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Innovative Bi-gel Textures Start with the Right Process
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ADVANCED 3D IMAGING SERVICES

INTRODUCTION

Bi-gels offer several benefits due to their innovative and unique structure. Unlike traditional
emulsions, they are composed of an oily network dispersed within a jellified aqueous phase, stabilized

by Emulfree® Duo. This PEG free excipient is composed of:

« ethylcellulose, a polymer, which is located both in the oil droplets and at the oil-water interface,
stabilizing the droplets via steric repulsion and preventing flocculation and coalescence;

« a propylene glycol monolaurate as solubilizer and penetration enhancer;

< and a propylene glycol isostearate as skin conditioning agent.

This distinctive structure is confirmed by advanced imaging techniques, such as X-ray micro-
tomography’, which enables high-contrast visualization of the 3D internal structure without the need
of complex sample preparation.

Since Emulfree® Duo is in liquid form, bi-gels can be formulated using either cold or hot process.
Nevertheless, several critical parameters must be followed to achieve a stable and effective structure.
With an example of placebo bi-gel, this study aims to describe the key process parameters and their
impact on the bi-gel structure.

MATERIALS AND METHODS

Bi-gel characterization (24 hours after production)

The different characterizations tests done on bi-gel were:

* Macroscopic evaluation of the aspect, color and consistency of the emulsion;

* Microscopical assessment of the emulsion structure under a stereomicroscope;

« pH evaluation, using a pH-meter;

* Rheological evaluation, using a viscometer Brookfield and rheometer Haake Mars IQ Air from
Thermo Scientific, equipped with a peltier system as temperature control unit. Data was evaluated
using the Haake RheoWin Data Manager software. Oscillatory amplitude sweep tests (controlled
deformation mode) were performed at 20.00°C with strain amplitudes ranging from 0.001 to 1.000
at a frequency of 1.000 Hz;

« X-ray micro-tomography using a synchrotron X-ray source to visualize the 3D inner texture of the
formulations with a pixel size 0.7x0.7um? and high contrast of local density (phase contrast mode
acquisition).

Materials
Bi-gels composition is described in Table 1.

Process

The manufacturing process began with the jellification and pre-neutralization of the agueous phase,
using 10% of the total amount of neutralizer. In parallel, Emulfree® Duo was dispersed into the oily
phase. Both aqueous and oily phases were then heated separately to 75-80°C. The oily mixture was
gradually added to the aqueous gel under continuous mixing.

To highlight how different processing methods influence the internal organization of the bi-gel, the same
bi-gel formulation was produced using different process conditions: one with insufficient energy (A:
3000 rpm for 8 min) versus the other with optimized parameters (B: 3000 rpm for 15 min). After mixing,
neutralization of the aqueous phase was completed to reach a final pH of approximately 6.5 + 0.5. The
formulation was then cooled to room temperature under moderate stirring.

Table 1. Bi-gels composition.

supplier ] % (w/w)

Demineralized Aqueous
- - 70.9
water phase
Pemulen™ TR-1 NF polymer Carbomer Ga:l::? Lubrizol 0.3
Glycerin Propane-1,2,3-triol Moisturizing Avantor 5.0
agent
NaOH (10% sol.) Sodium hydroxide Neutralizer VWR 0.8
Propylene glycol
monolaurate il
Emulfree® Duo Ethyl cellulose stabilizing Gattefossé 5.0
Propylene glycol agent
isostearate
Labrafac™ Lipophile WL 1349~ Medium-chain Oilyphase  Gattefossé  15.0
triglycerides
Geleol™ Mono & Diglycerides Glyceryl Thickening Gattefossé 2.0
monostearate agent
Benzyl alcohol - Preservative VWR 1.0

Microscopical evaluation (Table 2) revealed that bi-gel B consisted of a homogeneous and finely
dispersed oily phase within the jellified aqueous phase.

Table 2. Characteristics of placebo bi-gels manufactured under unoptimized (A) and optimized processing
conditions (B).

Microscopy
(obj x10)
<<
()
o
2 pH 6.2 7.0
Viscosity 28 600 31800
(mPa.s)
Microscopy
(obj x10)
o
3
> pH 6.1 6.1 62 6.1 6.1
o
Vitgeey 15000 24800 31300 25200 22800
(mPa.s)

Furthermore, both pH and viscosity values remained stable over a 12-month period, demonstrating
the robustness of the formulation. The formulation also showed excellent physical stability at both
25°C and 40°C (no phase separation or color change). In contrast, bi-gel A exhibited poor homogeneity
and showed signs of phase separation after just one month, indicating its instability over time.

For bi-gel A, the rheological curves (Graph 1) indicated the absence of a plateau, with a non-constant
storage modulus (G). The decreasing trend suggests a heterogeneous and unstable viscoelastic
network structure.

In contrast, bi-gel B exhibited a well-defined and relatively broad linear viscoelastic region (LVER),
which remained consistent between t, and t; month (Graph 2). Both G and G” remained constant over
this linear region, reflecting a stable internal structure characteristic of a well-formed viscoelastic
gel. Furthermore, G’ values demonstrated long-term temporal stability, remaining unchanged over a
one-year period (data not shown).
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Graph 1. Oscillatory measurements of bi-gel A. Graph 2. Oscillatory measurements of bi-gel B.

The 3D bi-gel texture showed low-density globules dispersed in a denser continuous phase (Figure 1).

Figure 1. Micro-tomography virtual slices of bi-gels manufactured under unoptimized (A) and optimized
processing conditions (B).

In slice A, the bi-gel consisted of a low-density region up to 2 mm thick, embedded within a higher-
density matrix that constituted most of the product.

In slice B, two phases were observed: a moderately dense continuous phase that made up the bulk of
the product, and a low-density discontinuous phase composed of particles of various sizes and shapes,
not exceeding 100 pm.

Micro-tomography (3D) provided complementary information that was not detectable through
microscopy (2D) analysis. Indeed, bi-gel A exhibited probable continuity of the less dense phase, with
larger domains often connected to one another. In contrast, in bi-gel B, the denser phase was the
continuous one, while the less dense phase domains were not interconnected and displayed random
shapes — which could appear as spherical droplets under microscopy.

X-ray micro-tomography revealed clear structural differences, highlighting the critical role of both
shear-mixing intensity and mixing duration in achieving a homogeneous internal structure and ensuring
the long-term stability of the bi-gel.
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Bi-gels offer several advantages, including a range of textures, a pleasant sensory experience for patients, and improved

treatment adherence® However, their manufacturing process is more complex, requiring careful control of critical parameters.
High-shear mixing is essential—no stable structure was observed under low-shear conditions—but the mixing time must also
be precisely optimized to ensure the formation of a stable and homogeneous bi-gel.
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