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Five simple, selective, and rapid spectrophotometric methods are developed for the determination of
flibanserin (FL) in the presence of its oxidative degradation products (ODPs). Stress studies are performed
according to the International Conference on Harmonization (ICH) guidelines to assess the behavior of FL
against oxidative, thermal, and acidic conditions. FL was stable against thermal and acidic conditions,
while it was susceptible to oxidative degradation. Three of the spectrophotometric methods were univariate
methods, namely, third derivative (D°), ratio difference of ratio spectra (RD), and first derivative ratio of
spectra (D'R), while the other two methods were multivariate methods, namely, partial least square (PLS)
and principal components regression (PCR). No preliminary separation steps were required in these meth-
ods. The chemical structures of the ODPs were confirmed using mass spectrometry and 'H NMR spectros-
copy. The proposed methods were developed and validated according to the ICH guidelines. The linearity,
accuracy, and precision were determined, and the selectivity was assessed by analyzing synthetic laboratory
mixtures containing different ratios of FL and its ODPs. Statistical comparisons were applied to the five
spectrophotometric methods, and no significant differences were found. The validated methods could be ap-
plied for routine testing and quality control.
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OJHO®AKTOPHBIE U XEMOMETPUYECKUE BCIIOMOT' ATEJIBHBIE
CIIEKTPO®OTOMETPUYECKHUE METO/IbI OIIPEJIEJIEHUSA ®JIUBAHCEPUHA
B IEKAPCTBEHHOM ®OPME

R. M. Ahmed !, I. A. Abdallah **
VIIK 543.42.062

I Meacoynapoonwiii ynueepcumem Mucp, Kaup, Ecunem
2 Vuusepcumem Caoam-Cumu, Cadam-Cumu, Ecunem; e-mail: inas.abdallah@fop.usc.edu.eg

(Illocmynuna 16 cenmabpa 2019)

Paspabomanwt nsmv npocmuix, CeneKmMueHuIX U ObICIPbIX CHEKMPOHOMOMEMPULECKUX MEMO008 OJIsl
onpeodenenus ¢aubancepuna (FL) 6 npucymcemeuu npooykmos ezo oxuciumenvrozo pasznodcerusi (ODP).
Cmpecc-ucciedo8anus npogedeHsvl 8 COOMEEMCMBUL ¢ PYKOBOOAWUMU NpuHyunamu MexcoyHapoOHOU KoH-
Gepenyuu no eapmornuzayuu (ICH) ona oyenxu nosedenus FL ¢ omuouenuy oKuCIumenbHvlx, mepmuieckux
u Kkucromuwvix ycnoguil. FL okaszancs ycmouuue Kk mepMuyeckum u KUCTOMHbIM YCIOGUSIM, 8 MO 8PeMsl KaK
panee oH ObLI NOOGEPICEH OKUCIUMENbHOU decmpykyuu. Tpu cnekmpogomomempureckux memood 00Ho-
MepHble: mpembs npouszsoouas (D), pasnocmv omuowenuii cnexmpos omuowenus (RD) u omuowenue
nepeoii npouseoonoil cnekmpog (D'R). Jlea Opyeux memooa MHO20MepHbIe: YACMUYHBII MEMOO HAUMEHD-
wux xeaopamos (PLS) u peepeccusi enasnvix xomnonenm (PCR), 6 nux nHe mpebo8aniocs npedsapumebHbix
amanog pazoenenus. Xumuuecxkas cmpykmypa ODP noomeepicoena ¢ nomoubo Macc-CReKmpomempu u

** Full text is published in JAS V. 87, No. 5 (http://springer.com/journal/10812) and in electronic version of ZhPS
V. 87, No. 5 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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cnexmpockonuu AMP 'H. Onpeodenenvl TUHEUHOCMb, MOYHOCIY U npeyusuoHHocms. CeleKmusHocms oye-
HeHa nymem aHaIu3a CUHMemuyecKux 1a00pamopHvix cmecell, cooepaicauux paziuynvle coomuouenus FL
u eco ODP. Cmamucmuyeckoe cpasHenue nsimu CHeKmpopomomempuieckux mMemooos He OOHAPYIHCUNO
HUKAKUX CYUeCME8EHHbIX PA3TUYULL

Knioueegvie cnosa: grubancepun, uccneoosanue oecmpykyuu, 'H SIMP-cnekmpockonus, LC-MS/MS,
CReKmpoghomomempust, XeMoMempusi.

Introduction. Flibanserin (FL) [2-(1,3-dihydro-2-oxobenzimidazol-1-yl)ethyl]piperazine [1] is a sero-
tonergic agent and has been shown to have dual action as an agonist of 5-HTa receptors and/or an antago-
nist of 5-HT2a receptors [2]. Because of its high affinity for serotonin receptors, after clinical trials it was
approved by the US Food and Drug Administration (FDA) in 2015 as the first drug for the treatment of hy-
posexual desire disorder (HSDD) for premenopausal women [3]. Different approaches, such as psychologi-
cal treatment and taking hormonal medications, were developed for the treatment of HSDD before FDA ap-
proval of this drug [4, 5]. Increasing sexual desire in premenopausal females using FL is initiated by the ac-
tivation of dopamine and noradrenaline neurotransmitters and the inhibition of serotonin [6]. Additionally,
the cited drug can be used as an antidepressant, but because its pharmacological activity as an antidepressant
is mild, this indication was discontinued [7].

FL is rapidly absorbed after oral administration and then primarily metabolized by CYP3A4 in the liver
and reaches its maximum plasma concentration (419 ng/mL) at 0.75 h after administration [7-9].

Pharmaceutical drugs can undergo degradation during storage and/or transportation, which results in the
formation of toxic degradation products or affects their pharmacological activity. Therefore, stability studies
should be performed following the guidelines set by the International Conference on Harmonization (ICH)
to study the behavior of drugs under different conditions, which includes hydrolysis, oxidation, and dry heat
[10-12].

A literature survey reported that only four different chromatographic methods for the estimation of FL
as adulterants in supplements marketed towards women [13, 14] and in plasma using high-performance lig-
uid chromatography (HPLC) with different detectors have been published [1, 15]. No spectrophotometric
methods for FL have been reported for the study of its spectral characteristics or stability, which indicates
that methods to illustrate and specify the conditions that impact its stability would be of great importance.
Therefore, the aim of the current study is to establish an economical, rapid, simple, and comprehensive spec-
trophotometric method, which uses univariate and multivariate techniques, for the determination of FL in the
presence of its degradation products in its pharmaceutical dosage forms for quality control purposes and
to assess its stability.

Experimental. Spectrophotometric measurements were performed on a Shimadzu double beam spec-
trophotometer (model: 1800 PC, Japan) connected to a computer running Shimadzu software UV probe 2.10.
Scans were carried out in the range of 200—400 nm at 0.1-nm intervals using a 1-cm quartz cell. The compu-
tations were performed using SOLO 8.7 software powered by a partial least squares (PLS) toolbox to carry
out PLS and principal components regression (PCR) routine work. All pH measurements were performed on
a Jenway pH meter 3510 (Cole-Parmer, Staffordshire, UK).

FL (99.98%) was obtained from Hikma Pharmaceutical Industries (Cairo, Egypt). Veroxeserin® tablets
(Batch 001) were supplied by Hikma Pharmaceutical Industries, and each tablet contained 100 mg of fliban-
serin. Methanol (HPLC grade) was purchased from Sigma Aldrich (St. Louis, MO, USA). Hydrochloric ac-
id, sodium hydroxide, and hydrogen peroxide (30% w/v) were purchased from El-Nasr Pharmaceutical
Chemicals Co. (Egypt).

Preparation of a standard solution of FL. A stock standard solution of FL was prepared by dissolving
10 mg of the drug in methanol in a 100-mL volumetric flask to reach a concentration of 100 pg/mL. Work-
ing standard solutions were prepared by further dilution of the FL stock solution to reach concentrations in
the range of 2.0-30.0 pg/mL.

Preparation of the acid degradation products of FL. Acidic degradation was performed by dissolving
10 mg of FL in methanol and treating the solution with 10 mL of 1 M HCIL. The solution was heated for 4 h
in a water bath at 100°C. The solution was cooled and neutralized with 1 M NaOH and then diluted with
methanol. The degradation process was confirmed by using an HPLC method developed in-house.
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Preparation of the thermal degradation products of FL. Thermal degradation was conducted on 10 mg
of FL by placing the sample in a thermostatic oven at 100°C for 8 h. The material was transferred to a
100-mL volumetric flask and then dissolved in methanol to a concentration of 100 pg/mL. The degradation
process was confirmed using an HPLC method developed in-house.

Preparation of the oxidative degradation products of FL. Oxidative degradation was carried out using
30% w/v hydrogen peroxide. In a 100-mL volumetric flask, 10 mg of FL was dissolved in 10 mL of hydro-
gen peroxide, and the prepared solution was immersed in a boiling water bath for 5 h at 100°C. After cool-
ing, the solution was diluted with methanol to obtain a degradation product concentration of 100 pg/mL. The
complete degradation of FL was confirmed using an HPLC method developed in-house, and the peak of the
parent drug was absent from the chromatogram.

Spectral characteristics of FL and its oxidative degradation products (ODPs). The zero-order UV spec-
tra of FL and its ODPs were separately recorded over the range of 200400 nm using methanol as a blank,
and the spectra were stored in a computer.

Construction of the calibration curves. Aliquots of the FL standard solution were accurately measured
and transferred to a series of 10-mL volumetric flasks and brought to volume with methanol to accurately
obtain solutions with concentrations in the range of 2.0-30.0 pg/mL.

Third derivative method (D). The third derivative of the stored zero-order spectra of FL was obtained
using a third derivative transformation at AA = 8 and a scaling factor of 10. Then, the peak amplitudes were
measured at 265 nm. A calibration curve was constructed by plotting the peak amplitudes of FL at 265 nm
against the corresponding concentrations, and the regression equation was obtained.

Ratio difference (RD) method. The ratio difference of the ratio spectra was obtained by measuring the
amplitudes of the ratio spectra at 291 and 238 nm and calculating the difference in the corresponding ampli-
tudes (AP =291-238). A calibration curve was constructed by plotting the differences in amplitudes
(AP = 291-238) against the corresponding concentrations, and the regression equation was computed.

First derivative ratio (D'R) method. The recorded zero-order spectra of FL were divided by the UV
spectrum of 20 pg/mL ODPs. The obtained ratios were transformed using the first derivative at AL =8 and a
scaling factor of 10, and the peak amplitudes were measured at 251 nm. A calibration curve was constructed
by plotting the peak amplitudes at 251 nm against the corresponding concentrations, and the regression equa-
tion was calculated.

Experimental design for the chemometrics methods. A five-level 2-factor experimental design was used
to construct 25 mixtures of different concentrations of FL and ODPs for calibration and validation sets.
In the design, 6.0 and 0.6 ug/mL were chosen as the center points for FL and ODPs, respectively. Eight
samples were chosen randomly and used as the validation set, while the rest of the samples were used as the
calibration set to build the PLS and PCR models. Analyses were performed to test the predictability of the
developed models.

Assay of a laboratory-prepared mixture of FL and ODPs. Accurately measured aliquots of FL and its
ODPs were transferred from the standard solutions used to prepare mixtures of different ratios. The spectra
of the prepared mixtures were recorded and stored, and the procedures described above for each method
were followed.

Assay of FL in tablet dosage form. Ten tablets of Veroxeserin® were weighed and finely powdered. Ap-
propriate amounts equivalent to 10 mg of FL were accurately weighed and transferred to 100-mL volumetric
flasks. The powder was sonicated for 30 min in 50 mL of methanol, and the solutions were brought to vol-
ume with methanol to obtain final concentrations of 100 png/mL. The solutions were filtered, and accurately
measured aliquots of the filtrate were transferred into a set of 10-mL volumetric flasks and then brought to
volume with methanol to obtain concentrations within the linear range. The procedures of the proposed
methods were used to confirm the reported concentration of FL in the tablets using the specified regression
equations.

Results and discussion. Confirmation of the ODPs. The degradation behavior of FL was studied ac-
cording to the ICH guidelines, and the drug was subjected to hydrolysis under oxidative stress conditions,
which yielded complete degradation and the formation of two degradation products (ODP1 and ODP2) after
refluxing with 30% H,O; for 5 h. No degradation products were formed upon acidic or thermal hydrolysis.
These results indicated that the degradation of FL arose from N-oxide formation and cleavage of the NH-CO
fragment (Fig. 1). The ODPs were identified, characterized, and confirmed using mass spectrometry and 'H
NMR spectroscopy.
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Fig. 1. Degradation pathway of FL to its ODPs.

The mass spectrum of the parent drug (Fig. 2a) showed an abundant peak for C20H21F3N4O at m/z 391 in
positive mode, while the mass spectrum of the degradation products (Fig. 2b,c) showed no peak for the par-
ent compound, and two abundant peaks, which corresponded to C20H21F3N4O3 and CyoHo1F3N4O4 at m/z 423
and m/z 439, respectively, were observed instead.

In the 'H NMR spectrum of FL, as shown in Fig. 3a, the proton of the amine group appeared at
3.96 ppm, and this signal was not present in the NMR spectrum of the degradation products. As shown in
Fig. 3b, the NMR spectrum of the ODPs was characterized by a singlet resonance at 11.64 ppm, which indi-
cated the cleavage of the NH-CO functional group and the formation of a carboxylic acid derivative.
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Fig. 2. Mass spectra of (a) intact FL (100 pg/mL), (b) ODP1 (100 pg/mL), and (c) ODP2 (100 pg/mL).

No spectrophotometric methods for the determination of FL alone, with its metabolites, or with its deg-
radation products have been reported. Therefore, the aim of this study is to design novel methods for resolv-
ing the overlapping spectra of FL and its ODPs to assess the stability and to allow a comparative study be-
tween univariate and multivariate techniques through the analysis of synthetic mixtures of FL and its ODPs,
and analysis of FL in its recently released pharmaceutical dosage form.

Structure elucidation and identification of the ODPs indicated that the parent drug and its degradates are
structurally similar, which results in substantial overlap between their spectra (Fig. 4). Therefore, the over-
lapped spectra should be resolved using indirect spectrophotometric methods through transformation of the
zero-order UV spectra and applying multivariate approaches.
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Fig. 3. "H NMR spectra of (a) intact FL and (b) ODP.
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Fig. 4. Zero-order spectra of (1) 10 pg/mL FL, (2) 2 pg/mL ODP, and (3) mixture of FL and its ODPs.

Univariate techniques. Third derivative method (D’). The third derivative technique was proposed as a
stability-indicating method for the determination of FL, owing to its simplicity in resolving the overlapped
spectra and decreasing the signal-to-noise ratio. The third derivative of the obtained zero-order spectra was
recorded using AL = 8 nm and a scaling factor of 10. The peak amplitudes were measured at 265 nm at dif-
ferent concentrations of FL, which showed zero crossing points of the ODP spectrum (Fig. 5). The calibra-
tion curve was constructed at this wavelength, and the regression equation was calculated as follows:

D*=0.0780X + 0.0263,

where D? is the peak amplitude and X is the concentration of FL in pg/mL.
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Fig. 5. Third derivative spectra of FL. (2-30 pg/mL).

Ratio difference (RD) method. The ratio difference method was found to be suitable for resolving
the overlapping spectra without prior separation. The method was developed by selecting a divisor concen-
tration of ODP of 20 pg/mL, which provided reliable results. The obtained ratio spectra of FL in the range
of 2-30 pg/mL exhibited two signals, at 291 and 238 nm, with significant amplitudes, whereas the ODP ratio
spectrum showed constant amplitudes at these wavelengths (Fig. 6). The concentration of FL was calculated
from the regression equation using the difference in the amplitudes of the constructed ratio spectra at the two
selected wavelengths, and the obtained values were proportional to the corresponding concentrations. The
regression equation was computed as follows:

RD =0.0359X-0.0231,
where RD is the difference peak amplitude and X is the concentration of FL in pg/mL.
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Fig. 6. Ratio spectra of FL (2-30 pg/mL) using 20 ng/mL ODP as a divisor.

First derivative ratio method (D'R). This method depends on using the ratio spectra of FL. The obtained
ratio spectra were then derivatized to determine the wavelength at which ODP zero crossing occurred. The
concentration at which the divisor spectrum was obtained was optimized to 20 pg/mL ODP, and this curve
was used to obtain the ratio spectra. Then the third derivative was computed, which resulted in a good reso-
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lution of the overlapped spectra with minimal noise. The peak amplitude was measured at 251 nm, as pre-
sented in Fig. 7, and the calibration curve was prepared by plotting the relationship between the peak ampli-
tudes at the selected wavelength and the corresponding concentrations. The regression equation was comput-

ed as follows:

D'R =0.1195X - 0.0007,

where D'R is the peak amplitude and X is the concentration of FL in pg/mL.

Fig. 7. First derivative ratio of FL (2-30 pg/mL) using 20 pg/mL ODP as a divisor.
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Multivariate methods. PLS and PCR chemometric techniques were successfully applied for the deter-
mination of FL in the presence of its ODPs. Using the whole spectral wavelength in multivariate techniques,
compared with a single wavelength in univariate techniques, is useful to improve and enhance the precision
and prediction capabilities of a given method [16]. The calibration models were constructed using 17 sam-
ples of synthetic mixtures of FL and ODP at different ratios, as shown in Table 1. The experimental data
were mean centered as a pre-processing step, and a cross validation procedure was performed leaving one
sample out at a time using SOLO software. The selected model with the smallest number of latent variables
and minimum root mean square error in the calibration curve (RMSECV) was accepted. Two latent variables
were suitable for the PLS model, while three were suitable for PCR (Fig. 8a,b).
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Fig. 8. RMSECY plots of the calibration set of FL as a function of the latent variables;

Latent variables

Latent variables

used to construct the PLS (a) and PCR (b) calibration models.
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TABLE 1. The Five-level, Two-factor Experimental Design of the Calibration and Validation Set Shown
as Concentration of the Mixture Combination in pg/ mL

Mix No. FL ODP Mix No. FL ODP
1 6 0.6 14 6 1
2 6 0.2 15 10 1
3 2 0.2 16 10 0.2
4 2 1 17 2 0.8
5 10 0.4 18 8 0.2
6 4 1 19 2 0.6
7 10 0.6 20 6 0.8
8 6 0.4 21 8 0.8
9 4 0.4 22 8 0.4
10 4 0.8 23 4 0.2
11 8 1 24 2 0.4
12 10 0.8 25 4 0.6
13 8 0.6

N o t e. The shaded rows represent the validation set.

Method validation. All the proposed methods were validated according to the ICH guidelines [17]. The
linearity of the proposed methods was evaluated by preparing solutions at six different concentrations in the
range of 2-30 pg/mL from the FL standard solution (three replicates at each concentration). A calibration
curve for each method was constructed by plotting the concentration and the corresponding response. Good
linearities were achieved with regression coefficient values of 1, 0.9993, and 0.9998 for D, RD, and D'R,
respectively, as shown in Table 2.

The Limit of detection (LOD) and limit of quantitation (LOQ) were investigated using the formula LOD
= 30/s and LOQ = 100/s, where o is the standard deviation of the response, and s is the slope of the standard
curve. The LOD and LOQ were calculated, and the results are summarized in Table 2.

The accuracy of the proposed methods was evaluated by analyzing solutions of FL at three different
concentrations within the linear range. The concentrations were calculated from the corresponding regression
equations, and then the percentage recoveries and standard deviations were determined. Satisfactory results
were found (between 98.10 and 101.30%), which indicated that the proposed stability-indicating method was
sufficiently accurate, as shown in Table 2.

Three solutions of pure FL at different concentrations (5.0, 10.0, and 20.0 ug/mL) were analyzed on the
same day and on three sequential days to determine the intraday and inter-day precision, respectively, to
evaluate the precision of the proposed methods. The relative standard deviations were calculated, and the
precision of the method was confirmed to be satisfactory (Table 2).

TABLE 2. Results of Validation Parameters of Proposed Univariate Spectrophotometric Methods

Parameter D’ RD D'R
Wavelength (nm) 265 291-238 251
Range (ug/mL) 2-30

Slope 0.0780 0.0359 0.1195
Intercept 0.0263 -0.0231 —0.0007
Regression coefficients 1 0.9993 0.9998
LOD 0.58 0.67 0.52
LOQ 1.93 2.23 1.73
Accuracy (%Recovery £SD)

QCL (5 pg/mL) 99.94 + 1.33 98.11£1.04 100.74 +0.83
QCM (10 pg/mL) 99.53 +£0.85 98.86 + 0.36 99.21 £0.75
QCH (20 pg/mL) 100.05 +0.52 100.79 £0.12 101.26 £ 0.86
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Continue Table 2

Parameter D? RD D'R
Precision (RSD %)

Repeatability

QCL (5 pg/mL) 1.49 0.16 0.17
QCM (10 pg/mL) 0.75 0.43 0.99
QCH (20 pg/mL) 0.32 0.07 1.14
Intermediate precision

QCL (5 pg/mL) 0.44 0.06 0.3
QCM (10 pg/mL) 0.57 0.07 0.29
QCH (20 pg/mL) 0.48 0.02 0.14

The specificity of the proposed method was evaluated by separately analyzing three laboratory-prepared
standard solutions of FL with its ODPs with FL at known concentrations within the linear range. No interfer-
ence was found from the ODPs upon analyzing the prepared mixtures and calculating the percentage recov-
eries of FL, which indicated the specificity of the proposed method (Table 3).

Application to pharmaceutical dosage form. The proposed validated method was successfully used to
determine FL in its pharmaceutical dosage form. The calculated results were found to be satisfactory, and
good recoveries of the labelled amount of FL were achieved, which indicated the suitability of the proposed
method for quality control and routine analysis. A standard addition technique was applied to evaluate inter-
ference from excipients, and the obtained recoveries revealed no interference, as shown in Table 3.

TABLE 3. Determination of Flibanserin in Laboratory Synthetic Mixture, Pharmaceutical Dosage Forms,
and Standard Addition Techniques by Proposed Methods

Method Laboratory prepared rsnixture Aﬁgzlc zgggglen fgﬁgrr:fgu Apgl(if:e}tion ofl st.andard
(mean recovery+ SD) (mean recovery % SD) addition techniques
D? 99.44+1.14 98.48+0.73 99.50+0.23
RD 100.69+0.64 99.01+ 0.86 100.87+0.77
D'R 99.55+0.91 99.79+0.58 99.75+0.39
PLS 100.83+0.30 98.80+0.57 99.98+1.71
PCR 101.24+0.50 98.73+0.73 99.69+0.64

Validation of the proposed chemometrics method. The chemometrics method was validated using dif-
ferent diagnostic tools. Root mean square error of cross validation (RMSECYV) and root mean square error of
prediction (RMSEP) were calculated and measured to determine the error and prediction ability of the mod-
el. Additionally, the error variation in the validation set was examined by plotting the predicted concentra-
tion and actual concentration. Then, linear equations were computed, and all the obtained results are summa-
rized in Table 4.

TABLE 4. Results of Assay Validation Obtained by the Proposed Chemometrics Techniques
for the Determination of FL in the Presence of ODP

Parameter PLS PCR
Slope 0.934 1.002
Intercept 0.489 0.021
Correlation 0.9985 0.9983
RMSECV 0.276 0.235
RMSEP 0.273 0.221

Statistical analysis. A statistical analysis was performed using Student’s z-test and the F-test to compare
the results obtained from the estimation of FL in its dosage forms using the proposed methods with those
obtained from an HPLC method developed in-house. The calculated #-values and F-values were found to be
less than the theoretical values, which indicated no significant differences between the proposed method and
the HPLC method, as shown in Table 5.
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TABLE 5. Statistical comparison of the results obtained by the proposed methods
and in-house method for determination of FLB in Veroxeserin ® Tablets

Method Mean + SD Variance N t-test (2.33) | F-value (6.33)
D? 98.48 £0.73 0.53 5 0.34 3.64
RD 99.01 £ 0.86 0.78 5 1.56 5.04
D'R 99.79 +0.58 0.14 5 0.78 1.02
PLS 98.80 £ 0.57 0.33 5 1.45 2.23
PCR 98.73 £0.73 0.54 5 0.99 3.68
In-house method* 98.36 + 0.38 0.15 5 - -

* An Eclipse XDB Cig column (150 mm x 4.6, 5 um) using the mobile phase consisted of metha-
nol:0.05M ammonium acetate buffer (pH 4.0) 90:10. The elution was performed using isocratic mode
with flow rate 1ml/min, and FLB was detected at 237 nm.

Comparative study. The efficiencies of the proposed univariate and multivariate spectrophotometric
methods were studied and compared with each other. Based on the proposed D* method, only one step was
needed for derivatization of the zero-order spectra, unlike the derivative ratio method, which resulted in few-
er manipulation steps being required. Similar to the RD method, only one manipulation step was performed,
and it was a division step without derivatization. One more advantage of RD is an improvement of the sig-
nal-to-noise ratio by measuring the difference in the amplitudes at two wavelengths, while D'R was found to
be the most sensitive method with a lower LOD value compared with those of the other two univariate
methods.

Conclusions. In this work, binary mixtures of FL and ODPs were successfully resolved using univariate
and multivariate methods using basic instruments, which indicates the power of these techniques for indicat-
ing stability. These novel, inexpensive, and simple spectrophotometric methods are the first spectrophoto-
metric methods for the determination of FL in its pure form and its pharmaceutical dosage form. FL was
susceptible to oxidative degradation, and their chemical structures elucidated and confirmed using mass spec-
trometry and '"H NMR spectroscopy. Generally, these proposed methods could be applied in quality control
laboratories, and they do not require sophisticated instruments.
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