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Abstract 
Background: The traditional ophthalmological dosage forms have a low bioavaila-

bility, a rapid precorneal clearance and a low corneal permeability. The gelling sys-

tem or system with a prolonged action (prolonged eye-drops) may be overcome by 

the application of fibers. An innovative dosage form was described for ophthalmolo-

gy and perspective drug development. The authors also conducted an overview of the 

polymers investigated in the production of films or tablets for oral dosage forms. The 

properties of fibers revealed fundamental differences from polymers. Combining dif-

ferent properties of pharmaceutical formulations appears to offer a synergy in bioa-

vailability and sustained release with very comfortable conditions of use and pro-

longed action. Novel formulations, such as prolonged eye-drops and gels or thinnest 

films for the eye, will be developed and tested in vitro studies. This enhancement 

stipulates for perspective pharmaceutical development. The aim of the study: To 

describe the main types of fibers for the development of a potential ophthalmological 

dosage form. Materials and methods: The review of the articles with high 

CiteScore rating in Scopus and Web of Science. CiteScore is a simple way of meas-

uring the citation impact of sources. Tasks: to describe suitable polymers for devel-

opment of ocular dosage forms prepared by electrospinning. Results: The results of 

the review of the most useful polymers show that in most cases all polymers are used 

together. A huge number of ophthalmologic pathologies call for a correct approach to 

each nosology in each case. Conclusion: The electrospinning method will stipulate 

for the future development of customized tools for the treatment of ophthalmic pa-

thologies. The development of an ophthalmic insert with the possible introduction 

of several medicinal substances depending on the condition of each patient is 

promising. 

CORE Metadata, citation and similar papers at core.ac.uk

Provided by DSpace at Belgorod State University

https://core.ac.uk/display/195778481?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:aleksbaskakova@yandex.ru
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Мини-обзор 

Mini-review Научные результаты биомедицинских исследований. 2018. Т.4, №4. С. 31-34 
Research Results in Biomedicine. 2018. Vol.4, №4. Р. 31-34 

32 

Keywords: nanofibers; electrospinning; ophthalmology; polymers; electrospun for-

mulations; ocular formulation; PVP; PEO; PVA; CDs; PDS; Chitosan; Cellulose 

Introduction. Most ocular drugs when 

given by topical administration are rapidly 

cleared by the aqueous humor flowing into the 

anterior chamber and flushing the drug out via 

the trabecular meshwork, should they permeate 

the cornea. The drug will often therefore fail to 

reach reproducible therapeutic levels near the 

retina. Unfortunately, drugs in solution can rap-

idly clear within hours from the posterior cavity 

upon IVT injection. This reduces efficacy and 

frequent injections are required, which can lead 

to undesirable side effects and reduce patient 

compliance [1]. Electrospinning is one of the 

technics for production of different fibers for 

medical and pharmaceutical needs. This technic 

is being used to enhance the solubility sub-

stances in ophthalmology. We have conducted 

an overview of the polymers investigated in the 

production of films or tablets for oral dosage 

forms. Previous studies [1, 2] of electrospun 

formulations of acyclovir, ciprofloxacin and 

cyanocobalamin for ocular drug delivery 

demonstrate that electrospun matrices, such as 

those prepared in this work, have potential for 

use as intravitreal implants and improve the 

solubility of such a water-insoluble substance 

like acyclovir.  

The aim of this review is to describe the 

main types of fibers for the development of a 

potential ophthalmological dosage form.  

Tasks: to describe suitable polymers for 

the development of ocular dosage forms pre-

pared by electrospinning. 

Results and discussion. The traditional 

ophthalmological dosage forms have a low bio-

availability, a rapid precorneal clearance, and a 

low corneal permeability. The gelling system or 

system with a prolonged action (prolonged eye-

drops) may be overcome by the application of 

fibers.  

Anatomy of the eye is demonstrated in 

close connection with ophthalmic delivery and 

bioavailability of drugs. Combining different 

properties of pharmaceutical formulations ap-

pears to offer a synergy in bioavailability and 

sustained release with very comfortable condi-

tions of use and prolonged action. Novel for-

mulations, such as prolonged eye-drops and 

gels or thinnest films for the eye, will be devel-

oped and tested in vitro studies.  

Table demonstrates the most useful types 

of polymers in ophthalmology.  

Table 

The most useful types of polymers in ophthalmology 

Name of polymer 
Short name 

of polymer 
Properties Use 

poly(ɛ-caprolactone PCL 

Biodegradable thermoplastic 

polymer  

Films, polymer for en-

hancing of the the mechan-

ical properties for engi-

neered nanotopology of 

structures [3] 

poly(ethylene oxide) PEO 

Relatively high molecular 

weight, biocompatible mate-

rial that effectively improves 

the mechanical and biological 

properties of composite hy-

drogels 

In combination with chi-

tosan is used for high an-

timicrobial effect [4] 

polyvinyl alcohol PVA 

Presents biocompatibility, 

being prepared easily and 

having non-toxic solvent; wa-

ter-soluble synthetic polymer; 

biodegradable 

Used for incorporate mol-

ecules of biological origin, 

such as collagens, hyalu-

ron and deoxyribonucleic 

acid[5] 
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Cyclodextrins CDs 
Most versatile substances 

produced by nature 

Gels for drug delivery 

Polydioxanone PDS 
Material for tissue 

regeneration [6] 

Biological matrix 

Chitosan Chitosan 

Biodegradability, biocompat-

ibility, it has fungicidal, an-

timicrobial, and antitumor 

activity and also has strong 

healing properties, as it offers 

an excellent environment for 

cell adhesion and prolifera-

tion[7] 

Producing of membranes 

for regeneration 

Cellulose Cellulose 
High molecular weight poly-

saccharide in nature;  

Using for medical applica-

tions[8] 

PCL is one of the most useful polymers 

in the medicine, but in ophthalmology, fibers 

were described in papers [1] and [9]. Both stud-

ies report on fibers with antimicrobial agents. 

Karataş A. et all develop ofloxacin loaded elec-

trospun fibers for ocular drug delivery. The mi-

crobiological study of properties of this fibers 

shows that freely released ofloxacin from fibers 

inhibited the growth of the tested bacteria. This 

study demonstrates that electrospinning had no 

adverse effects on the activity of the incorpo-

rated drug in fibers. That data is interesting for 

future development of dosage forms with anti-

microbial agents for ophthalmology.  

Simões S.M. [10] describes syringeable 

self-assembled cyclodextrin gels for drug de-

livery: CDs were obtained in two systems to 

form inclusion complexes. Both types of com-

plexes show stability with variety of drugs via 

interactions between substances and polymers. 

Functional groups of polymers are not involved 

in the other complexes. Other authors, Hu QD 

et all [11], describe the host-guest interactions 

of αCD and βCD between polymer and sub-

stances. They also report about modification of 

CDs with polymers due to the potential benefits 

rendered by cationic protection and improved 

capability. This modifications help to improve 

the controlled release by application of respon-

sive structures.  

Another benefit of using CDs for nano-

medicine includes electrospun fibers of cy-

clodextrins and poly(cyclodextrins) [12]. They 

include therapeutic agents. These complexes 

demonstrate a slowl release that is the most 

suitable for a perspective ocular dosage form.  

Cellulose fibers (HPMC in this studies) 

with polyethylene oxide PEO [13] were pro-

duced by Aydogdu A et all. A uniform struc-

ture of these fibers was achieved by increasing 

a polymer concentration, and their structure 

was semicrystalline. For next studies and com-

bining PEO with HPMC the developments of 

uniform and stability fibers for ocular films 

may be interesting.  

In the other studies of Kuang G et al, 

there were developed polyblend nanofibers for 

local cancer treatment [14]. PEO was included 

in the mixture of polymers as a hydrophilic 

polymer. This study will be used in a new con-

cept of local chemotherapy. 

Cellulose derivatives were prepared by 

incorporating polyaniline (PAn) fibers into pol-

yvinyl alcohol (PVA) by Bai Y. [15]. These 

fibers are interesting for ophthalmological drug 

development because they show excellent wa-

ter-, thermal-, and near-infrared (NIR) light- 

properties. Of course, the concentration of pol-

ymers should be changed for drug develop-

ment.  

Karczewski A. et al have developed an 

antimicrobial drug delivery system [16] with 

PDS fibers. Chitosan, as a more adequate stim-

ulus to facilitate the cell, was used in these fi-

bers. This fiber shows an antimicrobial activity 

against all bacteria and is cell-friendly. The ex-

perience in the use of these fibers have a poten-

tial for ophtalmology drug development.  
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The results of the review of the most 

useful polymers show that in most cases all 

polymers are used together. A huge number of 

ophthalmologic pathologies call for a correct 

approach to each nosology in each case. The 

electrospinning method will stipulate for the 

future development of customized tools for the 

treatment of ophthalmic pathologies. The de-

velopment of an ophthalmic insert with the 

possible introduction of several medicinal sub-

stances depending on the condition of each pa-

tient is promising. 

No conflict of interest was recorded with 

respect to this article. 
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