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INTRODUCTION
The unique properties of the P-407 aqueous solution are the reversible
gelation properties above a certain polymer concentration and
temperature, as well as the ringing effect of the gel formulations. The
thermo-gelling phenomenon is characterized by a sol-gel transition
temperature (Tsol→gel). However, the addition of solvents, such as
isopropyl alcohol, to the P-407 formulation may increase or decrease
Tsol→gel and affect the critical quality attributes (CQAs) of the gel
formulation. In addition, depending on the manufacturing method
(“hot” or “cold”), the poloxamer solution will remain fluid or become
semi-solid below or above certain Tsol→gel. As the P-407 and isopropyl
alcohol concentration are known formulation variables that affect the
Tsol→gel and the CQAs of P-407-based gel formulation, the study aimed
to optimize their concentration in the formulation, using a ‘’hot’’
manufacturing method, and evaluate their effects on the CQAs, applying
Design of Experiments (DoE) approach.

A strong “ringing” effect, distinctive for poloxamer gels, has been
detected only in formulations with sufficiently high viscosity and
hardness. DSC showed the temperature-induced transitions that
happen in such formulations with thermosensitive polymer.

MATERIALS AND METHODS
32 full factorial design, using MODDE Go® software, with three central
points was performed. The concentration of P-407 was studied at the
following levels: 10% w/w (low), 12% w/w (medium) and 14% w/w
(high), whereas the concentration of isopropyl alcohol was studied at the
following levels: 16% w/w (low), 18% w/w (medium) and 20% w/w
(high). The model was fitted using the PLS method and RSM was
applied to estimate the non-linear multidimensional relationship
between formulation variables and CQAs. Twelve experiments were
generated by the software. The formulations were prepared by heating
the purified water to 45 ± 2°C in a laboratory mixer, adding of the active
substance solution, P-407 and slowly mixing until complete dissolving
of P-407. Depending on the sol-gel transition of the formulation, the
solution was cooled to a certain temperature. The formulations were
evaluated for appearance, Tsol-gel transition, pH, viscosity, texture
properties, cumulative transport and ringing effect.

CONCLUSION
The concentration of isopropyl alcohol had the most significant effect on Tsol→gel,
an attribute related to the suitability for administration and storage of the dosage
form. The concentration of P-407 had the most significant effect on the viscosity
and hardness of the formulations, indicating that greater gel strength will be
achieved with increased concentration. Since the release rate of the drug is
mainly driven by the viscosity of the formulation, in vitro release rate was
significantly affected in the formulations with high viscosity.
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RESULTS AND DISCUSSION
ANOVA analysis showed model significance (p value <0.05); lack of fit 
(p value >0.05), high R2 and Q2 values (>0.5).

The most significant single model factor affecting viscosity (Figure 4),
cumulative transport (Figure 5), hardness (Figure 6), and adhesive force
(Figure 7) was P-407 concentration. Increasing its concentration from low to
high level provides firmer gel with greater viscosity and adhesive force, but
decreased cumulative transport. Concentration of isopropyl alcohol showed a
significant negative impact on Tsol→gel, hardness and viscosity, hence with
increasing its concentration from low to high level, shifting to the lower
gelation temperatures has been observed, making the formulations soft gels or
liquids at normal storage conditions.

In terms of Tsol→gel, an interesting finding has been detected. Namely, the
formulation trial with of 20% w/w isopropyl alcohol (high level) and 12% w/w
P-407 (low level) showed decrease of the Tsol→gel and formulation still existed in
liquid state even on 20-25°C. Further cooling to 7°C caused sol-gel transition
and increased viscosity and strength of the formulation. However, this
phenomenon was reversible and formulation returned to liquid state even with
minor increase of the temperature above 8°C, making it unsuitable for use under
normal storage conditions.

The sweet-spot showed that when the concentration of P-407 was varied between
11.2 – 12.5 % w/w and concentration of isopropyl alcohol was varied between
17.8 - 19.2 % w/w, the values for all evaluated CQAs of the formulation will be
within the acceptable limits.

Figure 1. Summary of fit plot

Figure 3. Response surface plot – pH              Figure 4. Response surface plot - viscosity

Figure 5. Response surface plot – cumulative transport       Figure 6. Response surface plot - hardness

Figure 7. Response surface plot – adhesive force         Figure 8. Response surface plot – gelation temperature

Figure 9. Sweet Spot for the optimal ranges of formulation variables for the desired profile of CQAs

Independent variables
Levels used (coded)

Low (-1) Medium (0) High (+1)
X1 - Poloxamer 407 concentration (% w/w)
X2 - Isopropyl alcohol concentration (%) w/w

10.0 (-1)
16.0 (-1)

12.0 (0)
18.0 (0)

14.0 (+1)
20.0 (+1)

Dependent variables Acceptance criteria
Y1 - pH 4.0 – 5.0 

100000 - 160000
3012.16 - 3714.99

25 – 40
300 – 450 
250 - 400

Y2 - Viscosity (cPs)
Y3- Cumulative transport (μg cm-2)
Y4 - Gelation temperature (°C)
Y5 – Hardness (g)
Y6 – Adhesive force (g)

Table 1: Variables (independent and dependent) and factor levels used in three level full 
factorial design

Figure 2. DSC thermograms of poloxamer 407-based formulations

The curves depict that the addition of higher concentrations of
isopropyl alcohol decreases the critical micelle temperature
indicating that the formation of micelles is favorable at a lower
temperature.

Hence, formulations with a low level of 16% w/w isopropyl alcohol
(12% w/w and 14% w/w P-407) completed the micellization and the sol-gel
transition occurs at 47°C, while formulations with a medium level of 18% w/w
isopropyl alcohol shifted to lower micellization temperature range, resulting
with lower Tsol→gel 37±2°C, making the formulation suitable for topical
administration under normal storage conditions with optimum viscosity and
texture properties.


