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Abstract: The current research is focused on the discovery and optimization of an effective cosmetic
carrier of alpha-bisabolol as a first step in the development of a cosmetic product with cleansing and
antimicrobial action for facial skin hygiene. A micellar solution of Poloxamer 407 was selected as
a cosmetic base because of the good washing ability, easy application, and high tolerability of this
polymeric surfactant. The solubilization capacity of a 5% micellar solution with respect to α-bisabolol
was investigated by applying varying solubilization techniques and increasing concentrations of
the oily active substance. The test samples were subjected to an accelerated physical stability test,
viscosimetry, dynamic light scattering (DLS), electrophoretic light scattering (ELS), foamability test,
and antimicrobial screening. Over the course of this research, the advantage of the film-hydration
method over direct solubilization was demonstrated by the narrower size distribution and smaller
hydrodynamic size of the micellar nano-carriers (ranging from 29.02 to 116.5 nm) and the respective
higher physical stability of the dispersions. The optimized composition was found to be suitable for
application on large skin areas in terms of viscosity in the temperature range from 20 ◦C to 40 ◦C
(3.4–2.3 mPa.s). Preservation of the washing capacity of the micellar solution in the presence of
solubilized α-bisabolol was established. The active composition demonstrated inhibitory activity
against Staphylococcus aureus and Escherichia coli and fungicidal activity against Candida albicans. This
study concludes that the optimal concentration of α-bisabolol to be solubilized in a 5% Poloxamer 407
micellar solution by the film-hydration technique is 1%, considering the desirable physical endurance
and antimicrobial activity.

Keywords: bisabolol; poloxamer; solubilization; film hydration; microemulsions; nano-carriers;
micellar solution; cosmetic skin care

1. Introduction

Bisabolol is a naturally occurring bioactive compound (BAC) with a structure of
monocyclic sesquiterpene alcohol. First derived from Matricaria chamomilla, it is today
identified as a main constituent of several essential oils of aromatic plants belonging to
the Asteraceae and Lamiaceae families (e.g., Vanillosmopsis sp., Salvia runcinata, Stachys la-
vandulifolia) [1,2]. The most active and prevalent α (-) diastereoisomer of bisabolol is also
known as levomenol. It is a colorless, oily liquid with a low density (0.93 g/cm3) and
a sweet scent. As a strictly lipophilic compound, α-bisabolol possesses negligible solu-
bility in water (1.688 mg/L at 25 ◦C) but is soluble in ethanol and other polar organic
solvents [1–3]. In cosmetics and topical pharmaceuticals, α-bisabolol finds a broad applica-
tion as an anti-inflammatory, antioxidant, and anti-allergic active component; furthermore,
it exhibits antimicrobial, insecticidal, melanogenesis-inhibiting, and permeation-enhancing
properties [3]. On the current market, α-bisabolol is found primarily in macroemulsion-
type formulations—lotions and creams or lipophilic ointments (balms)—designated as
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anti-inflammatory, soothing, smoothing, whitening/brightening, restorative, moisturizing,
anti-aging, sunscreen, or after-sun products [4–6].

Micellar solubilization is a technique for increasing the water solubility of slightly
soluble or practically insoluble substances by including them in micelles of surfactants [7].
As a result, a thermodynamically stable and isotropic system is formed [8]. The method
is highly relevant for the preparation of aqueous dispersions of lipophilic ingredients,
such as bisabolol and many other BACs, for cosmetic and pharmaceutical purposes [9–12].
Polymeric micellar nano-carriers are successfully utilized in the dermal drug delivery
of oleanolic acid and co-enzyme Q10 for anti-aging therapy [13,14]; tretinoin (all-trans
retinoic acid), adapalene, and benzoyl peroxide within anti-acne formulations [15–18];
tacrolimus and resveratrol in formulations designated for the treatment of psoriasis [19,20];
and clotrimazole, fluconazole, and terconazole for local anti-fungal therapy, amongst
others [21–23].

The ability to solubilize is inherent to surfactants with a high hydrophilic–lipophilic
balance (HLB) value (>10). Upon reaching their critical micelle concentration (CMC) in
aqueous solutions, they tend to self-aggregate spontaneously and form distinct structures
comprising a hydrophobic core and a hydrophilic crown called micelles. The micellar
inclusion of strictly hydrophobic substances occurs in the micellar core, whereas partially
water-soluble substances with low to moderate hydrophobicity may also become solubi-
lized in the micellar crown among the hydrophilic chains [24,25]. The resulting dispersion
is referred to as a microemulsion and is characterized by the presence of nano-sized micelles
(most often within the range of 5–20 nm). In contrast to classic emulsions (typically with
a droplet size of 1–100 µm), microemulsions possess thermodynamic stability and trans-
parency [10,26,27]. The most commonly used solubilizers in cosmetic products are sodium
oleate (HLB 12), Polysorbate 20 (HLB 17), Polysorbate 80 (HLB 15), some PEG-ylated
vegetable oils (olive, castor, etc.) and Poloxamers (e.g., subspecies 124, 188, 407, etc., with
HLB in the range 18–23). Generally, effective solubilization is a complex procedure and
requires a high amount of surfactant/s above 3–5 times the amount of the water-insoluble
phase [28,29]; the successful formulation of a microemulsion and the realization of the char-
acteristics mentioned above are a matter of precise modeling of the type and combinations
of surface-active agents. Today, it is known that the HLB approach is limited and does not
offer satisfactory predictability and practical applicability with respect to optimal surface
tension reduction and phase behavior. Although the HLB value of surfactants is still a
standard and a pharmacopoeial parameter, in the process of formulating microemulsions,
most researchers turn to comprehensive algorithms that take into account the surfactant’s
nature and other essential formulation variables (e.g., salinity, temperature, co-surfactants,
hydrophobicity of the oil phase) [30–32].

Poloxamers are nonionic copolymers with a triblock architecture of a repeating struc-
tural unit comprising two hydrophilic ethylene oxide (EO) blocks and a transitional hy-
drophobic propylene oxide (PO) block between them. The various subtypes of Poloxamers
differ in molecular weight, poly (propylene oxide) (PPO) content, and consistency. Due to
their unique properties as emulsifiers, solubilizers, wetting agents, and thermo-sensitive
gelling agents, the Poloxamers are widely used in the cosmetic and pharmaceutical indus-
tries, with subtypes 188 and 407 being the most universally utilized [33,34].

According to the European Pharmacopoeia, Poloxamer 407 is characterized by a
molecular mass of 9840–14,600 g/mol, HLB 22, and a content of 95–105 EO and 54–60 PO
units. It appears as white or almost white, waxy granules or flakes and is soluble in water
and ethanol and practically insoluble in oils [35]. Poloxamer 407 exhibits temperature-
dependent dissolution and gelation due to the dehydration of the PPO blocks at elevated
temperatures. The CMC of Poloxamer 407 decreases with the increase in temperature;
values of 0.7% w/w at 25 ◦C, 0.1% w/w at 30 ◦C, and 0.025% w/w at 35 ◦C have been
reported [36]. Gelation occurs upon reaching the critical gelation concentration (CGC) due
to a tight “packing” of the Poloxamer micelles, wherefore more concentrated solutions
(>13–15% w/w) find a broad application in biomedicine. As gelation is determined by
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temperature, critical gelation temperature (CGT) is also defined; variations in CGT at
a given Poloxamer concentration are observed in the presence of active ingredients or
excipients [37]. In a gel state, Poloxamer 407 is used as a viscosity-enhancing and thickening
ingredient; however, in the role of emulsifier and solubilizer in liquid bases, Poloxamer 407
is used in concentrations lower than its CGT/CGC in order to preserve the fluidity and easy
application of the composition on extensive skin areas. In this regard, micellar solutions
with concentrations in the range of 1–5% are reported to possess a good washing effect and
are thus eligible as cosmetic bases with a cleansing effect [10,38,39]; in the presence of a
water-insoluble phase for solubilization in the Poloxamer solution, the upper limit of this
range is to be targeted.

Several techniques are applied for solubilization with the use of Poloxamers, among
which are direct solubilization, solubilization via the film-hydration method, solubiliza-
tion by melting, and solubilization by a precipitation technique followed by evapora-
tion/diffusion of an organic solvent [36]. Direct solubilization (DS) is the most straight-
forward approach based on the spontaneous micelle formation in aqueous Poloxamer
solutions above the CMC. Depending on the active compound’s solubility, DS could be
carried out by dilution of a Poloxamer concentrate containing the substance to be solubi-
lized or by a simultaneous dissolution of the polymer and the active ingredient in cold
water (5–10 ◦C) and subsequent tempering at room temperature, during which the solu-
bility of the Poloxamer decreases and a micro-heterogeneous system is formed [36]. The
film-hydration method (FH) is based on the co-dissolution of the polymer and the active
substance in an organic solvent (e.g., ethanol, acetone, chloroform) followed by evaporation
so that a thin film is formed. The next steps of this technique include hydration of the
film and following filtration, aiming for micellar size calibration [40]. Solubilization by
melting could be carried out by obtaining a melt of the polymer and the active substance
(at a temperature above the melting point of the substance and above the glass transition of
Poloxamer), followed by rapid cooling and homogenization of the mixture. This method is
only suitable for the solubilization of thermally stable substances. Additionally, varieties of
precipitation techniques with subsequent solvent evaporation and/or diffusion are applied
in order to obtain nano-sized actively loaded micelles in an aqueous dispersion [36].

The objectives of this study were to carry out a pilot investigation on the solubilization
of bisabolol in simple Poloxamer 407 micelles; to compare the solubilization capacity of
Poloxamer 407 for bisabolol by applying different technological approaches; to establish a
stable formulation eligible for application as micellar solution for maintaining facial skin
hygiene; and to investigate the antimicrobial activity of the optimized formulation and
therefore define the need for and course of further technological development.

2. Materials and Methods
2.1. Materials

Alpha-bisabolol 85% 10 mL, extracted from Matricaria chamomilla, was ordered from
an online trader at www.ekomama.net; Kolliphor® P407 (Poloxamer 407) and Ethyl alcohol
96% 2.5 L were purchased from Sigma-Aldrich, St. Louis, MI, USA; all microbial strains
and growth media were supplied by Ridacom, Sofia, Bulgaria.

2.2. Methods
2.2.1. Preparation of Test Samples

Bisabolol-loaded micellar solutions were prepared at a constant Poloxamer concentra-
tion of 5% and varying concentrations of the active substance—0.5%, 1.0%, and 1.5%. The
techniques of direct solubilization and solubilization by the film-hydration method were
applied (Figure 1).

www.ekomama.net
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Figure 1. Principles of direct solubilization (DS) and solubilization via film hydration (FH).

For the purposes of direct solubilization, a 20% Poloxamer concentrate was prepared
by dissolving the polymer in cold water and storing the so-obtained stock solution in a
refrigerator for at least 24 h before use. Then, a calculated amount of α-bisabolol was added
to the Poloxamer concentrate under continuous stirring at 1000 rpm using an IKA® magnet
stirrer model (C-MAG HS 4, Staufen, Germany). The resulting primary solubilizate was
diluted with distilled water in a 1:4 ratio, and the mixture was allowed to homogenize at
the same rotation speed for 10 min. A reference 5% Poloxamer 407 solution (not loaded
with bisabolol) was prepared accordingly and used for comparative purposes during the
analyses.

Sample preparation via the film-hydration method was carried out by simultaneously
dissolving accurately weighted quantities of bisabolol and Poloxamer 407 in ethanol 96%
and following vacuum-assisted evaporation at 50 ◦C and 55 rpm on a rotary evaporator
(Buchi, Essen, Germany) until a thin film was formed [40]. The film was re-hydrated with
the required amount of distilled water under sonication at 35 ◦C for 30 min. The resulting
solution was carefully withdrawn using a syringe and a needle and filtered through a
0.22 µm syringe filter.

All samples were stored in hermetically sealed vials at room temperature and protected
from light. The composition of each test formulation is presented in Table 1.

Table 1. Test compositions.

Code Bisabolol
Concentration, %

Poloxamer 407
Concentration, % Method of Preparation

B-5 - 5 Cold dissolution and dilution
DS-5 0.5 5 Direct solubilization

DS-10 1.0 5 Direct solubilization
DS-15 1.5 5 Direct solubilization
FH-5 0.5 5 Film hydration

FH-10 1.0 5 Film hydration
FH-15 1.5 5 Film hydration

2.2.2. Accelerated Stability Testing

An accelerated physical stability study was conducted via centrifugation at 15,000 rpm
for 30 min [41,42]; all samples were applied in a volume of 0.5 mL. At the end of the test, the
visual appearance of the dispersions was observed for phase separation and opalescence.
Photographs were taken before and after centrifugation in order to follow any changes
arising from the applied forces. A test for resuspendability was performed on the affected
samples after that.
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2.2.3. DLS

DLS analysis of the samples was carried out on a Zetasizer Ultra Red (λ = 632.8 nm)
(Malvern Panalytical Ltd., Malvern, UK) on the day of preparation and after performing the
accelerated stability test followed by re-homogenization. The multi-angle DLS (MADLS)
technique was applied, based on which data with the highest significance and best repeata-
bility were extracted. All measurements were repeated in triplicate. A t-test was performed
for the determination of any statistically significant (p < 0.05) differences between the
data obtained before and after stability testing. The calculation was performed by using
mean values for each group, standard deviations (SDs), and the number of repetitions
(n = 3). Where relevant, the same analysis was performed to compare samples obtained
with different solubilization techniques at a constant bisabolol content.

2.2.4. ELS

ELS analysis for zeta potential measurement was performed on a Zetasizer Ultra Red
(λ = 632.8 nm) (Malvern Panalytical Ltd., Malvern, UK) on the day of sample preparation at
25 ◦C by using DTS1070-type cuvettes. The samples were filtered through a 0.22 µm pore
size syringe filter before each measurement. All measurements were repeated in triplicate.

2.2.5. Foamability

A foamability test was conducted as 0.5 mL of each sample was vigorously shaken for
30 s and placed to rest on a stand. The height of the foam was measured right after shaking
and at chosen times thereafter [43].

2.2.6. Viscosimetry

Poloxamer 407 5% micellar solution (bisabolol-free) and the optimal bisabolol-loaded
test sample were subjected to viscosimetry on an IKA® Rotavisc lo-vi viscometer (IKA®-
Werke GmbH & Co. KG, Staufen, Germany) with the aid of a Spindle №SP-1. The measure-
ments were carried out at a gradient increase at temperatures within 20–40 ◦C. As a result,
temperature–viscosity curves were plotted.

2.2.7. Antimicrobial Activity

The antimicrobial activity of alpha-bisabolol was assessed against Escherichia coli ATCC
25922, Staphylococcus aureus ATCC 25923, and Candida albicans ATCC 10231 reference strains.
Two-fold serial dilutions of a bisabolol-loaded sample of 2% (obtained by a film-hydration
method) were made in 1.0 mL Mueller–Hinton broth. Each tube was inoculated with
0.1 mL of standardized microbial suspension (McFarland 0.5), after which the samples
were aerobically cultivated under the standard conditions for each strain: 24 h at 37 ◦C for
E. coli and S. aureus and 48 h at 35 ◦C for C. albicans. The minimal inhibitory concentrations
(MICs) were determined as the lowest active concentrations by which no visible turbidity
is observed. Positive controls (PCs) of all microbial strains were set.

The minimal bactericidal and fungicidal concentrations (MBC/MFC) were determined
by a single bacterial-loop-volume transfer of the test suspensions onto blood agar. The
so-obtained specimens were incubated once again under the aforementioned conditions.
The lowest concentration at which bacterial or fungal growth was 99.9% inhibited was
reported as MBC/MFC.

In addition, the cup-plate technique was applied to evaluate the inhibition zones of
alpha-bisabolol. For this purpose, dense seeding of all microbial strains was carried out
on Muller–Hinton agar. By using a sterile cork-borer, a cylindrical hole with a diameter of
7 mm was drilled in the center of each Petri dish, into which 100 µL of the test sample was
placed. The Petri dishes were left for aerobic cultivation under the standard conditions for
each strain: 24 h at 37 ◦C for E. coli and S. aureus and 48 h at 35 ◦C for C. albicans. Thereafter,
the diameter of the manifested zones of inhibition was measured.

All antimicrobial studies were repeated twice.
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3. Results and Discussion
3.1. Visual Appearance and Physical Stability

All test samples, except for the pure micellar solution (B-5) and the sample obtained
by film hydration with 0.5% bisabolol (FH-5), appeared as low-viscosity dispersions with a
slight to notable opalescence (Figure 2). In contrast, B-5 and FH-5 were observed as clear
and colorless solutions. In the case of FH-5, this result testifies to a complete solubilization
of the oil phase and successful microemulsion formation. The presence of a weak to
moderate turbidity in the rest of the formulations is likely a consequence of the presence of
a non-solubilized excess of alpha-bisabolol that remains emulsified in the aqueous medium,
or a larger size of the bisabolol-loaded micelles.
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Figure 2. Visual appearance of the bisabolol-loaded test samples.

Samples DS-5, FH-5, and FH-10 showed a sustainable appearance over 30 days
of storage under standard conditions and after centrifugation for accelerated stability
testing. Creaming was observed in samples DS-10, DS-15, and FH-15 after centrifugation
and after the second day of storage under standard conditions (Figure 3). All affected
samples were easily resuspended after gentle shaking, and the original appearance was
completely recovered.
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Figure 3. Centrifugation-induced creaming (pointed out with red arrows) by samples DS-10, DS-15,
and FH-15, and stability (no creaming) by sample FH-10.

3.2. Average Size and Size Distribution

MADLS revealed the highest significance and repeatability of the front-angle scan
(12.78◦) data, wherefore these measurements were taken into account for the comparative
purposes of the DLS analysis. Table 2 summarizes the most important parameters derived
from the DLS study.

At the lowest bisabolol concentration of 0.5%, both solubilization methods demon-
strated effective micellar solubilization and preservation of physical stability, given the
minor deviations in PDI and Z-average reported before and after centrifugation. However,
the film-hydration method resulted in a smaller average micellar size and lower PDI than
direct solubilization. Figures 4 and 5 illustrate the particle size distribution of samples
DS-5 and FH-5 before and after performing the accelerated stability test by centrifugation
followed by a subsequent resuspension.
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Table 2. Average hydrodynamic diameter and polydispersity of bisabolol-loaded micellar solutions.

Code Bisabolol,
%

Accelerated
Stability Test Z-Average, nm ± SD p-Value PDI ± SD p-Value

B-5 - - 44.21 ± 2.18 - 0.48 ± 0.010 -

DS*-5
0.5 before 34.95 ± 1.64

0.642
0.39 ± 0.017

0.545
after 34.29 ± 1.58 0.38 ± 0.020

FH*-5
1.0 before 29.02 ± 0.38

0.523
0.19 ± 0.003

1
after 28.77 ± 0.49 0.19 ± 0.007

DS-10
1.5 before 109.8 ± 26.81

0.270
0.99 ± 0.004

0.340
after 80.75 ± 28.75 0.94 ± 0.080

FH-10
0.5 before 82.55 ± 3.31

0.116
0.18 ± 0.030

0.029 **
after 73.48 ± 7.12 0.40 ± 0.110

DS-15
1.0 before 127.2 ± 12.08

0.0044 **
1 ± 0.00

1
after 192.1 ± 14.80 1 ± 0.00

FH-15
1.5 before 116.5 ± 16.01

<0.0001 **
0.64 ± 0.070

0.472
after 483.4 ± 10.84 0.56 ± 0.160

* DS—direct solubilization; FH—film hydration; SD—standard deviation; Z-average—average hydrodynamic
diameter; PDI—polydispersity index. ** The obtained value after stability testing and following re-homogenization
statistically differs (p < 0.05) from the initial value.
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The differences between the solubilization techniques and the respective solubilization
capacity of Poloxamer 407 for alpha-bisabolol became more pronounced at the next active
concentration level of 1%. According to the DLS data, both FH-10 and DS-10 recovered their
dispersity after centrifugation, but FH-10 was distinguished with a smaller average size
and significantly lower polydispersity (p < 0.0001). Figures 6 and 7 illustrate the particle
size distribution of samples DS-10 and FH-10 before and after performing the accelerated
stability test by centrifugation followed by a subsequent resuspension.
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At the highest alpha-bisabolol concentration of 1.5%, both solubilization methods
demonstrated an increase in the mean hydrodynamic size and polydispersity, as well as
notable differences in the dispersion characteristics before and after centrifugation and
resuspension. Figures 8 and 9 illustrate the particle size distribution of samples DS-15 and
FH-15 before and after performing the accelerated stability test by centrifugation followed
by a subsequent resuspension.

Cosmetics 2024, 11, x FOR PEER REVIEW 8 of 14 
 

 

 

Figure 7. Size distribution by intensity of FH-10 (A) before and (B) after the accelerated stability test. 

At the highest alpha-bisabolol concentration of 1.5%, both solubilization methods 

demonstrated an increase in the mean hydrodynamic size and polydispersity, as well as 

notable differences in the dispersion characteristics before and after centrifugation and 

resuspension. Figures 8 and 9 illustrate the particle size distribution of samples DS-15 and 

FH-15 before and after performing the accelerated stability test by centrifugation followed 

by a subsequent resuspension. 

 

Figure 8. Size distribution by intensity of DS-15 (A) before and (B) after the accelerated stability test. 

 

Figure 9. Size distribution by intensity of FH-15 (A) before and (B) after the accelerated stability test. 

A relation of the so-obtained results could be made with other published studies. The 

average hydrodynamic diameter of 0.5% bisabolol-containing microemulsions (29–35 nm) 

corresponds with the values reported by Tănase et al. and Zhang et al. for curcumin-

loaded and naphthalocyanine-loaded Poloxamer 407 micelles, respectively [44,45]. Other 

authors established significantly larger average sizes when using lower Poloxamer con-

centrations (1.0–2.0% w/v), which could be for similar reasons as the discussed here, i.e., 

the presence of an emulsified excess of the active ingredient [40,46]. Considering the given 

values for encapsulation efficiencies (EE%) in other research articles, the typical range of 

successful active loading into Poloxamer 407 simple or mixed micelles appears to be 0.07–

0.5% [40,44,47–51]. Specifically, studies using similar Poloxamer concentrations as the one 

here (5%) are of Basak et al., who reported the inclusion of ibuprofen (log P 3.5), acetylsal-

icylic acid (log P 1.2), and erythromycin (log P 3.06) at 0.1% in micellar solutions of Polox-

amer 407 5.26% [47]; oxcarbazepine (log P 1.8) was solubilized into Poloxamer 407 5.0% 

solution by Singla et al. [48]; resveratrol 0.065% (log P 3.1) was solubilized into Poloxamer 

407 6.3% solution by Vivero-lopez et al. [51]; bisabolol (log P 3.8), in particular, has not 

been yet widely explored in nano-vesicular systems of this kind. There are several reports 

of bisabolol-loaded microemulsions obtained with the aid of other surfactants, such as the 

ones of Nery dos Santos et al. (bisabolol 5% w/w in stabilized with Eumulgin CO40® and 

Figure 8. Size distribution by intensity of DS-15 (A) before and (B) after the accelerated stability test.

Cosmetics 2024, 11, x FOR PEER REVIEW 8 of 14 
 

 

 

Figure 7. Size distribution by intensity of FH-10 (A) before and (B) after the accelerated stability test. 

At the highest alpha-bisabolol concentration of 1.5%, both solubilization methods 

demonstrated an increase in the mean hydrodynamic size and polydispersity, as well as 

notable differences in the dispersion characteristics before and after centrifugation and 

resuspension. Figures 8 and 9 illustrate the particle size distribution of samples DS-15 and 

FH-15 before and after performing the accelerated stability test by centrifugation followed 

by a subsequent resuspension. 

 

Figure 8. Size distribution by intensity of DS-15 (A) before and (B) after the accelerated stability test. 

 

Figure 9. Size distribution by intensity of FH-15 (A) before and (B) after the accelerated stability test. 

A relation of the so-obtained results could be made with other published studies. The 

average hydrodynamic diameter of 0.5% bisabolol-containing microemulsions (29–35 nm) 

corresponds with the values reported by Tănase et al. and Zhang et al. for curcumin-

loaded and naphthalocyanine-loaded Poloxamer 407 micelles, respectively [44,45]. Other 

authors established significantly larger average sizes when using lower Poloxamer con-

centrations (1.0–2.0% w/v), which could be for similar reasons as the discussed here, i.e., 

the presence of an emulsified excess of the active ingredient [40,46]. Considering the given 

values for encapsulation efficiencies (EE%) in other research articles, the typical range of 

successful active loading into Poloxamer 407 simple or mixed micelles appears to be 0.07–

0.5% [40,44,47–51]. Specifically, studies using similar Poloxamer concentrations as the one 

here (5%) are of Basak et al., who reported the inclusion of ibuprofen (log P 3.5), acetylsal-

icylic acid (log P 1.2), and erythromycin (log P 3.06) at 0.1% in micellar solutions of Polox-

amer 407 5.26% [47]; oxcarbazepine (log P 1.8) was solubilized into Poloxamer 407 5.0% 

solution by Singla et al. [48]; resveratrol 0.065% (log P 3.1) was solubilized into Poloxamer 

407 6.3% solution by Vivero-lopez et al. [51]; bisabolol (log P 3.8), in particular, has not 

been yet widely explored in nano-vesicular systems of this kind. There are several reports 

of bisabolol-loaded microemulsions obtained with the aid of other surfactants, such as the 

ones of Nery dos Santos et al. (bisabolol 5% w/w in stabilized with Eumulgin CO40® and 

Figure 9. Size distribution by intensity of FH-15 (A) before and (B) after the accelerated stability test.

A relation of the so-obtained results could be made with other published studies. The
average hydrodynamic diameter of 0.5% bisabolol-containing microemulsions (29–35 nm)
corresponds with the values reported by Tănase et al. and Zhang et al. for curcumin-
loaded and naphthalocyanine-loaded Poloxamer 407 micelles, respectively [44,45]. Other
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authors established significantly larger average sizes when using lower Poloxamer con-
centrations (1.0–2.0% w/v), which could be for similar reasons as the discussed here, i.e.,
the presence of an emulsified excess of the active ingredient [40,46]. Considering the given
values for encapsulation efficiencies (EE%) in other research articles, the typical range
of successful active loading into Poloxamer 407 simple or mixed micelles appears to be
0.07–0.5% [40,44,47–51]. Specifically, studies using similar Poloxamer concentrations as
the one here (5%) are of Basak et al., who reported the inclusion of ibuprofen (log P 3.5),
acetylsalicylic acid (log P 1.2), and erythromycin (log P 3.06) at 0.1% in micellar solutions
of Poloxamer 407 5.26% [47]; oxcarbazepine (log P 1.8) was solubilized into Poloxamer
407 5.0% solution by Singla et al. [48]; resveratrol 0.065% (log P 3.1) was solubilized into
Poloxamer 407 6.3% solution by Vivero-lopez et al. [51]; bisabolol (log P 3.8), in particular,
has not been yet widely explored in nano-vesicular systems of this kind. There are several
reports of bisabolol-loaded microemulsions obtained with the aid of other surfactants, such
as the ones of Nery dos Santos et al. (bisabolol 5% w/w in stabilized with Eumulgin CO40®

and Polymol® microemulsion; droplet size of 20.5 ± 0.62 nm is reported) [52], Almeida
et al. (bisabolol 1% w/w in stabilized with Kolliphor® ELP+Span 80 3:1 nanoemulsion;
droplet size of 14.0 ± 0.8 nm and zeta potential of +7.5 ± 1.9 mV are reported) [53], and
Kim et al. (bisabolol up to 10% w/w solubilized with the aid of polyglyceryl-4 caprate;
droplet size > 200 nm and zeta potential of −14.48 ± 0.92 mV are reported) [54].

3.3. Zeta Potential

The zeta potential values obtained show a clear tendency for theoretical destabilization
with increasing the oil concentration and a greater absolute value for the samples obtained
by direct solubilization at all concentration levels (Table 3).

Table 3. Zeta potential of bisabolol-loaded micellar solutions.

Formulation Code Zeta Potential, mV ± SD

B-5 −7.07 ± 0.27
DS-5 −6.56 ± 0.47
FH-5 −2.70 ± 0.89
DS-10 −2.89 ± 0.29
FH-10 −1.82 ± 0.77
DS-15 −2.72 ± 0.09
FH-15 −0.34 ± 0.11

Although the zeta potential values fall in the unfavorable range of −30 to +30 mV, in
reality, we observed satisfactory physical stability of all samples obtained with 0.5–1.0%
alpha-bisabolol [55]. It could be claimed that in this particular case, the smaller size and nar-
row size distribution play a prevailing role in the colloidal stability. Moreover, these results
are expected considering the non-ionic nature of the used surfactant; similar findings are re-
ported elsewhere [40,44,49]; any electric potential within Poloxamer 407 micellar solutions
could be explained with the repulsive interactions between the polymeric micelles and
the loaded active compounds or the presence of ionic contaminants [40,44,49]. Assumably,
and vice versa, each reduction in the electric potential within the system might also be
explained by the occurrence of attractive forces between the polymer and the loaded active
molecules, as is likely the case of this study.

3.4. Foamability

A foamability test was conducted to evaluate the washing potential of the bisabolol-
loaded micellar solutions in comparison to free micellar water. The ability to form a
foam is well known to be closely related to the presence of surfactants and the cleansing
properties of the product [56]. Under the chosen experimental conditions, all test samples
demonstrated the formation of a stable foam persisting for at least 6 h. The presence of
solubilized alpha-bisabolol was shown to slightly reduce the initial height of the foam
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but stabilize it over time. The latter effect became more evident as the concentration of
bisabolol increased (Figure 10).

Cosmetics 2024, 11, x FOR PEER REVIEW 10 of 14 
 

 

 

Figure 10. Foamability and foam stability of free and bisabolol-loaded micellar solutions. 

3.5. Viscosity 

At the chosen Poloxamer 407 concentration of 5%, both the pure polymeric solution 

(reference) and the 1% alpha-bisabolol-loaded solubilizate (test) showed low viscosity and 

liquid consistency with no signs of thermo-gelation up until 40 °C (Figure 11). The viscos-

ity was slightly increased in the presence of solubilized oil, whereas both samples demon-

strated a decrease in viscosity with the rise in temperature. Thus, the optimized test for-

mulation could be considered convenient for application on large skin areas if stored un-

der the recommended conditions. 

 

Figure 11. Temperature–viscosity curves of the reference Poloxamer 5% solution (B-5) and the opti-

mized bisabolol-loaded sample FH-10. 

3.6. Antimicrobial Activity 

The antimicrobial study revealed the inhibitory activity of the alpha-bisabolol-loaded 

micellar solution against all microbial strains tested. The minimum inhibitory concentra-

tions (MICs) of alpha-bisabolol against S. aureus, E. coli, and C. albicans were determined 

(Table 4). At the highest affordable concentration with respect to physical stability, 1%, the 

compound demonstrated microbicidal activity only against C. albicans; bactericidal activ-

ity against S. aureus and E. coli was not established (Figure 12A). However, clear inhibition 

zones were reported for both C. albicans and E. coli, while the lack of a sterile zone of inhi-

bition by S. aureus confirmed the absence of bactericidal activity against this pathogen 

(Figure 12B). 

Figure 10. Foamability and foam stability of free and bisabolol-loaded micellar solutions.

3.5. Viscosity

At the chosen Poloxamer 407 concentration of 5%, both the pure polymeric solution
(reference) and the 1% alpha-bisabolol-loaded solubilizate (test) showed low viscosity
and liquid consistency with no signs of thermo-gelation up until 40 ◦C (Figure 11). The
viscosity was slightly increased in the presence of solubilized oil, whereas both samples
demonstrated a decrease in viscosity with the rise in temperature. Thus, the optimized test
formulation could be considered convenient for application on large skin areas if stored
under the recommended conditions.
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Figure 11. Temperature–viscosity curves of the reference Poloxamer 5% solution (B-5) and the
optimized bisabolol-loaded sample FH-10.

3.6. Antimicrobial Activity

The antimicrobial study revealed the inhibitory activity of the alpha-bisabolol-loaded
micellar solution against all microbial strains tested. The minimum inhibitory concentra-
tions (MICs) of alpha-bisabolol against S. aureus, E. coli, and C. albicans were determined
(Table 4). At the highest affordable concentration with respect to physical stability, 1%, the
compound demonstrated microbicidal activity only against C. albicans; bactericidal activity
against S. aureus and E. coli was not established (Figure 12A). However, clear inhibition
zones were reported for both C. albicans and E. coli, while the lack of a sterile zone of
inhibition by S. aureus confirmed the absence of bactericidal activity against this pathogen
(Figure 12B).
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Table 4. Antimicrobial activity of alpha-bisabolol.

S. aureus E. coli C. albicans

MIC * MBC Inhibitory Zone MIC * MBC Inhibitory Zone MIC * MFC Inhibitory Zone

0.5% n.e. n.e. 0.25% n.e. 20 mm 0.125% 1% 27 mm

* The assay was performed with the aid of a 2% bisabolol-loaded FH-obtained sample so that the first dilution for
MIC and MBC/MFC determination (1:2) would result in 1% active concentration.
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Figure 12. (A) Microbicidal activity of bisabolol; (B) zones of inhibition of bisabolol.

4. Conclusions

This study revealed a better solubilization capacity of Poloxamer 407 5% solution
with respect to alpha-bisabolol when the film-hydration method is applied as compared
to direct solubilization. The composition obtained by the film-hydration technique with
1% bisabolol (FH-10) was found to be most favorable with respect to fungicidal activity,
satisfactory micellar encapsulation, transparency, and physical stability. The optimized
formulation was characterized by a suitable viscosity for a cleansing micellar solution and
a preserved foaming and washing ability not negatively affected by a solubilized phase
of bisabolol. This pilot research presents a successful first step in the development of a
cosmetic composition with alpha-bisabolol for facial skin hygiene, providing washing
and antimicrobial effects. The obtained results may serve as a background for following
research and development, which, in our opinion, should be aiming at further increases
in and precise analysis of the encapsulation efficacy of bisabolol within mixed Poloxamer
micelles upon the addition of various co-surfactants in the system. The realization of a
product suitable for market access may require the inclusion of other excipients to provide
the formulation’s long-term chemical and microbiological stability, such as antioxidants and
preservatives. Finally, the influence of all other excipients on the investigated parameters
herein should also be a subject of further research.
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