olg 3eqd Ud old URd fyfeern &1 gmat of Rifser # 3w

Applications of Biomimetic and Bioinspired
Membranes in Wound Dressing
Sf A HRbM AR ST 3faifer qroruy
NIREIRRERIRIRICEICRISEC PN

mona.markam@gmail.com, abs_112@rediffmail.com

AR :

gepid 4 i ST aret Shifdd giforr @1 SN AYaT § SURT 4 ST arer YaTRll Bl e
UG g7 B GIHAT T YT B &/ I BN P B A fAfdre gHR & Eld & 5
YeTIf ¥ UNOIT @Y ST ST G oid YR ferfeeral (biomimetic and bioinspired membranes)
BT [T 7 ST 78T & Sfial @l qabel U¥ SR ferfearal 51 siged (biomimetic) ¥ Siqr
P GV W URUT ABY g5 T fRrfeerdr wig URT (bioinspired) I &/ Sifdd gt
(biological processes) @I T&eT &Y UGl §I9T 519 3TV (biomimetics) HETT &, Taldb
Sifad GiGaIs & SERYT [IGTal & FasIdy 73 UGrdl &I 19T 519 YRV (bioinspiration)
FEAT &/ I Tl FICHIT U TR & [P &, [o77% &I [Sfecral (membranes) & 15107
P ford S freefl Wenfia! (advanced membrane technology) @7 13&14 e & Gdbar &/
519 ggei@ (biopolymers) SRTERVIT — ¥Hoyellol, VT4, BIgicH, BIgTIFT, &+, Vo, foreflcT
UF BlctorT SIfAVIET (non-toxic), S1d—317eey (biodegradable) U9 S1awiid (biocompatible) gl
& for7ar Siq fafecar (biomedicine) 3 GAFAT SfI9fer 9w J41 (controlled drug delivery
devices), &a® TIAB! (tissue engineering), T19 G&T (wound dressing) Td SaIRIIEN o1a
(antibacterial coating) ¥ @T9% ¥Y § SUINT EIGT &/ §9 ol 4 Gig 3gpd U9 oid IRT
fRrfeeral @t euveEr va sigraT fa@rg (latest developments) &T WiEeT faaver qegd &/

Abstract:

Materials being used in physiological structure of living organisms have remarkable
composition, structure and process of formation. Hence, their functions are also very
specific. These materials have served as an inspiration in the development of biomimetic
and bioinspired membranes. Imitating the fundamental principles associated with biological
processes is called biomimetics, while bioinspiration involves the implementation of these
principles to develop new materials. These two approaches are complementary, which can be
used to develop advanced membrane technology for production of membranes. Biopolymers,
like-cellulose, starch, chitin, chitosan, wool, silk, gelatine and collagen are non-toxic,
antibacterial, biodegradable and biocompatible, these are widely applicable in biomedicine
for development of drug delivery devices, tissue engineering scaffolds, wound dressings and
antibacterial coatings. This article presents a brief overview on the recent advancements in the

design and development of biomimetic and bioinspired membranes.
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YUATdeT :

EURECATCN CA I IC R ECABS e U E N
WREITT (environment protection) @I e &
y<Tel IS (material science) @ &5 # gRvfig
fd@T4 (sustainable development) &1 LRI
(concept) WR &9 dfad fear g fafear
fds™ (medical science) Td @rer ggTAt @
IBHST (food packaging) @ &3 # faviy wu
W 39 fQum # JgHU (research) FR=R arfay
W B IR e & o ugpfa wataH
ARV BareRvl ©| o uard faw,
A fasm vd e ifitat [1] &
My BRI H P yeRl & e @ o
319 3 @d (biomimetic) U Sig URA (bio
inspired) fa®eTer  (strategy) RH A
(fore front) T B |

g H AYf¥d 9geldl  (synthetic
polymers) &1 SUAIATAT Ud @madndT (diversity)

OIg 9g1d Syl A1 STeere! (hydrophilic)
B @ BRI 39 A W TR AL SaNd 2 |
3dud oid HdR (biohybrid) Td Sid 3R
(biomimetic) UGl & fAHrRT B IMaTIHT
VT BT T W& T |

ST 37e[cpd Td Sta URa fafeerat (Biomimetic

and Bioinspired membranes) :

g srad fSifeerdl 9 UBR 9418 S
g, f& ST@1T dWEed (composition), T
(structure), AT fAf (production process)
vd B (function) Sifdd fRifeerdl (biological
membranes) @I T8 & Sifad frfeeral #
3 WR B 81 BRWBIAUS (phospholipid)
vq Hrfefial WIS (functional protein) @
FH H W B 2| BB SR
(amphiphilic) B € 1id g R det QI
# ga dad © | A fifeerdt dIffier @1 R
UG BRAl © Ud 3T PIRIPRI B AT
A == fhamelt (interactions) ® WIT
ol g1 9fd® &l (biological systems)
H 3 FEETRR AR Bl & 8, s
dra H 91 B 9 A (coordination)

989 ©, fb=g o Uil &1 Olg seeH
(biodegradation) F&l BT &, 31d: ITANT &
SR UG 9 g1 Frered (disposal) T
398 U4 fAdeTel AARIT I9ax IR & 2 |

) dgeid (biopolymers) TqT — @W@ﬁ?{
¥, Prgfed, B, 94, W, fSfefed
Td Pleloe Wd ecy (biodegradable) B
g TAT N Igadl B gor H AfSD
ST (biocompatible) BRI & | Sid dgetal
@ YA H agiRe dfods I8 7, P
59 fafdadra (biomedical) usmal # omg
qraraRer H A e |l (mechanical
strength) & & fAeiRa A smawas 2|
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fhar SITaT 8, Aol b JATd YR
(effective energy transformation), fafd=
ggrel BT HUNARYT Ud IRl (material
transformation and transfer) | Sifa® f3rfeeral
DI AFAT Sffee WA DT YOI DRI
BT I Bfow BT 8, o S fafdre
O H AIPU  WRellpd  elfd  urewf
(simplified synthetic models) &T fd®ra fdban
ST Y@ B 96T YANT aadE H SuAET @
ST E et fSifeerdl & o W g
STufReNes (water purification), ¥ae8 Soff
(clean energy ), Bl STSIMAATZS AT




AT TR AR 3fSifel qor, "Sig agqd vd oig IR f3ifeeral o1 amal @1 fafdear 4 swan”

(carbon dioxide capture) Td &y Vel (health
care) [2] S &= § fham o7 =T B |

P TF DI Aged STeMicRE (super
hydrophobic) [3] W@l & ®RI Sa H
REH] Wl YT (unaffected) &1 & Had
# B UA BT g Bfaal vd rRifwl
3BT IR BT & | A T3 DI g
ST RN e ar | UROT oldh] ISRt A
Ur=Td (advanced) USrRf M H dTHAID
el &1 g1 s UBR foudsell & Wi 3
g1 &1 &Har guR TS (super adhesive) &
fmtor &Y IR < 2 |

oifdd @™l (biological systems)
D AR Rl & ford Sifde  ugref
(biomaterials) @ WA (self-assembly)
T[0T BT AUl ANTETE BIAT 2 | S AT
dell BT UG (model) R STl AT
(gelation) TPilh ERT Hcldl Bl Ul fdad
BIgSIola (tissue-mimicking hydrogels) a1
ST E B, e fRw et & o SuanT
frar ST AT 21 39 TSR B BIgSoldl
P g & o ol Ul (raw material)
% WU H UIgldd ggadl (Natural polymers)
Ud SIgEITd WOl dgedi (biocompatible
synthetic polymers) &T T3 3T d WA & |

fafys smaml (different length scales) #
EIRSIod @I 3ffaRe AT gHad & &
for) 9ga® wd fIem@d (solvent) @1 Ugfa
P IR W SUAN § A o ufafdEt 8-
iR (R aAE RS fata #
g™ (Freeze-thaw), TRA—&3—WRd |
&1 (layer-by-layer assembly), g
A # MBR AT (templating), B AT
(3D-printing) Td ¥a=iae (self-assembly).
(biohybrid materials) &1 fddra W1 FR=<R

Ty W Bl gd feem # A dE ga
39 | Uarf  (nanostructured biohybrid
materials) eI & MHyTT & R &g
g1 S99 UgEd: Od U4 ApraiTh garedl @l
ATHSIGYh STHTAC (synergistic assembly) TR
&I Bfad BT §| Sid HH) gard g
& ol Sig uardl &I fBdr oMaR iR ReR
(immobilize) fHaT SITAT 8 | A MR 3H TSR
IfTRd (classified) [ ST Fad & T4 3
(porous solids), AIgHI AAAT =AIBUT Gad
S (micro-or nanoparticulated solids), =

SIfTTY (soft networks).

R ¥ UM @R (bottom up) SUITH
AREATg] gbIgdl (structural units) 1 T
SHTEE (self assembly) §RT GHeTRT G- &
STg—3defTH Faxi (bio-inorganic hybrids)
&1 fomor g 2| 39 Ui & ford femgaR
AifrTeral (strategy) g BN o
(i) dfd—sta ufafr (sol-gel process) : S

gfafsr # urefae a1 GG SreEE

gcdh HaHD gchl o ford e (host)

BT B B © | JBETH UG HEHD

gchl @ A1 Uhdd (monomer) AT

PR FEATDRYT B  UT 3ME (matrix)

Sl TCh] BT 3Mdg DR ofdl 2 |
(ii) PSS FeHl BT 2D 34 u=al ferdT 3D-

ST AT W AR GREHRl # o sidfiaeE

(intercalation). 359 Ufafer # ifcrfer (G

gedh) TG Mg (Qdbreid Ucdh) &l

ameee fr=Tifohd gelt & &1 aahar &

(a) Rer fdegga JMHYYT g (electrostatic
forces)
(b) BISSIoH &+ Ud 5ot A (hydrogen

bonds and water bridges)

(c) SMI—fgga WeHA® a9 (ion-dipole

covalent force)
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(d) YICH Td geldgi= AR (proton
and electron transfer)

(e) drvsxdrel 91 (van der Waal forces)

(ili) PHEMS GeHl BT BRI (grafting of
organic components) : GEASG ST TR
PRI FILATYT (functionalization)

3 1: SIa—3APED APRI & AT BT AT ag
T (31) Hid—oid ufafd g1 SRR Smde
(entrapment in matrices generated by sol-
gel process), (3) @rEf® geat &1 2D 3™
WAl ferdr 3D-AA1 A1 Al R AREne o
sfaffaem ( intercalation in 2D-solids or
inclusion in 3 D-solids), (77) @i wcai
@1 HewRaer ( grafting on inorganic solid
surface)

Sa 3gepd uwd od WRa fufeot &
fafseraster argqu=iter (Clinical applications
of biomimetic and bioinspired membranes) :

fRIfPcIDd U & ol WarT 4 ar
S dTel gerelt & forg emaeass 2, 6 9 arfqwraa
(nontoxic), ©1d ¥ d (biocompatible), i@
Juecy (biodegradable), Aif3d wormf¥ica gad

42

(mechanically stabilised) 3R <@ afdhg
(bioactive) Bf 3rITq BIRIHT & fITR (cell
expansion) & ol |dg UL HAY | oG
g Td g URq feifeerl | gl (wound
dressing) & ford faery Ul 2 |

g R (Wound healing) :

Wi a1 IrErafe 3rard (physical or
chemical damage) & 4T TIS & AH! ¢ |
AT HESUSHRI UMY (vertebrates) & IRIR
BT FIH g1 3T & | ol IRR & fdl WR
Bl AT <4 I(ENQ‘H de- B %| ddl
qieRofig ImeTdl (environmental damages)
@ Ufd YRR @& UUH el URe (first line of
defense) 2 am @ B Sfed ARE
(three-layered complex structure) § STgdean
(epidermis), 3idRcddh (dermis) Td 3IfER<dDH
(hypodermis) ¥Tfet & | <@ Iharzdmsil U4
af3@mil (blood vessels and nerves) @I 3R
U Bl &, IR & AT BT FHF0T Bl
g a1 fAsfellaxoT (dehydration) ¥ STl 7 |
AT YRR D I BT Feolal (microbes)
& IMHHOT dAl i UG IS aerdi
(physical or chemical damage) ¥ ¥dTd
A gl T ufeRem fAYRED (immune
surveillance) Td fafig wagi @ ggam™
(sensory detection) BT ST AT Fag= el
g I[4] ST IRIRG 3raRer # @ B AR
TIBROT / GAMAIT (self-renewal) BT Y&
21 [5] afe @ efousa Bt 8, =g W’
@ Sifedt vd diererd gfhar R B8Rl 2|
o719 9T (wound healing) 3ddi &I g Ud
gqsiFa (growth and regeneration of tissue)
&I Sifdd Tl (biological route) & | 39 fARaR
TTferefiel oot Ufshar (continuous dynamic
regenerative process) § f=faiRad g g1 &:




AT FRBM SR 3fSIfer ITeIu, “Sid e vd Sig YA fifeeral @1 |l @1 fafdear 3 suan

(i) ¥ W99 (Haemostatics)

(i) UaTE 3FIfq Foid 3R STe (Inflammation)

(iii) UERIGHaT AT WAROT (Proliferation)

b W
uare
@t e uaGr

Sl &1 oo
iR ®rorF
g1 areneaal fPfor

0 feay 3 faau 7 feau 10 faay 14 faau
fpar 4 | <wede PfRAIge IR IS AT
AT A | Feifhe vogpiferad SIRBT | ABms
arell | famprige | wigdane
& UBR | Fucidr qTEATar BT

R 2: @ & GG IR B AoHEg UG ;- UaTE, TERO, G Fireyor

gd WA @I kAT | "/ Bl el
AeIH &, Al &l gd HHHT & FaX Dl
$H BT ST I, Had B RgvSdT (integrity)
D YARRITUAT BT FIaT AT S b, g
1 TR GOl B e Jorfadl &I |
# Jagren gfg & Aadr g1 48 °©C H @

P« We ¥ ghd ARKAT B TG B
Uh T HRUI GAHG JUAR D 3WE H
arferer waTa (hemorrhage) BIAT ® | IUATA
gq fafdedr # AMa: I Adbd @ o Ugt
9T (gauze bandage), 919 @& AT TS
g (pressure bandage) IMAA €| IH AT

% U UM W 1 IRG gEASId! U Hh
2 | GeHolfadl @1 didl & T | Hifre
(chronic) ¥T9 99 WA & | q%’ﬁ%“ﬂﬁ RURIE]
(diabetic patients) @ IR & TR, TATIIT
3R Td IR BT BRI & 3™ (venous leg
ulcer) T 2ol & ama € |

DI AG- B ol 8 Tl Yd A1 SUDHRT
fIefya f&d <1 = &1 WIsfed Ugl (fibrin
dressing) ¥ W@ B AdbA b oI <D
(stitches) &M & WAM @GN 2, foeg
SH A & FHAT (infection) BT T WaART
M 2, e A 9id 9 U b B
gch (blood components) STANT # &R ST
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2| °Ta B ReF-Ue! & oy ST § R

differentiation) &I Us™ (support) et

S arel gered # fefaRad qor 89 =nfed—

(i) SRMEI®, AfdNTa (non-toxic),

3FTAfSTd (non-allergenic) &,
(i) =@ R s T2,
(i) <arsal & AT FEIA (compatible) &,
(iv) gReR &1 siq '@ 7 ga 7 9,
(v) I & eV | 91 7 &,

(vi) 919 @ §dg W UI ATE ITareRol
ERIRICH

(vii) 3rfaRsh afddma (exudates) dT ARG o,

(viii) =19 =T D1 fodt 1 gfehar & sgaum= =
I IR,

(ix) gmHarT 9 SYA™ (9 oid garef ¥
T W W, o ufgeTeifde
(antimicrobial) YU B Tl R[AH
JEEHROT  (minimal processing) @l
STaIHT B |

U &1 & |19 Sld BN B 9] (s
(scar) BIS T & TAT I9 WM I a1 Y.
qul YU Al FEI B UR © | 3Igd I
UHR @I dl AR (skin graft) fafey &
SUART BAT 1 @M ©, difds °1d & I W)
T 941 {6l s & goquidd (regenerate)
B 96 | W @ IIe R b forg e
TSI I (donor sites) r&d HIfAd BId &
T BT BIA 2 | 39 SR Ufshar YIserid
(painful) & 3R HHHT DI ATAHBI g1 &
2| Aol ufhar @@ wve ueref SifeRImor
I (grafted site) & BIRTGRI Td Had!
gRT T wafaRr & |rer ufafhar w® R
IR & | ITre fHd ueret W Ao SIfrarei
& fodror ud fawdiaxor (proliferation and
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AN | A 0 AARAT B qhel & Bg
SHdd AMAIDI (tissue engineering) UfARrRT
BT AT AT I J&T B |

39 gRYey § < & gﬂx_rhﬁ (regeneration
of skin) =g f&M Sia usred (IaTEvome
—diciiaxgs) & e a1 BEgoid W
gfgdR®d  (growth factor) Td  SIETORRERN
(antibacterial) NSRRI & gRT fdSifrd
(endogeneons) IT JfFSIIT  (exogeneous)
PIR@IRAT B gfg T ST (stimulate)
febar ST €1 39 UBR B SR § BH e
@ UTdpfad SIgATd garell &l IuAnT fear
ST ®, i ufogedsidl (antimicrobial) Ui
@ BId & T I §RT Fe b o Febel & |

faeqa o @1 #ke9 ufedl (wound
dressing) RIS ®U ¥ IUAL © | FAH
Aeelfid ud urpfasd garelf @1 fAsor g
g, SN—dieii=  (polymems) UGS,
SII—CTd ¥ 9 gU ARSI (iodosorbs) |
1q AT U Sifed Ufshar g, ora: e
UHR & =@l (wounds) @I fafbear &g
UHR HI AREH Ug! AP Bl © |

foell Y ugred @ =19 gl A1 Yoy (wound
dressing) SN ST & ol S9a fAiferRRaa
TN BT HAIHA AEIH BIAT 5— (1) G
(ii) STeT=TEl Ud STeTelyor 97 (iii) STel a1 &
URITA (water vapour permeation) &I 3T Tq
RIS URITHA  (oxygen permeation) (iv)
Tgar Ud a9- ammed (elasticity and tensile
strength), (v) SaIRAT YRS &¥am (vi)
iy Arew Afhgar (drug release activity)
(vii) fauredar (cytotoxicity) | 1 HeT¥d
Il & IURT Qb JMTSR 119 Uold & ford
frferRaa Feror smaeas @




AT TRBTH AR 3fSifel qor, "Sig agqd vd o9 IR f3ifeeral o1 amal @1 fafdear 4 swan

(a) FHAUT B UlcRIE® eHar (barrier
against infection)

(b) B D W@MHIAD AFHT STHIG BT UIeATfRd
®XAT (encourages Natural blood
clotting)

(c) 3@ RRI @ 3avg o g& Bl GcHT

(blocks nerve endings to reduce pain)

(d) & Sas o Fea arel ava gameif
BT AN HRAT (absorbs fluids from
inflammation)

(e) SADI DI ghg T MR UG BRAT
(provides scaffold for cell growth)

() TfT SaDT BT AT AT

(Strengthens new nerve tissue)

(g) 9@ & =l &1 AIBRYT (minimization
of scarring)

aq fafsear & od 3geld (Biomimmetics

in wound healing)

I bl & S SHddl & IR B
IR (healing) & URT & & ol <la
TR G 2| 39 Ui § 9Hg o e @ AreT
Bl Iche BIere (delicate skill) BT ATaegHaT
Bl B <t o & ufbar § JHadl &I
gfd A uga wedl € qem uforen ufafsar
(immune response) &I W TTAT 2] S AT
2| 31 TrHl H oI # Had M (tissue
adhesive) Td fafbcdadrd dle<  (medical
sealants) 31f&Is SUARR | aAE H Avefda
dd e (synthetic tissue adhesive) & ®U
¥ ARAHR—ee vd RafRiFie / wrfeesss
R YN B ST € | 779 STelid ardTaRol
# @ fued @ wafd eawar Bxft 2 fag
fawTad (cytotoxic) B Hdhd & | AT Bl HaeH

(curing) & FHI TH B & PR B UgaT
THd g1 UIEH MR Wie  (wrsfad w4
fSrerfes) # @efy s Sa dafa g 2, fag
e gRRAfT # ga@! fauds @) eHar &4 &l
S B |

gdE H Ugad ol TRl ¥ e
AARIS B gde (FEIoia) & °r/a w_e
@ Ufhar B FHIAR PTAT ST @ T
gfAdcl BT TR H99 (tunic) 3¢ BT
Td 9891 URMIT  (translucent) BT & | I8
PRId: NdqR Acgellol AN (crystalline
cellulose nanofibres) U WIEIF &1 &1 Bl
2, 98 <YMRIA (tunicin) HEeTaT B TAD
AR <aFepH (UCES), 3, 4—SISeSgIadl
Wi TeiArsd (DOPA) & ST dhodhid aell
3,45~ QIS8 SIad] Wivd Yetrigs (TOPA) P
AT USRIl 9 & B © | g g
DI HIol Y Hal © | TOPA & URRITATA
A faues @1 v § g e fmar 2
FHL S & pH 8.2 W URRAIATA ATaiTehd
grax IR, TOPA Td UIEH & A1 98
aISTd 99 9T 2| URRATAT  cgfiae
@ T H SuRYd dAfemw @ g W B
Ao (triple complex) I 2 1[6] A=TIDI
q TGB! Bl UM WA DI UihAT & FTHRY]
I EgSold TseNid 9 8 | S drsfed
@ AAIBIgaR UG difeld 3Tl (URRITelTel 377)
A HHINE [T AHI%BRS  GRedr U4
URRATATA ¥ @ §RT 9 3% 94 (cross
links) @& HROT 3 3fawey H W ESgota
gordl 78l B | egidbe B @i R SmenRa
T8 IS TG 9l Hadl IR AT § Fuamar
2| SHB! Ig AT WIS Mg Td AHT—35
3@d & (mussel-35 mimmetic adhesive)
GICESAEEGIR
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ferar 2: egfide (Fsiona)

forsep:

fafecar & usll & wu H 98d 99
AT H Red T SUART BIAT &, Sl $Har
% U Bdh AT I 2| ST & W
Jolgagecy  wifed  (non-biodegradable
plastic) &1 fsq1G+ (disposal) U faeaemdy
HART 8, 3 Slg 9gaAdl | 9lg AR U4 ol
3gHd URTIl BT HIOWY T AH IUAN]
TIfaReT WRETT & fordl U 91 fdmed & e
gral &) fefed # o ST 2
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