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ABSTRACT
Objective: Two simple, accurate, precise, reproducible and an economical spectrophotometric methods were developed for the simultaneous
estimation of ibuprofen and famotidine in pharmaceutical bulk and synthetic mixture.
Methods: The first method was developed on the basis of Q-absorbance ratio method (method I) for analysis of both the drugs. Wavelengths
selected for analysis in Q-absorbance ratio method were 263 nm (λmax of ibuprofen) and 273.80 nm (iso-absorptive wavelength) in 0.1N NaOH. The
second method was based on derivative spectrophotometric method (method II) involving the determination of both the drugs at their respective
zero crossing point. The determinations were made at 252.8 nm (zero crossing point of famotidine) and 304 nm (zero crossing point of ibuprofen)
in 0.1N NaOH.
Results: Both the method obeys Beer-Lambert’s law in the concentration range of 150 - 750 μg/ml for ibuprofen and 5 - 25 μg/ml for famotidine.
The assay result of synthetic mixture was found to be 99.13 ± 0.14 for IBU and 100.73 ± 0.57 for FAM by method I and 104.17 ± 1.96 for IBU and
100.88 ± 2.13 for FAM by method II. Proposed methods were validated according to ICH Q2 (R1) analytical method validation guidelines.
Conclusion: The proposed methods are suitable for the routine quality control analysis of ibuprofen and famotidine in pharmaceutical formulation.
Keywords: Ibuprofen, famotidine, Q-absorbance ratio method, First order derivative method.

INTRODUCTION
Ibuprofen (IBU) and famotidine (FAM) were co-formulated in oral
tablet dosage form indicated for the relief of signs and symptoms of
rheumatoid arthritis and osteoarthritis and to decrease the risk of
developing upper gastro-intestinal ulcer [1-2]. IBU and FAM are
chemically incompatible. So, the tablet in tablet dosage form of IBU
and FAM was formulated by Horizon Pharma USA which improves
the stability of IBU and FAM under forced degradation condition [1].
Chemically, IBU (Fig. 1) known as (RS)-2-(4-(2-methylpropyl)
phenyl) propionic acid is phenyl propionic acid derivative/
cyclooxygenase inhibitor from the class of nonsteroidal antiinflammatory drug used in the treatment of fever, arthritis as an
analgesic [2].

Fig. 1: Structure of IBU
Indian Pharmacopoeia [3], British Pharmacopoeia [4] and European
Pharmacopoeia [5] described titrimetric method for the estimation
of IBU in bulk form and titrimetric as well as liquid chromatographic
method for the assay of tablet, cream, gel and oral suspension of IBU.
United States Pharmacopoeia [6] described liquid chromatographic
method for the estimation of IBU in bulk form and in tablet and oral
suspension formulation. A number of methods have been described
in the literature for the estimation of IBU as single formulation
which includes spectrophotometric [7], spectrofluorimetric [8],
HPLC [9, 10], HPTLC [11], and GLC [12, 13]. Also numerous methods
have been reported for the estimation of IBU in multicomponent
formulation which includes spectrophotometric [14-16], HPLC [1719], UPLC [20], HPTLC [21, 22] and GC-MS [23].
Chemically, FAM (Fig. 2) known as 3-([2-(diamino- methylene
amino) thiazol-4-yl] methylthio)-N'-sulfamoylpropanimidamide is a

histamine H2 receptor antagonist used in the treatment of peptic
ulcer and gastro esophageal reflux disease [2].

Fig. 2: Structure of FAM
Indian Pharmacopoeia [3], British Pharmacopoeia [4], European
Pharmacopoeia [5] and United States Pharmacopoeia [6] described
titrimetric method for the estimation of FAM in bulk form and liquid
chromatographic method for the assay of tablet, injection and oral
suspension of FAM. Few methods have been described in the
literature for the estimation of FAM as single formulation which
include spectrophotometric [24-27], spectrofluorimetric [28], HPLC
[29-32], flow injection analysis [33], HPTLC methods [34, 35]. Also
numerous methods have been developed for the estimation of FAM
in multicomponent formulation which includes spectrophotometric
[36], HPLC [37], flow injection analysis [38] and HPTLC methods
[21, 39].
Research articles were published for the estimation of IBU and FAM
in combination by using UV spectrophotometer. It includes first
order derivative spectroscopy [40, 41], dual wavelength method
[41], multicomponent mode of analysis [41], second order derivative
spectroscopy [42] and simultaneous equation method [43]. In all the
above method except simultaneous equation method methanol was
used as solvent for the analysis of IBU and FAM in combination. But
in the present work we use 0.1 N NaOH as solvent for the estimation
of IBU and FAM in combination. Because NaOH is economical and
non-volatile solvent.
Present work demonstrates the development, validation and
application of two simple and economical spectrophotometric
methods for the simultaneous analysis of IBU and FAM in
combination.
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MATERIALS AND METHODS

Method II: First order derivative spectrophotometric method

Reagents and chemicals

Volume of about 1.0 ml of IBU and FAM stock solutions was
separately transferred into 10 ml volumetric flasks. The volume was
adjusted to the mark with water to obtain concentration 300 µg/ml
of IBU and 10 µg/ml of FAM. Each spectrum was scanned in UV
region 200 – 400 nm. The overlain UV spectra of IBU and FAM was
shown in Fig. 3. The zero order spectra was transformed to first
order derivative spectra with delta lambda 4 nm and scaling factor
1. From the overlain derivative spectra of IBU and FAM (Fig. 4), it
was observed that IBU had zero crossing point at 304 nm whereas
FAM had zero crossing point at 252.80 nm. The estimations were
made at 252.80 nm for IBU (zero crossing point of FAM) and 304 nm
for FAM (zero crossing point of IBU). Concentration and % drug
content was determined by analyzing standard solutions
simultaneously [45].

IBU and FAM were obtained as gift samples from Centurion
Laboratories, Baroda, India. Analytical grade chemicals and distilled
water was used during experimentation.
Instrument
A Shimadzu UV-1700 Pharma Spec UV-Visible spectrophotometer
(UV probe 2.21 software) with a pair of 1.0 cm matched quartz cells
were used for the measurement of absorbance.
Selection of solvent
About 0.1 N NaOH was selected as common solvent for studying
spectral characteristics of IBU and FAM.
Preparation of standard solutions
Stock solution of IBU (3000 µg/ml) and FAM (100 µg/ml) was
prepared in 0.1 N NaOH. Mixed working standard solution of 300
µg/ml of IBU and 10 µg/ml of FAM was prepared by dilution with
water.
Method I: Q-absorbance ratio method
Volume of about 1.0 ml of IBU and FAM stock solution was
separately transferred into 10 ml volumetric flask. The volume was
adjusted to the mark with water to obtain concentration 300 µg/ml
of IBU and 10 µg/ml of FAM. Absorbance of solution was measured
at 263 nm (λmax of IBU) and 273.80 nm (Isoabsorptive wavelength)
For IBU and FAM respectively. Concentration of both the drugs was
determined using the formula mentioned below [44].

Fig. 4: Overlain of first order derivative spectra of IBU and FAM

Where,
C1- Concentration of IBU (µg/ml)
C2- Concentration of FAM (µg/ml)
A- Absorbance of sample at isoabsorptive point 273.80 nm
a- Absorptivity of IBU and FAM at isoabsorptivity wavelength
273.80 nm (0.001106 and 0.0339 for IBU and FAM respectively)
Q1- Ratio of absorbance of IBU at 263 nm to absorbance of IBU at
273.80 nm (1.6837)
Q2- Ratio of absorbance of FAM at 263 nm to absorbance of FAM at
273.80 nm (0.646)
Q0- Ratio of absorbance of sample solution at 263 nm to absorbance
of sample solution at 273.80 nm

Analysis of synthetic mixture
Excipients used in the tablet formulation were added to IBU + FAM
mixture (30: 1 w/w) [1] (Table 1) and the mixture was sonicated for
20 minute after the addition of 0.1 N NaOH. The final volume was
made with 0.1 N NaOH. The solution was filtered through Whatman
filter paper. The working solution was prepared by dilution with
water to obtain concentration of 300 µg/ml of IBU and 10 µg/ml of
FAM. The working sample solution of synthetic mixture was
analyzed by both UV spectrophotometric methods. The absorbance
of sample solution was measured at 263 nm and 273.80 nm for Qabsorbance ratio method. For derivative spectrophotometric
method, solutions were scanned in range 200 – 400 nm. Zero order
spectra’s were transformed to first derivative spectra, where
amplitudes were measured at 252.80 nm and 304 nm against blank.
Table 1: Tablet formulation components
Material
Famotidine
Lactose monohydrate
Microcrystalline cellulose
Croscarmellose sodium
Colloidal silicon dioxide
Magnesium stearate
Ibuprofen
Purified water

%w/w
2.54
0.95
3.3
0.38
0.04
0.11
89.75
-

mg/tab
26.6
10.0
34.6
4.0
0.4
1.2
800
q. s.

Method validation
The method was validated according to ICH Q2 (R1) guidelines for
validation of analytical procedures for parameters like linearity,
accuracy, precision, LOD, LOQ and specificity for the analyte.
Linearity
Fig. 3: Overlain UV spectra of IBU and FAM

Aliquot portions of 0.5 – 2.5 ml of IBU and FAM stock solutions were
separately transferred into 10 ml volumetric flasks. The solution
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was diluted with water to obtain concentrations 150 - 750 µg/ml of
IBU and 5 - 25 µg/ml of FAM. For method I, absorbance of solution
was measured at 263 nm for IBU and 273.80 nm for FAM. For
method II, the amplitude from the first order derivative spectra was
recorded at 252.80 nm for IBU and 304 nm for FAM. Calibration
curve was constructed by plotting absorbance and peak amplitude
versus concentration of solution.
Accuracy
The accuracy of the proposed method was determined by recovery
study. The known amount of pure IBU and FAM was spiked to preanalyzed synthetic mixture of IBU and FAM (300 µg/ml IBU + 10
µg/ml FAM). Analysis of IBU and FAM was carried out at three
concentration levels such as 80%, 100% and 120% within the
specified linearity and range.
The % recovery by proposed method was calculated using the
formula as below.
% recovery =

E
× 100
T+P

Where,
E: Total amount of drug estimated (μg/ml)
T: Amount of drug taken from pre-analyzed synthetic mixture
(μg/ml)
P: Amount of pure drug added (μg/ml)

In concern with simultaneous equation method, analysis of both the
drugs was carried out at λmax of each other. But IBU has shown little
and nonlinear absorbance at 286 nm (λ max of FAM). So, simultaneous
equation method was not developed for the analysis of IBU and FAM.
Selection of solvent
Different solvents were selected to dissolve the IBU and FAM. It
includes methanol, 0.1M HCl, 0.1N NaOH and acetonitrile. IBU and
FAM were insoluble in 0.1M HCl and acetonitrile, respectively. IBU
and FAM were found to be freely soluble in methanol and 0.1 N
NaOH.
UV spectra of IBU and FAM in methanol and 0.1 N NaOH
Separate working standard solution and mixed working standard
solution of IBU and FAM in methanol was scanned in the range of
200-400 nm. IBU and FAM shown maximum absorbance at 263 nm
and 286 nm respectively. UV spectrum of mixed working standard
solution has shown two peak maxima at 263 nm (peak of IBU) and
266 nm (peak of FAM) instead of 286 nm (λmax of FAM) as shown in
Fig. 5. This observed hypsochromic effect was might be due to
quaternization of tertiary amine of FAM in methanol [45]. IBU and
FAM in 0.1 N NaOH has shown maximum absorbance at 263 nm and
286.80 nm, respectively. Mixed working standard solution of IBU
and FAM in 0.1 N NaOH did not shown any solvent effect on the
wavelength of maximum absorbance in combination. Hence, 0.1 N
NaOH was selected as a solvent for the simultaneous estimation of
IBU and FAM. Effect of solvent on the absorption pattern of IBU and
FAM in combination has shown in Fig. 5.

Precision
Precision was studied to find out intraday and inter-day variations
in the test method of IBU and FAM. The repeatability study (intraday precision) was performed by analyzing the samples of IBU and
FAM repeatedly within the day. The inter-day precision study was
performed by analyzing the samples of IBU and FAM repeatedly at
different days. Six determinations of mixed working standard
solution of IBU and FAM were performed. The results were
expressed as SD, % RSD.
Limit of detection (LOD) and limit of quantitation (LOQ)
LOD and LOQ of IBU and FAM by developed analytical method was
calculated using the formula mentioned below.
LOD =

LOD =

3.3 ×
S

𝜎

10 × 𝜎
S

Where,
σ: Standard deviation of the response
S: Slope of calibration curve

Fig. 5: Overlain spectra of IBU and FAM in different solvent
system

Specificity study
Commonly used excipients like lactose, microcrystalline cellulose,
magnesium stearate, croscarmellose sodium were added in the
mixture of IBU and FAM (30: 1 w/w). Analysis of IBU and FAM was
carried out in presence of mentioned excipients.
RESULT AND DISCUSSION
Two simple and an economical spectrophotometric methods were
developed for the simultaneous estimation IBU and FAM in
combination.
An overlain UV-absorption spectrum of IBU and FAM has shown
severe overlap that made their direct determination in binary
mixture very difficult. An overlain UV-absorption spectrum of
IBU and FAM has shown iso-absorptive point at 273.80 nm (Fig.
3). So, we thought to develop Q-absorbance ratio method. Also,
we have decided to develop derivative spectroscopic method
which resolves the overlapped spectra (Fig. 4). In this method
determination of both the drugs was carried out at zero crossing
point of each other.

Selection of diluent
The effect of diluent on absorbance of IBU and FAM was studied by
using water and 0.1N NaOH as solvent. Mixed working standard
solution of IBU and FAM diluted with water gave more absorbance
than mixed working standard solution of IBU and FAM diluted with
0.1 N NaOH. So, 0.1 N NaOH was used as solvent to prepared stock
solution of IBU and FAM whereas preferred diluent was water. Effect
of diluent on the absorption of IBU and FAM has shown in Fig. 5.
The absorptivity value for IBU and FAM was found to be 0.001106
and 0.0339 respectively. Also, Q1 and Q2 value was found to be
1.6837 and 0.646 respectively.
Selection of derivative order
Normal spectrum of IBU and FAM was transformed to first, second
and third order derivative spectrum. During linearity study it was
observed that in second and third order derivative spectroscopic
method IBU and FAM does not show linear response at zero crossing
point of each other. In first derivative spectroscopic method IBU and
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FAM has shown the linear response at 252.8 nm (zero-crossing
point of FAM) and 304 nm (zero-crossing point of IBU) (Fig. 4).
Therefore, first order of derivative spectrophotometric method at
delta lambda (∆λ) of 4 nm and scaling factor 1 was used to resolve
the spectral overlapping.

Analysis of synthetic mixture
The assay result of synthetic mixture was found to be 99.13 ± 0.14
for IBU and 100.73 ± 0.57 for FAM by method I and 104.17 ± 1.96 for
IBU and 100.88 ± 2.13 for FAM by method II (Table 2).

Table 2: Application of proposed method for analysis of synthetic mixture
Drugs

Label Claim (mg)

IBU
FAM

300
10

Amount found (mg)
Method I
Method II
303.11
315
9.93
10

% Amount found
Method I
Method II
99.13
104.17
100.73
100.88

% RSD
Method I
0.14
0.57

Method II
1.96
2.13

The proposed spectroscopic method has shown linear relationship
in the concentration range of 150 - 750 μg/ml for IBU and 5-25
μg/ml for FAM for both the methods (Table 3).

method I and method II, respectively. The results of intra-day
precision were expressed as % RSD and it was found to be 0.70 and
1.21 for IBU and 2.02 and 2.13 for FAM by method I and method II,
respectively. The % RSD value indicates the good precision of the
method (Table 3).

Accuracy

Limit of detection (LOD) and limit of quantitation (LOQ)

The mean % recovery was found to be 96.28 ± 1.44 for IBU and
98.97 ± 0.57for FAM by method I and 98.86 ± 1.27 for IBU and 97.32
± 0.82 for FAM by method II (Table 4).

Result of obtained LOD and LOQ value for simultaneous estimation
of IBU and FAM by both the methods was given in Table 3.

Linearity study for IBU and FAM

Precision
The results of inter-day precision were expressed as % RSD. It was
found to be 1.02 and 1.05 for IBU and 1.96 and 2.13 for FAM by

Specificity study
From the results of specificity study, it was observed that tablet
excipients did not interfere in the analysis of IBU and FAM in
combination.

Table 3: Optical characteristics and validation of proposed method
Parameters
max (nm)
Iso-absorptive Point (nm)
Linearity Range (μg/ml)
Correlation coefficient
Slope
Limit of Detection (μg/ml)
Limit of Quantification(μg/ml)
Precision (% RSD)
i. Intraday precision
ii. Interday precision

Method I
IBU
263
-150-750
0.9999
0.0019
9.7263
29.4736

FAM
286.80
273.80
5-25
0.9999
0.0434
0.3346
1.0138

Method II
IBU
304
-150-750
0.9995
7E-05
1.3464
4.0392

FAM
252.80
-5-25
0.9994
0.0018
0.6954
2.0862

0.70
1.02

1.21
1.05

2.02
1.96

2.13
2.13

Table 4: Results of accuracy study
Drugs

IBU

Label claim (mg)

% Excess drug added

300

80
100
120

10

80
100
120

% Recovery
Method I
96.28
95.85
96.70
96.28
1.44
98.82
98.50
99.59
98.97
0.57

Mean
%RSD
FAM
Mean
%RSD
CONCLUSION
Two simple, accurate, precise, reproducible and an economical
spectrophotometric methods were developed for the simultaneous
estimation of ibuprofen and famotidine in pharmaceutical bulk and
synthetic mixture. The proposed methods are suitable for the
routine quality control analysis of ibuprofen and famotidine in
pharmaceutical formulation.

Method II
99.07
97.50
100
98.86
1.27
96.49
97.37
98.09
97.32
0.82
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