Review Article

Hyaluronic Acid-Based Wound Dressings

Sarvenaz Pakian', Maryam Alizadeh?, Alireza Mouraki’, Maryam Tavakolizadeh*, Kimia Samadi®,
Maryam Radpour®, Ali Amirian’, Ailin Javidi®, Zahra Mohammadi Ghermezgoli’, Hamed Daemi*!*

Available in: http://jips.ippi.ac.ir 1. Department of Polymer and Materials Chemistry, Faculty of Chemistry and Petroleum Sciences, Shahid Beheshti
University, Postal Code: 1983969411, Tehran, Iran
2. Department of Chemical and Petroleum Engineering, Sharif University of Technology, Postal Code: 1458889694, Tehran, Iran
Iran. J. Polym. Sci. Technol. | 3 pepartment of Surface Coatings and Corrosion, Institute for Color Science and Technology, Postal Code: 1668836471,

(Persian), Tehran, Iran
Vol. 37, No. 1, 27-46 4. Department of Cell Engineering, Cell Science Research Center, Royan Institute for Stem Cell Biology and Technology,
April-May 2024 P.O. Box: 16635-148, Tehran, Iran
ISSN: 1016-3255 5. Department of Microbiology, Alzahra University, Postal Code: 1993893973, Tehran, Iran
Online ISSN: 2008-0883 6. Faculty of Chemistry, Khajeh Nasir Toosi University of Technology, Postal Code: 1541849611, Tehran, Iran

7. Department of Animal Sciences and Marine Biology, Faculty of Life Sciences and Biotechnology, Shahid Beheshti
University, Postal Code: 198396411, Tehran, Iran
8. Department of Technology and Entrepreneurship Management, Allameh Tabataba'i University, Postal Code: 1489684511,

DOI: 10.22063/JIPST.2024.3362.2222

Tehran, Iran
9. Department of Textile Engineering, Amirkabir University of Technology, Postal Code: 1591634311, Tehran, Iran
10. Zharfandishan Fanavar Zistbaspar (ZFZ) Chemical Company, Biomaterials Group, Postal Code: 1651153511, Tehran, Iran

Received: 16 May 2023, accepted: 30 June 2024
ABSTRACT

he growing world's population and the increase of underlying diseases such

as diabetes have caused an increasing trend of skin damage and imposed high

costs on the healthcare system. The complex and multi-step nature of wound
healing highlights the importance of introducing efficient products for effective
treatment of skin injuries. Therefore, it is necessary to introduce new wound healing
products to treat these types of injuries effectively. The modern wound dressings have
received much attention in recent years. These dressings facilitate skin regeneration
by providing suitable physical and biological conditions. Wound dressings are
produced in sponge, fibrous, hydrogel, film, and powder forms to treat different
wounds. Various natural and synthetic biomaterials have been used to make these
products, among which hyaluronic acid (HA) is particularly important due to its
unique biological properties. As one of the main constituents of the skin's extracellular

matrix, this substance is directly effective in the four stages of wound healing. These
biological characteristics and high hydrophilicity have attracted special attention

wound dressing, to this material as a promising option for repairing skin damage. In this article, the

hyaluronic acid, wound healing process is explained after describing the skin structure and types of

wounds. Then, traditional and commercial dressings and their types are introduced.
In the following, by introducing the most common biological materials used to make
wound, wound dressings, the structure of HA, the mechanism of degradation, and the role
of this material in different stages of wound healing are described in detail. Also,
different types of HA-based wound dressings in the literature are discussed. Finally,
some types of commercial wound dressings based on this polymer are introduced,
and an overview of the global market for wound dressings is provided to outline the
perspective of the consumption of these products.

skin,

wound healing
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Table 1. Some different types of HA-based wound dressings.
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Fig. 2. Role of HA in different stages of wound healing.
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HA-based sponges as wound dressing

1 | HA/CS/ALG 417 kDa Freeze-drying

The existence of HA permitted to obtain a microporous structure that

65
favored for cell adhesion and proliferation. [63]

2 | HA-CMCNa 1.3x10°Da Freeze-drying

-The ADH and EDC were used as the crosslinker

-The degradation time of HA-CMCNa sponges is extended by an

and carboxyl-activating agent, respectively. [66]

increase in ADH and EDC content.

- Due to the incorporation of AgNPs, the sponges displayed

HA/CS/
AgNPs

Freeze-drying

antibacterial activity against S. aureus, E. coli, and MRSA.
-The CS/ALG/AgNPs sponges inhibited the microorganism growth,

without impairing the cell viability.

[79]

HA/Arg/
EGF

2x10°Da

Freeze-drying

-The wound size area of the animals treated with sponges
coated with Arg and EGF (group II) was less than 3.3 cm?,
whereas the control group had a wound size of 6.8 cm?;
-The synergic impact of HA, Arg and EGF advanced an upgraded wound

conclusion and epithelialization process.

(88]

HA-based films as wound dressing

HA/SF/
VEGF

6.8x10°Da

Casting

-The water absorption of the HA/SF films was (51.45 + 0.53%)
higher than that of the pure SF films (45.40 + 1.82%)
-The HA/SF films formed at 60°C presented an improved water stability

and mechanical properties.

[67]
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Table 1. (Continued)
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HA/SA/SD/
AgNPs

HA/ZIF-8

1x10°Da

Casting

Casting

- Films were crosslinked using divalent metal cations (Ca*', Zn**, and Cu®").
-The HA/SA films crosslinked with Ca** showed
the most promising properties, according to the
characterization of their physicochemical properties.
-According to in vivo findings, wounds treated with HA/SA/Ca?" films
had a higher percentage of reduced wound area than wounds treated with
SA/Ca* films.
-The films were crosslinked with EDC/NHS chemistry.
- The Young’s modulus and tensile stress values
increased when ZIF-8 was incorporated into HA films.
-The HA films containing ZIF-8 displayed enhanced antibacterial activity
against S. aureus and E. coli.

(80]

[68]

HA-based hydrogels as wound dressing

HA/GEL

HA-Tyr/
COL-P

2x10°Da

Polymeric

mixture

Polymeric
mixture

- As a crosslinking agent between HA and GEL, EDC was utilized.
- The GEL/HA hydrogels introduced porosity
and pore size appropriate for cell penetration.
- GEL/HA hydrogels accelerated cell migration in comparison to control
groups in an in vitro migration assay.

-The hydrogel combination was achieved through the
covalently crosslinked between HA-Tyr and COL-P,
involving HRP and H,0, as crosslinking agents.

-The thermal and glass transition temperatures of COL-HA composite
hydrogels were higher.

(70]

(71]

10

HA-BP

1.5x10°Da

Polymeric
mixture

-The HA polymer was modified with BP groups by
EDC coupling and chemoselective “click” reactions.

-The self-healing hydrogel formation occurred due to crosslinking
between Ag" ions and BP groups linked to HA backbone.
-After six days of wound induction, the wound closure rate was
(48.2 + 3.7%) higher in animals treated with HA-BP. Ag* hydrogel.

[72]

HA-base

d electrospuns as wound dressing

11

HA/COL/
PCL

Blend
electrospinning

- The ability of membranes to absorb water was
enhanced by the presence of HA in their composition.
-The membranes composed of ECM components (COL and HA)
supported cell adhesion and proliferation.

[75]

12

CS/PCL_
HA/PEO

1-2x10°Da

Blend

electrospinning

-The resulting layer had distinct properties
because of the various polymeric combinations.
-The bilayered layer introduced comparative
mechanical properties to those showed by native skin.
-The CS/PCL_HA/PEO membrane reinforced the cell adhesion,

proliferation and migration.

[76]

13

HA-PCL/
CS-ZN

1.5%x 10°Da

Blend

electrospinning

-The HA was combined with PCL to produce a top
layer able to mimic the epidermis’ layer of the skin.
-The total porosity of the top layer (HA_PCL) was less
than 90%, which is critical to preventing bacterial invasion.
-The top layer’s hydrophobic nature is essential to preventing bacterial
colonization at the wound site.

[77]
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Fig. 3. Commercialized hyaluronic acid-based wound dressings.
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Day 1
Hyalomatrix 1s applied to the clean wound bed.

with available moisture.

Day 7-14

When the resorption/integration process of the
HYAFF based material has progressed well.
Vasculanzed granulation tissue [neodermis]
becomes clrarly visible.

Fig 4. How Hyalomatrix wound dressing works in 21 days [90].
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Integration begins quickly. As Hyalomatrix bind
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Day 3-4

As HYAFF degrades and creates a rich hyalurome
acid environment, the proliferative phase begins as
fibroblasts migrate into and colonize the 3-D scaffold.
During this timeframe, patients may experience a
significant reduction in local pain

Day 14-21

Hyalomatrix may lead to healing via secondary
intention but a split-thickness skan graft may be
applied if deemed necessary.

.[‘\~])~})Y\L}Hyalomatrix&ﬁv}j_\,g SNV e

S5 s ssba Hyalosafe 555 o oslazal 5 5d fl;;.\ B
3 e 503 055 e dpame ()3 55 o0 dlesl 055 5l s
S sl 025 Jowe 51 0T 22ls B 35 o s 5050 0

Hyalogran® Y-¥
ko sladils Hyaff ;| JSaxe Jadca 5 J ja>s Hyalogran
2 HA 51 po Jase sl 5 0538l Jseams cpl sl L3
(5 e GOLeS 5 slails Sl LSS S oS 50 (o e
Sl 1 Ol i gpame ol glails Ko 5)ls 28 05 0 glacaly S
el Lo i 5 (fistula) bad sicd wile (aisl L sl
Slaes 5o 5 ol ol Sl D8 Jpame 3l
slae=s Olys 5 Hyalogran .ol eslaxal LB sbj =y L
3l et b pese slaes by sl ol
&3Sk 5l Hyalogran . 35 e eslical (traumatic) sla .2
33500 el 055 (S5 s 5 sbas 3 Il (Sla a0 5
Slads Ailigy oo |y o plas Y mm o 8 Calbies 4 gl L
g o o 5 Ll ol LS:M., D el & sz 3l el

[aV] 558 eslanad L 55, Y=Y a Hyalogran

Hyalofill ¥-¥
S e ol e L5 Hyaff <ot <Ul 51 Hyalofill
o33t 5 S o Iy olaS o a5 b dgams ol
sl HA 1 2 8L Ly ot ) i L oS 35800 A5
OL 53 LS o sl oLl 5 gdils sl p osb e Jaee 505 S
IS 5 oS 350 o 5 S o3 5 2l S s« Hyaff
2 0ol L s et B deod S 4 Sl s b

V&Y i 3) —9230903 ) 0 Lo (ki s Jw roly $I9l9iss 9 pole (sole Alxe



Sawl 9ol Ay 2 Sl YR9ed )

Hylase Wound Gel A-¥
V0T DUsysla e 515 sl Ja4 Hylase Wound Gel
b b3 ol el S ey slaeiSp ol e
Sl s oo 5 LS o Olul |y e 5 il 3 o5 Jome 2815480
LSl G f s s oS e 50 s ks glae s ol
L0F] ol o g0 ) 3l e3kitad 2,150 Sl

DL s HA ol 5 sla b a5 5l s ¢l 5l cands ) sboa
ls (63 e pamie Sblpe 5 b S5 G p oS sl 3 g s
Sl 5 Wl 58 s o5 DA g 4 Shee ol
Slp IS IS s L 4 Ol e bl 3 ls (Saey e
o Ll bty Ciles ol sl 5o HA 4l 5 sla syt 5 enlind
Sl Olys 5o B HA by s iy [AV] 55
Sl s b b o b Sl s slapss b e
L slml b I8 o0 b bpess cul Asd o eslinad (gL
S o3 25 el LS S s o sl sk
5l 4 ses Hyalogran 5 Hyalomatrix (Hyalosponge ..cS
Slaps Ol 3 sl (Se &S e HA 0y s sla o syes
e przmes HA b gl bmess L oslial (o
sl 5 L;Larﬁ-)' Lole sl LSL°¢5') Obeys 5y el
3355 Al Kl e et pl L eslinad la 5
Connettiving &Y game LS SaS Ol Jm e 250 5 2l
Liea HA w5 sla b g0 5 5l ladd sei Bionect ; Hyalosafe
Do L33 ealitl sl slapsts Oliss 53 il (SKas &S
5 Hhe sl slas Ol sl Y 5exs 3. Hylase Wound Gel
53 S HA Gla a5 (Sulg 53 050 0 oalital sliass s 5=
A 53 o5 3 Slabloe a4y Al 5 e gy g0 Sy (S s Ola
s Hyalomatrix J seams 55 .18 KaS O Pl Sk 5 Lisie
S Aoes HA 4l 5 LSL‘*JUJ.,V?'} 5l sla4 53 Hyalosponge
Ly oslizal St g Oleys 3 el Sae

Olez 10 B S s H15b il e -0

Glaomess 5 adlS gladle b b bpets Sler JLL s
WVl S e dy Lol ol elde (s e 0L OT 51 Jol
SYs sl V0w e YOVA s NS s Ul £/ 51 07407
3 Somer Gl O man (630150 domy dal iz (6De Y2 T7 o
5 obalas Sll il il (cubs Ogmen o Glaglen il

V&Y ol 31— (323993 ) 0)jlasds iy o JUw posls $J9)9iS5 9 pole (ol dlxo

After 2 months post-application

il

Clinical case study 1

Chronic Ulcer
Before After 45 days post-application
— . . o e s
P it
b ¢ ) ’

=]

Clinical case study 2
Bum

Before After 40 days post-application

Clinical case study 3
Malleolar Ulcer

(oo Sl oo Hyalofill g0 5 51 b eolnad =0 I
Fig. 5. Clinical case study of Hyalofill in chronic, burn and

malleolar ulcer [93].
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