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ABSTRACT 

Biopolymers play an important role in controlling drug release from various drug delivery systems. 

done to identify their drug releasing pattern based on previously published articles since 1990.Both research and 

review articles are selected which discuss about various drug delivery systems which shows extended drug 

release behaviour of different biopolymer. Guar gum is a hydrophilic polymer, which on exposure to aqueous 

fluid, gets hydrated and form viscous gel layer which further retards drug release. Xanthan gum being an 

anionicpolymer, following exposure to an acidic media will impede ge

of drug.  Chitosan shows pH dependant solubility.

is more commonly used for gastric delivery of drugs. The hydration property of Sodium alginate is r

for modifying drug release at different pH values.  Mucoadhesive property of Hyaluronic acid(HA) is very well 

utilised in various drug delivery systems.  Carrageenan being an anionic polymer, undergo ionic interactions, 

which resulted in favorable increases in the water uptake capacity and gel viscosity, leading to

over the drug release. The drug release from Polycaprolactone (PCL) based drug delivery system can be 

accelerated by reducing crystalline nature

phasic drug release; that is initial  diffusion, matrix hydration  and degradation. The self crosslinked

hydrogel is utilised for controlled drug delivery. The side chain functional group of pectin

with nasal mucosal tissues enabling its utility in nasal drug delivery.

potential for the development of new, advanced, safe and efficient drug delivery system.

biopolymers evaluated for biodegradation and extended drug release, PCL is identified as the best.
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Biopolymers play an important role in controlling drug release from various drug delivery systems. 

done to identify their drug releasing pattern based on previously published articles since 1990.Both research and 

review articles are selected which discuss about various drug delivery systems which shows extended drug 

ferent biopolymer. Guar gum is a hydrophilic polymer, which on exposure to aqueous 

fluid, gets hydrated and form viscous gel layer which further retards drug release. Xanthan gum being an 

anionicpolymer, following exposure to an acidic media will impede gel formation and shows initial slow release 

of drug.  Chitosan shows pH dependant solubility. The solubility is increased in acidic solutions, 

is more commonly used for gastric delivery of drugs. The hydration property of Sodium alginate is r

for modifying drug release at different pH values.  Mucoadhesive property of Hyaluronic acid(HA) is very well 

utilised in various drug delivery systems.  Carrageenan being an anionic polymer, undergo ionic interactions, 

le increases in the water uptake capacity and gel viscosity, leading to

release. The drug release from Polycaprolactone (PCL) based drug delivery system can be 

nature of sample. Poly Lactide co glycolide(PLGA) microspheres shows tri 

phasic drug release; that is initial  diffusion, matrix hydration  and degradation. The self crosslinked

is utilised for controlled drug delivery. The side chain functional group of pectin derivatives interacts 

with nasal mucosal tissues enabling its utility in nasal drug delivery. Biodegradable polymers have proven their 

potential for the development of new, advanced, safe and efficient drug delivery system. Over the various 

luated for biodegradation and extended drug release, PCL is identified as the best.
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STUDY ON DRUG RELEASING BEHAVIOUR OF DIFFERENT BIOPOLYMERS 

Biopolymers play an important role in controlling drug release from various drug delivery systems. This work is 

done to identify their drug releasing pattern based on previously published articles since 1990.Both research and 

review articles are selected which discuss about various drug delivery systems which shows extended drug 

ferent biopolymer. Guar gum is a hydrophilic polymer, which on exposure to aqueous 

fluid, gets hydrated and form viscous gel layer which further retards drug release. Xanthan gum being an 

l formation and shows initial slow release 

, hence Chitosan 

is more commonly used for gastric delivery of drugs. The hydration property of Sodium alginate is responsible 

for modifying drug release at different pH values.  Mucoadhesive property of Hyaluronic acid(HA) is very well 

utilised in various drug delivery systems.  Carrageenan being an anionic polymer, undergo ionic interactions, 

le increases in the water uptake capacity and gel viscosity, leading to a better control 

release. The drug release from Polycaprolactone (PCL) based drug delivery system can be 

de co glycolide(PLGA) microspheres shows tri 

phasic drug release; that is initial  diffusion, matrix hydration  and degradation. The self crosslinked Gelatine as 

derivatives interacts 

Biodegradable polymers have proven their 

Over the various 

luated for biodegradation and extended drug release, PCL is identified as the best. 

, in vitro drug release study. 
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INTRODUCTION 

The term ‘Biopolymers’ refers to the naturally 

occurring materials formed in nature during the life 

cycles of green plants, animals, bacteria ,  fungi or 

synthesized using naturally occurring monomers 

(e.g., lactic acid and glycolic acid) 1 . They have 

been successfully employed in the formulation of 

solid, liquid and semi-solid dosage forms and are 

specifically useful in the design of modified release 

drug delivery systems. They are nontoxic, 

biocompatible,biodegradable and capable  of 

chemical modificatio2. The specific application of 

biopolymers in pharmaceutical formulations 

include their use in the manufacture of solid 

monolithic matrix systems, implants, films, beads, 

microparticles, nanoparticles, inhalable and 

injectable systems as well as viscous liquid 

formulations3. Within these dosage forms, 

biopolymeric materials have fulfilled different roles 

such as binders,  matrix formers or drug release 

modifiers, film coating formers, thickeners or 

viscosity enhancers, stabilisers, disintegrants, 

solubilisers, emulsifiers, suspending agents, gelling 

agents and bioadhesives4 . Polymers are often 

utilised in the design of colon specific drug 

delivery systems because matrices manufactured 

from these polysaccharides  remain intact in the 

stomach and the small intestine, but once they 

reach the colon they are degraded by the bacterial 

polysaccharidases. This can be done via different 

mechanisms including coating of tablets with 

polymers having pH dependent solubilities or 

incorporating non-digestible polymers that are 

degraded by bacterial enzymes in the colon5 . 

 This review discusses the use of different 

biopolymers and their utility in drug delivery 

system. Specific reference is made to the use of 

natural and synthetic biopolymers in the design of 

novel dosage forms such as modified release matrix 

type tablets and other new drug delivery systems 

under investigation. 

METHODOLOGY 

Both research and review articles are selected 

which discuss about various drug delivery systems 

which shows extended drug release behaviour of 

different biopolymers. The drug release behaviour 

of  ten different biopolymers are compared and 

discussed. The sources include Google scholar, 

Elsevier, Science direct . The articles published 

since 1990 are taken and reviewed and a table is 

created for each polymer. 

DISCUSSION 

GUAR GUM:  

Guar gum is a non-ionic, hydrophilic 

polysaccharide consisting of galactose and 

mannose residues. It is derived from the seeds of 

Cyamopsistetragonolobus, belonging to Family 

Leguminosae.  In pharmaceutical formulations, 

guar gum is used as a thickener, binder , 

disintegrant, suspending agent, thickening agent 

and stabilizing agent with added advantage of 

abundant availability, naturally 

occurring,highviscocity and inexpensive. Guar gum 

is mainly utilised in drug delivery system as a 

matrix forming material for prolonging the drug 

release6 . 

              Guar gum based Diltiazem Tablet is being 

formulated for its sustained drug release. The in 

vitrodrug release study shows that  41% guar gum 

was used to sustain the drug release for 24 hours. 

The dissolution was independent of stirring speed 

under normal conditions7 .  It was found that, on 

exposure to dissolution fluids ,it gets hydrated and 

forms a viscous gel layer that slows down further 

penetration of dissolution fluids towards the core of 

the matrix tablet. The strength of the viscous gel 

layer around the core of the matrix tablets generally 

depends on several factors such as drug particle 

size, force of compression, presence of other 

excipients, viscosity of the polymer, solubility of 

the drug, etc6.The drug release from the matrix 

depends on the releasing area produced. Increasing 

the drug concentration in the gel and keeping the 

amount of gum constant in the formulation 

increases the amount of drug released as the 

diffusional path length of the drug remains 

constant. Swelling of the gum attains a steady state 

after initial hydration, and the drug is released in a 

sustained fashion over a long period of time8 .Refer 

Table 1 for detailed study of in vitro drug release 

pattern of Guar gum. 

                It is also demonstrated that alkali-treated 

guar gum can be used as a hydrophilic matrixing 

agent. The in vitro study shows sustained drug 

release for 12 hours. Hydrophilic matrix tablets 

swell upon ingestion and a gel layer forms on the 

tablet surface. This gel layer fills interstices within 

the tablets, which retards further ingress of fluid 

and subsequent drug release. The dissolution rate 
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for soluble drugs is controlled by both diffusion 

through the gel layer and by matrix erosion, 

whereas the dissolution rate for insoluble drugs is 

dependent on matrix erosion9. The  drug release 

rate can also be lowered  by reducing the matrix 

area exposed to dissolution fluid  helps in lowering 

matrix hydration rate and swelling rate  ,also the 

surface through drug is released is reduced. During 

dissolution, barrier layers are progressively eroded 

and surface available for drug release increases, the 

drug release decrease due to increase in diffusion 

path length.  The hydration is independant on pH of 

dissolution medium. The drug release in colon is 

due to microbial degradation of guar gum matrix 

tablet in presence of rat caecalconten10 . The in vivo 

performance depends upon the biodegradability of 

the polymer in GI tract. It is determined that guar 

gum compression coated tablet released only less 

than 2% of drug in simulated gastric and intestinal 

fluids; 93%drug release occurs in colonic fluid. The 

major portion of drug release occurs in colon 

because of the susceptibility of compression 

coating to enzymatic action of colonic bactera11. 

Guar gum cannot be degraded by the human small 

intestinal enzymes and thus reaches the colon 

unaltered12 . 

 

Table 1: In vitro drug release pattern of Guar gum 

 

SL.

No 

Type of 

formulation 

Percentage of 

polymer 

Purpose of Drug 

delivery system 

In vitro Drug 

Release 
Reference 

1 Tablet 41% 
Sustained release of 

Diltiazem 

Sustained drug release 

for 24 hours 

Altaf SA et al  

1998 

2 Coated tablet 80% 

colon targeted drug 

delivery of              5-

Flurouracil 

2.38% drug release in 

upper GIT  41%drug 

is released in colon 

Krishnaiah YS et 

al 2002 

3 Matrix tablet 20% 

Colon targeted drug 

delivery of 

Mebendazole 

8-15% drug release in 

upper GIT      83% 

drug release in colon 

Krishnaiah YS et 

al 2001 

4 Coated tablet 55%-70% 

colon targeted drug 

delivery of 

Metronidazole 

Less than 1%drug 

release occur in upper 

GIT                                

62%drug release in 

colon from 20-24 

hours 

Krishnaiah YS et 

al 2002 

5 Matrix tablet 50% 
colon targeted drug 

delivery of Sennosides 

5-8% drug released in 

upper GIT               

96% drug released in 

colon 

Momin M et al 

2004 

6 Matrix Tablet 85% 

Oral controlled delivery 

of 

TrimetazidineDihydroc

hloride 

60% drug release by 

12 hours 

Krishnaiah YS et 

al 2002 

7 Matrix tablet 64% 
Sustained release of 

Furosemide 

80.74% drug release  

for 14 hours 
S Jain et al 2008 

8 Matrix tablet 50% 
Oral controlled delivery 

of Metoprolol tartarate 

55% drug release in 

12 hours 

Al-Saidan SM et 

al 2004 

9 Matrix tablet 20% 
Colon targeted delivery 

of Celecoxib 

2-4% drug release in 

upper GIT        37% 

drug release in colon 

Krishnaiah YS et 

al 2002 

10 
Coated  

tablets 
52% 

colon targeted delivery 

of                          5 -

Aminosalicylic acid 

2% drug release in 

upper GIT              

93% drug release in 

colon 

Krrishnaiah YS 

et al 1999 



Indian Research Journal of Pharmacy and Science; Joseph D. et. al.  June’2020 
 

Ind Res J Pharm & Sci|2020: Jun.: 7 (2) 2230 

 

Table 2: In vitro drug release pattern of Xanthan gum 

 

SL.

No 

Type of 

formulation 

Percentage of 

polymer 

Purpose of Drug delivery 

system 

In vitro Drug 

Release 
Reference 

1 Matrix Tablet 33.30% 
Sustained release of 

Isosorbide-5-mononitrate 

92.12% drug 

released 

within12 hours. 

RajatKar et al 

2010 

2 Matrix Tablet 5-25% 
Oral sustained release of 

Flourbiprofen 

70% drug 

release in 8 

hours at 

intestinal pH. 

Syed Nisar 

Hussain Shah 

et al 2009 

3 Matrix Tablet 29.30% 
Controlled release of 

Pentoxifylline tablets 

85% drug 

release wihin 

24 hours. 

Omaima N et 

al 2003 

4 Matrix Tablet 6% 
Sustined release of 

Diclofenac 

89.67% drug 

release in 12 

hours. 

PG Yeole et al 

2006 

5 Coated Tablet 4.30% 
Colon specific delivery of 

Aceclofenac 

80.12% drug 

release at the 

8th hour in 

colonic 

medium. 

Ramaswamy T 

et al 2011 

6 
Hydrogel 

microspheres 
90.00% 

Sustained release of 

Ciprofloxacin 

90% drug 

release within 

8hours. 

Bhattacharya 

S et al 2013 

7 Matrix Tablet 10-20% 
Controlled release of 

Indomethacin Sodium 

90% drug 

release in 15 

hours. 

M MTalukdar 

et al 1998 

8 Matrix Tablet 8% 
Oral controlled delivery of 

Theophylline 

90 % drug 

release in 8 

hours. 

Vendruscolo 

et al 2005 

9 Matrix Tablet 5% 
Sustained release of 

Theophylline 

40% drug 

release in 5 

hours. 

Praveen 

Khullar et al 

1998 

10 Matrix Tablet 5% 
Sustained release of 

Acetaminophen 

70% drug 

release in 12 

hours. 

Dhopeshwarka

r, V et al 1993 

 

XANTHAN GUM 

Xanthan gum is an anionic, extracellular 

polysaccharide, produced from the fermentation of 

gram negative bacterium Xanthomanas 

campestries. It is a hydrophilic polymer, which is 

utilised for its thickening, suspending and 

emulsifying property in water based systems. The 

moleculeconsists of a backbone identical to that of 

cellulose, withside chains attached to alternate 

glucose residues.   Xanthan gum not only retards 

drug release, but can also provide time independent 

release kinetics  It can be used in both acidic and 

alkaline media13. 

The Xanthan gum matrix tablet composed of 38% 

xanthan gum released 83.77% of drug in 12 hours. 

The slower drug release is due to formation of thick 

gel layer that delayed release from tablet matrix, 

where hydration of individual xanthan gum 

particles results in extensive swelling. As a result 

of the rheological nature of the hydrated matrix, the 

swollen particles would coalesce. This results in a 

continuous viscoelastic matrix that fills the 

interstices, maintaining the integrity of the tablet 

and retarding further penetration of dissolution 

medium. The dissolved drug would then diffuse out 

of the matrix and enter the dissolution medium. It is 

also proposed that for highly water soluble drugs, 
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the rate of drug release is determined by diffusion 

of the drug from the gel, which in turn is dependent 

on gel thickness and poorly soluble drugs 

dependent on erosion of the matrix13. The higher 

ionic strength,  higher will be drug release rate, 

because of increased diffusion of the dissolved 

drug out of the matrix. Also drug release was faster 

in gastric fluid because, the dissolution medium 

penetrates more rapidly, solubilizing a greater 

quantity of the drug which is then diffused out of 

the tablet14. Refer Table 2 for detailed study of in 

vitro drug release pattern of Xanthan gum. 

   The in vivo release of drug in extreme acidic 

medium will be negligible and thereby 

bioavailability of the drugs from these dosage 

forms will be largely dependent on the gastric 

emptying time. The reason is Xanthan gum being 

an anionicpolymer, following exposure to an acidic 

media will impede gel formation and shows initial 

slow release of drug15. The rate of drug release was 

slowed by decreasing the particle size of gum or by 

increasing gum concentration16. The tablets 

prepared with high concentrations of xanthan gum 

showed a lower rate of erosion and a faster rate of 

swelling, as compared with the tablets containing 

lower concentrations of xanthan gum. This effect 

may be attributed to an increase of water uptake in 

the presence of a larger amount of the polymer and 

viscoelastic mass formation in dissolution media 

and swelling17.Xanthan gum is a highly stable 

polysaccharide not easily degraded by most 

microorganisms18 . 

 

CHITOSAN 

Chitosan is a semi synthetic, cationic 

polysaccharide built from glucosamine and N90 

acetyl glucosamine, derived from chitin, the main 

component of the exoskeleton of crustaceans such 

as shrimps and crabs 19 . It is the most suitable 

biopolymer to develop formulations for prolonged 

ocular delivery of drugs 20 . It is having 

mucoadhesive property, which facilitates oral and 

pulmonary drug delivery. Chitosan is a weak base 

and is insoluble in water and however, it is soluble 

in dilute aqueous acidic solution21 . Refer Table 3 

for detailed study of in vitro drug release pattern of 

Chitosan. 

  The drug release from Chitosan nanoparticles 

depends on the extent of matrix crosslinking as 

well as molecular weight of Chitosan. Higher  

 

release rates were observed for nanoparticles with 

lower crosslinking extent and low molecular weight 

of Chitosan. A slow release of Timolol Maleate 

during 24 hour period was observed, which ensures 

its utility in prolonged ocular drug delivery 
22.Chitosan increases ofloxacintranscorneal 

penetration rate, via an enhancement of corneal 

permeability. This effect is attributed to the poly 

cationic nature of Chitosan, allowing it to strong 

interaction with negatively charged corneal 

surface23 . 

               A composite hydrogel consist of 

polymeric network of chitosan and droplets of 

micro emulsion was being formulated for 

suataining the release of hydrophobic drugs. They 

exhibited a prolonged release of up to 48 hours 

because of formation of intermolecular interactions 

between the micro emulsion droplets and the 

polymeric network24 . The Ionic cross linked 

chitosan beads were able to extend  the drug release 

of Ciprofloxacin. . The drug release was reduced 

with decrease in drug concentration and increase in 

chitosan concentration. The diffusion of drug from 

the surface creates a pore in the matrix which 

causes a channelling effect. Incorporation of higher 

concentration of drug causes more pore formation 

leading to faster and higher drug release25 . Also, 

Chitosan shows pH dependant solubility. The 

amine groups undergo protonation in acidic 

environment that increases its solubility in acidic 

solutions,hence Chitosan is more commonly used 

for gastric delivery of drugs. At the end of 4hours, 

98% of drug was released in simulated gastric 

fluid, whereas only 70 %of drug release in 

simulated intestinal fluid. The degradation rate of 

the beads depended on the pH of test medium. In 

acidic medium the degradation was faster, whereas 

the degradation was found to be negligible at pH 

7.4. The release of ciprofloxacin depends on its 

concentration in the bead and chitosan, thus beads 

exhibit burst release. An initial burst release of 

drug was observed, that can be due to either 

leaching of drug on the bead outer surface or Faster 

access of dissolution medium and subsequent 

diffusion of drug26. 

The release of ciprofloxacin from the beads 

decreased with increased cross-linking agent 

concentration. The reason is by increasing cross 

linking density reduces swelling of beads and thus 

hinders drug release. Fast and complete drug  
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release was observed from the batch of formulation 

containing equal ratio of ciprofloxacin and 

chitosan26. The degradation of Chitosan is by the 

action of colonic microflora and hence it is utilised 

for colon targeted drug delivery27 . 

 

Table 3: In vitro drug release pattern of Chitosan 

CHITOSAN 

SL.

No 

Type of 

formulation 

Percentage of 

polymer 

Purpose of Drug delivery 

system 

In vitro Drug 

Release 
Reference 

1 Beads 2% 
Extended release of 

Ciprofloxacin 

93.2% drug 

release in acidic 

media                        

70%drug release 

in intestinal 

fluid 

Srinatha A 

et al 2008 

2 Hydrogel 1% 
Extended release of 

hydrophobic drug Genipin 

Prolonged drug 

release upto 48 

hours  

Delmar et 

al2015 

3 Micro particle 25% 
Controlled release of 

Clozapine 

Drug release 

extended upto 

12 hours at pH 

7.4 

Agnihotri 

SA et al 

2004 

4 Nanoparticle 0.20% 
Delivery system for 

Doxorubicin 

Prolonged drug 

release upto 5 

days 

Kevin A 

Janes et al 

2000 

5 In situ gel 0.50% 
Controlled ocular delivery of  

Timolol maleate 

Controlled drug 

release for 24 

hours 

Gupta S et 

al 

6 
Mucoadhesive 

film 
2% 

Ophthalmic delivery of 

Timolol maleate 

Controlled drug 

release for a 

period of 4 

weeks 

Fulgencio 

GD et al 

2012 

7 Nanoparticle 66% 
Controlled drug release of 

Timolol maleate 

60 %drug 

release within 

24 hours 

Agnihotri 

SA et al 

2007 

8 Hydrogel 2% 
Topical ocular delivery of 

Latanoprost 

50% drug 

release in 7 days 

Cheng YH 

et al 2016 

9 Microgel 66% 

Targeted 

pH-Mediated Intracellular 

Release of Methotrexate 

disodium 

At pH  5.0 ,  

93%  drug 

release in 5 days 

Zhang et al 

2006 

10 Matrix tablet 14.60% 
Prolonged drug release of 

Pentoxifylline 

100% drug 

release after 12 

hours 

ZS Teksin et 

al 2009 
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Table 4: In vitro drug release pattern of Sodium Alginate 

SL.

No 

Type of 

formulation 

Percentage of 

polymer 

Purpose of Drug delivery 

system 

In vitro Drug 

Release 
Reference 

1 Matrix tablet 50% 
Controlled release of 

Simvastatin 

100% drug 

release In 6 

hours 

B.Brahmaiah 

et al 2013 

2 Matrix tablet 25% 
Sustained release of 

Theophylline 

40% dryg 

release in8 hours 

Manuel E et 

al 2002 

3 Microsphere 1% 
Controlled release of 

Diclofenac sodium 

70% drug 

release in 7.5 

hours 

Gohel M et al 

1998 

4 Beads 2% 
Controlled drug delivery of 

Ibuprofen 

90% drug 

release in 8 

hours 

Hwang S J et 

al 1995 

5 Matrix tablet 50% 
Sustained drug release of 

Chlorpheniramine Maleate 

Sustain drug 

release upto 8 

hours 

Liew CV et al 

2006 

6 Matrix tablet 46-50% 
Sustained release of 

Metronidazole 

Sustain drug 

release from 8-

10hours 

Sriamornsak 

P et al 2007 

7 Microspheres 2-8% 
Extended drug release of 

Theophylline 

70% drug 

release within 8 

hours 

Soni ML et al 

2010 

8 Microgel 2% 
Controlled release of 

Ibuprofen 

90% drug 

release in 11 

hours 

Ramesh Babu 

V et al 2006 

9 Hydrogel 10% 
Colon targeted drug release 

of Embelin 

released only 

9% of  drug in 

upper GIT,  

majority of 

release in large 

intestine  

MuniraMomi

n et al 2013 

10 Beads 4% 
Controlled release of 

Cefadroxil 

 low burst 

release rates 

followed by 80 

% drug release 

in 6 hours 

Anandrao R. 

Kulkarni et al 

2000 

 

SODIUM ALGINATE 

Sodium alginate (NaAlg), a natural, anionic 

polysaccharide, composed of d-mannuronic acid 

and d-guluronic acid is derived from brown 

seaweeds. The naturally occurring alginate is used 

as binder, disintegrant, thickening agent,  gelling 

agent and colloidal-stabilising agent. The pH 

sensitivity and ability to form a gel barrier in both 

acidic and near-neutral environment is a unique  

 

 

 

feature of sodium alginate which is very efficiently  

utilised in the development of controlled drug 

delivery system28 . Refer Table 4 for detailed study 

of in vitro drug release pattern of Sodium Alginate. 

 

                     The hydration property of sodium 

alginate is responsible for modifying drug release 

at different pH values28 . The gel formed around 

alginate matrices in acidic conditions is of a 

different structure to that formed at near neutral pH 
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 At neutral pH, sodium alginate is soluble and 

hydrates to form a viscous gel , and this gel 

critically influence the drug release. However, at 

pH below 3, sodium alginate is converted to alginic 

acid rapidly, which has the ability to swell on 

hydration, but is virtually insoluble and therefore 

drug release depends on diffusion through polymer 

matrices. These factors not only control the drug 

release but also influence the release mechanisms. 

The viscosity of the polymer is also having a great 

influence on the extent of drug release. The drug 

release can vary from 100% in 3 hours to 50% in 8 

hours in case of low viscosity and  high viscosity 

alginate respectively. The results show that erosion/ 

dissolution rate of the tablet varied according to the 

viscosity of the alginate29.   

The drug release decrease with increase in polymer 

concentration. Reduction in particle size results in 

slower drug release and diminished initial burst 

effect30. At low alginate concentration, drug release 

is sensitive to particle size effect because at this 

concentration, the porosity of the gel barrier is 

highly dependent on the relative abundance of 

particles available on the tablet surface. At higher 

alginate concentration, there are adequate particles 

to form a stable gel barrier. Hence, drug release 

from these matrices is modulated by factors include 

differences in liquid uptake, swelling and matrix 

deformation during dissolution31 . 

Close examination of the alginate matrix tablets 

shows the presence of surface cracks, grooves and 

lamination, which indicates that the integrity of the 

matrices was adversely affected during the 

dissolution study. The extent of deformation was 

greater at higher alginate concentrations. As 

alginate content increased, the extent of matrix 

swelling increased due to greater liquid imbibition. 

This caused pressure built-up within the matrix 

which could be released by matrix deformation. 

These effects will cause explosion of greater 

surface area to the dissolution medium and hence 

improved drug release 31. 

 

HYALURONIC ACID (HA) 

Hyaluronic acid is a linear ,naturally occurring high 

molecular weight anionic polymer, consisting of 

repeating units ofD-glucuronic acid and N-acetyl-

D-glucosamine units. It is biodegradable, 

biocompatible, non-toxic, and non-immunogenic. I 

t is found in synovial fluid, extracellular matrices, 

connective tissues and organs of all higher animals 
32 . It is the only non-sulfated glycosaminoglycan 

that is abundant in the synovial fluid and 

extracellular matrix 33. It is hydrophilic in nature, 

which plays a critical role in the retention of 

proteoglycans in the cartilaginous matrix, has been 

recently developed as a cell carrier34 .Natural HA is 

sensitive to strong acid, alkali, heat, free radicals 

and hyaluronidase, and it is easy to be degraded, 

which limits its application in prolonged release 

formulations, so  chemically modified HA has been 

widely accepted as an alternative35  . Refer Table 5 

for detailed study of in vitro drug releasing pattern 

of Hyaluronic acid. 

 

The ability of HA-Taxol  bioconjugate to target 

cancer cells depends on cellular uptake of 

bioconjugate followed by hydrolytic cleavage of 

labile ester linkage, exhibits 40%drug release in 24 

hours36. HA based microparticles for sustained 

release of recombinant human growth hormone was 

being formulated to enable once a week injection. 

It was found out that the drug release followed first 

order kinetics which ensures complete and 

sustained drug release for 72 hours. It was 

degraded by the action of hyaluronidase37. In the 

case of sustained drug delivery of protein drugs, 

particle size plays a very important role.  The 

particle size of protein drugs in the range of 3 nm 

to 15 nm, the pore size of HA hydrogels should be 

approximately 5–25 nm for sustained release of 

protein drugs by single pass diffusion. It was 

shown that crosslinked hydrogel prolong the drug 

release for 3 weeks, taking the advantage of  pKa 

difference between hydrazide groups of HA–ADH 

and amine groups of protein drugs38.  The 

mucoadhesion of drug in the nasal cavity is 

influenced by the polymeric structure. During the 

process of mucoadhesion hydrogen bond is formed 

between hydrophilic functional group of HA and 

mucus glycoprotein. The ability of polymer to 

absorb water is dependent on the opening of 

polymer network and the percentage of charged 

group in the molecule39 
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Table 5: In vitro drug release pattern of Hyaluronic acid 

SL.

No 

Type of 

formulation 

Percen

tage of 

polyme

r 

Purpose of Drug delivery 

system 
In vitro Drug Release Reference 

1 Hydrogel film 5% 
Controlled and sustained 

release of Prednisolone 

Sustained drug release for 

24 hours 

Luo Y et al 

2000 

2 Nanoparticle 0.10% 
Ocular drug delivery of 

Dexamethasone 

70% drug release for 12 

hours 

Kalam MA et 

al 2016 

3 Matrix Tablet 83% 
Controlled release of 

protein drug Ovalbumin 

72% drug release in 12 

hours at PH 6.8 

Jinping Du et 

al 2015 

4 Tablet 0.50% 

Mucoadhesive drug 

delivery of  fluorescein 

isothiocyanate-dextran 

Slower release rate with a 

complete drug release in 

12-24 hours 

Krum 

Kafedjiiski et 

al 2007 

5 Insitu Hydrogel 1% 
Mucoadhesive sustained 

drug delivery of Acyclovir 

10% drug release in 5 

hours 

Mayol L et al 

2008 

6 Hydrogel  13.99% 

Mucoadhesive and 

Ophthalmic drug delivery 

of Ciprofloxacin 

90% drug release in 20 

hours 

KY  Cho et al 

2003 

7 Nanoparticle 86% 
Targeted delivery of 

Doxorubicin 

30 % drug release in 4 

days 

Cho HJ et al 

2012 

8 
NanohybridLips

osomes 
80% 

Drug delivery of 

Doxorubicin for cancer 

treatment 

sustained drug release for 

7 days 

Park JH et al 

2014 

9 
Nanocomposite 

hydrogel 
1.50% 

Ocular drug elivery of 

Latanoprost 

Sustained drug release for 

22 days 

Widjaja LK et 

al 2013 

10 InsituMicrogel 2% 
Sustained topical ocular 

delivery of Cyclosporin A 

80% drug release in 48 

hours 

Yao J et al 

2013 

 

CARRAGEENAN 

Carrageenans are naturally occurring high 

molecular weight,anionic, sulfated polysaccharides 

which are hydrophilic in nature and are found in 

certain marine plants of the class 

Rhodophyceae.Carrageenans are classified into 3 

types based on the degree of sulfation:  kappa , 

lambda, iota . Kappa and iota -carrageenans form 

gels with water, lambda-Carrageenan forms viscous 

aqueous solutions but does not gel40 . Carrageenan 

based matrix tablet exhibited  prolonged drug 

release for 8-12 hours. The factors influencing drug 

release were found to be tablet diameter, drug- 

polymer ratio, ionic strength of dissolution media. 

It was found that the drug release was insensitive to 

moisture content.  Polymers that swell in an 

aqueous medium have been widely used to 

formulate controlled-release tablets. Swellable 

polymers can be divided into two categories: water-

insoluble polymers called hydrogels; and water-

soluble hydrophilic polymers40 . 

 The release of drugs from swellable controlled 

release systems is usually dependent on one or 

more of the following processes: wetting of the 

polymer matrix by the solvent, swelling of 

polymer, diffusion of drug through the hydrated 

polymer, dissolution of drug in the solvent and 

erosion/dissolution of polymer. A disadvantage of 

the use of hydrophilic polymers for controlled-

release of very water soluble drugs is the rapid 

dissolution of the surface drug and quick diffusion 

of drug through the outer hydrated gel layer. This 

often causes initial rapid release followed by a 

period of slow release because of the increase in 

path length of diffusion of the drug through the 

polymer as the hydration and swelling of polymer 

matrix progresses It has also been shown that 

anionic polymers can control the early release of 
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soluble basic drugs, probably through ionic 

interactions40 . The oral controlled release tablet 

based on Diltiazem –Carrageenan complex, were 

able to sustain the drug release for a period of 20 

hours. The slower drug release rate was due to low 

porosity of tablet and slow medium penetration. 

The polymer reacts with drug and causes decrease 

in hydrophilicity and loses its ability to gellify41 . 

Refer Table 6 for in vitro drug releasing pattern of 

Carrageenan. 

 

The cross linking of beads exhibited less swelling 

which retards the drug release. The drug release is 

proportional to swelling ability of beads, which 

results in slower drug release. Also cross linking of 

beads results in enhanced stability and structure42 . 

The matrix tablets that contained a blend of 

carrageenans and cellulose ethers  successfully 

sustained the release for a period of 10–12 h. The 

drug release was controlled by the amount of the 

gelling polymers,. The presence of viscosity 

enhancers in the polymer blend retarded matrix 

hydration. Anionic polymers undergo ionic 

interactions with the non-ionic polymers, which 

resulted in favorable increases in the water uptake 

capacity and gel viscosity, leading to a better 

control over the drug  release .Cross-sectional SEM 

images on hydrated tablets showed a highly porous 

network formed by hydration of the polymers . The 

drug release occurs by diffusion through the porous 

network and polymer relaxation43 . 

 

Table 6: In vitro drug release pattern of Carrageenan 

SL.

No 

Type of 

formulation 

Percentage of 

polymer 

Purpose of Drug delivery 

system 

In vitro Drug 

Release 
Reference 

1 Tablet 38% 
Oral controlled release of 

Diltiazem 

Complete drug 

release in 20 hours 

M. C. 

Bonferoni et al 

2004 

2 Gel 1.50% 
Oral sustained delivery of 

Acetaminophen 

80% drug release in 

5 hours 

Miyazaki S et 

al 2011 

3 Pellets 10% 
Sustained release of 

Theophylline 

100% drug release 

in 8 hours 

Siepmann F et 

al 2007 

4 Matrix Tablet 10% 
Sustained  release of 

TripellenamineHCl 

100% drug release 

in 12 hours 

Hariharan M et 

al  1997 

5 Tablet 13.50% 
Controlled release of 

Theophylline 

sustained drug 

release for 8-12 

hours 

Vishal K. 

Gupta et al 

2001 

6 Matrix Tablet 30% 

Controlled release of 

Theophylline 

monohydrate 

100% drug release 

in 3 hours 

Picker KM et al 

1999 

7 Matrix Tablet 0.06% 
Controlled release of 

Ibuprofen 

Sustained release 

over 12-16 hours 

Jayanti 

Nerurkar et al 

2005 

8 
Hydrogel 

Beads 
3.50% 

Controlled  release of 

Betamethasone 

60% drug release 

for 4 hours 

Mohamadnia Z 

et al 2007 

9 Gel 0.50% 
Controlled drug release of 

Miconazole 

90% drug release in 

1.6 hours 

Lefnaoui S et al 

2011 

10 Suppository 3% 
Controlled release of 

Tenofovir 

40% drug release in 

2 hours 

Zaveri T et al 

2014 
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Table 7: In vitro drug release pattern of Poly Caprolactone (PCL) 

SL.

No 

Type of 

formulation 

Percentage 

of polymer 

Purpose of Drug delivery 

system 

In vitro Drug 

Release 
Reference 

1 Microsphere 80% 
Sustained drug delivery of 

Pentoxifylline 

 90.34% drug 

release at 15 hours.   

Tamizharasi 

S et al 2008 

2 Micpcapsule 50% 
Controlled release of 

Vancomycin 

40% drug release 

in 2 hours 

Petitti  M et 

al 2009 

3 Nanoparticle 48% 
Tumour Targeted delivery of 

Tamoxifen 

40% drug in first 

hours followed by 

complete and 

sustained drug 

release in 50 hours 

Chawla JS  

et al 2002 

4 Microparticle 80% 

Oral controlled delivery of 

Nifidipine and Propranolol 

HCl 

60 % Nifidipine 

release in 8 hours 

and 30% release of 

Propranolol HCl in 

8 hours 

MH Perez 

et al 2000 

5 
Extrudates(Matri

ces 
70% 

Controlled release of model 

drug (Methylene blue) 

80% drug release 

for 7 days 

C Zhang 

2016 

6 Microsphere 96% 
Controlled delivery of 

Nicardipine 

Initial rapid release 

in first 8 hours 

followed by slow 

and sustained 

(30%) drug release  

Barbato F et 

al 2001 

7 Implant 75% 
Controlled release of 

Praziquantel 

64.3% drug release 

in 150 days 

Li C et al 

2010 

8 
Intra vitreal 

implant 
25% 

Controlled and prolonged 

delivery of Dexamethasone 

20% drug release 

in 150 days 

Fialho S et 

al 2008 

9 Nanoparticle 90% 

Sustained drug delivery  of 

Docetaxel for cancer 

treatment 

30% drug release 

for 28 days 

Mei L et al 

2011 

10 Microsphere 80.00% 
Sustained drug release of 

Papaverine 

80% drug release 

in 6 days 

Jeong JC et 

al 2003 

 

POLY CAPROLACTONE (PCL)  

PCL is a hydrophobic, crystalline, synthetic 

biodegradable polyester that is widely used in drug 

delivery applications. High permeability to many 

drugs and a lack of toxicity has made PCL and its 

derivatives well suited for colloidal drug delivery. 

It is much more resistant to chemical hydrolysis 

and is achiral, so the possibility of property 

modulation through the configurational structure of 

polymer chains is limited. The in vitro degradation 

can be enhanced in the presence of the enzyme 

Lipase44 . 

The release of papaverine from PCL micro 

particles is controlled by drug diffusion through the 

amorphous region of the polymer matrix, not by 

polymer erosion. The mechanism of drug release 

involves diffusion through the polymer matrix, 

diffusion through pores in the matrix, and drug 

liberation by polymer erosion. The sample prepared 

with a higher PCL solution concentration showed a 

lower drug release rate. In the case of a high  
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molecular weight polymer resulted in a rapid 

release45 . The drug release from PCL Matrix 

occurs by a combination of both diffusion and 

dissolution process. Here PCL is hydrophobic in 

nature, various other hydrophilic components are 

added to improve the drug release rate. The drug is 

distributed in both PCL matrix and hydrophilic 

components. So the release of drug follows first 

order kinetics in the initial stage , then in later stage 

drug release occurs by diffusion of drug through 

porous PCL matrix46 . Larger the diameter of the 

implant, slower will be drug release. Drug release 

increase with increase in drug loading. But the 

effect of drug loading on drug release weekens with 

increase in diameter of the implant47. Refer Table 7 

for in vitro drug releasing  pattern of PCL. 

The PCL microparticles possessed a low 

degradation rate due to higher crystallinity. In the 

presence of lipase, the PCL microparticles 

appeared to be slightly porous on the surface only 

after 3 weeks of degradation . After 9 weeks, 

channels and pores could be observed on the 

surface of the microparticles. The degree of 

degradation was estimated from the reduction of 

molecular weight and the change in molecular 

weight distribution. After 5 weeks of degradation 

the reduction rate of molecular weight of PCL 

microparticles in the case of with lipase was 24%, 

which is much faster than that without lipase (only 

11%). The degradation of PCL first occurs in the 

amorphous area of microparticle, so that the 

degradation rate can be accelerates by reducing the 

crystallinity of polymer48. 

POLY LACTIDE CO-GLYCOLIC ACID (PLGA) 

PLGA is a synthetic, biodegradable polymer , 

which is a  copolymer of poly lactic acid (PLA) and 

poly glycolic acid (PGA) which is relatively 

hydrophobic in nature. PLGA protects the 

encapsulated drug from enzymatic degradation, 

provides a wide range of degradation rates, from 

months to years, depending upon its composition 

and molecular weight. The biodegradation rate of 

PLGA polymers is dependent on the 

lactide/glycolide, molecular weight, degree of 

crystallinity and the transition glass temperature of 

the polymer.  

PLGA polymeric nanoparticles have got certain 

advantages like being biocompatible and 

bioerodible and further its monomers i.e., lactic 

acid and glycolic acid are also biodegradable and 

are substrates of Kreb’s cycle, hence produce least 

toxicity49 . 

The release profile of PLGA nanoparticles can be 

divided into 4 different phases: initial burst, 

induction period, slow release period and final 

release period. Various lactide to glycolide ratio of 

the copolymer shows different release profile of the 

drug which can significantly covers extended and 

rapid drug release in one formulation50. Refer Table 

8 for in vitro drug releasing pattern of PLGA. 

The release of Ganciclovir from PLGA 

microspheres shows tri phasic drug release; that is 

initial  diffusion, matrix hydration  and 

degradation. During initial diffusion, the drug 

release depends on the space in the microsphere 

matrix through which drug diffuses. Degradation 

studies with PLGA shows that as the lactide 

content increases, molecular weight increases, 

lipophilicity increases, resulting in  requirement of 

longer hydration period for onset of bulk 

degradation. The dispersion of microsphere inside 

gel can slows down initial burst effect and result in 

controlled drug release51 . The targeting efficiency 

of PLGA microspheres for intraarticular 

administration of Lornoxicam is being utilised for 

prolonded drug delivery. Drug targeting in joint 

cavity is due to prolonged stagnation time of drug 

in joint. PLGA microspheres are effective in 

preventing the drug leakage induced by clearance 

of small drug molecule and prolong retention time 

in joint cavity50 . The controlled delivery of Aspirin 

from PLGA based phase sensitive system. 

exhibited drug release for 7 days. The drug release 

was affected not only by polymer’s self catalysed 

degradation but also by drug specific polymer 

degradation52 . The burst effect was due to 

diffusion of dissolved  drug deposited inside the 

pores of particle near to surface53 . Drug release 

was due to matrix diffusion with simultaneous 

erosion of the controlled system. Takahashi et al 

2004 developed an Implantable tablet for a week 

long sustained drug release.The release rate is 

dependanton  rate of absorbtion of dissolution  

medium54 . 
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Table 8: In vitro drug release pattern of ;PolyLactide co glycolide (PLGA) 

 

SL.No 

Type of 

formulation 

Percentage 

of polymer 

Purpose of Drug 

delivery system 
In vitro Drug Release Reference 

1 Microspheres 50% 
Sustained delivery 

of Ganciclovir 

90% drug release for 56 

days 
Duvvuri S et al 2005 

2 Microspheres 4% 

Targeted drug 

delivery of 

Lornoxicam 

80% drug release for 29 

days 
Zhang Z et al 2011 

3 Nanoparticle 83% 

Delivery of 

Capecitabine for 

Prostate cancer 

80% drug release for 4 

days 
Sun SB et al 2015 

4 Nanoparticle 30% 
Oral drug delivery 

system of Acyclovir 

60% drug release in 32 

hours 

UV Bhosale et al 

2013 

5 Insitu gel 30.00% 
controllled delivery 

of Aspirin 

Constant rate drug 

release for 7 days 
Tang Y et al 2008 

6 Implant tablet 83% 
Sustained release of 

Ketoprofen 

75% drug release for 5 

days 
H Onishi et al 2005 

7 Nano particle 76% 

Dual drug delivery 

of Clozapine and 

Risperidone 

80% drug release in 10 

days 
Panda A et al 2016 

8 Micro particle 90% 
Ramizolmicroparticl

e 

sustained release over 

72 hours 
Wright L et al 2018 

9 Implant 10% 
Controlled release of 

Thymosin  alpha 1 

slow and controlled 

release upto 28 days 
Liu Q et al 2010 

10 Micro particle 20% 
Controlled release of 

5-Flurouracil 

Initial burst release 

followed by75% drug 

release within 21 days 

Faisant N et al 2002 

 

GELATIN 

Gelatin is a natural polymer that is derived from 

collagen, and is commonly used  in pharmaceutical 

industry because of its excellent biocompatibility, 

controllable biodegradability and non-

immunogenicity. Commercially, gelatin is available 

as both cationic (gelatin type A, isoelectric point  

7–9, prepared by an acid hydrolysis of pig skin type 

I collagen) or anionic (gelatin type B, isoelectric 

point 4.8–5, prepared by an alkaline hydrolysis of 

bovine collagen). The two different types of 

gelatinare  electrically different  in  nature because 

the alkaline processed gelatin possesses a greater 

proportion of carboxyl groups, rendering it 

negatively charged and lowering its isoelectric 

point (IEP) compared to acidic-processed gelatin 

which possesses an IEP similar to collagen55 . The 

drug release from Gelatin nanoparticles may be due 

to three predominant mechanisms including 

desorption, diffusion and biodegradation  56 . 

The self crosslinkedGelatin as a hydrogel  is 

utilised for controlled drug delivery. It was found 

that coss linking is essential to prevent gelatin 

dissolution and immediate drug release at body 

temperature. Electrostatic drug-matrix interaction is 

responsible for the difference in drug releasing 

behaviour at acidic and basic pH. At pH 4, 

electrostatic repulsion enhanced drug release , 

while at pH 6.4 electrostatic attraction reduced drug 

release57 . The smaller the molecular weight of 

drug, faster  will be the  drug release because the 

entrapment of drug within gelatin nanoparticle was 

based on weeker interaction as compared to high 

molecular weight drug58 .Refer Table 9 for  in vitro 

drug releasing pattern of Gelatin.  
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The paclitaxel loaded gelatin nanoparticles shows 

93% drug release after 2 hours. The entrapped drug 

is present in amorphous state which represent 

higher water solubility than crystalline state. It 

shows rapid degradation of nanaoparticles with half 

life of 23.8 minutes in  presesnce of 0.01 mg/ml 

Pronase59 . The in vitro release of  anticancer drug 

from swellablegelatin nanoparticles. increasewitn 

increase in gelatin content upto 8g,but after that 

drug release decreases. The reason for  enhanced 

swelling is that by increasing the amount of gelatin, 

the nanoparticles of large size and wide pores are 

produced, which  allow greater number of water 

molecules to enter into the nanoparticles. This 

consequently results in larger release of drug into 

the release medium. However, beyond 8.0 g of 

gelatin content, the volume fraction of gelatin 

increases in the nanoparticles, and as a result, both 

the water and drug molecules will have to travel a 

longer path through the nanoparticle to penetrate 

into the release medium. This results  in fall of both 

the swelling ratio as well as the amount of drug 

released60. 

 

Table 9: In vitro drug release pattern of Gelatin 

SL.

No 

Type of 

formulation 

Percent

age of 

polymer 

Purpose of Drug 

delivery system 
In vitro Drug Release Reference 

1 Nanoparticle 98% 
Targeted delivery of 

Zidovudine 

80%drug release in 24 

hours 

Namdeo R 

Jadhav et al 2013 

2 Nanosphere 10% 
Sustained delivery of 

osteogenic proteins 

90% drug release in 4 

weeks 

Wang H et al 

2012 

3 Nanoparticle 10% 
Delivery of protein and 

peptide drugs 

Burst release of 48% 

in first 30 minutes, 

followed by 80%  drug 

release in 3hours and 

then sustain drug 

release for 6 days 

K Ofokansi et al 

2010 

4 Nanoparticle 99% 

Intravesical therapy of 

Paclitaxel for bladder 

cancer 

92% drug release in 3 

hours 
Ze Lu et al 2004 

5 Nanoparticle 95% 

Controlled release of 

Reservatrol for lung 

cancer 

80% drug release for 

54hours 

S Karthikeyan et 

al 2013 

6 Nanoparticle 64% 
Sustained oral delivery 

of Amphotericin B 

rapid release up to 12 

hours followed by 

sustained release until 

72 hours 

S Jain et al 2012 

7 Nanoparticle 75% 
Controlled drug delivery 

of Amphotericin B 

80% drug release  for 

8 days 

Nahar M et al 

2008 

8 Nanoparticle 50% 
Site specific delivery of 

Didanosine 

60% drug release for 5 

days 

Jain SK et al 

2008 

 

9 
Microsphere 4% 

Controlled release of 

Ceftiofur-Na 

90% drug release for 

50 hours 
Hao Z et al 2013 

10 Ocular insert 20% 
Sustained release of 

Aceclofenac 

80% drug release for 

24 hours 

Mathurm M et al 

2010 
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The use of gelatinnanospheres instead of 

microspheres resulted in reduced burst release due 

to the higher specific surface area of nanospheres, 

thus facilitating stronger binding   by poly ion 

complexation. The stronger interparticle forces 

between  nanosphere will  improves cohesion and 

confinement to the target site of application 

Gelatinnanospheres showed much faster 

degradation, with more than 70% of gelatin 

degradation after 4 weeks when the study is 

conducted  in  presence of collagenase-containing 

phosphate buffer solution to induce enzymatic 

degradationofgelatin. The faster degradation is due 

to the large specific surface atrea available for 

enzymatic degradation61. The main advantage of 

gelatin is its ability to control drug release by fine 

tuning of its biodegradabilitty62

. 

Table 10: In vitro drug release pattern of Pectin 

 

SL.No 
Type of 

formulation 

Percentage of 

polymer 

Purpose of Drug 

delivery system 

In vitro Drug 

Release 
Reference 

1 Coated pellets 2% 
colon specific 
delivery of 5-
flurouracil 

85% drug released 
in simulated colonic 
media 

He W et al 2008 

2 Matrix Tablet 20% 
Colonic delivery of 
Theophylline 

At pH 7.4, 80% 
drug is released in 8 
hours 

Mura P et al 2003 

3 Beads 6% 
Sustained release of 
Piroxicam 

80% drug release in 
2 hours 

Aydin Z et al 
1996 

4 Gel beads 5% 
Controlled drug 
delivery of 
Indomethacin 

90 % drug release in 
6 hours 

Sriamornsak P et 
al 1998 

5 Gel beads 5% 
Oral delivery of 
BSA(Bovine serum 
albumin) 

80% drug release in 
12hours 

Sriamornsak P et 
al 1998 

6 Matrix Tablet 30% 
Colonic delivery of 
Naproxen 

92% drug release in 
4 hours 

KP Rao et al 2003 

 
7 
 
 
 
 

Pellets 10% 
Colonic delivery of 
Theophylline 

Complete and 
sustained drug 
release for 14 hours  
at pH 6 

Semde R et al 
2000 

8 Nanospheres 80% 
Sustained drug 
delivery of 5-FU 

80 % drug release 
for 125 hours at PH 
7.4 

Cui-Yun Yu et al 
2009 

9 Insitu gel 1.50% 
Oral sustained 
delivery of 
Paracetamol 

15% drug release 
for 6 hours 

Kubo W et al 
2004 

10 Micropheres 3% 
Sustained release of 
Sulphathiazole 

86% drug release in  
22.5 hours 

TW Wong et al 
2002 
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PECTIN 

Pectin is an anionic, polysaccharide widely utilised 

by the pharmaceutical industry, for the 

development of controlled-release oral dosage 

forms. The basic chemical structure of pectin is a 

linear polymer of D-galacturonic acid units and 

their methyl esters connected with a-(1,4)-

glycosidic bonds  It has high potential as a 

hydrophilic polymeric material for controlled 

release matrix drug delivery systems, but its 

aqueous solubility contributes to premature and fast 

release of the drug from these matrices63 . One of 

the options to reduce the high solubility of pectin in 

aqueous medium is through chemical modification 

without affecting favourable biodegradability 

properties64,65 . The pectin based matrix tablet swell 

in contact with aqueous medium and formed a 

continous gel layer. The mechanism of drug release 

may be diffusion or erosion controlled or their 

combination. The drug release was faster in acidic 

medium, because pectin showed lower  swelling 

ability in acidic medium. In neutral medium, the 

hydration of pectin results in extensive swelling. 

Initially when separated particles comes into 

contact and  thus swollen particles coalesced, this 

results in viscoelastic matrix, which retard further 

penetration of dissolution medium66 . 

  

 Drug release also depends on the degree of methyl 

esterification. The lower degree of esterification, 

faster will be drug release because of higher 

hydrophilicity and solubility . Pectin is resistant to 

protease and amylase, which are active in theupper 

gastrointestinal tract, whereas it can be digested by 

pectinase in the colon. This makes pectin an  ideal 

drug carrier for colon-specific drug delivery, which 

is known to have the advantage to achieve higher  

bioavailability because the pH in the colon is 

neutral and peptidase activity is relatively      

lower66. 

The side chain functional groups of pectin 

derivatives  interacts with nasal mucosal tissues 

enabling its utility in nasal drug delivery .Pectin 

derivatives reacted with mucin to form gel 

complexes, which can diffuse into nasal mucosal 

tissues and pectin gel formulations can regulate the 

adsorption of incorporated drugs. Pectin adsorption 

in nasal tissues was dependant on gel concentration 

and the side chain functional groups of the pectin 67  

 

The drug- pectin interaction could markedly retard 

drug release in HCl/KCl and NaOH/ KH2PO4 

buffers,thus enabling its utlity in formation of 

colonic delivery systems of potent drugs68 .  Pectin 

based  microparticles have a high pH sensitivity, 

The drug release rates at both pH 6.0 and pH 6.8 in 

the presence of pectinase are faster than that in the 

absence of pectinase. These data imply that the 

microparticle drug delivery systems allow the rapid 

drug release in the colon63 .Refer Table 10 for 

invitro drug releasing pattern of Pectin. 

CONCLUSION 

 Biodegradable polymers have proven their 

potential for the development of new, advanced, 

safe and efficient drug delivery system. Both 

natural and synthetic polymers are well explored 

and used in pharmaceutical formulation 

development in recent years.  They are increasingly 

included in dosage forms to fulfil specialised 

functions for improved drug delivery because many 

new drugs have unfavourable physicochemical and 

pharmacokinetic properties. Some polysaccharides 

obtained from plants such as carrageenan, 

alginate, guar gum  have shown excellent potential 

as carrier materials in matrix type controlled 

release dosage forms such as microparticles, beads, 

tablets and cross-linked hydrogels. Synthetic 

polysaccharides like polycaprolactone, poly lactide 

co glycolide have been investigated for their 

sustained delivery in implants. The drug is released 

from the polymeric matrix by changes in the 

chemical or physical properties including 

biodegradation of the polymer (surface erosion), 

progressive swelling with subsequent drug 

diffusion from the swollen region, and hydrolysis 

of drug-polymer bonds.  The diffusion of drug from 

the surface creates a pore which causes channelling 

effect. Biodegradability depends not only on the 

origin of the polymer but also on its chemical 

structure and the environmental degrading 

conditions. In the area of drug targeting, there 

needs to be continuing emphasis on understanding 

the interaction between polymeric particles and 

biological systems such as blood components, cell 

types (e. g., phagocytes), and cell receptors. To 

enhance the properties of biodegradable polymers, 

considerable measures of techniques have been 

created, for example, copolymerization, gelation, 

crosslinking or joining. These strategies enhance 

both the biodegradation rate and the mechanical 

properties of the polymer. In general, these 

polymers are biocompatible, non-toxic and 

biodegradable. Provided the drug is continuously 
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delivered at a constant rate by a controlled-release 

device and its removal follows first order kineties 

then a stationary drug level will be established. The 

stationary level can be kept extremely low if the 

delivery device is placed close to the target organ. 

Recently they are increasingly included in dosage 

forms to fulfil specialised functions for improved 

drug delivery because many new drugs have 

unfavourable physicochemical and 

pharmacokinetic properties. 

ABBREVIATIONS 

PCL- Poly caprolactone, PLGA-Poly lactic glycolic 

acid, HA-Hyaluronic acid, SEM- Scanning electron 

microscopy, PGA- Poly glycolic acid, PLA- Poly 

lactic acid 

 

REFERENCES 

 

1. Pal K, Paulson AT, Rousseau D. Biopolymers 

in controlled-release delivery systems. 

InModern biopolymer science 2009 Jan 1 (pp. 

519-557). Academic Press. 

2. Varshosaz, J.; Tavakoli, N.; Eram, S.A. Use of 

natural gums and cellulose derivatives in 

production of sustained release Metoprolol 

tablets. Drug Deliv. 2006, 13, 113-119. 

3. Beneke CE, Viljoen AM, Hamman JH. 

Polymeric plant-derived excipients in drug 

delivery. Molecules. 2009 Jul;14(7):2602-20. 

4. Guo, J.; Skinner, G.W.; Harcum, W.W.; 

Barnum, P.E. Pharmaceutical applications of 

naturally occurring water-soluble polymers. 

PSTT 1998, 1, 254-261. 

5. Shirwaikar, A.; Shirwaikar, A.; Prabu, S.L.; 

Kumar, G.A. Herbal excipients in novel drug 

delivery systems. Indian J. Pharm. Sci. 2008, 

70, 415-422. 

6.  Y.V. Rama Prasad, Y.S.R. Krishnaiah, S. 

Satyanarayana, In vitro evaluation of guar gum 

as a carrier for colon- drug delivery, J. 

Controlled Release 51 (1998) 281–287 

7. Altaf SA, Yu K, Parasrampuria J, Friend DR. 

Guar gum-based sustained release diltiazem. 

Pharmaceutical research. 1998 Aug 

1;15(8):1196-201 

8. Khullar P, Khar RK, Agarwal SP. Evaluation 

of guar gum in the preparation of sustained-

release matrix tablets. Drug development and 

industrial pharmacy. 1998 Jan 1;24(11):1095-

9. 

9. Gohel MC, Panchal MK. Formulation 

optimization of diltiazem HCl matrix tablets 

containing modified guar gum using a central 

composite design. Pharmacy and 

pharmacology communications. 1999 

May;5(5):331-8. 

10. Momin M, Pundarikakshudu K. In vitro 

studies on guar gum based formulation for the 

colon targeted delivery of Sennosides. J Pharm 

Pharmaceut Sci. 2004 Sep 1;7(3):325-1 

11. Krishnaiah, Y. S. R., Satyanarayana, S., & 

Rama Prasad, Y. V. (1999). Studies of Guar 

Gum Compression-Coated 5-Aminosalicylic 

Acid Tablets for Colon-Specific Drug 

Delivery. Drug Development and Industrial 

Pharmacy, 25(5), 651–657. 

12. Todd PA, Benfield P, Goa KL. Guar gum. 

Drugs. 1990 Jun 1;39(6):917-28. 

13. Kar R, Mohapatra S, Bhanja S, Das D, Barik 

B. Formulation and in vitro characterization of 

xanthan gum-based sustained release matrix 

tables of isosorbide-5-mononitrate. Iranian 

journal of pharmaceutical research: IJPR. 

2010;9(1):13. 

14. El-Gazayerly ON. Release of pentoxifylline 

from xanthan gum matrix tablets. Drug 

development and industrial pharmacy. 2003 

Jan 1;29(2):241-6. 

15. Talukdar MM, Van den Mooter G, Augustijns 

P, Tjandra-Maga T, Verbeke N, Kinget R. In 

vivo evaluation of xanthan gum as a potential 

excipient for oral controlled-release matrix 

tablet formulation. International journal of 

pharmaceutics. 1998 Jun 30;169(1):105-13 

16. Dhopeshwarkar V, Zatz JL. Evaluation of 

xanthan gum in the preparation of sustained 

release matrix tablets. Drug development and 

industrial pharmacy. 1993 Jan 1;19(9):999-

1017. 

17. Ramasamy T, Kandhasami UD, Ruttala H, 

Shanmugam S. Formulation and evaluation of 

xanthan gum based aceclofenac tablets for 

colon targeted drug delivery. Brazilian Journal 

of Pharmaceutical Sciences. 2011 

Jun;47(2):299-311. 

18. Cadmus MC, Jackson LK, Burton KA, Plattner 

RD, Slodki ME. Biodegradation of xanthan 

gum by Bacillus sp. Appl. Environ. Microbiol.. 

1982 Jul 1;44(1):5-11 

19. Rinaudo M. Chitin and chitosan: properties 

and applications. Progress in polymer science. 

2006 Jul 1;31(7):603-32. 



Indian Research Journal of Pharmacy and Science; Joseph D. et. al.  June’2020 
 

Ind Res J Pharm & Sci|2020: Jun.: 7 (2) 2244 

 

20. Agnihotri SA, Aminabhavi TM. Controlled 

release of clozapine through chitosan 

microparticles prepared by a novel method. 

Journal of Controlled Release. 2004 Apr 

28;96(2):245-59. 

21. Agnihotri SA, Mallikarjuna NN, Aminabhavi 

TM. Recent advances on chitosan-based 

micro-and nanoparticles in drug delivery. 

Journal of controlled release. 2004 Nov 

5;100(1):5-28. 

22. Agnihotri SA, Aminabhavi TM. Chitosan 

nanoparticles for prolonged delivery of timolol 

maleate. Drug development and industrial 

pharmacy. 2007 Jan 1;33(11):1254-62. 

23. Zambito Y, Di Colo G. Preparation and in 

vitro evaluation of chitosan matrices for 

colonic controlled drug delivery. J Pharm 

Pharm Sci. 2003 May 1;6(2):274-81. 

24. Delmar K, Bianco-Peled H. Composite 

chitosan hydrogels for extended release of 

hydrophobic drugs. Carbohydrate polymers. 

2016 Jan 20;136:570-80. 

25. Srinatha A, Pandit JK, Singh S. Ionic cross-

linked chitosan beads for extended release of 

ciprofloxacin: in vitro characterization. Indian 

journal of pharmaceutical sciences. 2008 

Jan;70(1):16. 

26. Mi FL, Sung HW, Shyu SS, Su CC, Peng CK. 

Synthesis and characterization of 

biodegradable TPP/ genipin co-crosslinked 

chitosan gel beads. Polymer. 2003;24:6521–

30) 

27. Aiedeh K, Taha MO. Synthesis of chitosan 

succinate and chitosan phthalate and their 

evaluation as suggested matrices in orally 

administered, colon�specific drug delivery 

systems. Archiv der Pharmazie: An 

International Journal Pharmaceutical and 

Medicinal Chemistry. 1999 Mar;332(3):103-7. 

28. Efentakis M, Buckton G. The effect of erosion 

and swelling on the dissolution of theophylline 

from low and high viscosity sodium alginate 

matrices. Pharmaceutical development and 

technology. 2002 Jan 1;7(1):69-77. 

29. Hodson AC, Mitchell JR, Davies MC, Melia 

CD. Structure and behavior in hydrophilic 

matrix sustained release dosage forms: 3. The 

influence of pH on the sustained-release 

performance and internal gel structure of 

sodium alginate matrices. J Control Release. 

1995;33:143-52. 

30. Holte Ø, Onsøyen E, Myrvold R, Karlsen J. 

Sustained release of water-soluble drug from 

directly compressed alginate tablets. European 

journal of pharmaceutical sciences. 2003 Dec 

1;20(4-5):403-7. 

31. Liew CV, Chan LW, Ching AL, Heng PW. 

Evaluation of sodium alginate as drug release 

modifier in matrix tablets. International journal 

of pharmaceutics. 2006 Feb 17;309(1-2):25-

37. 

32. Fraser JR, Laurent TC, Laurent UB. 

Hyaluronan: its nature, distribution, functions 

and turnover. Journal of internal medicine. 

1997 Jul;242(1):27-33. 

33. T.C. Laurent, The Chemistry, Portland Press, 

London, Biology and Medical Applications of 

Hyaluronan and Its Derivatives, 1998 

34. Na K, Kim S, Woo DG, Sun BK, Yang HN, 

Chung HM, Park KH. Synergistic effect of 

TGFβ-3 on chondrogenic differentiation of 

rabbit chondrocytes in thermo-reversible 

hydrogel constructs blended with hyaluronic 

acid by in vivo test. Journal of biotechnology. 

2007 Feb 1;128(2):412-22.  

35. Takei Y, Maruyama A, Ferdous A, Nishimura 

Y, Kawano S, Ikejima K, Okumura S, 

Asayama S, Nogawa M, Hashimoto M, 

Makino Y. Targeted gene delivery to 

sinusoidal endothelial cells: DNA 

nanoassociate bearing hyaluronan-glycocalyx. 

The FASEB journal. 2004 Apr;18(6):699-701. 

36. Luo Y, Kirker KR, Prestwich GD. Cross-

linked hyaluronic acid hydrogel films: new 

biomaterials for drug delivery. Journal of 

controlled release. 2000 Oct 3;69(1):169-84. 

37. Kim SJ, Hahn SK, Kim MJ, Kim DH, Lee YP. 

Development of a novel sustained release 

formulation of recombinant human growth 

hormone using sodium 

hyaluronatemicroparticles. Journal of 

controlled release. 2005 May 18;104(2):323-

35. 

38. Motokawa K, Hahn SK, Nakamura T, 

Miyamoto H, Shimoboji T. Selectively 

crosslinked hyaluronic acid hydrogels for 

sustained release formulation of erythropoietin. 

Journal of Biomedical Materials Research Part 

A: An Official Journal of The Society for 

Biomaterials, The Japanese Society for 

Biomaterials, and The Australian Society for 

Biomaterials and the Korean Society for 

Biomaterials. 2006 Sep 1;78(3):459-65. 



Indian Research Journal of Pharmacy and Science; Joseph D. et. al.  June’2020 
 

Ind Res J Pharm & Sci|2020: Jun.: 7 (2) 2245 

 

39.  Lim ST, Martin GP, Berry DJ, Brown MB. 

Preparation and evaluation of the in vitro drug 

release properties and mucoadhesion of novel 

microspheres of hyaluronic acid and chitosan. 

Journal of Controlled Release. 2000 May 

15;66(2-3):281-92. 

40.  Gupta VK, Hariharan M, Wheatley TA, Price 

JC. Controlled-release tablets from 

carrageenans: effect of formulation, storage 

and dissolution factors. European Journal of 

Pharmaceutics and Biopharmaceutics. 2001 

May 1;51(3):241-8. 

41. Bonferoni MC, Rossi S, Ferrari F, Caramella 

C. Development of oral controlled release 

tablet formulations based on diltiazem–

carrageenan complex. Pharmaceutical 

development and technology. 2004 Jan 

1;9(2):155-62. 

42. Hezaveh H, Muhamad II, Noshadi I, Shu Fen 

L, Ngadi N. Swelling behaviour and controlled 

drug release from cross-linked κ-

carrageenan/NaCMC hydrogel by diffusion 

mechanism. Journal of microencapsulation. 

2012 Jun 1;29(4):368-79 

43. Nerurkar J, Jun HW, Price JC, Park MO. 

Controlled-release matrix tablets of ibuprofen 

using cellulose ethers and carrageenans: effect 

of formulation factors on dissolution rates. 

European journal of pharmaceutics and 

biopharmaceutics. 2005 Sep 1;61(1-2):56-68. 

44. Chawla JS, Amiji MM. Biodegradable poly (ε-

caprolactone) nanoparticles for tumor-targeted 

delivery of tamoxifen. International journal of 

pharmaceutics. 2002 Dec 5;249(1-2):127-38.. 

45. Jeong JC, Lee J, Cho K. Effects of crystalline 

microstructure on drug release behavior of 

poly (ε-caprolactone) microspheres. Journal of 

controlled release. 2003 Oct 30;92(3):249-58. 

46. Zhang C, Chen X, Liu G, Chen R, Guo S. 

Mechanism and Kinetics of Drug Release from 

Poly (ϵ-Caprolactone) Based Extrudates 

Prepared By Hot-Melt Extrusion. Journal of 

Macromolecular Science, Part B. 2016 Mar 

3;55(3):285-98. 

47. Li C, Cheng L, Zhang Y, Guo S, Wu W. 

Effects of implant diameter, drug loading and 

end-capping on praziquantel release from PCL 

implants. International journal of 

pharmaceutics. 2010 Feb 15;386(1-2):23-9. 

48. Chen DR, Bei JZ, Wang SG. 

Polycaprolactonemicroparticles and their 

biodegradation. Polymer Degradation and 

Stability. 2000 Mar 1;67(3):455-9. 

49. Kumari A, Yadav SK, Yadav SC. 

Biodegradable polymeric nanoparticles based 

drug delivery systems. Colloids and surfaces 

B: biointerfaces. 2010 Jan 1;75(1):1-8. 

50. Zhang Z, Bi X, Li H, Huang G. Enhanced 

targeting efficiency of PLGA microspheres 

loaded with Lornoxicam for intra-articular 

administration. Drug delivery. 2011 Oct 

1;18(7):536-44. 

51. Duvvuri S, Janoria KG, Mitra AK. 

Development of a novel formulation 

containing poly (d, l-lactide-co-glycolide) 

microspheres dispersed in PLGA–PEG–PLGA 

gel for sustained delivery of ganciclovir. 

Journal of controlled release. 2005 Nov 

28;108(2-3):282-93. 

52. Tang Y, Singh J. Controlled delivery of 

aspirin: effect of aspirin on polymer 

degradation and in vitro release from PLGA 

based phase sensitive systems. International 

Journal of Pharmaceutics. 2008 Jun 5;357(1-

2):119-25. 

53. Yeo Y, Park K. Control of encapsulation 

efficiency and initial burst in polymeric 

microparticle systems. Archives of pharmacal 

research. 2004 Jan 1;27(1):1. 

54. Takahashi M, Onishi H, Machida Y. 

Development of implant tablet for a week-long 

sustained release. Journal of controlled release. 

2004 Nov 5;100(1):63-74. 

55. S. Kommareddy, D.B. Shenoy, M.M. Amiji, 

Gelatin nanoparticles and their 

biofunctionalization, in: C.S.S.R. Kumar (Ed.), 

Nanotechnologies for the Life Sciences,Vol. 1 

Biofunctionalization of Nanomaterials, 

WILEY-VCH Verlag GmbH &Co. KGaA, 

Weinheim, 2005, pp. 330–352. 

56. G. Kaul, M. Amiji, Long-circulating 

poly(ethylene glycol)-modified gelati 

nanoparticles for intracellular delivery, Pharm. 

Res. 19 (2002) 1062–1068 

57. .Welz MM, Ofner III CM. Examination of 

self�crosslinked gelatin as a hydrogel for 

controlled release. Journal of pharmaceutical 

sciences. 1992 Jan;81(1):85-90. 

58. Ofokansi K, Winter G, Fricker G, Coester C. 

Matrix-loaded biodegradable gelatin 

nanoparticles as new approach to improve drug 

loading and delivery. European Journal of 



Indian Research Journal of Pharmacy and Science; Joseph D. et. al.  June’2020 
 

Ind Res J Pharm & Sci|2020: Jun.: 7 (2) 2246 

 

Pharmaceutics and Biopharmaceutics. 2010 

Sep 1;76(1):1-9. 

59. Lu Z, Yeh TK, Tsai M, Au JL, Wientjes MG. 

Paclitaxel-loaded gelatin nanoparticles for 

intravesical bladder cancer therapy. Clinical 

cancer research. 2004 Nov 15;10(22):7677-84.  

60. Bajpai AK, Choubey J. Release study of 

sulphamethoxazole controlled by swelling of 

gelatin nanoparticles and drug�biopolymer 

interaction. Journal of Macromolecular 

Science, Part A: Pure and Applied Chemistry. 

2005 Mar 1;42(3):253-75. 

61. Wang H, Boerman OC, Sariibrahimoglu K, Li 

Y, Jansen JA, Leeuwenburgh SC. Comparison 

of micro-vs. nanostructured colloidal gelatin 

gels for sustained delivery of osteogenic 

proteins: Bone morphogenetic protein-2 and 

alkaline phosphatase. Biomaterials. 2012 Nov 

1;33(33):8695-703. 

62. Young S, Wong M, Tabata Y, Mikos AG. 

Gelatin as a delivery vehicle for the controlled 

release of bioactive molecules. Journal of 

controlled release. 2005 Dec 5;109(1-3):256-

74. 

63. Yu CY, Yin BC, Zhang W, Cheng SX, Zhang 

XZ, Zhuo RX. Composite microparticle drug 

delivery systems based on chitosan, alginate 

and pectin with improved pH-sensitive drug 

release property. Colloids and Surfaces B: 

Biointerfaces. 2009 Feb 1;68(2):245-9. 

64. Shirwaikar, A.; Shirwaikar, A.; Prabu, S.L.; 

Kumar, G.A. Herbal excipients in novel drug 

delivery systems. Indian J. Pharm. Sci. 2008, 

70, 415-422 

65. Bhatia, M.S.; Deshmukh, R.; Choudhari, P.; 

Bhatia, N.M. Chemical modifications of 

pectins, characterization and evaluation for 

drug delivery. Sci. Pharm. 2008, 76, 775-784 

66. Sriamornsak P, Thirawong N, Weerapol Y, 

Nunthanid J, Sungthongjeen S. Swelling and 

erosion of pectin matrix tablets and their 

impact on drug release behavior. European 

journal of pharmaceutics and 

biopharmaceutics. 2007 Aug 1;67(1):211-9. 

67. Liu L, Chen G, Fishman ML, Hicks KB. 

Pectin gel vehicles for controlled fragrance 

delivery. Drug Delivery. 2005 Jan 1;12(3):149-

57. 

68. Wong TW, Lee HY, Chan LW, Heng PW. 

Drug release properties of pectinate 

microspheres prepared by emulsification 

method. International journal of 

pharmaceutics. 2002 Aug 21;242(1-2):233-7. 

69. Krishnaiah YS, Karthikeyan RS, Sankar VG, 

Satyanarayana V. Three-layer guar gum matrix 

tablet formulations for oral controlled delivery 

of highly soluble trimetazidinedihydrochloride. 

Journal of controlled release. 2002 May 

17;81(1-2):45-56 

70. .Krishnaiah YS, Satyanarayana V, Kumar BD, 

Karthikeyan RS. In vitro drug release studies 

on guar gum-based colon targeted oral drug 

delivery systems of 5-fluorouracil. European 

journal of pharmaceutical sciences. 2002 Aug 

1;16(3):185-92. 

71. Krishnaiah YS, Raju PV, Kumar BD, Bhaskar 

P, Satyanarayana V. Development of colon 

targeted drug delivery systems for 

mebendazole. Journal of controlled Release. 

2001 Nov 9;77(1-2):87-95. 

72. Krishnaiah YS, Reddy PB, Satyanarayana V, 

Karthikeyan RS. Studies on the development 

of oral colon targeted drug delivery systems 

for metronidazole in the treatment of 

amoebiasis. International journal of 

pharmaceutics. 2002 Apr 2;236(1-2):43-55 

73.  Jain S, Yadav SK, Patil UK. Preparation and 

evaluation of sustained release matrix tablet of 

furosemide using natural polymers. Research 

Journal of Pharmacy and Technology. 

2008;1(4):374-6. 

74. Al-Saidan SM, Krishnaiah YS, Satyanarayana 

V, Bhaskar P, Karthikeyan RS. 

Pharmacokinetic evaluation of guar gum-based 

three-layer matrix tablets for oral controlled 

delivery of highly soluble metoprolol tartrate 

as a model drug. European journal of 

pharmaceutics and Biopharmaceutics. 2004 

Nov 1;58(3):697-703 

75. Krishnaiah YS, Satyanarayana V, Dinesh 

Kumar B, Karthikeyan RS. Studies on the 

development of colon-targeted delivery 

systems for celecoxib in the prevention of 

colorectal cancer. Journal of drug targeting. 

2002 Jan 1;10(3):247-54.. 

76. Jain S, Yadav SK, Patil UK. Preparation and 

evaluation of sustained release matrix tablet of 

furosemide using natural polymers. Research 

journal of pharmacy and technology. 

2008;1(4):374-6. 

 

77. Bhattacharya SS, Mazahir F, Banerjee S, 

Verma A, Ghosh A. Preparation and in vitro 



Indian Research Journal of Pharmacy and Science; Joseph D. et. al.  June’2020 
 

Ind Res J Pharm & Sci|2020: Jun.: 7 (2) 2247 

 

evaluation of xanthan gum facilitated 

superabsorbent polymeric microspheres. 

Carbohydrate polymers. 2013 Oct 15;98(1):64-

72..  

78. Yeole PG, Galgatte UC, Babla IB, Nakhat PD. 

Design and evaluation of xanthan gum-based 

sustained release matrix tablets of diclofenac 

sodium. Indian journal of pharmaceutical 

sciences. 2006;68(2). 

79. Vendruscolo CW, Andreazza IF, Ganter JL, 

Ferrero C, Bresolin TM. Xanthan and 

galactomannan (from M. scabrella) matrix 

tablets for oral controlled delivery of 

theophylline. International journal of 

pharmaceutics. 2005 May 30;296(1-2):1-1. 

80. Khullar P, Khar RK, Agarwal SP. Evaluation 

of guar gum in the preparation of sustained-

release matrix tablets. Drug development and 

industrial pharmacy. 1998 Jan 1;24(11):1095-

9. 

81. Shah SN, Asghar S, Choudhry MA, Akash 

MS, Rehman NU, Baksh S. Formulation and 

evaluation of natural gum-based sustained 

release matrix tablets of flurbiprofen using 

response surface methodology. Drug 

development and industrial pharmacy. 2009 

Dec 1;35(12):1470-8 

82. Janes KA, Fresneau MP, Marazuela A, Fabra 

A, Alonso MJ. Chitosan nanoparticles as 

delivery systems for doxorubicin. Journal of 

controlled Release. 2001 Jun 15;73(2-3):255-

67. 

83. Gupta S, VYAS S. Carbopol/chitosan based 

pH triggered in situ gelling system for ocular 

delivery of timolol maleate. Scientia 

pharmaceutica. 2010 Oct 5;78(4):959-76. 

84. Fulgêncio GD, Viana FA, Ribeiro RR, 

Yoshida MI, Faraco AG, Cunha-Júnior AD. 

New mucoadhesive chitosan film for 

ophthalmic drug delivery of timolol maleate: 

in vivo evaluation. Journal of Ocular 

Pharmacology and Therapeutics. 2012 Aug 

1;28(4):350-8. 

85. Cheng YH, Tsai TH, Jhan YY, Chiu AW, Tsai 

KL, Chien CS, Chiou SH, Liu CJ. 

Thermosensitive chitosan-based hydrogel as a 

topical ocular drug delivery system of 

latanoprost for glaucoma treatment. 

Carbohydrate polymers. 2016 Jun 25;144:390-

9.. 

86. Zhang H, Mardyani S, Chan WC, Kumacheva 

E. Design of biocompatible chitosan microgels 

for targeted pH-mediated intracellular release 

of cancer therapeutics. Biomacromolecules. 

2006 May 8;7(5):1568-72. 

87. Zhang H, Oh M, Allen C, Kumacheva E. 

Monodisperse chitosan nanoparticles for 

mucosal drug delivery. Biomacromolecules. 

2004 Nov 8;5(6):2461-8. 

88. Gohel MC, Amin AF. Formulation 

optimization of controlled release diclofenac 

sodium microspheres using factorial design. 

Journal of controlled release. 1998 Feb 

12;51(2-3):115-22. 

89. Hwang SJ, Rhee GJ, Lee KM, Oh KH, Kim 

CK. Release characteristics of ibuprofen from 

excipient-loaded alginate gel beads. 

International journal of pharmaceutics. 1995 

Mar 14;116(1):125-8. 

90. Soni ML, Kumar M, Namdeo KP. Sodium 

alginate microspheres for extending drug 

release: formulation and in vitro evaluation. 

International Journal of Drug Delivery. 2010 

Jan 1;2(1). 

91. Ramesh Babu V, Krishna Rao KS, Sairam M, 

Naidu BV, Hosamani KM, Aminabhavi TM. 

pH sensitive interpenetrating network 

microgels of sodium alginate�acrylic acid for 

the controlled release of ibuprofen. Journal of 

Applied Polymer Science. 2006 Mar 

5;99(5):2671-8. 

92. Kulkarni AR, Soppimath KS, Aminabhavi 

TM, Rudzinski WE. In-vitro release kinetics of 

cefadroxil-loaded sodium alginate 

interpenetrating network beads. European 

Journal of Pharmaceutics and 

Biopharmaceutics. 2001 Mar 1;51(2):127-33. 

93. Brahmaiah B, Desu PK, Nama S, Khalilullah 

S, Babu SS. Formulation and evaluation of 

extended release mucoadhesive microspheres 

of simvastatin. Int J Pharm Biomed Res. 

2013;4(1):57-64. 

94. Sriamornsak P, Thirawong N, Korkerd K. 

Swelling, erosion and release behavior of 

alginate-based matrix tablets. European 

Journal of Pharmaceutics and 

Biopharmaceutics. 2007 Jun 1;66(3):435-50. 

95. Momin M, Mehta T, Abhang P. Hydrogel 

based biodegradable enteric coated alginate 

beads for colon targeted drug delivery of 

embelin 

96. Kalam MA. Development of chitosan 

nanoparticles coated with hyaluronic acid for 

topical ocular delivery of dexamethasone. 



Indian Research Journal of Pharmacy and Science; Joseph D. et. al.  June’2020 
 

Ind Res J Pharm & Sci|2020: Jun.: 7 (2) 2248 

 

International journal of biological 

macromolecules. 2016 Aug 1;89:127-36. 

97.  Du J, Fu F, Shi X, Yin Z. Controlled release 

of a model protein drug ovalbumin from 

thiolated hyaluronic acid matrix. Journal of 

Drug Delivery Science and Technology. 2015 

Dec 1;30:74-81. 

98. Kafedjiiski K, Jetti RK, Föger F, Hoyer H, 

Werle M, Hoffer M, Bernkop-Schnürch A. 

Synthesis and in vitro evaluation of thiolated 

hyaluronic acid for mucoadhesive drug 

delivery. International journal of 

pharmaceutics. 2007 Oct 1;343(1-2):48-58. 

99. Mayol L, Quaglia F, Borzacchiello A, 

Ambrosio L, La Rotonda MI. A novel 

poloxamers/hyaluronic acid in situ forming 

hydrogel for drug delivery: rheological, 

mucoadhesive and in vitro release properties. 

European Journal of Pharmaceutics and 

Biopharmaceutics. 2008 Sep 1;70(1):199-206. 

100. Cho KY, Chung TW, Kim BC, Kim MK, Lee 

JH, Wee WR, Cho CS. Release of 

ciprofloxacin from poloxamer-graft-hyaluronic 

acid hydrogels in vitro. International journal of 

pharmaceutics. 2003 Jul 9;260(1):83-91. 

101. Cho HJ, Yoon IS, Yoon HY, Koo H, Jin YJ, 

Ko SH, Shim JS, Kim K, Kwon IC, Kim DD. 

Polyethylene glycol-conjugated hyaluronic 

acid-ceramide self-assembled nanoparticles for 

targeted delivery of doxorubicin. Biomaterials. 

2012 Feb 1;33(4):1190-200. 

102. Park JH, Cho HJ, Yoon HY, Yoon IS, Ko SH, 

Shim JS, Cho JH, Park JH, Kim K, Kwon IC, 

Kim DD. Hyaluronic acid derivative-coated 

nanohybrid liposomes for cancer imaging and 

drug delivery. Journal of Controlled Release. 

2014 Jan 28;174:98-108.,  

103. Widjaja LK, Bora M, Chan PN, Lipik V, 

Wong TT, Venkatraman SS. Hyaluronic 

acid�based nanocomposite hydrogels for 

ocular drug delivery applications. Journal of 

Biomedical Materials Research Part A. 2014 

Sep;102(9):3056-65. 

104. Wu Y, Yao J, Zhou J, Dahmani FZ. Enhanced 

and sustained topical ocular delivery of 

cyclosporine A in thermosensitive hyaluronic 

acid-based in situ forming microgels. 

International journal of nanomedicine. 

2013;8:3587. 

105. Miyazaki S, Ishitani M, Takahashi A, 

Shimoyama T, Itoh K, Attwood D. 

Carrageenan gels for oral sustained delivery of 

acetaminophen to dysphagic patients. 

Biological and Pharmaceutical Bulletin. 2011 

Jan 1;34(1):164-6. 

106. Siepmann F, Muschert S, Zach S, Leclercq B, 

Carlin B, Siepmann J. Carrageenan as an 

efficient drug release modifier for 

ethylcellulose-coated pharmaceutical dosage 

forms. Biomacromolecules. 2007 Dec 

10;8(12):3984-91. 

107. Hariharan M, Wheatley TA, Price JC. 

Controlled-release tablet matrices from 

carrageenans: compression and dissolution 

studies. Pharmaceutical development and 

technology. 1997 Jan 1;2(4):383-93. 

108. Picker KM. The use of carrageenan in mixture 

with microcrystalline cellulose and its 

functionality for making tablets. European 

journal of pharmaceutics and 

biopharmaceutics. 1999 Jul 1;48(1):27-36. 

109. Mohamadnia Z, Zohuriaan-Mehr MJ, Kabiri 

K, Jamshidi A, Mobedi H. pH-sensitive IPN 

hydrogel beads of carrageenan-alginate for 

controlled drug delivery. Journal of Bioactive 

and Compatible Polymers. 2007 

May;22(3):342-56. 

110. Lefnaoui S, Moulai�Mostefa N. Formulation 

and in vitro evaluation of 

κ�carrageenan�pregelatinized starch�based 

mucoadhesive gels containing miconazole. 

Starch�Stärke. 2011 Aug;63(8):512-21. 

111. Zaveri T, Hayes JE, Ziegler GR. Release of 

tenofovir from carrageenan-based vaginal 

suppositories. Pharmaceutics. 2014 

Sep;6(3):366-77. 

112. Tamizharasi S, Rathi JC, Rathi V. 

Formulation, and evaluation of pentoxifylline-

loaded poly (ε-caprolactone) microspheres. 

Indian journal of pharmaceutical sciences. 

2008 May;70(3):333. 

113. Petitti M, Barresi AA, Vanni M. Controlled 

release of vancomycin from PCL 

microcapsules for an ophthalmic application. 

Chemical Engineering Research and Design. 

2009 Jun 1;87(6):859-66. Perez MH, Zinutti C, 

Lamprecht A, Ubrich N, Astier A, Hoffman M, 

Bodmeier R, Maincent P. The preparation and 

evaluation of poly (ϵ-caprolactone) 

microparticles containing both a lipophilic and 

a hydrophilic drug. Journal of controlled 

release. 2000 Apr 3;65(3):429-38. 

 



Indian Research Journal of Pharmacy and Science; Joseph D. et. al.  June’2020 
 

Ind Res J Pharm & Sci|2020: Jun.: 7 (2) 2249 

 

114. Barbato F, La Rotonda MI, Maglio G, 

Palumbo R, Quaglia F. Biodegradable 

microspheres of novel segmented poly (ether-

ester-amide) s based on poly (ε-caprolactone) 

for the delivery of bioactive compounds. 

Biomaterials. 2001 Jun 1;22(11):1371-8. 

115. Fialho SL, Behar-Cohen F, Silva-Cunha A. 

Dexamethasone-loaded poly (ε-caprolactone) 

intravitreal implants: A pilot study. European 

Journal of Pharmaceutics and 

Biopharmaceutics. 2008 Mar 1;68(3):637-46. 

116. Ma Y, Zheng Y, Zeng X, Jiang L, Chen H, Liu 

R, Huang L, Mei L. Novel docetaxel-loaded 

nanoparticles based on PCL-Tween 80 

copolymer for cancer treatment. International 

journal of nanomedicine. 2011;6:2679. 

117. Sun SB, Liu P, Shao FM, Miao QL. 

Formulation and evaluation of PLGA 

nanoparticles loaded capecitabine for prostate 

cancer. International journal of clinical and 

experimental medicine. 2015;8(10):19670. 

118. Bhosale UV, Devi K, Choudhary S. 

Development and In Vitro-In Vivo Evaluation 

of Oral Drug Delivery System of Acyclovir 

Loaded PLGA nanoparticles. International 

Journal of Drug Delivery. 2013 Jul 1;5(3):331. 

119. Onishi H, Takahashi M, Machida Y. PLGA 

implant tablet of ketoprofen: comparison of in 

vitro and in vivo releases. Biological and 

Pharmaceutical Bulletin. 2005;28(10):2011-5. 

120. Panda A, Meena J, Katara R, Majumdar DK. 

Formulation and characterization of clozapine 

and risperidone co-entrapped spray-dried 

PLGA nanoparticles. Pharmaceutical 

development and technology. 2016 Jan 

2;21(1):43-53. 

121. Wright L, Rao S, Thomas N, Boulos RA, 

Prestidge CA. Ramizol® encapsulation into 

extended release PLGA micro-and 

nanoparticle systems for subcutaneous and 

intramuscular administration: in vitro and in 

vivo evaluation. Drug development and 

industrial pharmacy. 2018 Sep 2;44(9):1451-7. 

122. Liu Q, Zhang H, Zhou G, Xie S, Zou H, Yu Y, 

Li G, Sun D, Zhang G, Lu Y, Zhong Y. In 

vitro and in vivo study of thymosin alpha1 

biodegradable in situ forming poly (lactide-co-

glycolide) implants. International journal of 

pharmaceutics. 2010 Sep 15;397(1-2):122-9. 

123. Faisant N, Siepmann J, Benoit JP. PLGA-

based microparticles: elucidation of 

mechanisms and a new, simple mathematical 

model quantifying drug release. European 

Journal of Pharmaceutical Sciences. 2002 May 

1;15(4):355-66. 

124. Jadhav NR, Tone JS, Irny PV, Nadaf SJ. 

Development and characterization of gelatin 

based nanoparticles for targeted delivery of 

zidovudine. International journal of 

pharmaceutical investigation. 2013 

Jul;3(3):126. 

125. Karthikeyan S, Prasad NR, Ganamani A, 

Balamurugan E. Anticancer activity of 

resveratrol-loaded gelatin nanoparticles on 

NCI-H460 non-small cell lung cancer cells. 

Biomedicine & Preventive Nutrition. 2013 Jan 

1;3(1):64-73. 

126. Jain S, Valvi PU, Swarnakar NK, Thanki K. 

Gelatin coated hybrid lipid nanoparticles for 

oral delivery of amphotericin B. Molecular 

pharmaceutics. 2012 Sep 4;9(9):2542-53. 

127. Nahar M, Mishra D, Dubey V, Jain NK. 

Development, characterization, and toxicity 

evaluation of amphotericin B–loaded gelatin 

nanoparticles. Nanomedicine: 

Nanotechnology, Biology and Medicine. 2008 

Sep 1;4(3):252-61. 

128. Jain SK, Gupta Y, Jain A, Saxena AR, Khare 

P, Jain A. Mannosylatedgelatin nanoparticles 

bearing an anti-HIV drug didanosine for site-

specific delivery. Nanomedicine: 

Nanotechnology, Biology and Medicine. 2008 

Mar 1;4(1):41-8. 

129. Hao Z, Wu H, Hao L, Zhao Y, Ding Z, Yang 

F, Qu B. Preparation, characterization, and 

release behavior of ceftiofur�loaded 

gelatin�based microspheres. Journal of 

Applied Polymer Science. 2013 Nov 

15;130(4):2369-76. 

130. Mathurm M, Gilhotra RM. Glycerogelatin-

based ocular inserts of aceclofenac: 

physicochemical, drug release studies and 

efficacy against prostaglandin E2-induced 

ocular inflammation. Drug delivery. 2011 Jan 

1;18(1):54-64. 

131. He W, Du Q, Cao DY, Xiang B, Fan LF. Study 

on colon-specific pectin/ethylcellulose film-

coated 5-fluorouracil pellets in rats. 

International journal of pharmaceutics. 2008 

Feb 4;348(1-2):35-45. 

132. Mura P, Maestrelli F, Cirri M, Luisa González 

Rodríguez M, Rabasco Alvarez AM. 

Development of enteric-coated pectin-based 

matrix tablets for colonic delivery of 



Indian Research Journal of Pharmacy and Science; Joseph D. et. al.  June’2020 
 

Ind Res J Pharm & Sci|2020: Jun.: 7 (2) 2250 

 

theophylline. Journal of drug targeting. 2003 

Jul 1;11(6):365-71.. 

133. Aydin Z, Akbugˇa J. Preparation and 

evaluation of pectin beads. International 

journal of pharmaceutics. 1996 Jun 

21;137(1):133-6. 

134. Sriamornsak P, Nunthanid J. Calcium pectinate 

gel beads for controlled release drug delivery:: 

I. Preparation and in vitro release studies. 

International journal of pharmaceutics. 1998 

Jan 26;160(2):207-12. 

135. NUNTHANID PS. Calcium pectinate gel 

beads for controlled release drug delivery: II. 

Effect of form ulation and processing variables 

on drug release. Journal of microencapsulation. 

1999 Jan 1;16(3):303-13. 

136. Rao KP, Prabhashankar B, Kumar A, Khan A, 

Biradar SS, Srishail SP, Satyanath B. 

Formulation and roentgenographic studies of 

naproxen-pectin-based matrix tablets for colon 

drug delivery. The Yale journal of biology and 

medicine. 2003;76(4-6):149. 

137. Semdé R, Amighi K, Devleeschouwer MJ, 

Moës AJ. Effect of pectinolytic enzymes on 

the theophylline release from pellets coated 

with water insoluble polymers containing 

pectin HM or calcium pectinate. International 

journal of pharmaceutics. 2000 Mar 20;197(1-

2):169-79 

138. Yu CY, Cao H, Zhang XC, Zhou FZ, Cheng 

SX, Zhang XZ, Zhuo RX. Hybrid nanospheres 

and vesicles based on pectin as drug carriers. 

Langmuir. 2009 Oct 6;25(19):11720-6. 

139. Kubo W, Konno Y, Miyazaki S, Attwood D. 

In situ gelling pectin formulations for oral 

sustained delivery of paracetamol. Drug 

development and industrial pharmacy. 2004 

Jan 1;30(6):593-9. 

. 

  

 

conflict of interest reported: nil ;                          source of funding: none reported 


