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Central Composite Design to develop a robust RP-TLC/Densitometry
method for quantification of Triclosan in cosmetic preparations

Kavitha Jayaseelan and Karunanidhi Santhana Lakshmi

ABSTRACT

The current study was framed with a view to develop a
simple, sensitive and a rapid RP-TLC/Densitometry method
for quantification of Triclosan (TCS) in various cosmetic
preparations available in local market. Moreover, robustness
testing was planned to be performed employing Central
Composite Design (CCD). The desired chromatographic
separation was achieved on RP-TLC/Densitometry plates
precoated with Silica gel 60 GF,, on Aluminum sheet,
employing methanol : glacial acetic acid as mobile phase in
the ratio of 7 : 3 v/v and detection was carried out at 281 nm.
The mobile phase used gave an excellent symmetrical peak for
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TCS. The method was found linear over a wide range of 20-140
ng/band. The optimized method was validated by measuring
various validation parameters. CCD was employed to check the
robustness of the method at three-factor levels. The developed
and optimized method was used to quantify TCS in 20 different
cosmetic preparations procured from local market. The
proposed and developed RP-TLC/Densitometry method can
be applied for routine analysis of TCS in cosmetic preparations
and can also be extended to the analysis in pharmaceuticals and
food products.

Keywords: Central Composite Design, Cosmetic preparations,
Triclosan, RP-TLC/Densitometry, Validation.

1. INTRODUCTION

Cosmetics are products, which people use to cleanse or
change the look of the face or body and they have become
the need of society. Today, make-up plays a vital role for both
men and women everywhere. There are many ingredients
loading in the cosmetics preparations; TCS is one among
them, which was shown to exhibit effective action against
different strains of bacteria as well as some fungi and
protozoa. It is widely used as an antiseptic, preservative and
disinfectant in healthcare and in many consumer products
including cosmetics, household cleaning products, plastic
materials, toys and paints.

TCS causes antimicrobial resistance and also causes disrupted
hormonal development. TCS has more prevalence in soaps,
mouthwashes, shampoos, deodorants, toothpastes, cleaning
supplies and pesticides [1]. At higher concentration it acts
as a biocide with many cytoplasmic and membrane targets.
At lower concentration it prevails in commercial products,
it acts as bacteriostatic and it targets bacterial fatty acid
synthesis [2].
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The chemical structure of TCS implies that its chemical
properties are related to many toxic compounds such
Polybrominated diphenyl ethers (PBDEs), Polychlorinated
diphenyls (PCBs), Dioxins, Bisphenol A etc., [3]. Data from
biological studies have demonstrated that TCS might have
endocrine disrupting effects in humans and other animals
[4, 5]. TCS exhibited estrogenic and androgenic activity in
both ER- and AR-mediated bioassay [6]. TCS is also reported
to have estrogenic activity as it can increase uterine weight
in female rats [7]. Hence, its quantification in cosmetics
preparations has gained more importance.

Recently, RP-TLC/Densitometry is employed for the
quantification of drugs because of its low maintenance
cost, less analysis time, minimal consumption of mobile
phase per sample, need for simple and easy sample clean-up
procedures. Added to the above, it facilitates automated
application of sample and scanning of the plate. Moreover,
it is flexible enough to analyze different kinds of samples [8].

The design of experiments (DoE) is based on the principles of
use of experimental design. Experimental design procedures
are very useful in pharmaceutical development including
formulation development, analytical method optimization
and validation. They are more efficient than the traditional
one-variable-at-a-time approach [9].

The literatures collected reveals that there are many analytical
methods reported of the estimation of TCS which includes
Spectrophotometric [10] and Chromatographic methods like
RP-HPLC [11-20], UPLC [21, 22], LC-MS-MS [23-32] and
GC-MS [33, 34], individually and in combination with other
ingredients like Triclocarbon (TCC), Parabens etc.,

The current research article focuses on the determination of
robustness of the developed RP-TLC/Densitometry method

Hence, a modest, rapid, accurate, precise, sensitive, robust
and more economical RP-TLC/Densitometry method, with
simple sample preparation technique was developed for the
estimation and quantification of TCS in various cosmetic
preparations, with the aid of CCD design for robustness
testing. The general properties of TCS are listed in Table 1.

2. MATERIALS AND METHODS
2.1 Chemicals and reagents employed

The reference standard of TCS was purchased from Sigma-
Aldrich (India). All other reagents used in the study were
procured from Merck Laboratories and S.D. Fine Chemicals
Ltd. Double distilled water was utilized throughout the
process of analysis. All the cosmetic preparations selected for
the analysis were procured from local markets of Chennai.

2.2 Instruments employed

The RP-TLC/Densitometry instrument used consisted of
the following components: Camag Sample Applicator -
Linomat5, Twin trough Chamber, Camag Scanner, Camag
Document photo. The other apparatus employed for the
study includes - Digital balance Sartorius, Ultra Sonic bath
sonicator, Centrifuge, Vortexer. Throughout the analysis,
all the dilutions were performed employing Class “A” grade
glassware’s only.

2.3 Software employed

WINCATS 5 (Software for handling RP-TLC/Densitometry
instrument) was employed. Experimental design, data

by CCD and quantification of TCS in cosmetic preparations. analysis and desirability function calculations were
Table 1. General Properties of TCS
Ingredient Characteristics
IUPAC name 5-Chloro-2-(2,4-diclorophenoxy) phenol
Cl OH
O
Molecular Structure
TCS Cl Cl
Molecular Formula C,HC,0,
Molecular weight 289.54 g/mol
Appearance White solid
Amax 281 nm
Maximum allowable limit in cosmetic product 0.3 % w/w
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performed using Design-Expert® trial version 7.1.6 (Stat-
Ease Inc., Minneapolis) and MS- Excel 2010.

2.4 Preparation of standard stock solution

A standard stock solution containing 1mg/ml (1000 pg/
ml) was prepared by dissolving 100 mg of TCS, in 100 ml
of methanol. The stock solution was diluted suitably with
methanol for further analysis.

2.5 Preparation of working standard solution

A series of working standard solutions containing20, 40, 60,
80, 100, 120 and 140 pg/ml of TCS was prepared.

2.6 Chromatographic method development

Based on various trials carried out, the following
chromatographic conditions were optimized for validation.
The optimum separation was achieved employing Camag
RP-TLC/Densitometry instrument. Camag Twin Through
glass chamber (20x10) was used for development which was
saturated for 30 mins with the vapors of methanol : glacial
acetic acid as mobile phase in the ratio 7 : 3 v/v. Linomat
V with Camag 100 ul syringe was used to spot 1ul of the
prepared standard and spiked sample solutions on RP-TLC/
Densitometry plates (Merk) precoated with Silica gel 60 GF,,,
on Aluminium sheets. They were further dried and subjected
to development at ambient temperature. The developed
plates were scanned using Camag TLC scanner IIT at 281 nm
and the obtained densitograms were quantified employing

WINCAT Software.

2.7 Extraction of TCS from cosmetic preparations

2.8 Method validation

Once the method was optimized, it was subjected to various
validation parameters to establish the methods validity
with respect to linearity, limiting values (LOD and LOQ),
precision, accuracy and robustness studies employing design

of experiments.

2.8.1 Linearity

Concentrations of 20, 40, 60, 80, 100, 120 and 140 ng/band
of TCS individually versus their respective peak areas were
subjected to linear regression equation to calculate regression
and correlation coefficient data.

2.8.2 Precision

Intra and inter-day precision studies were carried out by
spotting the working standard solution containing 40 pg/ml
of TCS and estimating the concentration response six times on
the same day (Intra-day) and three different days (Inter-day).

2.8.3 Accuracy

(at three
concentration levels of 20, 40 and 140 pg/ml in triplicate)

The ingredients of known concentrations
were spiked into the corresponding placebo preparations
and extracted employing the similar procedure described
under “extraction of TCS from cosmetic preparations” 1ul of
the extracted solutions were used for further analysis. The
percentage recovery was calculated from the average peak
area ratio of sample to the standard.

Cosmetic products (20 nos.) including shampoo, soap, toothpaste and creams were

purchased from local markets in Chennai

Sg of sample was weighed and the samples were spiked with a series of standard

solutions of TCS (Standard addition method)

Sml of methanol was added

g
g

The mixture was homogenised under sonication for 20 mins

8

Then diluted to 10ml and filtered through 0.22 pm Millipore membrane filter

The filtrate was used for further analysis.
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2.8.4 Robustness

Twenty experiments with six center points were conducted
by selection of three factors, methanol content in mobile
phase (A), development distance (B), band size (C) and
retention factor was selected as the response of TCS at the
levels described under Table 5. The nominal value of all
these three factors A, B and C were 7 ml, 8 cm and 5 mm
respectively. Statistical analysis of ANOVA was performed
using Design Expert (Version 7.1.6 Stat-Ease Inc) software.

3. RESULTS AND DISCUSSION

Combinations of solvents in different ratios like water,
methanol, toluene, acetonitrile, chloroform, ethyl acetate,
glacial acetic acid were tried for obtaining a symmetrical
peak for TCS. Finally methanol : glacial acetic acid in the
ratio 7 : 3 v/v, gave a well defined peak for TCS. An increase
in the volume of methanol made TCS move towards the
solvent front. Inclusion of glacial acetic acid resulted in the
occurrence of well-defined peak. The retention time of TCS
was found to be 0.49+0.013 at the detection wavelength of
about 281 nm (Figure 1).

Al tracks @ 281nm
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Figure 1. Densitogram of standard solution of TCS

The method showed a good correlation coefficient value of
about 0.998 for TCS in the concentration range of 20 - 140
ng/band. The LOD and LOQ values were found to be 0.135
and 0.411 ng/band respectively.

Intra and inter-day precision studies were carried out and the
percentage Relative Standard Deviation (% RSD) was found
to be less that 2% and the results were tabulated in (Table 2).

Table 2. Precision study of TCS

Concentration (Mean + SD)*

Repeatability =~ Drug (ug/ml) n=6 %RSD
Intra-day TCs 20 loll.gf + 124
Inter-day TCS 0 10%.;;1 £ 0.95

*(Mean + SD) of six determinations

Accuracy of the method was performed by standard addition
method, at three levels of concentrations in triplicate. The
percentage recovery was calculated and was found within the
range of 97.0 — 104.0 %w/w, which suggests the suitability
of the method to perform routine analysis of TCS (Table 3).

Table 3. Recovery study of TCS from spiked samples

Spiked % Recovery (w/w)
Ingredient level  Shampoo  Soap  Tooth paste Cream

(pg/ml)  (n=3) (n=3) (n=3) (n=3)

20 101.5+1.1  100.5%2.3  99.8+2.8  97.8+3.2
TCS 40 99.2+43.2  103.1+2.0 103.8£1.8  102.5+3.9
140 100.8+£2.9  98.2+1.7  98.5+3.2  101.0+2.1

*(Mean + SD) of three determinations

The data representing system suitability parameters were
listed in Table 4, indicating acceptable precision concerning
repeatability of peak area measurement and sample
application.

Table 4. System suitability parameters

Results

Parameters
TCS

Linearity range (ng/band) 20 - 140
Slope 111.7
Intercept 18.28
Correlation coefficient (r?) 0.998
Retention factor 0.49
Limit of Detection (ng/band) 0.135
Limit of Quantification (ng/band) 0.411
Precision (% RSD) 0.95-1.24
% Recovery (w/w) 97.8 - 104.0
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All the experiments designed under CCD model were
performed in a randomized manner. The results were
tabulated in Table 5.

Table 5. Design of CCD and their response

A

Organic . B . ¢ . R, of

Run Phase Developing Distance ~ Band Size TCS

(ml) (cm) (mm)

1 5.32 8.00 5.00 0.31
2 8.00 9.00 4.00 0.61
3 6.00 9.00 4.00 0.41
4 6.00 7.00 4.00 0.40
5 8.68 8.00 5.00 0.59
6 7.00 8.00 3.32 0.50
7 6.00 7.00 6.00 0.39
8 7.00 8.00 5.00 0.49
9 7.00 8.00 5.00 0.49
10 7.00 8.00 6.68 0.50
11 7.00 6.32 5.00 0.50
12 8.00 7.00 4.00 0.60
13 7.00 8.00 5.00 0.49
14 8.00 9.00 6.00 0.61
15 7.00 8.00 5.00 0.49
16 7.00 9.68 5.00 0.51
17 6.00 9.00 6.00 0.38
18 8.00 7.00 6.00 0.60
19 7.00 8.00 5.00 0.49
20 7.00 8.00 5.00 0.49

The experimental results obtained were computed. The
polynomial equation model for Y for TCS is tabulated under
Table 6. To evaluate the effect of factors selected upon response
(retention factor) of TCS, response surface methodology
(RSM) and perturbation plots were constructed. Figure 2,
depicts the fact that, the change in the content of organic
phase (methanol content) has the most significant effect on
retention factor. Whereas, the other examined factors like
developing distance and bandwidth were not found to have
any significant effect on response. Variation in retention
factor was observed due to change in the ratio of methanol
(increase in methanol content in mobile phase increases the
retention factor) content in the mobile phase, which was

considered acceptable, as evidence created from the plots and

the developed method was reported to be robust.
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Figure 2. Three-dimensional (3D) plots of the RSM (A) and
Perturbation plots (B) for R, value of TCS

Employing the optimized method, analysis of TCS in 20
different marketed cosmetic preparations, after extraction
was performed and it showed a single peak at R value of
about 0.49, which was found same as that of the R; value of
standard TCS (Figure 3).

Table 6. Predicted Response Models and Statistical Parameters obtained from ANOVA for CCD

Response Type of . . Model 0 Adequate
(R, value) model Polynomial equation model for Y P value %CV Precision
TCS Linear +0.35+0.00247A+0.012B+0.00542C 0.0084 2.58 33.14
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Figure 3. Densitogram of extracted sample (Soap no.1)

The content of TCS in 20 different cosmetic preparations
procured from local markets in and around Chennai was
calculated after extraction. The obtained results evidently
proves that TCS is commonly loaded in most of the cosmetic
preparations like shampoo, soap, toothpaste and creams
which were selected for analysis. The concentration of TCS
predicted was found to lye well below the maximum allowable
limit in the cosmetic preparations laid by FDA. (Figure 4)

4. CONCLUSION

A well validated RP-TLC/Densitometry method for routine
analysis of TCS in cosmetics preparations with the aid of CCD
for robustness study has been developed. Moreover the major
advantage of RP-TLC/Densitometry method is that several
components can be run simultaneously and quantification of
compounds can be carried out employing minimal analysis
time, using small amount of mobile phase and need for
minimum sample clean-up procedure unlike HPLC and
other advanced analytical techniques with low maintenance
cost per analysis adds up credit to the current study. The
application of CCD on robustness was to examine the
variation of different factors simultaneously on the selected
response. The robustness study carried out employing CCD,
evidence that the change in methanol content in total mobile
phase appeared to have a significant effect on the response
(retention factor), compared to the other two factors such as
development distance and band size selected for the study.
Hence, it was important that the significant factor (methanol
content in mobile phase) be carefully controlled. It was
concluded that the use of experimental design and RSM
is a flexible procedure and can be employed to reduce the
number of required experiments for robustness study for
the developed RP-TLC/Densitometry method. Finally, the
developed and validated method allows easy quantification
of the TCS in various marketed cosmetic preparations, which
was found to be well within the maximum allowable limits for

1’01 1,24
0,87

Concentration (mg/g)
o

Content of TCS in Cosmetic preparations

. 0,94 1,24 44 1,21
1,04

Cosmetic preparations

1,48 1,57

0,870,%4

Figure 4. Content of TCS estimated in the cosmetic preparations (20nos.)
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cosmetics laid by FDA regulations. The method was found to of Pharmacy, SRM University, for providing necessary

be suitable and repeatable for routine quality control analysis facilities to carry out this research work successfully.

of TCS in cosmetic, food and pharmaceutical products.
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Kozmetik preparatlarin iceriginde bulunan triklosanin tayini
amacryla giivenilir bir ters faz-ince tabaka kromatografisi/
densitometri yontemi gelistirmek i¢in merkezi bilesik
tasarimin uygulanmasi

0z

Bu calismada, satisa sunulmus kozmetik iirtinlerde triklosan'in
(TCS) miktar tayini amaciyla kullaniacak basit, hizli ve duyarl
bir ters faz-ince tabaka kromatografisi/densitometri yontemi
gelistirildi. Gelistirilen yonteme ek olarak elde edilen sistemin
saglamliginin kanitlanmasi i¢in yapilan analizlerde merkezi
bilesik tasarim (CCD) yontemi uygulandi. Kromatografik ayrim
i¢in silika jel 60 GF,,, kaply, ters faz-ince tabaka kromatografisi/
densitometri yontemi igin dretilmis aliiminyum plaklar ve
metanol : buzlu asetik 7:3 h/h karigimindan olusan hareketli
faz kullanildi, deteksiyon dalga boyu 281 nm olarak belirlendi.
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Kullanilan hareketli faz TCS i¢in mitkemmel simetriye sahip
piklerin elde edilmesini sagladi. Yontem; 2 - 200 ng/band
gibi genis bir aralik i¢in dogrusal olarak tespit edildi. Bir¢ok
validasyon parametresi incelenerek yontem en iyi hale getirildi.
Sistemin saglamliginin kontroli igin ti¢-faktor diizeyinde CCD
yontemi kullanildi. Gelistirilen ve en iyi hale getirilen yontem
yerel saticilardan edinilen 20 farkli kozmetik tiriiniin igeriginde
bulunan triklosan'in miktar tayiminin yapilmasi i¢in kullanildi.
Gelistirilen ters faz-ince tabaka kromatografisi/densitometri
yonteminin kozmetik tirtinlerde triklosan'in miktar tayini i¢in
rutin olarak kulanilacag: gibi farmasétik tirtinlerde ve gidalarda
yapilacak ayni amagli analizlerde de kullanimi 6nerilmektedir.

Anahtar kelimeler: Merkezi Bilesik Tasarim, kozmetik tirtinler,
Triklosan, ters faz-ince tabaka kromatografisi/densitometri,

Validasyon.
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