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Abstract

Background: Recent incorporated spectrophotometer software supporting mathematical methods was considered as an
optimum key for the resolution of multicomponent mixtures.
Objective: Several spectrophotometric techniques are introduced for the determination of mixtures of tretinoin (TN),
hydroquinone (HQ), and fluocinolone acetonide (FA), in the presence of the preservative methyl paraben (MP), without any
separation procedure, taking into consideration the presence of two minor components and the severe overlap of their
spectra.
Method: Constant multiplication coupled spectrum subtraction resolved the quaternary mixture into the zero-order
absorption spectrum of TN alone and a severely overlapped, ternary mixture of HQ, FA, and MP. Three approaches based on
the derivative ratio spectra were applied to resolve this ternary, severely overlapped mixture: derivative ratio-zero-crossing
point method, factorized derivative ratio method, and double divisor derivative ratio method.
Results: The work was conducted over a concentration range of 1–10, 4–38, and 4–35mg/mL, for TN, HQ, and FA, respectively.
The results obtained were compared statistically to each other and to the official methods, showing no significant
difference.
Conclusions: The proposed methods were successfully applied for the simultaneous determination of the three drugs in the
presence of MP in synthetic mixtures and in their combined dosage form (TrimelasmaVR cream) with very good accuracy and
precision.
Highlights: This was a comparative study between conventional and new methods for resolving ternary, severely overlapped
mixtures. Mathematical manipulation steps and enrichment techniques aided accurate quantification of the minor
components in mixtures.

Tretinoin (TN), also named all-trans-retinoic acid (ATRA) (1), is a
derivative of vitamin A (retinol) (2). It is known to be important
in controlling reproduction, proliferation, and differentiation of

cells. It is beneficial in management of acne and photo-dam-
aged skin cases and keratinization disorders such as ichthyosis
and keratosis follicularis (3). Its chemical name is (2E , 4E , 6E ,
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8E)-3,7-dimethyl-9–(2,6,6-trimethylcyclohexen-1-yl)nona-2,4,6,8-
tetraenoic acid (1). The U.S. pharmacopeia

(USP) official method for determination is non-aqueous acid-
base titration (1). The literature also revealed its determination
via spectrophotometry (4–6) and chromatography by HPLC (7–
11).

Hydroquinone (HQ) is a phenol derivative used as a bleach-
ing agent (12). Its chemical name is benzene-1,4-diol (1). The
USP official method for determination is redox titration (1). The
literature also revealed its determination via spectrophotome-
try (13, 14) and chromatography by HPLC (11, 13, 15–17).

Fluocinolone acetonide (FA) is a steroid preparation which is
very effective when applied locally in high dilution for treat-
ment of dermatological conditions such as melasma (18) and
dermatitis (19). Its chemical name is 6 alpha, 9 alpha-difluoro-
16 alpha-hydroxyprednisolone-16, 17-acetonide (20). The British
pharmacopeia (BP) official method for determination is a spec-
trophotometric method (2). The literature also revealed its de-
termination via spectrophotometry (21–23) and
chromatography by demonstrating HPLC methods (24, 25).

The literature also revealed the determination of the ternary
mixture of TN, HQ in presence of FA as interfering substance
without quantitative determination of it due to its very low con-
centration via HPLC method (10). Determination of TN, HQ, and
methyl paraben (MP) spectrophotometrically has been also
reported (14).

The aim of this work is to quantitatively determine, via spec-
trophotometric methods, TN, HQ, and FA in the presence of the
preservative MP, in TrimelasmaVR cream, with acceptable accu-
racy and precision, and overcome the challenges caused by the
presence of two minor components and the severe overlap of
their spectra. To the best of our knowledge, no analytical quan-
titative method has been proposed for TN, HQ, and FA, in the
presence of MP.

The chemical structures of the four components under in-
vestigation are shown in Figure 1.

METHOD

Theoretical Background
Factorized derivative ratio method coupled with spectrum subtraction
(FDRM-SS) (27)
This method is an approach for factorized spectra (28–31) for re-
solving the severely overlapped spectra of ternary mixtures (X,
Y, and Z), where one of the components is chosen as a divisor
(Z’) and its contribution is eliminated through derivatization us-
ing a suitable order where Z/Z’ is cancelled by derivatization.
The adequate wavelength is then selected, where X/Z’ spectrum

has maxima or minima at the zero point of the third component
Y/Z’ (either zero-crossing or zero-contribution point). This fac-
torized derivative ratio of X is prepared, where PX(k zero point) ¼ 1,
by dividing the derivative of the ratio spectra (DD1) of X by its
recorded peak amplitude value at this specified wavelength
(k zero point).

DD1 factorized spectrum (FS’) 5 PX/PXV(k zero point)

For the analysis of laboratory- prepared mixtures, the compo-
nent Z’ is used as a divisor, then derivatization under specified
experimental parameter the DD1 spectrum of the components X
(X/Z’) in the mixture could be obtained by multiplying the
recorded amplitude at the chosen wavelength (k zero point) by the
previously computed DD1 factorized spectrum for X.

PX in the mixture¼ DD1 factorized spectrum (FS’)� PXV(k zero point)

The concentration of X is calculated via a regression equa-
tion representing the linear relationship of the amplitudes of
pure X using Z’ as a divisor versus the corresponding concentra-
tions using specified graphical representation Pmaxima to zero
(Pmax–zero), Pminima to zero (Pmin–zero), or peak to peak (Pmax-min).

The DD1 spectrum of component Y (Y/Z’) is obtained by sub-
tracting it from the DD1 spectrum of the ternary mixture, then
its concentration is calculated using its constructed regression
equation via specified graphical representation. Similarly, the
third component Z is obtained via the same procedure using X
or Y as a divisor.

Double divisor ratio spectra derivative method (DDRD)
DDRD (32) is used for resolving the severely overlapped spectra
of ternary mixtures (X, Y, and Z). If the Beer–Lambert Law is
obeyed for three compounds at all wavelengths, then the spec-
tra of the ternary mixture at wavelength ki can be given by:

Am;ki ¼ EX;kiCX þ EY;kiCY þ EZ;kiCZ (Eq 1)

where, Am, ki ¼ the absorbance of the mixture at wavelength ki;
EX, ki, EY, ki, and EZ, ki are the molar absorptivities of X, Y, and Z at
wavelength ki; and CX, CY, and CZ are the molar concentration
of X, Y, and Z, respectively.

A similar expression of the binary mixture (a double divisor)
of two compounds in a ternary mixture can be written:

Am;ki ¼ EX;kiCX þ EY;kiCY (Eq 2)

The ternary mixture is divided by an equimolar binary mix-
ture (a double divisor XþY) of two compounds from those pre-
sent in the ternary mixture followed by derivatization.

If Eq. 1 is divided by Eq. 2 (double divisor), the resulting ex-
pression for the ratio spectra can be given as:

Am;ki

EX;kiC
0
X þ EY;kiC

0
Y

¼ EX;kiCX þ EY;kiCY

EX;kiC
0
X þ EY;kiC

0
Y

þ EZ;kiCZ

EX;kiC
0
X þ EY;kiC

0
Y

(Eq 3)

The ratio of ðEX;kiCX þ EY;kiCY=EX;kiC
0
X þ EY;kiC

0
YÞ is equal to con-

stant (k) (or very close to 1) with respect to ki in a certain range
of wavelength and if this above constant is replaced in Eq. 3, it
can be obtained Eq. 4:

Am;ki

EX;kiC
0
X þ EY;kiC

0
Y

¼ kþ
EZ;kiCZ

EX;kiC
0
X þ EY;kiC

0
Y

(Eq 4)

Figure 1. The chemical structure of (a) TN, (b) HQ, (c) FA, and (d) MP.
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In the double divisor procedure, the standard concentrations
of C0

X and C0
Yin Eq. 2 are equal or very close to each other

(C0
X ¼ C0

Y) or (C0
X ffi C0

YÞwhich can be expressed as:

EX;kiC
0
X þ EY;kiC

0
Y ¼ C0

X EX;ki þ EY;ki½ � (Eq 5)

When Eq. 5 is substituted with Eq. 3 the following equation
can be obtained:

Am;ki

C0
X EX;ki þ EY;ki½ �

¼ kþ EZ;kiCZ

C0
X EX;ki þ EY;ki½ �

(Eq 6)

The first (or high order) derivation of Eq. 6 can be taken with
respect to ki in the selected region of wavelength, in this case,
the derivation of a constant (k) is zero and we can obtain the fol-
lowing Eq. 7:

d
dk

Am;ki

C0
X EX;ki þ EY;ki½ �

" #
¼ d

dk

EZ;kiCZ

C0
X EX;ki þ EY;ki½ �

" #
CZ

C0
X

(Eq 7)

In this method, the concentration CZ is proportional to the
derivative signals in the coincidence points corresponding to
the maximum and minimum of wavelength for pure Z and its
ternary mixture with X and Y.

As explained above, the analogous procedures can be used
for the estimation of CX and CY in a ternary mixture.

Derivative ratio spectrum zero-crossing method (DRSZ)
DRSZ is method for resolving ternary mixtures (32), by simulta-
neous use of the zero-crossing method and Salinas’s method
(33). For a mixture of three compounds, X, Y, and Z, having se-
verely overlapped spectra and Beer’s Law is obeyed for all com-
pounds over the whole wavelength range.

The absorption spectrum of the mixture is defined by the Eq.
(1). If divided by the standard solution of one of the components
(e.g., X of concentrationC0

X) and the first derivative of the result
is obtained, the following equation can be written:

d
dk

Am;ki

EX;kiC
0
X

" #
¼ CY

C0
X

d
dk

EY;ki

EX;ki

� �
þ CZ

C0
X

d
dk

EZ;ki

EX;ki

� �
(Eq 8)

The divisor component is eliminated via derivatization. The
concentration of one component is determined by substituting
the peak amplitude at the zero-crossing point of the other in
the corresponding regression equation.

Spectrum addition (SA)
SA is an enrichment technique that is adopted in the dosage
form (34). The sum of the stored spectra can be performed with
the help of Spectra managerVR version 2 software. The applica-
tion of a sample enrichment technique is essential for the
analysis of mixtures where one or more component is present
in low concentration to facilitate the determination of one or
more minor components since the choice of the optimum con-
centration range depends on the spectral characteristics of the
compound, its absorptivity, and its ratio in the mixture without
a need to increase its concentration in the binary or ternary
mixtures, which might lead to a deviation from Beer’s law due
to the electrostatic attraction between ions (35) when transmit-
tance values are close to 100% where incident light approaches
transmitted light. The sample enrichment technique involves
adding known amounts of standard to one or more aliquots of
the processed sample solution, enhancing the analyte signal.

Constant multiplication (CM)
In a mixture of two or more components showing an extended
spectrum of one component, CM (36, 37) allows getting the zero-
order absorption spectrum of the extended component, and
when coupled to spectrum subtraction (SS) (38) the less ex-
tended components are obtained.

Instrumentation

Spectrophotometric measurements are made using a double-
beam UV-Vis spectrophotometer model V-760, connected to a
compatible computer with software (Microsoft excel 2010,
Spectra manager). The absorption spectra of the solutions are
measured in a 1.00 cm quartz cell. Scans are carried out in the
range of 200–400 nm at room temperature.

Chemicals and Reagents

(a) Pure samples.—TN, HQ, FA, and MP supplied by Marcyrl
Pharma with purity 100.22 6 0.78, 100.33 6 0.53,
99.99 6 0.53, and 100.14 6 0.55, respectively, according to
the USP and BP official methods.

(b) Pharmaceutical formulation.—Trimelasma cream, each 1.00 g
claiming to contain 0.50 mg TN, 40.00 mg HQ, 0.10 mg FA,
and 1.80 mg MP, is manufactured by Marcyrl
Pharmaceutical Company, and was purchased from the
Egyptian market.

(c) Solvents.—Analytical grade methanol was supplied by Carlo
Erba .

Standard Solution

A standard stock solution (500.00 mg/mL) was prepared by dis-
solving the required amount of each drug in methanol, then the
volume was completed to 100 mL using methanol.

Working standard solutions (50.00 mg/mL) were prepared by
appropriate dilution from the previously mentioned stock solu-
tion using methanol.

Procedure

TN, HQ, and FA spectra
Zero-order absorption spectrum of 10.0 mg/mL of TN, HQ, and FA
were obtained by scanning over the range 200–400 nm against
methanol as a blank.

Factorized spectrum of HQ
The DD1 spectrum of HQ using 2 mg/mL MP as a divisor was di-
vided by the recorded amplitudes at 226.5 nm and stored on the
computer.

Linearity and calibration graphs
Portions equivalent to 1.00–10.00 mg/mL TN, 4.00–38.00 mg/mL
HQ, and 4.00–35.00 mg/mL FA were transferred from working sol-
utions (50.00 mg/mL) for TN, HQ, and FA, into three series of 10
mL volumetric flasks. These were diluted to volume using
methanol. The spectra of the prepared standards were scanned
against methanol as blank in the range 200–400 nm and saved
on the computer.

Calibration graph of TN. Zero-order absorption spectra (D0) for TN
were recorded directly and saved on the computer. The calibra-
tion graph was made by relating the ømax of the scanned spec-
trum at 338 nm to the corresponding concentration.
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Calibration graphs of HQ.

DDRD. The absorption spectra of the solutions (prepared at dif-
ferent concentrations of HQ) and the ternary mixture were
recorded and divided by the sum of the absorption spectra of
solutions of MP and FA (10 mg/mL each in methanol) as “double
divisor” to get the ratio spectra. Their derivatives were then
plotted at the coincidence point (peak amplitude ¼ 226.7 nm)
against the concentrations of the HQ and stored on the com-
puter in order to compute the regression equation.

DD1. The first derivative spectra of the ratio spectrum resulted
from dividing the zero-order absorption spectra (D0) of HQ by
2.00 mg/mL MP as a divisor. Two regression equations were con-
structed either by plotting the peak amplitudes at P max-min (P

229.2–221.3) or by plotting the amplitude at peak minima 284.4 nm
versus the corresponding concentrations of HQ, and the regres-
sion equations were computed.

Calibration graphs of FA.

DDRD. The absorption spectra of the solutions (prepared at dif-
ferent concentrations of FA) and the ternary mixture were
recorded and divided by the sum of the absorption spectra of
solutions of MP and HQ (10.00 mg/mL each in methanol) as
“double divisor” to get the ratio spectra. Their first derivatives
were then plotted at the coincidence point (peak amplitude ¼
252.6 nm) against the concentrations of the FA and stored on
the computer in order to compute the regression equation.

DD1. The first derivative of ratio spectra resulted from dividing
the zero-order absorption spectra (D0) of FA by 2.00 mg/mL MP as
a divisor and then the peak amplitudes at peak minima
221.4 nm are plotted against the concentrations of FA conduct-
ing the regression equation.

Applying the spectrophotometric methods for determining TN, HQ,
and FA, in the presence of MP in laboratory-prepared mixtures
The laboratory-prepared mixtures containing different ratios of
TN, HQ, and FA in the presence of 2.00mg/mL MP, were divided by
normalized D0 TN, and then the constant from the extended region
375–395 nm was multiplied by the normalized TN spectrum to get
the D0 spectrum. TN concentration was obtained by substituting
the ømax 338 nm in the corresponding regression equation.

The recovered TN spectrum was subtracted from its corre-
sponding mixture to get resolved ternary mixtures of HQ, FA,
and MP.

Approach 1. The first derivative of the ratio spectra of the ternary
using 2.00 mg/mL MP as a divisor was obtained and the Pmin

284.4 nm was substituted in the corresponding regression equa-
tion to get the HQ concentration.

Approach 2. Dividing the resolved mixture by equimolar
(10.00mg/mL) double divisors (MP þ FA) or (MP þ HQ), followed
by derivatization of the ratio spectra. The concentration of HQ
or FA was obtained by substituting the Pmax 226.7 nm for HQ or
Pmax 252.6 nm for FA in the corresponding regression equations.

Approach 3. The peak amplitude at 226.5 nm of the first deriva-
tive of the ratio spectra of the ternary mixture using MP as a di-
visor, was multiplied by the prepared factorized HQ spectrum to
resolve the DD1 HQ in mixture alone, then substituting P229.2–

221.3 of the resulted spectrum in the corresponding regression

equation to get HQ concentration. Then, by SS of the resolved
DD1 HQ from the first derivative of the ratio spectrum of the re-
solved ternary mixture (HQþFAþMP) results in the DD1 FA,
where the Pmin at 221.4 nm is substituted in the corresponding
regression equation to obtain the FA concentration in mixture.

Application to the pharmaceutical formulation
Dosage form extraction. One gram of cream was accurately weighed
in a 100 mL beaker and then 40 mL methanol spiked with 1.00 mg
standard TN was added with continuous stirring. This was placed
in a sonicator in a dark room for 15 min, then the contents of the
beaker were transferred to a 100 mL volumetric flask and diluted
to 70 mL with methanol. The volumetric flask was then placed in
the sonicator in a dark room for 5 min. Methanol was used to di-
lute to volume. The 100 mL volumetric flask was placed in the re-
frigerator till the base of the cream agglutinated and precipitated.
This was centrifuged at 4�C at a speed of 3500 rpm. The clear su-
pernatant and filter was then removed.

With a micropipette, 0.95 mL were accurately transferred
into a 10 mL volumetric flask. Methanol was then used to dilute
to volume to obtain a working solution, containing 1.425 lg/mL
TN, 38.00 lg/mL HQ, 0.095 lg/mL FA, and 1.71 lg/mL MP. The
scanned spectrum was then enriched with 4.00 lg/mL FA by
spectrum addition using the Spectra manager software.

Results and Discussion

The four components TN, HQ, FA, and MP are combined in
Trimelasma cream. The first challenge arises from the ratio of
the components present in the dosage form, where TN: HQ: FA:
MP were in the ratio 0.475:38:0.095:1.71. Taking into consider-
ation the linearity range of each drug, it is impossible to deter-
mine the two minor components TN and FA simultaneously
with the other components unless enrichment of both TN and
FA is applied. Since TN is extended in the region 375–400 nm as
shown in Figure 2, it is enriched by a standard addition tech-
nique, while FA is enriched by a spectrum addition technique as
it is severely overlapped with the other components present in
the mixture. The accurate addition of 4 mg/mL by the spectrum
addition technique revealed more accurate, precise results
when applied on the dosage form portion under spectrophoto-
metric determination. Enrichment of the minor component TN
by standard addition is applied by adding an exactly known
concentration of TN on the portion of cream dosage form to be
extracted, and then proceeding in the extraction and dilution
steps to get a final concentration of TN within the proposed lin-
earity range of the drug (amount of TN in the cream portion þ
standard added TN), so the total response can be substituted in
the proposed regression equation to get the concentration. To
get the actual concentration of TN present in the dosage form
portion, the amount of standard added drug is subtracted from
the total concentration of the drug found in the analyzed sam-
ple. Spectrum addition is an enrichment technique used when
one or more components are present in low concentrations in
the mixtures and require enrichment. Spectrum addition differs
from standard addition techniques in that the standard added
drug is in the form of a spectrum that is mathematically added
to the dosage form spectrum with the aid of the
Spectramanager software. Figure 3 shows the spectrum of the
dosage form portion to be analyzed. The advantage of using the
SA technique for the enrichment of FA is that it inhibits the in-
terference which varies as the ratio of analyte concentration to
sample matrix changes, and can be successfully applied during
the manipulation steps of the analysis of ternary mixtures after
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resolution in order to enrich the drugs in the resolved binary
mixture. It also showed significant advantages over the stan-
dard addition technique regarding simplicity, robustness, and
little sample preparation.

The second challenge arises from the complex overlap of the
four components. As shown in Figure 2 the zero-order absorp-
tion spectrum of TN is more extended than HQ in the region
375–400 nm, while the other three components’ spectra are se-
verely overlapped in the region 200–350 nm. Constant multipli-
cation (CM) is applied to obtain the D0 TN, by division of the D�

absorption spectrum of the laboratory mixture by the D� spec-
trum of normalized 1 mg/mL TN, the constant is obtained from
the plateau region at 375–400 nm. This constant is then multi-
plied by the D� absorption spectrum of normalized 1 mg/mL TN
to get the D� absorption spectrum of TN present in the mixture.
Absorbance at ømax 338 nm is substituted in the regression
equation to get TN concentration.

Recovery of the severely overlapped ternary mixture (HQ þ FA
þ MP) is achieved by spectrum subtraction, where the recovered
TN spectrum is subtracted from the original spectrum of the
whole mixture with the aid of the Spectramanager software.
Three approaches based on derivative ratio spectra are applied to
resolve the ternary mixture which are DRSZ, DDRD, and FDRM-SS.

Approach 1

DRSZ succeeded in obtaining only the concentration of HQ. As
the first derivative of the ratio spectra of the ternary mixture us-
ing MP as a divisor show a peak amplitude at 284.4 nm corre-
sponding to HQ where FA has no contribution. HQ concentration

is obtained by substitution of the peak amplitude at 284.4 nm in
corresponding regression equations. Trials for applying DRSZ to
obtain FA concentration were conducted by using the HQ spec-
trum as a divisor, but they failed to obtain a spectrum where
there is a peak corresponding to FA while MP shows a zero-cross-
ing point. So, approaches 2 and 3 were applied.

Approach 2

The double divisor derivative ratio method is applied twice to
obtain the concentration of both HA and FA. Dividing the D0

spectrum of the resolved ternary mixture (FA þ HQ þMP) by the
equimolar double divisor mixture (MP þ HQ; 10 mg/mL each) fol-
lowed by derivatization, where absorbance at the coincidence
point 252.6 nm as shown in Figure 4a is substituted in the re-
gression equation to get FA concentration. Dividing the D0 spec-
trum of the resolved ternary mixture (FA þ HQ þ MP) by the
equimolar double divisor mixture (MP þ FA) 10 mg/mL each fol-
lowed by derivatization where absorbance at the coincidence
point 226.7 nm as shown in Figure 4b is substituted in the re-
gression equation to get HQ concentration.

Approach 3

FDRM-SS successfully resolved both HQ and FA in their DD1 forms,
allowing each one to be measured separately at its P max-min, giv-
ing spectra identical to the DD1 spectra of the pure drugs, elimi-
nating the contribution of other components in the mixture. It is
used to obtain the concentrations of HQ and FA using 2mg/mL MP
as a divisor. Where multiplying the peak amplitude at 226.5nm of

Figure 2. Zero order absorption spectra of TN, HQ, FA, and MP, each 10 lg/mL in methanol.

Figure 3. Dosage form extraction solution spectrum after standard addition of 0.95 lg/mL TN and spectrum addition (4 lg/mL) of FA.
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the derivative ratio of the resolved mixture of HQ, FA, and MP us-
ing 2mg/mL MP as a divisor (HQ/MP) (at zero crossing of FA) shown
in Figure 5 by the factorized spectrum of HQ/MP to get the first de-
rivative of the ratio spectrum of HQ/MP present in mixture, where
the P229.2–221.3 as shown in Figure 5 is substituted in the corre-
sponding regression equation to obtain HQ concentration.
Coupling derivatization with factorized spectra and spectrum sub-
traction in FDRM-SS, is the best approach for resolving the ternary,
severely overlapped mixture of HQ, FA, and MP, as the MP contri-
bution is eliminated by derivatization, DD1 HQ is obtained by
FDRM, and DD1 FA is obtained by SS.

Validation

Validation of the methods were carried out according to
International Conference on Harmonization (ICH) (39) guidelines.

Linearity Range

Linearity was computed by making several calibration curves
on three consecutive days. The calibration curves were made
within the range of concentrations that were confirmed as hav-
ing been applied on the dosage form. Every data point was
assayed in triplicate. The regression equation parameters and

the concentration ranges for the proposed methods are shown
in Table 1.

LOD and LOQ

Both LOD and LOQ for the suggested methods were computed
as per ICH guidelines (39) and the values are shown in Table 1.
LOD and LOQ were computed utilizing the slope of the calibra-
tion curve and standard deviations of the regression line resid-
uals. The sensitivity of the nominated methods is affirmed by
low values of LOD and LOQ.

Accuracy

It is the measure of exactness of the proposed method or the
closeness of agreement between the measured value and the
claimed one expressed by recovery % with an accepted range of
(98–102%).

The results were found to be accurate by implementing the
suggested methods for assessment of five blind samples (three
replicates each) of TN, HQ, and FA within linearity ranges.
Concentrations were achieved and the favorable percentage re-
coveries imply good recovery within the accepted range as
listed in Table 1.

Figure 4. (a) The coincident spectra of the first derivative of the ratio spectra of (a1) 7 lg/mL pure FA and (a2) ternary mixture of HQ, FA, and MP each 7 lg/mL, using a

mixture of HQ and MP, each 10 lg/mL, as divisor. (b) The coincident spectra of the first derivative of the ratio spectra of (a1) 7 lg/mL pure HQ and (a2) ternary mixture of

HQ, FA, and MP each 7 lg/mL, using a mixture of FA and MP, each 10 lg/mL, as divisor.

Figure 5. The first derivative of the ratio spectra of HQ and FA (each 15 lg/mL) using MP (2 lg/mL) as a divisor.
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Precision

Intra-day and inter-day precision for the methods were tested
by assessing three different concentrations per drug, repeated
on the same day or on three consecutive days, within the linear-
ity range. Results are listed in Table 1.

Specificity

Specificity was ascertained by analyzing different laboratory-
prepared mixtures of TN, HQ, FA, in different ratios within the
linearity range in the presence of MP. The mean 6 SD demon-
strated good percentage recovery with the lowest standard devi-
ation among the other methods. Satisfactory results are shown
in Table 2.

Results for analyzing the four components in Trimelasma
cream are shown in Table 2, in addition to the results obtained
from the standard and spectrum addition techniques for both
TN and FA, respectively. The results showed that the proposed
methods are adequately accurate and there is no interference of
pharmaceutical excipients.

Statistical Comparison

Statistical results achieved by evaluating the suggested spectro-
photometric methods versus the USP and BP official methods
for the three drugs under investigation are shown in Table 3.

There is no significant difference found in the suggested meth-
ods versus the official methods through computing both F and
t-tests. One-way analysis of variance (ANOVA) was imple-
mented as shown in Table 4 and all the methods showed no sig-
nificant difference upon testing the proposed and the official
methods for assessing TN, HQ, and FA.

Conclusions

Enrichment of minor components was successfully achieved by
standard and spectrum addition techniques. Mathematical fil-
tration steps on the spectrophotometric spectra successfully re-
solved the partial overlap of the extended component (TN). A
comparative study for the simultaneous determination of the
components of the ternary severely overlapped mixture was
achieved by DRSZ, DDRD, and FDRM-SS. FDRM-SS succeeded in
obtaining both FA and HQ and eliminated any contribution
from the preservative. It also allows each one to be measured
separately at its Pmax-min, showing maximum accuracy and pre-
cision. It also resulted in spectra identical to the DD1 spectra of
the pure drugs, eliminating the contribution of other compo-
nents in the mixture. Accordingly, the suggested methods can
be successfully applied for routine analysis of the studied drugs,
either in their pure bulk powders or pharmaceutical formula-
tions, in quality control laboratories.

Table 2. Determination of TN, HQ, and FA in laboratory-prepared mixtures using the proposed spectrophotometric methods

Concn, mg/mL
TN

HQ FA

CM D0 338nm DDRD P226.7nm FDRM-SS P229.2–221.3nm DRSZ P284.4nm DDRD P252.6nm FDRM-SS P221.4nm

Lab mixture concentration (TN:HQ:FA) Recovery % 6 SD
6:5:10 100.06 6 0.17 101.77 6 0.26 101.86 6 0.14 100.36 6 0.25 98.26 6 0.48 98.81 6 0.14
5:7:7 99.80 6 0.16 100.39 6 0.29 100.29 6 0.20 98.34 6 0.20 98.30 6 0.29 98.81 6 0.21
4:15:7 101.12 6 0.28 101.58 6 0.30 100.55 6 0.36 98.18 6 0.47 98.33 6 0.31 100.88 6 0.38
7:7:7 100.05 6 0.11 100.40 6 0.29 100.50 6 0.20 98.54 6 0.20 98.41 6 0.30 99.02 6 0.21
1.425:38:4.095a 101.96 6 0.15 100.73 6 0.16 98.92 6 0.05 99.81 6 0.05 99.51 6 0.17 100.12 6 0.22

Dosage form batch No.b Dosage form
ratio (0.475:38:0.095)

Found % 6 SD
98.94 6 0.71 98.64 6 0.01 100.39 6 0.00 101.29 6 0.00 101.47 6 0.34 99.32 6 0.14

a Dosage form ratio mixture after standard addition of 0.95mg/mL TN and spectrum addition of 4 mg/mL FA.
b After subtraction of the 0.95 mg/mL TN and 4 mg/mL FA.

Table 1. Assay parameters and method validation obtained by applying the proposed spectrophotometric methods

Parameter TN
HQ FA

D0 338 nm DDRD P226.7 nm DD1 P229.2–221.3 nm DD1 P284.4 nm DDRD P252.6 nm DD1 P221.4 nm

Range 1–10 mg/mL 4–38 mg/mL 4–35 mg/mL
Slope 0.1031 0.0082 0.4321 0.0678 0.3559 0.1175
Intercept 0.0125 0.0011 0.0386 0.0037 0.121 0.0399
Correlation coefficient (r) 0.9999 0.9999 1.0000 1.0000 0.9999 0.9999
Accuracy, mean 6SD 99.70 6 0.83 100.08 6 1.09 100.19 6 0.84 99.93 6 0.74 99.98 6 0.48 100.00 6 0.48
Intra-day precision (RSD)a 0.600 0.569 0.697 0.641 0.198 0.373
Inter-day precision (RSD)a 0.717 0.915 1.338 1.312 0.696 1.036
LOD 0.08 0.37 0.18 0.30 0.48 0.48
LOQ 0.24 1.13 0.54 0.90 1.45 1.45

a Both intra-day (n¼3) and inter-day relative standard deviations were held of concentrations 4, 5, 10mg/mL for TN, 4, 5, 12 mg/mL for HQ, and 4, 10, 15 mg/mL for FA.

Fahmy et al.: Journal of AOAC INTERNATIONAL Vol. 104, No. 5, 2021 | 1229

D
ow

nloaded from
 https://academ

ic.oup.com
/jaoac/article/104/5/1223/6237905 by D

epartm
ent of Science Service user on 05 O

ctober 2021



T
ab

le
3.

St
at

is
ti

ca
lc

o
m

p
ar

is
o

n
be

tw
ee

n
re

su
lt

s
o

bt
ai

n
ed

by
th

e
p

ro
p

o
se

d
m

et
h

o
d

s
an

d
th

e
U

SP
(1

)o
ffi

ci
al

m
et

h
o

d
s

fo
r

d
et

er
m

in
at

io
n

o
f

bo
th

T
N

an
d

H
Q

,a
n

d
B

P
(2

)o
ffi

ci
al

m
et

h
o

d
fo

r
FA

in
p

u
re

p
o

w
d

er
fo

rm

Pa
ra

m
et

er
s

T
N

H
Q

FA

D
0

33
8

n
m

U
SP

o
ff

ic
ia

lm
et

h
o

d
a

D
D

R
D

P 2
2
6

.7
n

m
D

D
1

P 2
2

9
.2

–2
2

1
.3

n
m

D
D

1
P 2

8
4

.4
n

m
U

SP
o

ff
ic

ia
lm

et
h

o
d

D
D

R
D

P 2
5

2
.6

n
m

D
D

1
P 2

2
1

.4
n

m

B
P

o
ff

ic
ia

l
m

et
h

o
d

b

M
ea

n
10

0.
12

10
0.

22
10

0.
31

99
.8

8
99

.7
0

10
0.

33
99

.9
0

99
.9

2
99

.9
9

SD
1.

05
0.

78
0.

73
0.

46
0.

88
0.

53
0.

53
0.

53
0.

53
N

d
6

6
6

6
6

6
6

6
6

V
ar

ia
n

ce
1.

10
25

0.
60

84
0.

53
29

0.
21

16
0.

77
44

0.
28

09
0.

28
09

0.
28

09
0.

28
09

F
te

st
(5

.0
5)

c
1.

81
—

1.
90

1.
33

2.
76

—
1.

00
1.

00
—

St
u

d
en

t’
s

t-
te

st
(2

.2
3)

c
0.

03
—

0.
07

1.
57

1.
51

—
0.

31
0.

23
—

a
V

o
lu

m
et

ri
c

an
al

ys
is

by
ti

tr
at

io
n

.
b

D
ir

ec
t

sp
ec

tr
o

p
h

o
to

m
et

ri
c

d
et

er
m

in
at

io
n

:m
ea

su
ri

n
g

th
e

m
ax

im
u

m
ab

so
rb

an
ce

at
23

8
n

m
.

c
T

h
e

fi
gu

re
s

in
p

ar
en

th
es

es
ar

e
th

e
co

rr
es

p
o

n
d

in
g

th
eo

re
ti

ca
lv

al
u

es
at

P
¼

0.
05

.
d
N
¼

N
u

m
be

r
o

f
sa

m
p

le
s.

T
ab

le
4.

O
n

e-
w

ay
A

N
O

V
A

te
st

in
g

fo
r

th
e

d
if

fe
re

n
t

p
ro

p
o

se
d

m
et

h
o

d
s

an
d

th
e

U
SP

(1
)o

ffi
ci

al
m

et
h

o
d

s
u

se
d

fo
r

th
e

d
et

er
m

in
at

io
n

o
f

bo
th

T
N

an
d

H
Q

,a
n

d
B

P
(2

)o
ffi

ci
al

m
et

h
o

d
fo

r
FA

in
p

u
re

p
o

w
d

er
fo

rm

So
u

rc
e

o
f

va
ri

at
io

n
Su

m
o

f
sq

u
ar

es
D

eg
re

es
o

f
fr

ee
d

o
m

M
ea

n
sq

u
ar

e
F

F
cr

it
ic

al

T
N

B
et

w
ee

n
gr

o
u

p
s

0.
00

1
1.

00
0.

00
1

0.
00

1
4.

96
W

it
h

in
gr

o
u

p
s

8.
55

10
.0

0
0.

86
T

o
ta

l
8.

56
11

.0
0

H
Q

B
et

w
ee

n
gr

o
u

p
s

1.
77

3.
00

0.
59

1.
31

3.
10

W
it

h
in

gr
o

u
p

s
9.

01
20

.0
0

0.
45

T
o

ta
l

10
.7

9
23

.0
0

FA
B

et
w

ee
n

gr
o

u
p

s
0.

03
2.

00
0.

01
W

it
h

in
gr

o
u

p
s

4.
22

15
.0

0
0.

28
0.

05
3.

68
T

o
ta

l
4.

25
17

.0
0

1230 | Fahmy et al.: Journal of AOAC INTERNATIONAL Vol. 104, No. 5, 2021

D
ow

nloaded from
 https://academ

ic.oup.com
/jaoac/article/104/5/1223/6237905 by D

epartm
ent of Science Service user on 05 O

ctober 2021



References
1. The United States Pharmacopoeia (2007) The National

Formulary, 25th Ed., United States Pharmacopeial
Convention, Rockville, MD

2. British Pharmacopoeia (2013) The Stationary Office on Behalf of
the Medicines and Healthcare Products Regulatory Agency (MHRA),
HM Stationary office, Pharmaceutical Press, London, UK

3. Kligman, A.M., Grove, G.L., Hirose, R., & Leyden, J.J. (1986) J.
Am. Acad. Dermatol. 15, 836–859. doi:10.1016/S0190-9622
(86)70242-9

4. Mahrous, M.S., Abdel-Khalek, M.M., & Beltagy, Y.A. (1992)
Anal. Lett. 25, 1673–1686. doi:10.1080/00032719208018242

5. Bordbar, M., Yeganeh-Faal, A., Ghasemi, J., Ahari-Mostafavi,
M.M., Sarlak, N., & Baharifard, M.T. (2009) Chem. Pap. 63,
336–344. doi:10.2478/s11696-009-0003-0

6. Gupta, A., Gulati, M., & Pandey, N.K. (2009) Rasayan J. Chem. 2,
649–654

7. Kril, M.B., Burke, K.A., DiNunzio, J.E., & Rao Gadde, R. (1990) J.
Chromatogr. A 522, 227–234. doi:10.1016/0021-9673(90)
85192-X

8. Zarghi, A., Jenabi, M., & Ebrahimian, A.J. (1998) Pharm. Acta
Helv. 73, 163–165. doi:10.1016/S0031-6865(98)00014-4

9. Tashtoush, B.M., Jacobson, E.L., & Jacobson, M.K. (2007) J.
Pharm. Biomed. Anal. 43, 859–864. doi:
10.1016/j.jpba.2006.08.027

10. Abbas, S.S., Elghobashy, M.R., Bebawy, L.I., & Shokry, R.F.
(2015) RSC Adv. 5, 43178–43194. doi:10.1039/c5ra07083j

11. Ibrahim, F., Sharaf El-Din, M.K., El-Deen, A.K., & Shimizu, K.
(2019) J. Chromatogr. Sci. 57, 495–501. doi:10.1093/chromsci/
bmz020

12. Dadzie, O. & Petit, A. (2009) J. Eur. Acad. Dermatol. Venereol. 23,
741–750. doi:10.1111/j.1468-3083.2009.03150.x
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