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Abstract: A simple, novel, sensitive and specific extractive Derivative Spectrophotometric method was
developed and validated for the determination of Alprazolam (ALP) in bulk and its dosage form. These methods
are based on the formation of Ferric Chloride and Indigo carmine ion-association complexes maximum at 521nm.
Reaction conditions were optimized to obtain the maximum colour intensity. The absorbance was found to
increase linearly with increase in concentration of Alprazolam (ALP), which was corroborated by the calculated
correlation coefficient values (0.9994 and 0.9998). The systems obeyed Beer’s law in the range of 5-45 pg/mL
for Alprazolam (ALP) respectively. No interference was observed from common excipients present in tablets.
Various analytical parameters have been evaluated and the results have been validated by statistical data.
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INTRODUCTION

Alprazolam (ALP) is chemically 8-chloro-1-methyl-6-
phenyl-4H-[1, 2, 4] triazolo [4,3,-a]-[1,4] benzodiazepine
derived from 1,4-benzodiazepines of new generation
[Fig.1]. It is a benzodiazepine mainly used as anxiolytic in
humans and may be effective in the treatment of
depression and panic disorder. It should be borne in mind
that neither alprazolam nor any other benzodiazepine is
effective when it comes to treating anxiety and strain
caused by daily stress. Besides this, ALP is also used to
treat panic disturbances with or without agarophobia
[1,2]. Most of the analytical methods in the literature to
Alprazolam pharmaceutical formulation [3-5] or to
determine its related substances [6-10] and include
analysis using high-performance liquid chromatography
(LC), LC/tandem mass spectrometry (LC/MS), gas
chromatography/MS (GC/MS), Spectroflourimetry, high-
performance thin layer chromatography (HPTLC) and
capillary electro chromatography (CEC). Author of the
article and his research team has developed a UV Method
development different pharmaceutical dosage form [11-25]
using Ferric Chloride [26-27].To the best of our
knowledge, there is no reported Spectrophotometric or
pharmacopoeial method for simultaneous determination of
ALP using Ferric Chloride in pharmaceutical formulations.
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Fig. 1: Overlain derivative spectroscopy spectra of
Alprazolam

Thus, efforts were made to develop fast, selective and
sensitive analytical method for the estimation of ALP.
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Experimental: UV Visible spectrophotometer was
employed with spectral bandwidth of 1 em and
wavelength accuracy of 03 nm (with automatic
wavelength correction with a pair of 1 em matched quartz
cells). All chemicals and reagents used were of AR/HPLC
grade, Chloroform and methanol (A R., Ranbaxy Ltd.,
New Delhi) were used for preparation and as solvent.
All chemicals used in this study were analytical grade
and used without further
Tablets containing 10 mg of Alprazolam were procured
from lecal market.FeCl, 61,0 (0.8%0) * and 1x10° M
solution in ethanol standardized against standard KMnQ,
after reduction. Indigo carmine (200 ug mL ™" ): A 1000 ug

purification.  Commercial

ml-1 stock standard solution was first prepared by
dissolving accurately weighed 112 mg of dye (3.D.
Fine Chem., Mumbai, India, 90 % dye content) in water
and diluting to volume in a 100 mL calibrated flask. The
solution was then diluted 5-fold to get the working
concentration of 200 pug mL™".

Standard Stock Solutions: Accurately transfer volumes
of standard drug solution n ethanol (1mg/ml) equivalent
to 5 mg Alprazolam mto a of 10 ml volumetric flask add
0.5 ml of 0.8 % FeCl, and 200 pg mL.~" Indigo carmine
heated in a water bath at 6545°C for 15 minutes, cool and
complete volume with ethanol. Measure the absorbance
of an orange chelate of Alprazolam with Fe (IIT) at 521 nm
against reagent blank.

Preparation of Sample Solution: From the above stock
solution 1 ml was transferred into 10 ml volumetric flask
and volume was made up to the mark with methanol to
make 10pg/ml. Spectrophotometry using indigo carmine
(method). Varying aliquots (1.0-3.0 mL) of a standard 200
ug mL ™" ALP solution were transferred into a series of 10
ml calibrated flasks by means of a micro burette and the
total volume was brought to 3 mL by adding water. The
content was mixed well and the flasks were kept aside for
10 min with mtermittent shaking. Finally, 1 ml of 200 pg
mL " indigo carmine solution was added to each flask, the
volume was diluted to the mark with water, mixed well and
absorbance measured against a reagent blank at 470 nm

Table 1: Optical Characteristics Data for Method

Working A max Alprazolam
Beer’s law limit (ug/ml) 5-45
Absorptive E (19,1 cm)™ 521 nm
Molar absorptivity (/mol.cm)® 27654
Correlation coefficient* 0.9999
Intercept*® 0.741
Slope* 0.3997

Table 2: Summary of validation parameters for the proposed method

Parameter Alprazolam
LoD 0.045 pg/mL
LOGF 0.151pg/mL
Accuracy, % 99.36-100.29
Repeatability (RSD % =6) 0.228
Interday (n=3) 0.0325 - 0.765
Tntraday (n=3) 0.465 - 0.665

Table 3: Regression analysis of calibration curves for the proposed

Derivative Spectrophotometric method

Parameter Alprazolam
Concentration range 545 pgiml.
Slope 0. 3665
Standard deviation of the slope 0.5323
Intercept 1.76442
Standard deviation of the intercept 2.875
Correlation coefficient 0.9999

after 10 min. The concentration of the unknown was read
from the calibration graph or computed from the
regression equation derived using Beers® law data.

Method: Derivative Spectrophotometry [28]: Stock
solutions were prepared separately mn 100 ml methanol to
obtain 10 pg/ml of all drugs. The six working mixed
standards were prepared by dilution of stock solution in
same solvent system in concentration range 5-45 pug/ml of
Alprazolam imtially scanned for determining sampling
wavelength. Sampling wavelengths were 521 nm for
Alprazolam showed zero crossing point. Calibration
graphs were constructed from the absorbances at
respective  wavelength. Calibration
constructed  from  the
wavelength.

graphs  were

absorbances at respective

Analysis of Commercial Formulation: Content of powder
equivalent to 10 mg of Alprazolam taken and added in 100
ml of solvent sonicated for 10 min after sonication volume
was made up to 100 ml. Tml of this stock solution was
diluted to 10 ml to get concentration equal to 10 pug/ml of
Analyze the clear alcoholic filtrate claimed to contain
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10 pg /ml Alprazolam by chelation with Fe (IIT) as
mentioned above. This solution is scanned in range 200-
400 nm taking solvent system as blank. The spectra
obtained were converted Simultaneous equation method
and first order derivative spectra absorbances were noted
and concentrations were determined from regression
equations generated from calibration graph.

Validation: Selectivity/specificity method is said to be
specific when it produces a response only for a single
analyte. Selectivity 1s the ability of the method to produce
a response for the analyte in the presence of other
interferences, in order to prove that the method chosen
was specific and selective. Sensitivity Limit of detection
(LOD) and Limit of quantification (LOQ) were calculated
according to the 3:1 (S/N) and 10:1 (S/N) criterions
respectively, where S is the signal of the sample and N is
the noise of the corresponding curve. Linearity and range
Linearity of the concentrations was taken in the range of
10-50pg/ml for ferric chloride and 20-60pg/ml for mdigo
carmine respectively. Accuracy of proposed method from
excipients was determined by recovery experiments.
Recovery experiments were carried out in three levels of
concentration. The amounts of standard recovered were
calculated in the terms of mean recovery with the upper
and lower limits of % relative standard deviation. Intraday
precision it was determined by calculating the
Yacoefficient of variation (%0CV) of the results obtained in
the same day. Inter day precision it was determined by
calculating the percentage coefficient of variation (% CV)
of the results obtained over at least three days.

RESULTS AND DISCUSSIONS

The principle advantages of derivative spectroscopy
are the improvement of resolution of overlappmg
absorption bands and the accuracy and precision
compared to UV absorption methods; therefore, derivative
spectroscopy has been used in quantitative analysis
when the analytes to be determined present in admixture
with  other Calibration
constructed by plotting absorbance vs. concentrations of

components. curves were
ALP and the regression equations were calculated. The
calibration curves were plotted over the six different
concentrations in the range 5-45 pg.mLl™' for drugs.
Accurately measured mixed standard solution of ALP (1,
3, 5 and 7 mL) were transferred to a series of 10 mL
volumetric flasks and diluted to the mark with 0.1 M FeCl,.

Accurately measured mixed standard solution of ALP
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(1.0,1.5, 2.0, 2.5 and 6.5 mL)were transferred to a series
of 10 mL volumetric flasks and diluted to the mark
with 0.1 mel L™ FeCl,. Absorbance was measured for
each solutions at analytical wavelength of ALP (n =
6).The accuracy of the methods was determined by
calculating recoveries of ALP by the standard addition
method. Known amounts of mixed standard solution of
ALP (4.0, 8.0 and 12.0 pgmL™) were added to pre-
quantified sample solutions of tablet dosage forms. The
amounts of ALP were estimated by applying values of
absorbance to the regression equations of the calibration
curve. The precision of the instruments was checked by
repeatedly scanning (n = 6) mixed standard solutions of
ALP (10 pg.mL-1).The intermediate precision for the
proposed method was determined by estimating mixed
of ALP for three different
concentrations for three times on the same day and on

standard  solution
three different days. The results are reported n terms of
relative standard deviation (RSD).The limit of detection
(LOD) with signal to noise ratio of 3:1 and the limit of
quantification (LOQ) with signal to noise ratio of 10:1 were
calculated for both drugs using the following equations
as per International Conference on Harmonization [29]
guidelines. LOD = 3.3 x &/SLOQ =10 x &/S Where ¢ = the
standard deviation of the response and S = the standard
deviation of y-intercept of regression line. To check the
degree of repeatability of the methods, suitable statistical
Five samples of the
formulations were analyzed for the repeatability study.

evaluation was carried out.
The standard deviation, coefflicient of variance and
standard error was calculated. Sampling wavelengths were
determined from scanning individual drug samples in 200-
400 nm range. Sampling wavelengths were 521 nm for ALP
respectively in derivative Spectroscopy mode. For this
method equations generated were Y=-0.0854+0.0043x
(r’=0.9994) and Y=-0.0437+0.0043x (0.9998) for ALP.
Linearity of proposed method was found to be 5-45 pg/ml
for ALP. Limits of detection were found to be 0.0488 and
limits of quantitation were found to be 0.041 ALP. This
method utilizes the active analogue principle that lies at
the spectroscopic method [26-27].

CONCLUSION

The method is precise and ligh percentage of
recovery of as shown in table shows that the method is
accurate. The method 1s simple, rapid, accurate and can be
adopted in routine analysis of drug formulation. The
accuracy and reproducibility of the proposed method was
statistically validated by recovery studies.
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