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Abstract
Aim: Hyaluronic acid (HA) is extensively used in injectable skin quality products due to its documented role in skin 
rejuvenation. The rapid in vivo degradation of HA by the enzyme hyaluronidase necessitates the development of 
advanced formulations to ensure the efficacy and longevity of the treatments. In this context, a novel 2.6% high 
molecular weight HA (H-HA)/3.2% sorbitol composition has been introduced, featuring stabilization through 
hydrogen bonds rather than traditional crosslinking.

Methods: The stabilized composition was evaluated through two in vitro enzymatic degradation tests. In the first 
test, the efficiency on the gel degradation was followed by rheology and compared with two crosslinked HA 
products available on the market. In the second test, the effect on the gel structure of a less diluted hyaluronidase 
dose was followed by rheological and cohesivity measurements.

Results: In vitro study demonstrates that, before its complete degradation into a liquid-like state, the stabilized 
composition exhibits high elasticity and cohesivity during the enzymatic degradation process, surpassing 
traditional crosslinked HA products.

Conclusion: The stabilization provided by the sorbitol in the stabilized composition effectively enhances product 
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properties and protects them during gel degradation. These attributes indicate significant potential for improved 
clinical outcomes in skin quality treatments.

Keywords: Hyaluronic acid, skin quality, hyaluronidase, enzymatic degradation, cohesivity, elasticity G’

INTRODUCTION
The perception of aging is heavily influenced by skin quality. A smooth, firm, and unblemished complexion 
inherently conveys a sense of youthfulness, while faces marked by wrinkles are often deemed less attractive, 
less appealing, and less vibrant[1-3]. This perception fuels a growing demand for both corrective and 
preventive treatments aimed at rejuvenating skin and combatting premature skin aging[4]. Knowledge about 
the processes and etiology of facial aging has advanced considerably in the last decade[5,6]. The aging process 
is determined by intrinsic and extrinsic factors such as decreased hormone levels, free radicals, ultraviolet, 
and even pollution. Consequently, the synthesis of extracellular matrix components is reduced, leading to 
thinning of epidermis and dermis, as well as weakening of the dermo-epidermal junction. Aging is visually 
typified by deterioration of skin tone and texture, deflation due to loss of bone and fat, and descent of soft 
tissues due to loss of muscle tone and skin elasticity. In the past two decades, various injectable formulations 
called dermal fillers and skin boosters have been marketed to address volume deficiencies and improve skin 
quality, showing temporary [collagen, hyaluronic acid (HA), calcium hydroxylapatite, poly-l-lactic acid 
(PLLA), polycaprolactone, etc.] or permanent effects (polymethylmethacrylate)[7-12]. Treatments specifically 
targeting the extracellular matrix of the dermis to enhance skin texture and tone are commonly categorized 
as skin boosters or skin quality enhancers (including HA, PLLA, polynucleotides, and exosomes)[2,13].

In the realm of such procedures, the use of HA injectables has been steadily rising, garnering widespread 
acclaim in the fields of aesthetic medicine and dermatology[1,14-16]. HA is favored for its efficacy in corrective 
anti-aging and moisturizing treatments, thanks to its ability to safely enhance firmness, reduce fine lines, 
retain moisture, and regulate skin structure and function. For instance, research demonstrates that HA can 
enhance skin quality by promoting the spreading and proliferation of fibroblasts, thereby helping to 
maintain a youthful appearance[17].

HA is a naturally occurring compound with a dynamic turnover rate, exhibiting a half-life of less than 
24-48 h in skin tissues[18,19]. In these tissues, HA is primarily degraded by hyaluronidase, a family of enzymes 
that cleave HA molecules into smaller fragments, facilitating their clearance from the body[20-23]. To meet the 
expectations of patients receiving injectable HA-based skin quality products, two critical factors must be 
addressed: longevity and safety. It is important to note that nonpermanent facial fillers can lead to 
complications (including discoloration, nodules, etc.), which may vary in severity depending on the type of 
product injected and the facial area treated[24-30]. Ischemic adverse events associated with HA injectables 
primarily include necrosis and ophthalmic concerns (such as blepharoptosis, blurred vision, blindness, etc.). 
Fortunately, complications are rare, occurring in only 0.0001% to 0.09% of injections[24,25], and are typically 
reversible with appropriate emergency procedures, mainly involving hyaluronidase injections[24-30].

Striking a balance between the two critical factors - longevity and safety - raises important considerations 
regarding enzymatic degradation. An advanced HA product designed to improve clinical results shall 
consider hyaluronidase activity to extend the in vivo persistence of the gel while ensuring proper 
responsiveness to exogenous hyaluronidase injection, thereby allowing for reversible treatment in case of 
complications. This significant challenge necessitates innovative strategies. One such approach involves the 
use of crosslinked HA, especially with 1, 4-butanediol diglycidyl ether (BDDE) crosslinker. These 
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crosslinked structures create a barrier against enzymatic degradation, resulting in improved durability and 
viscoelasticity[31]. Increasing the degree of HA crosslinking reduces the propensity to degradation[32-36]; 
however, this method alters the HA from its natural form, i.e., the linear hyaluronan, which is not 
chemically modified. Therefore, manufacturers shall identify an optimal balance to develop a crosslinked 
HA gel that achieves the desired longevity and biophysical properties while remaining as close as possible to 
the natural hyaluronan, thus maximizing safety.

Recent research advancements have introduced a novel stabilized 2.6% high molecular weight hyaluronic 
acid (H-HA)/3.2% sorbitol composition, which is aimed at improving skin quality by enhancing attributes 
such as elasticity and hydration. This formulation, designed to be injected in subcutaneous tissues, contains 
26 mg/mL of H-HA stabilized with 32 mg/mL of sorbitol, a highly safe molecule, in a phosphate buffer 
solution. Unlike crosslinked products that utilize high-energy chemical covalent bonds between the 
crosslinker and the reactive ends of HA, this new formulation relies on a high content of low-energy 
hydrogen bonds between sorbitol and HA, without any chemical modifications to the HA [Figure 1].

In other words, the HA chains are not linked by covalent bonds generated by a crosslinker such as BDDE, 
but by hydrogen bonds, which are intermolecular interactions of low energy that can be easily broken and 
restored depending on the mechanical actions applied to the product. This characteristic is a key advantage, 
allowing the product to exhibit a more natural behavior in the skin and resulting in a highly flexible gel that 
behaves like the surrounding tissues.

A recent study reported the unique biophysical properties, appropriate distribution, and high tolerance of 
this stabilized 2.6% H-HA/3.2% sorbitol composition in adipose tissue, along with its ability to efficiently 
improve skin firmness[37]. Another study demonstrates this formulation’s efficacy in improving biological 
markers of skin quality in the dermis after injection into the superficial adipose tissue, providing evidence 
for the biostimulation of endogenous HA, elastin, collagens, and fibrillin production[38]. This article aims to 
evaluate the gel cohesivity and persistence of the stabilized 2.6% H-HA/3.2% sorbitol composition, 
specifically its resistance to degradation during hyaluronidase activity. This investigation involves various in 
vitro tests. Additionally, the properties and performance of this novel product are also compared to those of 
leading commercially available crosslinked HA products used as skin boosters in aesthetic medicine.

METHODS
Materials
The current study examines the following three injectable products:

Stabilized 2.6% H-HA/3.2% sorbitol composition (Kylane Laboratoires, Switzerland) contains 26 mg/mL of 
H-HA stabilized with 32 mg/mL of sorbitol. This skin booster is indicated for enhancing skin quality 
attributes such as elasticity and hydration, as well as for correcting small skin depressions.

Juvéderm Volite® (VYC-12, Allergan, France), a crosslinked HA gel manufactured using Vycross 
technology. It contains 12 mg/mL of crosslinked HA and 3 mg/mL of lidocaine, and is indicated for 
hydrating the skin, improving skin quality, and correcting superficial cutaneous depressions, such as fine 
lines.

Restylane® Skinboosters™ Vital Lidocaine (NASHA-20, Galderma, Sweden) is a crosslinked HA gel 
manufactured using NASHA™ technology. It contains 20 mg/mL of crosslinked HA and 3 mg/mL of 
lidocaine, and is indicated for improving skin hydration, texture, and elasticity.
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Figure 1. Schematic representation of HA structures obtained through (A) Crosslinking of HA via covalent bonds (cases of VYC-12 and 
NASHA-20 products) and (B) Stabilization of HA via a dense matrix of hydrogen bonds for the 2.6% H-HA/3.2% sorbitol product. HA: 
Hyaluronic acid.

Rheological measurements
In this study, rheological measurements were conducted using 1.0 g of each sample placed on a TA
Instrument HR10 rheometer at 37 °C (Peltier plate). The rheometer was equipped with a cone-plate
aluminum geometry of 40 mm diameter, 2° cone angle, and a 50-μm gap between the cone and the plate.

The elastic modulus G’ was recorded in oscillation mode at a strain of 1.0% within the linear viscoelastic
region and at a physiological oscillation frequency of 1 Hz. Each measurement was performed in triplicate,
and the final mean value is reported in this study.

Cohesivity measurements
Cohesivity tests were conducted following the method described by Sundaram et al.[39]. Each sample’s
cohesivity was ranked at 15, 70, and 95 s using the Gavard-Sundaram Cohesivity Scale (GSCS), where scores
range from 1 (fully dispersed) to 5 (fully cohesive). Evaluations were performed separately by three experts,
who were trained in the cohesivity ranking method based on the GSCS. The final mean value is reported in
this study.

Enzymatic degradation
Two tests were conducted to quantitively study the physicochemical changes in the properties of HA gel
during enzymatic degradation by hyaluronidase:

Test 1
The purpose of Test 1 is to simulate the conditions of a hyaluronidase injection procedure performed by a
healthcare professional to address a complication (i.e., adverse event) requiring the degradation of HA gel in
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skin tissues. This test necessitates a significant dilution of the HA gel to enhance its degradation in the skin.

In this study, a fresh hyaluronidase solution at a concentration of 60 U/mL was prepared by dissolving a 
lyophilized powder of hyaluronidase sourced from bovine testes (Sigma Aldrich, 748 U/mg) in a phosphate 
buffer solution at pH 7.2. The HA product and the enzymatic solution were incubated separately at 37 °C in 
an oven for 12 min. Following this, equivolumes of the HA product and the enzymatic solution were mixed 
for 1 min. Immediately after mixing, 1.0 g of the blend was placed on the rheometer to monitor the gel 
elastic modulus G’ in real time, as described in the “rheological measurements” section. Measurements were 
taken regularly until the G’ reached a limit of 10 Pa, indicating complete degradation to a liquid-like state. 
Notably, the first exploitable experimental point was observed at 1.5 min after the initial contact between 
the hyaluronidase solution and the HA product (t0). To accurately assess the kinetics of degradation during 
the initial moments, the G’ value at t0 was determined from a blank test conducted for each tested HA 
product (i.e. equivolume mixture of the HA gel and phosphate buffer solution), with the only difference 
being the absence of hyaluronidase in the phosphate buffer solution.

The hyaluronidase Test 1 was conducted on the stabilized 2.6% H-HA/3.2% sorbitol composition, VYC-12 
and NASHA-20 products.

Test 2
The aim of Test 2 is to simulate the conditions for hyaluronidase activity with limited dilution of the HA 
gel. In contrast to hyaluronidase Test 1, Test 2 does not require significant dilution with the phosphate 
buffer solution containing hyaluronidase; instead, it aims to restrict gel dilution to better assess the impact 
of hyaluronidase degradation on HA while observing the visual effects on product structure through 
cohesivity assessment.

For Test 2, a more concentrated enzymatic solution (1,500 U/mL) was prepared by dissolving a lyophilized 
hyaluronidase powder from bovine testes (Sigma Aldrich, 748 U/mg) in a phosphate buffer solution at pH 
7.2. The HA product to be tested, colored with 0.1% toluidine blue powder (Sigma Aldrich), and the 
enzymatic solution were incubated separately at 37 °C in an oven for 12 min. The hyaluronidase solution 
was then added at 4% v/v to the tested gel, resulting in an enzymatic concentration of 60 U/g of gel. This 
mixture was homogenized for 1 min before a portion was placed on the rheometer to record the elastic 
modulus G’ as a function of time, following the procedure described in the “rheological measurements” 
section. Meanwhile, the remaining mixture was returned to the oven at 37 °C, and 1.0 g of this blend was 
sampled at different time points for the cohesivity test as outlined in the “cohesivity measurements” section.

This hyaluronidase Test 2 was conducted exclusively with the stabilized 2.6% H-HA/3.2% sorbitol 
composition.

Statistical analysis
Quantitative variables are expressed as means ± standard deviations (SD) based on n = 3 replicates per 
group. The 95% Confidence Interval (95%CI) is indicated in brackets.

Inferential statistical comparisons of the means are conducted pairwise using a parametric Student’s t-test. 
The initial data are unpaired, normally distributed (Shapiro-Wilk test), and exhibit equal variances 
(Levene’s test). The Student’s t-test provides a P-value, representing the probability that the two populations 
of results are significantly different. A Bonferroni correction is applied to the significance level α, set at 
0.017. The differences are categorized as follows:
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- Not significant if P-value ≥ 0.017 (ns);

- Slightly significant if P < 0.017(*);

- Significant if P < 0.0033 (**);

- Highly significant if P < 0.00033 (***).

RESULTS
Measurements of cohesivity
The cohesivity results for the novel stabilized 2.6% H-HA/3.2% sorbitol composition are very high, reaching 
the maximum on the GSCS, as illustrated in Table 1. After 95 s, the GSCS score for this composition 
remains at 5.0 ± 0.0 (fully cohesive). This new product exhibits much higher cohesivity compared to the two 
crosslinked skin quality products used for comparison in this study. Notably, after just 15 s, the most 
cohesive crosslinked product NASHA-20 scores 4.0 ± 0.0 (mostly cohesive). After 95 s, the cohesivity scores 
for NASHA-20 and VYC-12 decrease to 2.7 ± 0.6 and 1.0 ± 0.0, respectively.

Measurement of elastic modulus G’
On the other hand, as shown in Table 2, the elastic modulus G’ of the stabilized 2.6% H-HA/3.2% sorbitol 
composition is 523 Pa [SD = 13; 95%CI: (508, 539)], significantly exceeding the values of conventional 
BDDE-crosslinked products: NASHA-20 [376 Pa; SD = 33; 95%CI: (339, 414); P-value = 0.021] and VYC-12 
[158 Pa; SD = 16; 95%CI: (140, 177); P-value = 10-5] products.

Monitoring of the enzymatic degradation of HA gels in highly diluted conditions (Test 1)
These outstanding initial properties of HA gels were subsequently assessed in terms of enzymatic 
degradation. The hyaluronidase Test 1, presented in Figure 2, simulates the enzymatic degradation relevant 
to treating adverse events. The three rheological curves in Figure 2A represent typical enzymatic 
degradation patterns for HA products. The degradation kinetics start rapidly in the first seconds and then 
gradually decelerate until they reach a point deemed negligible. Interestingly, this limit in G’ appears 
consistent across all three products. Once the G’ value falls below 10 Pa, no further changes in the elastic 
modulus are observed, indicating complete degradation and a transition to a liquid-like state. In this 
context, the stabilized 2.6% H-HA/3.2% sorbitol composition demonstrates greater resistance to 
hyaluronidase degradation than the two crosslinked formulations, VYC-12 and NASHA-20. However, the 
time required for complete degradation of the gel is less than 40 min. Interestingly, the data in Figure 2B 
reveal that the stabilized 2.6% H-HA/3.2% sorbitol composition degrades significantly more slowly [39.2 
min; SD = 2.1; 95%CI: (36.8, 41.5)] compared to the two leading crosslinked skin quality products used for 
comparison. This observation cannot be explained solely by HA concentration, as the less concentrated 
VYC-12 [21.8 min; SD = 8.6; 95%CI: (12.1, 31.6)] shows better resistance to enzymatic degradation than 
NASHA-20 [14.6 min; SD = 3.0; 95%CI: (11.2, 18.0)], although the difference is not statistically significant.

Monitoring of the enzymatic degradation of 2.6% H-HA/3.2% sorbitol composition under 
concentrated conditions (Test 2)
The hyaluronidase Test 2, presented in Figure 3, provides insights into the mechanisms involved in the 
enzymatic degradation of the stabilized 2.6% H-HA/3.2% sorbitol composition. The data show a positive 
correlation between the elastic modulus G’ and the cohesivity scores. As the stabilized gel undergoes gradual 
degradation, it progressively loses its rheological properties and cohesivity. Notably, both the elastic 
modulus G’ and the cohesivity are remarkably preserved throughout the degradation process. During the 
later stages of enzymatic degradation (i.e., from 8 min to 50 min), the cohesivity of the stabilized 2.6% H-
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Table 1. Images and cohesivity scores for the three tested HA-based products (means ± standard deviations for n = 3 replicates per 
group)

Images and cohesivity scores at different time points
Tested composition

15 s 70 s 95 s

2.6% H-HA/3.2% sorbitol

5.0 ± 0.0 5.0 ± 0.0 5.0. ± 0.0

VYC-12

1.7 ± 0.6 1.0 ± 0.0 1.0 ± 0.0

NASHA-20

4.0 ± 0.0 2.7 ± 0.6 2.7± 0.6

HA: Hyaluronic acid; H-HA: high molecular weight hyaluronic acid.

Table 2. Elastic modulus G’ of three tested HA-based products (means ± standard deviations for n = 3 replicates per group)

Values at 1 Hz
Tested composition

Elastic modulus G’ (Pa)

2.6% H-HA/3.2% sorbitol 523 ± 13

VYC-12 158 ± 16

NASHA-20 376 ± 33

Significance of the differences: 2.6%H-HA/3.2%Sorbitol vs. VYC-12: *** � P-value = 10-5; 2.6%H-HA/3.2%Sorbitol vs. NASHA-20: **  � P-value = 
0.021; VYC-12 vs. NASHA-20: ***  � P-value = 5.10-4. The assessment of normality and homogeneity of variances for the datasets is presented in 
Supplementary Table 1. HA: Hyaluronic acid.

HA/3.2% sorbitol composition remains comparable to that of the two crosslinked VYC-12 and NASHA-20 
products, as illustrated in Table 1. Additionally, the cohesivity data further confirm that the degradation of 
the stabilized 2.6% H-HA/3.2% sorbitol composition by hyaluronidase leads to a complete breakdown of the 
composition. This is characterized in Figure 3 by a cohesivity level considered negligible at the end of the 
hyaluronidase Test 2. After 50 min of reaction between the hyaluronidase and the stabilized 2.6% H-HA/
3.2% sorbitol composition, the product appears to be completely dissolved, transitioning from a gel or gel 
fragments to a liquid state devoid of any internal structure and strength.
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Figure 2. ns: Not significant difference (P ≥ 0.017). ***highly significant difference (P < 0.00033); *slightly significant difference (P < 
0.017). (A) Representative curves of elastic modulus G’ (Pa) as a function of time during enzymatic treatment with 1:1 v/v of 60 U of 
hyaluronidase per gram of gel; (B) Time required for complete enzymatic degradation (G’ < 10 Pa) for the three tested skin quality 
treatments. Assessments of normality and homogeneity of variances for the datasets are available in Supplementary Table 2. H-HA: 
High molecular weight hyaluronic acid.

Figure 3. The grey line represents the elastic modulus G’ (Pa) as a function of time for the stabilized 2.6% H-HA/3.2% sorbitol
composition degraded by enzymatic treatment with 4% v/v of 60 U of hyaluronidase per gram of gel (means ± standard deviations for
n = 3 replicates); The blue line indicates the cohesivity scores at 95 s for the same stabilized composition, sampled at different
degradation times (means ± standard deviations for n = 3 replicates). The figure caption displays images from the cohesivity tests at 95
for the stabilized 2.6% H-HA/3.2% sorbitol composition. Complete cohesivity scores at 15, 75, and 95 s are available in
Supplementary Table 3 . Images and cohesivity scores for the 2.6% H-HA/3.2% sorbitol composition throughout the enzymatic
degradation process. HA: Hyaluronic acid; H-HA: high molecular weight hyaluronic acid.

DISCUSSION
HA polymers consist of long chains of repeating disaccharide units, specifically glucuronic acid and N-
acetylglucosamine, which are linked by glycosidic bonds. This linear, hydroxyl-rich structure imparts HA 
with exceptional viscoelastic properties and water-binding capacity. In most injectable skin-quality HA-
based products, such as Juvéderm Volite® (VYC-12, Allergan, France) and Restylane® Skinboosters™ Vital 

s
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Lidocaine (NASHA-20, Galderma, Sweden), HA molecules are crosslinked using 1,4- BDDE. The epoxide 
groups in BDDE preferentially react with the most accessible primary alcohol groups in the HA backbone, 
forming covalent ether bonds. The degree of modification (MoD) in crosslinked products typically ranges 
from 1% to 10%[39], which is sufficient to create a rigid three-dimensional structure that reduces the relative 
mobility of the HA chains. This scaffolding enhances the elasticity G’ of the HA gel and acts as a barrier, 
limiting the accessibility of reactive molecules, such as hyaluronidase or reactive oxygen species (ROS), 
which can degrade the gel. Consequently, the stability and longevity of crosslinked HA within the skin are 
increased[31].

The internal strength of HA gels is not solely dependent on crosslinking; rather, it results from a careful 
balance among HA concentration, degree of crosslinking, crosslinking technology, and physicochemical 
MoD[40]. Each of these factors could be predominant over the others depending on the specific gels being 
studied[41-43].

In contrast to traditional crosslinked HA products that rely on a few strong covalent junctions, the novel 
stabilized 2.6% H-HA/3.2% sorbitol composition features a distinct HA structure. This structure is achieved 
through a specific formulation and process that creates multiple hydrogen bonds within the gel matrix, as 
illustrated in Figure 1.

Due to the weak nature of hydrogen bonds are weak, one might intuitively conclude that the generated 
network is more sensitive to intense external mechanical forces than a crosslinked product. In fact, the 
strength of a typical hydrogen bond is approximately 5% that of an average covalent bond[44]. However, from 
a general chemistry perspective, hydrogen bonding between molecules is limited only by the number of 
hydrogen atoms covalently bonded to elements such as oxygen or nitrogen. The presence of more hydrogen 
bonds increases the overall strength, significantly contributing to intermolecular interactions, which lead to 
remarkable properties[45]. In the stabilized 2.6% H-HA/3.2% sorbitol composition, the arrangement of 
sorbitol and HA is particularly advantageous, as shown in Figure 1. Both molecules contain numerous 
hydroxyl groups along their structure. As sorbitol is a small molecule (C6 sugar), it can easily fit between the 
long chains of H-HA, maximizing mutual attraction and reinforcing the resulting network[46] by forming a 
highly dense matrix of hydrogen bonds within the gel.

The results presented in Tables 1 and 2 indicate that HA/sorbitol stabilization significantly enhances 
cohesivity and elasticity G’. These unique features, previously established by Gavard et al.[37] and further 
supported in this study with consistent additional data, are crucial for offering new advantages and 
improving clinical outcomes in skin quality treatment, positioning them as a new category of advanced skin 
boosters. The high concentration of H-HA, along with its exceptional cohesivity and elasticity G’, 
contributes favorably to tissue interaction in the treated area, thereby enhancing mechano-stimulation and 
promoting better tissue regeneration.

In investigating the performance profile of injectable HA products for skin quality treatments, evaluating 
the persistence of HA against hyaluronidase degradation is a crucial factor. This article presents a 
comprehensive in vitro study of this enzymatic degradation, supported by rheological and cohesivity 
evidence. Literature reports on the dose, volume, and administration techniques for exogenous 
hyaluronidase injections by healthcare professionals to manage complications (i.e. adverse events). Research 
has examined a wide range of doses, from 1.5 up to over 1,000 U, with a consensus indicating that around 
60 U of hyaluronidase can effectively degrade 1.0 g of most HA-based products[47].

,
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In the present study, hyaluronidase Test 1 examines enzymatic degradation using a concentration of 60 U/g 
of gel. Equivolumes of the HA product and the enzymatic solution are mixed to achieve this concentration. 
The significant dilution effect of the HA gel reflects the conditions typically encountered when treating 
adverse events that require the degradation of HA gel within skin tissues. Practitioners used to inject large 
volumes of hyaluronidase solution into the gel to facilitate gel resorption and enhance enzyme diffusion. In 
such cases, a complete and fast degradation is anticipated, ideally occurring within 1 h, as hyaluronidase 
activity could be only partially maintained in vivo during this time[48]. Additionally, in hyaluronidase Test 1, 
the rheological monitoring of the elastic modulus G’ as a function of time was conducted to assess the 
persistence of the gel structure for each tested product.

Whatever the product tested, the time required for complete degradation of the gel is under 40 min, as 
presented in Figure 2. This aligns with practitioners’ need to activate the degradation of the HA gel in less 
than 1 h during clinical treatments for complications. However, the data surprisingly indicate that the 
stabilized 2.6% H-HA/3.2% sorbitol composition degrades significantly more slowly than the two leading 
crosslinked skin quality products used for comparison.

These results can be considered unconventional because the crosslinking of HA is widely recognized as the 
most effective method for enhancing HA’s resistance to hyaluronidase activity. Higher concentrations of 
HA and a greater degree of crosslinking are associated with increased resistance to enzymatic 
degradation[19,49,50], although crosslinking technology seems to be the predominant factor[50]. NASHA-based 
products are reported to be among the most sensitive to hyaluronidase, whereas HA products manufactured 
with Vycross technology exhibit greater resistance to degradation. Therefore, the results of this article 
regarding HA products NASHA-20 (Galderma) and VYC-12 (Allergan), used for comparison with the 
stabilized 2.6% H-HA/3.2% sorbitol composition, align with findings from other published studies[49-51].

This better resistance of the stabilized 2.6% H-HA/3.2% sorbitol composition to hyaluronidase degradation 
can be explained by the unique stabilized structure of the HA gel. This structure is strongly densified by the 
high density of hydrogen bonds formed by the sorbitol molecules within the viscoelastic gel matrix, as 
illustrated in Figure 1. The numerous hydrogen bonds in this configuration impede the action of 
hyaluronidase, effectively serving as a natural shield that protects the HA gel from enzymatic degradation.

To better understand the kinetics of hyaluronidase action on this structure, the hyaluronidase Test 2 
facilitates the comprehensive mapping of the structure and internal strength of the stabilized 2.6% H-HA/
3.2% sorbitol composition throughout enzymatic degradation, as presented in Figure 3. The dilution factor 
of the gel is significantly lower than in the hyaluronidase Test 1, while the ratio of hyaluronidase content to 
HA remains the same. This approach allows for representative cohesivity measurements throughout the 
experiment, enabling visual observation of degradation’s impact on the gel’s structure. With this analysis of 
Test 2, the loss of elastic modulus G’ while retaining cohesivity may seem paradoxical, but it can be 
explained by the rapid rearrangement of hydrogen bonds within the HA matrix. Once hyaluronidase 
reaches its target site and breaks HA, a new accessible hydroxyl group is generated, allowing for the 
formation of a new hydrogen bond with sorbitol. This rearrangement occurs rapidly, typically within a few 
nanoseconds[52,53], conferring a dynamic “self-healing” characteristic to the product. Specifically, this 
phenomenon compensates for the loss of structural cohesivity due to HA network degradation by creating 
an immediate secondary network [Figure 4]. However, as HA molecules are irreversibly cut, their overall 
length decreases, leading to increased mobility among the chains. Consequently, the newly formed network 
suffers from a lack of macromolecular organization, resulting in a decrease in elastic modulus G’[54,55]. 
Internal cohesion is ultimately lost when low molecular weight HA predominates in the gel, causing 
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Figure 4. Schematic representation of the stabilized 2.6% H-HA/3.2% sorbitol composition at different states of hyaluronidase 
degradation (glycosidic bond attacks), illustrating the preservation of cohesivity due to the dense network of hydrogen bonds within the 
gel structure. H-HA: High molecular weight hyaluronic acid.

molecular chains to become so mobile that sorbitol can no longer effectively serve as internal cement.

The cohesivity and resistance to hyaluronidase degradation observed in the stabilized 2.6% H-HA/3.2% 
sorbitol composition are significant features that enable prolonged performance in skin tissues through 
mechano-stimulation. This process may enhance the skin’s endogenous production of key components 
such as HA, elastin, collagen, and fibrillin, as previously reported in the literature[38].

The findings presented in this study shall be interpreted with consideration of its inherent limitations. Using 
triplicate datasets introduced several challenges, including sensitivity to outliers, imprecise variability 
estimation, reduced accuracy in confidence intervals, and limited generalizability. These factors may result 
in undetected small differences between products. However, the confirmed normal distributions and high 
statistical power significantly mitigated many common biases associated with triplicates.

Only a limited selection of available skin quality boosters from the broader market was investigated. 
Therefore, our results could be strengthened through comparative studies with other skin quality enhancers 
available.

On the other hand, while in vitro assays provide a controlled environment for assessing resistance to 
hyaluronidase degradation, they do not fully replicate the complexity of living tissues. Future in vivo studies 
and clinical trials are needed to address this limitation, offering more accurate insights into the treatment’s 
longevity, safety profile, and effects on skin hydration, elasticity, and overall quality over time.

In conclusion, the findings of this study demonstrate that the stabilized 2.6% H-HA/3.2% sorbitol 
composition exhibits unique elasticity (G’) properties and cohesivity, which are well-preserved during 
enzymatic degradation by hyaluronidase. The stability of this novel composition is significantly higher than 
that of the crosslinked HA VYC-12 and NASHA-20 products. This indicates that the incorporation of 
sorbitol into the H-HA effectively enhances product properties and protects them during degradation in 
skin tissues. This sustained high elasticity G’ and cohesivity during the in vitro degradation of the 2.6% H-
HA/3.2% sorbitol composition should be regarded as a key differentiating factor that enhances product 
performance in skin quality treatments. This ability strengthens the potential of this advanced stabilized HA 
product to boost the mechano-stimulation of skin tissues, improving skin structure and texture, hydration 
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and elasticity. Importantly, it also allows for a reversible treatment option with hyaluronidase in case of 
complications.

With its composition and features, the stabilized 2.6% H-HA/3.2% sorbitol product represents a promising 
new category of skin boosters in anti-aging and regenerative treatments.
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