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Abstract

Cosmetic stability prediction relies on quantitative chemical determinations of active components after certain times and in different temperatures.
However, physical stability, an important parameter in skin care products is not considered in these conditions. This study proposes the determination
of cosmetic stability chemical and physical parameters validated by (HPLC) chromatography and rheological measurements, respectively, using a
gel-cream containing retinyl palmitate and tocopheryl acetate as a model system. The predicted shelf life addresses both the physical and chemical
aspects of the system. Results emphasize the importance of studying both parameters by showing the relation of components degradation and
physical stability. Moreover, they contribute to an improved understanding of physical and chemical stability aspects of cosmetic formulations,

mainly if they contain Vitamins A and E derivatives.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Due to the dynamics of the cosmetic market, development of
new products should be fast and accordingly, stability prediction
is usually performed by accelerated storage conditions (Tadros
etal.,2004). Temperature variation is the main parameter used to
induce rapid chemical and physical alterations in formulations,
which are usually detected by quantification of some compo-
nents over time. To predict shelf life the kinetics of chemical
degradation may be mathematically treated by using the Arrhe-
nius equation (Magari et al., 2004), but physical stability is
not considered in this case. Prediction based only on chemi-
cal parameters cannot be totally trusted especially for cosmetic
formulations where physical stability is of utmost importance
and other parameters should also be analyzed.

Combined analytical techniques, including HPLC methodol-
ogy, are currently used to obtain chemical stability data about
formulations over time (Austria et al., 1997; Frauen et al., 2002;
Gaspar and Maia Campos, 2006).
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Measurements of rheological behavior are important not only
to evaluate physical stability (Spiclin et al., 2003; Tadros et al.,
2004), but are also parameters indicating system quality, use-
fulness and purpose. Studies on these properties have become a
crucial tool for analysis of cosmetic preparations, due to the pos-
sibility of producing correct profiles of physical and structural
stability (Soriano et al., 2001). Thermal stress can alter param-
eters as viscosity, solubility, creaming facilitation, coalescence,
melting of waxes or hydration of polymers (Lippacher et al.,
2004), and consequently, it should be possible to predict insta-
bility processes by studying the rheological behavior of cosmetic
formulations under these conditions.

In summary, accelerated stability studies using temperature
stress, HPLC analysis and rheological determinations are useful
to characterize formulations as a function of short time periods
(Di Mambro et al., 2003; Tadros et al., 2004). The aim of this
study was to validate chemical and physical methods for stabil-
ity determination in cosmetic formulations, using a gel-cream
containing retinyl palmitate and tocopheryl acetate as a model.
The results should also contribute to a better understanding
of physical and chemical stability aspects of cosmetic formu-
lations, mainly if they contain derivatives of Vitamins A and
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2. Materials and methods
2.1. Materials

Vitamin A palmitate (1,000,000 Ul/g), Vitamin E acetate and
Vitamin K;, with 97, 96 and 98% purity, respectively, were
purchased from Sigma (St. Louis, MO, USA). HPLC-grade
methanol and iso-propanol were obtained from Mallinkrodt
(Paris, KY, USA).

Glycerin and propyleneglycol from Synth (Diadema, SP,
Brazil) Sepigel™ 305 (polyacrilamide, C13-14, isoparaffin,
Laureth-7) from Seppic (Paris, France), NET FS™ (silicon
microemulsion) from Nikko Chemicals (Tokyo, Japan) and
Phenova™ (phenoxyethanol and parabens) from Croda (Camp-
inas, SP, Brazil) were used in the preparation of the gel-cream.

2.2. Formulations studied

Formulations were prepared in a Heidolph RZR 2021
(Schwabach, Germany) stirrer at 600 rpm. The gel-cream was
obtained by adding to deionized water the following compo-
nents to the final stated percentages (w/w): 5.0% Sepigel™ 305,
4.0% NET FS™ 2.0% glycerin, 0.8% Phenova™ dissolved in
3.0% propyleneglycol and 0.02% DL-a-tocopherol as antioxi-
dant. The gel-cream was supplemented with retinyl palmitate
and tocopheryl acetate to final concentrations of 1% (w/w) and
2% (wlw), respectively.

2.3. Stability studies

Formulations containing vitamins A and E, were stored in
PVC pots (37 mm in diameter x 29 mm deep), at 45, 37 and
25°C and 75% relative humidity for up to 120 days. Vitamin
quantifications and rheological measurements evaluated sam-
ples collected at 7-day intervals during the first 28 days and 60
and 120 days later. Quantification of the vitamins in the formu-
lation samples was by a validated isocratic HPLC method. Its
results and calculations of shelf-life through the Arrhenius equa-
tion characterized chemical stability (Garret, 1956a,b). Consid-
ering that an increase in storage temperature can decrease the
chemical stability of a formulation (Magari et al., 2004), vita-
min quantifications also represented degradation kinetics. Thus,
chemical stability was calculated as the period of time in which
formulations maintained at room temperature (25 °C), showed
a 15% loss in the concentration of their main components.

2.4. Chromatography

The HPLC system consisted of a model LC-10AD Shimadzu
Liquid Chromatograph (Kyoto, Japan) fitted with a variable
wavelength UV detector (SPD-10A), connected to a personal
computer. The integrator program consisted of a LC-10, Shi-
madzu.

Chromatographic separations were performed on a LiChro-
cart (125, 4 mm) Merck column, filled with 5 wm Lichrospher
100 RP-18 particles as the stationary phase. Degassed methanol
was the mobile phase at a flow rate of 1.5mLmin~!. The

injection volume was 20 pL. and analyses were performed in
two wavelength channels: 326 nm for Vitamin A and 254 nm
for Vitamin E. Vitamin K; was the internal standard analyzed
at 254 nm.

For vitamin extractions, formulation samples (25 mg) were
added to tubes containing iso-propanol and the internal standard
(15 L mL™") and vortexed for 3 min. After centrifugation of
the suspension the filtered supernatants were used for HPLC
injection. To quantify retinyl palmitate and tocopheryl acetate
in the formulations, standard solutions were prepared daily and
analyzed by HPLC in parallel to samples. Peak-area ratios were
used for calculations following the internal standard method.

For precision assays, samples in four different concentrations
were analyzed five times and the intra-assay relative standard
deviation (R.S.D.) calculated. Inter-assay R.S.D. was deter-
mined analyzing the samples in seven different days. The intra-
and inter-assay accuracy was also evaluated for each concen-
tration, by assessing the agreement between the measured and
nominal concentrations of the analytes. In addition, the effi-
ciency of the extraction method (n=5) was estimated from
formulations containing different concentrations of Vitamins A
and E.

2.5. Rheological measurements

Physical stability was assessed through rheological deter-
minations performed in a model DV-III Brookfield rotational
rheometer (Stoughton, MA, USA) with a cone-plate configura-
tion, connected to a Brookfield software program, RHEOCALC
Version V 1.01. Rheological parameters were determined at
25°C, using a CP 52 spindle and 0.5 g of each sample, 24 h
after preparation and after different storage times. Rheogram
curves constructed with ascendant and descendant segments
were obtained with rotation speeds increasing progressively
(1-4 rpm) and gradually decreasing (4—1 rpm). With the results
obtained, values for consistency index (related to the system vis-
cosity) and flow index (related to the system pseudoplasticity)
were mathematically calculated by the Ostwald law:

T =xy"

where 7 is the shear stress, « the consistency index, y the shear
rate, 7 is the flow index. Data were statistically analyzed using
Kruskal-Wallis, a non-parametric test.

3. Results and discussion

A representative HPLC chromatogram of vitamin extracts
from gel-cream formulations is depicted in Fig. 1. It shows well
resolved Vitamins E, K; and A peaks with retention times of
about 4, 6 and 10.5 min, respectively, in a single and short run
easily reproduced.The absolute recovery, intra- and inter-days
precision and accuracy values for retinyl palmitate and toco-
pheryl acetate are presented in Tables 1 and 2, respectively.
HPLC with UV detection is the most common technique used in
retinoids and tocopherols determinations (Julianto et al., 1999;
Alvarez and Mazancourt, 2001; Gimeno et al., 2001; Hartmann
et al., 2001). Although determination of these substances at
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Fig. 1. HPLC chromatograms of Vitamins A (Vit. A) and E (Vit. E) extracted
from the gel-cream formulation (containing 137.5 and 500 pg g~ ', respectively),
with Vitamin K, (Vit. K) as an internal standard.

Table 1
Absolute recovery, intra- and inter-days precision and accuracy in quantification
of retinyl palmitate extracted from experimental formulations (n=5)

Concentration Recovery Precision (CV%) Accuracy (%)
(ngg™h) (%)
Intra-days Inter-days Intra-days Inter-days

165 100.82 1.9 0.1 0.2 1.2
137.5 102.52 1.2 0.5 1.1 0.8
110 99.17 1.6 1.4 04 1.1

82.5 99.01 0.8 1.3 0.4 2.1
Table 2

Absolute recovery, intra- and inter-days precision and accuracy in the quantifi-
cation of tocopheryl acetate extracted from experimental formulations (n=5)

Concentration Recovery Precision (CV%) Accuracy (%)

(ngg™) (%)
Intra-days Inter-days Intra-days Inter-days
600 97.28 0.5 1.9 0.9 1.5
500 99.56 1.1 1.0 0.6 1.3
400 100.06 0.8 0.9 0.6 0.2
300 95.64 1.0 1.6 1.9 2.4

lower concentrations often requires more sensitive methods
(Guaratini et al., 2004), the high recovery in this case indicates
that the procedure used accounts for the entire amount of analyte
present in the sample (Causon, 1997). The values for both
precision and accuracy in intra- and inter-assays were all less
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than 2.5%, which is satisfactory for the level of active principles
in this formulation.Chemical stability was also analyzed by
vitamin degradation kinetics. Retinyl palmitate had a lower
stability than tocopheryl acetate (Fig. 2), indicating Vitamin A
as the limiting factor in the calculation of product shelf-life.

Previous reports (Kim et al., 2000) show that retinyl palmitate
degradation in emulsions follows a first-order reaction, which is
in agreement with the results here presented. According to acti-
vation energy calculations through the Arrhenius equation, it
was considered that 85% of retinyl palmitate is theoretically
maintained for approximately 77 days at room temperature.
The same result was obtained experimentally in formulations
maintained at room temperature, which validates the acceler-
ated method employed for chemical stability determinations.
Although itis commercially interesting to develop products with
the highest possible shelf-life it is known that the stability of
substances is a function of its vehicular system (Gallarete et
al., 1999). Already Kennon (1964) had reported that the vehicle
might change the heat of activation of a degradative reaction,
bringing about a different decomposition mechanism. Although
Sepigel™ 305 skin creams with many properties are widely
manufactured (Anchisi et al., 2001), it is known that Vitamin
A is rapidly degraded in this vehicle. Furthermore, if retinyl
palmitate decomposition leads to a complex mixture of prod-
ucts (Samokyszyn and Marnett, 1990), its toxicity must also be
considered (Fu et al., 2003). Thus, shelf-life determination is
essential not only for efficacy aspects, but also to evaluate for-
mulation toxicity.

Thus, the safety and efficacy the system proposed in this study
is acceptable only if the product is to be used in a restricted period
of time.

Rheological measurements carried out in parallel with chemi-
cal studies represent a complete, rational and necessary approach
to predict physical sample behavior during expected shelf-life.
Rheological parameters indicated that addition of vitamins to the
basic formulation did not compromise its structure but altered
some of the rheological parameters as shown in rheogram (A)
(Fig. 3).

The flow index in all formulations was below 1 indicating
pseudoplasticity, which is a desirable rheological property in
these preparations. It was not significantly altered despite a
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Fig. 2. Quantification of retinyl palmitate (RP) (A) and of tocopheryl acetate (TA) (B), expressed as logs of concentration values over time, in formulations maintained

at room temperature (25 °C), 37 or 45 °C with 75% relative humidity (RH).
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Fig. 3. Formulation rheograms, 24 h after preparation (A) and 120 days after preparation (B) at room temperature. Formulations containing or not vitamins were

compared in both time periods.

significant decrease in the consistency index after additions of
retinyl palmitate and tocopheryl acetate.Semenzato et al. (1992)
demonstrated that Vitamin A chemical stability strictly depends
on the physical stability of the formulations. The present study
showed that, over time, physical alterations are more promi-
nent in formulations with added vitamins. Accordingly, Fig. 3B
illustrates alterations of physical stability in the formulations
containing vitamins, such as thixotropy, in addition to flow
and consistency indexes, presented in Table 3. This instability
was not seen in the formulations without vitamins, suggest-
ing that vitamin instability affected the formulation physical
integrity.Rheological parameters were determined and com-
pared in formulations kept at different temperatures after 15%
of the Vitamin A was degraded. The rheograms and rheolog-
ical data obtained in these experiments (77 days of storage at
25°C, 21 days at 37°C and 14 days at 45°C) are shown in
Fig. 4 and Table 3, respectively. Rheological characteristics of
formulations with approximately 85% of retinyl palmitate at all
storage conditions were similar. It is concluded that accelerated
physical stability studies by rheological measurements were also
validated.

Although flow indexes were not altered by thermal stress con-
sistency indexes increased significantly (Table 3). It is widely
known that consistency indexes normally decrease during stor-
age, indicating instability (Martin et al., 1993; Korhonen et al.,
2001), but in our results the consistency index increased. It is
possible that this was due to the interaction of retinyl palmitate
and polyacrilamide, the vehicle polymer, as shown by an arti-
fact when the decomposition products were analyzed by mass
spectrometry (data not shown).

Table 3
Consistency (CI) and flow index (FI) values determined in formulations 24 h
after preparation and after 15% degradation of retinyl palmitate

24 h after preparation After 15% degradation of RP

CI FI CI FI
25°C 64325 £ 102 0.40 £ 0.01 71459 £ 89 a 0.39 £ 0.00
37°C 64325 £ 102 0.40 £ 0.01 72946 + 116 b 0.41 + 0.02
45°C 64325 £ 102 0.40 £ 0.01 72652 & 149¢  0.40 = 0.03

Different symbols (a # b# ¢ ) indicate statistically different values (p <0.05).
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Fig. 4. Formulation rheograms after 15% degradation of Vitamin A. Analyses
were performed after (1) 77 days at 25 °C, (2) 21 days at 37 °C and (3) 14 days
at45°C.

It is concluded that the results in the present study vali-
date chromatographical and rheological methods for analysis
of gel-cream stability. Rheology measurements are simple and
effective means to compare properties over time and HPLC fur-
nishes accurate quantitative data on different substances added
to complex matrixes. In addition, the results contribute to the
understanding of cosmetic stability in formulations containing
retinyl palmitate and tocopheryl acetate and confirm that chem-
ical and physical stability must be evaluated at the same time
since they seem to have related effects.

Acknowledgement

The authors thank Fundagao de Amparo a Pesquisa do Estado
de Sao Paulo (FAPESP), for financial support.

References

Alvarez, J.C., Mazancourt, P., 2001. Rapid and sensitive high-performance
liquid chromatography method for simultaneous determination of retinol,
a-tocopherol 25-hydroxyvitamin D3 and D2 in human plasma with
photodiode-array ultraviolet detection. J. Chromatogr. B 755, 129-135.



16 T. Guaratini et al. / International Journal of Pharmaceutics 327 (2006) 12—16

Anchisi, C., Maccioni, A.M., Sinico, C., Valenti, D., 2001. Stability studies
of new cosmetic formulations with vegetable extracts as functional agents.
Farmaco 56, 427-431.

Austria, R., Semenzato, A., Bettero, A., 1997. Stability of vitamin C derivatives
in solution and topical formulations. J. Pharm. Biomed. Anal. 15, 795-801.

Causon, R., 1997. Validation of chromatographic methods in biomedical anal-
ysis: viewpoint and discussion. J. Chromatogr. B 689, 175-180.

Di Mambro, V.M., Borin, M.F., Fonseca, M.J., 2003. Topical formulations with
superoxide dismutase: influence of formulation composition on physical
stability and enzymatic activity. J. Pharm. Biomed. Anal. 32, 97-105.

Frauen, M., Rode, T., Rapp, C., Steinhart, H., 2002. Determination of green-tea
catechins in cosmetic formulations and in in vitro skin extracts by high-
performance liquid chromatography coupled with electrospray ionization
mass spectrometry. Chromatographia 55, 43-48.

Fu, PP, Cheng, S.H., Coop, L., Xia, Q., Culp, S.J., Tolleson, W.H., Wamer, W.G.,
Howard, P.C., 2003. Photoreaction, phototoxicity, and photocarcinogenicity
of retinoids. J. Environ. Sci. Heal. C 21, 165-197.

Gallarete, M., Carlotti, M.E., Trotta, M., Bovo, S., 1999. On the stability of
ascorbic acid in emulsified systems for topical and cosmetic use. Int. J.
Pharm. 188, 233-241.

Garret, E.R., 1956a. Prediction of stability in pharmaceutical preparations. II.
Vitamin stability in liquid multivitamin preparations. J. Am. Pharm. Assoc.
45, 171-178.

Garret, E.R., 1956b. Prediction of stability in pharmaceutical preparations. III.
Comparison of vitamin stabilities in different multivitamin preparations. J.
Am. Pharm. Assoc. 45, 470-473.

Gaspar, L.R., Maia Campos, PM.B.G., 2006. Evaluation of the photostability of
different UV filter combinations in a sunscreen. Int. J. Pharm. 307, 123-128.

Gimeno, E., Castellote, A.l., Lamuela-Raventds, R.M., de la Torre-Boronat,
M.C., Lopez-Sabatter, M.C., 2001. Rapid high performance chromato-
graphic method for simultaneous determination of a-tocopherol and 3-
carotene in human plasma and low-density lipoproteins. J. Chromatogr. B
758, 315-322.

Guaratini, T., Vessecchi, R.L., Lavarda, F.C., Campos, PM.B.G.M., Naal, Z.,
Gates, PJ., Lopes, N.P., 2004. New chemical evidence for the ability to

generate radical molecular ions of polyenes from ESI and HR-MALDI mass
spectrometry. Analyst 129, 1223-1226.

Hartmann, S., Froescheis, O., Ringenbac, F., Wyss, R., Bucheli, F., Bischof,
S., Bausch, J., Wiegand, U.W., 2001. Determination of retinol and retinyl
esters in human plasma by high performance liquid chromatography with
automated column switching and ultraviolet detection. J. Chromatogr. B 751,
265-275.

Julianto, T., Yuen, K.H., Noor, A.M., 1999. Simple high-performance liquid
chromatographic method for determination of alpha-tocopherol in human
plasma. J. Chromatogr. B 732, 227-231.

Kennon, L., 1964. Use of models in determining chemical pharmaceutical sta-
bility. J. Pharm. Sci. 53, 815.

Kim, Y.S., Strand, E., Dickmann, R., Warthesen, J., 2000. Degradation of vitamin
A palmitate in corn flakes during storage. J. Food Sci. 65, 1216-1219.

Korhonen, M., Hellen, L., Hirvonen, J., Yliruusi, J., 2001. Rheological properties
of creams with four different surfactant combinations—effects of storage
time and conditions. Int. J. Pharm. 221, 187-196.

Lippacher, A., Muller, R.H., Mader, K., 2004. Liquid and semisolid SLN
(TM) dispersions for topical application: rheological characterization. Eur.
J. Pharm. Biopharm. 58, 561-567.

Magari, R.T., Munoz-Antoni, 1., Baker, J., Flagler, D.J., 2004. Determining
shelf life by comparing degradations temperatures. J. Clin. Lab. Anal. 18,
159-164.

Martin, A., Bustamante, P., Chun, A.H.C., 1993. Physical Pharmacy, 4th ed. Lea
& Febiger, Philadelphia.

Samokyszyn, V.M., Marnett, L.J., 1990. Inhibition of liver microssomal lipid
peroxidation by 13-cis-retinoic acid. Free Radic. Biol. Med. 8, 491-496.
Semenzato, A., Secchieri, M., Bau, A., Nicolato, A., Bettero, A., 1992. Stability
of vitamin A palmitate in topical formulations. Farmaco 47, 1407-1417.
Soriano, M.M.J., Contreras, M.J.E,, Flores, E.S., 2001. Development of a cream

from a self-emulsifying base and moisturizing actives. Farmaco 56, 513-522.

Spiclin, P., Homar, M., Zupancic-Valant, A., Gasperlin, M., 2003. Sodium as
ascorbyl phosphate in topical microemulsions. Int. J. Pharm. 256, 65-73.

Tadros, T., Izquierdo, P., Esquena, J., Solans, C., 2004. Formation and stability
of nano-emulsions. Adv. Colloid Interface Sci. 108/109, 303-318.



	Stability of cosmetic formulations containing esters of Vitamins E and A: Chemical and physical aspects
	Introduction
	Materials and methods
	Materials
	Formulations studied
	Stability studies
	Chromatography
	Rheological measurements

	Results and discussion
	Acknowledgement
	References


