Journal Pre-proof

5 DRUG DELIVERY
SCIENCE
ANDTECHNOLOGY
Hydrogel based scaffolding polymeric biomaterials: Approaches towards skin tissue
regeneration
N. Kalai Selvan, T.S. Shanmugarajan, Varuna Naga Venkata Arjun Uppuluri
B A

PII: S1773-2247(19)30896-2
DOI: https://doi.org/10.1016/j.jddst.2019.101456
Reference: JDDST 101456

To appearin:  Journal of Drug Delivery Science and Technology

Received Date: 26 June 2019
Revised Date: 12 November 2019
Accepted Date: 9 December 2019

Please cite this article as: N. Kalai Selvan, T.S. Shanmugarajan, V.N.V.A. Uppuluri, Hydrogel based
scaffolding polymeric biomaterials: Approaches towards skin tissue regeneration, Journal of Drug
Delivery Science and Technology (2020), doi: https://doi.org/10.1016/j.jddst.2019.101456.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier B.V.


https://doi.org/10.1016/j.jddst.2019.101456
https://doi.org/10.1016/j.jddst.2019.101456

AUTHORSHIP STATEMENT

Manuscript title: _HYDROGEL BASED SCAFFOLDING POLYMERIC BIOMATERIALS:
APPROACHES TOWARDS SKIN TISSUE REGENERATION.

All persons who meet authorship criteria are listed as authors, and all authors certify that they have
participated sufficiently in the work to take public responsibility for the content, including participation in
the concept, design, analysis, writing, or revision of the manuscript. Furthermore, each author certifies that
this material or similar material has not been and will not be submitted to or published in any other
publication before its appearance in the Hong Kong Journal of Occupational Therapy.

Authorship contributions

Please indicate the specific contributions made by each author (list the authors’ initials followed by their
surnames, e.g., Y.L. Cheung). The name of each author must appear at least once in each of the three
categories below.

Category 1

Conception and designof study:_Uppuluri Varuna Naga Venkata Arjun, T.S. Shanmugarajan, Kalai Selvan
N;

acquisition of data: Kalai Selvan N, T.S. Shanmugarajan, Uppuluri Varuna Naga Venkata Arjun;

analysis and/or interpretation of data: T.S. Shanmugarajan, Kalai Selvan N, Uppuluri Varuna Naga Venkata
Arjun.

Category 2
Drafting the manuscript:_Kalai Selvan N , Uppuluri Varuna Naga Venkata Arjun, T.S. Shanmugarajan;

revising the manuscript critically for important intellectual content:_T.S. Shanmugarajan, Uppuluri Varuna
Naga Venkata Arjun, Kalai Selvan N.

Category 3
Approval of the version of the manuscript to be published (the names of all authors must be listed):

Kalai Selvan N, T.S. Shanmugarajan, Uppuluri Varuna Naga Venkata Arjun.




Acknowledgements

All persons who have made substantial contributions to the work reported in the manuscript (e.g., technical
help, writing and editing assistance, general support), but who do not meet the criteria for authorship, are
named in the Acknowledgements and have given us their written permission to be named. If we have not
included an Acknowledgements, then that indicates that we have not received substantial contributions from
non-authors.

This statement is signed by all the authors (a photocopy of this form may be used if there are more than 10 authors):

Author’s name (typed) Author’s signature Date
/ iy Y
. Ly ) |
Kalai Selvan N ) - 'L ’1/20'0(
T.S. Shanmugarajan J—
] Yo 12 /ll/?o?‘i
Z [#4
Uppuluri Varuna Naga- ) Q 20
-Venkata Arjun U e / “, l ﬁ

v



Graphical abstract

& >
—
Promotes ‘

Shows ideal
Fibroblast
proliferation
1
[}
&
g

Finally

Reepithelization Fibrillogenesis



Hydrogel based scaffolding polymeric biomaterials. Approaches

towar ds skin tissue regener ation.

Kalai Selvan N, Shanmugarajan TS*, Uppuluri Varuna Naga Venkata Arjun.

Abstract:

Skin is a complex organ with the primary functidnpeotecting the internal tissue or
cells from the external environment. In order tlicate the skin with ideal

mechanical properties, special attention toward® thiocompatibility and

biodegradability is necessary. Whereas, in contasther living organisms humans
has shown limited tissue regeneration owing torthariation in the genetics.

Moreover, in recent years, hydrogel scaffolds ai@dpexplored for skin tissue repair
and regeneration because of their ability to satierv and proliferate the specific cell
types involved in skin tissue regeneration. In tieMew, we outline about the natural
and synthetic polymers and their potential for ewirdg the applications of the
polymeric hydrogel scaffolds. Further we also exsedithe smart healing property of

the peptides and growth factors loaded hydrogédfalda in skin tissue regeneration.

Key words. Biocompatibility, Biodegradability, Wound healingissue regeneration,

Hydrogel scaffold, Swelling.

1. Introduction:

Skin damage or injury can be caused by any divedsgituation like traumatic or by
any natural calamities. Moreover during the traumatonditions the healing
prospective of damaged extra-cellular matrix, nsoutarization and reepithelization
of the damaged tissue were found to be challenigisige. In order to promote both
reepithelization and revascularization signalinghpays like NF-kB, Beta-Catenin,
TNF-o and TGFp1lpathway and several growth factors like fibrobigsiwth factor,
vascular endothelial growth factors plays a vidérin the wound healing. [1, 2, 3].

The most commonly used skin repair techniques dikgrafts and allografts were



also limited because of their lack of revasculdmrg innervations and complete

tissue regeneration within the damaged extraceltuktrix. [4, 5].

The concept of tissue regeneration was achievethéyuse of hydrogel scaffolds
during 1990's. In order to regenerate the damagedrhoellular matrix it was
important to develop the scaffolds with excellenocbmpatibility and
biodegradability. Moreover, the biomimetic natuffetlte designed scaffolds plays a
vital role in complete tissue restoration withire ttiamaged skin portion [6, 7]. Apart
from above mentioned mechanical properties poraditthe scaffold had shown its

significance in tissue regeneration and prolifera{8].

Hydrogels were polymeric networking structures fedmby several cross linking
techniques and also shows an ability to swell ineagis medium. Moreover because
of their ideal mechanical properties they achietredattention of several researchers
involved in the tissue engineering [9]. Becausgheir excellent biomimetic property
these hydrogel plays a crucial role in the transpdrseveral growth factors like
fibroblasts, VEGF and keratinocytes more effectivahd efficiently. This in turn
favours the tissue regeneration and proliferatiomhie damaged tissue portion [10].
Biomaterials of outstanding quality and excellatirfcation play a significant role in
development of novel topical hydrogel scaffolds fekin tissue engineering
applications. A varied range of biomaterials of INat, Semi-Synthetic & Synthetic
origin had been exploited in order to prepare thy@chl hydrogels; these includes
Pullulan [14], PEG (Polyethylene glycol) [13], PLGAPoly(lactic-co-glycolic acid))
[12], PVP (Polyvinylpyrrolidone) [11], Poloxamer AQ15], Sodium Carboxy Methyl
Cellulose [16]. Topical hydrogel scaffold can bereleped via physical cross linking
and chemical cross linking techniques. Physicalyss linking topical hydrogels
were formed by weak Van der Waals forces wherdemnal cross linked hydrogel

scaffolds are mainly formed by covalent bonds [,

2. Hydrogel Scaffoldsin Skin Tissue Regeneration:
In recent years, skin trauma had become one omtjer cause for perishability and

morbidness among all groups of population presasidwide. Therefore, the skin



tissue engineering and regeneration had pulledifgignt attention from the
researchers as an optimistic approach for treatlagnaged portions on the
extracellular matrix without the constraints andilfy of using either skin autografts

or allografts [19, 20].

Recently, various hydrogel scaffolds with excellemisture absorption capabilities
and porosity had been extensively developed far thee in skin tissue engineering
and regeneration. Among the various polymers useddévelopment of topical
hydrogels, chitosan was one of the most widely ys#gmer for enhancing the skin
permeation in skin tissue engineering and regewargll]. Chenet al [22] had
developed a novel topical hydrogel for regeneratibdamaged skin portion that uses
Peptide SIKVAV- modified chitosan hydrogels as fuas. The Peptide SIKVAV
loaded chitosan hydrogels promoted angiogenesikirwithe damaged tissue by
regulating the cytokine secretions. However, theegexpressions like TGEL, TNF-

a, IL-18, and IL-6 demonstrated the potentiality of the ¥M&/-modified chitosan
hydrogels in skin tissue engineering and regerarakurthermore, in this study upon
observing the results of H&E staining, Masson’schtame staining and
immunohistochemistry it was clearly evidenced theptide-modified chitosan
hydrogels were proven to be promising biomaterids skin wound healing

applications.

Hyaluronic acid was also referred to be one ofrtitst commonly used biomaterial
for development of self-healing hydrogels in sksstie regeneration. Hsti al [23]
had developed a crosslinked Gelatin/Hyaluronic agrogel for sustained release of
recombinant thrombomodulin. These hydrogels exhilnieal mechanical properties
with excellent biocompatibility and bio adhesioroperties. Moreover owing to the
properties of the thrombomodulin, this hydrogeloaghances the reepithelization
and angiogenesis within the damaged skin tissuehé&in this study, rhTM-loaded
hydrogel, consisting of 4% gelatin with 0.1% HA a@d5% EDC cross-linked,
greatly improved wound healing compared to rhTM nflam recombinant

thrombomodulin), hydrogel alone, and rhEGF (Recorabi human epidermal



growth factor) hydrogel. For wound repair, rhTM hygels facilitated the
development of granulation tissue, re-epithelidiorg deposition of collagen, and

angiogenesis.

3. Polymersused for synthesis of the topical hydrogels.

Various polymers have been utilized for the develept of hydrogel scaffolds for
skin tissue engineering applications, includingurat semi-synthetic & synthetic
polymers. Here the Figure 1. Represents the deatdn of polymers, Figure 2.
Describes about the significance of polymeric hgeto scaffolds. Figure 3.

Represents the role of natural/ synthetic polynrecsitaneous wound healing.

3.1 Natural polymer based hydrogel scaffolds:

Natural polymers had already demonstrated their wsedevelopment of the
regenerative scaffolds for skin tissue engineeaipglications. However in the present
review importance was given to the polymers witltetbent biocompatibility and
biomimetic property similar to that of skin tissulatural polymers recently explored

for their use as hydrogel scaffold preparationudet

3.1.1. Chitosan:

Chitosan was one of the most widely used polymevéoious regenerative and tissue
engineering applications. Moreover, because ofeksellent biocompatibility and

biodegradability it has achieved profound importame manufacturing of various

hydrogel formulations. However in case of skinussngineering this polymer was
found to be more useful because of its structunaillarity to the skin tissue. Cardoso
et al [24] fabricated a chitosan hydrogels containing &l@ancapsulated Phenytoin
for cutaneous wound healing. This chitosan hyd®g#lows improved rate of
release due to its ideal pH (4.9-5.6) non-Newtonpseudoplastic rheological
behaviour and this further enhanced the effectieemgation and penetration

capabilities for Nano encapsulated Phenytoin.

Huanget al [25] have developed a self-healing, dissolvabldu@@de nanocrystals

loaded Carboxymethyl chitosan hydrogels for burruma healing. However it was



also identified that the dialdehyde-modified cedké¢ nanocrystal (DACNC) was
responsible for enhancing the fluid uptake capaditiegrity and high equilibrium

swelling ratio (350%) within the hydrogel. Due teeir excellent self-healing (~ 5
min) and dissolvable properties, these hydrogessaxdibited better wound healing

by promoting painless and scarless tissue regeaerat

In recent studies, it was shown that the combinatibchitosan with other chemical
components resulted in development of stimuli resp@ hydrogels. Rasoa al

[26] have successfully prepared a stimuli respanshitosan (CS) and poly (N-
vinyl-2-pyrrolidone) (PVP) hydrogel with effectivwound healing properties. The
biocompatibility and unique behavior of these hyphls had made them appropriate

for consistent and controlled rate of drug delivery

Moreover, the T6 pvp 0.5 demonstrated the maximegrek of swelling in distilled
water (10220 per cent). The degree of swelling edggmendent on the amount of pvp.
However in this study degree of swelling, it wasnimised with the rise in pvp
guantity. Further, the Ag-sulfadiazine's loadedpVp 0.5 hydrogel shown that 91.2%

of the drug was released in PBS within 80 minutes controlled manner.

Patil et al [27] have reported a Fluorinated methacrylamideshn hydrogel
dressings promotes better wound healing in acutgn@model. Further in this study
the results revealed that the ideal bio adhesiopgity of this polymer promoted
better wound healing in case of the skin defeaatéd with chitosan loaded with
methacrylamide hydrogel dressings via an upregillatdlagen synthesis pathway.
Moreover, upon observing the histopathological ifigd it was also evidenced that in
case of the damaged skin tissue portions thesepgtdressings enhances the rate of
keratinocyte maturation and neovascularizationaddition, an excessive amount of
oxygen was nhot necessary because the results ¢f RBACF (methacrylated

fluorinated chitosan) and MACF +,@vere identical.

Chitosan plays a vital role in enhancing the antirobial and mechanical properties

of the hydrogel scaffolds. Xiet al [28] developed silver nanoparticles loaded novel



chitosan hydrogel for effective wound healing. Thigdrogel because of its
ultrahigh mechanical and antibacterial propertiesvas enhancing the wound
healing by promoting the reepithelization and apda deposition within the
damaged skin tissue. Due to this reason chitosanféwand its use in field of
biomedicine. Further in this study it was cleariydenced that intermolecular and
intramolecular interactions resulted in the devalept of excellent porous three
dimensional network and ultra-high mechanical props within these novel

hydrogels.

Mahmoud et al [29] developed the norfloxacin loadmaffolds by blending the
collagen with chitosan of two different moleculagights for the treatment of topical
wound. Moreover in this study, the results demanstt that high porous network
further enhanced the water retention capability biedlegrability for the developed
scaffolds. However when compared to the low md&cweight chitosan these high
molecular weight chitosan shown the excellent bhesd/e strength and this in turn

enhanced the wound healing process.
Table No. 1 represents the role of chitosan iredsfit formulations.

3.1.2. Collagen:

Collagen was one of the molecules that was beird t@ various tissue regeneration
process. Moreover in case of skin wound healingageh acts as functional
biomaterials because of its ability to promote colted rate of release for several
bioactive proteins. According to Thones al [30] Hyaluronan/collagen hydrogels
loaded with heparin-binding EGF-like growth factpromoted controlled rate of
release for over a time period of 72 hours. MoreosklA (sulfated hyaluronan)

containing hydrogels significantly enhanced theicaffy of HB-EGF (Heparin-

binding EGF-like growth factor) in promoting theithelial tissue growth in the

porcine skin model. Finally, it was also confirmidat in this study collagen acts as
an efficient and effective biomaterials for the eepment of vehicle based wound

dressing model.



Collagen also plays a significant role in developted the novel bio hybrid dressing
materials meant for wound healing and skin tissgemeration. Mariret al [31]

developed a Collagen- Polyvinyl alcohol bio hybddessings as a novel wound
dressing model. This scaffold upon loading with i-asftammatory drug (like

Indomethacin) further enhanced the wound healimpgloiities of these dressings. In
contrast with the control group, the treatment vagfongy biohybrid matrices had a
beneficial effect on the healing process in theeaafsexperimental burns to Wister
rats. However the kinetic profiles of new hybridllagen/ polyvinyl alcohol

composite sponges resulted in moderate burst eeld@dsndomethacin. Further in this
study the Kkinetic release data proved that Indoawdth loaded collagen-PVA
hydrogels promotes excellent anti-inflammatory andlgesic effect for a prolonged

period of time in the burnt wound model.

Angiogenesis was one of the key steps involvedonmwd healing process. Moreover
it was also observed that angiogenesis was semditivmechanical stimuli. This
situation can be evaded by using collagen basetbbgt Ruehlest al [32] reported
that the collagen hydrogel loaded with a proteogtylike decorin promoted excellent
fibrillogenesis, vascular growth. It was also whothat the increase in the
compression modulus of the decorin loaded collalggadrogel did not show any
negative effect on the microvascular growth paransetWhereas, in case of 3%
collagen hydrogels significant reduction in conti@t was observed after 16 days of
culture. However, in-vitro model of DCN (decorin) supplemented collagen
constructs serves as an ideal candidate for detargnthe effects of the mechanical

loading on the 3D microvascular growth.

The ideal biocompatibility, swelling and water rgien properties of the collagen
based hydrogels plays a vital role in wound heapnacess. According to Liet al

[33] the composite hydrogel developed from chitosaollagen peptide / oxidized
konjac glucomannan exhibits ideal mechanical andllsw properties. Along with
this it also shows good biocompatibility that playsrucial role in significant wound

healing process. However in this study, the SEMgesademonstrated a three



dimensional structure within the hydrogel samptethle meantime, hydrogels shown
minimal gelation time due to the addition of OKGRlki{dized konjac glucomannan).
Moreover, the absorption and retaining of moistiemment made these chitosan -
collagen peptide hydrogels ideal choice for wounddressing

applications.Furthermore, the cytotoxicity testutesrevealed that the hydrogel had

significant cytocompatibility and thus there by anbed NIH-3T3 cells proliferation.

In case of burn wound healing collagen was esdefdiapromoting the rapid
inflammation reduction. Ghicat al [34] developed the Collagen- Dextran wound
dressings loaded with Flufenamic acid and this astsn ideal wound dressing for
burnt wounds. Moreover it was shown that the Flafeit acid loaded wound
dressings, due to their excellent anti-inflammatprgperty further enhanced the
reduction of the inflammation and this in turn paied the faster rate of epithelial

regeneration. Table No. 2 represents the role ikdgen in different formulations.

3.1.3. Genipin:

Genipin was an aglycone obtained from geniposidestaxt in the Gardenia
jasminoides. Due to its excellent crosslinking daltees with several other
molecules this polymer had found its importancéhim development of the hydrogel
scaffolds. Ga@t al developed a Genipin crosslinked chitosan hydregaffolds as a
potential vehicle for silver sulfadiazine nanocayst According to Gaet al [35] this
Silver Sulfadiazine nanocrystals loaded Genipirssliioked Chitosan hydrogel acts as
an ideal vehicle for local antibacterial nanomeauksi. Further silver sulfadiazine
nanocrystals also shows excellent uniform distrdyuand physical stability within
the hydrogels. Moreover in case of wounds treatdth whe Silver Sulfadiazine
nanocrystals loaded hydrogel excellent fibroblastliferation, neo vascularization
and reepithelization was observed. However in 8tigly the swelling dependent
release patterns shown by the silver sulfadiazamarystals loaded hydrogels hence

due to this reason peppas equation was vital fiarehening the release profile.

Due to its excellent swelling, biomimetic and tisgegeneration capabilities Genipin

plays a crucial role in wound healing. AccordingHeimbucket al [36] the swelling



profile of the Chitosan- Genipin hydrogel demortsiiiethat the lyophilized hydrogels
shown five-fold increase in swelling when compatedthe air dried hydrogels.
Moreover it reveals about the importance of posbcessing techniques in
determining the porosity of the developed hydraggelffolds. Further these findings
also revealed that lyophilised hydrogel structusesdinot match with experimentally

derived structure.

Genipin usually acts as a cross linker for seviei@hspired biomaterials involved in
various drug delivery and optics related applicgaicAccording to Puglieset al [37]

developed genipin cross linked Self assemblingigepthydrogels shows promising
increase in stiffness and resilient properties hed hydrogel. Moreover these two

properties were essential for promoting severaligsengineering applications.

However this genipin had acquired significant intpoce in tissue engineering area
because of its excellent biocompatibility and kabrfcation properties. Campesal
[38] revealed that Genipin cross linking enhancdw ttissue regeneration,
biocompatibility and biomechanical and rheologigedperties of the Fibrin- Agarose
hydrogels. In the current study, even though higienipin concentration shows
improvement inthe stiffness and elasticity of tlyeldfogels but sometimes it may also
result in hindrance of cell function and its viatyil Table No. 3 represents the role of

genipin in different formulations.

3.1.4. Keratin:

Keratin was a protein moiety belongs to the faroilyibrous proteins. It usually plays
a crucial role in protection of epidermal cellsrfrestress and damage. Due to its
excellent rheological, and mechanical propertiesatke achieved the significant
importance in the wound healing applications. Z#daial [39] developed n-ZnO
nanocomposite loaded Keratin- Chitosan hydrogdfalda for the treatment of burnt
wounds. However in his studies the author has deeel a KCBZNs (Keratin-
chitosan/n-ZnO nanocomposite) bandage with higlogtyrand this further enhanced

the fibroblast cell proliferation. Further, it watso evidenced that keratin hydrogels



with ideal biocompatibility property was essenf@a promoting rapid wound healing

within the damaged skin portions.

In recent studies, it was shown that Keratin exbileixcellent biodegradability and
cell adhesion properties and these properties @&tikemade it essential for several
tissue engineering applications. Veerasubramasmtaal [40] developed a novel

Avena Sativa loaded Konjac glucomannan- Keratinrbgels for the treatment of
diabetic wounds. The study reports revealed thaatke has enhanced fibroblast
proliferation and collagen levels in case of diabedt excision wound model treated
with Avena Sativa loaded hydrogels. However, iis $tudy it was also identified that
the incorporation of Avena Sativa Konjac glucomanrigeratin hydrogels resulted in
enhancement of bioactivity of the AvenaSativa dnd turther minimised the wound

healing duration in case of burnt wound model.

Porankiet al [41] demonstrated that the keratin loaded hydsogédys a vital role in

reduction of the burnt wound progression and siamdously it was also involved in
faster rate of wound healing. In case of wound asfef Yorkshire swine model the
keratin loaded hydrogels promoted the efficient affdctive rate of reepithelization

and neovascularization within the burnt wound area.

Due to its excellent bio inherent, mechanical amstcdmpatibility characteristics
keratin had drawn its attention towards various mebuhealing applications.
According to Wanget al [42] the keratin hydrogels developed from feathersatin

was free from immunogenicity and systemic toxicdypart from this hydrogel also
displays rapid wound healing while showing excédlldsiocompatibility and

biodegradability properties.

In the recent studies it was also proved that kegdays a vital role in inhibiting the
infection in case of the cutaneous wound healingliegtions. Royet al [43]

developed the Ciprofloxacin loaded keratin hydregebpon topical application this
hydrogel plays a significant role in promoting tieund healing by enhancing

macrophages. Further in this study author demaestridat in case of burnt wound



model Ciprofloxacin loaded hydrogels plays a vitalle in promotion of
myofibroblast and collagen rich granular tissuemfation within 11 days of post

injury by inhibiting the P. aeruginosa growth.

Parket al [44] developed keratin based hydrogels showingiewt biocompatibility
with the skin tissue. Moreover in this study thehaw clearly demonstrated that the
keratin loaded hydrogel enhanced the collagen mtomtu significantly and this in
turn minimised the wound healing duration in casevound model. Further, the
keratin based hydrogel also shown excellent reelmgtion and connective tissue

formation at the end of the study.

Keratin plays a vital role in treatment of the dunounds. According to Poranéi al
[45] the developed keratin hydrogels promotes fikast proliferation with excellent
cell viability. The study reports also revealedttivhaen compared ta-keratin they-
keratin promotes better wound healing in case oftowounds. Further in this study,
it was also observed that proteomic techniques aevasial for identification ofy
keratose as a smaller peptide fragments isolated dr keratosis during the time of

synthesis. Table No. 4 represents the role of keradifferent formulations.

3.1.5. Pectin:

Pectin was a natural polysaccharide obtained froenfiuits of the terrestrial plants.

Due to its excellent antimicrobial and biocompditipipectin had found its use in

development of novel hydrogel scaffolds. Giugttal [46] developed the novel pectin
hydrogels loaded with honey. The study report reageghat honey based hydrogels
improved the wound healing process. Thus in tuplayed a vital role in preventing

further surgical complications. Huargy al [47] promoted the Pectin/ Polyvinyl

alcohol hydrogels meant fon vitro cytotoxicity analysis of the NCTC L929 cells.
However the study reports identified that the nmiflammation exists in case of the
rats implanted with the hydrogels usually servesaasevidence for excellent

biocompatibility of the developed hydrogels. Morepwn this study both PVA and

CoPP (pectin/poly vinyl alcohol composite) grouprevased for incubating the L929

cells and this further enhanced the cell growth tat80% and 75% respectively. Kim



et al [48] demonstrated that the PVA/ Pectin hydrogelsaded with
Hippophaerhamnoides L. extract shown effective effidient wound reduction when
compared to controlled groups and hydrogels alénether, the histopathological
studies of the rat acute wound models revealed thare was excellent
revascularization and reepithelization in case ohtsr treated with

Hippophaerhamnoides L. extract loaded hydrogels.

Excellent cell adhesion and proliferation of thes#l instructive hydrogels found
their importance in several skin tissue engineedpglications. Moreover in recent
studies it was shown that pectin got significarie rm development of these cell
instructive hydrogels. Pereiret al [49] developed a novel cell instructive pectin
hydrogels for skin tissue engineering applicatibgsusing cross linkers like thiol-
norbornene. The study reports signifies about tie of these pectin hydrogels in
influencing the biochemical and biophysical progeart which further got its
importance in modulating the cell behavior. Howewecase of invitro model it was
clearly demonstrated that incorporation of fibraéaand keratinocytes resulted in
development of full thickness skin (invitro) withxeellent morphology and

architecture similar to that of natural skin.

Usually the amorphous nature of the pectin makas ideal polymer for skin tissue
applications. Mishrat al [50] developed the novel glutaraldehyde crosseéhgectin
hydrogels loaded with ethanolamine. Moreover treatterization study signifies the
excellent swelling nature, porosity of these depetbhydroged Further in this study
it was also reported that amidation was responsdrlenaking the proteins, peptides,
enzymes or drugs immobilize on the pectin’s surfd@ble No. 5 represents the role

of pectin in different formulations.

3.2.Synthetic polymer based hydrogel scaffolds:

Due to their excellent tractable and proliferatararacteristics some of the synthetic
polymers had achieved the profound importance & $kin tissue engineering
applications. These were the few polymers thatquagy vital role in development of

hydrogels for wound healing applications they idellPEG [51, 52, 53, 54, 55, 56,



57.], Carbopol [58, 59, 60.], Polyacrylamide (PAR®L, 62, 63.], Carboxymethyl
cellulose [64, 65, 66.].

3.2.1. PEG (Poly Ethylene Glycol):

The blending property of PEG with different polymenade it useful for several
tissue engineering applications. Masaadal [51] have reported a novel Chitosan-
PEG hydrogels impregnated with silver nanoparticléese Chitosan-PEG hydrogels
exhibited ideal swelling and biodegradability. bt this hydrogel also promoted
sustained release of silver nanoparticles, thipgny of hydrogels was essential for
various tissue engineering applications. Moredher hydrogels loaded with silver
Nano particles had shown efficient wound healinthwignificant anti-microbial and

antioxidant activity.

Stoneet al [52] developed the PEG-Plasma hydrogels with ésweleepithelization

by using the Ex vivo human skin models. However, upon observing the
histopathological findings and immunohistochemst@ining’s (WG andi-SMA) it
was proved that then vitro models treated with this hydrogel system had shown
significant improvement in the wound healing pracedoreover, in this study it was
also evidenced that théx vivo model can be used for screening the differentfiies

meant for wound healing.

In case of impaired wound healing the microbiak#trhad been increased to an
alarmed level in case of worldwide population. Hertbe polymers which are
showing both antimicrobial and antioxidant propestiwere preferred for wound
healing. According to Wanet al [53] this dual functional Dextran-PEG hydrogel
loaded with Polymyxin B and Vancomycin (Vanco) mdya crucial role in
promoting the antimicrobial activity by controllinthe gram negative bacteria
(Escherichia coli (E. coli) ) with minimal toxicity in case of fibroblast cdlhe NIH
3T3. Moreover it was also found that this hydrogiels used as an ideal dressing in

case of complex biological systems.



The sustained release drug delivery plays a roleréwventing the unpredictable and
premature drug delivery. Basically PEG was used aagpolymer in several
formulations in order to promote the sustainedasteand hence, due to this reason
the polymer was preferred for designing the hydragaffolds [54].According to
Jainet al [55] the developed PEG hydrogels loaded with pgatech plasma protein
had shown the sustained release until there wasd&iipn within the PEG hydrogel.
Moreover this PEG hydrogel loaded with platelehrglasma protein had promoted
excellent proliferation in case of human dermatdiflast and this indicates that the
entire activity in case of hydrogels depends upderg of encapsulation and release
profiles only. Thus, it demonstrated that the hgeatoscaffolds can be used as an

effective vehicle for the delivery of several mettimponent mixtures.

Due to its ideal swelling, biodegradability PEG hamtjuired an attention in field of
skin tissue engineering. Salvelairal [56] developed the biodegradable photo cross-
linked hydrogel in which water responsive shap®vetcy induced buckling was seen.
This study was mainly performed in order to underdtthe role of the original
diameter and prestretching time in minimizing theelding time that involved in the
development of the biodegradable photo crosslinRE& hydrogel. Moreover, the
study reports also revealed that the dry hydrogel Bhown high swelling when
compared to the wet hydrogels. Further in thisyitdias also reported that buckling
induced shape memory effect was responsible fomptimg the time controlled

activation.

Because of its sustained release and thermosensitaracteristics, PEG had found
its importance in designing the intracameral ingctHanet al [57] developed the
PEG-PCL-PEG hydrogel loaded with Bevacizumab mefmmt regulating the
intraocular pressure in case of trabeculectomywds also demonstrated that this
hydrogel system plays a crucial role in post-opegatscarring. Moreover, the
histopathological and Massons trichome studiesaledethat there was excellent bleb
survival in case of the rabbits treated with Beramab loaded hydrogel. Table No. 6

represents the role of polyethylene glycol in dif& formulations.



3.2.2. Carbopol:

Because of its excellent gelling characteristias folymer had found its use in
several pharmaceutical applications. Moreover pibstive effects on the zone of the
stasis made this Carbopol an ideal polymer fordaeelopment of hydrogel for tissue
engineering applications. Hayad al [58] developed the Carbomer 940 hydrogels
meant for burnt wound healing. In his studies,dpathological analysis revealed that
the Carbomer 940 hydrogels enhanced the collagposd®n and reepithelization
within the damaged portions when compared to ctaettayroup. Further, the cell

viability results also revealed that hydrogels waoatoxic to the fibroblast cells.

The treatment of the chronic wounds had becomeobriee major health care issue
world-wide. Due to its excellent biocompatibilitmwé soothing effect this polymer
was used for decreasing the healing time. AccorthnGrip et al [59] the sprayable
Carbopol hydrogel loaded with beta- 1, 3/ 1, 6-cglu promotes excellent
revascularization and reepithelization in casehaf dtamaged tissues. Moreover, in
this study even though carbopol 971P was prefedtexito its excellent gelling and
high transparency characteristics, but this alaraot minimise the wound healing

duration.

Zinov'evet al [60] developed carbopol hydrogels meant for wohadling in case of
alloxan induced diabetes rat model. In this studg Carbopol hydrogels were
modified by using the electrical signals with thetilaiotics like Poviagrol and it
resulted in enhancing the reepithelization and atgoeimized rate of suppuration.
Moreover in this study, it was also proved that thodified Carbopol hydrogel
shows the bactericidal property and this properakes Carbopol useful in treatment
of the necrotic lesions. Table No. 7 representsrtle of Carbopol in different

formulations.

3.2.3. Polyacrylamide (PAM):
The ideal mechanical, biological properties andregate behaviours of this polymer
made it useful in designing the hydrogel scaffdlaistissue engineering applications.

Weiet al [61] developed the polyvinyl alcohol (PVA)/ polystamide (PAM)



composite hydrogels and it demonstrated about digeegate behavior of nano-silica
on loading into the composite hydrogels. Howevearpbserving the study reports, it
was identified that upon increasing the concemmatof the nano-silica the
aggregation behavior will also increase. MoreoueQn increasing the concentration
of polyacrylamide the uniformity within the nandisa loaded hydrogel scaffolds will

also be enhanced simultaneously.

Pafiti et al [62] developed a polyacrylamide based compositdrdygels into which

the hallow particles were entrapped. In this stutlwas observed that this polymer
was useful in making the hydrogels with ideal tueamechanical properties.
However in this study, in case of all dispersioescplated hallow particle network
enhanced the modulus and ductility in the expecatehner. Further, the pH
responsive nature of the polyacrylamide based lgadrecaffolds makes it useful in

wound healing applications.

It was reported that burst release of antibiotas possible by entrapping the
antibiotics within the polyacrylamide hydrogel dodds. In this study, Puladt al [63]
developed the novel Piperacillin-Tazobactam anddexpnal growth factor were
loaded into polyacrylamide based hydrogels that &t an effective system for
wound healing. Moreover, in this study it was afteported that burst release of
Piperacillin-Tazobactam hydrogels happens with out. Whereas, the epidermal
factor loaded into these hydrogels plays a sigamfiadole in enhancing the mitogenic
activity within the wound healing process. Furtirethis study, it was reported that
when compared to the free epidermal growth factor culture medium the
incorporated epidermal growth factor had shownciffit rate of L929 mouse

fibroblast cells proliferation for the longer duaat of time.

3.2.4. Carboxy methyl cellulose (CMC):

Cutaneous wound healing had become a challengipgcesmong the population
across world-wide. Bilayered hydrogels usually playsignificant role in designing
cutaneous wound healing process. The ideal swallmgmechanical properties made

this Carboxy methyl cellulose useful in developmefitthe bilayered hydrogel



scaffolds meant for skin tissue engineering appboa. As in case of Lét al [64]
developed the PVA/ CMC/ PEG hydrogels while graualtering the pore sizes for
these cutaneous wound dressings. Moreover, thg stypdrts also revealed that the
developed bilayered hydrogel scaffolds while shgwisleal mechanical properties it
also prevents the bacterial penetration into th®g#rogel scaffolds. Due to this
reason the wound closure time for the animals dckatith these scaffolds were
minimized. Further the MTT assay also revealed abwiexcellent biocompatibility

shown by the single layer hydrogels

Due to its excellent biocompatibility, biodegraddpi and drug entrapment
capabilities these cellulose derivatives were fotmdoe useful for designing the
hydrogels meant for promoting the local effect as& of damaged skin portions. Ali
et al [65] developed the biofilm type of wound dressiog loading the graphene
oxide into the sodium Carboxymethyl cellulose hyphis. These developed hydrogels
promoted the wound healing with excellent antib@atectivity via regulation of the
epidermal and fibroblast growth factors. Howevetha study reports it was clearly
shown that reduced graphene oxide hydrogel playgraficant role in preventing the

intrinsic virulent factor developed by bacteria.

Carboxymethyl cellulose exhibits excellent envir@mtal friendly characteristics
hence, due to this reason this polymer was extelysivsed for the development of
the skin repair substitutes. Capanesna [66] developed the potential wound healing
hydrogels with excellent super absorbent charatiesi by using the Carboxymethyl
cellulose and PEG polymers. Moreover, in this stitdyas also demonstrated that
Carboxymethyl cellulose was essential in promosagerabsorbent characteristics in

case of these hydrogel dressings.

4. Growth factorsin skin tissue regeneration:

In case of damaged skin portions growth factorsewessential for promoting the
rapid skin tissue regeneration. Moreover, uponil@athese growth factors into the
hydrogels further enhanced the angiogenesis, tedjziation, and neovascularization

within the damaged portions. Xafi al [67] developed the granule-lyophilised platelet



rich fibrin loaded hydrogel dressing for the treatrhof skin wounds. Upon using the
PVA (Polyvinyl Alcohol) as a polymer further enhadcthe biodegradability and
mechanical properties of these hydrogel dressikRgglly, the results of this study
demonstrated that the granule- lyophilised plateleh fibrin loaded hydrogel

promoted the faster rate of wound healing with #&oé neovascularization and

reepithelization.

Hsieh et al [68] developed the novel vascular endothelial ghovactors loaded
chitosan/ fibrin hydrogel involved in the vascutapair within the damaged portions.
Usually the combination of the fibrin and chitosessulted in improvising the
environmental stimuli responsiveness within theseetbped hydrogel scaffolds.
Further, the report of this study also suggests ths VEGF loaded hydrogels
promotes excellent angiogenesis and capillary ftionawvithin the damaged portions
of the skin. Moreover in this study, it was cleaslyown that capillary inducing and
self-healing properties were the results of integbeating networks present in

hydrogel.

Collagen was a natural substance that was maimyept within the skin structure.
Moreover, this collagen had got a significant rmiepromoting the smooth muscle
formation and reepithelization within the damgedhgortions. Latifiet al [69] have

fabricated a tissue mimetic collagen Il loaded aéibrillar hybrid hydrogel

scaffolds and this has achieved the significantortgmce in case of soft tissue
engineering applications. Moreover, these developgdrogels shows excellent
porosity along with ideal mechanical and biodegbédy characteristics. Hence, due
to this reason these developed hydrogels also plgysmising role in the vocal cord
and heart valve regeneration. Further in this stidyas clearly demonstrated that

matrix integrity was completely dependent on glyablitosan solution concentration.

In case of the skin wound healing platelet hadsygriificant role in minimizing the
skin scarring by enhancing the rate of neovasadtdn within the damaged
portions. Sambergt al [70] developed the adipose derived stem cellsddadgith

platelet rich plasma hydrogel in order to enhariee angiogenic potential of these



developed hydrogel scaffolds. Moreover, in thisdgtit was also clearly evidenced
that upon usage of more than one growth factorsgaleith adipose derived stem
cells further enhanced the revascularization aegitieelization within the damaged

extra cellular matrix.

Zhanget al [71] developed the basic fibroblast growth factimaded hydrogels and
this bioinspired hydrogel in turn stimulated woulnealing process in case of balb
mice. The study reports of this work demonstratet this basic fibroblast growth
factors loaded hydrogels has shown effective aalluhigration and this further
enhanced the reepithelization and neovascularizatiocase of the skin defects
treated with the bFGF (basic fibroblast growth éactioaded hydrogels. Figure 4.
Describes about the role of growth factors loadgdrdégels in cutaneous wound

healing. Table No. 8 represents the role of grdattors in different formulations.

5. Peptidesin skin tissue regeneration:

Due to the excellent proliferation and regeneratkiaracteristics these peptide have
found their use in several tissue engineering apftins. However, upon loading this
peptides into hydrogels further enhanced the ragéime potential of these hydrogel
scaffolds. Carrejoet al [72] fabricated the multi domain hydrogels in tuitrese
hydrogels accelerated the wound healing in theddii@imice. Moreover in this study
it was also shown that excellent biocompatibiligngiogenesis and neurogenesis
properties of the multi domain hydrogels resultadthe rapid tissue regeneration.
Further, the study reports of this article also destrated that at the end of thé"14
day the peptide hydrogels promotes the wound oboswvith excellent

neovascularization and reepithelization.

When compared to their counterparts (like synthptibymers) peptides show ideal
viscoelastic property and this property of peptigdays an important role in
enhancing the stimuli response in case of the abvskin tissue engineering
applications. According to Dimaiet al [73] developed peptide hydrogels modifies
the rigidity according to the requirements of thenmenvironments of the biological

tissue. Further, the study reports also revealad sbIf-assembling property of this



peptide loaded hydrogels made it useful in prongpthre efficient drug delivery and
wound healing. Moreover in the current study, djpeend selective non covalent
cross linking plays a vital role in altering thesabelastic property of the peptide
hydrogel and this further in turn resulting in miochition of in situ hydrogel with

response to the biological microenvironment.

The biomimetic and biodegradability characteristtthese peptide loaded hydrogels
created a new series of platforms in regeneratigdicme. As reported by Ligt al
[74] the ideal biodegradability, biocompatibilityyé biomimetic properties of these
peptide loaded PEG hydrogels made these hydrogefsqgbe the significant rate of
cellular attachment and proliferation and this wa®ved in this study upon
performing then vitro studies for these peptide hydrogels. Furtherimgtudy it was
also revealed that fabricating temperature pegidecture and concentrations plays a
significant role in enhancing the physicochemiaad ®iological performance of the

developed hydrogels.

In the past few years the concept of cellular nigrahad achieved significant
importance in the therapeutic strategies meantefigenerative medicine. Warmgal
[75] developed the REG peptide loaded hyaluronid Agdrogel involved in wound
healing activity. In this study REG peptide playgedignificant role in promoting the
cellular migration by activating the Racl and pERK@Immuno modulatory signals).
Further, these signals enhanced the MMP (Matrixalieetpeptidase) expressions
involved in the skin tissue regeneration. Finalg study reports also demonstrated
that in case of the damaged skin tissue REG pepimied hydrogels promotes the
significant rate of angiogenesis and cellular ntigra Hence, due to this reason REG

peptide was found to be useful in advanced wounel m@nagement.

Crosslinking nature of the peptides plays a sigaiit role in modification of the
rheological properties of the developed hydrogeffetd. Seowet al [76] developed

the ultrashort peptide cross linked hydrogel sddffomeant for accelerating the
wound healing process in case of full thick woundsreover, in this study it was

clearly stated that disulfide bond formation witlpieptide hydrogels was responsible



for enhancing the stiffness and crosslinking cdpeds of these hydrogel scaffolds.
Further, the study reports of this article also destrated that in case of female SCID
mice with full thick excision wound model LK6C (Refe Sequence) loaded
hydrogels has shown excellent reepithelization amebvascularization when
compared to control.Figure 5. Depicts about theeRiblPeptides Loaded Hydrogels
in Cutaneous Wound Healing. Table No. 9 represtetsole of peptides in different

formulations.

6. Conclusion:

Over the past few decades researchers were focositige development of the novel
topical hydrogel scaffolds for skin tissue rep@wing to their excellent swelling and
biocompatibility and biomimetic properties thesgital hydrogel scaffolds were
found to be promising for several skin tissue eegimg applications. In this review,
we highlighted mainly the variety of the polymergowth factors and peptides

involved in the development of the hydrogels méanskin tissue regeneration.

Natural polymers such as Chitosan, Collagen, Genigeratin, and Collagen were
among the optimised polymers meant for preparasicthe topical hydrogels, owing
to their ideal biodegradability, minimal cytotoxigiand similarity to the extracellular
matrix of the skin. However, synthetic polymers suas PEG, Carbopol,
Polyacrylamide (PAM), Carboxymethyl cellulose extsbexcellent stability and

mechanical properties when compared to the ngbotgimers.

Various study reports of both peptide loaded hydi®gnd growth factor loaded
hydrogels revealed that these hydrogels plays @atrtole in enhancing the cellular
migration towards the damaged portions. This keperty of these hydrogels further
enhanced the angiogenesis, moisture retaining dapamnd reepithelization process
in the skin defects model. An important future wagko accelerate the regenerative
potential of hydrogel by fabricating both the syattb and natural polymers, whereas
the incorporation of growth factors, peptide segeasnsignaling molecules formed an

ideal microenvironment to support cell growth arsdue regeneration. Further there



was a need to explore the novel strategies inmb#ifunctional hydrogel-based

scaffold for cell-based therapies and tissue erging.
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Figure L egends:
Figure 1. Represents the Classification of Polymers
Figure 2. Describes About the Significance of PayimHydrogel Scaffolds.
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Figure 4. Describes About the Role of Growth Factavaded Hydrogels in
Cutaneous Wound Healing.



Figure 5. Depicts About the Role of Peptides Loadgdrogels in Cutaneous Wound
Healing.

Table L egends:

Table. 1 represents the role of chitosan in diffefermulations.

Table. 2 represents the role of collagen in difiefermulations.

Table. 3 represents the role of genipin in difféfenmulations.

Table. 4 represents the role of keratin in diffefermulations.

Table. 5 represents the role of pectin in diffefentnulations.

Table. 6 represents the role of polyethylene glyecalifferent formulations.
Table. 7 represents the role of carbopol in difiefermulations.

Table. 8 represents the role of growth factorsfieigent formulations.

Table. 9 represents the role of peptides in diffefermulations.



Table. 1 represents the role of chitosan in different formulations

Sl.no | Polymer Formulation Role Refere
combination nces

1. Chitosan + Chitosan hydrogels containing | Enhanced the rate of 24
Phenytoin. nanoencapsul ated phenytoin permeation and

for cutaneous use: Skin penetration.
permeation/penetration and
efficacy in wound healing.

2. Carboxy On-Demand Dissolvable Self- Self-healing & Scar 25
Methyl Healing Hydrogel Based on less skin tissue
Chitosan + Carboxymethyl Chitosan and regeneration.
cellulose Cedlulose Nanocrystal for Deep
nanocrystals | Partial Thickness Burn Wound

Healing.

3. Chitosan + Stimuli responsive biopolymer | Biocompatibility, 26
poly (N- (chitosan) based controlled rate of
vinyl-2- blend hydrogels for wound release.
pyrrolidone) | healing application.

(PVP)

4, Chitosan + Fluorinated Bio adhesive property. | 27
methacrylami | methacrylamide chitosan hydro
de gel dressings

enhance healing in an acute
porcine wound model.

5. Chitosan + Novel chitosan hydrogelsreinf | Anti-microbia & ideal | 28
Silver orced by silver nanoparticles mechanical property.
Nanoparticle | with ultrahigh mechanical and
S high antibacterial propertiesfor

accelerating wound healing.

6. Chitosan+ Norfloxacin-loaded High Porosity and 29
Collagen collagen/chitosan scaffoldsfor | Water Retention

skin reconstruction: capability

Preparation, evaluation and in-
vivo wound healing
assessment.




Table. 2 represents the role of collagen in different formulations

Sl.no | Polymer Formulation Role Refere
combination nces
1 Collagen + Hyaluronan/collagen hydrogels | Controlled rate of 30
Hyaluronan. | containing sulfatedhyaluronan | release.
improve wound healing by
sustained release of heparin-
binding EGF-like growth
factor.
2. Collagen + Collagen-Polyvinyl Alcohol- Novel Bio hybrid 31
Polyvinyl Indomethacin Biohybrid dressing.
Alcohol. Matrices as Wound Dressings.
3. Collagen + Decorin- Angiogenesis, evades 32
Decorin containing collagen hydrogels | mechanical stimuli,
as dimensionally stable promotes excellent
scaffolds to study the effects of | fibrillogenesis and
compressive mechanical vascular growth.
loading on angiogenesis.
4, Collagen + Preparation and Ideal biocompatibility, | 33
Chitosan characterization of chitosan - swelling and retention
collagen peptide / oxidized properties.
konjac glucomannan hydrogel.
5. Collagen + Devel opment, Optimization Anti-inflammatory 34
Dextran and In Vitro/In Vivo property.

Characterization of Collagen-
Dextran

Spongious Wound Dressings
L oaded with Flufenamic Acid.




Table. 3 represents the role of genipin in different formulations

Sl.no | Polymer Formulation Role Refere
combination nces
1 Genipin + Evaluation of genipin- Local antibacterial 35
Chitosan crosslinked vehicle
chitosan hydrogels as a
potential carrier for silver
sulfadiazine nanocrystals.
2. Genipin + Effects of post-processing Ideal Porosity, 36
Chitosan methods on chitosan- Swelling and
genipin hydrogel properties. Biomimetic property
3. Genipin + Self-assembling peptides cross- | Acts as across linker 37
Peptides linked with genipin: for bio inspired
resilient hydrogels and self- biomaterias
standing electrospun scaffolds
for tissue engineering
applications.
4, Genipin + Generation of genipin cross- Biocompatibility and 38
Fibrin + linked fibrin-agarose hydrogel | bio fabrication
Agarose tissue-like models for tissue property.

engineering applications.




Table. 4 represents the role of keratin in different formulations

Sl.no | Polymer Formulation Role Refere

combination nces

1 Keratin + Keratin-chitosan/n-ZnO Ideal biocompatibility | 39

Chitosan nanocomposite hydrogel for
antimicrobial treatment of
burn wound healing:
Characterization and
biomedical application.
2. Keratin + An investigation of konjac Enhanced fibroblast 40
Avena Sativa | glucomannan-keratin hydrogel | proliferation and
scaffold loaded with Avena collagen levels
sativa extracts for
diabetic wound healing.

3. Keratin Assessment of Deep Partidl Reepithelization and 41
Thickness Burn Treatment neovascul arization
with Keratin Biomaterial Hydr
ogelsin a Swine Model.

4, Keratin Feather keratin hydrogel Biocompatibility and 42
for wound repair: biodegradability
Preparation, healing effect and | properties.
biocompatibility evaluation.

5. Keratin + Ciprofloxacin- Enhances macrophages | 43

Ciprofloxaci | Loaded Keratin Hydrogels Pre
n vent Pseudomonas
aeruginosa Infection and
Support Healing in aPorcine
Full-Thickness
Excisiona Wound.

6. Keratin Effect of discarded keratin- Ideal Biocompatibility, | 44
based reepithelization and
biocomposite hydrogels on connective tissue
the wound healing process in formation.

ViVo.
7. Keratin Evaluation of skin regeneration | Excellent fibroblast 45

after burnsin vivo and rescue
of cells after thermal stress

in vitro following treatment
with akeratin biomaterial.

proliferation and cell
viability.




Table. 5 represents the role of pectin in different formulations.

Sl.no | Polymer Formulation Role Refere
combination nces
1 Pectin + Pectin-honey hydrogel: Excellent antimicrobial | 46
Honey. Characterization, antimicrobia | activity.
activity and biocompatibility.
2. Pectin + Evaluation of the . Ideal biocompatibility | 47
Polyvinyl biocompatibility of pectin/poly
alcohol. vinyl alcohol composite
hydrogel as a prosthetic
nucleus pul posus material.
3. Pectin + Wound healing potential of a Revascularizationand | 48
Polyvinyl polyvinyl acohol- reepithelization
alcohol. blended pectin hydrogel
containing
Hippophaerahmnoides L.
extract in arat model.
4, Pectin + Cdl- Modulating cell 49
Thiolnorborn | instructive pectin hydrogels cro | behavior.
ene. sslinked viathiol-norbornene
photo-click chemistry for skin
tissue engineering.
5. Glutaraldehy | Preparation and Ideal swelling and 50
de + Pectin characterization of porosity.
amidated pectin based hydroge

Isfor drug delivery system.




Table. 6 represents the role of polyethylene glycol in different formulations.

Sl.no | Polymer Formulation Role Refere
combination nces

1 Polyethylene | Silver nanoparticle Ideal swelling and 51
glycol + impregnated chitosan- biodegradability
Chitosan PEG hydrogel enhances wound

healing in diabetes induced
rabbits.

2. Polyethylene | PEG- Reepithelization 52
glycol + Plasma Hydrogels Increase
Plasma Epithelialization Using a

Human Ex Vivo Skin Model.

3. Polyethylene | Dual-Functional Dextran- Anti-microbial & 53
glycol + PEG Hydrogdl as an Antioxidant property
Dextran Antimicrobial Biomedical

Material.

4, Polyethylene | Sustained release of Promotes sustained 55
glycol + multicomponent platelet-rich release.
Platelet rich | plasma proteins from
Plasma hydrolytically degradable
Protein PEG hydrogels.

5. Polyethylene | Water-Responsive Shape Ideal swelling and 56
glycol Recovery Induced Bucklingin | biodegradability

Biodegradable Photo-Cross-
Linked Poly (ethylene glycol)
(PEG) Hydrogel.
6. PEG + PCL | Effects of bevacizumab Sustained release and 57

loaded PEG-PCL -

PEG hydrogel intracameral
application on intraocular
pressure after glaucoma
filtration surgery.

thermosensitive
characteristics




Table. 7 represents the role of carbopol in different formulations

Sl.no | Polymer Formulation Role Refere
combination nces

1. Carbomer Effects of carbomer 940 Positive effectsonthe | 58
940 hydrogel on burn wounds: an zone of stasis, collagen

invitro and in vivo study. deposition,
reepithelization.

2. Carbopol Sprayable Carbopol hydrogel Excellent gelling and 59
971P + beta- | with soluble beta-1,3/1,6- high transparency
1,316 glucan as an active ingredient | characteristics.
glucan for wound healing -

Development and in-vivo
evaluation.

3. Carbopol Wound-healing effect Bactericidal property, 60

of carbopol hydrogelsin rats necrotic lesion
with alloxan diabetes model. treatment.

4, Polyacrylami | Aggregation Behavior of Promotes the 61
de+ Nano-Silicain Polyvinyl uniformity with in the
Polyvinyl Alcohol/Polyacrylamide Hydro | developed hydrogel
alcohol gels Based on Dissipative scaffolds.

Particle Dynamics.

5. Polyacrylami | Composite hydrogels of polyac | Promotesideal tunable | 62

de rylamide and crosslinked pH- | mechanical properties
responsive micrometer-sized into the hydrogel
hollow particles. scaffolds.

6. Polyacrylami | Sequential antibiotic and Promotes burst release | 63
de+ growth factor releasing of formulation.
Piperacillin- | chitosan-PAAmM semi-IPN
tazobactam + | hydrogel asa
epidermal novel wound dressing.
growth factor

7. Carboxymeth | A Bi-Layer PVA/CMC/PEG Ideal mechanical 64
yl cellulose + | Hydrogel with Gradually properties, Prevents the
Polyvinyl Changing Pore Sizes bacterial penetration.
Alcohol + for Wound Dressing.

Polyethylene
glycol.

8. Sodium Sodium carboxymethyl Excellent Antibacteria | 65
Carboxymeth | cellulose hydrogels containing | activity
yl cellulose + | reduced graphene oxide (rGO)

Graphene asafunctiona
oxide. antibiofilm wound dressing.

9. Carboxymeth | Superabsorbent Promotes super 66
yl cellulose + | crosslinked carboxymethyl absorbent
Polyethylene | cellulose-PEG hydrogels for characteristics.
glycol. potential wound dressing

applications.




Table. 8 represents the role of growth factorsin different formulations

Sl.no | Growth Formulation Role Refere
factor nces
combination

1 Granule- Effects of incorporation of Neovascularization, 67
lyophilised granule-lyophilised platelet Reepithelization
platelet rich | rich fibrininto poly vinyl
fibrin + PVA | acohol hydrogel on wound

healing.

2. Vascular A novel biodegradable self- Angiogenesis, Capillary | 68
endothelial healing hydrogel to induce formation.
growth blood capillary formation.
factors +
Chitosan +
Fibrin

3. Collagen 11l | A tissue-mimetic nano-fibrillar | Smooth muscle 69

hybrid injectable hydrogel for | formation,
potential soft tissue
engineering applications.

4, Adipose Platelet rich Enhances the 70
derived stem | plasma hydrogels promote in angiogenic potential,
cells+ vitro and in vivo angiogenic minimizing the skin
Platelet rich | potential of adipose-derived scarring.
plasma stem cells.

5. Basic Stimulation of wound Promotes effective 71
fibroblast healing using cellular migration,
growth factor | bioinspired hydrogels with Reepithelization,

basic fibroblast growth
factor(bFGF).

Neovascul arization.




Table. 9 represents the role of peptides in different formulations

Sl.no | Peptides Formulation Role Refere
combination nces
1 Peptides Multidomain Peptide Hydrogel | Neovascularization and | 72
Accelerates Healing of Full- Reepithelization
Thickness Wounds in Diabetic
Mice.
2. Peptides Modulating Enhances the stimuli 73
Supramolecular Peptide Hydro | response, idedl
gel Viscoelasticity Using viscoel astic property
Biomolecular Recognition.
3. Peptide + Biodegradable poly(ethylene Cdlular attachment and | 74
PEG glycol)-peptide hydrogels with | proliferation.
well-defined structure and
properties for cell delivery.
4, REG peptide | Development of Biocompatible | Promotes cellular 75
+ Hyaluronic | HA Hydrogels Embedded with | migration, enhances the
acid aNew MMP expression
Synthetic Peptide Promoting
Cdlular Migration for
Advanced Wound Care
Management.
5. Ultrashort Transparent crosslinked Enhancesthe stiffness | 76
peptides ultrashort peptide hydrogel dre | and crosslinking

ssing with high shape-fidelity
accelerateshealing of full-
thickness excision wounds.

capabilities of the
hydrogel scaffolds,
shows excellent
reepithelization and
neovascularization.
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Figure 1. Represents the Classification of Polymers
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Figure 2. Describes About the Significance of Polymeric Hydrogel Scaffolds.
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Figure 4. Describes About the Role of Growth Factors Loaded Hydrogels in Cutaneous Wound Healing
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