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ABSTRACT

Aims: The studied drug is lacking the presence of chromophore so a reaction with NBD-CI is
optimized to facilitate its chromatographic detection, so the main aim of the work is to quantify
pamidronate in a sensitive and accurate way either in bulk or dosage forms.

Methodology: The quantification of this group of drugs is a challenging task as they lack the
presence of chromophore groups in their structure. The proposed method depends on the
chromatographic quantification of the studied drug after its derivatization via its reaction with 4-
Chloro-7-nitro-2,1,3-benzoxazole and the product is separated on ODS C18 column (5 ym, 15 cm x
5 mm, i.d.) as a stationary phase and methanol : water (8:2, v/v) as a mobile phase. The flow rate
was 1 ml/min.

Results: The studied drug can be determined in the range of 900 - 3000 ng/mL after optimizing the
assay conditions to get optimum stationary — mobile phases match. Method validation is performed

*Corresponding author: E-mail: sagawad@yahoo.com;



Abdel-Gawad et al.; JPRI, 32(37): 1-6, 2020; Article no.JPRI.63689

according to USP-guidelines and different validation parameters like, linearity, accuracy, precision
and robustness are calculated and found to be excellent.

Conclusion: The proposed method is accurate, sensitive and can be applied for the routine
analysis of pamidronate in quality control laboratories.

Keywords: Pamidronate disodium; validation; HPLC; analysis; quantification,; determination.

1. INTRODUCTION

Pamidronate disodium (PAM) is a
bisphosphonate drug that used to treat high
levels of calcium in the blood that may be caused
by certain types of cancer. PAM is used along
with cancer chemotherapy to treat bone damage
caused by multiple myeloma or by breast cancer
that has spread to the bones. It is also used to
treat Paget's disease [1]. Analysis of
bisphosphonates is a challenging task. These
compounds mostly lack a chromophore. They
are extremely polar with several functional
groups and very difficult to analyze and not well
retained on HPLC columns. Most of the applied
methods for the quantification of PAM lie in the
category of liquid chromatography [2-4], gas
chromatography [5] and LC-MS/MS [6,7]. Due to
the limited number of the published methods
dealing with the determination of PAM, there is
an urgent need to develop new methods for its
determination either in bulk or dosage forms. So,
the main target of this work is to adopt a simple,
sensitive and accurate method of analysis of
PAM which can be applied in the routine work of
quality control laboratories.

2. MATERIALS AND METHODS
2.1 Raw Material and Dosage Form

PAM raw material (C3HgNO;P,Na, 5H,0);
molecular weight 396.1 g/mol was kindly
provided by Novartis Pharmaceuticals, San
Carlos, CA 94070, United States. Its purity was
certified to be 99.81%. Aredia® injection (30
mg/10 mL) for intravenous infusion was
manufactured by Novartis Pharmaceuticals,
USA.

2.2 Chemicals and Reagents

Methanol (HPLC grade) was purchased from
Sigma Aldrich. Phosphate buffer solution (pH 8.5
+ 0.2) [8] was prepared by dissolving
specific amounts of potassium dihydrogen
orthophosphate and sodium hydroxide (Sigma
Aldrich) in distilled water. 4-Chloro-7-nitro-2,1,3-

benzoxazole (NBD-CI, E.Merck Darmstadt-
Germany), 0.1% (w/v) was prepared by
dissolving 100 mg of NBD-CI in methanol in 100-
mL measuring flask then the volume was
completed to the mark using the same solvent.
Distilled water from "Aquatron" Automotive water
Still A 4000 [bibby Sterillin Ltd., Staffordshire-
UK).

2.3 Instrumentation

High performance liquid chromatograph consisted
of an isocratic pump (model L-7110), UV-visible
wavelength detector (Model 7120) and a
Rheodyne injector (model 7161) equipped with 20-
pL injector loop. All by LA CHROM MERCK
HITACHI.

2.4 Standard Solution

PAM stock standard solution (300 pg/mL), was
prepared by accurate weighing and transferring
30 mg of PAM into 100—-mL volumetric flask.
Dissolution in distilled water was completed by a
vortex mixer, then the volume was completed to
the mark using the same solvent.

PAM working standard solution (30 pg/mL), was
prepared by accurate transferring 10 mL of PAM
stock standard solution (300 ug/mL) into 100-mL
volumetric flask. The volume was then completed
to the mark with distilled water to get the required
concentration.

2.5 Procedure
2.5.1 Linearity

A set of stoppered test tubes was prepared to
contain aliquots of PAM (0.3 - 1 mL) working
standard solution (30 pg/mL). Addition of 2 mL
phosphate buffer solution (pH 8.5 + 0.2) then 1.5
mL NBD-CI, 0.1% (w/v) was carried out. Heating
in a thermostatic water bath was done at 70 °C
for 20 minutes then the contents of each test
tube were cooled to the room temperature and
transferred quantitatively to 10-mL calibrated
volumetric flask. The volume was completed to
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the mark with methanol followed by homogenous
mixing. Samples were then chromatographed
using ODS C18 column (5 ym, 15 cm x 5 mm,
i.d.) as a stationary phase and methanol : water
(8:2, viv) as a mobile phase. The flow rate was 1
ml/min.

Spectrophotometric detection was carried out at
470 nm. Peak area ratios (against the
corresponding peak area of the external
standard) were plotted against the corresponding
concentration to obtain a calibration graph then
the regression equation was computed.

2.5.2 Accuracy

The previously mentioned procedure under
linearity was repeated for the determination of
different concentrations of PAM (1200, 200 and
2500 ng/mL). The concentrations were
calculated from the corresponding regression
equation.

2.5.3 Precision

Intraday precision (Repeatability) was done by
analyzing three concentrations of PAM (1500,
2000 and 2800 ng/mL) three times within the
same day using the previously mentioned
procedure under linearity. The mean percentage
recoveries of the drug and relative standard
deviation were calculated using the suggested
HPLC-method.
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Intermediate (interday) precision was done by
analyzing three concentrations (1500, 2000 and
2500 ng/mL) of PAM on three successive days
using the procedure stated under linearity.
Calculations were carried out to get the mean
percentage recoveries of the drug and relative
standard deviation using the suggested HPLC-
method.

2.5.4 Robustness

A slight variation in the method parameters as
variation of the composition & flow rate of the
mobile phase and the pH required for the
reaction completion was done to assess their
effects on the suggested method.

2.5.5 Application to pharmaceutical
formulation using the proposed HPLC
method

The necessary dilutions were performed for
Aredia® injection (30 mg/10 mL) then the
proposed technique was conducted to get the
concentration of the studied drug. Standard
addition technique was also applied.

3. RESULTS AND DISCUSSION

In this work, a specific and sensitive HPLC-
method was established by using NBD-CI as a
derivatizing agent for the studied drug to get over
the problem of difficulty of direct UV detection
(non chromophoric bisphosphonate drug).

Rebection Time (min)

Fig. 1. HPL chromatogram of the PAM after derivatization process
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Table 1. Established system suitability parameters of the HPLC-method

Parameter PAM-NBD-CI reaction Reference value(15)
product
t R (min)’ 3.22+0.15 -
Number of theoretical plates (N) 8320 Increase with the increase in
efficiency of separation
Height equivalent to theoretical 0.018 Decrease with the increase in
plates (HETP) efficiency of separation
Tailing factor (T) 1.41 T=1 for a typical symmetric peak.

TTriplicate runs per a sample

1.8

1.6

1.4

1.2 A

0.8 A

Peak area ratio

0.6

0.4 -

0.2 A

A =0.0006C - 0.1421

1000 2000 3000 4000

Concentration (ng/ml)

Fig. 2. Calibration curve for the HPLC determination of PAM via derivatization using NBD-CI

reagent

Table 2. Validation results of the proposed HPLC method

Parameters The proposed HPLC method
Accuracy (Mean Recovery % * SD) 100.18 + 1.393
Precision (RSD):

Repeatability* 99.88 + 2.071
Intermediate precision* 98.59 + 2.454
Robustness:

Variation of the mobile phase composition 100.29 + 2.216
Variation of the pH 99.89 + 2.390
Variation of the flow rate 100.59 + 1.828
Linearity:

Slope 0.0006

Intercept -0.1421

Correlation coefficient (r) 0.9995

Standard error of the intercept 0.03525

Confidence limit of the intercept -0.2260 - -0.0535
Standard error of the slope 0.000017
Confidence limit of the slope 0.000559 - 0.000643
Range(ng/mL) 900-3000

LOD (ng/mL) 600

LOQ( ng/mL) 900
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Table 3. Application of the proposed method for the determination of PAM in its dosage form

Aredia® injection for intravenous infusion

Content uniformity

Standard addition

labelled to contain 30 mg/10 mL
Mean + SD*
%RSD

101.54 £ 0.654
0.644

102.41 £ 0.638
0.623

*Standard deviation, average of three determinations

Table 4. Statistical comparison between the results obtained by applying the proposed HPLC
method and that obtained by the reference method for the determination of pure PAM

Items The proposed method The reference method [4]
Mean+ SD 100.18+ 1.393 99.81+ 0.587

RSD 1.39 0.588

n 8 5

Variance 1.940 0.345

F-value (6.09) 5.62 -

Student's t-test (2.201) 0.556 -

Values in parenthesis are the theoretical values of t and F at P = 0.05

Several trials have been carried out to obtain
good peak characters for alendronate — NBD-CI
reaction product, Fig. 1. These trials involved
the use of different mobile phases with different
flow rates. The mobile phase of choice was
methanol: water (8: 2, v/v). On the other
hand, the stationary phase was ODS C18
column (5um, 15 cm x 5 mm, id.) and the
flow rate was 1 mL/ min. Optimum separation
was attained at retention time of 3.22 minutes.

Acceptable chromatographic parameters for
system suitability were obtained, Table 1.
The results confirmed good column efficiency
and peak symmetry.

A linear correlation was obtained between
peak area ratios and concentration of the drug in
concentration range 900 - 3000 ng/mL,
Fig. 2. The following regression equation
was computed to be:

A =0.0006C - 0.1421 r=0.9995

Where,

A: peak area ratio.
C: Concentration (ng/ ml).
r: Correlation coefficient.

Validation parameters according to USP [9]
guidelines like accuracy, repeatability and
intermediate precision for the proposed method
are presented in Table 2. The given data ensures
good sensitivity and reproducibility of the
proposed method. The method was successfully

applied for the determination of the studied drug
in the pharmaceutical preparation. Standard
addition technique was also applied and gave
acceptable results, Table 3. The results obtained
by applying the proposed method were
statistically compared with those obtained by
reference method [4]. Table 4 shows that, the
calculated t-test and F-value [10] are less than
the corresponding tabulated ones. This confirms
the accuracy and precision of the proposed
method.

*Intra-day and interday relative standard
deviation of the average of three concentrations
of alendronate sodium.

LOD and LOQ are obtained experimentally.
4. CONCLUSION

The conditions for the PAM derivatization
reaction are well optimized and the product is
well separated and detected
chromatographically. The method is validated
according to USP-guidelines. The proposed
method is applied for the quantification of PAM in
its dosage form. One can conclude that the
proposed method is simple, accurate, precise
and reproducible. Therefore, it could be used in
quality control laboratories for the analysis of the
studied drug in pure and tablet forms.

DISCLAIMER

The products used for this research are
commonly and predominantly use products in our



Abdel-Gawad et al.; JPRI, 32(37): 1-6, 2020; Article no.JPRI.63689

area of research and country. There is absolutely
no conflict of interest between the authors and
producers of the products because we do not
intend to use these products as an avenue for
any litigation but for the advancement of
knowledge. Also, the research was not funded by
the producing company rather it was funded by
personal efforts of the authors.

CONSENT

It is not applicable.

ETHICAL APPROVAL

It is not applicable.

ACKNOWLEDGEMENTS

This Publication was supported by the Deanship
of Scientific Research at Prince Sattam bin
Abdulaziz University.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Constantinos  KZ, Paraskevas TZ.
Determination of bisphosphonate active
pharmaceutical ingredients in

pharmaceuticals and biological material: A
review of analytical methods. J
Pharmaceut Biomed Anal. 2008;48(1):483-
496.

2. Wong JA, Renton KW, Crocker JS,
O’Regan PA, Acott PD. Determination
of pamidronate in human whole blood
and urine by reversed-phase HPLC
with  fluorescence detection. Biomed
Chromatogr. 2004;18(1):98-101.

10.

Sparidans RW, Hartigh J, Beijnen
JH, Vermeij P. Determination of
pamidronate in urine by ion-pair

liquid chromatography after derivatization
with 1-naphthylisothiocyanate. J
Chromatogr B. 1997;696:137-144.

Sparidans RW, den Hartigh J,
Ramp-Koopmanschap WM, Langebroek

RH, Vermeij P. The determination of
pamidronate in pharmaceutical
preparations by ion-pair liquid

chromatography after derivatization with
phenylisothiocyanate. J Pharmaceut
Biomed Anal. 1997;16(1):491-497.
Sakiyama N, Kataoka H, Makita M.
Selective and sensitive determination of
pamidronate in human plasma and urine
by gas chromatography with flame
photometric detection. Biomed
Chromatogr. 1995;9(10):243-245.
Mahmoud H, Gitta S, Anne S, Tobias T,
Werner S, Stefan O. LC-MS/MS method
for the determination of clodronate in
human plasma. J Pharm Biomed Anal.
2014;100:341-347.

April SY, WongaEmmie NM, HoaTerence
SM, WanaKenneth KH, LambBrian D.
Liquid chromatography—mass
spectrometry analysis of five
bisphosphonates in equine urine and
plasma. J Chromatogr B. 2015;999:1-7.
Jeffery G, Bassett J, Mendham J, Deny R.
Vogel's Textbook of Quantitative Chemical
Analysis. Elbs with Longman Ltd., 5th
Edition, London, UK; 1989.

The United States Pharmacopeia USP 28,
National Formulary, Press: The United
States Pharmacopeial Convention, Inc.,
Rockville; 2006.

Spiegel MR, Stephens LJ. Schaum' Outline
of Theory and Problems of Statistics.
Press: Schaum Outline Series, New York;
1999.

© 2020 Abdel-Gawad et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/63689




