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Abstract

During last years, hyaluronic acid- (HA-) based dermal fillers have grown rapidly and continuously, as reported by the American Society of
Aesthetic Plastic Surgery (ASAPS). In fact, HA fillers are considered the gold standard technique for soft tissue augmentation, deep skin hydration,
and facial recontouring, playing a key role as an alternative to plastic surgery. HA fillers are less invasive, more biocompatible, and safer and with a
more natural and immediate result if compared to plastic surgery. Hence, the safety of HA-based dermal fillers plays a crucial role, mostly in terms
of biocompatibility and adjustability in case of unpleasant results and side effects such as, tyndall effect, edema, or granulomas. Hyaluronidase is a
naturally occurring enzyme, present in the human body, and can degrade HA fillers avoiding more severe complications. In this article, we
analyzed the bioavailability of hyaluronidase degradation of five fillers of Neauvia® hydrogels line (MatexLab SA, Lugano, CH), composed of pure
hyaluronic acid and based on PEGDE cross-linking (polyethylene glycol) technology that guarantees a higher biocompatibility and an optimal
biointegration and rheological characteristics. The performed in vitro testing is based on the colorimetric determination of the N-acetyl-D-
glucosamine (NAG) present in solution after incubation with hyaluronidase, determined at different time points in order to assess the kinetic of
each product degradation (1h, 3h, 6h, 24h, 48h, 72h, 120h, and 168h). The aim of this study was to assess, in vitro, how the difference in HA
content and PEGDE concentration of the analyzed fillers can influence the product biocompatibility, intended as product enzymatic clearance and
duration in time. The results demonstrated that the method was reproducible and easy to perform and that all the analyzed fillers are naturally
immediately available for hyaluronidase-mediated degradation.

1. Introduction

During last years, the demand for ever less invasive but equally effective techniques in the field of aesthetic medicine has increased exponentially.
This trend has therefore stimulated the use of intradermal fillers as a gold standard method to increase soft tissue volume, at the expense of plastic
surgery, a technique considered much more invasive [1-4]. In fact, if compared to an implant device, intradermal fillers are safer and less invasive,
with an immediate result and a more natural effect [2].

As public awareness and acceptance of dermal fillers grows, the size of market grows also with an estimation of 160 products currently available
worldwide on the market and produced by more than 50 companies [5]. Moreover, according to data from the American Society for Aesthetic
Plastic Surgery (ASAPS), more than 1.6 million dermal filler treatments were performed in 2011, making them the second most popular
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nonsurgical cosmetic procedure performed in the USA after neuromodulators, whose procedure is frequently performed concurrently with dermal
filler injections [6].

Moreover, according to the ASAPS, more than 85% of all dermal filler procedures performed in 2008 used hyaluronic acid- (HA-) based products
[2] and in 2015, HA-dermal fillers accounted for more than 92% of all filler treatments in the US [7].

The peculiarities of HA, such as the ability to increase the volume of skin being highly biocompatible, its nonimmunogenic nature, to encompass a
large volume of water that expands extracellular space and to hydrate tissues, make it the first choice as the major component of dermal fillers [8,
9].

It is important to underline that HA is physiologically present in the human body, being a major component of the extracellular matrix [10],
playing a major role in its organization and integrity, thereby participating in the preservation of the form and in the spatial arrangement of tissue
components.

HA is a glycosaminoglycan (GAG) polymer consisting of repeated disaccharide units of glucuronic acid and N-acetylglucosamine, which are
linked by B(1,4)-glycosidic bond, reaching 10°-107 Da in molecular mass [11-13].

Even if HA-based fillers are considered safe and noninvasive, side effects can occur; in fact, unwanted some adverse reactions have been reported
such as overcorrections, tyndall effect, lower eyelid edema to granulomas, infections, or even vascular occlusion [14].

Therefore, the presence of a specific antidote, e.g., hyaluronidase, becomes important for the management of complications during and after filler
injection. Hyaluronidases are endoglycosidases, physiologically present in the human body, that cleave HA, reducing its viscosity [15].
Hyaluronidases could be classified into three groups according to their mechanism of action and end products: mammalian hyaluronidase (testis
tube), leech/hook worm hyaluronidase, and microbial hyaluronidase [16, 17]. Mammalian and microbial hyaluronidases act on the $-1,4-
glycosidic linkages of HA, while the leech/hook worm hyaluronidase degrades the 8-1,3-glycosidic bond; all of them degrade the HA molecule and
produce oligosaccharides of different chain lengths [18, 19].

Hyaluronidase is able to degrade HA-hydrogels and may rescue from more severe vascular complications. For this reason, immediate availability of
hyaluronidase is essential for every physician who uses HA fillers [20-22]. Moreover, the sensitivity to endogenous hyaluronidases produced by the
body is an important factor to be considered for the temporal persistence of the filler once injected. In fact, this mechanism plays a fundamental
role in achieving a short- or a long-lasting effect of the product.

Despite the availability of hyaluronidases, it has being discussed whether all HA fillers are sensitive to the activity of these enzymes; in fact, several
studies have shown that the resistance to degradation depends on numerous factors, such as the concentration of HA, the type and degree of cross-
linking, and the cohesive properties [23-26].

Considering the potential risk related to HA filler injection, it is extremely important to analyze and deeper investigate the sensitivity of
commercially available HA-based fillers to hyaluronidase degradation in order to guarantee a greater safety to the patients and to offer a potential
competitive edge over other manufacturers of dermal fillers.

In order to assess these important aspects, we analyzed the bioavailability of bovine hyaluronidase degradation of five fillers of Neauvia® hydrogels
line (MatexLab SA, Lugano, CH) in a time-dependent manner [27]. The Neauvia® hydrogels are composed of pure hyaluronic acid and are based on
PEGDE cross-linking (polyethylene glycol) (Figure 1) technology [28-30] that guarantees a major biocompatibility and an optimal biointegration
and rheological characteristics.

Each Neauvia® filler that we tested is based on a specific combination of HA and PEGDE for different treatment indications and injection plans,
according to each product’s characteristics.

2. Methods

2.1. Chemicals and Instruments

The bioavailability of hyaluronidase of five Neauvia® hydrogels has been evaluated in vitro. These products are composed of pure hyaluronic acid
and a PEGDE cross-linker that can guarantee a high level of biosafety and tolerability profile, as well as a 3D hydrogel matrix.

These hydrogels differ in hyaluronic acid content and PEGDE concentration and the different specific combination allows creating products with
different indications and injection plans and with a good rheological ratio.

Type I-S hyaluronidase from bovine testis was purchased from Sigma Aldrich (ref. H3506, 451 Units/mg); all other chemicals were of the highest
purity available.

The absorbance was measured using a Multiskan-Go (Fisher Scientific) spectrophotometer.
2.2. Sample Preparation

All the Neauvia® hydrogels were weighed (0.2 g) and placed in glass tubes. The tubes were then centrifuged for 5 minutes at 1000 g using a
refrigerated bench centrifuge (Megastar 600R, VWR) equipped with a swinging bucket rotor. At the end of the centrifugation, thin pellets firmly
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attached at the bottom of the tubes were obtained.
2.3. Hyaluronidase Sensitivity Test

Type I-S hyaluronidase from bovine testes (Sigma Aldrich; ref. H3506, 451 U/mg) was prepared at 6080 U/ml in isotonic phosphate-NaCl (0.9%)
buffer at pH 7.4 [31]. The glass tubes containing the gel pellets and the hyaluronidase solution were preincubated separately at 37°C. Then, 100ul of
the enzyme solution was added gently onto the surface of the gels and, after incubation at different time points (1h, 3h, 6h, 24h, 48h, 72h, 120h,
168h), the enzymatic reaction was stopped by the addition of 0.1 ml potassium tetraborate (0.8 M, pH 9.1), followed by vortexing and heating at
100°C. The tubes were then cooled at room temperature and the NAG present in solution was assayed.

2.4. Assay of the Released NAG

The measurement of the NAG present in solution was performed according to the methods reported in Sall et al. and Reissing et al. [23, 31]. Briefly,
Ehrlich’s reagent (Sigma Aldrich) diluted 1:10 in acetic acid was added to the tubes. The samples were vortexed and incubated for 20 min at 37°C,
to develop a violet color proportional to the NAG content in each sample. The tubes were centrifuged at 1000g for 15min to remove gel fragments
and protein precipitate. Then, each sample absorbance at 585nm was recorded using a microplate reader (Multiskan-Go, Fisher Scientific). A blank
condition consisting only of phosphate buffer and the Ehrlich’s reagent was set up for each reaction.

2.5. Data Analysis

Data obtained from hyaluronidase sensitivity tests were analyzed by determining NAG degradation percentage at each time point. The expected
amount of NAG in each sample starting from the percentage of hyaluronic acid in each product was calculated. The obtained values were used as a
reference to calculate the percentage of NAG present in solution after hyaluronidase-mediated degradation.

The obtained data were plotted using the standard hyperbole equation (Sigma plot)

_ ax 0
Y b+x

a = degradation maximum; b = t(1/2).
Data points fitting to the model were evaluated by calculating for each sample analysis R2.

Slope values between points 0 - 50% were calculated as well in order to determine the degradation rate for each product. t(1/2) is defined as the
time at which NAG degradation is half the maximum;

t500, is defined as the time at which NAG degradation is equal to 50%.

3. Results

All the tested hydrogels resulted to be sensitive to hyaluronidase degradation. Indeed, the incubation of each of the analyzed samples in the
presence of bovine hyaluronidase resulted in a time-dependent change of absorbance at 585 nm (Figure 2).

Figure 2: Hydrogels sensitivity to hyaluronidase. Absorbance values obtained after colorimetric NAG assay. Values are
normalized for sample content in HA.

According to the coefficients of determination reported in Table 1, hyaluronidase degradation curves resulted within the hyperbola regression in all
of the cases indicating that, independently from the product HA content and cross-linker concentration, all five analyzed products are naturally
immediately available for enzyme-mediated degradation.

Table 1: Neauvia® hydrogels characteristics and degradation parameters.

The maximal percentage of NAG degradation (76.36 %) was obtained with the product Neauvia® Intense Rheology containing 22 mg/ml HA.
Similar degradation maxima were obtained for products Neauvia® Intense LV (26 mg/ml HA, degradation max 73.86%) and Neauvia® Stimulate (26
mg/ml HA containing CaHA, degradation max 71.24%). Degradation maxima were lower for products Neauvia® Intense Lips (24 mg/ml HA) and
Neauvia® Flux (26 mg/ml HA), 65.95% and 64.7%, respectively (Figure 3). As for the degradation rate, evaluated by calculating each curve slope
between 0 and 50%, Neauvia® Intense Lips resulted to have the quickest degradation rate (6.54 %/h), while Neauvia® Flux resulted to have the
slowest degradation rate (2.5 %/h). Indeed, Neauvia® Intense Lips t; , resulted to be the highest (5.04 h) while Neauvia® Flux the lowest (12.9 h).

Figure 3: Percentage of NAG released after hyaluronidase degradation assay. Data were plotted using the hyperbola equation.
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4, Discussion

In this study, the bioavailability of hyaluronidase degradation of five Neauvia® hydrogels has been evaluated in vitro. The five tested products differ
for hyaluronic acid content and PEGDE cross-linker concentration. The aim of this study was to assess, in vitro, how the previously mentioned
features of a filler can influence the product biocompatibility, intended as product enzymatic clearance, and consequently the duration over time of
the implant. In particular, the use of PEGDE as a crosslinking agent is an innovation in the biomedical field and makes interesting the study of
Neauvia® PEGDE fillers in order to investigate their behavior in the presence of hyaluronidase mostly in terms of improved stability and preserved
biocompatibility. Indeed, ideally a filler should be endowed with long term stability but, at the same time, with plasticity and should be
biocompatible. Here, by using an in vitro “stress” assay, we determined the sensitivity of Neauvia® Intense Rheology, Neauvia® Intense Lips,
Neauvia® Intense LV, Neauvia® Flux, and Neauvia® Stimulate to a bovine hyaluronidase. The results obtained showed that all the tested products
were sensitive to hyaluronidase degradation, but the maximum degradation percentage obtained in the experimental conditions was not dependent
on HA initial concentration nor on cross-linker concentration. Similar behavior was found when considering the calculated degradation rates.
Indeed Neauvia® Intense Lips (24 mg/ml HA) was degraded faster and Neauvia® Flux (26 mg/ml HA) was degraded slower. Our result
demonstrated that HA content can be correlated instead to g, indicating that HA content was related to initial hydrogel degradation.

In conclusion, we found a correlation between HA content and short-term degradation, instead long-term degradation of the analyzed hydrogels is

very likely influenced by different biophysics characteristics of the hydrogels.
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The processed data used to support the finding of this study are included within the article. The raw data used to support the finding of this study
are available from the corresponding author upon request.

Contflicts of Interest

The authors declare the absence of any conflicts of interest.

Acknowledgments

The research was supported by Matex Lax spa. The article processing charges were funded by the authors.

References

1. I. B. Allemann and L. Baumann, “Hyaluronic acid gel (Juvederm™) preparations in the treatment of facial wrinkles and folds,” Clinical
Interventions in Aging, vol. 3, no. 4, pp. 629-634, 2008. View at Google Scholar

2. K. L. Beasley, M. A. Weiss, and R. A. Weiss, “Hyaluronic acid fillers: a comprehensive review;” Facial Plastic Surgery, vol. 25, no. 2, pp. 86-94,
2009. View at Publisher - View at Google Scholar

3. M. P. Lupo, “Hyaluronic acid fillers in facial rejuvenation,” Seminars in Cutaneous Medicine and Surgery, vol. 25, no. 3, pp. 122-126, 2006.
View at Publisher - View at Google Scholar - View at Scopus

4. A. Rivkin, “New fillers under consideration: what is the future of injectable aesthetics?” Facial Plastic Surgery, vol. 25, no. 2, pp. 120-123,
2009. View at Publisher - View at Google Scholar - View at Scopus

5. D. Funt and T. Pavicic, “Dermal fillers in aesthetics: an overview of adverse events and treatment approaches,” Clinical, Cosmetic and
Investigational Dermatology, vol. 6, pp. 295-316, 2013. View at Google Scholar - View at Scopus

6. American Society for Aesthetic Plastic Surgery, “Cosmetic surgery national data bank statistics,” 2012 http://www.surgery.org/sites/default/fil
es/ASAPS-2011-Stats.pdf.

7. Surgeons ASOP, “Plastic Surgery Statistics Report,” Tech. Rep., 2016. View at Google Scholar

8. W.D. Comper and T. C. Laurent, “Physiological function of connective tissue polysaccharides,” Physiological Reviews, vol. 58, no. 1, pp. 255-
315, 1978. View at Publisher - View at Google Scholar - View at Scopus

9. R. Stern, “Hyaluronan catabolism: a new metabolic pathway,” European Journal of Cell Biology, vol. 83, no. 7, pp. 317-325, 2004. View at
Publisher - View at Google Scholar - View at Scopus

10. G. D. Prestwich, D. M. Marecak, J. E Marecek, K. P. Vercruysse, and M. R. Ziebell, “Controlled chemical modification of hyaluronic acid:
synthesis, applications, and biodegradation of hydrazide derivatives,” Journal of Controlled Release, vol. 53, no. 1-3, pp. 93-103, 1998. View at
Publisher - View at Google Scholar - View at Scopus

11. K. Meyer and J. W. Palmer, “The polysaccharide in the vitreous humur,” The Journal of Biological Chemistry, vol. 107, pp. 629-634, 1934.
View at Google Scholar

12. T. C. Laurent and J. R. Fraser, “Hyaluronan.,” The FASEB Journal, vol. 6, no. 7, pp. 2397-2404, 1992. View at Publisher - View at Google
Scholar

13. B. P. Toole, “Hyaluronan,” in Proteoglycans, R. V. Iozzo, Ed., Marcel Dekker, New York, NY, USA, 2000. View at Google Scholar

14. B. A. Buhren, H. Schrumpf, N. Hoff, E. Bélke, S. Hilton, and P. A. Gerber, “Hyaluronidase: from clinical applications to molecular and

https://www.hindawi.com/journals/bmri/2019/3196723/ Page 4 of 5


http://scholar.google.com/scholar_lookup?title=Hyaluronic+acid+gel+(Juvederm%e2%84%a2)+preparations+in+the+treatment+of+facial+wrinkles+and+folds&author=I.+B.+Allemann&author=L.+Baumann&publication_year=2008
https://doi.org/10.1055%2fs-0029-1220647
http://scholar.google.com/scholar_lookup?title=Hyaluronic+acid+fillers%3a+a+comprehensive+review&author=K.+L.+Beasley&author=M.+A.+Weiss&author=R.+A.+Weiss&publication_year=2009
https://doi.org/10.1016%2fj.sder.2006.06.011
http://scholar.google.com/scholar_lookup?title=Hyaluronic+acid+fillers+in+facial+rejuvenation&author=M.+P.+Lupo&publication_year=2006
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-33750008653&partnerID=K84CvKBR&rel=3.0.0&md5=ddb5296df5ff0dea63fad9a014f0e867
https://doi.org/10.1055%2fs-0029-1220652
http://scholar.google.com/scholar_lookup?title=New+fillers+under+consideration%3a+what+is+the+future+of+injectable+aesthetics%3f&author=A.+Rivkin&publication_year=2009
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-67649386609&partnerID=K84CvKBR&rel=3.0.0&md5=d2f04b2fcbac5e0381c3c4e9865ed652
http://scholar.google.com/scholar_lookup?title=Dermal+fillers+in+aesthetics%3a+an+overview+of+adverse+events+and+treatment+approaches&author=D.+Funt&author=T.+Pavicic&publication_year=2013
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-84890306366&partnerID=K84CvKBR&rel=3.0.0&md5=c5e4f86184d513c40ce015bcb0a6d24f
http://www.surgery.org/sites/default/files/ASAPS-2011-Stats.pdf
http://scholar.google.com/scholar_lookup?title=Plastic+Surgery+Statistics+Report&author=Surgeons+ASOP&publication_year=2016
https://doi.org/10.1152%2fphysrev.1978.58.1.255
http://scholar.google.com/scholar_lookup?title=Physiological+function+of+connective+tissue+polysaccharides&author=W.+D.+Comper&author=T.+C.+Laurent&publication_year=1978
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0018231626&partnerID=K84CvKBR&rel=3.0.0&md5=ae5e382ab9ec98308b21eb37c578f5b5
https://doi.org/10.1078%2f0171-9335-00392
http://scholar.google.com/scholar_lookup?title=Hyaluronan+catabolism%3a+a+new+metabolic+pathway&author=R.+Stern&publication_year=2004
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-4744355223&partnerID=K84CvKBR&rel=3.0.0&md5=378546ab2306644613f1efa2cfc2dd80
https://doi.org/10.1016%2fS0168-3659(97)00242-3
http://scholar.google.com/scholar_lookup?title=Controlled+chemical+modification+of+hyaluronic+acid%3a+synthesis%2c+applications%2c+and+biodegradation+of+hydrazide+derivatives&author=G.+D.+Prestwich&author=D.+M.+Marecak&author=J.+F.+Marecek&author=K.+P.+Vercruysse&author=M.+R.+Ziebell&publication_year=1998
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0032580491&partnerID=K84CvKBR&rel=3.0.0&md5=3354adc8baff634242a61f3206991bc3
http://scholar.google.com/scholar_lookup?title=The+polysaccharide+in+the+vitreous+humur&author=K.+Meyer&author=J.+W.+Palmer&publication_year=1934
https://doi.org/10.1096%2ffasebj.6.7.1563592
http://scholar.google.com/scholar_lookup?title=Hyaluronan.&author=T.+C.+Laurent&author=J.+R.+Fraser&publication_year=1992
http://scholar.google.com/scholar_lookup?title=Hyaluronan&author=B.+P.+Toole&publication_year=2000

In Vitro Evaluation of the Biological Availability of Hyaluronic Ac...ylene Glycols-Cross-Linked Hydrogels to Bovine Testes Hyaluronidase 13/06/2019, 18:34

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

cellular mechanisms,” European Journal of Medical Research, vol. 21, no. 1, article 5, 2016. View at Publisher - View at Google Scholar

M. Cavallini, B. Antonioli, R. Gazzola et al., “Hyaluronidases for treating complications by hyaluronic acid dermal fillers: evaluation of the
effects on cell cultures and human skin,” European Journal of Plastic Surgery, vol. 36, no. 8, pp. 477-484, 2013. View at Publisher - View at
Google Scholar - View at Scopus

K. S. Girish and K. Kemparaju, “The magic glue hyaluronan and its eraser hyaluronidase: a biological overview;” Life Sciences, vol. 80, no. 21,
pp. 1921-1943, 2007. View at Publisher - View at Google Scholar - View at Scopus

K. Meyer, “Hyaluronidases,” in The Enzymes, P. D. Boyer, Ed., pp. 307-320, Academic, New York, NY, USA, 1971. View at Google Scholar

N. S. El-Safory, A. E. Fazary, and C. Lee, “Hyaluronidases, a group of glycosidases: Current and future perspectives,” Carbohydrate Polymers,
vol. 81, no. 2, pp. 165-181, 2010. View at Publisher - View at Google Scholar

P. J. Hoetz, S. Narasimhan, J. Haggerty et al., “Hyaluronidase from infective Ancylostomahook-worm larva and its possible function as a
virulence factor in tissue invasion and in cutaneous larva magrans,” Infection and Immunity, vol. 60, pp. 1023-1081, 1992. View at Google
Scholar

R. J. Hirsch, H. J. Brody, and J. D. A. Carruthers, “Hyaluronidase in the office: A necessity for every dermasurgeon that injects hyaluronic
acid,” Journal of Cosmetic and Laser Therapy, vol. 9, no. 3, pp. 182-185, 2007. View at Publisher - View at Google Scholar - View at Scopus

R. J. Hirsch, J. L. Cohen, and J. D. A. Carruthers, “Successful management of an unusual presentation of impending necrosis following a
hyaluronic acid injection embolus and a proposed algorithm for management with hyaluronidase,” Dermatologic Surgery, vol. 33, no. 3, pp.
357-360, 2007. View at Publisher - View at Google Scholar - View at Scopus

D. Kim, E. Yoon, Y. Ji, S. Park, B. Lee, and E. Dhong, “Vascular complications of hyaluronic acid fillers and the role of hyaluronidase in
management,” Journal of Plastic, Reconstructive & Aesthetic Surgery, vol. 64, no. 12, pp. 1590-1595, 2011. View at Publisher - View at Google
Scholar

I Sall and G. Férard, “Comparison of the sensitivity of 11 crosslinked hyaluronic acid gels to bovine testis hyaluronidase,” Polymer
Degradation and Stability, vol. 92, no. 5, pp. 915-919, 2007. View at Publisher - View at Google Scholar - View at Scopus

A. La Gatta, C. Schiraldi, A. Papa, and M. De Rosa, “Comparative analysis of commercial dermal fillers based on crosslinked hyaluronan:
physical characterization and in vitro enzymatic degradation,” Polymer Degradation and Stability, vol. 96, no. 4, pp. 630-636, 2011. View at
Publisher - View at Google Scholar - View at Scopus

M. L. W. Juhasz, M. K. Levin, and E. S. Marmur, “The kinetics of reversible hyaluronic acid filler injection treated with hyaluronidase,’
Dermatologic Surgery, vol. 43, no. 6, pp. 841-847, 2017. View at Publisher - View at Google Scholar - View at Scopus

B. A. Buhren, H. Schrumpf, E. Bélke, K. Kammers, and P. A. Gerber, “Standardized in vitro analysis of the degradability of hyaluronic acid
fillers by hyaluronidase,” European Journal of Medical Research, pp. 23-27, 2018. View at Google Scholar - View at Scopus

N. Zerbinati, T. Lotti, D. Monticelli et al., “In vitro evaluation of the sensitivity of a hyaluronic acid PEG cross-linked to bovine testes
hyaluronidase,” Open Access Macedonian Journal of Medical Sciences, vol. 6, no. 1, pp. 20-24, 2018. View at Publisher - View at Google
Scholar - View at Scopus

N. E. Larsen, E. Leshchiner, C. T. Pollak, and E. A. Balazs, “Evaluation of Hylan B (Hylan Gel) as soft tissue dermal implants,” in Proceedings
of the Materials Research Society (Spring Meeting), vol. 394, pp. 193-197, San Francisco, Calif, USA, 1995.

N. E. Larsen, C. T. Pollak, K. Reiner, E. Leshchiner, and E. A. Balazs, “Hylan gel biomaterial: dermal and immunologic compatibility,” Journal
of Biomedical Materials Research Part B: Applied Biomaterials, vol. 27, no. 9, pp. 1129-1134, 1993. View at Publisher - View at Google Scholar
- View at Scopus

FE Duranti, G. Salti, B. Bovani et al, “Injectable hyaluronic acid gel for soft tissue augmentation: a clinical and histological study;’
Dermatologic Surgery, vol. 24, no. 12, pp. 1317-1325, 1998. View at Publisher - View at Google Scholar - View at Scopus

J. L. Reissing, J. L. Strominger, and L. E. Leloir, “A modified colorimetric method for the estimation of N-acetylamino sugars,” The Journal of
Biological Chemistry, vol. 217, pp. 959-996, 1955. View at Google Scholar

About Hindawi Publish with Us Work with Us Legal

Meet the Team Submit Manuscript Publishers Terms of Service
in fy O Contact Us Browse Journals Editors Privacy Policy

Blog For Authors Copyright

Jobs

https://www.hindawi.com/journals/bmri/2019/3196723/ Page 5 of 6


https://doi.org/10.1186%2fs40001-016-0201-5
http://scholar.google.com/scholar_lookup?title=Hyaluronidase%3a+from+clinical+applications+to+molecular+and+cellular+mechanisms&author=B.+A.+Buhren&author=H.+Schrumpf&author=N.+Hoff&author=E.+B%c3%b6lke&author=S.+Hilton&author=P.+A.+Gerber&publication_year=2016
https://doi.org/10.1007%2fs00238-013-0855-y
http://scholar.google.com/scholar_lookup?title=Hyaluronidases+for+treating+complications+by+hyaluronic+acid+dermal+fillers%3a+evaluation+of+the+effects+on+cell+cultures+and+human+skin&author=M.+Cavallini&author=B.+Antonioli&author=R.+Gazzola+et+al.&publication_year=2013
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-84880274507&partnerID=K84CvKBR&rel=3.0.0&md5=062ac3a70264bcda09dd68c51556b9dd
https://doi.org/10.1016%2fj.lfs.2007.02.037
http://scholar.google.com/scholar_lookup?title=The+magic+glue+hyaluronan+and+its+eraser+hyaluronidase%3a+a+biological+overview&author=K.+S.+Girish&author=K.+Kemparaju&publication_year=2007
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-34247119777&partnerID=K84CvKBR&rel=3.0.0&md5=6d8cfefc4f43108107e6c7ff814af38a
http://scholar.google.com/scholar_lookup?title=Hyaluronidases&author=K.+Meyer&publication_year=1971
https://doi.org/10.1016%2fj.carbpol.2010.02.047
http://scholar.google.com/scholar_lookup?title=Hyaluronidases%2c+a+group+of+glycosidases%3a+Current+and+future+perspectives&author=N.+S.+El-Safory&author=A.+E.+Fazary&author=C.+Lee&publication_year=2010
http://scholar.google.com/scholar_lookup?title=Hyaluronidase+from+infective+Ancylostomahook-worm+larva+and+its+possible+function+as+a+virulence+factor+in+tissue+invasion+and+in+cutaneous+larva+magrans&author=P.+J.+Hoetz&author=S.+Narasimhan&author=J.+Haggerty+et+al.&publication_year=1992
https://doi.org/10.1080%2f14764170701291674
http://scholar.google.com/scholar_lookup?title=Hyaluronidase+in+the+office%3a+A+necessity+for+every+dermasurgeon+that+injects+hyaluronic+acid&author=R.+J.+Hirsch&author=H.+J.+Brody&author=J.+D.+A.+Carruthers&publication_year=2007
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-34548303279&partnerID=K84CvKBR&rel=3.0.0&md5=be189cb97adc0b4ef5e1fe9df433093f
https://doi.org/10.1111%2fj.1524-4725.2007.33073.x
http://scholar.google.com/scholar_lookup?title=Successful+management+of+an+unusual+presentation+of+impending+necrosis+following+a+hyaluronic+acid+injection+embolus+and+a+proposed+algorithm+for+management+with+hyaluronidase&author=R.+J.+Hirsch&author=J.+L.+Cohen&author=J.+D.+A.+Carruthers&publication_year=2007
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-33847267688&partnerID=K84CvKBR&rel=3.0.0&md5=8a60c67d0d59fac05675d47edfaf0f7e
https://doi.org/10.1016%2fj.bjps.2011.07.013
http://scholar.google.com/scholar_lookup?title=Vascular+complications+of+hyaluronic+acid+fillers+and+the+role+of+hyaluronidase+in+management&author=D.+Kim&author=E.+Yoon&author=Y.+Ji&author=S.+Park&author=B.+Lee&author=E.+Dhong&publication_year=2011
https://doi.org/10.1016%2fj.polymdegradstab.2006.11.020
http://scholar.google.com/scholar_lookup?title=Comparison+of+the+sensitivity+of+11+crosslinked+hyaluronic+acid+gels+to+bovine+testis+hyaluronidase&author=I.+Sall&author=G.+F%c3%a9rard&publication_year=2007
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-34247548887&partnerID=K84CvKBR&rel=3.0.0&md5=7e95800562fecd8f42e1878f3028bcb9
https://doi.org/10.1016%2fj.polymdegradstab.2010.12.025
http://scholar.google.com/scholar_lookup?title=Comparative+analysis+of+commercial+dermal+fillers+based+on+crosslinked+hyaluronan%3a+physical+characterization+and+in+vitro+enzymatic+degradation&author=A.+La+Gatta&author=C.+Schiraldi&author=A.+Papa&author=M.+De+Rosa&publication_year=2011
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-79952195655&partnerID=K84CvKBR&rel=3.0.0&md5=e86e611ddcca12ee19076cdcb5add3bd
https://doi.org/10.1097%2fDSS.0000000000001084
http://scholar.google.com/scholar_lookup?title=The+kinetics+of+reversible+hyaluronic+acid+filler+injection+treated+with+hyaluronidase&author=M.+L.+W.+Juh%c3%a1sz&author=M.+K.+Levin&author=E.+S.+Marmur&publication_year=2017
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-85020220778&partnerID=K84CvKBR&rel=3.0.0&md5=a24d9981afb1d1860ba372ce8d5830c4
http://scholar.google.com/scholar_lookup?title=Standardized+in+vitro+analysis+of+the+degradability+of+hyaluronic+acid+fillers+by+hyaluronidase&author=B.+A.+Buhren&author=H.+Schrumpf&author=E.+B%c3%b6lke&author=K.+Kammers&author=P.+A.+Gerber&publication_year=2018
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-85052120806&partnerID=K84CvKBR&rel=3.0.0&md5=24933ee6afc950fbad9b3db6955065fc
https://doi.org/10.3889%2foamjms.2018.046
http://scholar.google.com/scholar_lookup?title=In+vitro+evaluation+of+the+sensitivity+of+a+hyaluronic+acid+PEG+cross-linked+to+bovine+testes+hyaluronidase&author=N.+Zerbinati&author=T.+Lotti&author=D.+Monticelli+et+al.&publication_year=2018
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-85044101450&partnerID=K84CvKBR&rel=3.0.0&md5=6e692a907172d46d5b339e9518d83d7e
https://doi.org/10.1002%2fjbm.820270903
http://scholar.google.com/scholar_lookup?title=Hylan+gel+biomaterial%3a+dermal+and+immunologic+compatibility&author=N.+E.+Larsen&author=C.+T.+Pollak&author=K.+Reiner&author=E.+Leshchiner&author=E.+A.+Balazs&publication_year=1993
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0027656638&partnerID=K84CvKBR&rel=3.0.0&md5=a59fc93d4abb9af8ecd858ff69b79a69
https://doi.org/10.1111%2fj.1524-4725.1998.tb00007.x
http://scholar.google.com/scholar_lookup?title=Injectable+hyaluronic+acid+gel+for+soft+tissue+augmentation%3a+a+clinical+and+histological+study&author=F.+Duranti&author=G.+Salti&author=B.+Bovani+et+al.&publication_year=1998
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-0032446741&partnerID=K84CvKBR&rel=3.0.0&md5=be452df9f87233e0f8a800da4155038e
http://scholar.google.com/scholar_lookup?title=A+modified+colorimetric+method+for+the+estimation+of+N-acetylamino+sugars&author=J.+L.+Reissing&author=J.+L.+Strominger&author=L.+F.+Leloir&publication_year=1955
https://about.hindawi.com/team/
https://www.hindawi.com/journals/bmri/contact/
https://about.hindawi.com/blog/
https://about.hindawi.com/jobs/
https://mts.hindawi.com/
https://www.hindawi.com/journals/
https://www.hindawi.com/authors/
https://about.hindawi.com/publishers/
https://www.hindawi.com/editors/
https://www.hindawi.com/terms/
https://www.hindawi.com/privacy/
https://www.hindawi.com/copyright/
https://www.linkedin.com/company/hindawi
https://www.facebook.com/HindawiPublishing/
https://twitter.com/hindawi
https://www.youtube.com/channel/UCDIK_O7FATPEkhad_sQVaSg

