of solution A and solubfen B, wherein the amount of solution A isingreased
from abaut 10% (v} ip abont 5% (v/v), and wherein the solution A is ebout $0% (vA)

meihanol in waler, and selution B is about 10 mM arrmanivm acclelg-acelic acid bufler with

2% (v/v) tdcthylemine.

Anather particular embediment of the invention 1% (he meihod for quantitetively

determining risedronate in a mouse or et urine sample, comprisng:

a)

B

adding ebout 100 pL of about 10 pp/ml. dexoy-risedronale solution in watcr la about
0.4 mL of the mouse or mt urine sample;

applying the mopuse or ral urine sample to 2 30 mg Oasis HLB cartridpe, wherein the
cartridge has been pre-conditoned with aboul 1 ml of methanol and followed by
about 0.5 mL of 1% (v/v) TEA in waler;

washing (he ceriridge with aboul 9,5 mL of 1% (v/v) TEA in walcr end about 0.5 mL
ol 1% {v/v} lormic acld in methanol,

cluting riscdronete with abput 1.5 mL of 2 mixture of about 60% {v/v) mcthenol end
ebout 40% (v/v) waler containing about 3 mM EDTA under vacuum;

evaporating the eluled solution end recenstimting wilh about 100 pl. of a mixlure of
about 10% (v/v) of methanol and about 90% (v/v) of about 0.05 M NHsAe-NH«OH
bufTer lo provide a sample mixture of rissdronate and dexcy-risedmonate. and
analyzing the sample mixture wilh a LC-MS/MS syslem, wherein risedronate and
dexoy-riscdronate erc separeicd by HPLC on an Inertsil Phenyl-3 HPLC column by
gradient elutivn wilh & mixlure of solufion A and solution B, wherein the amount of
selution A is increased from about 10% (v/¥) to abont 95% (vfv), and wherein the
solution A is aboul 90% (v/v) mcthanol in water, and selution B is aboul 10 mM
ammonium acelale-acetic acid buffer wilh 2% (vw/v) methylamine.

Angther particular embediment of the invention is the method fer quantitatively

deiermining risedronate in a mouse or rat urine sample, comprising:

‘)

adding aboul 100 pl. of about 10 pg/ml dexoy-riscdronaie solution in water lo aboul

0.4 mL of the mouse or et urine sample;

b} applying the mouse or ral urine sample to a 30 mg Oasis HLB ceriridge, wherein the

cartrigge has been pre-conditioned with about | mL of methenal end followed by
aboul §.5 mL of 1% (v/v) TEA in waler;
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¢y washing (the cartridge with about 0.5 mL of 1% (v/v)} TEA in waler and aboul .5 mL
af [% (vfv) farmic acid in methanol;
d) elufing risedronate twice wilh about 0,75 mL of a mixture of abount 60% (v/v) methanol
and eboul 40% (v/¥) watcr conlaining about 3 mM EDTA under vacuum;
¢) cvaporating the cluled solution end reconstituling with ebout 100 pL of a mixture of
eboul 10% {v/v) of methenal and eboul 90% (vw/v) of ebont 0.05 M NH,Ac-NH,OH
buffer ta provide e semple mixtre of fisedronale and dexoy-tisedmnate; and
f} analyzing the sample mixture wilh a LC-MS/MS system, wherein risedronale and
dexoy-riscdroneale ere scpamied by HPLC on an Inerisil Phenyl-3 HPLC column by
gradicent clution with & mixture of salution A end solution B, wherein the amount of
salution A is increased from about 10% (v/v) to about 95% {v/v), and wherein the
solution A is aboul 90% (¥/v) methanel in waler, and solution B is aboul 16 mM
ammonium acelale-acetic acid buller with 2% (v/v} tricthylemine.
Itis (o be understaod that this invention covers all approprizte combinations of the
parlicular embediments refermed therelo.
The presenl invendion will appear morc clearly from the following exemple thal is
rresenied as an illustration only znd is no! ko be considered as limiling the inventon in its

scope.

EXAMPLE

Step 1: Preparation of Risedronate Urine Standards in Mouse or Rat Urine

A | mg/mL riscdronale stock solution is prepared by dissolving risedronale in HPCL
grade weter. 250 pg/mL, 100 pg/mL end 50 pg/mL. rsedronate standard selutions are
prepared by diluting 250 pL, 100 pL and 50 pL of the 1 mg/mL risedronate steck solution lo 1
ml wilh HPLC grade water, respectively. Appropriate dilutions of 250 pg/mL, 100 pg/ml.
and 50 pg/ml. rsedronale standard selutions erc performed 1o yicld riscdronele working
solutions of 25 ug/mL, 10 pg/mL, § pg/mL, 2.5 pg/mL and [ pg/mL. Riserenale urine
standards, ranging from 19 ng/ml. o 2500 ng/mL, arc prepared by edding 4 L ¢f each
working solulien inte 0.4 mL of mouse or rat confrol urine {i e., urine from mousc or mt that is
nel dosed with risedronate),
Siep 2: Sample Preperation

A 04 ml. urine sample collecied from mouse or ral that has been dosed wilth
riscdranale iz transferred 1o a 10x75 mm glass culture tubg, 100 pl. of stock inlemal standerd
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solution, i.e, 10 pg/ml. desxy-risedronale salulon in water, and 100 pl. of 5% TEA in water
are added to all the risedronate uring stendards and the urine sample, respectively.

Sample extrecton is performed with a 30 mg Oasis HLB cartridge {1 mL,
manufactured and sald by Waters Corporation, Catalog No.- WAT(94225). The cartridges
are conditioned with | mL methenol and followed by 0.5 mL of 1% TEA ir walcr. The vrine
sample 1s applied (o the cartridge. The cartridge is washed with .5 mL of 1% TEA in waler
and 0.5 ml. of 1% formic acid m methenol, and then the analyte and the internal stenderd arc
eluted nsing two conseculive clulion steps with 0.75 mL of a mixtre of 60% mcthanal in
water containing 3 mM EDTA. During lhe samples extraction, 2 vacuum (5-15 Psi) is used at
each step to pull the liquid through the cartridges. The eluled solution 75 dried under nitrogen
al 37°C for 70 minules and then the residue is reconstituied in 100 pL of 10% methanol/50%
0.05 M NH;Ac-NH,OH buffer (pH 9.26).

Step 3: LC-MS/MS analysis

The analysis of Risedranale i5 performed using API 4000 LC-MS/MS system (sold by
MDS Sciex), including & Shimadzn LC-10AD pump, SCL-10A VP syslem controller, Leap
Technolagies HTS PAL aulosampler end APT 4000 tiple quadrupole mass-specirometer.

Risedronaic and he intermal standerd ere separated on an Inertsil Pheny!-3 HPLC
column (3 pL, 50x 030 mm, manuieciered and sold by Yarnan, Inc., Calalog Mo.: (408-
{#150x030) by gradicnl clution with a mixture of solution A and solulion B in & minules,
wherein the amount of solution A is increescd from 10% to 95%. The solution A is 90%
methanel in water, and the solution B is 10 mM amnmonium acetate-acetie acid buHer
{pH=5.0) with 2% tricthylamine. The flow rale is kept conslant at (.2 mLfmin. The sample
(10 pL reconstilte) is injecled onlo the HPLC column directly. The muss spectrometer is
programmed to moenilor the trensiton mfz 281 9-263.1 for risedronate under negative mode
with a collision cnergy of —58 volis. The m/z 265.8->79.2 is uscd to measure deoxy-
Risedronate internel standard. The source lemperature is set al 350°C. An analytical run time
of € minules is employed
Results
Linearity

The assay for risedronate mouse or ral urine standard is Lincar from 10 la 2500 ng/mL
with an LLOQ of 10 ng/mL. The determined accuracy at LLOAQ is 14.8% wilh a precision of
17.8% (n=3). The regression parameters obtained during the velidalion ere reperied in teble 1,
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Correlation coefficients of 0.98 or grealer lor risedronals are oblained from the day-to-day
analysis. A typical calibralion curve is represented in FIGURE 6.
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Table 1. Regression paramelers for risedronate in monse urine

Curve No/Dale Bepression Parameters
Slope Iniercepl Correlalion
{responsc/cancentration) {response et Coefficient
concentration 0)

Within-day
#1 0.000260 0.00208 0.9993
#2 0000257 0.00151 0.996]
#3 0000232 0.00300 0.9895
Meun 0.000250 0.00220 0.9950
aD G.a0o0ls
CVY, 6.2
Day-lo-day
Day 1 0.000267 100331 0.997
Day 2 0.000229 0.000594 09974
Day 3 0.000260 0.00208 0.9993
Mean 0.000252 0.00199 0.9979
8D 0.000020
CV% 8.0
Specificily

A small peak, at retention time of 2.27, is found ir mouse control urine, but the peak
height of LLOQ (10 ng/mL) is more than ihree hmes of the inicnsily ol the peek in the meuse
contral urine (3ce FIGURE 3 and FIGURE 4), Thus, risedronate concentration at 10 ng/mlL
can be quentified.

Precision
Prceision is cxpressed es the percent coefficient of variation of the conceatrations

mcasurcd el cach control level over the duration of the study. The within-day coefficienl of

variation for the conlrpls in mouse urine ranged from 2.2 1o 9.6%_ The day-le—day precision
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for (he controls at 3 concentration levels renged from 5.2 10 10.3 %. The within-day and the
day-to-day precisions for the standards ranged from 0.3 to 26%.
Accuracy

The assey accuracy is expressed as the percent difference between the mean

determined quality contrel cencentralien and the lheoretical value.

The within-day assey accuracy for the mouse urine controls ranged from —5.3 to 4.4 %, The
day-to-day accuracy is determined gver Lhree analysis days using the controls at 3
concentralion levels, The day-to-day sccuracy ranged from —4.0 1 6.0%. The accuracy from

the back-celeulated concentrations of the mouse uring stendards is wilhin £15%.
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Table 2. The aceuracy and precision of mouse urlne calibration standards of rlsedronale

Beplicale Nominel Conceniration {ng/mlL)

Or date 10 25 50 140 250 500 | 1000 2560
Within-day

#! 793 207 454 100 237 422 095 2460
#2 13.3 22 428 016 238 388 368 2470
#3 994 254 50.6 07 253 476 076 2500
Mean 10.3¢ | 227 476 06.2 243 429 946 2477
SD 21 243 420 4.26 B.96 4438 | 6850 |2082
CV% 26.1 10.7 83 44 37 104 72 08
Dift% 39 9.2 -4.8 -3.8 -2.9 -143 | -54 -0.5
Day-to-day

Day 1 138 24.7 469 03.5 237 532 1120 2619
Day 2 10.7 215 50.6 107 248 501 1010 2640
Day 3 094 254 506 97 253 476 o7 2500
Mean 11.48 2319 494 99.2 246 503 1035 2583
3D 204 2.08 2,14 7.01 B.19 2805 | 7527 | 1371
CV% 17.8 8.7 4.3 7.1 33 56 73 2.9
Difi% 14.8 -4.5 -13 -0.8 -1.6 0.6 3.5 13
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Table 3. The accuracy and precision ol mouse urine quality controls of risedronate

Date Nominal Concentratdon (ng/mL)

25 250 2500

Day 1 282 257 2900
o 250 2580

26.1 236 2870

Day2 28.9 226 2650
27.2 208 2800

255 238 2470

Day 3 27.1 244 2650
24,1 246 2670

244 231 2520

238 204 2600

206 259 2610

Within-day {Day 3)

Meun 244 237 2610
5D 23] 20.8 57.9
CV % 0.6 L 22
Dift % - -5.28 4.4
Day-1o-day

Mean 26.0 240 2665
SD 2.69 24.1 138
CV% 10.3 19.1 5.2
Diif% 4.0 -4.0 6.6
Recovery

A recovery of risedronate in extracied mouse urine a8 compared to extructed mouse
uring blank with neal spiked is around 51.3%
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Table 4. Recovery of risedronate from mouse orine samples (250 np/ml.)

Replicates Extracted Urlne Sample Extracted Blank Tirine
(peak area) Sample + splked neat peak

area

#1 12400 30400

#2 18000 28300

#3 16600 29800

#4 13100 36000

#5 14500 30300

Mean 15920 31060

SD 2447 2833

CV% 154 9.1

Recovery (%) il3

The present invention may be embodicd in other specific forms without deparling fram the

spirit or essenlial atiribules Lhereof.
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We claim:
1. A mcthod for quantitatively determining risedrnale in a urine sample comprising:
8y adding an internal sianderd splution ta the uring sampls;
b} applying the urine zample to ean Oesis HLB ceriridge, wherein the cariridge has
been pre-conditioncd with methanal;
¢} washing the cartridge with about 1% {(v/v) TEA In walgr and abaut 1% (v/v) formic
ecid in mctheanol;
d) cluting riscdronate, al leasi onee, with e mixture of ebout 60% {v/v) methano! and
aboul 4084 (v~} waler conlaining about 3 mM EDTA under vecunm;
¢) cvepometing the clulcd solulion and reconstituting wilh a mixture of 10% {v/v)
melhano! and 90% (v/v) 0.05 M NH4Ac-NH,OH buffer io provide 2 sample
mixture of rizedronate and the internal standerd; end
f) anelyzing the sample mixture wilth e LC-MS/MS gyslem.
2. The method according o claim 1, wherein (he urine sample is a mouse or rat urine
sample.
3 The method according lo claim 1, wherein Lhe internal standard 15 deany-risedronete.
4. The method according to claim 1, wherein the internal standard is deoxy-riscdronalc
that is added as a solubion in waler.
A The method according to claim 1, wherzin the internal slandard is deoxy-risedronetc
that i5 added as an about 10 pg/ml. solution in water.
a. The methed according to cleim !, wherein the Oasis HLB cartridge is 2 30 mg Oasis

HLB certridpe.
T The methad according Lo cleim 1, wherein the amount of the urine sample is about €.4
mL.

8 The method according Lo claim |, wherein (he eartridge has been pre-conditioned with
aboul | mI. of methanol.

9. The method according to claim |, whercin (he cartridge has been pre-conditiened with
aboul | mL of methanol and ollowed by about 0.5 mL of 1% {v/v) TEA in water.

10.  The method according to claim 1, wherein the cariridge 15 washed with about 0.5 mL
ol aboul 1% {v/¥)} TEA in water and aboul 0.5 mL of abaut 1% {v/v) formic ecid in methanol.
11.  The method according to claim 1, wherein the amount of (he mixture of about 60%
{vfv) methanol and about 40% {v/) water conlainiog aboul 3 mM EDTA is about 1.5 mL.
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12.  The method according Lo claim 1, wherein nsedronale Is ¢luted twice with abont 0.75
L of the mixture af abeut 60% (v/v) methanol and about 40% (v/v) waler conteining about 3
mid EDTA,
13.  The methed according 10 claim 1, whercin the emount of the mixture of 10% {v/v}
methanol end 90% (v/v) 0.05 M NELAc-NHOH bulTer is about 100 pL.
14.  The methad according Lo claim 1, wherein the inlernel slandard is deoxy-risedmnale,
end enalyzing the sample mixture with a LC-MS/MS systcm comprisese separaling
riscdroante and deoxy-risedronzate by HPLC on en Incrisil Phenyl-3 HPLC column by gradient
elution with & mixture of selution A and solution B, whercin the amount of solution A is
increased from about 10% (w/v) Lo aboul 95% (v/v), and wherein (he solution A is about 90%
{v/¥) methenol in waler, and solution B is about 10 mM emmorium acelale-acetic acid bufer
with 2% (v/v) triethylamine,
15.  Amethed for quantitatively determining risedronetc in & mouse or mt urine sample,
camprismg:

) adding eboul 100 pL of about 10 pg/ml. dexoy-riscdrnale solulion in waler to aboul
0.4 mL of the mouse or rat urine sample;

by applying the mouse ar rel urine sample lo a 30 mg Oasis HLB cartridge, wherein the
cartridge bas been pre-conditioned with aboul 1 mL of meihanel and fellowed by
abaut 0.5 mL of 1% {v/v) TEA in waler;

¢) weshing the cartridge with aboul 6.5 mL of 1% {v/v) TEA in waler end eboul 05 mL
of 1% {v/v) formic acid in methanol;

d) eluting risedronate with ebout 1.5 mL of a mixwmre of about 60% {v/v) mcthanol and
aboul 40%: (v/v) weler cantaining about 3 mM EDTA;

&) evaporating the eluled solution end reconstituting with aboul 100 ¢ of a mixture of
about 10% (vv) of methanol and about 90% {v/v) of aboul 0.05 M NHsAc-NH,OH
bufer 1o provide & sample mixture of risedronate and dexoy-risedronals; and

f) analyzing the sample mixture with 2 LC-MS/MS system, wherein risedronate and
dexoy-risedronate are separated by HPLC on an Inertsil Phenyl-3 HFLC column by
gradient elution with e mixturc of solution A and solution B, wherein the emount of
salulipn A is increased from aboul 10% {v/v} o eboul 95% (v/v), and wherein the
solution A is aboul 90% (v/v) methanol in waler, and soluticn B is about 10 mM

ammomium acetate-acelc acid buffer with 2%, (v/v) triethylamine.
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A method for quenlitetively delermining risedronalc in a mouse or rat urine sample,

COMprising:

a)

b)

<}

d)

adding aboul 100 pL. of about 10 pp/m1. dexoy-risedronale solution in waler Lo
about 0.4 mL of the mouse or rat urine sample;

applying the mouse or ral urine sample e & 30 mg Oasis HLB cartridge, wherein
the cartridge has begn pre-conditioned wilh aboul 1 mL of methanol and lollowed
by about 0.5 mL of 1%; (v/+) TEA in waler;

washing Lhe cortridge with about 0.5 mL of 1% (v/v) TEA in waler and about 05
mL of 1% (v/v) formic zcid in melhanol;

eluling risedronate twice with abeut 0.75 mL aof & mixture of about 60% {v/v)
meihanol and about 40% (v/v) water containing abeut 3 mM EDTA,;

evaporaling the eluled selution and reconstituting wilh abeut 100 pl. of a mixture
of eboul 10% (v/v) of mctherol and abaul 90% (v/v) of about 0,05 M NHiAc-
NH.OH buffer o provide a sample mixture of risedronate and dexoy-risedronale;
and

analyzing the sample mixtre with a LC-MS/MS system, whercin riscdronals and
dexoy-riscdromele are seperzled by HPLC on an Inerisil Phenyi-3 HPLC column by
gradieal elution with a mixlure of solulion A and selution B, wherela the amounl
of sojullon A 18 increased from about 10% (v/v) Lo aboul 95% (v/v), and whercin
the selubion A is about 20% {v/v} methanel in water, and soluiion B is aboul 10
mM ammenium ecelate-acetic ecid buffer with 2% (v/v) triethylarmine.



