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MULTIVARIATE CALIBRATION METHOD FOR
SIMULTANEOUS ESTIMATION OF FLUOCORTOLONE
CAPROATE, FLUOCORTOLONE PIVALATE AND
CINCHOCAINE HCL IN SUPPOSITORY

OZLEM AKSU DONMEZ?

ABSTRACT. In this paper, the simultaneous quantitative assay of Fluocortolone
caproate (FCC), Fluocortolone pivalate (FCP) and Cinchocaine HCI (CIN) in
suppository has been reported as a simple alternative analytical method. A
partial least squares (PLS-2) regression was used for resolution of the
overlapped spectrophotometric signals from mixtures of the three drugs. A
calibration set containing FCC, FCP and CIN was constructed by using 32 full
factorial design in the concentration range of 4.5-8.5, 5-7 and 8-12 pg/mL,
respectively. Absorption spectra were recorded in the range 240-350 nm. To
check the quality of the proposed method, it was applied to the determination
of these compounds in synthetic mixtures and pharmaceutical formulation,
suppository. The PLS-2 method yielded recoveries ranging from 91 to 106%.
The results compared well with those from the reported HPLC method.

Keywords: fluocortolone caproate, fluocortolone pivalate, cinchocaine HCI,
PLS

INTRODUCTION

Fluocortolone caproate (FCC) and fluocortolone pivalate (FCP) are
glucocorticoids with anti-inflammatory activity used topically for various skin
disorders [1]. Cinchocaine HCI (CIN) is a long—acting amide anaesthetic
used for surface anaetsthesia for relief of pain [2]. The combination of these
active compounds are used mostly to reduce the common syptoms caused
by haemorrhoids.

There are a few studies in the literature describing the determination
of fluocortolone and its esters FCC and FCP using thin layer chromatography
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[3] (TLC), high performance liquid chromatography [4-5] (HPLC), raman
spectroscopy [6-7], and spectrophotometry [8]. Unlike fluocortolone, many
studies including the use of spectrophotometry [2,9], fluorimetry [10], TLC
[11], liquid chromatography-mass spectrometry [12], sequential injection
chromatography [13], HPLC [2,14-16], gas chromatography [17], chemometry
[18] and electroanalytical methods [19-21] have been used for the
determination of CIN. A HPLC method has been reported for the simultaneous
determination of the three drugs [22].

In spite of widely use of chromatographic techniques, spectrophotometric
analysis, being simple, inexpensive and fast, constitutes a highly convenient
alternative approach for the determination of drugs in pharmaceutical
formulations. However, the greatest difficulties with the conventional
spectrophotometric methods arise when the analytes to be determined give
partial or fully overlapped spectra.

In recent years, multivariate calibration methods such as principal
component regression (PCR) and partial least squares (PLS) have been
applied to overlapped spectra or chromatograms successfully [23-30]. All
these techniques have the advantageous of using the full spectral information
and not only a characteristic peak value. Moreover, they allow for a rapid
determination of the components, and usually there is no need of a prior
separation. However, the literature survey reveals that no chemometric methods
have been reported for the analysis of these three drugs in combination.

In this study, PLS-2 calibration model was described for the
spectrophotometric multicomponent analysis of synthetic ternary mixtures
consisting of FCC, FCP and CIN and pharmaceutical formulation, suppository.
In order to appraise the results obtained by proposed method, reported
HPLC method was used [22]. The scientific novelty of the present work is
that the PLS-2 method is simple, rapid and cheap compared with
chromatographic method.

RESULTS AND DISCUSSION

In the last years, the chemometric methods such as classical least-
squares (CLS), PCR and PLS have become routine methods in multicomponent
quantitative analysis [31-36]. The PLS calibration technique based on factor
analysis can be performed in two different ways, PLS-1 and PLS-2. PLS-1
performs the optimization of the number of factors for only one component
at a time. PLS-2 calculates the number of factors on all the components
simultaneously and one weighed number of factors is optimized. Here, the
PLS-2 version that is optimized for the simultaneous determination of FCC,
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FCP and CIN was implemented. This multivariate method involves a calibration
step in which relation between spectra and component concentrations is
estimated from a set of reference samples, and a prediction step in which the
results of the calibration are used to estimate the component concentration in
an unknown sample spectrum [25,34]. The theory and applications of this
method were documented in detail in the literature [37-38].

The electronic absorption spectra of FCC, FCP and CIN in methanol
(Figure 1) show that they overlap significantly. Thus, these compounds can
not be analyzed in the presence of each other by a simple calibration
procedure without prior separation. Therefore, PLS-2 was used to resolve
the spectra and to determine each component in the ternary mixture of FCC,
FCP and CIN.

CIN

Absorbance (AL
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Figure 1. Absorption spectra of FCC (6.3 pg/mL), FCP (6.1 ug/mL)
and CIN (10 pg/mL) in methanol.

Table 1. Composition of the calibration sample

Sample FCC(ug/mL) FCP(ug/mL) CIN(pg/mL)
1 4.5 5 8
2 6.5 5 8
3 8.5 5 8
4 4.5 6 8
5 6.5 6 8
6 8.5 6 8
7 4.5 7 8
8 6.5 7 8
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9 8.5 7 8
10 4.5 5 10
11 6.5 5 10
12 8.5 5 10
13 4.5 6 10
14 6.5 6 10
15 8.5 6 10
16 4.5 7 10
17 6.5 7 10
18 8.5 7 10
19 4.5 5 12
20 6.5 5 12
21 8.5 5 12
22 4.5 6 12
23 6.5 6 12
24 8.5 6 12
25 4.5 7 12
26 6.5 7 12
27 8.5 7 12

For the PLS-2 calibration stage, 27 training samples were employed,
conforming to 32 full factorial design [39]. The composition data of solutions
is listed Table 1. The spectra of this calibration set were recorded in the
spectral region between 240 and 350 nm with 1 nm intervals. The optimum
number of factors and important statistical parameters: The root-mean
square deviation (RMSD), relative error of prediction (REP%) and square of

the correlation coefficent (R?) are summarized in Table 2.

Table 2. Statistical parameters for the calibration using PLS-2

Parameters’ FCC FCP CIN
Factors 3 3 3
RMSD 0.186 0.081 0.073
REP% 2.86 1.35 0.73
R? 0.987 0.990 0.998
LOD(pg/mL) 0.31 0.22 0.13
LOQ(ug/mL) 1.05 0.74 0.43
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where ¢ is the avarage component concentration in the m mixtures.

Application to synthetic mixtures

In order test to the quality of the proposed method, it was applied to
the resolution of ternary synthetic mixtures containing different concentrations
of three drugs. The composition of mixtures and the predictions of these
synthetic samples are shown in Table 3. As regards the results provided by
PLS-2 on the synthetic sample set, good recoveries were obtained for FCC,
FCP and CIN (Relative error of prediction (REP%) values not exceed 15%).

Table 3. Results obtained by applying PLS-2 to synthetic samples

Mixture 1 Mixture 2 Mixture 3

Analyte FCC | FCP CIN |FCC|FCP|CIN | FCC|FCP | CIN
Added
(ug/mL) 45 5.0 80 | 65| 60 |100]| 85 | 7.0 | 12.0
Found 4.1 5.4 83 | 66 | 6.2 |10.1] 87 | 65 | 12.1
(Wg/mL) 47 49 82 |68 |59 [100] 92 | 6.3 |12.1

43 5.2 82 | 69|59 |99 9065|122
Mean 4.4 5.2 82 | 68 | 60 |100] 90 | 6.4 | 12.1
Recovery% | 98 104 103 | 105 | 100 | 100 | 106 | 91 | 101
RMSD 0.4 04 |02
REP% 6.2 6.7 2.0

Application to real samples

The PLS-2 method was used in the simultaneous determination of
FCC, FCP and CIN in commercially avaliable suppository formulation.
Satisfactory results were obtained for all drugs and were good agreement
with the label claims (The recoveries are within the range 98.36 — 104.76%).
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The results obtained by proposed method was statiscally compared with the
literature method based on HPLC [22] by applying Student’s t-test for
accuracy and F-test for precision. The statistical results were summarized in
Table 4. The results revealed that there is no significant difference between
the proposed and reported method at the 95% confidence level with respect
to accuracy and precision. Consequently, the above results show that the
proposed method can be successfully applied for simultaneous
determination of FCC, FCP and CIN in real samples.

Table 4. Determination of FCC, FCP and CIN in suppository? using of PLS-2 and
reference HPLC methods

n1=n2=5
Analyte PLS-2 HPLC
(mg/suppository)] FCC FCP CIN FCC FCP CIN
mean + SD® | 0.66+0.02 | 0.60+0.01 | 1.04+0.03 | 0.64+0.01 | 0.61+0.01 1'00150'
Recovery% 104.76 98.36 104.00 101.58 100.00 | 101.84
t test of 2.01 1.57 1.90
significance
F test of 4.00 1.00 2.25
Significance
£82:95=2.31 F1.4%9% =6.39

aUltraproct Suppository®(FCC 0.63 mg, FCP 0.61 mg, CIN 1.00 mg)
bStandard deviation

CONCLUSIONS

The proposed method was applied to the simultaneous
spectrophotometric analysis of FCC, FCP and CIN, in spite of a strong
overlapping absorption spectra of these components in the wavelength range
of 210-280 nm. The overlapping was successfully resolved using the PLS-2
algorithm. According to the results obtained in this work, application of the
proposed method was found to be adequately accurate, simple, fast and
inexpensive for the simultaneous determination of FCC, FCP and CIN in
ternary mixtures of synthetic and pharmaceutical samples. In addition, the
proposed calibration method do not require any prior treatment, and
optimization of conditions such as pH, temperature, and flow rate in
comparison with HPLC.
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In conclusion, PLS-2 multivariate calibration method can be
recommended as a very suitable choice to resolve severe overlapped
absorption spectra of drug mixtures and used as cheap and accessible
alternative for routine quality control testing of common pharmaceutical
formulations of FCC, FCP and CIN.

EXPERIMENTAL SECTION

Chemicals and reagents

FCC, FCP and CIN were obtained from Zeytas Ltd., Istanbul, Turkey.
Analytical grade methanol and acetic acid were purchased from Merck
Company (Darmstadt, Germany). Ultra-pure water was obtained in the
laboratory using a Milli-Q purification system from Millipore (Milford, MA, USA)

The “Ultraproct Suppository®” commercial samples were acquired
from Turkey pharmacies. Each suppository was labeled to contain 0.63 mg
of FCC, 0.61 mg of FCP and 1 mg of CIN. The chemical structures of the
drugs are shown in Figure 2.
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Figure 2. Molecular structures of the drugs analyzed

Instrumentation and software

Spectrophotometric measurements were performed with Agilent
8453 UV-Vis Spectrophotometer. PLS-2 was implemented using PLS-
Toolbox software version 5.2 for use with MATLAB 11.

HPLC measurements were carried out on a Shimadzu HPLC system
equipped with a model LC20 AT pump unit, SPD-20A UV-Vis detector and
C18 (300 mm x 3.9 mm) RP column.

Preparation of standard solutions and calibration set

Stock standard solutions of the drugs (100 pg/mL) were prepared in
methanol. Working solutions for calibration set were prepared by appropriate
dilution of stock solutions with methanol. The calibration set for PLS-2 was
generated by 33- full factorial design. The levels correspond to values in the
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range of 4.5-8.5 ug/mL for FCC, 5-7 ug/mL for FCP and 8-12 ug/mL for CIN.
The absorbances were recorded in 1.00 cm cuvettes between 240 and 350
atevery 1 nm.

Test samples for PLS-2

For evaluation of proposed method, three concentration levels were
used. These levels have been selected by considering the amounts of the
analytes in the calibration range. Three group of test solutions were analysed
applying the studied method three times.

Sample preparation

Ten suppositories accurately weighed, melted by stirring on a water
bath to homogenize and than cooled. A portion of the homogenized suppositories
equivalent to one suppository was transferred into a beaker, 30 mL methanol
was added and melting was performed on a water bath. The solution was
cooled, filtered into 100 mL volumetric flask and then diluted to volume with
methanol.

HPLC method

The determination of the contents of FCC, FCP and CIN in suppository
was also verified by reported HPLC method [22]. The mobile phase was
methanol-water-acetic acid (72:26:2). The analysis was done under isocratic
conditions at a flow rate of 1.3 mL/min and the effluent was manitored by UV
measurements at 240 nm.
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