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Abstract

Introduction: Ascorbic acid (AA) is a powerful antioxidant capable of acting significantly both in
the prevention and treatment of the skin aging process. One way to assess the in vivo efficacy of
anti-aging treatments is by using the high-frequency ultrasound (HFUS) skin image analysis
technique, a non-invasive approach that allows for a new level of evaluating the effectiveness of
dermatological and cosmetic products. The aim of the present study was to assess the performance
of a topical emulsion of liquid crystalline structures containing AA using the 50 MHz HFUS skin
image analysis method.

Methods: Twenty-five healthy female participants between 35 and 60 years old were included, all
of whom randomly applied a placebo formulation and an AA-containing formulation to each
forearm, once a day, for 30 days. HFUS measurements were performed before using the products
(TO), two hours later (T2h), and after 30 days of use (T30d). The analyzed parameters included
total skin, dermal, and epidermal echogenicity; variation and mean thickness of total skin, the
epidermis and dermis; and surface roughness. Statistical analyses were performed using the
Friedman test, followed by Dunn’s test for comparisons of multiple means (a = 0.05).

Results: A significant increase in total skin and dermal echogenicity was observed after topical AA
application. Our findings suggest that collagen synthesis significantly increased after topical therapy
with AA, which was responsible for the increment in dermal echogenicity. This study showed,
through the HFUS technique, that the topical use of AA promoted dermal redensification after 30
days of application.
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1. INTRODUCTION



The skin corresponds to one of the largest organs in the human body and is of vital importance.t
However, it is susceptible to numerous structural, biochemical, and functional changes triggered by
the intrinsic and extrinsic aging process. Changes in the appearance of the skin are usually the first
signs of aging and can affect the individual's social and psychological state. The identification of the
mechanisms involved in this process, as well as the search for new strategies to prevent and combat
skin aging, remain challenging.?

In the last decades, ascorbic acid (AA) has received widespread attention due to its anti-aging
properties.>* AA is a powerful antioxidant capable of neutralizing oxidative stress triggered by
several factors, including exposure to UV radiation. Studies show that sunscreens generally block
only 55% of the free radicals produced by radiation; hence their use combined with antioxidants,
such as AA, is highly recommended.*

The use of AA can also prevent immunosuppression induced by UV radiation (the expression of
the CD1-a antigen by Langerhans cells decays with sun exposure) and promote a protective effect
against photocarcinogenesis, decreasing the formation of thymine dimers in DNA.2 This
antioxidant is also known for its activity in collagen synthesis. In addition to inducing collagen gene
transcription, AA is also an enzymatic cofactor for lysyl and prolyl hydroxylases, key enzymes in
the stabilization and crosslinking of collagen fibers.>®

Another important use for AA is in the inhibition of melanogenesis by interfering in the active site
of tyrosinase, an essential enzyme in the production of melanin. Laboratory and clinical studies
have evidenced the effectiveness of this molecule in the treatment of melasma and
hyperpigmentation.’?®

Recent studies also show that, in addition to the well-documented regulatory genetic functions
exerted by AA, this molecule can act as a cofactor for the TET (Ten-eleven translocation) enzyme
family, which catalyze the removal of methylated cytosines in DNA. Thus, AA would act in the
modulation of the epigenetic response and its decay would be involved with the early
development of melanoma.®

Because of all these beneficial effects, AA has been used in personal care formulations for many
years.''t However, it is important to highlight that, in order to maintain its biological activity, AA
must be kept stable within the formulation.?? In this sense, several strategies have been adopted,
such as the addition of other antioxidants in the formula and the utilization of
emulsified/encapsulated systems.'** In a previous study conducted by our group, AA was
encapsulated in emulsions containing liquid crystals of mixed cetyl alcohol and Polysorbate 60. The
emulsions were characterized by X-ray diffraction, polarized optical microscopy, and transmission
electron microscopy. The stability of AA in the formulations was verified by high-performance
liquid chromatography (HPLC) upon storage under different temperature conditions. Our results
revealed that the developed emulsions contained a complex colloidal structure in the oil-water
interface, consisting of the lamellar liquid crystalline (Lo) and lamellar gel crystalline (LB) phases.
This structure was very efficient in preventing the oxidation of AA.™ Liquid crystals were first
described in emulsions in 1969. Emulsions containing liquid crystals can provide numerous
advantages, such as moisturizing power for the skin and improved rheological behavior of the
formulation.® They are able to promote the encapsulation of active ingredients, allowing for their
sustained release, as well as providing protection to drugs, thus increasing formulation stability.*’

On the contrary, effectiveness studies have been increasingly improved. Currently, skin image
analysis by high-frequency ultrasound (HFUS) has received considerable attention.'® This approach



is based on the principle of transmitting short pulses of ultrasound energy to a specific tissue and
receiving reflected waves arising from these ultrasound-tissue interactions, a process that takes place
through the ultrasound transducer device, which contains thousands of piezoelectric crystals.'81°

The application of HFUS is essential in complete skin evaluations since the high frequency enables
the detailed, real-time visualization of the epidermis, dermis, and subcutaneous tissue, allowing for a
meticulous characterization of skin parameters.®

In the ultrasound images, the dermis appears as a heterogeneous layer, with hyperechoic reflections
of collagen fibers and hypoechoic spaces corresponding to the extracellular matrix that intersperse
these fibers. The echo density of the skin can vary significantly with age and with the analyzed
body region.?® For this reason, several studies use this parameter to monitor the effects of anti-
aging ingredients in the skin and underpins commercial claims, e.g., the ability to redensify the
dermis.>?1:22

Despite being quite controversial, in practice, the thickness parameter has been used in studies to
characterize skin aging, as well as to monitor the effects of anti-aging actives.??®

In the present study, we investigated the performance of our previously developed liquid crystal
emulsion containing 5% AA using the HFUS (50 MHz) skin image analysis technique.

2. METHODS

An open, randomized, controlled clinical trial was carried out on twenty-five healthy female
individuals, aged between 35 and 60 years old and with visible signs of facial aging. Exclusion
criteria included cognitive and verbal limitations and allergic reactions to the cosmetic product. Each
participant was informed about the nature and purpose of the study and signed a written consent
form before enrolling in the trial. All participants randomly applied the base formulation -
placebo (approximately 2 mg cm2) to one forearm and the same amount of a formulation
containing 5% AA on the other forearm once a day for 30 days.

The base formulation and the tested formulation containing AA were developed by Carita et al.
(2021)* and are described in Table 1. Both were prepared by heating the oily phase (9% of cetyl
alcohol and 6% of Polysorbate 60) and the water phase, separately, at 75 £ 5°C. The water phase
was incorporated into the oily phase by agitation at 10,000 rpm using an Ultra-Turrax T25 rotor-
stator device equipped with an S25N-8G shaft (IKA) until cooling to below 40 °C. AA (5% w/w)
was dissolved separately in water and added to the system when the temperature reached 40 °C.

The performance of the formulations was evaluated using high-frequency DUB® SkinScanner75
equipment (tpm taberna pro medicum GmbH), equipped with a 50 MHz transducer, with the aid of
the equipment’s integrated software.

The analyses were performed by applying the transducer to the test area on previously demarcated
regions of the skin. Ultrasonographic gel (RMC®) was used at the interface between the transducer
and the skin to obtain a better-quality images.'®

High-frequency ultrasound measurements were carried out before (T0Q), 2 h later (T2h), and 30 days
after of use of the products (T30d). The sonographic images were analyzed by an experienced and
trained investigator. The following parameters were assessed according to Vergilio et al. (2021)*8:
echo density of total skin, the dermis, and epidermis; mean thickness of total skin, the dermis, and
epidermis; and superficial skin roughness.

All statistical analyses were performed with the GraphPad Prism 9 software (GraphPad), using the
ROUT outlier method and the Friedman test, and Dunn’s test for multiple comparisons (a = 0.05).



Table 1. Quantitative and qualitative composition of the emulsions.

% (wiw)
INGREDIENTS
Base emulsion - Control Emulsion with AA
Cetyl alcohol 9.0 9.0
Polysorbate 60 6.0 6.0
Ascorbic acid (AA) - 5.0
Propylene glycol 5.0 5.0
Phenoxyethanol + parabens 0.5 0.5
Sodium metabisulfite 0.3 0.3
Disodium EDTA 0.1 0.1
De-ionized water g.s g.s
3. RESULTS
The participants included in the present study had a mean age of 48.0 + 8.08 years and were women
with phototypes 11, 11I, and IV. They underwent topical application of the AA emulsion and were

monitored by 50 MHz HFUS for 30 days, as shown in Figure 1. The images revealed alterations in
the structural pattern of the skin (Figure 1). After 2 hours of the study, no qualitative difference is
observed between the images of the AA site and the placebo. However, after 30 days, an increment
in dermal reflectivity/echogenicity (increase in the number of high echogenic pixels) was observed
at the AA site. Such change was not evident at the placebo site. Also, variations related to the
thickness and roughness parameters were not detected.
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Figure 1. Anterior forearm images of participant P22 obtained through a 50 MHz HFUS probe before (T0), 2 hours
(T2h), and 30 days (T30d) after the application of an emulsion containing or not 5% AA. The arrows indicate regions
of the dermis that present changes caused by AA.



The results found in the comparative analysis between the AA site and placebo sites are
represented in Figures 2 and 3 for all evaluated parameters. According to Figure 2, a significant
increase in the echogenicity of the total skin, dermis, and epidermis was observed after topical AA
application. On the other hand, Figure 3 shows that the superficial roughness parameter presented a
considerable decrease at T30d when compared to T2h at the AA application site. Regarding the
thickness of the total skin and its layers, there was no significant variation in this parameter
concerning the time of use of the control and AA formulations (Figure 3).
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Figure 2. Graphical representation (violin plot) of the comparative analysis of the echogenicity parameters of the total
skin, dermis, and epidermis for the test and control sites, at times TO, T2h and T30d. The test site is represented in
orange. Values that were different are indicated with an asterisk p-value < 0.05 (*) and p-value < 0.005 (**) (Friedman
analysis followed by Dunn's multiple comparison test).
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Figure 3. Graphical representation (violin plot) of the comparative analysis of the parameters of total skin, dermis and
epidermis thickness, and superficial roughness, for the test and control sites, at times TO, T2h, and T30d. The test site is
represented in orange. Values that were different are indicated with an asterisk p-value < 0.05 (*) and p-value < 0.005
(**) (Friedman analysis followed by Dunn's multiple comparison test).



4. DISCUSSION

With aging, the skin decreases its capacity for cell renewal, and the mechanisms of repair and
protection are also compromised. This process leads to several molecular alterations, triggering
modifications in the skin's elasticity and appearance.?* These skin alterations can be observed
through the analysis of high-frequency ultrasound images.? In a young and healthy HFUS skin
image, the dermis appears as a less bright, hyperechoic band than the epidermis, with dermal
echogenicity provided mainly by collagen. On the other hand, it seems brighter when compared to
the subcutaneous tissue, which appears as a hypoechoic band due to fat lobes. The dermal collagen
content, its type, orientation, and beam size affect dermal reflectivity/echogenicity.?® Several
experimental studies in animals and humans have reinforced the important role of AA in the
synthesis, remodeling, and maintenance of the dermal extracellular matrix.>?"?® This phenomenon is
explained by the induction of local protein synthesis and leads to an increase in the level of dermal
echogenicity.>>® Following the opposite trend, unorganized collagen causes a reduction in
ultrasound wave reflection.?®

According to our findings, the topical application of the emulsion containing AA increased the
echogenicity in all skin layers. This property can be quantified by determining the number of pixels
of a given brightness range in an area selected inside the HFUS image.® In other words, brightness
increases with the improvement of echogenicity. The results obtained here suggest that the AA
emulsion promoted dermal redensification after 30 days of application. This fact corroborates with
histological studies that describe the action of AA in inducing local structural reorganization
processes.?’

Ohshima et al. (2009)*! evaluated fourteen subjects with dark circles of the lower eyelid, and
the use for 6 months of AA derivatives (10% sodium ascorbate or ascorbic acid glucoside lotion) in
the facial region. When comparing the measurement of dermal thickness and echo density of the
lower eyelids, no significant differences in changes in dermal thickness and echo density were
seen between AA derivatives- and vehicle-treated sides during the clinical trial. Crisan et al.
(2015) showed that topically applied AA is highly efficient as a rejuvenation therapy, inducing
significant collagen synthesis in all age groups studied through the HFUS technique. Sixty women
aged between 20 and 75 years were prospectively included in the study and divided into three age
groups: 20-35, 35-50, and > 50 years. The study group topically applied 1 mL of AA-based solution
to the face for 60 days. The following parameters were assessed for every subject: the thickness of
the epidermis and the dermis (mm), and the number of lows (LEP), medium (MEP), high-echogenic
pixels (HEP), and the number of LEP in the upper dermis/lower dermis (LEPS/LEPIi). As result,
there was an increase in MEP and HEP and a consequent decrease in LEP, but the thickness of the
epidermis increased significantly only for the 20-35 age group. As far as the dermis thickness is
concerned, did not observe any significant variation.*® Regarding the thickness parameters, in our
study, no significant difference was observed after 30 days of AA use, indicating that the protocol
did not cause an increase in thickness of the skin.

Studies show that age-related variations in skin thickness are less evident than those associated with
location and gender.®? In addition, the photoexposure factor influences the thickness of the skin
layers, which can be controversial in discussions on aging versus skin layer thickness.?>3 Reports
in the literature also show that, after the age of 60, the thickness of the dermis tends to increase with
sunlight exposure, whereas that of photoprotected areas tends to decrease.?’** Some studies
performed using confocal microscopy and biopsy indicate that there is a decrease in epidermal



thickness with increasing age. This can be explained by several keratinocyte-related modifications,
such as the decrease in proliferative capacity, significant variability in shape, and mild nuclear
atypia, 336

Superficial skin roughness measures the interfacial perimeter of the skin to assess skin aging.’® The
aging process leads to changes in the elastic fibers of the skin, potentiating the wrinkling of its
surface.®” Skin roughness can thus be inferred, considering that a greater length implies high
roughness. The improvement in the appearance of wrinkles related with topical AA application was
identified in the literature.®® In our study, the reduction in the superficial roughness of the skin
associated with the use of AA highlights the role of this substance in repairing the network of
elastic fibers.?®%7

5. CONCLUSION

The HFUS (50 MHz) skin image analysis technique is a promising tool to accurately evaluate the
signs of skin aging. The quantitative data obtained through this analysis favor a better clinical
understanding of the aging process and benefit a more detailed evaluation of the effectiveness of
dermatological procedures and cosmetic products. Our study also showed that the liquid crystal
emulsion containing 5% AA promoted dermal redensification after 30 days of application. These
results reinforce the promising character of this formulation.
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