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THE QUANTITATIVE DETERMINATION OF RISEDRONATE 

IN URINE BY SPE-LC-MS-MS 

FIELD OF TIIE INVENTION 

The presenl invention is directed lo a SPE-LC-MS-MS method for quantitatively 

determining risedronate in a urine SllIIlp!e. 

BACKGROUND OF THE INVENTION 

Bisphnsphonales inhibit bone resoiption and arc effective trcalmcnls for metabolic 

bone diseases including osteoporosis and. Paget's disease {I. Elomae., C. Blomqvisl, L. Porkka, 

T.Holmstrom, T.Tanbe, C.Larnberg-Allardt, G.H. Borgstrom. Lancer 1985; i:1155; J.P. 

Koscnen,J. PhannBiomed Anal. 1992; 10:881; J.A. Cantril, H.M. Buckler, D.C. AndClBOII, 

Ann. Rheumotol. Dis. 1986; 45:1012; H.Flcisch, Horm. Mc/ah. Res. 1997; 29:145). The 

pn::vention of bone resorption re5nlts from inhibitory effects on lhe function of mature 

osleoclast:s. Several bioanalytical methods h•ve been published for bisphosphonates. Jn 

gener.i.l, !hose methods are mainly based on ion-exchange and ion-pair chromalography wilh 

UV, flnoresrenre (with a pre or posl column derivatization), conductivity, flame photometric 

phosphorus sclcclivc, refractive inde~ and explorntive lighl-sc:attering detection (y. Virtanen, 

L.H.J. Lajunen,J. Chromalogr. 1993; 617:291; V. Virlanern, L.H.J_ Lajunen, Tafanta 1993; 

40: 661; S.E. Meek, D.J. Pietrzyk Anal. Ch"1!1. 1988; 60: 1397; M.J_ Lovdahl, D.J_ Pietizyk, 

J. Chromarogr. A 1999; 850:143; R. Niemi, H. Taipale, M, Ahlrnark, J, Vepsalainen, T. 

Jarvinen, J. Chron•atogr. B 1997; 701 :97; T .L. Chesler, Anal. Chem. 1980; 52:1621). 

The technique ofGC-MS, combined with acy\alion and sl!ylation, hes ber:n used lo 

determine Risedronate inhuman urine (D.Y. Mitchell, R.A. Ewcblo, L.E. Dunlap, K.A. 

Pallone, J.D. Nesbitt, D.A. Rus.sell, :M..E. Clay, P.J. Bekker, Phann. Res. 1998; 15:228). The 

moresensitivemethod for enalysisofRisedrona1c in human urine hes been achieved using 

enzyme linked iillDDlnosorbenl assay(ELISA) (D.Y. Mitchell, M.A. Heise, KA. Pallone, J.D. 

Ne.sbil~ M.E, Clay, J.D. Nesbitt, D.A. R=ll, C.W. Melson, J. C/in. Pharmocal. 1999; 

48:536). Therolumn-,wilching ion-pair HPLC wilh UV delcclion hes also been reported to 

quantify lhe Risedmnale inhuman urine (P.T. Vallano, S.B. Shugars, W.F. Kline, E.J. Woolf, 

B.K. Ma!US<:cwski,J. Chron•alogr. B 1003; 794:23), Allhough some ofthesemelhods showed 

a very high sensitivity, they are all very complicated and time-<:onsuming. 

Recently, more effort hes been pul on the developmenl of LCIMSl.MS method for 

riscdronatc with post-c~lrnclion or on cartridge derivertization (L,S, Zhu, V.N. Lapko, J.W. 
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Lee, Y_J_ Basir, C. Kafonek, R. Olsen, C. Briscoe, Rapid comrnun_ Ma."5 Spectrom. 2006, 20: 

3421; S,TuTCOtle, J_ Couture, F. Vallee, AAPS PharmSci Vol. 5, No. 4, Ab,iract M1357 

(2003). 

SUMMARY OF THE INVENTION The present invention i• directed lo a method for 

quantilalively determining risedronale in a urine sample comprising: 

a) adding an internal standard to the urine sample; 

b) applying the urine sample to an Oasis HLB cartridge, wherein the cartridge hos becn 

pre-conditioned with methanol; 

c) washing the cartridge with about 1% (v/v) TEA in water and about 1% (v/v) formic 

acid in methanol; 

d) eluting risedronate, at least once, with a mixture of ubout 60% (v/v) methanol and 

about 40% (v/v) waler coulllining about 3 mM EDT A under vacuum; 

e) evaporating lhe eluted oolutian and rcconstituling wilh a mixture of 10"/o (v/v) 

methanol and 9-0% (v/v) 0.05 M NHiAc-NH,OH buffer lo provide a sample mixture of 

risedronale and the internal sl.wldard; end 

I) analyzing the sample mixture with a LC-MS/MS system. 

The aforCS11id SPE-LC-MS-MS method for quantitative determination of risedmnate in 

a urine sample is relatively simple., sem.itive, precise and accurate, and more fully discussed 

with the aid of the following figures and detailed description below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is the EST-MS Spectrum ofRisedronale. 

FIGURE 2 is the ESI-MS Spectrum ofDeoxy-risedronate. 

FIGURE 3 is the Chromatogram ofRisedronate in Mouse Urine (LLOQ 10 ng/mL), wherein 

the intensity of the peak al retention of2.27 minute is more than three times of the intensity of 

the same peak in the HPLC SpcctrumofBlank Mouse Urine S.mple. This means that the 

risedronate roncenlnl.tion at JO ng/mL in m0ll5e urine can be quantified. 

FIGURE 4 is the Chromatognim ofM0115e Control Urine. 

FIGURE S is the Typical Chromatogram ofRisedmnate and Deoxy-Risedronale. 

FIGURE 6 is the Typical Calibration Curve ofRisedronate in Mouse Urine. 
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DETAILED DESCRIPTION OF THE INVENTION 

Definitions and Abbrevladons 

As used above, and lhroughoul the description of lhc invention, lhc fOllowing 

abbreviations, unless olhcrwiscindicalcd, shall be understood to have the following meanings: 

c,. 
CV% 

Difl"/o 

EDTA 

ES! 

HPLC 

LC-MS 

Spectrometry 

LLOQ 

MRM 

MS 

mh 

NH.Ao 

NH.OH 

so 
SPE 

TEA 

"'" 

Atom mass unit 

Coun1 per second 

Percent coefficient of variation 

Pcrccn!agc dilTcrcncc between lhcorctical conccnlralion !llld 

:measured concentration 

Ethylcncdiaminctctrrutcctic acid 

Electricel Spray Ionizillion 

High Pressure Liquid Chmmal<>graphy 

High Pressure Liquid Chromatography-Mass 

Lowerlimitofquantity 

Multiple reaction monitoring 

Masll Spectromel:Iy 

Mass/charge 

Ammonium acetate 

Ammonium hydroxide 

Standard deviation 

Solid phase extnwtion 

Triclhylaminc 

Volume/volume 

As used above, and throughout the description of the invention, the following 

terms, unless otherwise indicated, shall be understood to have the following meanings. 

''Dooxy-Risedrone le" means (1-phosphono-2-pyridin-3-y l-ethy l )-phosphonic acid , 

having the following chemical structure: 

. . ---. ·-· --. 
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fl H ~ 
HO-P_j_P-OH 

lu I I 
06HcH,oH 

I 
N 

''Incrtsil Phcnyl-3 HPLC column" is menufacturcd and sold by Varian, Inc. 

"lnlemal sl.andard" is a chemical substance thel is added in a conslenl amount to 

samples, blank end calibration standards in an analysis. This chemical substance is used for 

calibration by plotting the ratio of the anelytc signal lo the internal standerd signal as a 

function of the analytc concentration of lhc slendards. This is done lo measure and correct for 

the !O&S of analyle during sample preparation or sample inlcL Particularly, lhc internal 

sLandard is a compound lhat has similar, bul not same, chemical structure oo the ana\ytc. 

"Oasis HLB cm:ridge" is maD.Ufuctured end sold byWelers Coiporation. The size of 

the cartridge is dependent upon the riscdronelc conC<:'ll.lnllion in lhc urine sample. The lower 

risedronate concentration the urine sample has, lhc bigger size of!hc cartridge, and lhe larger 

volume of urine sample and the solution lo wash Lhe carnidge and elute risedmnate should be 

used. 

''Risedronate" means (l -hydroxy-1-phosphono-2-pyridin-3-y 1-ethyl)-phosphonic acid, 

having the following chemical slrueture: 

~ OH~ 
HO-P_j_P-OH 

lu I I 
06HcH,oH 

N 

''Urine sample" means mammalian urine sample, including human urine sample_ 

Parliculo.r Embodiment of the Invention 

One particular embodiment of the invention is the method for quantile.lively 

del.ermining risedronale in a urine sample, wherein lhc urine sample is a mouse or t11t urine 

sample. 
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Another particular embodiment of the invention is the melhod for quantilatively 

determining riscdronale in a urine sample, wherein the inlemal standard is dcoxy-riscdronate. 

Anolher particular embodimenl of the invention is !he metl!.od for quantilatively 

determining riscdronatc in a urine sample, wherein the Oasis HLB camidge is a 30 mg Oasis 

HLB celridgc. 

Anolhcr particular embodiment of the invention is lhe melhod for quantitatively 

del.e:rmining riscdronatc in e urine sample, wherein the internal SUUl.dard is deoxy-riscdronatc 

that is added as R solution in water; more particularly as an about 10 µglrnL solution in waler. 

Another particular embodiment of lhe invention is Lhe melhod for quantitatively 

del.emrining risedronalc in a urine sample, wherein the amounlofthe urines.ample is about 0.4 

mL. 

Another particular embodiment of the invention is lhe method for quanlitatively 

determining rised:ronate in a urine sample, wherein the cartridge has been pre-conditioned with 

about l mLofmclhanol. 

Another porticular embodiment of the invention is the method for quantile lively 

detemtining risedronate in a urine sample, when::in the cartridge has been pre-conditioned with 

about 1 mLofmelhanol and fullowed by aboul 0.5mLof1% (v/v) TEA in water_ 

Another particular embodiment of the invcnlion is the method for quantitatively 

determining risedronale in a nrine sample, wherein the cartridge is washed with about 0.5 mL 

of about 1% (vlv) TEA in water and aboul0.5 mL of about 1% (v/v) formic acid in methanol. 

Another particular embodiment of lhe Invention is the method for quantitatively 

determining risedronate in a urine sample, wherein lhe amount oflhemi~tureofabout 60o/o 

(v/v) methanol and abouL 40% (vfv) waler containing aboul3 mM EDTA ls about 1.5 rnL. 

Another parl:icular emOOdiment oftbe invention is lhe melhod for quantil:Btively 

determining risedronate in a urine sample, wherein risedronatc is eluted twice with about 0.75 

mLofthemixlure of about 60% (v/v) methanol and about40% (v/v) water conlllining about 3 

mMEDTA. 

Another parl:icular embodiment of the invention is the method for quantilelivcly 

determining risedronale in a urine sample, wherein the amount of the mixture of 10% (v/v) 

methanol and 90% (v/v) 0.05 M NH¢c-NH40Hbuffcr is about 100 µL. 

Another particular embodiment of the invention is the melhod for quantillllively 

determining risedronate in a urine sample, wherein the internal standard is deoxy-risedronate, 

and analyzing the sample mixture wilh a LC-MS/MS system <:arnprises separating risedroante 
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and dooxy-riscdronale by HPLC on an InerL•il Phenyl-3 HPLC co!Wllll by gntdlcnl clulion 

with a mixtiJre of solution A and ;;olution B, wherein lhe amount of solution A is increased 

from about 10% (v/v)to about 95% (v/v), and wherein lhe solution A is about 90% (v/v) 

methanol in waler, and solution Bis about lOmM ammonium aecle.lc-acclie acid buffer with 

2% (v/v) tricthylaminc. 

Another particular embo<lirnenl of the invention is the method for quantlllltivcly 

determining riscdronate in a mouse or rat urine sample, comprising: 

a) adding aboul I 00 µL of about I 0 µgfmL dexoy-risedronale solution in \Valer lo about 

0.4 mL of lhc mowe or 111t urine sample; 

b) applying the mouse orral urine sample to a 30 mg Oasis HLB cartridge, wherein the 

cartridge has been pre-conditioned with about 1 mL of methanol and followed by 

about 0.5 mLof 1% (v/v) TEA in waler; 

c) washing lhc cartridgewitlt about 0,5mLof1% {vfv) TEA in waler and about 0.5 mL 

of I% (v/v) follllic acid in methanol; 

d) eluting riscdronalc wilh about 1.5 rnL of a mixture of about 60% (v/v) mcthllnol and 

about 40% (v/v) waler containing obout 3 mM EDTA under vacuum; 

e) evaporating lhe eluted solullon end reconstituting wilh about 100 µL of a mixture of 

about 10% (v/v) of methanol and aboul 90% (v/v) ofaOOut 0.05 M NH.,A~Ntt..OH 

buffer lo provide a sample mixture ofrisedronate and dexoy-risedronate; and 

I) analyzing the sample mixture with a LC-MS!.MS system, wherein risedronate and 

dc:<oy-riscdrona!c ere separated by HPLC on an lnertsil Phenyl-3 HPLC column by 

gradient elution wilh a mixture of solution A and solution B, wherein the amount of 

solution A is increased from about 10% (v/v)to aboul 95% (v/v), and wherein lhe 

solution A is about 90"/o (v/v) methanol in waler, and solution B is about IO mM: 

ammonium acelllle-acetic acid buffer with 2% (v/v) triethylamine_ 

Another particular embodimenlofthe invention is lhe method for quantitatively 

determining risedronate in a mnuse or r"t urine sample, comprising: 

a) adding about 100 µL of about 10 µg/rnL dexoy-riscdronalc solution in water lo about 

0_4 rnL of the mDn.se or rat urine sample; 

b) applying lhe mouse orral urine sample to a 30mg Oasis HLB cartridge, wherein the 

cartridge has been pre-conditioned with about I mL of methanol and followed by 

about 0.5mLof1% (v/v) TEA in waler; 
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c) washing I.he cartridge wi!haboul0.5 mL of1% (vfv) TEA in waler and about 0,5 mL 

of 1% (v/v) formic acid in rnelhanol; 

d) eluting risedronate twicewilh about0.75 mL ofn mixture of about 60% (v/v) melha:ool 

and about 40% {v/v) water containing about 3 mM: EDT A under vacuum; 

c) evaporating !he clulcd solution and reconslituling with aboul JOO µL of a mixture of 

about 10% (v/v) of methanol OI1d about 90% (v/v) of about 0.05 M NJ-4Ac-NR,OH 

buffer !o provide e s1tmplc mixhlre ofrisedronale e.nd dexoy-risedmnate; and 

f) analyzing the sample mixhln: with a LC-MS/MS .system, wherein risedmnale and 

dcxoy-riscdronelc ere scpa!llled byHPLC on an lnertsil Phenyl-3 HPLC column by 

gradient elution wilh a mixture of solution A and solution Il, wherein the amount of 

solution A is increased fium about 10% (v/v) to about 95% (v/v), and wherein the 

solution A is about 90o/o (v/v) methanol in waler, and ~olution Bis about lOmM 

ammonium acclal.e-acctic acid buffer with 2% (v/v) lriclhylamine. 

It is lo be understood tha11his Invention covers all appropriate combinations of the 

parliC111ar ernOOdimenls referred thereto. 

The present invention will appear more c!Cllrly from 1he following example that is 

presented as an illU.<trution only and is no! to be considered as limiting the invenlion in ils 

soope. 

EXAMPLE 

Step 1: PreparaHun ofRlsedronate Urine Standards in Mouse or R.o.t Urine 

A I mg/mL riscdmnalc stock solution is prepared by dissolving risedronale inHPCL 

grade water. 250 µg/mL, JOO µg/mL and 50 µg/mL riscdronate standard solution_• are 

prepared by diluting 250 µL, 100 µLand 50 µL of I he I mg/mL risedronate stock solution lo 1 

mL wilhHPLC 8£1lde water, respectively. Appropria1c dilutions of250 µg/mL, 100 µglrnL 

and 50 µglmL risedronale standard. solutions arc performed lo yield riscdronale working 

solutions of25 µglmL, 10 µglmL, 5 µg/mL, 2.5 µglmL and 1 µglmL. Riseronale urine 

standards, ranging from 10 ug/mL lo 2500 nglmL, arc prepared by adding 4 µLofeach 

working solution inlo 0.4 mL of mon<e or rat control urine (i.e., urine from mouse or Tilt that is 

nol dosed wilh risedronate), 

Step 2: Sample Preparation 

A 0.4 mL urine sample collected fmm mouse or Illl lhat has been dosed wilh 

riscdronale is transfem:d lo a 10"75 mm gloss culture tube. 100 µL of stock internal slandaTII 

·-; . . 
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solution, i.e_, JO µglmL deoxy-risedronele solution In water, and JOO µL of5% TEA in water 

are added to all the risedronate urine standards and the urine sample, respectively. 

Sample ex!lllction is pcrfonned with a 30 mg Oasis HLB cartridge {I mL, 

manufactured and sold by Waters Corporation, Catalog No.: WAT094225). The cartridges 

are conditioned wilh I mL methanol and followed by 0.5mLof1% TEA in waler. TI1c urine 

sample is applied lo lhc cartridge. The cartridge is washed with 0.5 mL of 1% TEA in waler 

and 0.5 mL of1% farmic acid in methanol, and lhen the analyte and !he intemalstllndard arc 

eluted using two consecutive elution steps wilh 0.75 mLofa mixrure of60% mc!hanol in 

water containin8 3 mM EDTA. During the samp!es extraction, a vacuum (5-15 Psi) is used al 

each step lo pull the liquid through the cartridges. The eluted solution is dried under nitrogen 

al 37°C fur 70 minulcs ond then the residue is reconstituted in 100 µ.L of10%mclhanol/90% 

0.05 M NH.,Ac-NH,OH buffer (pH 9.26). 

Step 3: LC-MS/MS analysis 

The analysis ofRisedronale is performed usingAPI 4000 LC-MS/MS system (.sold by 

MDS Sc!cx), including a ShimadzuLC-IOAD pmnp, SCL-JOA VP system controller, Leap 

Technologies HTS PAL aulo!lllmpler and API 4000 triple quadrupole mass-spcclrometer-

Risedronelc and lhc internal standard are separated on an Inertsil Phcnyl-3 HPLC 

column (3 µL, SOx 030 mm, manufuctun:d and sold by Varian, Inc., Catalog No.: 0408-

050x030) by gritdicnl elution with a mixture of solution A and .solution Bin 6 minutes, 

wherein the amount of solution A is increased from 10% to 95%. The solution A ls 9-0% 

methanol in water, and the solution B is I 0 mM ammonium acetate-acetic acid buffer 

(pH=S.0) with2% trielhyleminc. The flow rale is kept constant at 0.2 mL!min. The sample 

(JO µL recoru;tihlte) is injected onlo the HPLC column directly. The mass speelromclcr is 

programmeil to monitor lhctninsition m/z 281_9763.1 furrisedronate under negative mode 

with a collision energy of-58 vol Ls- The m/z 265.8779.2 is used to measure deoxy­

Ri>edronate internel sl8!!dard. The .source temperature is set at 350'C. An analytical run time 

of 6 :mic!ulcs is employed 

"""'" 
Linearity 

The assay for riscdronate mouse or ral urine standard is linear from 10 lo 2500 ng/mL 

withanLLOQ of 10 ng/mL. The determined accuracy atLLOQ is 14.8% wilh a precision of 

17 .8% (n=3). The regression parameters oblained during the valldalion arc reported in !able I, 
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Correlation coefficients of0.98 or greater for risedronale are obtained from lhe day-oo-day 

analysis. A typical ca!ibralion curve is represented in FIGURE 6. 
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Table l. Regression parameters for rlsedronate in mouse urine 

C\Jnte No/Dale Regression Parameters 

Slope Tnlercepl Correlation 

(response/concentration) (response at Coefficient 

concentration 0) 

Withln-day 

" 0_000260 0.00208 0.9993 

" 0_000257 0.00151 0.996! 

" 0.000232 0.00300 0.9895 

"""" 0.000250 0.00220 0.9950 

SD 0.000015 

CV% 6.2 

Day-lo-day 

Day I 0.000267 0.00331 0997 

Day2 0.000229 0.000594 0.9974 

Day3 0.000260 0_00208 0.9993 

Me-. 0.000252 0.00199 0.9979 

SD 0_000020 

CV% 8.0 

Speclficiiy 

A small peak, at retention time of2.27, is found in mouse control urine, but the peek 

height ofLLOQ (JO ngfmL) is more than lhree times oflheinl.cnsily oflhe peek in lhc mouse 

control urine (sec FIGURE 3 and FIGURE 4), Thus, risedronate concentration at JO ng/mL 

can be qlJlllllified. 

Precision 

Precision is cxpresscd llS lhe percent coefficient of variation of lhe ronccotrations 

measured el each control level over lhe dnrntion oflhe study. The within-day coefficienl of 

variation for the controls in mouse urine ranged from 2.2 lo 9.6%_ The day-lo-day precision 
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for lhe controls at 3 conccntration lcvcls renged from 5.2 lo 103 %. The within-day and the 

day-to-day precisions for the standards ranged :from 0.3 to 26%. 

Accuracy 

The as.say accuracy is expressed as the percent difference between lhe mean 

detennined quality control concentration and the theoretical value. 

The within-day assay accuracy for lhc mouse urine controls ranged from-53 to 4,4 %, The 

day-to-day aocuracy is detennined over lhn:e analysis days using the rontrols at 3 

concentration levels. The day-to-day RCCUn1cy ranged from-4.0 lo 6.0%. The accuracy from 

the back-calculated concentrations of the mouse urine standards Is within ± 15o/o. 

'" .. 
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Table 2. The accuracy and precision of mouse urine calibration stand.u.rds of rlsedronale 

Replicate Nominal Concentration(nglmL) 

Or date " 25 50 100 250 I 500 1000 2500 

Within-day 

" 7.93 20.7 49.4 100 237 422 995 2460 

#2 13.3 22 42.8 91.6 238 388 868 2470 

#3 9.94 25.4 50.6 97 253 476 976 2500 

Mean 10.39 22.7 41.6 %.2 243 429 946 2477 

SD 2.71 2.43 4.20 4.26 8.96 44.38 68.50 20.82 

CV% 26.1 10.7 "' 4.4 3.7 10.4 72 0.8 

Diff"/o 3.9 92 ~.8 -3.8 -2.9 -14.3 -5.4 -0.9 

Day-to-day 

Day l 13,8 24.7 46.9 93.5 237 532 1120 2610 

Day2 10.7 21.5 50.6 107 248 501 JOJO 264-0 

Day3 9.94 25.4 50.6 97 253 476 976 2500 

Mom 11.48 239 49.4 99.2 246 503 1035 2583 

SD 2.04 2.08 2,14 7.01 8.19 28.05 75.27 73.71 

CV% 17.8 8.7 4.3 7.1 3.3 5.6 7.3 2.9 

Dift% 14.8 -4.5 -1.3 -0.8 -1.6 0.6 3.5 3.3 
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Table 3. The aceuracy and precision of mouse urine quality controls uf rjsedronate 

Date Nominal Concentration (nglmL) 

25 250 2500 

Day I 28.2 2;, 2900 

'" 29-0 2580 

26.1 236 2870 

Day2 28.9 226 2650 

27.2 208 2800 

25.5 238 2470 

D.,3 27.1 244 2650 

24,l "6 2670 

24.4 231 2520 

23.8 204 2600 

20.6 259 2610 

Within-day {Day J) 

Mo~ 24.0 237 2610 

SD 231 20.8 57.9 

CV% 9.6 8.8 2.2 

Di ff% , -5.28 4.4 

Day-to-day 

Mean 26.0 240 266' 

SD 2.69 24.1 138 

CV% 10.3 IO. l 5.2 

Diffo/o 4.0 ,.0 6.6 

Recnl!f!l'y 

A recuvery uf risedronale In extracted mouse urine as compared to extracted mouse 

urine blank with oeal spiked is around 51.3% 
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Table 4. Recoveryofrlsedronate from mouse nrine samples (250 nglmL) 

Replicates E1tracted Urine Sample Extracted Blank Urine 

(peak area) Sample +spiked neat peak 

"'~ 

#I 12400 30400 

" 1aooo 28800 

#3 16600 29800 

#4 18100 36000 

#5 1~500 30300 

M= !5920 31060 

SD 2447 2833 

CV% 15.4 9.1 

R""ovory (o/o) 51.3 

The present invention may be embodied in other specific forms without departing from lhe 

spirit or essential attribut.,,; thereof. 
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We claim: 

1. A method for qwmtitativcly determining risedronale in a urine sample comprising: 

a) adding an internal slandard solution lo the urine sample; 

b) applying the urine sample to an Oesis HLB cartridge, wherein lhe cartridge hai; 

been pre-conditioned with methanol; 

e) washing the cartridge with about 1% (v/v) TEA jn waler and about 1% (v/v) formic 

acid in methanol; 

d) c!utingriscdronatc, al lees I once, wilh a mixture of about 60% (v/v) methanol and 

aboul40"/o (v/v) waleroonl.aining about 3 mM EDTA under vacuum; 

c) cvapo!llting die clulcd solution and reconstituting wilh a mixture of 10% (v/v) 

methanol and 90o/o (v/v) 0.05 M NH4Ac-NH40H buffer to provide a sample 

mixture of risedronate and !he intcmal standard; e.nd 

f) anal%ing tbe sample mixture wilh a LC-MS/MS system. 

2. The method according lo claim I, wherein lheurine sample is a mouse or rat urine 

sample. 

J, The method according lo claim I, wherein Lhe internal standard is deoxy-riscdronatc. 

4. The method aecording to claim 1, wherein lhe internal standard is deoxy-riscdronatc 

!hat is added as a solution in waler. 

5. Themelhod a<:e0rding m claim 1, wherein the internal standard is deoxy-risedmnetc 

!hat is added es an about 10 µg/mL solution in water. 

6. The method according to claim I, wherein lhe Oasis HLB cartridge is a 30 mg Oasis 

HLB cartridge. 

7. The method according lo claim 1, wherein the amonnl of the urine sample is about 0.4 

mL. 

8. The method according lo claim I, wherein lhc cartridge has been pre-conditioned with 

aboul I mL of melhanol. 

9. The melh.od ac<:ording to claim I, wherein lhc cartridge has been prc-conditioned with 

aboul I mL ofmelh.anol and followed by about 0.5 mL of 1% (v/v) TEA in water. 

10. The method according to claim 1, wherein the cartridge is washed with about 0.5 mL 

ofaboul 1% (v/v) TEA in water and aboul0.5 mL of about 1% (v/v) furmic acid In methanol. 

11. The melhod according to claim 1, wherein the amount of lhc mixture of about 60% 

(v/v) methanol and about 40% (v/v) water containing about] mM EDTA is about 1.5 mL . 

.... 
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12. The method according lo claim I, whereinriscdronale ls eluted twice wilh ahout 0.75 

mL of lhe mixture of about 60% (v/v) methanol and ahout 40% (v/v) waler wntaining about 3 

mMEDTA. 

JJ_ The method according to cl!lim 1, wherein lhe amount of the mixhrre ofl0% (v/v) 

methanol and 90% (vfv) 0.05 MNH.,Ac--NH.,OH buffer is aboul 100 µL. 

14. The method acconiing lo claim 1, wherein the inlcmal standard is deoxy-risedmnale, 

and analyzing the sample mixture with a LC-MSIM:S system comprisese separating 

riscdroantc and deoxy-risedronale by HPLC on en Inerts!\ Phcnyl-3 HPLC colllDlll by gradient 

elution with. a mixture of solution A and solution B, wherein the amount of solution A i.• 

increased fi"om about 10% (v/v) lo abouL 95% (v/v), and wherein lhe solntionA is about 90% 

(v/v) methanol in waler, and solution Bis ahout JO :mM: ammonium acetale-acetic acid buffer 

with 2% (v/v) triethylamine, 

15. A method for quanlitalively determining riscdronetc in a mouse or mt urine sample, 

compns1ng: 

a) adding aboul 1 00 µL of about 10 µglmL dexoy-riscdronatc solution in waler to ahoul 

0.4 mL of the mouse or rat urine "3111p!e; 

b) applying th.cmousc or ml urine sample lo a 30 mg Oasis HLB cartridge, wherein the 

cartridge has been pre-conditioned wilh aboul l mL of methanol and followed by 

about 0.5 mL of 1% (v/v) TEA in waler; 

c) washing the cartridge with abonl 0.5 mLof 1% (v/v) TEA in water and about 0.5 mL 

ofl% (v/v) fomllc acid in methanol; 

d) elutingrisedronatc wilh about 1-5 rnL ofa mixrure of about 60% (v/v) methanol and 

aboul40% (v/v) waler conlaining aboul 3 mM EDTA; 

e) evaporating the eluted solution and reconstilnting with about JOO µL of a mixture of 

about 10% (v/v) of methanol and about 90"/o (v/v) ofeboul0.05 MNH<tAc-NH~OH 

buffer lo provide a sample mixture of risedronate and dexoy-risedmnale; and 

f) analyzing the sample mixture with. a LC-MS/MS system, wherein lliedronate and 

dexoy-risedronate are sepamted by HPLC on an lnerl.'lil Phenyl-3 HPLC column by 

gradient elution with e mixture of solution A and soluiiou B, wherein the amount of 

solution A is increa•ed from aboul 10% (v/v) to about 95% (v/v), and wherein lhe 

solution A is about 90"/o (vfv)methanol in waler, andsolulion Bis ahout 10 rnM 

ammoniumacetate-acelic acid buffer with 2'Yo (vfv)triethylamine. 
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16. A melhod for quanlitl!tively delermining riscdrone.tc in a mouse or rat urine sample, 

compns1ng: 

a) adding about 100 µL of about 10 µglmL dexoy-risedmnale solution in waler lo 

about 0.4 mL of lhe mouse or rat urine &'l111ple; 

b) applying lhe mouse orral urineS!IIl1ple lo a 30 mg Oasis HLB cartridge, wherein 

lhe cartridge has been pre-conditioned wilh aboul I mL ofmelhanol and followed 

by about0.5 mL of !'Yo (vlv) TEA in waler; 

c) washing lhe cortridge wilh about 0.5 mL of 1% (v/v) TEA in waler and about 0,5 

mL of I% (v/v) formic acid in methanol; 

d) eluting risedronirtetwiee wilh about 0.75 mL ofa mixtureofabout60% (v/v) 

methanol and about 40"/o (vlv) water conlBining about 3 mM EDT A; 

e) evaporaling the eluted solution and reco~tuling wilh about 100 µL of a mixture 

of aboul 10% (v/v) of methanol and about 90% (v/v) of about 0.05 M NH,Ac­

NH,OH buffer lo provide a sample mixture of risedronate and dexoy-risedronale; 

~d 

f) analyzing the sample mixture wilh a LC-MS/MS system, wherein riscdronale and 

dcxoy-:riscdrouele arc separated by HPLC on an lnerlsi!Phenyl-3 HPLC column by 

grudient elution wilh a mixture of solulion A and solution 8, wherein lhe amount 

of solution A is increased fromabou110% (v/v) lo about 95% (v/v), aod wherein 

the solution A is about 90% (vfv)methanol in water, and solulionB is about JO 

mM ammonium accl.Q1c-acctic acid buffer with 2% (v/v) triethylaminc. 

·--. 


