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ABSTRACT

Objective: A simple, selective and sensitive spectrofluorometric method is established for the quantitative assay of
Nepafenac (NEPA) in pure form and in ophthalmic suspension dosage form. Methods: The fluorescence guenching of
Terbium-Tris complex is measured at A em580 nm after using A ex 237 nm. The effect of pH, volume of terbium solution
and reaction time on fluorescence quenching were studied. The complex formation was found to be highly dependent on
the pH. The optimum fluorescence quenching was achieved by using 1.0 ml of (2 x 10-*M) Th*" solution and 1.0 ml of Tris
buffer solution (pH 10.0). Results: The formed complex was stable for 15 minutes from the starting time of the reaction at
room temperature. The fluorescence quenching of Terbium-Tris complex was linear within the concentration range of
0.25 -10 ug mI* with mean percentage recovery of 99.85 + 0.77 and Correlation Coefficient of 0.9996 (n=5). The sensitivity
of the method could be evaluated by limit of detection (LOD) (0.008 pg ml?) and limit of quantitation (LOQ)
(0.024 pug mlY). Conclusion: Statistical comparison of the results with those of a reported method revealed good agreement.

Keywords: Nepafenac, Terbium; Spectrofluorimetric determination.

INTRODUCTION undergoes rapid bioactivation to amfenac, which is a
potent NSAID that uniformly inhibits the COX1 and
Nepafenac (NEPA) [2-(2-amino 3-benzoyl COX2 activity®. Amfenac is thought to inhibit the action
phenyl) acetamide] (Figure 1) is a non- steroidal anti- of prostaglandin H synthase (cyclooxygenase), an
inflammatory drug with analgesic activity, it is selective enzyme required for prostaglandin production.
Cyclooxygenase-2 (COX-2) inhibitor which is The literature survey reveals that, some visible
indicated for the treatment of pain and inflammation spectrophotometric*®, HPLC 71!, electrochemical 213
associated with cataract surgery and the reduction in the and spectrofluorimetric** methods had been developed
risk of postoperative macular edema in diabetic patients?. for the estimation of NEPA in pure, pharmaceutical
NEPA is a prodrug. After penetrating the cornea, NEPA dosage forms and biological fluids.
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Figure 1. Structure of nepafenac (NEPA)

Lanthanide—sensitized luminescence  is a
characteristic phenomenon where lanthanide ions
Terbium (Tb®) and Europium (Eu®") form stable
chelates with organic ligands. The luminescenceof these
lanthanide chelates is characterized by large stock’s shift,
narrow emission bands and long fluorescence life times,
so it has been used successfully for spectrofluorimetric
determination of certain organic analytes as
fluoroquinolones 618, tetracycline *°, fexofenadine %,
and DNA 2. Some organic compounds can quench the
back ground luminescence of lanthanide ions especially
when they are in the form of chloride salts, because the
probability of collisions leading to energy transfer is
larger for the chloride salts °. This quenching
phenomenon was reported for the fluorimetric
determination of some cephalosporines? and some non-
steroidal anti-inflammatory drugs?3.

This work provides a new simple method for
quantitative spectrofluorimetric measurement of NEPA
through quenching the fluorescence of Terbium-Tris
complex.

MATERIAL AND METHODS

Apparatus

All the fluorescence spectra were recorded
using a JASCO FP-6200 Spectrofluorometer, equipped
with 150 W Xenon lamp, grating excitation and emission
monochromators, and a recorder. Slit widths for both
monochromators were set at 10 nm. A 1.0 cm quartz cell
was used. Spectra were evaluated using Spectra Manager
FP-6200 Control Driver software, Version 1.54.03
[Build 1], JASCO Corporation.

Samples
Reference samples

Nepafenac pure sample was purchased from
Enaltec Labs, Navi Mumbai, India. The purity of NEPA
was provided by the company to be 99.7 % and used as
supplied.

Market samples

Nevaxal Sterile ophthalmic suspension, was
provided by Orchidia Pharmaceutical Industries, Cairo,
Egypt. Each 1ml is labeled to contain 1.0 mg of NEPA.

Reagents
All chemicals used were of analytical grade and

were used without further purification. Terbium (III)
Chloride hexahydrate (Tb%*) 99.9 % (Aldrich, Germany),
2x10° M methanolic solution was prepared. Tris buffer
[Tris (hydroxyl methyl) amino methane] was obtained
from (Nice Chemicals, India), 0.1 mol L'methanolic
solution was prepared.

Methanol HPLC grade 99.9 % was obtained
from (Sigma, Germany). Sodium hydroxide pellets was
obtained from (Winlab, Leicestershire, U.K.). Sodium
chloride was obtained from (Winlab, Leicestershire,
U.K.). Hydrochloric acid HPLC grade 37 % was
obtained from (Rediel —De-Haen, Germany).

Preparation of Sample Solutions

NEPA stock sample solution (1.0 mg ml) were
prepared by dissolving 25.0 mg of the studied drug in
methanol and then completed to volume with the same
solvent in 25.0ml volumetric flask. A working sample
solution (10.0pg ml*) of NEPA was freshly prepared by
appropriate dilution of the stock solution with
methanol. The stock solution were kept in a refrigerator
at approximately 4°C and remained stable for
at least 1 month.

Construction of Calibration Graphs

1.0 ml of Tris buffer pH 10.0 + 0.2 was
transferred in a series of 10.0ml volumetric flasks
followed by1.0 ml of terbium solution (2 x 10°M)%,
Aliquots of NEPA working solutions equivalent to 2.5-
100 ug were added. The solutions were mixed well and
were completed to volume with methanol. The
fluorescence intensity was measured at A580 nm after
excitation at A 237 nm. The final concentration
of the studied drug was plotted versus the
calculated fluorescence quenching (F%F) to obtain the
standard calibration graphs. Alternatively, the
corresponding  regression equation  (Stern-Volmer
equation) 2 was derived., where, F° is the fluorescence
of 0.2 mM solution of Th®* in Tris buffer and methanol
without drug and F is the fluorescence of 0.2 mM
solution of Th% in Tris buffer and methanol after
addition of the drug.

Analysis of Dosage Forms
Nevaxal Ophthalmic suspension

An amount equivalent to 25.0 mg of NEPA was
accurately measured and transferred to 25.0ml
volumetric flask and made up to volume with methanol.
The produced solution (1.0 mg ml?) of the studied drug
was used to proceed as under preparation of sample
solution.

Suitable aliquots of the above prepared solution
of the pharmaceutical preparation were treated as
described under construction of calibration graph. The
results were calculated for each determination from the
corresponding regression equation.
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RESULTS AND DISCUSSION

The present work provides a simple, reliable
and selective method for determination of NEPA in pure
and pharmaceutical dosage forms. Although, a
spectrofluorimetric method!* for assay of NEPA is
reported in the literature, but the proposed method has
the advantage of covering wider linearity range (0.25-
10.00 pg.ml*) compared to the reported method (0.2- 1.5
ug.mlY), furthermore our method is more sensitive with
Lower values for LOD (0.008 pg.ml™?) and LOQ (0.028
ug.mlt) than those of the reported method [ LOD(0.032
ug.mlt) and LOQ (1.08 ug.ml'h) ].

Fluorescence spectral characteristics

The solution of Terbium chloride (Tb®*) in Tris
buffer and methanol shows intense fluorescence, when
excited at A 237 nm, an emission band at A 580 nm was
observed as shown in Figure 2. This band is
characteristic of terbium due to 5Ds'Fg and 7Fs
transitions respectively®. Quantitative measurements are
performed after excitation at A 237 nm, where the
fluorescence is measured at A580 nm. When the studied
drug is added to Th®* it reacts forming stable complex
with Th®* which has no fluorescent properties and results
in quenching the fluorescence intensity of methanolic
Terbium-Tris complex. This quenching is found to be
proportional to the concentration of the added drug.
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Figure 2. Emission Spectra of 0.2mM Terbium-Tris
complex in methanol (....... ), 0.2 mM Terbium-Tris
complex in methanol + 6ug mI™ of NEPA (__ ) at 2580
nm after excitation at A 237.

Although two other emission bands were
observed at A 480 nm and A 540 nm for methanolic
solution of terbium-tris complex after excitation at A 237
nm (Figure 2). We could not perform quantitative
measurements using these emission bands due to sever
interference with solvent emission (methanol) as
indicated by Figure 3.
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Figure 3. Emission Spectra of 0.002mM Terbium
-Tris complex in methanol (—) and methanol as
blank (——) after excitation at ) 237.

Optimization of the experimental conditions

Different experimental parameters affecting the
fluorescence intensity of Terbium-Tris complex and
complex formation between NEPA and terbium were
carefully studied and optimized. Such factors were
changed individually, while others were kept constant.
These factors include Volume of terbium chloride
solution, Effect of pH and Effect of time on complex
formation.

Volume of terbium chloride solution

The fluorescence of Th** in Tris buffer and
methanol at A em580 nm (A ex 237 nm) was measured
with increasing concentration of Th® and was found to
increase quantitatively with Tb3* concentration as shown
in Figure 4. 1t was found that 1.0ml of (2 x10° mol L)
of Th% is appropriate for reasonable fluorescence
intensity.
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Figure 4. Calibration graph of the fluorescence of
Terbium -Tris complex in methanol.
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Table 1. Performance data for Nepafenac by the proposed fluorescence quenching method

Parameter

Proposed method

Working range (ug.ml)

Mean % Recovery

Standard deviation (SD)

Relative standard deviation (Y0RSD)
Regression equation

Correlation coefficient (r)

Standard deviation of the residuals (Sy/x)
Percentage error % Er

LOD* (ug.ml?)

LOQ* (ug.ml)

0.25- 10.00

99.85

0.77
0.77

FO/F = 0.1587C+ 0.9257

0.9996

0.00038

0.345

0.008

0.024

FO: fluorescence of 0.2 m M solution of Tb®* in Tris buffer and methanol without drug
F: fluorescence of 0.2 m M solution of Tb®* in Tris buffer and methanol after addition of the drug C = Concentration in ug ml*

Effect of pH

The influence of pH on relative fluorescence of
Tb® and complex formation between Tb®* and the
studied compound was studied using different pH values
of Tris buffer.

The quenching of Tb3 fluorescence after
addition of NEPA (1.0 ug mlI* final concentration) was
measured in different solutions of Tris buffer pH (8.0,
9.0, and 10.0) £ 0.2. The study revealed that the best
fluorescence quenching occurs when Tris buffer of pH
10+ 0.2 was used (Figureb).
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Figure 5. Effect of pH on complex formation between
Terbium and 1.0 ug mI't NEPA

Effect of time on complex formation

The fluorescence of Terbium—Tris solution
after addition of NEPA (1.0 ug mlI* final Concentration)
was monitored after several time intervals. It was found

that the complex was immediately formed and remained
stable for fifteen minutes as shown in Figure 6. The
fluorescence all over this study was measured within 15
minutes from starting time of the reaction at room
temperature.
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Figure 6. Effect of time on complex formation between
Terbium and NEPA (1.0ug ml?) final concentration in
Tris buffer.

Validation of the method
Linearity and range

Validation of the proposed method was
assessed according to the ICH Q2 (R1)
recommendation?, The proposed method was tested for
linearity-range ,limit of quantification, limit of detection,
specificity, accuracy and precision.
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Table 2. Statistical analysis of the results obtained by determination of pure sample of Nepafenac by the proposed
spectrofluorimetric method and those obtained by the reported method

Proposed method

Parameter Reported method**
Concentratiqn taken Concentratio_n found % Recovery
(ug.ml) (ug.ml ) % Recovery
0.5 0.499 99.85 98.59
2 2.019 100.97 98.58
4 4.005 100.13 100.84
6 5.946 99.09 99.15
8 7.935 99.19
Mean (X) 99.87 99.29
Variance 0.59 1.13
Replicates (n) 5 4
F-test(6.59)* 0.95
Student' s t-test (1.895)* 191

*Figures in parenthesis are corresponding theoretical t- and F- values at p=0.05%"
** Reported method is HPLC method®

Table 3. Precision data for the studied drug by the proposed fluorescence quenching method.

Parameter " Repeatabiliy®) (Intermediate precision™)
Concentration taken (pg.ml) 1.0 5.0 9.0 1.0 5.0 9.0
100.67 100.46 101.61 101.29 101.23 101.47
Recovery % 99.01 99.62 98.13 99.01 99.62 98.13
98.18 100.88 100.29 98.2 102.63 994
Mean (X_) 99.29 100.32 100.01 99.5 101.16 99.67
+SD 0.53 0.64 1.76 1.60 151 1.69
RSD % 0.53 0.64 1.76 1.61 1.49 1.69
% Er 0.31 0.37 1.01 0.93 0.86 0.98

*The intraday (n = 9), average of three different concentrations repeated three times within day.
**The interday (n = 9), average of three different concentrations repeated three times in three successive days.

Table 4. Determination of Nepafenac in pharmaceutical preparation by the proposed spectrofluorimetric method

Preparation Concentration taken(ug.mi?) Concentration found(ug.ml?) % Recovery*
2.00 2.02 101.10
Nevaxal 4.00 3.99 99.73
ophthalmic suspension** 6.00 5.94 99.03
8.00 7.96 99.50
Mean + SD 99.84 +0.89
% RSD 0.89

*Average of triplicate determinations

**Batch# 1017190
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After optimizing the conditions, the calibration
graph of NEPA was constructed by plotting the
calculated fluorescence quenching of terbium solution
(F%/F) versus final concentration in ug mlt The
regression plot showed linear dependence of
fluorescence quenching of terbium solution on
concentration of the studied drug over the range cited in
Table 1. The small values of the %RSD and %Er point
out to the low scattering of the points around the
calibration curve and high accuracy and precision of the
proposed method.

Analysis of the data gave the following
regression equation:

F°/F = 0.1587C+ 0.9257 (r = 0.9996)

Where FC is the fluorescence of 0.2 m M solution of Th®*
in Tris buffer and methanol without drug, F is the
fluorescence of 0.2 m M solution of Tb3* in Tris buffer
and methanol after addition of the drug, C is the
concentration of the studied drug in (ug mlI™%) and (r) is
the correlation coefficient, as shown in Figure?.

3.0
25
20
1.5 1
1.0 4
0.5 4
0.0

FO/F

Fe/F = 0.1587C + 0.9257
r=0.9996

0 5 10 15
Concentration pg mL-’!

Figure 7. linear relationship between the concentration
of the studied drug and the quenching of the
fluorescence of Terbium-Tris complex.

The limit of quantification (LOQ) was
determined by establishing the lowest concentration that
can be measured according to ICH Q2 (R1)
recommendations 26, below which the calibration graph
is nonlinear, while the limit of detection (LOD) was
determined by evaluating the lowest concentration of the
analyte that can be readily detected. The results of LOD
and LOQ of the studied drug by the proposed method are
abridged in Table 1.

Accuracy and precision

The proposed method was evaluated by
studying the accuracy as percent relative error and
precision as percent relative standard deviation. The
results are abridged in Table 1. Statistical analysis®” of
the results obtained by the proposed method and the
reported HPLC method for NEPA® using Student’s t-test

and variance ratio F-test, shows no significant difference
between the performance of the proposed and reported
methods regarding the accuracy and precision,
respectively (Table 2).The separation in the reported
method was performed using C18 column and elution
was done with a mobile phase consisting of acetonitrile:
Water (40: 60 v/v) at a flow rate of Iml/min and at a
wavelength of 254 nm.

The intra-day Precision

It was evaluated through analysis of the studied
drug in pure form using different concentrations (1.0,
5.0, 9.0 ug mI') and each concentration was measured
three times within in a day.

The inter-day Precision

It was evaluated through replicate analysis of
the studied drug in pure form using different
concentrations (1.0, 5.0, 9.0 ug ml?Y) and each
concentration was measured once a day for three
consecutive days.

The results of the inter-day and intra-day
precision of the proposed method have been summarized
in Table 3. The precision of the proposed method was
fairly high, as indicated by the low values of SD and
%RSD, respectively. Also accuracy was proved by the
low values of % Er.

Application
Analysis of pharmaceutical formulation

The proposed method was successfully applied
for determination of NEPA in ophthalmic suspension
with good accuracy and precision as indicated by
recovery and relative standard deviation values. The
results are shown in Table 4.

Proposed mechanism of the reaction

In lanthanide-sensitized luminescence the
intense luminescence originates from an intra molecular
energy transfer through the excited triplet state of the
ligand to the emitting resonance level of the ion followed
by radiative emission from the cation. The efficiency of
the energy transfer depends on the matching between the
triplet level of the organic compound and the resonance
level of the ion. The energy of the triplet level should be
close to but higher than, that of the resonance level of the
ion. In some instances, when the organic compound has
a triplet state level below the excited state level of the
lanthanide ion, the organic compound can quench the
back ground luminescence of the ion®®. The suggested
mechanism of reaction between NEPA and Th%is that
NEPA coordinated to the metal ion via the2-amino group
and Carbonyl-O groups of the benzoyl moiety.
The structure of the complex formed between the studied
drug and Tb®* is proposed to be as represented in
Figure 8.
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Figure 8. The proposed structure of the complex formed
between NEPA and Tb3"in presence of Tris buffer.

CONCLUSION

A simple and rapid spectrofluorimetric method

has been developed in this work for quantitative
determination of NEPA in pure form and in ophthalmic
suspension. The results obtained by this method are
indicative for high sensitivity and reasonable selectivity.
As the proposed method is rapid, economic, safe and
easy to handle it is very useful for accurate determination
of NEPA in quality control laboratories.
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