Long-term stability of in-house sunscreen formulations
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Abstract

The characteristics of sunscreen formulations can influence the
transdermal absorption of chemical UV filters. The objective of this study
was to evaluate the physical and chemical stability of in-house sunscreen
formulations that were manufactured and stored at 25°C/60% relative
humidity (RH) for one year. The formulations were found to be stable.

Introduction

Sunscreens are usually formulated as oil-in-water emulsions. It is a system
where an oil phase is evenly dispersed as globules in a continuous
aqueous phase. The active ingredients in sunscreen are UV filters, which
protect the skin by absorbing, reflecting or scattering UV radiation at the
skin surface. It has been shown that certain sunscreen active ingredients
are dermally absorbed and result in systemic exposure. There are several
factors that may affect the skin absorption including physical characteristics
and composition of sunscreen formulation. The objective of this study was
to investigate the physical and chemical stability of in-house prepared
sunscreen formulations that were manufactured and stored at 25°C/60%
RH for one-year. The stability of sunscreen formulation is necessary to
ensure its safety and efficacy through its shelf life.

Methods continued

Stability parameters

Physical stability:

— Visual inspection: Visually inspect for phase separation/ creaming/ or
changes in color

— pH: Measuring the pH of emulsions

— Globule size distribution: Measuring the diameter of the dispersed oil
globules (um)

— Rheology: Measuring the yield stress and viscosity at different shear
rates mimicking the in-use conditions, low shear rate represents initial
stage, medium shear rate represent spreading, and high shear rate
represent the end stage.

Figure 2. Instrumentation
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Chemical stability:
— Assay and impurity by UPLC-UV:

Results and Discussion

Table 3. Long term stability of in-house sunscreen creams

Parameters . Formulation S1 . Formulation S2 . Formulation S3
Time 0 One year Time 0 One year Time 0 One year

Appearance Rich white cream, no phase separation
pH 7.5 7.8 7.5 7.7 7.5 7.6

D10 1.4+0.2 21101 1.81£0.1 1.6+0.2 2.1+£0.2 1.8+ 0.1
Globule size distribution (um) D50 22+0.2 39+14 2.7+0.2 26104 3.2+05 3.2+0.3

D90 46%0.2 6.8+1.0 58+0.5 43+0.5 7.8+1.2 59+0.3
Yield Stress (Pa) 841124 115.3+4.0 704 £1.6 107.8 £ 0.1 69.6 £ 2.5 123.9+ 2.3

Low (0.001 s) 35623.7 £ 3623.0 40471.6 £4211.2 33578.2 + 3763.3 36283.4 £ 1183.7 35228.2 £ 2638.5 51492.5 £ 7525.6
2’;2‘_‘3")3“3’ at different shear rate |\ jiym (1) 101.8 £ 4.6 127.3+7.6 8.8 + 1.2 117.9 £ 6.0 98.3 + 1.5 170.8 5.8

High (> 50 s1) 3.2+0.1 3.0+£0.3 3.3x04 3.0£0.2 4.0 +£0.04 41+04

Avobenzone 95.2+4.8 99.2+21 98.4 £5.9 98.7+1.4 109.6 £ 4.1 107.2+£1.5
%Assay Oxybenzone 100.3 4.7 100.6 £ 2.3 102.9+5.7 99.6 £1.3 107.6 £4.3 107.0+1.2

Octocrylene 08.7+£4.8 99.4 1+ 2.1 106.4 £ 6.2 103.7+1.6 103.5+4.2 108.3+1.5
Impurity (NMT 3%) Avobenzone D 1.0£0.2 0.9+£0.2 0.9+£0.2

— No significant changes were found in the visual appearance (cream color, phase separation), pH, viscosity, and globule size distribution in the in-house
sunscreen formulations after one year storage. All three UV filters remained chemically stable with assay and impurity% levels at satisfaction.
— The yield stress significantly increased after one year storage and might be due to water evaporation from the permeable part of the container.

Figure 4. Microscopic pictures of dispersed oil globules in sunscreen formulations. The diameter of dispersed oil globules are generally < 10 pm.
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Formulations were cooled
at room temperature at a
mixing rate of 1000 rpm,
then  dispensed Into
polypropylene tubes and
stored at 25°C/60% RH.

— Surface temperature: 32°C

— Receptor solution: phosphate buffered saline (PBS)
with 4% bovine serum albumin (BSA)

— Finite dose application: 10 mg/cm?

— Sampling time points: 0, 2, 4, 6, 8, 10, 12, 14, 16, 20, and 24 h

— Quantification: UPLC-UV
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All in-house sunscreen formulations remained physically and chemically -
stable during the long-term storage (25°C/60% RH) for one year. .
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