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Introduction

Polymers are indispensable part of drug delivery system. Poly-
mers are macromolecules, made up of repeated subunits and these 
macromolecules to a large extent are utilized in sphere of drug deliv-
ery (for instance drug and protein conjugates of protein and drugs, 
micro as well as nanoparticles, nanocapsules, matrices and hydro-
gels, polymersomes, complexing polymers etc.). Furthermore, there 
is ample utilization of Polymers, aimed at improving the functioning 
of other drug delivery systems (such as stealth liposomes). They are 
used as flow controlling agents in emulsions, suspension, liquids, as 
viscosity controlling binders in tablets, to improve drug stability, as  
film coaters headed for concealing medicines unpleasant taste and  

 
to improve drug release profile. At the present time polymer or com-
binations of polymers are employed for releasing accurate amount 
of the therapeutic agent at right time in exact body compartment 
without hampering function of other organs. Since thirty years, 
mounting demand aimed at upgrading properties of polymers has 
led the progression in polymer mixture composites for surmount-
ing the biologically dwindling performance as well as to augment 
the rigidness, an innovative class of polymers has been recognized 
depending on intermingling of polymers emanate or synthetically 
or from natural sources formulated either alone or in combinations 
(Figure 1). 
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Figure 1: Structure and crosslinking of polymers (a) Structures of polymersomes and (b) Stiff highly cross-linked polymers.
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These class of polymers formulated via blending of two poly-
mers is widely known as Interpenetrating polymer network [1]. 
Polymers have enormous applications in the sphere of artificial 
organs in addition to medical devices implantation, prosthesis, 
scaffolds development, bone repair, dentistry, ophthalmology and 
numerous medical spheres [2]. The rate at which formulations is to 
be released is governed by means of polymers. Polymers extensive 
applications are taken into consideration while designing drug de-
livery system [3]. These new drug delivery systems include modi-
fication of drug by carrier-based drug delivery system and by drug 
incorporation in polymeric pumps or matrices that are positioned in  
apposite organ. In biomedical sphere biodegradable polymers have 
been broadly employed on account of their biodegradability besides 
biocompatibility. Mostly polymers are used as implants because of 
minimum side effects and more efficiency [4]. various categories of 
macromolecules/polymers are employed in the drug delivery sys-
tem for e.g. cationic polymers, and antibacterial polymers. Cation-
ic polymers have been categorized as the macromolecules which 
exhibit positive charge, which may exist either intrinsically in the 
polymer side chains and/or its backbone. Cationic polymers (NCPs) 
that are natural in origin exhibit intrinsic positive charge and also 
regarded as structures that are biodegradable having least toxicity 
along with marginal immunogenicity. By means of facile alteration 
of reactive sites prevailing at the most NCPs, their physicochemical 
properties can be effortlessly upgraded. 

The list of cationic polymers comprises of Cationic gelatin that 
is a cost-effective, decomposable as well as natural polymer having 
biocompatibility that emanates from collagen in addition highly 
employed for therapeutic and biomedical purposes [5]. Cationic 
chitosan is a, natural in origin cationic copolymer encompassing 
arbitrarily disseminated D-glucosamine and N-acetyl glucosamine, 
which differs in molecular chain length, arrangement and compo-
sition [6].Cationic cellulose is, a ringed linear chain having b-1,4-D-
glucan molecules, as the chief component of the plant cell wall, is 
the utmost plenteous polymer besides the highest plentiful organic 
material disseminated out all over the globe. Cellulose possesses 
numerous beneficial properties for instance biodegradability, bio-
logically compatible, along with antibacterial properties developing 
as a supreme choice for a variety of medicinal applications [7,8]. 
Cationic Dextran (DEX) is a homopolysacharide of glucose, that is 
hydrophilic in nature and as well identified as a natural analogue 
to PEG [9]. And some polymers synthetic in origin and cationic in 
nature are Poly(2-N,N-dimethylaminoethylmethacrylate)(PDMAE-
MA) owns intrinsic cationic charge as a result of its tertiary amine 
groups present at the polymer surface which eventually convert to 
partially protonated at the physiological solution by which PDMAE-
MA is well thought-out as a promising candidate for delivery of gene 
[10] besides delivery of drug. Poly-L-lysine (PLL)Poly-L-lysine (PLL) 
was unique and the first cationic polymers inspected for develop-
ing polyplexes in conjunction with nucleic acids intended for recep-
tor-mediated gene delivery [11]. 

Another category of polymers comprises of antibacterial poly-
mers. In the treatment of bacterial infections, the major concern 

of healthcare system is the resistance of multiple drugs by disease 
causing bacteria’s [12] and as per the statement of WHO (World 
Health Organization), it becomes the prime cause of mortality in 
whole world. It as an idea that in coming 30 years it may results in 
10 million of death [13]. Because the pathogenic bacteria become 
resistant to conventional multidrug therapy, some novel agents hav-
ing activity against pathogens are required to develop [14]. From the 
past few decades, large number of macromolecules from the class 
of antimicrobial systems, copolymers, and polymers are developed 
and functionalized with some groups (bioactive in nature) but in 
current time, novel and moderate polymers are also synthesized 
which are hydrophobic in nature. These new hydrophobic polymers 
comprise of protonated primary/secondary/tertiary amine which 
exhibits high activity against microbes as compared to others de-
scribed above [15].

Classification
The antimicrobial polymers classified depending on their mech-

anism of action are as follows:

Passive Polymers

The layer of passive polymers decreases on bacterial surface 
and avert the bacterial adhesion, hence without any active interac-
tion they cause effective bacterial repulsion. Depending on the type 
of bacteria (positive or negative) typical passive polymers compris-
es of following properties:

i. SLIPS (slippery liquid-infused porous surface) and 
self-healing for instance poly(dimethyl siloxane); 

ii. Uncharged polymer like PEG (polyethylene glycol), poly-
poly(n-vinyl-pyrrolidone), polypeptoid and poly(2-methyl-2-ox-
azoline)

iii. Charged polyampholytes and zwitterionic polymers for 
example phospholipids, sulfobetaine and phosphobetaine 
[12,16].

Active Polymers
These polymers actively destroy the pathogens after the func-

tionalization of their surface with the help of active agents such as 
antibiotics, cationic biocides and anti-microbial peptides. 

a) Examples: The cationic quaternary ammonium com-
pounds are the widely used active polymers cause the leakage of 
cellular components within a cell and consequent mortality of cell 
by interacting with cell wall and damage of cytoplasm membrane 
[17]. N-halamine, polyethyleneimine and polyguanidine are other 
examples of active antimicrobial polymers having different action 
mechanisms [18].

The antimicrobial activity of polymers can be moderate by affix-
ing active groups on them and depending on this basis these poly-
mers are also categorized as follows:

I. Polymeric Biocides: Polymeric biocides are attached with 
repeating biologically active units having activity against bac-
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teria with covalent bonds like hydroxyl, carboxyl and amino 
groups [19,20]. Polymers used as biocides are quaternary am-
monium, N-halamine, halogen, benzimidazole and sulfonium 
salt [21-23].

II. Polymeric Biocidals: the anti-microbial activity of biocid-
al polymers is comprised due to the complete macromolecule 
hence not required attachment of biologically active repeating 
units. Polymers that comprises of biocidal activity are generally 
cationic biocides for example Guanidinium, tertiary sulfonium, 
phosphonium and quaternary ammonium compounds [24,25].

Artificial Mimics of Anti-microbial Peptides (SMAPs): Currently, 
SMAPs gain the major inetrest of researchers because they provide 
the properties of anti-microbial peptides inside a polymer construct 
formed synthetically. Different types of synthetically mimicked an-
ti-microbials are as follows:

i. Polyanilines [26]

ii. Polyvinyl pyridines [27]

iii. Polynorbornenes [28]

iv. Polycarbodiimides [29]

v. Polymethacrylates [30]

Conclusion
An antimicrobial polymer comprises potential activity against 

microbial infections and can play a vital role in elimination of conse-
quences of deaths caused due to these infections globally. With the 
help of SMAPs possibility of designing and synthesizing macromole-
cules with precised antibacterial activity is enhanced.

References

1. Raina N, Rani R, Khan A, Nagpal K, Gupta M (2019) Interpenetrating 
polymer network as a pioneer drug delivery system: a review. Polymer 
Bulletin: 1-24.

2. Mody VV (2010) Introduction to polymeric drug delivery. Internet 
Journal of Medical Update 5(2): 1-2.

3. Deb J, Das M, Das A (2017) Excellency of natural polymer in drug 
delivery system: A Review. International Journal of Pharmaceutical 
and Biological Science Archive 5(1).

4. Vyas SP, Khar RK (2002) Controlled drug delivery concepts and 
advances. vallabh prakashan 1: 411-47.

5. Hiwale P, Lampis S, Conti G, Caddeo C, Murgia S, et al. (2011) In 
vitro release of lysozyme from gelatin microspheres: effect of cross-
linking agents and thermoreversible gel as suspending medium. 
Biomacromolecules 12(9): 3186-3193.

6. Dash M, Chiellini F, Ottenbrite RM, Chiellini E (2011) Chitosan-A 
versatile semi-synthetic polymer in biomedical applications. Progress 
in polymer science 36(8): 981-1014.

7. Song Y, Zhang L, Gan W, Zhou J, Zhang L (2011) Self-assembled micelles 
based on hydrophobically modified quaternized cellulose for drug 
delivery. Colloids and Surfaces B: Biointerfaces 83(2): 313-320.

8. Xu FJ, Ping Y, Ma J, Tang GP, Yang WT, et al. (2009) Comb-shaped 
copolymers composed of hydroxypropyl cellulose backbones and 

cationic poly ((2-dimethyl amino) ethyl methacrylate) side chains for 
gene delivery. Bioconjugate chemistry 20(8): 1449-1458.

9. Alibolandi M, Mohammadi M, Taghdisi SM, Ramezani M, Abnous 
K (2017) Fabrication of aptamer decorated dextran coated nano-
graphene oxide for targeted drug delivery. Carbohydrate polymers 
155: 218-29.

10. Ko NR, Cheong J, Noronha A, Wilds CJ, Oh JK (2015) Reductively-
sheddable cationic nanocarriers for dual chemotherapy and gene 
therapy with enhanced release. Colloids and Surfaces B: Biointerfaces 
126: 178-187.

11. Zauner W, Ogris M, Wagner E (1998) Polylysine-based transfection 
systems utilizing receptor-mediated delivery. Advanced drug delivery 
reviews 30(1-3): 97-113. 

12. Arora A, Mishra A (2018) Antibacterial polymers–a mini review. 
Materials Today: Proceedings  5(9):17156-17161.

13. (2015) WHO. Who, p. 1-44.

14. Neu HC (1992) The crisis in antibiotic resistance. Science 257(5073): 
1064-1073.

15. Yu K, Mei Y, Hadjesfandiari N, Kizhakkedathu JN (2014) Engineering 
biomaterials surfaces to modulate the host response. Colloids and 
Surfaces B: Biointerfaces 124: 69-79.

16. Li B, Ye Q (2015) Antifouling Surfaces of Self-assembled Thin Layer. 
In Antifouling Surfaces and Materials, Springer, Berlin, Heidelberg, p. 
31-54.

17. Xue Y, Xiao H, Zhang Y (2015) Antimicrobial polymeric materials with 
quaternary ammonium and phosphonium salts. International journal 
of molecular sciences 16(2): 3626-3655.

18. Jain A, Duvvuri LS, Farah S, Beyth N, Domb AJ, et al. (2014) Antimicrobial 
polymers. Advanced healthcare materials 3(12):1969-85.

19. Ghanbarzadeh B, Almasi H (2013) Biodegradable polymers. 
Biodegradation-life of science. In Tech Publications, Croatia 5:141-186.

20. Martins AF, Facchi SP, Follmann HD, Pereira AG, Rubira AF, et al. (2004) 
Antimicrobial activity of chitosan derivatives containing N-quaternized 
moieties in its backbone: a review. International Journal of Molecular 
Sciences 15(11): 20800-20832.

21. Siedenbiedel F, Tiller JC (2012) Antimicrobial polymers in solution and 
on surfaces: overview and functional principles. Polymers 4(1): 46-71.

22. Cheng X, Li R, Du J, Sheng J, Ma K, et al. (2015) Antimicrobial activity of 
hydrophobic cotton coated with N-halamine. Polymers for Advanced 
Technologies 26(1): 99-103.

23. Li X, Liu Y, Jiang Z, Li R, Ren X, Huang TS (2015) Synthesis of an 
N-halamine monomer and its application in antimicrobial cellulose via 
an electron beam irradiation process. Cellulose 22(6): 3609-3617.

24. Beyth N, Farah S, Domb AJ, Weiss EI (2014) Antibacterial dental resin 
composites. Reactive and Functional Polymers 75: 81-88.

25. Locock KE, Michl TD, Valentin JD, Vasilev K, Hayball JD, et al. (2013) 
Guanylated polymethacrylates: a class of potent antimicrobial 
polymers with low hemolytic activity. Biomacromolecules 14(11): 
4021-4031.

26. Gizdavic NMR, Bennett JR, Swift S, Easteal AJ, Ambrose M (2011) Broad 
spectrum antimicrobial activity of functionalized polyanilines. Acta 
biomaterialia 7(12): 4204-4209.

27. Sambhy V, Peterson BR, Sen A (2008) Antibacterial and hemolytic 
activities of pyridinium polymers as a function of the spatial 
relationship between the positive charge and the pendant alkyl tail. 
Angewandte Chemie International Edition 47(7): 1250-1254.

http://dx.doi.org/10.19080/AJOP.2019.03.555610
https://europepmc.org/abstract/med/21809827
https://europepmc.org/abstract/med/21809827
https://europepmc.org/abstract/med/21809827
https://europepmc.org/abstract/med/21809827
https://www.scienceopen.com/document?vid=f786c11b-583d-45ab-932e-0adbb39b5b69
https://www.scienceopen.com/document?vid=f786c11b-583d-45ab-932e-0adbb39b5b69
https://www.scienceopen.com/document?vid=f786c11b-583d-45ab-932e-0adbb39b5b69
https://www.ncbi.nlm.nih.gov/pubmed/21190813
https://www.ncbi.nlm.nih.gov/pubmed/21190813
https://www.ncbi.nlm.nih.gov/pubmed/21190813
https://www.ncbi.nlm.nih.gov/pubmed/19645475
https://www.ncbi.nlm.nih.gov/pubmed/19645475
https://www.ncbi.nlm.nih.gov/pubmed/19645475
https://www.ncbi.nlm.nih.gov/pubmed/19645475
https://www.ncbi.nlm.nih.gov/pubmed/27702507
https://www.ncbi.nlm.nih.gov/pubmed/27702507
https://www.ncbi.nlm.nih.gov/pubmed/27702507
https://www.ncbi.nlm.nih.gov/pubmed/27702507
https://europepmc.org/abstract/med/25561416
https://europepmc.org/abstract/med/25561416
https://europepmc.org/abstract/med/25561416
https://europepmc.org/abstract/med/25561416
https://www.ncbi.nlm.nih.gov/pubmed/10837605
https://www.ncbi.nlm.nih.gov/pubmed/10837605
https://www.ncbi.nlm.nih.gov/pubmed/10837605
https://www.sciencedirect.com/science/article/pii/S2214785318308022
https://www.sciencedirect.com/science/article/pii/S2214785318308022
https://www.ncbi.nlm.nih.gov/pubmed/1509257
https://www.ncbi.nlm.nih.gov/pubmed/1509257
https://www.ncbi.nlm.nih.gov/pubmed/25193153
https://www.ncbi.nlm.nih.gov/pubmed/25193153
https://www.ncbi.nlm.nih.gov/pubmed/25193153
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346917/
https://www.ncbi.nlm.nih.gov/pubmed/25408272
https://www.ncbi.nlm.nih.gov/pubmed/25408272
https://www.ncbi.nlm.nih.gov/pubmed/25402643
https://www.ncbi.nlm.nih.gov/pubmed/25402643
https://www.ncbi.nlm.nih.gov/pubmed/25402643
https://www.ncbi.nlm.nih.gov/pubmed/25402643
https://www.mdpi.com/2073-4360/4/1/46
https://www.mdpi.com/2073-4360/4/1/46
https://onlinelibrary.wiley.com/doi/abs/10.1002/pat.3426
https://onlinelibrary.wiley.com/doi/abs/10.1002/pat.3426
https://onlinelibrary.wiley.com/doi/abs/10.1002/pat.3426
https://www.springerprofessional.de/en/synthesis-of-an-n-halamine-monomer-and-its-application-in-antimi/7014662
https://www.springerprofessional.de/en/synthesis-of-an-n-halamine-monomer-and-its-application-in-antimi/7014662
https://www.springerprofessional.de/en/synthesis-of-an-n-halamine-monomer-and-its-application-in-antimi/7014662
https://www.sciencedirect.com/science/article/abs/pii/S138151481300254X
https://www.sciencedirect.com/science/article/abs/pii/S138151481300254X
https://www.ncbi.nlm.nih.gov/pubmed/24099527
https://www.ncbi.nlm.nih.gov/pubmed/24099527
https://www.ncbi.nlm.nih.gov/pubmed/24099527
https://www.ncbi.nlm.nih.gov/pubmed/24099527
https://www.ncbi.nlm.nih.gov/pubmed/21827876
https://www.ncbi.nlm.nih.gov/pubmed/21827876
https://www.ncbi.nlm.nih.gov/pubmed/21827876


How to cite this article: Madhu Gupta, Neha Raina and Radha Rani. Eminent Role of Polymers in Drug Delivery. Academ J Polym Sci. 2019; 3(2): 
555610. DOI: 10.19080/AJOP.2019.03.5556100040

Academic Journal of Polymer science

28. Ilker MF, Nüsslein K, Tew GN, Coughlin EB (2004) Tuning the hemolytic 
and antibacterial activities of amphiphilic polynorbornene derivatives. 
Journal of the American Chemical Society 126(48): 15870-15875.

29. Budhathoki Uprety J, Novak BM (2011) Synthesis of alkyne-
functionalized helical polycarbodiimides and their ligation to small 
molecules using ‘click’and sonogashira reactions. Macromolecules 
44(15): 5947-5954.

30. Palermo EF, Kuroda K (2010) Structural determinants of antimicrobial 
activity in polymers which mimic host defense peptides. Applied 
microbiology and biotechnology 87(5): 1605-1615.

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                      Track the below URL for one-step submission 
       https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/AJOP.2019.03.555610

http://dx.doi.org/10.19080/AJOP.2019.03.555610
https://www.ncbi.nlm.nih.gov/pubmed/15571411
https://www.ncbi.nlm.nih.gov/pubmed/15571411
https://www.ncbi.nlm.nih.gov/pubmed/15571411
https://pubs.acs.org/doi/abs/10.1021/ma200960e?src=recsys
https://pubs.acs.org/doi/abs/10.1021/ma200960e?src=recsys
https://pubs.acs.org/doi/abs/10.1021/ma200960e?src=recsys
https://pubs.acs.org/doi/abs/10.1021/ma200960e?src=recsys
https://www.ncbi.nlm.nih.gov/pubmed/20563718
https://www.ncbi.nlm.nih.gov/pubmed/20563718
https://www.ncbi.nlm.nih.gov/pubmed/20563718
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/AJOP.2019.03.555610

	Introduction
	References
	_GoBack

