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The time—temperature superposition principle (TTSP) was applied to the destabilization kinetics of an emulsion. A
cream preparation that is clinically used for the treatment of dermatological diseases was tested as the model emulsion. After
storage at temperatures ranging from 30 to 45 °C for designated periods, the emulsion state was monitored using magnetic
resonance imaging, and then the phase separation behaviors observed were analyzed according to the Arrhenius approach
applying TTSP. The Arrhenius plot showed a biphasic change around 35 °C, indicating that the separation behaviors of
the sample were substantially changed between the lower (30—35 °C) and higher (35-45 °C) temperature ranges. This
study also monitored the coalescence behavior using a backscattered light measurement. The experiment verified that
the destabilization was initiated by coalescence of oil droplets and then it eventually led to obvious phase separation via
creaming. Furthermore, we note the coalescence kinetics agreed well with the phase separation kinetics. Therefore, in the
case of the sample emulsion, the coalescence behavior has a dominant influence on the destabilization process. This study
offers a profound insight into the destabilization process of pharmaceutical emulsions and demonstrates the promising

applicability of TTSP to pharmaceutical research.
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Table 1 Formulation of the menthol and diphenhydramine
cream.

Components Weight (%)
Menthol-containing ethanol solution 14
/-Menthol 7.0
Thymol 0.40
Mentha oil 0.90
10% Camphor in ethanol 5.2
Ethanol 0.50
Diphenhydramine Cream 86
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Fig. 1

Flow chart of TTSP. (a) The value of shift factor (a;) at various temperature was

calculated from the difference between the regression curves at reference temperature and the
measured degree of degradation. (b) Time-course model of degree of degradation superposed
with the regression curves at 50°C using the a; value. (c) Typical example of Arrhenius plot

using the ay of the TTSP.
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Fig. 2 Continuous monitoring of the phase separation of the
menthol-diphenhydramine cream
The test creams were stored at different temperatures
ranging from 30°C to 45°C, and then their T, weighted
images (T,WIs) were acquired at designated intervals using
MRI. The acquisition parameters were as follows;
TR=2000ms, TE=89ms, FOV=60 X 60mm?, matrix
size=128 X 256, number of excitation=1 and slice
thickness=1mm.
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Fig. 3 Kinetic analysis for the phase separation behavior of the
menthol-diphenhydramine cream based on the Arrhenius approach
applying TTSP.

(a) Time-course change in % area of aqueous phase during the
accelerated testing at different temperatures ranging from 30 to 45°C.
Each value represents the mean = S.D. (n=3).

(b) Superposed data concerning % area of agueous phase using the ar
at each temperature. The data were shifted to a best-fit curve at
45°C.

(c) Arrhenius plot of shift factor, a;, obtained from the empirical time-
temperature superposition.
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Fig. 4 Changes in backscattering profiles of the menthol-diphenhydramine cream during the accelerated testing at (a) 30°C, (b)
35°C, (c) 40°C, and (d) 45°C. The X-axis represents the position of the sample bottle; the position “0O” corresponds to the
bottom of the sample. Line profiles measured at different times are color-coded: the initial and the last sampling times

correspond to red and purple lines, respectively.
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Fig. 5 Microscopic images of droplets dispersing in emulsions stored at 35°C for
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Fig. 6 Kinetic analysis of coalescence behavior of the sample
emulsion based on the Arrhenius approach applying TTSP.

(a) % change in baseline of the backscattering profiles of Fig. 4
from the reference level, O h, during the accelerated testing at
different temperatures ranging from 30 to 45°C. The baseline
value was calculated as the average of the middle part of the
sample (5-13mm). The monitoring was continued until a
gradient light intensity in the vertical direction was observed.
Each value represents the mean = S.D. (n=3).

(b) Superposed data of % change in baseline using the a; at each
temperature. The data were shifted to a best-fit curve at 45°C.
(c) Arrhenius plot of shift factor, a;, obtained from the empirical

time-temperature superposition.
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