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Implantable drug delivery systems advocate a wide array of potential benefits, including effective administration of
drugs at lower concentrations and fewer side-effects whilst increasing patient compliance. Amongst several
polymers used for fabricating implants, biopolymers such as polysaccharides are known for modulating drug

delivery attributes as desired.

implants polysaccharides biopolymers drug delivery

| 1. Introduction

Implantable drug delivery systems offer wide therapeutic applications by providing targeted local delivery of drugs
and long-term therapeutic effects. This effective delivery with lower drug concentrations results in minimizing the
potential side-effects and ultimately enhancing the efficacy of treatment W& Drugs that would ordinarily be
inappropriate for oral administration can be delivered as implants since, following implantation, the drugs would
circumvent hepatic first pass metabolism and would also escape chemical degradation in the intestine and
stomach, resulting in improved bioavailability. Controlled drug release over an extended period of time can be
achieved by employing this system. The fluctuations in plasma drug concentrations such as attainment of peaks

and valleys that occur from repeated intermediate dosing are avoided 28],

From the standpoint of patient compliance, the implantation might be relatively invasive, but good compliance can
be achieved owing to a single-time implantation. Further, occurrence of any adverse effect that necessitates
termination of treatment can be achieved by early removal of the implants. Moreover, hospitalization or persistent
monitoring by healthcare staff might not be necessary for chronic conditions [ Figure 1 illustrates the

advantages of an implantable drug delivery system.
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Figure 1. Design features of implantable drug delivery system.

| 2. Classification of Implantable Drug Delivery Devices

Implantable devices for drug delivery can be broadly categorized into two major groups: active implants and
passive implants. Passive implants depend upon a diffusion-controlled phenomena to achieve drug release,
whereas active systems are dependent on energy that serves as the key driving factor to control drug release.
Further, passive systems are biodegradable or non-biodegradable and are simple with no moving parts. They use
different kinds of polymers that enable to achieve membrane-controlled drug release kinetics from the delivery
systems. Active or dynamic drug delivery implants are relatively complex but offer greater control over the drug
release (2],

Biopolymers arise from living organisms whose degradation products are not immunogenic. Biopolymers offer
several benefits over synthetic polymers, including a well-organized structure, degradability, and renewability, all of
which possess the ability to be utilised in the design of therapeutic devices like implants. A wide range of alternative
uses of biopolymers are also evident, including their use as scaffolds for tissue engineering owing to its three-
dimensional porous structures, as controlled or sustained release vehicles for drug delivery, and as temporary
prostheses MBE! (Figure 2).
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Figure 2. Drug delivery and biomedical applications of polysaccharides.

Polysaccharides belong to a diverse group of biopolymers comprising repetitive mono- or disaccharide units that
are connected through enzyme-hydrolysable glycosidic linkages. These are widely used as controlled release drug
carriers that impart remarkable physiological and physicochemical properties such as biocompatibility,

biodegradability, and low immunogenicity €. Polysaccharide-based biopolymers are classified based on the source

of their origin (Table 1).

Table 1. Classification of polysaccharide-biopolymers &I,

Origin Polysaccharides
Plant/algal Starch (amylose/amylopectin), cellulose, agar, alginate, carrageenan, pectin, konjac, guar gum
Animal Chitin/chitosan, hyaluronic acid
Bacterial Xanthan, dextran, gellan, levan, curdlan, polygalactosamine
Fungal Pullulan, elsinan, yeast glucans

Moreover, advanced drug delivery systems based on polysaccharides can also improve the drug’s

Referenees due to their capacity to entrap the drug molecules in its interspaces, biocompatibility, and ability
to provide a controlled release of the drug molecules 8. All these characteristics make them ideal for use in
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4.2. Cellulose

https://encyclopedia.pub/entry/28975 5/13



Polysaccharide Based Implantable Drug Delivery | Encyclopedia.pub

28wDie daitsl enaémutécn | BtisrngDanadasobomived bty it MatidshGusad Jn (Geneeanireatiag UEybatieasy @th

pladtGadedtestialicfsGaitesarvasst Ite| Dipkv ativ @ation Boonsittical A piftcaiteshavéie &evtisahNe ivausen

the Bysianne dpean toBiokm candiateclonalle2020 cBard8@ristics. In comparison to plant-based cellulose, bacterial
. 5 [ﬁ][l_g][l_g] . ~ . . . .

28 WSR2 X8 VB SES O EHSSAN Structura PSS ton BIBISS CAPRLH ) AAd AP eSO

in its fi 1281 Cellul d ilj ' db idati hich i ffecti h. M
in Ii?lt.lk\)frélol. I\ﬁ:gcyoor%%l. %?538‘?‘%%,‘:@35‘32@;’8? y oxidation, which is a very effective approac any
different oxidizing agents, including NaClO,, CCl,, nitrogen oxides, and free nitroxyl radicals, can be used to create

3kicrraghbelfsBseanezNThR 38R aNa ke BR&dvicsFs RR GRNAIF hYS RAb ARP lFRTPASAL RNt SR,
norRIIBELHRY aFRHRABYJE RRIHEs RAIEmhas odRrediiulose a popular choice for use as a wound healing

S*T?‘@H@n%}%.@a; Demirci, A.; Catchmark, J.M. Pullulan: Biosynthesis, production, and applications.

Appl. Microbiol. Biotechnol. 2011, 92, 29-44.
4.3. Alginate

32. Tiwari, S.; Patil, R.; Dubey, S.K.; Bahadur, P. Derivatization approaches and applications of
Extmﬂqigﬁiﬁf A'é{ﬂ“@ﬁ)ff@fﬂ Wigei_%@?%gr’oggémgggirst, the dried raw material is treated with dilute

mineral acid. Once the alginic acid becomes pure, it is converted into its water-soluble sodium salt in the presence
3 GRS SRR Gl R g GarRidRriedai gk Mo Bl B AR R R L R N P Y eSS for
nurrg)etrr(])lejg Bé?orpn% iggll Aa%B”ge?tﬂ)%gs F'}/lar fcRJH;?SinZO r%glﬁéﬁ\?e%l, wound healing, and tissue engineering.
ahdacRudErs kA, ;HRadoipkibBityC anidgedian biotittmmlegy. Siepks RoditicSamnFethnpled®d9ig, 8lginate
derB8HwSOWith new properties make it suitable for these possible applications. Alginates undergo acid-mediated
BRI GRS Can Rear AR, FRCRCR 11 NS I8 M MEERBL | P KRABERASTL Y, Yoot
o YR I TSR SEEr 1 P Yo L G LR A AN SReO) o
addi |on|tqr1; \i\\/ﬁé%w%%i%?%’ogtgénsgér.boxomum ion, resulting in the formation of a reducing end. Sodium alginate

ea
can be stored as a dry powder at room temperature for several months without undergoing degradation 27,

36. Mokhtari, H.; Tavakoli, S.; Safarpour, F.; Kharaziha, M.; Bakhsheshi-Rad, H.; Ramakrishna, S.;
4.436hitasarecent Advances in Chemically-Modified and Hybrid Carrageenan-Based Platforms for

Drug Delivery, Wound Healing, and Tissue Engineering. Polymers 2021, 13, 1744.
The low aqueous solubility and poor acid stability of chitosan limit its use in pharmaceutical products. Various

Sdfretidral - nédtifbation¥Vark beN¥AREd Yai WaHits GuRaview ipb G TRICsNaRmMASSHARamACetlieRtosan.
MoEHRRRIRS Bl rfiAY Ohf@Rle RIMRIERKIBABARE MRS IAFYEESEIRIO QGHRRIHE €5smbMBOBY . BMified

chit%@&-ﬁl'd%a&atglzgsﬁcorporation of carboxymethyl groups at the C6-hydroxyl group or at the NH, functional
FOYRFIALITPLABe IR fongRiANde shiRspara ORI BERton of Compatibilized Polymer Blends

in Biomedical Fields. In Compatibilization of Polymer Blends; Elsevier: Amsterdam, The
4.5 Bany S 2020: pp. 511-537.

Joullyands aylineqr; yRRsaNChRE cBPHIER PAARRYSACHRAIFERBREEY HRNY HeIfvBsySP4ERRSSIrem ALlHRATIBIt

Is compeRe Ot alIIandNES MR BORDEF IO H: 26b8) 9B20sidiydegds. The three glucose units present in

each maltotriose unit are in turn connected by a-D-(1,4) glycosidic bonds B9, The distinctive linkage pattern of

40. Tirtaatmz%d'a, V.. Dunstan Dﬁ Boger, D.V. .Rheolo%% oE.dexItran soJutions. J. Non-Newtonian, ..
pullulan "conters’ unique physicochémical ~properties 10 iopolymer, “including ‘oxygen 1mpermeability,

adh%gjl\lgn'\égsc,hwgtgpjé’oﬁ%’ll%? 551%O%t'ructural flexibility. Based on the strain and fermentation parameters, the
dhoBanbunyvEight letmals)ldd. Gndgesicton A5 R RS- Kizalieffierjrd pDiveiesoaryidevBatsites, tRIEp Az naruBal
rolekiihednivhliibg prezre R ebtbe paind ajeatiitietmgicansibbiiujeriweigiotidextrausxsyanthe siskahbgd by

intdachigiraciddsatbéing. Capetticy. Pelyponc20tdtid/ 4f 64GstBBeErs should be well optimized to obtain the

https://encyclopedia.pub/entry/28975 6/13



Polysaccharide Based Implantable Drug Delivery | Encyclopedia.pub

4@ dVidiekiclhg K| an ikeenatdr- hbsblystnd iy da cilflemiavidp Hro thehe=Belk anfioras Hiylahey opid Aaid 4 rs &ilbitein
watan cdhSeintigitoleble ire diseSyluttomnanidacaath dlmByyips 20R8e 2 3Ad 1iddeklifl.in other organic solvents.

AT s P AR ERO U2 A A e BT RS IS A iR At (R ATa Foran A itw! Vet ARAeE
appéiB%tg)’né?’,CSé@ﬁ]iE%iione such method that involves either the free-radical mediated covalent attachment of
hydrophobic monomers onto a polymeric backbone or the incorporation of pre-synthesized grafts to the polymeric

A4, Frisattiled\iitBakAdicRerfeP R dhaNpHaperaonian properties of hyaluronic acid agueous

solution. Colloids Surfaces A Physicochem. Eng. Asp. 1995, 97, 197-202.

4%.6F§%rcrg%?%?§aldini, E.; Manfredini, S.; Vertuani, S. Hyaluronic Acid in the Third Millennium.

cafrR¥eners i€Ql &hakhe [Mlysaccharide isolated from certain species of red seaweed belonging to the class

ABhagemineg AR ali ialfolesta N rICCE e hRBNSRENBEY MUBRRAPIPLHIRAVAVEIIEE Brgpetose and
3. 61 PY IR FERS D IGIAIGABISE IR (RIS SHFERAHD FrElcdl M=k Ho%)1 A3 aasidie AssiEd Uit 2y rage2n2iepular

weight is above 110 KDa, in which the ester-sulfate content contributes to around 15 to 40% of the total content
%.%e%itugrq’o‘% '%?é@éé‘%&%do%%ﬂ?s” otr? cl?)g |rt1|g?|sr'1t (ta“il)Fetgéﬁc%no cI::;lrtlochrIH(eeSNgq grbc? ,HSHXS%Q%E H\%Cr%ilg)nr?b%fr of
estbr AR TGRIUMA M€ o it T R G e T G R i AR NG O Ra D Ge AR 565
catgé)dréggizlhto three main classes, namely, kappa (k), iota (1), and lambda (A). The respective ester-sulfate
4éniliitats, AVl GrndKhoxas) Byridikielse?d, CB3Pechimd MeY, imgightssimozmn old palioner ahdostabtn gptohe
diffgrehcBe imishE oem Ges. e ckRAR6, 17ar8iged0dn with a higher ester content is characterized by low
A AL G L WRA W A O S RIS SR A BLe R SIS
B N e R S T
varifag,pms%%aﬂ fagfhemical modification approaches have been investigated. Cross-linking between the charged
polymer and counterions through the formation of physical bonds results in brittleness of the matrix. Hence,
SherdelRsd-iMaticardisty dMpligpeteideg AMhriguadi el sagiarids Aysieas!s ewmgdiieg ability
to foRle 3B IFocavdlationshab. Metsely RRIR35ea2RQeAdPh&sreteived wide attention as it confers the ability to
S EPRERAE e SR el RN AL SRRSO RS RSB PIS ISR R figpioPed
ph%r%ﬁgﬂk@&wg«&g%@ﬂ)t(f?g?g_%@n by varying the degree of methacrylation that enabled easy tailoring
of properties such as viscosity, swelling ratio, elastic moduli, and pore size distribution 2. However, in order to

OGS R FradViiGed s SIQEHULs rith QIO SisehinicMI Ioh oir R ABU R el caBE el arsdas idBieTHESEen
as EB%\?’FW%tdcﬁigﬂ‘?aPoq%émﬂ%tb\é@W |h%§'t‘iﬁ§’[@53 '6%%%3%}6%%3\%%&%8“@@% H%t-'egterification,
car&&%yﬁﬁﬁhFM%’&ti@ﬁ%%&%%n,lgncﬁ SZQSphorylation. Besides its biocompatibility and biodegradability,

S3ragisenavaioeseissen Unidirinrivenis uRtoRaTpertied. Byiseapideid Resiew mipEfidstioetinssagsfnst viral
infeclifitssdheagnd-Blefastivionialiséated WitheidaviespthawpBlsiogyczo2n of thei9fate groups and molecular

I%ht, and it has been iqlen_tified that A-carrageenan exhibited a greater inhibitory effect against_dru?éresistant

weli
54. Kim, D.H.; Lee, H.H.; Kim, S.H.; Hwang, S.H. Effectiveness of using a bioabsorbable implant
viruses.” Carrageenan also exhibits 'antimicfobial effects against foodborfie pathogenic bacteria such as

(Latera) to treat nasal valve collapse in patients with nasal obstruction: Systemic review and
Staphylococcus aureus. The sulfate grouEas in carr%gzegnig facilitate 2|ts binding to biologically active proteins that

meta-analysis. Int. Forum Allergy ¥ hin&gi 2 , . _
are responsible for its anticoagulant dctivity 2. Prolonged drug release from the carrageenan matrix can be

SachROBI0asT s RRearsn iy abniNgsaltivnplarip dsaciab RlaatuSolig ebliroriheAh A8 sdSthkA3attiddo swell,
58 MR AAT RTEISERYR U 1Y TBIRISYS A5H ERERYY S RAE LA s IR s Bk A Fius8B 8T

thellga%e_dBdrug. The release rate is affected by the type of carrageenan used, and it has been found that k-

carrageenan exhibits a faster release rate. Its adhesiveness to mucosal and epithelial tissues serves as an added

https://encyclopedia.pub/entry/28975 7/13



Polysaccharide Based Implantable Drug Delivery | Encyclopedia.pub

Sadviaaralgh, fAr ;phatamgindJthdJdng rdlb e Resrdeongriagddaasaad, te. wWAdply Bsel Dragrd=tieting \Nasgaications
dudnoptaatgive aneniatiahy €Cémita clenizetiasjds iifical Applications and Challenges. Pharmaceutics

2014, 6, 249-267.
4.7. Dextran

58. Park, S.; Park, J.; Heo, J.; Lee, S.-E.; Shin, J.-W.; Chang, M.; Hong, J. Polysaccharide-based
Dex(ase PRASRSSARiC/ 2Rt (R ROARANBRREIERR A RAEINt ofn He&IBIyPAROMISS iR caprammeentop!
IMpi TRk rBYE BB |iHafi GnROTH ML RagNIC HipROPOAEPIBgabbiadegradable polymer with excellent solubility

characteristics. It is generally not degraded when acted upon by the enzymes present in the upper gastrointestinal

59. Oladapo, B.l.; Zahedi, S.A.; Ismail, S.O.; Olawade, D.B. Recent advances in biopolymeri .
tract. Tﬂe %C’[i\%ty 0 gextranase enzymes Iocatedoln the lumen of the large Intestine, I%ver, (ﬁ%ng : ané; spleen is

o e T M R R A S MRS VA S e e
properties.” Dextran, having a molecular weight in the range of 40,000 to 2 million, behaves like a Newtonian
68s@ostp RintaoAdBnrReis, dR 09N e4ig N ivbl Soaiffold iy B a3edr Bosieolis paeudog istie ey adibe Rideaf
be EXpitoseh bY iteUfadE tigyt e tdicBeye 2684t d1dridg hd4pplication of shear would have broken the structural

(S'TFeliaecé',OEPﬁ?‘;’\lﬁ?rrﬁ?ﬁ!gﬁé%%%aépgrg}gal%gﬁy défect healing by chitosan/silica hybrid membrane with

4.8'9@5890bn0|g%@|%mn%enetlc protein-2 delivery. Mater. Sci. Eng. C 2016, 59, 339-345.

62. Agarwal, T.; Kabiraj, P.; Narayana, G.H.; Kulanthaivel, S.; Kasiviswanathan, U.; Pal, K.; Giri, S.;
AR K PR T AIHARE LS B A R Y BRAT BT S Bk E P IH AN SR T8 BHRY Vavng
ol BhBlitelSfitg KRG ApBTMERRCIRISRadS #0898, B 2lalpagaueous buffered HA soluton
significantly affects its stability. HA degradation occurs at acidic (pH < 4) and alkaline (pH > 11) conditions 2], At

62 P RritaciERfaton BRE® Sscittis R hH¥AI MYRRRIRRE Rt SHAsHRAaNAES R AMBRS Eisily.
ThiS QRS Hgrderthedic @ DRRo B ARBIGAIONS VAR [RGSHARRRs Z4h RIABPRbbic interactions

endorarsraasing Ansasentas ez, A Alonso, M.J.: Mara, M.: S&, A. The Potential of Chitosan in

Ocular Drug Delivery. J. Pharm. Pharmacol. 2010, 55, 1451-1463.
4.9. Agar
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69. Rodrigues, I.C.P.; Campo, K.N.; Arns, C.W.; Gabriel, L.P.; Webster, T.J.; Lopes, E.S.N. From Bulk
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Syst. Charact. 2021, 38, 2100044.
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4.11. Gellan Gum

Gellam gum (GG) is a linear, negatively charged exopolysaccharide, also called as S-60 42, A bacterial
polysaccharide called GG was initially made commercially by Kelco (now Monsanto PLC) using the bacterium
Sphingomonas elodea. The de-esterification produces a stiff, brittle gel, while the native polysaccharide generates
a weak, elastic gel B, At high temperatures, gellan molecules appear as random coils, but at low temperatures,
they appear as double helices. GG can withstand acid and heat stress when being manufactured. It is ductile, non-
toxic, biocompatible, biodegradable, and thermoresponsive. GG possesses mucoadhesive qualities. Due to its
negative charge, this polysaccharide can create polyelectrolytes with polymers that have the opposite charge, such
as chitosan. GG is regarded as a pseudoplastic at high shear rates. GG is not destroyed by an acidic environment
and is resistant to enzymatic activity. The GG beads expand at high pH levels and remain stable at low pH levels.
Additionally, it possesses a broad range of mechanical, acceptable rheological, and high processability qualities.
The finest qualities of GG are its high efficiency, malleability, and gelling ability 49,

5. Biomedical Applications of Polysaccharide-Based
Implantable Devices

5.1. Implants for Oral Cavity

HA is widely studied for its osteoinductive and osseointegration properties 1. Surface treatment of HA on titanium
(Ti) dental implants enhances migration, proliferation, adhesion, and differentiation of progenitor cells by enhancing
the interaction between the bone and the implant (Figure 5a). This facilitates fixation of dental prosthesis precisely
in the early loading phase, thus improving patient compliance 2. Similarly, chitosan has also been reported to
have osseointegration capacity. The Ti implants were coated with lactose-modified-chitosan (Chitlac) and this

Chitilac-Ti implant was reported to have anti-inflammatory and anti-infective activity 23! (Figure 5b).
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Figure 5. Schematic representation of: (a) Hyaluronic acid coated titanium implant; (b) Titanium implants coated

with chitilac (lactose modified chitosan).
5.2. Implants for Nasal Cavity

Nasal implants are widely used for correction of internal and external nasal valve collapse, in combination also
known as lateral wall insufficiency (LWI), leading to nasal obstruction, and also for the treatment of chronic
rhinosinusitis (CRS) B4l The ideal implant for the nasal cavity should be economical, non-toxic, inert, non-
carcinogenic, easily available, and should be able to provide mechanical support B3B8l Various nasal implants
have been approved by the FDA, namely, Propel™ implant, Relieva Stratus™ MicroFlow spacer, the Sinu-Foam™
spacer, and many more. “Propel” is a mometasone-releasing PLGA based biodegradable implant approved for the
treatment of CRS 71,

Silicon (Si) tubes are generally used as an implant for the treatment of the obstruction of nasolacrimal duct, but
these implants are found to be associated with side effects such as allergic reactions and bacterial infection, which
lead to failure of surgery. In order to overcome these limitations, Park et al. performed hydrophilic polysaccharide
based multilayer nanofilm coating on Si-tubes, which has the capability to load as well as release antibacterial and
anti-inflammatory agents, i.e., levofloxacin and prednisolone-21-acetate, respectively. They utilized chitosan (CHI)
and carboxymethylcellulose (CMC) for the preparation of multilayer films for coating. They observed that CHI/CMC

coated Si-tubes exhibited significant antibacterial activity by preventing the attachment of bacteria to them 28],

5.3. Bone Implants

Osteointegration between the implanted biomaterial and the surrounding bone is critical for the acceptance of
implants by the human body as it eliminates the outgrowth of fibrous tissue at the bone-implant interface 2,
Polysaccharide-based biomaterials offer good potential in the treatment of critical-sized bone defects due to their
tailorable chemical and biological properties. Chitosan based scaffolds are widely researched for tissue
engineering purposes. Lyophilization of chitosan acetate solution results in the formation of porous interconnected

structures that are ideal for cell seeding, cell migration, and nutrient supply that facilitate bone regeneration.
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generation of chitosan scaffolds (Figure 6) 9.
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Figure 6. Diagrammatic representation of chitosan based implantable scaffold for bone regeneration.

Promotion of bone regeneration can be achieved by the delivery of therapeutic agents such as growth factors via
implantable biomaterials. Lee et al. developed a chitosan-silica hybrid membrane for the delivery of bone
morphogenetic protein-2 (BMP-2) and evaluated the bone healing capacity using in vivo and in vitro studies. BMP-
2 exhibited excellent affinity towards the hybrid membrane due to its mesoporous structure. The efficacy of the
membrane to act as a carrier was established by evaluating the induction of BMP-2 mediated cellular responses
such as proliferation and differentiation in cell-culture studies. In vivo studies also indicated that a short-term

implantation of the hybrid membrane for about 2 weeks accelerated the healing of bone defects 611,

Tissue engineering of non-load bearing bones, such as the trabecular, maxillofacial, or craniofacial bones, involves
the use of bio-polymeric scaffolds owing to their definite microarchitecture and the ability to alter the spatio-
temporal distribution of therapeutic molecules at the injury site. Agarwal et al. designed a novel alginate bead-
based 3D implant using metronidazole as the model drug against bone infections caused by E. coli. Hexagonal
close packed layers of calcium alginate beads were stacked to produce a patterned array of interconnecting
octahedral and tetrahedral pores. The respective average diameter of the pores was found to be 262.9 and 142.9
pm. A 2.7-fold increase in the compressive modulus was observed on incubation of the implant in simulated body
fluid. The increase in the rigidity of the implant with time could be attributed to the progressive ionotropic gelation of
the alginate molecules. The osteoconductive nature of the implant was confirmed through in vitro studies, in which
increased expression of differentiation markers such as runx2, alkaline phosphatase, and collage type 1 was

observed in human mesenchymal stem cells 621,
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The extrusion-based 3D printing technology is widely used in the fabrication of artificial bone graft substitutes that
overcome the donor site complications inherently associated with autologous grafts. Bhattacharjee et al. developed
a ZnZ* functionalized hydroxyapatite-starch composite for orthopedic applications. The poor mechanical strength of
starch was hypothesized to be overcome by the formation of a zinc—starch complex. Experimental results revealed
that a four-fold increase in compressive strength was achieved upon Zn2* functionalization. The functionalized
grafts maintained mechanical integrity throughout the 6-week dissolution study in simulated body fluid, whereas the

non-functionalized HA-starch grafts were found to degrade within a week 62,
5.4. Implant for Ocular Use

Proteins and polysaccharides appear as ideal candidates for biodegradable drug delivery due to their
biocompatibility, biodegradability, low immunogenicity, and pH stability under physiological conditions.
Polysaccharides such as cellulose, hyaluronic acid, gelatin, collagen, xanthan gum, alginic acid, and chitosan have
been successfully explored in drug delivery for eye diseases. These polysaccharides are extensively used as
additives for improvements in permeability, contact time, and ocular absorption. Chitosan is the most widely
explored polymer for ocular drug delivery due to its mucoadhesive property and inertness 64, Manna et al.
prepared intravitreal chitosan and polylactic acid-based methotrexate micro-implants to treat primary intraocular
lymphoma. The results indicate that uncoated chitosan methotrexate implants administer drug approximately for 1
day, and after coating with polylactic acid, the implants show drug release for 50 days with a release rate of 0.2—2.0
ug/day B3, In further continuation of their previous work, to improve the methotrexate release profile, Manna et al.
utilized different combinations of PLGA-PLA coating. They observed two findings after the increase in the PLA
content in PLGA: (a) the initial burst release effect gets reduced, and (b) delayed swelling and biodegradation of
the micro implants. After coating with different ratios of PLA-PLGA, they observed drug release of 0.2-2.0 ug/day

of methotrexate for an extended period of ~3-5 months 8],

5.5. Implants for Antiviral Therapy

The major limitation associated with antiretroviral therapy is its longer duration of treatment, leading to
nonadherence to the medication 7. In order to overcome these limitations, long-acting antiviral drug-loaded
biodegradable implants have been developed which can offer sustained release of the antiretroviral drug for a
considerable period of time, ranging from several weeks to months 88, Though, the utilization of polysaccharide
based coated implants for antiretroviral therapy is not yet established in the literature, various polysaccharides
including heparin, galactan, fucoidan, glucan, cellulose, dextran, or dextrin have been reported to possess antiviral
properties, that can be explored in the future for prevention of viral infections 9. The layer-by-layer coating of
polysaccharides on the implant surface can be used as a potential approach to prevent viral growth on implants
79 The ability of sulfated polysaccharides to mimic the glycosaminoglycans present in the cell membrane confers
it with distinct antiviral properties. Sulfated polysaccharides are known to interfere with the steps involved in the
lifecycle of a virus such as adsorption, invasion, transcription, and replication and thus lead to an enhanced host
immune response by accelerating the viral clearance rate. Hence, they offer a potential for further scientific and

clinical research on implantable systems [Z1],
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| 6. Conclusions

The use of polysaccharide-based implantable devices in the treatment of various diseases is becoming
increasingly important. Polysaccharides are used in the development of implantable devices to improve its
biodegradability and biocompatibility. In addition, polysaccharides also confer certain unique properties to the
composites such as mechanical strength, which favors the tissue reconstruction process. Though only a few
commercial products, as discussed in the previous sections, have been successfully developed, the scope of this
field is emerging vastly and holds a promising potential to create a niche market. In recent times, a considerable
number of efforts have been devoted towards the development of biodegradable polysaccharide implants by
various researchers and it can be expected in the near future that these innovative composites can undergo scale-
up and commercialization. This would serve as a breakthrough achievement in the field of biomedical sciences,
thus expanding the scope of tissue engineering applications. Polysaccharide-based implanted devices or coated
implants outperform synthetic or semi-synthetic polymers. Polysaccharide-based devices are now being
studied/explored for their physicochemical features, which include surface morphology, in-vitro characterization,
and in-vitro evaluation. However, once implanted as a medical intervention, the implants begin to integrate the
unique interaction with human body elements such as cells, tissue, organs, or the endocrine system. As a result, it
is critical to comprehend such a potential interaction and research the side effects of those implantable devices.
Because polysaccharides are widely used in biomedical and pharmaceutical applications, further examination is
required due to safety concerns. Polysaccharide-based materials are now regarded safe in terms of
biocompatibility, biodegradability, and non-toxicity, although additional research should be conducted. Once, the
safety of these devices is well-established, it will in turn enhance the patient acceptability. Further, the degradation
rate and the mechanism of degradation has to be well-studied for each polysaccharide. The erosion rate can
significantly affect the drug release. Quick degradation in the physiological environment and result in excessive
release of the drug (burst release) and may also result in premature loss of strength of the polysaccharide. Thus,
the degradation mechanism of each polysaccharide needs to be validated and must be well controlled so that a
better idea can be obtained regarding its in-vivo behavior.
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