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Abstract

This study describes, for the first time, the experimental and computational investigations

for evaluation of kolliphor RH 40 as a fluorescence enhancer surfactant in development of a

spectrofluorimetric method for determination of lapatinib (LAP), a tyrosine kinase-inhibitor

drug approved for targeted therapy of breast cancer. The investigations involved the ability

of kolliphor RH 40 to form micelles with LAP and its enhancing effect on the weak native fluo-

rescence of LAP at 420 nm after its excitation at 292 nm. Different variables were experi-

mentally investigated: types of organized media, diluting solvent, buffer type and its pH

value. The optimum values of the most influencing variables on the interaction of kolliphor

RH 40 with LAP were refined by the computational response surface methodology (RSM).

Under the optimized conditions, it was found that kolliphor RH 40 forms micelles with LAP,

and its fluorescence enhancing ability was higher than other surfactants tested by ~ 10-

folds. This micellar-enhanced effect of kolliphor RH 40 was employed in the development of

a new sensitive spectrofluorimetric method for the accurate determination of LAP. The

method was validated according to the guidelines of the International Conference on

Harmonization (ICH) for validation of analytical procedures. The relative fluorescence inten-

sity (RFI) was in excellent linear relationship (correlation coefficient was 0.998) with the LAP

concentrations in the range of 50–1000 ng/mL. The method limit of detection (LOD) was

27.31 ng/mL and its accuracy was� 99.82%. The method was successfully applied to the

determination of LAP in its pharmaceutical tablets, tablets dissolution testing and content

uniformity. The method application was extended to the determination of LAP in urine sam-

ples with an accuracy of 99.82 ± 3.45%. The method is considered as an eco-friendly green

approach and more efficient alternative method to the existing analytical methodologies for

determination of LAP.
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Introduction

Lapatinib (LAP) is chemically named as N-{3-chloro-4-[(3-fluorobenzyl)oxy]phenyl}-6-[5-

({[2-(methylsulfonyl)ethyl]amino}methyl)-2-furyl]-4-quinazolinamine; the chemical structure

is given in Fig 1. The molecular formula of LAP is C29H26ClFN4O4S and its molecular mass is

581.057. LAP is a potent orally active drug against breast cancer and other solid tumors [1].

LAP, as ditosylate salt, has been first approved by the United States Food and Drug Adminis-

tration (US-FDA) under the trade name of Tykerb1 (in USA) and Tyverb1 (mostly in

Europe) as film-coated tablets by the pharmaceutical company GlaxoSmithKline (GSK). Sub-

sequently, Tykerb1 has received an accelerated approval for the treatment of postmenopausal

women with hormone receptor positive metastatic breast cancer that overexpresses the HER2

receptor and for whom hormonal therapy is indicated (in combination with letrozole) [2].

LAP has a dual tyrosine kinase inhibitor action which interrupts the HER2/neu and epidermal

growth factor receptor (EGFR) pathways [3–7].

The oral bioavailability of LAP is moderate at best, interpatient variability is considerable

and it is significantly affected by food intake as its systemic exposure increases by low/high fat

diets intake before LAP administration [8, 9]. Gastric pH also influences its bioavailability as

higher gastric pH causes reduction of LAP absorption; therefore, a concomitant use of proton-

pump inhibitors can decrease its bioavailability [10]. Like many small molecule tyrosine kinase

inhibitors, LAP is well tolerated; however it shows some side effects which mostly include diar-

rhea, fatigue), nausea and rashes [11].

LAP has been determined in its pharmaceutical tablets and/or biological fluids by liquid

chromatography coupled with ultraviolet [12], diode array [13] and tandem mass spectromet-

ric detectors [14–23]. Chromatographic techniques are selective and sensitive; however, they

are laborious, tedious, time-consuming, and rely on expensive instruments which limit their

routine use in quality control laboratories, particularly in developing countries. Spectrofluori-

metric analysis is widely used in quality control laboratories because it is simple and sensitive

technique; however, the technique has not yet described for determination of LAP. Therefore,

the present study was devoted to development of new of a spectrofluorimetric method that can

overcome the drawbacks of the existing liquid chromatographic methodologies. It was possible

to derivatize LAP, via its secondary amino group, with different fluorescent reagents [24].

However, this approach usually requires high reaction temperature, long time, and occur in

organic solvents which are costive and more importantly increase the incidence of exposure of

the analysts to these toxic solvents [25–29]. For these reasons, investigating new alternative

approach that give high fluorescence intensity and use minimum volumes of organic solvents,

if any, was very important. Recently, spectrofluorimetric methods involving enhancement of

fluorescence signal by micelle formation have been developed for the quantification of various

drugs [30–33]. These micelle-enhanced spectrofluorimetric methods offered high sensitivities

and considered as green eco-friendly approach as it occurs in safe aqueous media. For develop-

ment of these methods, various surfactants could be used such as sodium dodecyl sulphate

[30], tween [31] and cyclodextrin [32, 33].

Kolliphor RH 40 is a macrogolglycerol hydroxystearate derived from hydrogenated castor

oil and ethylene oxide. It is mainly used as a solubilizer and emulsifier in the oral and topical

liquid and semi-solid pharmaceutical dosage forms. It demonstrated exceptional chemical sta-

bility and scored highest on resistance to enzymatic digestion among various surfactants,

highlighting its potential to enhance patient safety. It is also used in self- and microemulsifying

drug delivery in combination with a co-solubilizer and/or co-solvent [34]. However, it has not

been investigated as a micelle-forming surfactant and a fluorescence enhancer for LAP.
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The present study describes the investigations and analytical studies to evaluate kolliphor

RH 40 as a new micelle-forming surfactant and a fluorescence enhancer in the development of

a simple and sensitive micelle-enhanced spectrofluorimetric method for determination of LAP

in its dosage forms and urine.

Experimental

Instruments

Fluorescence spectra were recorded on a JASCO FP-8200 fluorescence spectrometer (JASCO

Corporation, Japan) equipped with a 150 W Xenon lamp and 1 cm quartz cells. The slit widths

for both the excitation and emission monochromators were set at 5.0 nm. All recorded spectra

converted to ASCII format by Spectra ManagerTM software provided with the instrument. A

Hanna pH-meter (Romania) was used for pH adjustments. Automatic dissolution tester, 8 cup

system (Abbott Corporation, United States) was used for in-vitro drug release testing.

Reagents and materials

Lapatinib (LAP) was purchased from LC Laboratories (Woburn, MA, USA); its purity

was> 99.00%. Tykerb1 tablets (GlaxoSmithKline, UK) labeled to contain 250 mg (as ditosy-

late monohydrate) per tablet were obtained from local Saudi market. Kolliphor RH 40 was

purchased from BASF (Ludwigshafen, Germany); it was used as 2% (w/v) aqueous solution.

Sodium dodecyl sulphate (SDS; Winlab, UK) was used as 2% (w/v) aqueous solution. Tween

20 and Tween 80 were purchased from Techno Pharmchem Haryana (India) and used as 2%

(v/v) aqueous solutions. Triton was purchased from Loba Chemie (India) and used as 2% (v/v)

aqueous solution. Β-Cyclodextrin (β-CYCD; Merck, Germany) was used as 2% (w/v) aqueous

solution. Methanol and ethanol were obtained from Prolabo (France). Acetonitrile was

obtained from Sigma-Aldrich (St. Louis, CA, USA). Boric acid, citric acid, sodium hydroxide,

phosphoric acid, potassium chloride, potassium dihydrogen phosphate and disodium hydro-

gen phosphate were of analytical grade. Water was used after purification by Milli-Q plus

instrument (USA). Phosphate buffer (0.1 M, pH 2–12), citrate buffer (0.1 M, pH 3–7), and

borate buffer (0.1 M, pH 8–10) solutions were freshly prepared before use. Human urine was

kindly supplied by King Khaled University Hospital (King Saud University, Riyadh, KSA) fol-

lowing informed verbal consent. Urine samples were collected, centrifuged, and stored at

-70˚C until analysis.

Preparation of standard solutions

Stock LAP standard solution (10 mg mL−1) was prepared by dissolving 250 mg of LAP stan-

dard material in 25 mL of acetonitrile. Working LAP solution (1 μg mL−1) was prepared from

the stock solution by dilution in the same solvent.

Fig 1. Chemical structure of lapatinib (LAP).

https://doi.org/10.1371/journal.pone.0239918.g001
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Optimization of experimental conditions

Box–Behnken 33experimental design with Design Expert software (version 7.1.1; Stat-Ease,

Inc., USA) was used in establishing the optimum values for the most influencing factors on the

interaction of kolliphor RH 40 with LAP. These factors were pH, volume of buffer solution

and concentration of the kolliphor RH 40 surfactant. Other experimental conditions (measur-

ing wavelengths, and diluting solvent) were kept constant at their optimum values determined

by the practical experiments. Optimization procedure involved statistical design for the

response related-combinations, adjusting the practical results with the computational

responses, and define the suitability of the model. The variable’s levels were selected depending

on their least and highest influence on the relative fluorescence intensity (RFI) and similarly

each level was experienced at lower and upper value.

General analytical procedure

Calibration samples in the range of 50–1000 ng/mL were prepared from standard solution of

LAP. In a 5-mL volumetric flask, 0.5 mL of the LAP calibration sample was transferred. To this

solution, 2 mL of kolliphor RH 40 (2%, w/v) and 2 mL of phosphate buffer (PB) solution of pH

12 were added, and the volume was completed with water. The contents were mixed well and

RFI was measured at 420 nm for emission after excitation at 292 nm. The measured RFI values

were plotted as a function of LAP concentrations. Regression analysis of the data was con-

ducted and the regression equation was computed, from which the unknown concentrations

of LAP samples were derived.

Determination of LAP in tablet samples

Twenty Tykerb1 tablets (Lot no. R663914) were weighed, crashed to fine powder. From the

tablet powder, an accurately weighed quantity (250 mg) was transferred to 25-mL volumetric

flask and dissolved in ~ 20 mL of acetonitrile. The solution was sonicated for 30 min to ensure

the complete dissolution of LAP, and the volume was completed to the mark with the same sol-

vent. This tablet solution (claimed to be 10 mg/mL) was filtered with Chromafil1Xtra 0.2 μm

filter papers and diluted with acetonitrile to give concentrations in the range of 50–1000 ng/

mL. These diluted samples were subjected to the analysis by the proposed method as described

under “General analytical procedure”.

Procedure for content uniformity testing for Tykerb1 tablets

Ten Tykerb1 tablets were analyzed for their contents of LAP by applying the procedures

described under “Determination of LAP in tablet samples”. Guidelines of the United States

Pharmacopeia (USP) [35] (chapter 905: Uniformity of Dosage Units) were followed for the

uniformity testing of the Tykerb1 tablets contents. According to official USP guidelines, the

content uniformity could be performed by computing the acceptance value (AV) for tablets.

Average was measured by applying the equation: AV = |H–�X | + KS, where; H is a reference

value, �X is the individual content average, K is the acceptability constant, and S is the standard

deviation of samples. If average for ten tablets�maximum allowed acceptance value, thus the

content uniformity is accepted (as in the present study).

Procedure for in-vitro drug release test (dissolution test) for LAP

In-vitro release of Tykerb1 tablets was conducted according to the FDA procedure of dissolu-

tion [36]. A volume of 900 mL of dissolution solution (2% of polysorbate in 0.1 N HCl) was

kept at ambient temperature, stirred at a speed of 55 rpm for 60 min., and used for the
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dissolution of the Tykerb1 tablets. Aliquots (5 mL) of Tykerb1 tablet solution were withdrawn

at time intervals (10, 15, 30, 45 and 60 min) and filtered using 0.45 μm syringe filter. The volume

of dissolution medium was kept constant by replacement of the withdrawn sample volume by

equal volume of the dissolution medium. The samples were subjected to the analysis for their

LAP contents by the proposed method as described under “General Analytical Procedure.

Determination of LAP in human urine samples

Human urine samples (2 mL) were spiked with 50 μL of LAP standard solution containing

varying concentrations of LAP, and the contents were mixed by vorex for 30 sec. To this

mixed solution, 1 mL of NaOH 100 mM/glycine buffer (pH 11) was added and the contents

were mixed for 10 sec. These samples were subjected to liquid-liquid extraction with diethyl

ether (5 mL) followed by centrifugation for 15 min at 10,000 rpm for phases separation. The

upper organic layer (3 mL) was collected into a glass vial, dried over gentle nitrogen stream,

and the obtained residue was reconstituted in acetonitrile to give final LAP concentrations of

375, 750, 1500, and 3000 ng/mL. These samples were analyzed for their LAP contents as

described under “General Analytical Procedure. Blank urine samples were subjected to the

same procedure whoever LAP spiking step was omitted. The study has been approved by the

research ethics committee at King Saud University.

Results and discussion

Strategy of the study and spectral characteristics

LAP was selected for this study because of its therapeutic importance and the need for a simple

and sensitive spectrofluorimetric method for its determination in tablets and biological sam-

ples. LAP exhibits very weak native fluorescence at emission and excitation wavelengths of 292

and 420 nm, respectively (Fig 2), thus its direct determination was not practically possible.

Therefore, enhancement of its native fluorescence was necessary to increase its detectability

and ultimately the sensitivity of its spectrofluorimetric determination. Development of

micelle-based spectrofluorimetric method for LAP was considered because it combines the

advantages of simplicity of the procedures, providing high sensitivity, and increasing the

greenness of the approach. Kolliphor RH 40 was selected for the present study because it has

not been investigated yet as a micelle-forming surfactant and fluorescence enhancer for LAP.

Our preliminary experiments showed that addition of kolliphor RH 40 to LAP greatly

Fig 2. Fluorescence spectra of LAP (1000 ng/mL) and its interaction mixture with kolliphor RH 40 (2%, w/v).

Spectra (1) and (2) are the excitation and emission (respectively) of LAP aqueous solution in absence of kolliphor RH

40. Spectra (3) and (4) are the excitation and emission (respectively) of LAP aqueous solution containing kolliphor RH

40.

https://doi.org/10.1371/journal.pone.0239918.g002
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enhanced the fluorescence of LAP at its emission and excitation wavelengths which were 292

and 420 nm, respectively (Fig 2). This increase in fluorescence intensity of LAP in the cited

surfactant may be attributed to the protection of the lowermost excited singlet state from non-

radiative procedures in the formed micelle [37, 40].

The use of response surface methodology (RSM) [38, 39] in more powerful technique than the

conventional practical experiments. It provides a large amount of information and reduces the

number of practical experiments. For these reasons, RSM was considered and used to find the

optimum conditions for the interaction of kolliphor RH 40 with LAP in the present study. The

present study was devoted to investigate the optimum conditions for use of kolliphor RH 40 in

the development of a micellar-enhanced spectrofluorimetric method for determination of LAP.

Practical optimization of the experimental conditions

The factors affecting the fluorescence intensity (concentration of kolliphor RH 40, type of

organized media, buffer pH and volume, and the diluting solvent) were investigated by altering

each variable by turn while keeping the others constant. All experiments were conducted on a

working solution of LAP at a concentration of 1000 ng/mL, and all the fluorescence emission

measurements in this study were carried out at 420 nm after excitation at 292 nm.

Effect of kolliphor RH 40 concentration. The effect of concentration of kolliphor RH 40

was investigated by adding 2 mL of varying concentrations of kolliphor RH 40 in the range of

0.2–2.5% (w/v) to the LAP solution and the relative fluorescence intensity (RFI) was measured

for each concentration. The results revealed that a concentration of 0.5% was adequate to give

the highest RFI, beyond which the RFI values did not increase with the increase in kolliphor

RH 40 concentrations (Fig 3). However, for readings with better precision and RSM results

(discussed below), 2% (w/v) was used in the subsequent experiments.

Effect of type of organized media. Various organized media (surfactants solutions) were

investigated and their effects on the RFI values were compared with those of kolliphor RH 40;

2 mL of equal concentrations (2%, w/v) was used for each. Among all the tested surfactants,

kolliphor RH 40 gave the highest RFI values when mixed with LAP compared with those in

absence of LAP (Fig 4). It is wise to mention that all surfactants gave fluorescence except cyclo-

dextrins which may be due to formation of inclusion complexes, rather than micelles.

Effect of pH. For investigating the effect of pH, different buffers of varying pH values (2–

12) were tested. The results indicated that the RFI values were pH dependent (Fig 5). In high

acidic pH values (2–4), the RFI values were significantly lower than those obtained in neutral-

alkaline pH values; the highest RFI values were obtained at pH 12. The volume of buffer solu-

tion did not affect the RFI values (Fig 6). In order to investigate the effect of buffer components

Fig 3. Effect of concentration of kolliphor RH 40 on the RFI values of its interaction mixture with LAP (1000 ng/

mL).

https://doi.org/10.1371/journal.pone.0239918.g003
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on the RFI values, different buffers (phosphate, citrate, and borate) of similar pH values were

tested. It was found that the RFI values were not affected by the type of buffer indicating that

buffer components have no effect rather than the pH itself.

In order to figure out the effect of pH value on the interactions of LAP with kolliphor RH

40, the physicochemical properties of LAP were calculated by Chemicalize [40]. It was found

that LAP molecule can exist as six different protonated states (Fig 7A). The only predominant

state of LAP is the non-ionic one which exists at pH 12 (Fig 7B). This explains the strong inter-

action between LAP and kolliphor RH 40 at pH 12.

Effect of diluting solvent. The buffered interaction mixture of LAP and kolliphor RH 40

was diluted with various solvent (water, ethanol, methanol and acetonitrile), and RFI values were

measured in each case. The highest RFI readings were obtained when water was used for dilution

(Fig 8). Dilution with water gave an advantage to the method as it is cheap, and more importantly

eco-friendly. Additionally, the observed remarkable decrease in the RFI on utilizing methanol,

acetonitrile or ethanol may be due to the denaturating influence of these organic solvents on the

micelle formation and may, at high concentration, breakdown the surfactant aggregate.

Response surface methodology for optimization of conditions

As evident from the above mentioned practical optimization of the conditions affecting the

interaction of kolliphor RH 40 with LAP were the pH and volume of buffer solution,

Fig 4. Effect of type of surfactant (1mL 1% w/v solution of each) on the RFI values of their interaction mixture

with LAP (1000 ng/mL). Solid black bars: kolliphor RH 40, stripped bars: mixture of LAP and kolliphor RH 40.

https://doi.org/10.1371/journal.pone.0239918.g004

Fig 5. Effect of pH on the RFI values of the interaction mixture of kolliphor RH 40 (2%, w/v) with LAP (1000 ng/

mL). Solid black bars: LAP, solid grey bars: kolliphor RH 40, stripped bars: mixture of LAP and kolliphor RH 40.

https://doi.org/10.1371/journal.pone.0239918.g005
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concentration of the kolliphor RH 40, RSM were adopted for refining the optimum values of

these conditions. Analysis of the collected data was performed by Design Expert software and

nonlinear quadratic models for data fitting for LAP quantification. Fig 9A–9C illustrate the

response surface graphs for best fitted model. Point prediction tool (embedded in the software)

was utilized for RFI calculation. The results revealed that the optimum values for the three

studied parameters were 12 for pH value, 2 mL for buffer volume and 2% (w/v) for concentra-

tion of kolliphor RH 40 surfactant. The effect of surfactant concentration and buffer on the

response at constant pH is shown in Fig 9A. It is obvious that the RFI increased with increasing

surfactant concentration. The effect of surfactant concentration and pH on LAP response at

constant buffer volume is depicted in Fig 9B showing that the increase in surfactant concentra-

tion at higher pH value augmented LAP response. Finally, Fig 9C showed the effect of buffer

volume and pH on LAP response at constant surfactant concentration (2%, w/v) and it was

Fig 6. Effect of volume of phosphate buffer solution (pH 12) on the RFI values of the interaction mixture of LAP

(1000 ng/mL) with kolliphor (2%, w/v).

https://doi.org/10.1371/journal.pone.0239918.g006

Fig 7. Theoretical protonation states of LAP as a function of the pH. Panel (A): the chemical structures of the

different protonated states of LAP. Panel (B): Microspecies distribution of LAP according to the pH value. The colors

of the curves match with those of the chemical structures.

https://doi.org/10.1371/journal.pone.0239918.g007
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clear that as pH and buffer volume increased, the RFI of LAP increased. These optimized val-

ues were used in the quantitative determinations of LAP in its different samples.

Validation of the method

Linear range and sensitivity. Calibration curve was constructed by plotting the RFI val-

ues (on y-axis) as a function of their corresponding LAP concentrations (on x-axis, in ng/mL).

Regression analysis for the data was conducted [41] and it was found that the curve was linear

in the range of 50–1000 ng/mL; as evident from the good correlation coefficient value of 0.998,

and the other parameters of the regression analysis (Table 1).

The limit of detection (LOD) and limit of quantitation (LOQ) were calculated using reported

ICH Q2 (R1) recommendations [42] using the following formula:

LOD ¼ 3:3�
Sa
b

and LOQ ¼ 10�
Sa
b

Where, Sa of the intercept of regression line of calibration curve; b = the slope of regression

line of the calibration curve (Table 1). LOD and LOQ values were found to be 27.31 and 82.75

ng/mL, respectively (Table 1).

Accuracy and precision. For the determination of the accuracy of this spectrofluorimetric

method, different samples of bulk powder and Tykerb1 tablets claimed to contain varying

concentrations of LAP were analyzed. As shown in Table 2, the mean recovery values were val-

ues were 99.93 ± 2.36 and 102.41 ± 2.05%, respectively indicating the accuracy of the spectro-

fluorimetric method for determination of LAP in its bulk form and tablets. Similarly, urine

samples were spiked with varying concentrations of LAP and subjected to the analysis by the

proposed method. The mean recovery value was 99.82 ± 3.45% indicating the accuracy of the

method for determination of LAP in its urine samples (Table 2).

Various concentrations (100–800 ng/mL) of LAP were analyzed, in triplicate, to evaluate

the intra- and inter-assay precision. The relative standard deviation (RSD) values were 2.15–

3.44 and 0.48–2.74% for the intra- and inter-assay precisions, respectively (Table 3). These low

RSD values confirmed the high precision of the method. In addition, the accuracy of the spec-

trofluorimetric method adopted was verified by comparing the results of the determination of

LAP with the results of the reported LC method [13] in pure form. Calculated F and t- values

were lower than the tabulated values (Table 4), which suggested that there were no significant

differences between the precision and accuracy of the adopted and reported methods.

Fig 8. Effect of diluting solvent on the RFI values of the interaction mixture of LAP (1000 ng/mL) with kolliphor

RH 40 (2%, w/v). Dotted bars: kolliphor RH 40, stripped bars: LAP, solid black bars: mixture of LAP and kolliphor RH

40.

https://doi.org/10.1371/journal.pone.0239918.g008
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Robustness and specificity. The experimental conditions were deliberately changed and

the effects of the changes on the analytical results obtained in each case are summarized in

Table 5. As evident from the results, little changes that presumably occur throughout the

experimental trail would do not have any vital effect on analytical results of LAP analysis as the

recovery values were in the range of 97.77–104.97% (± 0.07–3.00). These good recovery values

with low RSD indicated the robustness of the method.

Fig 9. Response surface graphs showing the influence of kolliphor RH 40 surfactant concentration, volume of

buffer and buffer pH on RFI values of the interaction mixture with LAP. Panel (A): effect of surfactant

concentration and buffer volume on RFI of LAP while keeping pH constant. Panel (B): effect of surfactant

concentration and buffer pH on RFI of LAP, while keeping buffer volume constant. Panel (C): effect of buffer volume

and pH on RFI of LAP, while keeping surfactant concentration constant.

https://doi.org/10.1371/journal.pone.0239918.g009
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The specificity of the proposed spectrofluorimetric method was assessed by studying the

potential interferences of the inactive ingredients (in tablets) or endogenous compounds (in

urine samples). Good recovery values were obtained in both cases; these values were 99.40 –

104.61 and 95.03–103.11% for tablets and urine samples, respectively (Table 2). These good

recovery values indicated the specificity of the method for determination of LAP in both sam-

ples without interferences from tablet excipients or urine matrix.

Applications of the proposed method

Analysis of Tykerb1 tablets and content uniformity testing. Tykerb1 tablets were sub-

jected to the analysis by the proposed spectrofluorimetric method. The mean label percentage

value was found to be 102.11 ± 2.62% (Table 6). For the content uniformity test of Tykerb1

tablets, USP guidelines [35] were followed. While testing content uniformity of Tykerb1 tablet

using this method, it was found that the method is rapid and simple. From the data inserted in

Table 5, acceptance value was 5.67 is less than the maximum allowed average value of 15,

Thus, the results revealed excellent drug uniformity.

In-vitro drug release of Tykerb1 tablets. In-vitro drug release test (dissolution test) was

performed on Tykerb1 tablet (250 mg). RFI of LAP at 420 nm in the regression linear equa-

tion was used to determinate the concentration of the released LAP. The amount of drug

released (expressed as percentages) was monitored with the dissolution time (Table 7). It was

Table 1. Analytical data of the micellar-enhanced spectrofluorimetric method for determination of LAP.

Parameter Value

Wavelength; λex/λem (nm) 292/420

Linearity range (ng/mL) 50–1000

Intercept (a) -13.48

Slope (b) 0.9046

Correlation coefficient (r) 0.998

Standard deviation of residuals (Sy/x) 20.870

Standard deviation of intercept (Sa) ± 7.486

Standard deviation of slope (Sb) ± 0.013

Relative standard deviation (%) 1.68

Error (%) 1.11

Limit of detection (ng/mL) 27.31

Limit of quantitation (ng/mL) 82.75

https://doi.org/10.1371/journal.pone.0239918.t001

Table 2. Determination of LAP in bulk powder, Tykerb1 tablets and urine by the proposed method.

Bulk powder Tykerb tablets Urine samples

Taken conc. (ng/

mL)

Found conc. (ng/

mL)

Recovery

(%)

Taken conc. (ng/

mL)

Found conc. (ng/

mL)

Recovery

(%)

Added conc. (ng/

mL)

Found conc. (ng/

mL)

Recovery

(%)

100 102.58 102.58 100 104.05 104.05 375 379.81 101.28

400 291.22 97.07 300 418.44 104.61 750 748.92 99.85

600 597.88 99.65 600 611.93 101.98 1500 1546.70 103.11

800 816.19 102.02 800 816.11 102.01 3000 2851.14 95.03

1000 983.22 98.32 1000 994.00 99.40

Mean 99.93 102.41 Mean 99.82

± SD 2.36 2.05 ± SD 3.45

https://doi.org/10.1371/journal.pone.0239918.t002
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Table 3. Accuracy and precision of the proposed micellar-enhanced spectrofluorimetric method for determina-

tion of LAP.

Taken conc. (ng/mL) Recovery (%) RSD (%) Error (%)

Intra-day

100 102.70 ± 2.36 2.30 2.70

200 103.20 ± 2.53 3.42 3.20

600 101.57 ± 2.18 2.15 1.57

800 102.16 ± 2.50 2.44 2.16

Inter-day

100 104.05 ± 2.86 2.74 4.05

400 104.61 ± 0.65 0.62 4.61

600 101.98 ± 2.38 2.34 1.98

800 102.01 ± 3.72 0.48 2.01

https://doi.org/10.1371/journal.pone.0239918.t003

Table 4. Statistical comparison of the results obtained by the proposed method and the reference method [13] for

the determination of LAP in bulk powder.

Parameters Proposed method Reported method [13]

Mean 99.93 102.11

SD 2.360 1.671

RSD 2.362 1.636

Variance 5.570 2.791

n 5 5

Student’s t-test�(2.306) 1.690

F- test�(6.388) 1.992

� Figures in parenthesis are the corresponding tabulated values at p = 0.05.

https://doi.org/10.1371/journal.pone.0239918.t004

Table 5. Robustness of the proposed micellar-enhanced spectrofluorimetric method for determination of LAP.

Experimental Parameter Recovery (% ± SD) a

No variation b 99.4 ± 0.48

Kolliphor RH 40 volume (μL)

950 99.29 ± 1.47

1050 99.13 ± 3.00

pH variation

11.7 98.87 ± 1.37

12.3 104.97 ± 2.50

Buffer volume (μL)

950 97.77 ± 2.69

1050 100.97 ± 0.07

a Mean of three determinations.
b General analytical procedure was used.

https://doi.org/10.1371/journal.pone.0239918.t005
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found that more than 90% of LAP was released within 30 min, which is acceptable according

to the USP guidelines (Fig 10).

Analysis of LAP in urine. The amount of LAP excreted in urine as unchanged was esti-

mated as 20–25 mg/day. Accordingly, these concentrations of LAP were spiked in human

urine samples and the treated extracted samples were diluted to the get the concentrations in

the linear range of the method (375–3000 ng/mL). The obtained average recovery of LAP was

99.82 ± 3.45% (Table 2).

Conclusions

Experimental and computational investigations confirmed the validity of kolliphor RH 40 as a

new powerful micelle-forming and fluorescence enhancer surfactant for LAP. Its fluorescence

enhancing ability was higher than other surfactants tested by ~ 10-folds. Kolliphor RH 40 was

successfully employed in the development of a micellar-enhanced spectrofluorimetric method

for determination of LAP. The method is sensitive as it was able to quantitate as low LAP con-

centrations as 82.75 ng/mL and its accuracy was� 99.82%. The method was successfully

applied to the determination of LAP in its tablets and in human urine samples without inter-

ferences from the tablet excipients or from the endogenous urine matrix. The proposed

method is characterized by rapidness and simplicity when compared with the reported chro-

matographic methods for LAP. Additionally, the method is inexpensive as depends on mea-

suring the enhanced native fluorescence of LAP and thus no need for using costly derivatizing

reagents and/or drastic derivatization conditions. Furthermore, optimization of the key factors

Table 6. Content uniformity testing of Tykerb1 tablets using the micellar-enhanced spectrofluorimetric method.

Tablet no. Label claim (%)

1 99.65 ± 1.91

2 97.82 ± 3.72

3 102.61 ± 0.52

4 104.94 ±1.75

5 106.76 ± 3.02

6 103.70 ± 2.73

7 100.01 ± 1.42

8 97.13 ± 2.83

9 104.11 ± 3.90

10 104.40 ± 3.02

Mean 102.11

SD 2.62

RSD (%) 2.57

Acceptance value 5.67

Max. allowed value 15

https://doi.org/10.1371/journal.pone.0239918.t006

Table 7. Data for the in-vitro dissolution test for Tykerb1 tablets.

Time (min.) Mean drug release (%)

10 57.96

15 75.78

30 94.90

45 100.70

60 98.76

https://doi.org/10.1371/journal.pone.0239918.t007
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affecting RFI of LAP, RSM was adopted using Box–Behnken design. The method is considered

as an eco-friendly green approach and more efficient alternative method to the existing analyt-

ical methodologies for determination of LAP.
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