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Nanoemulgel based on Guar Gum and Pluronic® F127 containing
Encapsulated Hesperidin with Antioxidant Potential
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ABSTRACT

Introduction: The development of antioxidant cosmetic products based on natural products added to nanotechnology is gaining more
and more prominence. However, some of these actives are hydrophobic, which makes their placement in aqueous systems impossible.
As a strategy to deliver hydrophobic actives in hydrophilic gels, nanoemulgels have been presented.

Materials and Methods: The present study aimed to prepare an aqueous nanoemulgel based on guar gum and Pluronic® F127 as a
strategy for the delivery of hesperidin, a hydrophobic flavonoid. A nanoemulsion was prepared and characterized to be incorporated
into the gel. The formed nanoemulgel was evaluated for rheology and antioxidant activity.

Results and Discussion: The nanoemulsion had a particle size of 192 + 4 nm, a polydispersity index of 0.11 + 0.01 and a zeta potential
of-32.1 £0.9 mV.The encapsulation efficiency obtained was 99.35% and the rheological study of the nanoemulgel showed satisfactory
gel characteristics for topical use. The antioxidant potential of nanoemulsions by the DPPH method presented an ICs, value of 14.4 +
1.3 ug mL" expressed in hesperidin equivalent to 17.4 mg mL™" of the nanoemulgel. The formulated nanoemulgel delivered hesperidin
successfully without affecting its antioxidant properties, showing promise as a cosmetic for topical anti-aging use.
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INTRODUCTION

With the development of new formulas, technologies and
products, cosmetics have been expanding their market and
becoming increasingly present in the business world.! In
the composition of cosmetics, there are several chemical
substances of synthetic origin, even though they are con-
sidered safe by industries that use them and their quantities
are within the requested parameters, the periodic use of
these products can cause a chemical accumulation causing
adverse reactions such as allergies.? In this way, researchers
seek to develop new products made from natural sources that
can make the product safer and less likely to have adverse
reactions. In view of the increase in skin products of natural
origin, there was a need to develop new technologies that can
increase the methods used, as well as the use of antioxidant
substances, for example, hesperidin.3

Hesperidin (3',5-dihydroxy-4'-methoxy-7-[a-L-
rhamnopyranosyl-(1—6)-3-D-glucopyranosyloxylflavan-
4-one) has anti-inflammatory, antifungal and anticancer
however, it has low solubility, which restricts its application
in cosmetics. Hesperidin (Figure 1) is a flavonoid usually
found in the peel of citrus fruits, such as tangerine, orange
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and lemon, which in its composition contain polyphenolic
substances that are responsible for the antioxidant activity.

However, its effectiveness can be minimized due to the
influence of pH, easy oxidation and low solubility in water.
Nanotechnology is used as a strategy for the release of
hydrophobic actives.

Nanomaterials that have been standing out in the produc-
tion of cosmetics due to the particle size being smaller than
1000 nm, which facilitates the penetration of the product into
the skin and has been presented in the literature as a solution
for the delivery of hydrophobic actives. Among the most
used forms of nanotechnology in cosmetics are polymeric

©The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International

(CC BY-NC-SA 4.0) (https://creativecommons.org/licenses/by-nc-sa/4.0/)



Nanoemulgel containing encapsulated Hesperidin

nanoparticles, solid lipid nanoparticles, nanogels and nanoe-
mulsions. In the literature, Costa (2018) and Rebougas (2022)
highlights the use of nanotechnology to carry hydrophobic
actives for the treatment of cancer.%”

Nanoemulsions are colloidal dispersions with an average
size between 20 and 500 nm and a physical stability that can
be applied in several segments.2 Nanocosmetics, especially
nanoemulgels, which are nanoemulsions incorporated into
polymeric gels, can provide the delivery of actives hydro-
phobic natural substances generating greater efficiency and
reducing adverse effects. Nagaraja et al. (2021) successfully
encapsulated the lipophilic flavonoid naringin in a nanoe-
mulgel.’

Pluronic® F127 is a triblock copolymer, non-ionic, bio-
compatible and non-toxic and forms thermoresponsible
gels. Successfully used in association with polysaccharide
for the delivery of drugs such as metropolol succinate for
dermal application.'” Additionally, pluronic gel F-127 has been
proven to have a mild inflammatory nature and stimulate
the expression of vascular endothelial growth factor (VEGF)
when applied on the skin."

A polymerusedtoform gelsis guar gum, a galactomannan
extracted from the endosperm of seeds of Cyamopsis
tetragonolobus, which has several applications: as a
dispersing, emulsifying and gelling agent, being hydrophilic.
In addition, it has stabilizing properties; therefore, its
association with nanoemulsions or nanogels with a high
water content in their composition is interesting.'?

In view of the above, the present work aims to prepare
a nanoemulgel based on guar gum and Pluronic® F127
for loading hesperidin as a strategy for the delivery of the
hydrophobic active in a hydrophilic gel.

MATERIAL AND METHODS

Materials

Guar gum Polymer molecular weight (Mw= 11.2 x 106, M/G
ratio = 1.60) was purchased from Exodo Cientifica (Sdo Paulo,
Brazil), hesperidin 95% was purchased from Xi'an Quanao
Biotec (Xi'an, China), Pluronic® F-127 was purchased from
Sigma-Aldrich (Germany), Methanol purchased from Exodo
Cientifica (Sao Paulo, Brazil), Oleic acid PA purchased from
Exodo Cientifica (Sao Paulo, Brazil), DPPH (2, 2-Diphenyl-1-
picryl-hydrazyl) (Sigma-Aldrich, Germany) and used ultrapure
water was obtained in a MiliQ purifier.

Preparation and characterization of the nanoemulsion

Initially, 100 mg of hesperidin was solubilized in 3.00 g of oleic
acid and added to 17 g of an aqueous solution containing
1.00 g of Pluronic® F-127. The mixture was subjected to
ultrasonication in a Brason Sonifer W-450 ultrasonic processor
with probe, with 70% amplitude, 100-105 W power, for 2
minutes, in cycles of 10 seconds on and 10 seconds off in
an ice bath.’

The nanoemulsion was characterized, in triplicate, for
zeta potential, droplet size, polydispersity index, mechanical

stress resistance and encapsulation efficiency. To determine
the zeta potential of the nanoemulsion, the laser doppler
microelectrophoresis technique was used. The droplet size
and the polydispersity index (PDI) were used by the dynamic
light scattering (DLS) method using the Malvern Zetasizer
Nano meter, model ZS ZEN 90 with sample dilution 1000x
MiliQ in water.

The mechanical stress resistance test was performed
by submitting 5 mL of the nanoemulsion sample to
centrifugation using a Centribio 80-2B centrifuge at 3000 rpm
for 30 minutes. The occurrence of creaming, precipitation and
phase separation were evaluated.”

The encapsulation efficiency (EE) was determined
using a Turbo 15 Vivaspin ultrafiltration tube (Sartorius,
Gottingen, Germany) at 3000 rpm for 30 min, with a cut of
3000 Daltons.” After centrifugation, the centrifuged material
was collected to be quantified. Thus, the encapsulation
efficiency of hesperidin was calculated by the ratio between
the encapsulated amount of the bioactive after ultrafiltration
and the amount added to the nanoemulsion formulation.
The quantification of the active was performed by UV-VIS
spectrophotometry at 285 nm using methanol as solvent in
a Varian 1E Spectrophotometer.*

Nanoemulgel preparation

To prepare the nanoemulgel, 2.00 g of guar gum was
solubilized in 98 g of water at 70-72 °C, stirring in a mechanical
shaker for 30 minutes. After the formation of the gel, 20 g of
the previously prepared nanoemulsion was added under
slow and constant stirring until total incorporation into the
gel.

Rheological study

Rheology is related to the product's stability and package
design, which depends on viscosity. For the rheological study
of the nanoemulgel, we used a TA Instruments rheometer,
Rheometer AR 2000, with a gap of 27 um, cone-plate
geometry with a diameter of 40 mm and an angle of 1°.
Rheological experiments of viscosity as a function of shear
rate and determination of elastic modulus and viscosity
modulus as a function of oscillation stress and time were
carried out.

Antioxidant activity test using DPPH assay

Approximately 240.3 mg of gel sample (containing 200 pg of
hesperidin) was accurately weighed and placed in a 10.0 mL
vial volumetric flask, dissolved and made up with methanol.
The sample solution was then sonicated for 10 min and
centrifuged at 4000 rpm for 10 minutes. The supernatant of
ample was filtered, the sample solution 20 ugmL™" (hesperidin)
was then diluted to obtain sample concentrations of 1, 5, 10,
15 ug mL". A 3.0 mL aliquot of diphenyl picrylhydrazyl (DPPH)
was added to 1.0 mL of each sample solution. Methanol (1.0
mL) and DPPH 50 ug mL" solutions (3.0 mL) were used as a
blank. The mixture was shaken for 20 s and incubated in a
dark room at room temperature (25°C + 2°C) for 30 min."
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Figure 2: Zeta potential distribution and size distribution

The antioxidant activity was determined by measuring the
absorbance of each sample by UV-visible spectrophotometry
in a wavelength of 515 nm. The result obtained was used to
calculate the percentage of DPPH inhibition of hesperidin in
cream samples. The percentage of DPPH radical inhibition
was calculated by comparing the sample and the results

blank.

Statistical analysis

All measurements were performed in triplicate. The
nanoemulsion characterization results were expressed with
the standard deviation. For comparison of several groups,
analysis of variance (ANOVA) was applied, considering p
<0.05 as statistically significant. Linear regression analysis for
the antioxidant test was performed by GraphPad Prism 5.0.

RESULTS AND DISCUSSION

Characterization of the nanoemulsion

The nanoemulsion had a size of 192 + 4 nm. PDI and zeta
potential showed characteristic stability values of 0.11 + 0.01
and -32.1 £ 0.9 mV, respectively. In Figure 2 the distribution
of zeta potential and size by intensity is shown.

The zeta potential was negative and different from zero,
being desirable characteristics because the farther from
zero the surface charge allows a repulsion of the particles,
which guarantees stability. Nanoemulsions stabilized with
polymeric surfactants such as Pluronic F-127, which have a
high molecular weight, are easily stabilized and have zeta
potentials close to -20 mV by steric effect."

In the mechanical stress resistance test, no instability or
phase separation phenomena were observed, indicating that
the prepared nanoemulsion was stable.

The Encapsulation Efficiency obtained was 99.35% =+
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Figure 4: G' and G" as a function of time

0.51, this high value indicates that the active was successfully
encapsulated and can also be explained by the intermolecular
forces existing between the hesperidin molecule and
the oleic acid that guarantee the solubility and thus they
keep the active in the oil. In the literature Reboucgas (2022)
reports encapsulation efficiency greater than 99.99% when
encapsulating betulinic acid, a hydrophobic triterpene in
linseed oil.”

Rheological study

In the rheological study we obtain information about the
viscoelastic behavior of the nanoemulgel. The relationship
between G' and G" with the frequency of oscillation can be
explained through the mechanics of the spectrum, which
allows its characterization.”” Viscoelasticity occurs when a
material has both solid and liquid characteristics.'® When
a fluid has a certain resistance in its flow, indicating that it
is viscous, viscoelasticity depends on two parameters, the
elastic modulus (G'), which is the ability of a material to
accumulate energy, and the viscous modulus (G"), which is
the ability of the fluid to lose energy.'® As shown in Figure
3, we observed the G', which refers to the elastic modulus,
which ranged from 40 to 35 Pa, and the G" that refers to the
viscous modulus, which ranged from 60 to 20 Pa.

Thus in the graph they remain constant during a period
of stress from 0.1 to 4 and undergo a decay after greater
exposure to stress. In the time interval from 0 to 300 seconds,
we observed in Figure 4 that the elastic modulus and viscous
modulus remained constant and did not change.

The rheological characteristics presented by the
nanoemulgel show stability and gel consistency, being
therefore satisfactory for use as a topical gel.
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Antioxidant activity

DPPH is a stable free radical molecule that has one free
electron on its nitrogen atom. This test is based on the
principle that DPPH accepts hydrogen atoms from antioxidant
molecules such as hesperidin, which results in a more stable
reduced form of DPPH-H.

The equation obtained by linear regression wasy =3.32 x
+ 2.11 with coefficient of determination 0.9965 for the sample
andy =3.82x + 1.80 with coefficient of determination 0.9921
for hesperidin. The 50% inhibition of the concentration (IC50)
of nanoemulgel was 14.4 + 1.3 ug mL" which corresponds to
17.3 mg of nanemulgel per 1 mL. The IC50 of pure hesperidin
was also determined, showing a value of 12.3 + 0.9 pg mL",
not showing significant differences with the nanoemulgel
when expressed as hesperidin (p >0.05), which means that
the other components of the formulation did not interfere
with the antioxidant activity.

The compound is said to have strong antioxidant activity
if the 1C°° is between 10 ug mL" and 50 pug mL"."® Based
on the results obtained, hesperidin in the nanoemulgel
showed strong antioxidant activity. The 1C*° value is the
concentration of antioxidant compounds needed to inhibit
50% of existing DPPH activities. The antioxidant properties of
hesperidin are related to its chemical structure as it is formed
by phenolic groups, where the activity increases due to the
high concentration of polyphenolic content.” In addition,
we have the relationship between antioxidant activity and
anti-aging activity, where antioxidant activity assists in the
anti-aging process as free radicals, which are responsible for

the oxidation of cells, are captured by the active antioxidant.'®

CONCLUSION

The preparation of the nanoemulgel was carried out
successfully, which showed characteristic stability results,
satisfactory rheology for topical use and preserved hesperidin
antioxidant activity. Therefore, the nanoemulgel proposed
in this study is promising as an anti-aging cosmetic due to
its antioxidant action, being a new alternative to transport
the hydrophobic active hesperidin in a hydrophilic matrix of
easy absorption by the nanostructuring strategy. Proof of its
effectiveness as an anti-aging cosmetic can be carried outin

future clinical trials.
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