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There are HA-based scaffolds that can be used in wound healing as potential bioactive dressings such as
bandages, topical gels, microspheres, nanoparticles, hydrocolloids, foams, transdermal/matrix patches, etc.
Hussain et al. reported HA-functionalized nanoparticles for the co-delivery of resveratrol and curcumin for chronic

diabetic wound treatment.

wound dressings bioactive agents hyaluronic acid wound management

| 1. Introduction

Some known factors that contribute to chronic wounds include diabetes, prolonged bed rest, obesity, smoking, age,
etc. These wounds include leg ulcers, diabetic foot ulcers, etc. It is reported that the burden of treating chronic
wounds contributes to an increase in healthcare costs worldwide. It occurs in four sequential stages: hemostasis

phase, inflammatory phase; proliferation phase; and maturation phase, which is the final stage of wound healing I
2

There are several wound dressing materials that can be used for the treatment of wounds. Some of the dressings
employed for wound healing include hydrogels BIIBIBIAEIRIILG sponges I films L2USIL4IS] nanefibers L8,
bandages [18I19120121]122]  mempranes [2312411251[26]127][28]129]  hydrocolloids B9, etc. There is no single wound
dressing that is suitable for wound care of all wound types. Wound dressings can be encapsulated with bioactive

agents to enhance their therapeutic outcomes on wound healing.

Several biopolymers (Figure 1) are utilized for the preparation of bioactive wound dressings, including hyaluronic
acid (HA), cellulose, chitin, chitosan, fibrin, alginate, elastin, dextran, collagen, and gelatin B9, etc. These polymers
possess excellent properties that can be significantly beneficial in wound healing, such as non-toxicity,
biodegradability, biocompatibility, readily availability, and non-immunogenicity B, The factors that must be
considered in the preparation of wound dressings include their capability to stop bleeding, combat infections, be
easily sterilized, absorb wound exudates, accelerate wound healing and wound debridement, non-toxicity, gas
permeability, good water vapor, ease of use, and biodegradability 22,
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Figure 1. Examples of some biopolymers used in the preparation of wound dressings.

2. Clinical and Commercially Available Hyaluronic Acid
Wound Dressings

HA is known as the simplest glycosaminoglycan and it is a constituent of extracellular matrix (ECM) with distinct
biological properties, wound healing potential, and physicochemical features. It is found and extracted from rooster
combs, synovial fluid, umbilical cord, and vitreous humor 22, It is biocompatible, non-toxic, biodegradable, exhibits
hydrophilic property, non-allergic, and naturally lacks immunogenicity with a broad range of applications B4, It
possesses many essential physiological properties, such as lubrication, space-filling, and structural properties,

retention abilities, and ECM water sorption 5],

Hyalosafe® is a transparent film utilized in the wound care and treatment of second-degree burns B8, The
biodegradation of this wound dressing significantly results in the release of HA that promotes epithelial cell
proliferation [28l. Hyalomatrix®is a conformable, flexible, and bilayered dermal material that promotes wound
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closure and dermis regeneration. The transparency of the top layer is necessary to monitor the wound healing

process and the therapeutic outcome of Hyalomatrix®in clinical studies.

This wound dressing possesses the capacity to absorb and release a large volume of water, ensuring skin
hydration during the wound healing process. It is a gel scaffold and is made up of a mixture of 2.5% sodium
hyaluronate and emollients that hinder the dehydration of tissue and support wound healing. There are various
types of wounds that can be treated with this gel, including diabetic, leg, and pressure ulcers, and it is suitable for

the management of bleeding wounds 7. It is regularly utilized for the treatment of acute and chronic wounds 28,

It is used for chronic wound management, including diabetic foot ulcers. Although several efforts have been
achieved thus far, the clinically and commercially employed HA-based scaffolds used for wound dressings still
demonstrate some limitations. Some of the limitations are the possible occurrence of impurities (because of the
extraction process employed to get HA), high production costs, low mechanical stability, and limited cell
proliferation and adhesion 2. There are various HA-based scaffolds that are used in wound management (such as
hydrogels, sponges, films, foams, membranes) that are currently under development to overcome the

shortcomings mentioned above.

| 3. Bioactive Agents Loaded Hyaluronic Acid Scaffolds

It greatly offers a biomimetic and moist environment for the growth of cells. These unique features of hydrogels
have attracted their application in the field of wound management. Hydrogels are formulated from natural and
synthetic polymers, and they exhibit essential properties that can be advantageous in tissue regeneration. Several
strategies are used to overcome these limitations, including crosslinking with synthetic polymers and chemical

modification.

formulated gelatin-crosslinked HA-based hydrogels entrapped with recombinant thrombomodulin for wound
treatment in diabetic mice #9. All the HA-based hydrogels exhibited excellent water absorption behavior, which
may help absorb wound exudates and promoted good drug absorption at the wound bed. The complete release of
thrombomodulin from HA hydrogels occurred in 12 h. The in vivo healing studies on diabetic mice displayed that
the hydrogels loaded with thrombomodulin demonstrated significantly more healing effect when compared to plain

hydrogels but did not differ from free thrombomodulin solution 9,

FTIR spectra revealed the successful loading of arginine derivative in the hydrogels. The intracellular antioxidant
tests using hydrogen peroxide-induced stress damage to the NIH 3T3 cells demonstrated that oxidative stress
decreased with increasing concentration of arginine derivative in the hydrogels, which could be advantageous for
wound healing. The wound healing experiment in vivo in the rat model displayed that the increase of arginine
derivative concentration in hydrogels significantly promotes a faster healing mechanism than the control.
Furthermore, the wounds treated with a hydrogel with the highest concentration of arginine derivative showed

almost complete healing on day 21 4],
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The antibacterial efficacy of the hydrogel against methicillin-resistantS. aureusshowed that the average zone of
inhibition of vancomycin-loaded hydrogels ranged between 5.7 £ 0.6 and 21.4 £ 0.7 mm post overnight culture.
These results can be significantly beneficial in wound treatment 2. formulated conformable HA-based hydrogels
loaded with adipose-derived stem cells for burn injury treatment. The in vivo wound healing of the hydrogels on a
deep second-degree burn wound murine mice model demonstrated significantly faster closure of the wound and
reduced the scar development 43,

This swelling efficiency is beneficial for carrying signal factors and nutrients between cells cultured in the HA
hydrogel and cells on the wound, resulting in stimulation of the cell outgrowth. The in vivo healing analysis using
full-thickness wound in mice showed that wounds treated with the hydrogels displayed a healing process, which
was higher compared to the commercial drug and free collagen hydrogel, HA hydrogel samples because the
combination of collagen and HA enhanced the wound healing 4. designed in situ HA hydrogels encapsulated with
plasmid DNA encoding vascular endothelial growth factor for the treatment of burn wounds. The in vivo wound
healing studies of the hydrogels using Sprague Dawley mice demonstrated accelerated healing on splinted burn
wounds, specifically by hindering inflammation reaction and stimulating microvascular development while being
biocompatible 2!,

The evaluation of the wound healing mechanism in vivo on a full-thickness skin model revealed a controlled
release of EGF from HA hydrogels and excellent healing capacity with respect to angiogenesis, granulation tissue
production, and growth factor levels 8. The rheological evaluation showed that the hydrogels have excellent
mechanical properties with gelation temperature near the physiological temperature; hence, they can be simply
locally employed on the injured site. Cytotoxicity assay displayed that the HA hydrogels have excellent
biocompatibility on L929 cells. The in vitro model of wound healing demonstrated that the AgNPs nanoparticle-

loaded hydrogels permit accelerated wound closure and restoration than the control 47,

The in vitro drug release profile of HA hydrogels showed sustained methylene blue release over 48 h. These
results revealed that HA hydrogels could be beneficial in wound treatment 28 The physicochemical properties of
hydrogels were confirmed by NMR, FTIR, and gel permeation chromatography (GPC). The cytotoxicity study using
MTT assay on the hydrogels demonstrated high cell viability of HFFF2 human fibroblast cells.

designed HA-based spongy hydrogels loaded with human adipose stem cells for diabetic wound treatment. These
spongy hydrogels demonstrated improved diabetic wound healing by significantly modulating the inflammatory
response and re-epithelialization to stimulate effective neoinnervation “9. The physicochemical properties of
hydrogels were successfully confirmed by 1H NMR, FTIR, and X-ray diffraction (XRD). A hemostatic examination of

the HA hydrogels demonstrated excellent hemostatic properties of ZnO-loaded HA hydrogels.

Films are flexible, transparent, and elastic materials made up of polymers-they permit oxygen and carbon dioxide
exchange and diffusion of water vapor from the injury site and prevent penetration of bacterial/other microbial
pathogens 9. The transparency of films allows the monitoring of the wound continuously, without removing it 29,

However, films demonstrate a reduced capacity to absorb the wound exudate, making them unsuitable for high
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exuding wounds and may cause trauma if not removed appropriately 1. Currently, HA films are developed by
incorporating bioactive molecules (such as natural product extract, growth factors, inorganic compounds, and

antibiotics) to improve their biological application.

formulated HA-based films incorporated with curcumin for wound healing 2. The swelling analysis showed that
curcumin-loaded films and plain films swelled rapidly within 15 min and reached a swelling equilibrium at 2 h,
demonstrating that all the hydrogels have outstanding water absorption. The cytotoxicity study of free curcumin and
curcumin grafted films on the L929 cells using MTT assay showed no adverse effect within 72 h. The hemolysis
test demonstrated no significant hemolysis with concentrations of films reaching up to 15 mg/mL, revealing that the

curcumin-loaded HA films have excellent biocompatibility.

prepared sodium-alginate crosslinked HA films loaded with AQNPs and sulfadiazine as topical bioactive wound
dressings 28, The SEM images exhibited crosslinked films that were homogeneous with no phase cracks. The
drug release kinetics in vitro showed that the release of sulfadiazine was higher at pH 4.1 compared to pH 7.2,
revealing a diffusion of sulfadiazine from a swelled film structure at pH 4.1 compared to the compact structure of
the film at pH 7.2. The in vitro antibacterial analysis showed that a combination of sulfadiazine (as an antibiotic)

with silver nanoparticles in the films results in more enhanced antimicrobial properties.

FTIR and XRD spectrums confirmed successful encapsulation of ZIF-8 in HA films, while SEM images
demonstrated appropriate dispersion of frameworks in HA material. Analysis of the mechanical properties of the
films showed Young’s modulus of 176 K Pa and decreased water contact angle of 27.7, showing improvement in
hydrophilicity. The cytotoxicity test of plain films and ZIF-8 on L929 cells showed a high cell viability of more than
98%. The antibacterial results from the disc diffusion method confirmed better growth inhibition for the films loaded

with ZIF-8 compared to the free films againstE. coliandS. aureus.

prepared transparent bilayered films based on HA and Polyvinylpyrrolidone (PVP). The in vitro drug release at
physiological conditions demonstrated a drug release reaching almost 100% within the initial 24 h. The
antibacterial results showed that bilayered films formed a zone of inhibition of 30.6 (x1.9), 42.9 (¥3.2), 39.5 (x2.0)
mm againstS. aureus,P. aeruginosa, andE. coli, respectively, revealing their good antibacterial activity. The in vivo
biocompatibility and bioresorption studies of the films in a full-thickness wound on mice model showed no

observable side effects.

Michalska-Sionkowska et al. designed thin films that are based on HA, chitosan, and collagen. The contact angle
analysis showed that the hydrophilicity of film decreased when gentamicin was added. The water vapor
transmission analysis showed that the presence of gentamicin in thin films resulted in increased water vapor
permeability. The in vitro antimicrobial results revealed that the films based on HA and other biopolymers

encapsulated with gentamicin inhibited the growth ofP. aeruginosa,S. aureus, andE. coli.

They were loaded with glutathione for enhanced wound treatment 24!, The porosity analysis utilizing ethanol as a

hydrophilic solvent demonstrated that the addition of glutathione increased the porosity of plain membrane from
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37.53 + 1.88% to 43.26 + 2.16%, which is useful for promoting their surface area and the adsorption capacity. The
wound healing results in vivo employing a rat model demonstrated rapid wound healing for the drug-loaded
membranes. Furthermore, in vivo study results revealed that the membranes loaded with glutathione are an

appropriate wound dressing for treating chronic wounds 24,

designed polyvinylidene fluoride—hyaluronic acid membranes loaded with active pharmaceutical ingredient ionic
liquids (API-ILs) for wound healing. The SEM analysis showed that the increase in the concentration of
polyvinylidene fluoride resulted in spongy region development, which can contribute to more polymeric chains and
higher viscosity. The uptake analysis revealed that the shape, size, and interconnectivity of pores affected the
membrane uptake of API-ILs. Cell adhesion of fibroblasts on HA-based membrane surfaces and cell viability

evaluation confirmed enhanced viability and adhesion of fibroblasts on the membranes.

Figueira formulated polycaprolactone-HA electrospun bilayer nanofibrous membrane encapsulated with salicylic
acid for tissue regeneration B2, The physicochemical properties of the nanofibrous bilayer membrane loaded with
salicylic acid were evaluated, and the achieved results demonstrated that the formulated electrospun scaffolds
exhibited suitable mechanical properties, ideal porosity, controlled water loss, and a significant salicylic acid drug
release mechanism. The antimicrobial analysis showed higher growth inhibition againstS. aureus. The results

reveal that these membranes displayed suitable properties to be employed in wound treatment 22,

Sponges are wound dressings that can absorb large quantities of wound exudates, and they provide a moist
environment for the wound because of their high porosity, swelling profile, and biodegradability 28, Generally,
sponges are non-adhesive and require secondary wound dressing or bandages/tapes to keep them at the wound
site 7. The FTIR spectrum showed the expected functional groups of biopolymers and confirmed the successful
encapsulation of nanoparticles in the sponges. Furthermore, endothelial cells loaded on the sponges were well
proliferated and demonstrated capillary-like tube development, which is a significant process in wound healing

angiogenesis.

The swelling analysis showed a swelling percentage of 217 + 11%, thus revealing a high efficiency of the sponges
to absorb wound exudates. The cytocompatibility analysis of sponges showed that the VEGF released from the
sponges was active in promoting the proliferation of HUVEC cells, and the cell viability was not affected by the
presence of VEGF in the plain sponges [28l. They were loaded with platelet lysate for the treatment of chronic
wounds. The results from this study revealed that platelet lysate stimulates keratinocyte epithelialization and
controls fibroblast matrix deposition, offering a molecular basis for the capability of such hemoderivative to heal

chronic wounds.

The porosity analysis of the sponges demonstrated that the loading of the nanoparticles significantly increased the
porosity of sponges from 83.5% to porosity that ranges between 90.3% and 94.1%. The antimicrobial analysis of
sponges showed that the addition of Ag nanoparticles increased the size of the inhibition zone in a concentration-
dependent mode againstE. coliandS. aureus. The in vitro cytotoxicity examinations of the sponges using MTT

assay demonstrated cell viability that was more than 80% on L929 cells. The in vivo healing analysis of sponges on
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full-thickness skin wounds using rabbits revealed healing on the third day, with slight inflammation and
approximately 47% wound closure for the plain sponges, 69% for the sponges loaded with Ag nanoparticles, and

only 5% wound contraction for the control (gauze)

prepared antimicrobial chitosan-HA sponges loaded with nanosilver for wound healing of infected diabetic foot
ulcers. These sponges are potential wound dressings suitable for managing diabetic foot ulcers infected with
antimicrobial-resistant bacteria 2. Anisha and co-workers designed chitosan—-HA composite sponge loaded with
chondroitin sulfate nanoparticles. HA-based sponges exhibited a porosity of 67% and displayed improved blood

clotting ability and swelling capacity.

Nanofibers are promising materials suitable for rapid and complete wound healing of chronic wounds, including
burns, providing significantly enhanced outcomes more than the conventional wound dressings. There are several
distinct properties of nanofibers, such as nanoscale structure, porosity, and large surface area. These features play
vital roles in cell proliferation and attachment 18, Nanofibers designed by electrospinning have triggered great
interest in different applications such as drug-delivery systems, wound-dressing materials, and bio-nanotextiles

because of their large surface-area-to-volume proportion (62611,

The physicochemical properties and successful embedding of nanoparticles in the nanofibers were confirmed by
UV-vis spectroscopy, FTIR, and Raman spectroscopy. The SEM analysis of nanofibers demonstrated an
approximate average size diameter between 244 nm and 326 nm. The SEM and TEM results confirmed the
electrospinning process of nanofibers embedded silver nanopatrticles. The antibacterial assessments showed that

nanofibers loaded with silver nanoparticles possessed high efficacy againstB. subtilis,E. coli,

The wound healing studies of nanofibers revealed the absence of abscess development or hypertrophic scars.
These results showed the wound contracting capability of the silver nanoparticle-loaded nanofibers and free
nanofiber treated groups. In contrast, the Garamycin®cream and control group epithelization occurred after more
than 2 weeks. The nanoparticle embedded nanofibers and the plain nanofibers treated groups displayed important
wound healing efficacy compared to other groups treated with Garamycin®cream and control group excision

wound model 2],

There are HA-based scaffolds that can be used in wound healing as potential bioactive dressings such as
bandages, topical gels, microspheres, nanoparticles, hydrocolloids, foams, transdermal/matrix patches, etc.
reported HA-functionalized nanoparticles for the co-delivery of resveratrol and curcumin for chronic diabetic wound
treatment 3. The release analysis at pH 7.4 and 37 °C revealed the release of both drugs loaded followed
biphasic release mode where a first burst release of both drugs occurred in the first 8 h followed by slower and
sustained drug release. These results and properties confirmed that these nanoparticles could be very suitable for

chronic diabetic wound treatment €31,

Abdel-Mohsen and co-workers formulated silver nanoparticle-loaded HA-based fabrics for chronic wound

management. The resultant fabrics loaded with nanoparticles displayed consistent dispersion throughout the HA-
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based fabrics from SEM analysis, TEM and DLS analysis, demonstrating an outstanding distribution of silver
nanoparticles with 25 + 2 nm. The XRD results showed that the silver nanoparticles increased the crystallinity of
the formulated fabrics as well as the thermal stability. In vivo wound healing analysis using non-diabetic/diabetic rat
models showed that the formulated fabrics loaded with silver nanoparticles displayed strong healing efficacy

compared to the free HA fabrics and significantly accelerated the wound healing process 4],

The analysis of mechanical properties of these wound dressings showed the tensile strength ranging between 4.91
+ 0.5 and 3.07 = 1.1 MPa while the elongation at break ranged between 379.8 + 23 and 453.6 + 38.5 MPa. The
mechanical properties showed that these nanofibrous scaffolds are appropriate for wound dressing. The
antimicrobial analysis showed that propolis-incorporated nanofibrous scaffolds caused significant inhibition zones
againstE. coliandS. aureus. The wounds treated with the propolis loaded nanofibrous scaffolds closed on day 14,

whereas the wounds treated with the free polyurethane and control groups were still open 2],

Fahmy and co-workers formulated chitosan-HA non-woven fabric wound dressing incorporated with silver
nanoparticles. The elemental analysis of the dressings loaded with nanoparticles confirmed the presence of Ag
NPs in the non-woven fabric wound dressing. formulated Antibacterial HA-based foams incorporated with zinc

oxide nanopatrticles. The foams loaded with 3% cephalosporin revealed only half of the same reduction rate.

formulated a 3-dimensional dermal matrix based on HA loaded with resveratrol for diabetic wound treatment [6€l,
The water uptake analysis showed the water uptake capacity of more than 80% arising from the porous material of
the dermal matrix, resulting in good absorbent characteristics. The in vivo wound healing analysis of the 3-
dimensional dermal matrix loaded with resveratrol on wounded diabetic rats showed that the wounds were fully
healed at the end of 2 weeks compared to those treated with resveratrol solution and the plain dermal matrix €. )
x 1014 kg/(s m Pa)), which make them potentially appropriate for the treatment of different wound types at various

wound healing phases 7],

References

1. Xu, H.; Huang, S.; Wang, J.; Lan, Y.; Feng, L.; Zhu, M.; Xiao, Y.; Cheng, B.; Xue, W.; Guo, R.
Enhanced cutaneous wound healing by functional injectable thermo- sensitive chitosan-based
hydrogel encapsulated human umbilical cord- mesenchymal stem cells. Int. J. Biol. Macromol.
2019, 137, 433-441.

2. Mohandas, A.; Anisha, B.S.; Chennazhi, K.P.; Jayakumar, R. Chitosan—hyaluronic acid/VEGF
loaded fibrin nanoparticles composite sponges for enhancing angiogenesis in wounds. Colloids
Surf. B Biointerfaces 2015, 127, 105-113.

3. Huang, L.; Zhu, Z.; Wu, D.; Gan, W.; Zhu, S.; Li, W.; Tian, J.; Li, L.; Zhou, C.; Lu, L. Antibacterial
poly (ethylene glycol) diacrylate /chitosan hydrogels enhance mechanical adhesiveness and
promote skin regeneration. Carbohydr. Polym. 2019, 225, 115110.

https://encyclopedia.pub/entry/12052 8/14



Hyaluronic Acid-Based Scaffolds | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

. Aderibigbe, B.A.; Mhlwatika, Z. Dual release kinetics of antimalarials from soy protein isolate-

carbopol-polyacrylamide based hydrogels. J. Appl. Polym. Sci. 2016, 133, 43918.

. Gupta, A.; Keddie, D.J.; Kannappan, V.; Gibson, H.; Khalil, I.R.; Kowalczuk, M.; Martin, C.; Shuai,

X.; Radecka, I. Production and characterisation of bacterial cellulose hydrogels loaded with
curcumin encapsulated in cyclodextrins as wound dressings. Eur. Polym. J. 2019, 118, 437-450.

. Xue, H.; Hu, L.; Xiong, Y.; Zhu, X.; Weli, C.; Cao, F.; Zhou, W.; Sun, Y.; Endo, Y.; Liu, M.; et al.

Quaternized chitosan-Matrigel-polyacrylamide hydrogels as wound dressing for wound repair and
regeneration. Carbohydr. Polym. 2019, 226, 115302.

. Martin, L.; Wilson, C.G.; Koosha, F.; Tetley, L.; Gray, A.l.; Senel, S.; Uchegbu, I.F. The release of

model macromolecules may be controlled by the hydrophobicity of palmitoyl glycol chitosan
hydrogels. J. Control. Release 2002, 80, 87-100.

. Ge, B.; Wang, H.; Li, J.; Liu, H.; Yin, Y.; Zhang, N.; Qin, S. Comprehensive assessment of Nile

tilapia skin (Oreochromis niloticus) collagen hydrogels for wound dressings. Mar. Drugs 2020, 18,
178.

. Ehterami, A.; Salehi, M.; Farzamfar, S.; Samadian, H.; Vaez, A.; Ghorbani, S.; Ai, J.; Sahrapeyma,

H. Chitosan/alginate hydrogels containing Alpha-tocopherol for wound healing in rat model. J.
Drug Deliv. Sci. Technol. 2019, 51, 204-213.

Liu, D.; Cao, Y.; Qu, R.; Gao, G.; Chen, S.; Zhang, Y.; Wu, M.; Ma, T.; Li, G. Production of
bacterial cellulose hydrogels with tailored crystallinity from Enterobacter sp. FY-07 by the
controlled expression of colanic acid synthetic genes. Carbohydr. Polym. 2019, 207, 563-570.

Anisha, B.S.; Sankar, D.; Mohandas, A.; Chennazhi, K.P.; Nair, S.V.; Jayakumar, R. Chitosan—
hyaluronan/nano chondroitin sulfate ternary composite sponges for medical use. Carbohydr.
Polym. 2013, 92, 1470-1476.

Contardi, M.; Heredia-guerrero, J.A.; Perotto, G.; Valentini, P.; Paolo, P.; Goldoni, L.; Bertorelli, R.;
Athanassiou, A.; Bayer, |.S. Transparent ciprofloxacin-povidone antibiotic films and nano fi ber
mats as potential skin and wound care dressings. Eur. J. Pharm. Sci. 2017, 104, 133-144.

Phaechamud, T.; Issarayungyuen, P.; Pichayakorn, W. Gentamicin sulfate-loaded porous natural
rubber films for wound dressing. Int. J. Biol. Macromol. 2016, 85, 634-644.

Kaygusuz, H.; Torlak, E.; Akim-Evingur, G.; Ozen, |.; von Kitzing, R.; Erim, F.B. Antimicrobial
cerium ion-chitosan crosslinked alginate biopolymer films: A novel and potential wound dressing.
Int. J. Biol. Macromol. 2017, 105, 1161-1165.

Garcia, M.C.; Aldana, A.A.; Tartara, L.l.; Alovero, F.; Strumia, M.C.; Manzo, R.H.; Martinelli, M.;
Jimenez-kairuz, A.F. Bioadhesive and biocompatible films as wound dressing materials based on
a novel dendronized chitosan loaded with ciprofloxacin. Carbohydr. Polym. 2017, 175, 75-86.

https://encyclopedia.pub/entry/12052 9/14



Hyaluronic Acid-Based Scaffolds | Encyclopedia.pub

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Zhang, Y.; Lim, C.T.; Ramakrishna, S.; Huang, Z.-M. Recent development of polymer nanofibers
for biomedical and biotechnological applications. J. Mater. Sci. Mater. Med. 2005, 16, 933-946.

Freire, M.C.L.C.; Alexandrino, F.; Marcelino, H.R.; Picciani, P.H.S.; Silva, K.G.H.; Genre, J.;
Oliveira, A.G.; Egito, E.S.T. Understanding drug release data through thermodynamic analysis.
Materials 2017, 10, 651.

Mehrabani, G.M.; Karimian, R.; Rakhshaei, R.; Pakdel, F.; Eslami, H.; Fakhrzadeh, V.; Rahimi, M.;
Selehi, R.; Kafil, H.S. Chitin/silk fibroin/TiO 2 bio-nanocomposite as a biocompatible wound
dressing bandage with strong antimicrobial activity. Int. J. Biol. Macromol. 2018, 11, 966—-976.

Kuddushi, M.; Patel, N.K.; Gawali, S.L.; Mata, J.P.; Montes-campos, H.; Varela, L.M.; Hassan,
P.A.; Malek, N.l. Thermo-switchable de novo ionogel as metal absorbing and curcumin loaded
smart bandage material. J. Mol. Lig. 2020, 306, 112922.

Shteyer, E.; Ben, A.; Zolotaryova, L.; Sinai, A.; Lichtenstein, Y.; Pappo, O.; Kryukov, O.; Elkayam,
T.; Cohen, S.; llan, Y. Reduced liver cell death using an alginate scaffold bandage: A novel
approach for liver reconstruction after extended partial hepatectomy. Acta Biomater. 2014, 10,
3209-3216.

Burkatovskaya, M.; Tegos, G.P.; Swietlik, E.; Demidova, T.N.; Castano, A.P.; Hamblin, M.R. Use of
chitosan bandage to prevent fatal infections developing from highly contaminated wounds in mice.
Biomaterials 2006, 27, 4157-4164.

Boonpavanitchakul, K.; Pimpha, N.; Kangwansupamonkon, W.; Magaraphan, R. Processing and
antibacterial application of biodegradable sponge nano- composite materials of silver
nanoparticles and silk sericin. Eur. Polym. J. 2020, 130, 109649.

Cheng, M.; Lin, C.; Su, H.; Chen, P.; Sun, Y. Processing and characterization of electrospun
nanofibrous membranes. Polymer 2008, 49, 546-553.

Zou, P.,; Lee, W.; Gao, Z.; Qin, D.; Wang, Y.; Liu, J.; Sun, T.; Gao, Y. Wound dressing from
polyvinyl alcohol/chitosan electrospun fi ber membrane loaded with OH-CATH30 nanoparticles.
Carbohydr. Polym. 2020, 232, 115786.

Cheng, P.; Wang, X.; Liu, Y.; Kong, C.; Liu, N.; Wan, Y.; Guo, Q.; Liu, K.; Lu, Z.; Li, M.; et al. Ag
nanoparticles decorated PVA- co -PE nano fi ber-based membrane with antifouling surface for
highly e fficient inactivation and interception of bacteria. Appl. Surf. Sci. 2020, 506, 144664.

Yildiz, A.; Bayramol, D.V.; Atav, R.; Agirgan, A.O.; Kurc, M.A.; Ergunay, U.; Mayer, C.; Hadimani,
R.L. Synthesis and characterization of Fe304@ nanocomposite and its use in the production of
magnetic and antibacterial nano fi brous membranes. Appl. Surf. Sci. 2020, 521, 146332.

Garcia-orue, I.; Gainza, G.; Garcia-garcia, P.; Gutierrez, F.B.; Aguirre, J.J.; Hernandez, R.M.;
Delgado, A.; lgartua, M. Composite nanofibrous membranes of PLGA/Aloe vera containing lipid
nanoparticles for wound dressing applications. Int. J. Pharm. 2019, 556, 320-329.

https://encyclopedia.pub/entry/12052 10/14



Hyaluronic Acid-Based Scaffolds | Encyclopedia.pub

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Shao, J.; Wang, B.; Li, J.; Jansen, J.A.; Walboomers, X.F.; Yang, F. Antibacterial effect and wound
healing ability of silver nanopatrticles incorporation into chitosan-based nano fi brous membranes.
Mater. Sci. Eng. C 2019, 98, 1053-1063.

Shalumon, K.T.; Sheu, C.; Chen, C.; Chen, S.; Jose, G.; Kuo, C.; Chen, J. Multi-functional
electrospun antibacterial core-shell nanofibrous membranes for prolonged prevention of post-
surgical tendon adhesion and inflammation. Acta Biomater. 2018, 72, 121-136.

Hussain, Z.; Thu, H.E.; Shuid, A.N.; Katas, H.; Hussain, F. Recent Advances in polymer-based
wound dressings for the treatment of diabetic foot ulcer: An overview of state-of-the-art. Curr.
Drug Targets 2017, 18, 527-550.

Aderibigbe, B.A.; Buyana, B. Alginate in Wound Dressings. Pharmaceutics 2018, 10, 42.

Miguel, S.P.; Moreira, A.F.; Correia, 1.J. Chitosan based-asymmetric membranes for wound
healing: A review. Int. J. Biol. Macromol. 2019, 127, 460-475.

Fallacara, A.; Baldini, E.; Manfredini, S.; Vertuani, S. Hyaluronic acid in the third millennium.
Polymers 2018, 10, 701.

Snetkov, P.; Zakharova, K.; Morozkina, S.; Olekhnovich, R.; Uspenskaya, M. Hyaluronic acid: The
influence of molecular weight on structural, physical, physico-chemical, and degradable properties
of biopolymer. Polymers 2020, 12, 1800.

Xu, X.; Ma, L.; Shi, H.; Gao, C.; Han, C. Chitosan-hyaluronic acid hybrid film as a novel wound
dressing: In vitro and in vivo studies. Polym. Adv. Technol. 2007, 18, 869-875.

Longinotti, C. The use of hyaluronic acid based dressings to treat burns: A review. Burn. Trauma
2014, 2, 162-168.

Khelfi, A. Therapeutic enzymes used for the treatment of non-deficiency diseases. In Research
Advancements in Pharmaceutical, Nutritional, and Industrial Enzymology; Bharati, S.L.,
Chaurasia, P.K., Eds.; IGI Global: Hershely, PA, USA, 2018; pp. 46-70.

Price, R.D.; Berry, M.; Navsaria, H.A. Hyaluronic acid: The scientific and clinical evidence. J.
Plast. Reconstr. Aesthetic Surg. 2007, 60, 1110-1119.

Gallo, N.; Nasser, H.; Salvatore, L.; Natali, M.L.; Campa, L.; Mahmoud, M.; Capobianco, L.;
Sannino, A.; Madaghiele, M. Hyaluronic acid for advanced therapies: Promises and challenges.
Eur. Polym. J. 2019, 117, 134-147.

Hsu, Y.; Liu, K.; Yeh, H.; Lin, H.; Wu, H.; Tsali, J. Sustained release of recombinant
thrombomodulin from cross-linked gelatin/hyaluronic acid hydrogels potentiate wound healing in
diabetic mice. Eur. J. Pharm. Biopharm. 2019, 135, 61-71.

Zhang, S.; Hou, J.; Yuan, Q.; Xin, P.; Cheng, H.; Gu, Z. Arginine derivatives assist dopamine-
hyaluronic acid hybrid hydrogels to have enhanced antioxidant activity for wound healing. Chem.

https://encyclopedia.pub/entry/12052 11/14



Hyaluronic Acid-Based Scaffolds | Encyclopedia.pub

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Eng. J. 2020, 392, 123775.

Liao, C.; Chen, C.S.; Chen, Y,; Jianf, N.-E.; Farn, C.J.; Shen, Y.-S.; Hsu, M.-L.; Chang, C.-H.
Vancomycin-loaded oxidized hyaluronic acid and adipic acid dihydrazide hydrogel: Bio-
compatibility, drug release, antimicrobial activity, and biofilm model. J. Microbiol. Immunol. Infect.
20109.

Dong, Y.; Cui, M.; Qu, J.; Wang, X.; Hyung, S.; Barrera, J.; Elvassore, N.; Gurtner, G.C.
Conformable hyaluronic acid hydrogel delivers adipose-derived stem cells and promotes
regeneration of burn injury. Acta Biomater. 2020, 108, 56—66.

Ying, H.; Zhou, J.; Wang, M.; Su, D.; Ma, Q.; Lv, G.; Chen, J. In situ formed collagen-hyaluronic
acid hydrogel as biomimetic dressing for promoting spontaneous wound healing. Mater. Sci. Eng.
C 2019, 101, 487-498.

Wang, P.; Huang, S.; Hu, Z.; Yang, W.; Lan, Y.; Zhu, J.; Hancharou, A.; Guo, R.; Tang, B. In situ
formed anti-inflammatory hydrogel loading plasmid DNA encoding VEGF for burn wound healing.
Acta Biomater. 2019, 100, 191-201.

Zhao, W.; Li, Y.; Zhang, X.; Zhang, R.; Hu, Y.; Boyer, C.; Xu, F. Photo-responsive supramolecular
hyaluronic acid hydrogels for accelerated wound healing. J. Control Release 2020, 323, 24-35.

Makvandi, P.; Ali, G.W.; Della, F.; Abdel-fattah, W.1.; Borzacchiello, A. Biosynthesis and
characterization of antibacterial thermosensitive hydrogels based on corn silk extract, hyaluronic
acid and nanosilver for potential wound healing. Carbohydr. Polym. 2019, 223, 115023.

Larrafieta, E.; Henry, M.; Irwin, N.J.; Trotter, J.; Perminova, A.A.; Donnelly, R.F. Synthesis and
characterization of hyaluronic acid hydrogels crosslinked using a solvent-free process for potential
biomedical applications. Carbohydr. Polym. 2018, 181, 1194-1205.

Da Silva, L.P.; Santos, T.C.; Rodrigues, D.B.; Pirraco, R.P.; Cerquira, M.T.; Reis, R.L.; Correlo,
V.M.; Marques, A.P. Stem cell-containing hyaluronic acid-based spongy hydrogels for integrated
diabetic wound healing. J. Inverstig. Dermatol. 2017, 137, 1541-1551.

Felgueiras, H.P.; Amorim, M.T.P. Functionalization of electrospun polymeric wound dressings with
antimicrobial peptides. Colloids Surf. B Biointerfaces 2017, 156, 133-148.

Sood, A.; Granick, M.S.; Tomaselli, N.L. Wound dressings and comparative effectiveness data.
Adv. Wound Care 2014, 3, 511-529.

Duan, Y.; Li, K.; Wang, H.; Wu, T.; Zhao, Y.; Li, H.; Tang, H.; Yang, W. Preparation and evaluation
of curcumin grafted hyaluronic acid modified pullulan polymers as a functional wound dressing
material. Carbohydr. Polym. 2020, 238, 116195.

Abou-Okel, A.; Fahmy, H.M.; El-Bisi, M.; Ahmed-Farid, O. Hyaluronic acid/Na-alginate films as
topical bioactive wound dressings. Eur. Polym. J. 2018, 109, 101-109.

https://encyclopedia.pub/entry/12052 12/14



Hyaluronic Acid-Based Scaffolds | Encyclopedia.pub

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Tamer, T.M.; Hassan, M.A.; Valachova, K.; Omer, A.M.; El-shafeey, M.E.A.; Eldin, M.S.M.; Soltes,
L. Enhancement of wound healing by chitosan/hyaluronan polyelectrolyte membrane loaded with
glutathione: In vitro and in vivo evaluations. J. Biotechnol. 2020, 310, 103-113.

Figueira, D.R.; Miguel, S.P.; De S4, K.D.; Correia, |.J. Production and characterization of
polycaprolactone- hyaluronic acid/chitosan- zein electrospun bilayer nanofibrous membrane for
tissue regeneration. Int. J. Biol. Macromol. 2016, 93, 1100-1110.

Villamizar-Sarmiento, M.G.; Moreno-Villoslada, I.; Martinez, S.; Giacaman, A.; Miranda, V.; Vidal,
A.; Orellana, S.L.; Concha, M.; Pavicic, F.; Lisoni, J.G. lonic nanocomplexes of hyaluronic acid
and polyarginine to form solid materials: A green methodology to obtain sponges with biomedical
potential. Nanomaterials 2019, 9, 944.

Simdes, D.; Miguel, S.P.; Ribeiro, M.P.; Coutinho, P.; Mendonga, A.G.; Correia, I.J. Recent
advances on antimicrobial wound dressing: A review. Eur. J. Pharm. Biopharm. 2018, 127, 130—-
141.

Fiorica, C.; Palumbo, F.S.; Pitarresi, G.; Allegra, M.; Puleio, R.; Giammona, G. Hyaluronic acid
and a -elastin based hydrogel for three dimensional culture of vascular endothelial cells. J. Drug
Deliv. Sci. Technol. 2018, 46, 28-33.

Anisha, B.S.; Biswas, R.; Chennazhi, K.P.; Jayakumar, R. Chitosan—hyaluronic acid/nano silver
composite sponges for drug resistant bacteria infected diabetic wounds. Int. J. Biol. Macromol.
2013, 62, 310-320.

Yavuz, B.; Bozdag, S.; Pehlivan, A.; Kaffashi, S.; Calamak, K.; Ulubayram, E.; Palaska, H.B.;
Cakmak, N.; Unlu, N. In vivo tissue distribution and efficacy studies for cyclosporin A loaded nano-
decorated subconjunctival implants. Drug Deliv. 2018, 23, 3279-3284.

Mamid, M.; Zuniga, A.E.; Villela-Castrejon, J. Engineering and evaluation of forcespun
functionalized carbon nano-onions reinforced poly (e-caprolactone) composite nanofibers for pH-
responsive drug release. Mater. Sci. Eng. C 2020, 112, 110928.

El-aassar, M.R.; Ibrahim, O.M.; Fouda, M.M.G.; El-beheri, N.G.; Agwa, M.M. Wound healing of
nanofiber comprising Polygalacturonic/Hyaluronic acid embedded silver nanoparticles: In-vitro
and in-vivo studies. Carbohydr. Polym. 2020, 238, 116175.

Hussain, Z.; Pandey, M.; Choudhury, H.; Ying, P.C.; Xian, T.M.; Kaur, T.; Jia, G.W.; Gorain, B.
Hyaluronic acid functionalized nanoparticles for simultaneous delivery of curcumin and resveratrol
for management of chronic diabetic wounds: Fabrication, characterization, stability and in vitro
release kinetics. J. Drug Deliv. Sci. Technol. 2020, 57, 101747.

Abdel-mohsen, A.M.; Jancar, J.; Abdel-rahman, R.M.; Vojtek, L.; Hyrsl, P.; Duskova, M.;
Nejezchlebova, H. A novel in situ silver/hyaluronan bio-nanocomposite fabrics for wound and
chronic ulcer dressing: In vitro and in vivo evaluations. Int. J. Pharm. 2017, 520, 241-253.

https://encyclopedia.pub/entry/12052 13/14



Hyaluronic Acid-Based Scaffolds | Encyclopedia.pub

65. Eskandarinia, A.; Kefayat, A.; Gharakhloo, M.; Agheb, M.; Khodabakhshi, D.; Khorshidi, M.;
Sheikhmoradi, V.; Rafienia, M.; Salehi, H. A propolis enriched polyurethane-hyaluronic acid nano
fi brous wound dressing with remarkable antibacterial and wound healing activities. Int. J. Biol.
Macramol. 2020, 149, 467-476.

66. Gokce, E.H.; Tuncay, S.; Eroglu, I.; Tsapis, N.; Gokce, G.; Tekmen, I.; Fattal, E.; Ozer, O. Wound
healing effects of collagen-laminin dermal matrix impregnated with resveratrol loaded hyaluronic
acid-DPPC micropatrticles in diabetic rats. Eur. J. Pharm. Biopharm. 2017, 119, 17-27.

67. Dias, A.M.A.; Rey-rico, A.; Oliveira, R.A.; Marceneiro, S.; Alvarez-lorenzo, C.; Concheiro, A.;
Junior, R.N.C.; Braga, M.E.M.; de Sousa, H.C. Fluids wound dressings loaded with an anti-
inflammatory juca (Libidibia ferrea) extract using supercritical carbon dioxide technology. J.
Supercrit. Fluids 2013, 74, 34-45.

Retrieved from https://encyclopedia.pub/entry/history/show/28395

https://encyclopedia.pub/entry/12052 14/14



