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An analytical method has been developed based on a colorimetric assay for the estimation of raloxifene hydrochloride, followed by
validation of the optimized method by using the ICH guidelines. The new method, aromatic ring derivatization technique, is based
on a coupling reaction using modified Romini’s reagent in which sodium nitroprusside is used as a chromogenic derivatizing
reagent. Raloxifene contains a phenolic hydroxyl group, containing reactive hydrogen. This reactive proton reacts with sodium
nitroprusside and reduces it to sodium meta-hydrogen ferrocyano nitrate, which is a colored product. Optimization studies
revealed that the coupling reaction was very rapid and completed in less than 1 minute. A 1:1 drug-to-reagent stoichiometric ratio
was obtained for the azo dye formed. The azo adduct formed exhibits a bathochromic shift with absorption maximum A,,,,, at
440 nm, which was selected as the analytical wavelength. The drug seems to be linear, which was established via the regression
analysis from 20 to 120ug/ml. LOD and LOQ of the developed method were found to be 1.807ug/ml and 5.47ug/ml, respectively.
Interday and intraday precision was studied, and %RSD was less than 2. Since the stability of the drug and the reagent was found to
be predominantly massive, this method can be used for the formulation of raloxifene hydrochloride . The method can be extended
for the routine assay of raloxifene formulations.

1. Introduction

Raloxifene hydrochloride [1] is a new antiosteoporotic
agent, with the chemical name 6-hydroxy-2-(4-hydroxy
phenyl) benzo {b} thien-3-yl] [4-{2-(1-piperidinyl)-ethoxy}-
phenyl] methanone (Figure 1). Clinically, it is effective in the
treatment of breast cancer [2, 3].

A few UV methods with UV detection have been pre-
viously reported for the determination of raloxifene hy-
drochloride in pharmaceuticals [4-7]. Other techniques
reported for the assay of raloxifene in pharmaceuticals in-
clude HPLC [8-13], Rayleigh scattering method [14],
LC-MS/MS [15], and capillary electrophoresis [16].

This paper deals with the development and validation of
a sensitive colorimetric method for the assay of raloxifene
hydrochloride in pharmaceuticals. Nowadays, the use of
more sophisticated instruments such as HPLC replaces
various classical methods of analysis. However, the high at-
tainment and maintenance cost of this equipment makes the
implementation rather inconvenient, especially in resource-
poor economies. Various UV methods have been developed
till date, but many of the methods require the application of
heat to stabilize the color. A few methods were found to be less
precise and in a few methods the reagents interfered with the
drug. Hence, it is necessary to develop an easy and precise
method with the long stability of color.
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The main purpose of the present study is to establish a
relatively simple, sensitive, valid, and inexpensive colori-
metric method for the determination of raloxifene hydro-
chloride in the pure form using modified Romini’s reagent
which includes sodium nitroprusside and 0.1% zinc chloride
with acetone. Since most of the previous methods have been
found to be relatively complicated and expensive, there is an
obvious demand in developing a method based on the re-
action between the drug and sodium nitroprusside and 0.1%
zinc chloride in acetone without the effort of high tem-
perature and heat to stabilize the color. The present in-
vestigation aims to develop a sensitive and cost-effective
method for the determination of raloxifene hydrochloride in
the pure form and in the dosage form using the spectro-
photometric technique. The proposed method has the ad-
vantages of great sensitivity and simplicity along with good
accuracy and precision. The method is applied successfully
for the determination of raloxifene in the tablet form
without the interference of excipients. The color developed
was stable for a long period of time; hence, this method can
be extended for the routine assay of raloxifene hydrochloride
formulations. The method was validated as per the In-
ternational Conference on Harmonization (ICH) guidelines
[17, 18].

2. Materials and Methods

A Systronics Digital Colorimeter model-112 with a photo-
diode detector was used for the measurement of optical
density. All the chemicals used were of analytical grade and
were freshly prepared.

2.1. Preparation of Standard Solutions. A standard stock
solution of raloxifene was prepared in methanol (1000 ug/
ml) (1° stock). For the primary stock 1-6 ml, the solutions
were pipetted, respectively, in six different 50 ml volumetric
flasks. To each flask, 5.5 ml of sodium nitroprusside, 0.8 ml of
0.1% zinc chloride, and 1 ml of acetone were added, and the
volume was made up to the mark using methanol to get the
working samples of 20-120 yg/ml. The absorbance of the
colored chromogen was measured at 440 nm against the
reagent blank.

2.2. Method Development

2.2.1. Determination of Solubility. Raloxifene solubility was
tested in different organic and aqueous solvents, and the
solubility was found in methanol.

2.2.2. Selection of Suitable Reagent. Modified Romini’s re-
agent was selected. It was composed of modified sodium
nitroprusside, saturated aqueous zinc chloride solution, and
acetone. The volume of the reagent to be added was
optimized.

2.2.3. Preparation of Reagent. Sodium nitroprusside solu-
tion: 10 gm of sodium nitroprusside was dissolved in 100 ml
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FIGURE 1: Structure of raloxifene hydrochloride.
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of water. Zinc chloride solution: 0.1 gm zinc chloride so-
lution was dissolved in 100 ml of water.

2.3. Mechanism of Color Production. Raloxifene contains
phenolic hydroxyl group containing reactive hydrogen. This
reactive proton reacts with sodium nitroprusside and re-
duces it to sodium meta-hydrogen ferrocyano nitrate, which
is a colored product as shown in Figure 2.

3. Results and Discussion

Sodium nitroprusside was allowed to react with raloxifene
hydrochloride along with zinc chloride and acetone to form
a reddish product with absorption maxima at 440 nm. The
optimization of the research was first established by varying
the volume of sodium nitroprusside (0.5-7.0 ml), where we
found maximum optical density at 5.5ml; hence, it was
coined as the optimized volume of reagent, as shown in
Figure 3.

Similarly, the volume of 0.1% zinc chloride with maxi-
mum optical density was recorded, and the optimized
volume was found to be 0.8 ml, as shown in Figure 4.

After optimizing sodium nitroprusside and zinc chloride
separately, the optimized volumes of reagents are mixed with
the drug to develop the color.

The optimum time for the completion of the reaction
between raloxifene hydrochloride and sodium nitroprusside
was 1 min, and the color was stable for 48 hours (the colored
complex thus formed was stored up to 48 hours, and optical
density of colored complex was measured), and it was quite
stable with precise measurements. The concentration for
measuring the colored complex was set at a higher level of
the calibration curve, ie., at 120 ug-ml™', to ensure the
stability of the colored complex, as shown in Table 1.

3.1. Validation of Analytical Method for Raloxifene
Hydrochloride. Validation of an analytical method is to
establish that the performance characteristics of the de-
veloped method meet the requirements of the intended
analytical application.

3.1.1. Linearity. The colored complex of the drug with
sodium nitroprusside and zinc chloride was analyzed using
a colorimeter; the optical density of all aliquots (converted
to colored complex) was taken to construct a calibration
curve, as shown in Figure 5. The linearity was in compliance
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FIGURE 3: Volume optimization of the modified sodium nitro-
prusside reagent at 5.5ml.

with the regression plot in the concentration range of
20-120 ug/ml with a correlation coefficient (R*) of 0.995.
Figure 5 shows the linear graph between concentrations of
the drug complex and its optical density, as per the
Beer-Lamberts law.

3.1.2. Precision. The data for intraday and interday precision
studies were obtained for three different concentrations 40,
80, and 120 ug-ml™" in linearity. The % RSD values for in-
traday and interday precision were less than 2, and the result
is shown in Table 2.

3.1.3. Accuracy. The accuracy of the method was evaluated
in triplicate at three concentration levels, i.e., 80%, 100%,
and 120%, of the target test concentration (50 yg-ml™" of
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FIGURE 4: Volume optimization curve for 0.1% zinc chloride at
0.8 ml.

TaBLE 1: Stability of the colored complex of 120 ug-ml™" with re-
spect to time (hours).

Time (hours) Optical density

4 0.20
8 0.21
12 0.21
16 0.21
20 0.21
24 0.21
28 0.21
32 0.21
36 0.21
40 0.21
44 0.20
48 0.18
03
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FIGURe 5: Calibration curve for raloxifene hydrochloride.

raloxifene). The percentages of recoveries were calculated,
and the results are presented in Table 3.

3.1.4. Limits of Detection and Quantitation. The limit of
detection (LOD) and limit of quantitation (LOQ) for the
procedure were performed on samples containing very low
concentrations of analytes under the ICH guidelines. By ap-
plying the mathematical formula, LOD was expressed by
establishing the minimum level at which the analyte can be
reliably detected. LOQ was considered as the lowest concen-
tration of analytes in standards that can be reproducibly
measured with acceptable precision. The LOD and LOQ values
for raloxifene are shown in Table 4.

3.1.5. Assay. The assay procedure was performed in tripli-
cate, and the percentage of drugs found in the formulation,
mean, and standard deviation in the formulation were
calculated and are shown in Table 5.
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TaBLE 2: Intraday and interday precision.

Intrad =3
Concentration (ug-ml™") ntraday (n=3)

Interday (n=3)

Amount of drug found (mean + SD) % RSD Amount of drug found (mean + SD) % RSD
40 39.9+0.115 0.288 39.16 +0.55 1.40
80 80.43+0.763 0.948 78.16+1.16 1.48
120 119.9+0.173 0.144 119.3+£0.458 0.38

TaBLE 3: Accuracy of raloxifene hydrochloride.

e otthe iy Cotatond e Aol Ao fnd b o
80 40 40.2 +£0.057 100.5
Raloxifene hydrochloride 50 100 50 49.8+0.115 99.6
120 60 60.2+£0.121 100.33
n=number of replicates; SD =standard deviation.
TaBLE 4: LOD and LOQ value for raloxifene hydrochloride. References

Parameter Raloxifene
LOD (ug/ml) 1.8074
LOQ (ug/ml) 5.477

TaBLE 5: Assay for raloxifene hydrochloride.

Amount found

. a . 0,
Formulation Labelled claim (mean + SD) Assay (%)
Tablet 1 60 mg 59.85+0.105 99.75
Tablet 2 60 mg 59.69 +0.194 99.48

“Tablet 1 and tablet 2 are two formulations from two different companies.

4. Conclusion

The selected drug raloxifene was determined in the pure form
by a colorimetric method, and this method was validated as
per the ICH guidelines. The linearity range for raloxifene was
20-120 ug/ml, with an R* value of 0.995. The % RSD for
intraday and interday precision was <2%. The method has
been validated in an assay of the pure form. The developed
method was compared with the already proposed methods,
and we found it more reliable with all the parameters. While
comparing with Annapurna et al.’s work where the color was
developed with the aid of heating at 60° for 15min, this
method is devoid of heat and hence it is surely beneficial.
Furthermore, Basavaiah et al. reported the accuracy in terms
of recovery as 97%, whereas the proposed method leads in
terms of accuracy. The accuracy of the method was validated
by recovery studies and was found to be significant and under
specification limits, with a % recovery of 100.5%. The assay
result was found to be within the acceptable limits.

Data Availability
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cluded within the article.

Conflicts of Interest

The authors declare no conflicts of interest.

[1] A.Smith, P. E. Heckelman, J. R. Obenchain, J. A. R. Gallipeau,
M. A. D’ Arecca, and S. Budavari, The Merck Index, Merck
Research Laboratories, Division of Merck and Co. White
House Station, Kenilworth, NJ, USA, 13th edition, 2001.

[2] E. A. Waters, T. S. McNeel, W. M. Stevens, and
A. N. Freedman, “Use of tamoxifen and raloxifene for breast
cancer chemoprevention in 2010,” Breast Cancer Research and
Treatment, vol. 134, no. 2, pp- 875-880, 2012.

[3] K. R. Snyder, N. Sparano, and J. M. Malinowski, “Raloxifene
hydrochloride,” American Journal of Health-System Phar-
macy, vol. 57, no. 18, pp. 1669-1675, 2000.

[4] K. Basavaiah, K. Tharpa, U. R. Anil Kumar, N. Rajedraprasad,
S. G. Hiriyanna, and K. B. Vinay, “Optimized and validated
spectrophotometric methods for the determination of
raloxifene in pharmaceuticals using permanganate,” Archives
of Pharmacal Research, vol. 32, no. 9, pp. 1271-1279, 2009.

[5] K. Basavaiah, U. R. Anil Kumar, K. Tharpa, and K. B. Vinay,
“Validated spectrophotometric methods for the de-
termination of raloxifene in pharmaceuticals,” Journal of the
Chilean Chemical Society, vol. 53, pp. 1635-1639, 2008.

[6] M. M. Annapurna, M. E. B. Rao, and B. V. V. R. Kumar,
“Spectrophotometric determination of raloxifene hydro-
chloride in pharmaceutical formulations,” E-Journal of
Chemistry, vol. 4, no. 1, pp. 79-82, 2007.

[7] B. Kalyanaramu and K. Raghubabu, “A quantitative assay for
raloxifene hydrochloride in bulk and pharmaceutical prepa-
rations by visible spectrophotometry,” Journal of Chemical
and Pharmaceutical Research, vol. 3, no. 1, pp. 122-127, 2011.

[8] A. Sathyaraj, V. Satyanarayana, and M. V. Basaveswara Rao,
“Gradient RP-HPLC method for the determination of purity
and assay of raloxifenehydrochloride in bulk drug,” Research
Journal of Chemical Sciences, vol. 1, no. 2, pp. 9-16, 2011.

[9] D. Suneetha and A. L. Rao, “A new validated RP-HPLC
method for the estimation of raloxifene in pure and tablet
dosage form,” Rasayan Journal of Chemistry, vol. 3, no. 1,
pp. 117-121, 2010.

[10] P. VenkataSuresh, G. V. Srujana, G. Lavanya et al.,, “Devel-
opment and validation of isocratic RP-HPLC method for
raloxifene hydrochloride in bulk and pharmaceutical for-
mulation,” Research Journal of Pharmacy and Technology,
vol. 4, no. 1, 2011.

[11] A. Jain, T. Sharma, G. Sharma, R. K. Khurana, O. P. Katare,
and B. Singh, “QbD-driven analytical method development



International Journal of Analytical Chemistry

(12]

(13]

(14]

(15]

(16]

(17]

(18]

and validation for raloxifene hydrochloride in pure drug and
solid oral dosage form,” Analytical Chemistry Letters, vol. 9,
no. 4, pp. 463-477, 2019.

P. V. Reddy, B. S. Rani, G. S. Babu, and J. V. L. N. S. Rao, “RP-
HPLC determination of raloxifene in pharmaceuticl tablets,”
E-Journal of Chemistry, vol. 3, no. 1, pp. 60-64, 2006.

S. Lakshmo and D. C. Parithra, “RP-HPLC estimaion of
raloxifene HCI in tablets,” Indian Journal of Pharmaceutical
Sciences, vol. 68, no. 3, pp. 401-402, 2006.

L. Fan, S.-P. Liu, D.-C. Yang, and X.-L. Hu, “Resonance
Rayleigh scattering method for the determination of ralox-
ifene with Evans blue,” Chinese Journal of Chemistry, vol. 20,
no. 12, pp. 1552-1556, 2002.

A. Kumar, K. Basavaiah, K. Tharpa, and K. Vinay, “De-
termination of raloxifene hydrochloride in human urine by
LC-MS-MS,” Chemical Industry and Chemical Engineering
Quarterly, vol. 15, no. 3, pp. 119-123, 2009.

T. Pérez-Ruiz, C. Martinez-Lozano, A. Sanz, and E. Bravo,
“Development and validation of a quantitative assay for
raloxifene by capillary electrophoresis,” Journal of Pharma-
ceutical and Biomedical Analysis, vol. 34, no. 5, pp. 891-897,
2004.

ICH (International Conference on Harmonization), Guide-
lines Q2A Validation of Analytical Procedures: Definition and
Terminology (CPMP I11/5626/94), ICH, Geneva, Switzerland,
1995.

ICH (International Conference on Harmonization), Guide-
lines Q2B, Validation of Analytical Procedures: Methodology
(CPMP/ICH/281/95), ICH, Geneva, Switzerland, 1996.



lournul of

s

Journal of 7 o
A;alyUcal Methods The Scientific
in Chemistry ‘ World Journal

Advances in

Phy5|cal Chem|stry

Hindawi

Bioinorganic Chemistry
and Applications

nces in Journal of : ) BioMed
TrIbO|Ogy Chemistry Research International

International Journal of Journal of

Journal of
Analytical Chemistry  Nolsai(e}eelo) Nanotechnology

Submit your manuscripts at
www.hindawi.com

Journal of

Applied Chemistry

International Journal of

I\/led|cma| Chem|stry

Journal of

Materials

Enzyme Biochemistry
Research Research International


https://www.hindawi.com/journals/at/
https://www.hindawi.com/journals/ijp/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/apc/
https://www.hindawi.com/journals/jamc/
https://www.hindawi.com/journals/bca/
https://www.hindawi.com/journals/ijs/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/ijmc/
https://www.hindawi.com/journals/jnt/
https://www.hindawi.com/journals/jac/
https://www.hindawi.com/journals/bri/
https://www.hindawi.com/journals/er/
https://www.hindawi.com/journals/jspec/
https://www.hindawi.com/journals/ijac/
https://www.hindawi.com/journals/jma/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/ijelc/
https://www.hindawi.com/journals/jnm/
https://www.hindawi.com/
https://www.hindawi.com/

