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ABSTRACT

A simple, rapid, and reproducible analytical procedure has been deve-

loped for the assay of risedronate in pharmaceutical dosage forms. The

method is based on ion-pair liquid chromatography with UV detection.

Separation is performed on an Eclipse XDB C18 (4.6 � 150mm2,

3.5mm particles) column, using 5mM tetrabutylammonium phosphate

as counter-ion in the mobile phase. The proposed method was extensively

validated according to ICH guidelines for the assay determination. A

linear relationship was found in the concentration range studied from

50 to 150mg risedronate sodium per 25mL injection. The method
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precision was below 1.2% relative standard deviation (RSD) (n ¼ 9). The

mean recovery of risedronate from commercial tablets was found to be in

the range of 99.3–100.6%. The limit of detection (LOD) and limit of

quantification (LOQ) of risedronate were found to be 30 and 100 ng,

respectively. Since the method is stability indicating, it is also well

suited for shelf-life studies of risedronate pharmaceutical preparations.

Key Words: Ion-pair HPLC; UV detection; Assay; Validation; Stability

indicating; Risedronate; Eclipse XDB C18; Actonel tablets.

INTRODUCTION

Risedronate sodium is a pyridinyl bisphosphonate that inhibits osteoclast

mediated bone resorption and modulates bone metabolism. The chemical

name of risedronate sodium is [1-hydroxy-2-(3-pyridinyl) ethylidene]bis

[phosphonic acid] monosodium salt (Fig. 1). Procter & Gamble have formu-

lated risedronate sodium as a prescription drug under the brand name

ActonelTM, and is widely used in the treatment of osteoporosis and Paget’s

disease.

A few methods have been published in the literature for the determination

of risedronate in biological fluids: for example, by using GC-MS following

acylation and silylation to form a volatile derivative,[1] enzyme linked immu-

nosorbent assay (ELISA),[2] and column-switching ion-pair HPLC with UV

detection.[3] But all these methods involve complicated sample pretreatment

procedures, or require instrumentation typically not available in a routine

pharmaceutical quality control laboratory. Moreover, they lack the simplicity,

convenience, and speed preferred for an assay of active pharmaceutical

Figure 1. Chemical structure of risedronate sodium.
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ingredient (API) in formulation. Therefore, a simple, accurate, and reproduci-

ble analytical method is necessary for risedronate in quality control and in

shelf-life studies of formulation products. To date, no high performance

liquid chromatography (HPLC) method has been reported for the determi-

nation of risedronate in pharmaceutical preparations.

The bisphosphonate class of drugs are known to be extremely difficult to

analyze using liquid chromatography and, hence, development of their HPLC

assay is a tough challenge to the analyst.[4–7] Because they are very strong

chelators, they readily interact with metals in HPLC systems (e.g., in injection

valve or tubing or HPLC columns), giving rise to poor peak shape and irrepro-

ducible chromatography. For this reason, several substances of this class are

used as detergents. There is an approach to reduce the adsorptive character

of bisphosphonates by adding tailing suppressors in the mobile phase.[3,8]

Another way to overcome these interactions with the chromatographic

set-up, is to use a completely non-metallic system.[9–11] Irrespective of

these preventive measures, the selection of the column packing material

remains critical, since the use of a metal-free system prevents only the chela-

tion of bisphosphonates with metal ions but not the specific interaction of

bisphosphonates with the column packing material.

In general, most of the bisphosphonates lack chromophore groups that

make it difficult to use UV detection for their analyses. But, risedronate

sodium having a pyridinyl group is sufficiently sensitive for direct UV detec-

tion. Moreover, risedronate sodium is readily ionizable in solution and, hence,

it can be analyzed by a liquid chromatographic technique using reversed-

phase conditions with mobile phase containing ion-pair reagents. Therefore,

ion-pair reversed-phase liquid chromatography using a non-metallic system

with UV detection, is feasible for risedronate determination.

The current study describes the development and validation of a simple,

rapid, and accurate ion-pair HPLCmethod for the determination of risedronate

in ActonelTM tablets. Since the method is stability indicating, it is also well

suited for shelf-life studies of risedronate pharmaceutical preparations.

EXPERIMENTAL

Instrumentation

The HPLC system consisted of a Dionex 40 gradient pump, LC 20

Chromatography Enclosure, AD 20 absorbance detector, and a Rheodyne

injection valve equipped with a 25-mL sample loop. HPLC was controlled

and monitored by Dionex PeakNet ver. 5.01 software. The chromatographic

separation was performed using a Zorbax Eclipse XDB C18 (150 � 4.6mm2

Determination of Risedronate by Ion-Pair HPLC 2801
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ID and 3.5mm particles) column, obtained from Agilent Technologies. An

Accumet Meter (Model 07256) from Fisher Scientific was used for pH

measurements.

Chemicals and Reagents

Risedronate sodium, ActonelTM and placebo (contains only ActonelTM

excipients) tablets were obtained from Procter & Gamble Pharmaceuticals

(Norwich, NY). Ion-pair reagent, tetrabutylammonium phosphate was

obtained as a 1.0M solution in water from Aldrich Chemicals (Milwaukee,

WI). Acetonitrile 99.93þ% HPLC grade and methyl alcohol 99.93þ%

HPLC grade were also purchased from Aldrich Chemicals (Milwaukee,

WI). Dibasic sodium phosphate 7-hydrate crystals and disodium ethylenedia-

mine tetraacetate dihydrate were obtained from J. T. Baker (Phillipsburg, NJ).

All standards and stock solutions were made using Nanopure water with resis-

tivity of 18mV or greater.

Chromatographic Conditions

Chromatographic analysis was carried out at ambient temperature

(�228C). The mobile phase used for the separation was a mixture of aceto-

nitrile and 0.01M sodium phosphate buffer (pH 7.5) in the ratio 10 : 90 (v/v),
containing 5mM tetrabutyl ammonium phosphate (ion pair reagent) and

1mM EDTA. The sodium phosphate buffer was prepared by dissolving

2.68 g of dibasic sodium phosphate 7-hydrate in 1000mL of water and then

adjusting the pH to 7.5 with dilute phosphoric acid. The mobile phase was fil-

tered under vacuum through 0.45-mm nylon filters (Whatman International,

Maidstone, England). The mobile phase flow rate was 1.0mL/min. The detec-

tion was accomplished using UV detection at 262 nm.

Solutions

A stock solution of risedronate was prepared by dissolving 25mg of the

compound in mobile phase. Appropriate dilutions were made in mobile

phase to final concentrations of 0.05, 0.075, 0.1, 0.125, 0.15mg/mL for the

calibration curve. The mobile phase was injected as the blank. The average

weights of an ActonelTM 5 and 50mg tablets were established to be 248.6

and 247.3mg, respectively. Risedronate sample solutions (0.06, 0.09, and

0.12mg/mL) were prepared by dissolving appropriate amounts of crushed
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and ground ActonelTM tablets, respectively, in 25mL of mobile phase. Equiv-

alent weights of placebo powder (as used to prepare risedronate solutions from

ActonelTM tablets solutions) were dissolved in mobile phase to prepare

placebo solutions. All solutions were prepared in triplicates.

Degraded Samples for Specificity Study

For acid and base degradations, risedronate sodium was refluxed with 1 N

HCl or 1 N NaOH at 70+ 18C for 16 hr, and then neutralized by adjusting pH

to 7.0 with either 2N NaOH or 2 N HCl. The solutions were further diluted to

required concentration (0.08mg/mL) with mobile phase. For aqueous degra-

dation, risedronate sodium was refluxed with water at 70+ 18C for 16 hr, and

then diluted to required concentration with mobile phase. For photo degra-

dation, a solution of risedronate sodium [0.08mg/mL, prepared in water–

acetonitrile (90 : 10)] was exposed to ultraviolet light (254 nm). A solid

sample of risedronate sodium, kept at 708C for 24 hr, was used for thermal

degradation studies.

Kinetic Studies of Oxidative Degradation

For oxidative degradation, 50mg of risedronate sodium was refluxed with

100mL of 10% H2O2 at 70+ 18C (water bath). After different time intervals,

(0, 30, 60, 120, 180, 240, 300, and 360min), 1.0mL aliquots of the solution

were transferred into 10-mL volumetric flasks and then diluted to the mark

with the mobile phase.

RESULTS AND DISCUSSION

Method Development

Risedronate sodium contains several hydroxide groups and an ionizable

pyridine ring, which prompted us to use reverse phase ion-pair HPLC for

the development of an assay method in formulation samples. A non-metallic

chromatographic system was used for the analysis to minimize potential

adsorption sites (e.g., metal surfaces) within the HPLC system. The detector

wavelength was set at 262 nm based on the UV data obtained for risedronate

sodium in water. Different mobile phase compositions consisting of sodium

phosphate buffer (pH 7.5) and acetonitrile with 5mM tetrabutylammo-

nium phosphate as ion-pair reagent, were used on Dionex RP 300 C18,

Determination of Risedronate by Ion-Pair HPLC 2803
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4.6 � 150mm2 stainless steel columns in order to optimize the separation of

risedronate. Among the several mobile phases tested (8–17% acetonitrile),

10% acetonitrile was found to give good retention (�8min) for risedronate,

but a broad peak shape with a small plate count was observed and was, there-

fore, subjected to further optimization. Although the HPLC tubing and injec-

tor were all non-metallic, the column was metallic. Hence, some interaction

with risedronate is possible, which may lead to poor peak shape. Addition

of 1mM EDTA to the above mobile phase improved the peak shape but

decreased the retention (�4.2min) of risedronate. Even the manipulation of

column length failed to give acceptable chromatography. Interestingly, excel-

lent peak shapes with good retention were achieved with the same eluent on

Zorbax Eclipse XDB C18 150mm stainless steel columns. Therefore, the

above chromatography conditions at a flow rate of 1.0mL/min were finally

adopted for the assay determination of risedronate in commercial formulation.

System Suitability Test

System suitability was determined by making six replicate injections of

freshly prepared risedronate sodium at 0.08mg/mL in diluting solution.

The relative standard deviation (RSD) of the capacity factors and the peak

areas were found to be less than 2%. The number of theoretical plates

observed was more than 10,000, and the tailing factor was found to be less

than 1.3. All these parameters were calculated on the basis of risedronate

peaks.

Method Validation

The proposed method has been extensively validated for assay determi-

nation of risedronate according to ICH guidelines[12] using the following

parameters.

Specificity

To demonstrate specificity in the presence of excipients used in the formu-

lation, risedronate sodium was spiked in the placebo (at approximately

0.08mg/mL level) and analyzed for the assay, and the results obtained

were compared with the results of pure sample. Reproducibility was observed

in both cases (RSD , 2%), suggesting that there is no interference from any

excipients present in the tablets. The results of this analysis are illustrated in

Fig. 2.
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Figure 2. Representative chromatograms: A, risedronate as a bulk; B, risedronate in

placebo; C, placebo; eluent: acetonitrile–0.01M sodium phosphate buffer (pH 7.5)

(10 : 90)þ 5mM tetrabutylammonium phosphate bufferþ 1mM EDTA. Column:

Zorbax Eclipse XDB-C18, 4.6 � 150mm2; UV detection: 262 nm; flow: 1.0mL/min.

Determination of Risedronate by Ion-Pair HPLC 2805
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Forced degradation studies were performed to demonstrate the validity of

the assay method and provide evidence of its stability indicating property. The

samples exposed to acidic, basic, aqueous, oxidative, thermal, and UV stress

conditions were analyzed for the assay of risedronate, and the results are pre-

sented in Table 1. All the degradation products formed during stress studies

were clearly resolved from the risedronate peak. The representative chroma-

tograms of risedronate and its degradation products are shown in Fig. 3. To

evaluate the homogeneity of the risedronate peak, all the stress samples

were also analyzed at 210 nm. We calculated the response ratio of risedronate

using peak areas integrated at both 210 and 262 nm, and found constant value

(0.98) in all instances. This suggested that risedronate peak had no detectable

impurity peaks embedded, and is free of co-eluting degradation compounds.

From these results, it is clear that the proposed assay method is stability indi-

cating and can be used for shelf-life studies of risedronate sodium as bulk and

pharmaceutical formulations.

Earlier, it was reported that the decomposition of P–C–P bonds of

bisphosphonates under stress conditions led to the releasing of inorganic phos-

phate and phosphite compounds.[13] Since the phosphate/phosphite does not

show any UV sensitivity and it could not be detected as peaks in the stress

samples, a corresponding area decrease from risedronate peak was observed

(Table 1). Presently we are working on the determination of these inorganic

phosphates using electrochemical detection (ED) and the obtained results

will be published elsewhere.

The chromatograms obtained from the oxidative degradation revealed

that the peak area of risedronate was reduced proportionally with time.

Figure 4 shows the plot of log ([risedronate]/1024mol dm23) versus time

Table 1. Degradation conditions of risedronate sodium.

Condition

Time

(hr)

Assay

(%)

RRTa of degradation

products

1N HCl, ref. at 708C 16 96.1 0.11, 0.19, 0.37, 0.43

1N NaOH, ref. at 708C 16 95.5 0.11, 0.19, 0.37, 0.43

Water, ref. at 708C 16 96.6 0.37, 0.46, 0.76

10%H2O2, ref. at 708C 6 55.9 0.13, 0.19, 0.23, 0.30, 0.32, 0.37,

0.39, 0.47, 0.66, 0.93, 1.66

Heat dry, 808C 24 100.2 0.11, 0.19, 0.37, 0.45

Light, UV at 254 nm 24 95.2 0.15, 0.19, 0.21, 0.31, 0.35, 0.37,

0.41, 0.44, 0.47, 0.61, 1.57

Note: ref.: refluxed.
aRelative retention time w.r.t risedronate.
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for degradation. It indicates a first-order degradation behavior with a rate cons-

tant (k) of 2.654 � 1025 sec21 and a correlation coefficient of 0.998. The

first-order disappearance rate constant was calculated using the following

formula.[14]

log½A� ¼ log½A�0 �
kt

2:303

where [A]0 is the initial concentration of risedronate at t ¼ 0 and [A]t is its

concentration at time t. The half-life period (t1/2) was calculated according

to the formula below,[14] and it was found to be about 435min.

t1=2 ¼ 0:693

k

Figure 3. Separation of risedronate from its degraded products; unlabeled peaks are

unknown degradation products. Eluent: acetonitrile–0.01M sodium phosphate buffer

(pH 7.5) (10 : 90)þ 5mM tetrabutylammonium phosphate bufferþ 1mM EDTA.

Column: Zorbax Eclipse XDB-C18, 4.6 � 150mm; UV detection: 262 nm; flow:

1.0mL/min.
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Precision

The precision of the method for the assay determination of risedronate

was studied using the parameters viz. repeatability and intermediate pre-

cision. Method repeatability/intermediate precision was assessed by the

assay of two, six-sample sets by two different analysts, using different

columns and different lots of reagents on different days. The results are sum-

marized in Table 2. The RSD values of repeatability/intermediate precision

indicated that the proposed method provides acceptable precision for assay

determination.

Linearity

Linearity of the method was checked at five different concentration levels

ranging from 50 to 150mg/mL, prepared from stock solution of working stan-

dard. The equation for calibration curve is y ¼ 2 � 107�2504.86 with a

correlation coefficient (R2) equal to 0.999.

Figure 4. Semilogarithmic plot of risedronate sodium versus time of exposure to

10% H2O2 at 708C for oxidative degradation products.
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Accuracy/Recovery

Accuracy of the assay method was checked by spiking placebo samples of

Actonel tablets with three different concentration levels, i.e., 60, 90, and

120mg of standard risedronate sodium, and the mixtures were analyzed by

the proposed method (n ¼ 3). The mean recovery data (at 95% confidence

limits) obtained for each level, as well as its percentage recoveries, are tabu-

lated in Table 3.

Table 2. Repeatability/intermediate precision.

Sample

Analyst 1

(mg per tablet)

Analyst 2

(mg per tablet)

Repeatability

1 5.11 4.96

2 4.99 4.92

3 5.05 5.06

4 5.09 4.98

5 5.00 5.01

6 4.98 5.05

Mean (n ¼ 6)

%RSD

5.04 4.99

1.09 1.08

Intermediate precision

Mean (n ¼ 12)

%RSD

5.02

1.11

Table 3. Accuracy in the assay determination of risedronate.

Sample

Taken

(mg/mL)

Recovery (n ¼ 3)

(mg/mL)

[mean+ t(s/
p
n)]a

Percentage

recovery

Placebo (for actonel 5mg) 59.5 59.7+ 1.41 100.3

91.7 92.3+ 0.99 100.6

120.6 119.8+ 1.14 99.3

Placebo (for actonel 50mg) 60.2 59.8+ 0.75 99.4

92.1 92.2+ 1.03 100.1

121.4 121.2+ 0.86 99.8

as, S.D.; t ¼ 4.30 (at 95% confidence limit and n2 1 degrees of freedom).
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Limit of Detection and Limit of Quantification

To determine the limit of detection (LOD) and limit of quantification

(LOQ), serial dilutions of risedronate sodium were made from the standard

stock solution (50mg/mL). The samples were injected (25mL) and the

measured signals from the samples were compared with those of blank

samples. LOD and LOQ values were identified as signal-to-noise ratio of

3 : 1 and 10 : 1, respectively. The LOD and LOQ of risedronate were found

to be 30 and 100 ng, respectively.

Robustness

To determine the robustness of the method, experimental conditions such

as flow rate, acetonitrile composition, buffer concentration, buffer pH, EDTA

concentration, and tetrabutylammonium phosphate concentration were purpo-

sely altered, and their effect on chromatographic characteristics such as effi-

ciency, retention time, and tailing factor of risedronate peak were evaluated.

The obtained results are presented in Table 4. There are no significant

effects observed with the above study, except some changes noticed with

buffer and EDTA concentrations. Decrease in buffer or EDTA concentrations

reduced the efficiency but increased retention of the risedronate peak was

observed.

Stability

The stability of the risedronate in diluting solutions was determined for

the samples stored in a refrigerator and at room temperature. The samples

were checked after 3 successive days of storage and the data were compared

with freshly prepared samples. In each case, the RSD values of the assay were

found to be below 2.0%. This indicates that the risedronate sodium is stable in

the solution for at least 3 days.

CONCLUSIONS

An ion-pair HPLC method has been developed and subsequently vali-

dated for the assay of risedronate in formulation samples. The proposed

method was found to be simple, selective, precise, and stability indicating.

The method was successfully used for the assay determination of risedronate

from Actonel tablets. The results obtained confirmed that the method is highly

Aluoch et al.2810
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suitable for its intended use. The method can be used for stability studies of

risedronate sodium as bulk and pharmaceutical dosage forms in the quality

control laboratories.
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Table 4. Robustness studies for the assay method.

Efficiency

(N )a
Tailing factor

(T )a
Retention time

(min)a

Flow rate

0.9 12,356 1.21 12.20

1.0 13,302 1.18 11.02

1.1 13,669 1.08 10.00

Acetonitrile composition (%)

8 12,023 1.22 12.13

10 13,302 1.18 11.02

12 13,586 1.15 9.80

Phosphate buffer concentration (M)

0.005 11,828 1.31 11.90

0.010 13,302 1.18 11.02

0.025 13,586 1.15 8.50

Phosphate buffer pH

7.3 12,567 1.25 10.91

7.5 13,302 1.18 11.02

7.7 12,678 1.23 11.10

EDTA concentration (mM)

0.5 9,278 1.18 13.38

1 13,302 1.22 11.02

1.5 14,232 1.15 8.28

Tetrabutylammonium phosphate concentration (mM)

3 12,390 1.21 9.92

5 13,302 1.18 11.02

7 12,109 1.24 13.24

aTabulated data is mean of duplicate injections.

Determination of Risedronate by Ion-Pair HPLC 2811

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



REFERENCES

1. Mitchell, D.Y.; Eusebio, R.A.; Dunlap, L.E.; Pallone, K.A.; Nesbit, J.D.;

Russell, D.A.; Clay, M.E.; Bekker, P.J. Risedronate gastrointestinal

absorption is independent of site and rate of administration. Pharm.

Res. 1998, 15, 228.

2. Mitchell, D.Y.; Heise, M.A.; Pallone, K.A.; Clay, M.E.; Nesbit, J.D.;

Russell, D.; Melson, C. The effect of dosing regimen on the pharmacoki-

netics of risedronate. Br. J. Clin. Pharmacol. 1999, 48, 536–542.

3. Vallano, P.T.; Shugarts, S.B.; Kline, W.F.; Woolf, E.J.;

Matuszewski, B.K. Determination of risedronate in human urine by

column-switching ion-pair high performance liquid chromatography

with ultraviolet detection. J. Chromatogr. B 2003, 794, 23–33.

4. Fels, J.-P.; Guyonnet, J.; Berger, Y.; Cautreels, W. Determination of (4-

chlorophenyl)thiomethylene bisphosphonic acid, a new bisphosphonate,

in biological fluids by high performance liquid chromatography.

J. Chromatogr. 1988, 430, 73–79.

5. Usui, T.; Watanabe, T.; Higuchi, S. Determination of a new bisphospho-

nate, YM175, in plasma, urine and bone by high performance liquid

chromatography with electrochemical detection. J. Chromatogr. 1992,

584, 213–220.

6. Hartigh, J.D.; Langebroek, R.; Vermeij, P. Ion-exchange liquid chromato-

graphic analysis of bisphosphonates in pharmaceutical preparations.

J. Pharm. Biomed. Anal. 1993, 11, 977–983.

7. Quattrocchi, O.; Frisardi, L.; Iglesias, M.; Noya, M.; Caputto, M.;

Ferraris, D.; Siliprandi, D.; Piccinni, E. Ion exchange chromatographic

determination of olpadronate, phosphate, phosphite, chloride, and metha-

nesulfonic acid. J. Pharm. Biomed. Anal. 2001, 24, 1011–1018.

8. Pettersson, K.J.; Nordgren, T.; Westerlund, D. Determination of phospho-

noformate (foscarnet) in biological fluids by ion-pair reversed-phase

liquid chromatography. J. Chromatogr. 1989, 488, 447–455.

9. Kwong, E.; Chiu, A.M.Y.; McClintock, S.A.; Cotton, M.L. HPLC analy-

sis of an amino bisphosphonate in pharmaceutical formulations using

postcolumn derivatization and fluorescence detection. J. Chromatogr.

Sci. 1990, 28, 563–566.

10. Determination of Polyvalent Anions by Ion Chromatography; Dionex

Corporation: Sunnyvale, California, 1983.

11. Daley-Yates, P.T.; Gifford, L.A.; Hoggarth, C.R. Assay of 1-hydroxy-3-

aminopropylidene-1,1-bisphosphonate and related bisphosphonates in

human urine and plasma by high performance ion chromatography.

J. Chromatogr. 1989, 490, 329–338.

Aluoch et al.2812

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



12. International conference on Harmonization, Draft Guideline onValidation

Procedures, Definitions and Terminology, 1995, 60, 11260, 1 March.

13. Bisaz, S.; Felix, R.; Fleisch, H. Quantitative determination of ethane-1-

hydroxy-1,1-diphosphonate in urine and plasma. Clin. Chim. Acta

1975, 65, 299–307.

14. Christian, G.D. Analytical Chemistry, 5th Ed; John Wiley and Sons:

New York, 1994; 563.

Received April 26, 2004

Accepted May 22, 2004

Manuscript 6383

Determination of Risedronate by Ion-Pair HPLC 2813

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


