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ABSTRACT 
A high performance liquid chromatography (HPLC) method is developed for determination related substances and 
assay in Pamidronate sodium without derivatization. The isocratic method was developed by using column Zorbax 
SB-C18 (250 mm x 4.6 mm), 5 µm employing the mobile phase containing the buffer (0.4 % v/v n-Hexylamine in 
water with pH 7.5): Methanol: Acetonitrile (75:25:05 v/v/v). This method is compatible to conductivity detector, 
Evaporative Light Scattering (ELS) detector and Refractive Index (RI) detector. The Limit of detection (LOD) and 
limit of quantitation (LOQ) was established for Pamidronate sodium with Conductivity detector, ELS detector and 
RI detector. The conductivity detector was found to be suitable for related substances determination in Pamidronate 
sodium when compared with ELS and RI detectors. The LOQ values obtained for phosphoric acid impurity is 0.05% 
and phosphorus acid impurity is 0.04% with respect to the target analyte concentration (1 mg mL-1) by using 
conductivity detector. The relative response factor was established by linearity method for phosphoric acid impurity 
and phosphorous acid impurity against Pamidronate sodium by using conductivity detector. The method was 
validated with respect to accuracy, precision, linearity and robustness by using conductivity detector. Specificity of 
the method was demonstrated in the presence of known impurities and degradation impurities. 
Key words: Ion pair chromatography, Conductivity detector, Phosphate, Phosphite, Bisphosphonates, Pamidronate 
disodium 
 
 

INTRODUCTION 
Bisphosphonates were developed in the 19th century, but were first investigated in 1960’s for the use in 
disorder of bone metabolism. Pamidronate sodium is bisphosphonate active pharmaceutical ingredient 
widely used for bone resorption disease such as Osteoporosis, hypercalcemia1,2. 
High polarity and lack of chromospheres in Pamidronate molecule makes the analytical method 
development complicate. The property of Pamidronate to form the chelate with metals and metal surfaces, 
produce the chromatographic tailing and make the method development even more a difficult task. A few 
methods reported in the literature for determination of Pamidronate sodium in biological matrix, but there 
is no method to analyze the related substances in Pamidronate sodium without Derivatisation by 
chromatographic method. The methods reported in the literature for determination of Pamidronate content 
& bisphosphonate either by using derivatisation technique3-7,15 or by GC-MS8, LC-MS9,15, LC-MS/MS10,15 
or Ion chromatography11,15. A non-specific assay method of Pamidronate sodium by titration11 is also 
cited in literature. There is no chromatographic method available in literature to determine the related 
substance in Pamidronate sodium. The objective of this work was to develop a suitable stability-
indicating, analytical method for the determination of related substances and assay of Pamidronate 
sodium pentahydrate without derivatisation. The novelty of presented method is performing the analysis 
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‘without derivatisation’ thus makes the method simple and fast. The advantages of this method as 
compared to present published methods are twofold i.e. the sample preparation does not requires 
derivatisation and the same can be used for determination of Pamidronate sodium pentahydrate content 
and related impurities (e.g. phosphate and phosphite).  As this method employs the usage of conductivity 
detector for the quantification of Pamidronate sodium and related impurities which makes method cost 
effective. The developed method is specific and stability- indicating. The peak tailing of Pamidronate 
sodium peak is less than 1.5 and the resolution of closest eluting impurity is more than 1.5. 
This paper deals with the method development and validation of the developed method.    
 

EXPERIMENTAL 
Chemicals and Reagents 
Sample of Pamidronate sodium pentahydrate were received from Process Research Department of 
Custom Pharmaceutical Services, a business unit of Dr. Reddy’s Laboratories Ltd, Hyderabad, India. The 
impurities Phosphorous acid was purchased from Spectrochem pvt. Ltd. Mumbai (India) and GR grade 
Sodium dihydrogen phosphate monohydrate was purchased from Merch Ltd., Mumbai. HPLC grade n-
Hexylamine was purchased from Spectrochem pvt. Ltd. Mumbai (India), HPLC grade Acetonitrile and 
Methanol was purchased from Ranbaxy fine chemicals, New Delhi, India. Analytical Reagent grade 
Acetic acid was purchased from Qualigens fine chemicals, Mumbai, India.Analytical grade sodium 
carbonate, sodium hydrogen carbonate was purchased from S.d.fine chemicals, Mumbai, India. and 
Analytical grade sodium hydroxide and disodium hydrogen phosphate from Qualigens Fine Chemicals, 
Mumbai, India. Analytical reagent grade sulfuric acid was purchased from Merck, Mumbai, India and 
phosphorus acid from Spectrochem, Mumbai, India. HPLC grade water used for the analysis was 
purchased from Qualigens Fine Chemicals, Mumbai, India. 
 
Equipment 
The LC system used for method development and validation was  
(i) Agilent 1100 series equipped with Refractive Index Detector (RID) and Alltech 3300 Evaporating 

Light Scattering Detector (ELSD). Liquid Chromatography (LC) operated with Chemstation software, 
Agilent technology. 

(ii)  Metrohm Ion exchange Liquid Chromatography (LC) equipped with 818 IC pump, 819 IC 
conductivity detector (CD) and 813 compact auto sampler. The output signal monitored and processed 
by using, IC net 2.3 SR4 version software, Metrohm Ltd. CH-9101 Herisau, Switzerland. 

 
Chromatographic conditions 
The column used was Zorbax SB-C18, 250 mm length; 4.6 mm diameter and 5 µm particle size (make 
Agilent Technologies). 
The buffer was prepared by transferring the 4 mL of n-hexylamine in to the water and adjusted pH to 7.5 
using 10% v/v acetic acid. The isocratic mobile phase composition was Buffer: Methanol: Acetonitrile 
(70:25:05 v/v/v).  The flow rate of the mobile phase was 1.0 mL min-1. The column temperature was 
maintained at about 25°C and the detection with conductivity detector by setting the full scale 100 µS cm-

1 and rage 5 mS cm-1 and the detection with RI detector by setting the detector cell temperature 35°C. The 
injection volume was 50 µL. 
Preparation of solutions 
The solutions of 200 ng/mL and 150 ng/mL concentration of phosphate and phosphite respectevly were 
prepared directly from 1000 µg/mL stock solution. The test solutions are prepared by dissolving 
Pamidronate sodium at the concentration of 1 mg/mL. 
Method validation  
The system suitability solution has been prepared by spiking phosphorous acid at 0.5 % level with respect 
to analyte concentration, in sample preparation. The system considered suitable when the resolution 
between Pamidronate sodium and phosphorous acid is more than 1.5 and Asymmetry is less than 1.5. 
Results are tabulated in Table-4. 
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The specificity solution was prepared by spiking the known impurities, phosphoric acid and phosphorous 
acid at 0.5 % level with respect to analyte concentration (1 mg/mL) in sample preparation. 
The specificity was demonstrated in presence of degradation impurities. Degradation performed in 0.1N 
Hydrochloric acid, 0.1 N Sodium hydroxide and 3 % Hydrogen peroxide for 24 hours. The Pamidronate 
Sodium has not shown any degradation in 0.1N Hydrochloric acid and 0.1N Sodium hydroxide after 24 
hours, but the Phosphoric acid impurity increased up to 1.5 % w/w in 3% Hydrogen peroxide after 24 
hours.  
The precision of an analytical procedure expresses the closeness of agreement between a series of 
measurements from multiple sampling of the same homogenous sample under prescribed conditions 12-15.  

The method precision performed by spiking the phosphoric acid and phosphorous acid at 0.5% level in 
Pamidronate sodium solution with respect to analyte concentration. The results (% RSD) of method 
precision for Phosphoric acid impurity, Phosphorus acid impurity and Pamidronate sodium are mentioned 
in Table-5. 
The linearity of an analytical procedure is its ability (within a given range) to obtain test results, which are 
directly proportional to the concentration of the analyte in the sample 12-15. The linearity of the method for 
phosphoric acid and phosphorous acid was performed from ‘Limit of quantitation’ to 1.0% with respect to 
analyte concentration. The linearity of the method for Pamidronate sodium was performed from limit of 
quantitation to 150% with respect to analyte concentration. The coefficient of regression of the calibration 
curve obtained was more than 0.99, thus confirming the linearity of the developed method. The result of 
linearity was presented in Table-6. 
Accuracy was determined by spiking Phosphoric acid and Phosphorous acid in Pamidronate sodium at 
three levels in the range 0.25% to 0.75 % with respect analyte concentration. Each levels solution was 
prepared in triplicate and injected each solution once in chromatography system. The percentage recovery 
of Phosphoric acid and phosphorous acid is ranging from 90 % to 110 % in presence of Pamidronate 
sodium and results are tabulated in Table-7. 
The limit of detection represents the concentration of analyte that would yield a signal to noise ratio of 312-

15. The limit of detection established for Pamidronate sodium, Phosphoric acid and Phosphorus acid and 
results are tabulated in Table-8.  
The limit of quantification represents the concentration of analyte that would yield a signal to ratio of 1012-

15. The limit of quantitation established for Pamidronate sodium, Phosphoric acid and Phosphorus acid and 
results are tabulated in Table-8. The percentage RSD of the peak area of six replicate injections of 
Pamidronate sodium, Phosphoric acid and Phosphorus acid at LOQ concentration are tabulated in Table-8. 
Solution stability of Pamidronate sodium established by leaving the solution in tightly closed volumetric 
flask at room temperature on a laboratory bench for 24 hours. Content of Pamidronate Sodium, 
Phosphorous acid and Phosphoric acid checked after 24 hours and compared with freshly prepared 
spoliation. No variation observed in content of Pamidronate Sodium, Phosphorous acid and Phosphoric 
acid indicates that Pamidronate Sodium solution is stable for 24 hours in water diluent. 
Robustness of the method was studied by making small deliberate changes in the method parameters. A 
variation of 1% Methanol in the composition of the mobile phase, did not affect the resolution and peak 
shape. A variation of 0.5 % Acetonitrile in the composition of the mobile phase, did not affect the 
resolution and peak shape. A variation in pH 7.5 ± 0.2 of mobile phase, did not affect the resolution and 
peak shape. 
The effect of flow rate was studied by injecting system suitability solution with 0.9 and 1.1 mL min-1 
flow rates. In both the cases the resolution and peak shape did not effect. 

 
RESULTS AND DISCUSSION 

The objective of this work was to evaluate the stability indicating chromatographic method to determine 
the assay and related substance in Pamidronate sodium without derivatisation. The development trial has 
been performed by using various ion pair reagent with various concentrations. The results of method 
development trials mentioned in Table -1, 2, and 3. 
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Selection of detector 
The LOD and LOQ were performed by using the ELSD, RID and conductivity detector for Pamidronate 
sodium. The results are tabulated in Table-II and data reveals that the conductivity detector is having the 
lower LOD & LOQ value as compared to ELSD and RID. 
Selection of ion pair reagent 
The ion pair reagent was used to influence the capacity factor of Pamidronate sodium. The effect of n-
butylamine, n-Pentylamine and n-Hexylamine on capacity factor of Pamidronate sodium was studied. It is 
clear from data (Table-1) that the n-Hexylamine were showing more capacity factor amongst above ion 
pair reagent. The effect of concentration of n-Hexylamine was studied (Table-3). On decreasing the 
concentration of n-Hexylamine capacity factor and resolution from phosphorous acid was decreased while 
on increasing the concentration of n-Hexylamine capacity factor and resolution from phosphorous acid 
was increased for Pamidronate sodium. The higher concentration of n-Hexylamine was shown more 
tailing factor. To achieve good resolution and minimum tailing factor, 0.4% v/v n-Hexylamine 
concentration was chosen for analysis. 
Selection of Mobile phase 
Acetonitrile selected along with buffer to improve the peak shape. Since, Acetonitrile is a strong solvent 
which has decreased the retention time of Pamidronate sodium, so as to maintain the retention time of 
Pamidronate sodium some part of the Acetonitrile has been replaced with a relatively weak solvent 
methanol. 
Hence the mixture of buffer: Methanol: Acetonitrile (70:25:05 v/v/v) chosen as a mobile phase to get 
better peak shape and retention time. 

CONCLUSION 
The isocratic ion pair chromatographic method is developed for determination of related substance and 
assay content of Pamidronate sodium and validated with respect to accuracy, linearity, precision, LOD, 
LOQ and robustness by using conductivity detector. Since, this method is isocratic and mobile phase 
containing the volatile buffer this method is compatible to RID and ELSD. The developed method is 
stability-indicating and can be used in Quality control Laboratories to determine the related substance and 
assay content of Pamidronate Sodium. 
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Table-1: Results of ion pair reagent selection 

 

S.No. Ion pair reagent Capacity factor of Pamidronate sodium 

1 n- Butyl amine 0.263 
2 n-Pentyl amine 0.757 
3 n-Hexylamine 3.130 

 
 

Table-2: Selection of detector 
 

LOD (µg/mL) LOQ (µg/mL) LOQ precision (% RSD) Name 
CD RID ELSD CD RID ELSD CD RID ELSD 

Pamidronate sodium 2.5 8.4 50 5.0 24.0 100 7.95 7.06 4.91 
 

 
 

Table-3: Results of IP reagent concentration selection 
 

S.No. n-Hexylamine concentration (% v/v) Capacity factor of Pamidronate 
sodium 

1 0.1 1.117 
2 0.2 1.744 
3 0.3 2.248 
4 0.4 2.650 
5 0.5 3.130 
6 0.6 3.360 
7 0.7 3.615 
8 1.0 4.345 
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Table-4: System suitability results 

 

API Name Resolution between API and Phosphorous 
acid Asymmetry of API peak 

Pamidronate sodium 1.95 1.31 
 

Table-5: Results of method precision 
 

 Pamidronate sodium Phosphoric acid Phosphorous acid 
% RSD 0.53 2.8 1.9 

 
Table-6: Results of linearity 

 
Compound name Range (µg mL-1) Slope Intercept  r 

Pamidronate sodium 5-1000 4.8393 - 29.67 0.9999 

Phosphoric acid 0.5-10 16.4178 0.1377 0.9998 

Phosphorous acid 0.4-10 25.4534 0.8316 0.9997 
 

Table-7: Results of accuracy 
 

 
 

 

Added (% with respect 
analyte concentration) 

Recovered (% with respect 
analyte concentration) (n=3) 

 
% Recovery 

 

Phosphoric acid 
0.25 
0.50 
0.75 

0.256 
0.488 
0.728 

102.4 
97.6 
97.1 

Phosphorous acid 
0.25 
0.50 
0.75 

0.239 
0.457 
0.690 

95.4 
91.3 
92.0 

n – number of determinations. 
 

Table-8: Results of LOD and LOQ 
 

Name LOD (µg/mL) LOQ (µg/mL) LOQ precision (% RSD) 

Pamidronate sodium 2.5 5.0 7.95 
Phosphoric acid 0.2 0.5 7.71 

Phosphorous acid 0.15 0.4 5.44 
 

 
 

Fig.-1:  3-Amino-1-hydroxybutylidine-1,1-bisphosphonate (Pamidronate sodium) 
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Fig.-2: System Suitability Test Chromatogram 
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