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ABSTRACT: Chitosan (CS) and Karaya gum (KG) blend microspheres were prepared by water-in-oil emulsion technique and were cross 

linked with glutaraldehyde and loaded with an anti-inflammatory drug Ketoprofen (KP). These microspheres were characterized by 

Fourier transform infrared spectroscopy (FTIR) to assess the interactions between polymer-polymer, polymer- drug and polymer-cross-

linker. Differential Scanning Calorimetry (DSC) and X-ray diffraction (X-RD) studies indicated a uniform distribution of KP particles in 

microspheres, whereas scanning electron microscope (SEM) suggested the spherical structure of the microspheres with slight rough 

surface. The in-vitro drug release indicated that the particle size and release kinetics depend upon blend composition, amount of cross-

linking agent used and amount of KP present in the microspheres. The in-vitro release studies further indicated that the release of KP is 

more than 10 hrs. The results showed that the blend microspheres of CS-KG are suitable candidates for drug release studies. 
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1. Introduction 

The prime aim of controlled release drug delivery is “spatial placement” and “temporal delivery”. Spatial placement refers to drug targeting 

to specific organs, tissue cells or even sub-cellular compartments; whereas temporal delivery refers to control the rate of drug delivery to 

target site [1]. An IPN microsphere is a composite of two polymers, which obtained when at least one polymer network is synthesized or 

cross-linked independently in the immediate presence of the other [2]. Chemical crosslinking between these polymers leads to improve 

mechanical properties and thermal stability [3].Various natural polymers have been explored for controlled release microspheres 

development. Among them, guar gum, xanthan gum gellan gum, locust bean gum, chitosan has been reported till date. In the present study, a 

novel combination of chitosan and Karaya gum were selected as matrix for IPN based microspheres development. 

 From the literature it is evident that, Chitosan [4] based microspheres have been extensively studied [5-7]. Chitosan (CS) is a biodegradable 

natural polymer with great potential for pharmaceutical applications due to its biocompatibility, high charge density, non toxicity, and 

mucoadhesiveness [8-9]. The linear polymer is derived by the partial deacetylation of chitin from crustacean shells, and it is composed of 

randomly distributed β-(1-4)-linked D-glucosamine (deacetylated unit) and N-acetyl-D-glucosamine (acetylated unit). 

 

 
Fig1.1. Chemical structure of Chitosan 

 

Gums are the natural polymers (plant exudates) having number of applications in food and pharma industry [10]. Gum Karaya (GK) is one of 

the anionic polysaccharide with diverse applications such as suspending agent, emulsifying agent, bulk laxative,dental adhesive and so on. It 

is a dried exudate obtained from sterculia urens roxd and other related species of sterculia belonging to family sterculiaceae. GK on 

hydrolysis yield galactose, rhamnose and galacturonic acid together with a small amount of glucuronic acid. Structurally, it is acetylated 

acidic polysaccharide [11] containing -D-galacturonic acid and -l-rhamnose residues in the main chain with 0-4 of the acid and 0-2 of 

rhamnose linkages. Acid is linked by 1, 2- linkage of β-d-galactose or by 1,3-linkage of β-d-glucuronic acid, whereas rhamnose units by 1,4- 

linkage of β -d-galactose units to the main chain to form polysaccharide [12]. 

 

 
Fig1.2. Chemical structure of Karaya Gum 
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ABSTRACT 

Azadiracta indica (Neem)  native of India has uncountable medicinal properties of variousbioactive 

compounds which are present in the roots to seeds of this plant.Biologically active compounds namely 

Azadirachtin, meliacin, , Meliantriol ,Nimbin, Nimbidin, Salannin, Salannol vilasinin,are isolated from 

different parts of Neem plant .Biologically more active compound is azadirachtin, a tetranotriterpenoid is 

isolated from the seeds of Neem which is actually a mixture of seven isomeric compounds named as 

azadirachtin A-G and azadirachtin E is the most effective one. Two bioactive compounds  azadirachtin M 

and azadirachtin N collected from seed kernels of  Azadirachta indica,these two compounds hasa major role 

in medicinal activities.The bioactive compound “Azadiachtin” has antimalarial, antigingivitis and antiplaque 

properties and also has antibacterial action by destroying the bacterial cells.The bioactive compound 

Nimbidin has anti- inflammatory antipyretic , antiarthritic , hypoglycemic , anti- gastric ulcer, antibacterial  

and antifungalproperties.Nimbin exhibits spermicidal function. The neem oil was extracted from neem 

kernels. This oil  used in  soap industry and by pharmaceutical industries and contain many active 

ingredients which are  called triterpene or limonoids .Neem oil showed good antiseptic properties. It is 

applied in the treatment of  skin complaints as furuncles and eczema.Therapeutical potentials of neem is due 

to the presence of various Bioactive compounds in roots to seeds of its body. 

Key Words: (1). Azadiracta indica (2). Bioactive compounds (3). Azadiractin,(4). Nimbin, (5). Nimbidin 

etc., (6). Antimalarial, anti inflammatory and antiarthritic etc., 

 

INTRODUCTION 

Azadirachta indica (A. Juss.) Neem  is native of India, very ancient medicinal plant and it has unique 

therapeutic potentials to treat multifactorial diseases of humanbeing . Neem is called “Arista” in Sanskrit 

that means perfect, complete and imperishable and reliver of sickness(13). The first medicinal plant 

mentioned in the Siddha medical system is neem (35) .The importance of Neem tree has been recognised by 

the US National Academy of Sciences, which publish a report in 1992 entitled “ The neem tree is an 

incredible plant that has been declared the “Tree of the 21st century” by the United Nations.(40 ). 

  A perusal of literature studies on Ara et al.,1989; Bannerman,1982; Botelho et al., 2008; Brahmachari, 

2004 ; Debashri and Tamal ,2012;  Hedge,1995;  Kakai and Koha,1984;  Khare,2007; Morgan,2009; Murthy 

and Sirsi 1958; Ngure et al.,2013; Pandey et al.,2012; Pankaj et al., 2011; Pillai and  Santhakumari,1981; 

 Puri,1999;  Sudhir et al., 2010 ; Uko and Kamalu,2001revealed that all the body parts of Azadiracta indica 

has potential medicinal bioactive compounds which are involved in various medical fields to cure diseases 

of human being and also play an important role in plant protection and environment. 

 

MATERIAL AND METHODS 

Neem’s leaves, seeds, bark, roots, fruits and oil have become a cynosure of modern medicine and used 

medicinally for treatment various diseases specially in Indian Ayurvedic medicine, Homoeopathic medicine 

Homoeopathic medicine and Unani (37 ).   
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Abstract 
According to Ayurveda diabetes mellitus (Madhumeha) is mainly Kapha dosha. Diabetes mellitus is a 
group of metabolic disorders with one common manifestation – hyperglycemia. India is one of the main 
country which is having high % of diabetic patients. According to Ayurveda diabetes mellitus 
(Madhumeha) can not be completely cured but can be controlled by life style habits, food management 
and medication. There are two types of Diabetes mellitus: Type 1 Diabetes mellitus (T1DM) and Type 2 
Diabetes mellitus (T2DM). T1DM is an autoimmune condition. In people with T1DM, the damaged 
pancreas doesn’t make Insulin. So, T1DM is known as Insulin-Dependint-Diabetes (IDDM). The most 
common form of Diabetes is T2DM account for 95% of Diabetes cases in adult. T2DM is also called 
Non-Insulin- Dependent Diabetes (NIDDM). With T2DM, the pancreas usually produces some Insulin. 
But either the amount produced Insulin is not enough for the body’s need, or the body’s cells are resistant 
to it. Insulin resisrance or lack of sensitivity to Insulin. A Random Blood Sugar (RBS) meas that it can be 
done at any time, under any conditions either fasting or after meals. The RBS test measures the amount 
of glucose in the blood at any given time of diabetic patient. The reference range of random blood sugar 
(RBS) is 80-140 mg%. 

Random Blood Sugar (RBS) levels of 3 diabetic individuals was estimated by O-Toluidine method. 

Results of O-Toluidine method in relation to Random Blood Sugar (RBS) levels of diabetic individual -

A, B and C is 225 mg %, 327 mg % and 272 mg % respectively.  

RBS levels of diabetic persons B 327 mg % > C272 mg% > A 225 %. 

 

Keywords: random blood sugar, mellitus individuals, biochemical 

 

Introduction 

Sushruta most ancient Indian ayurvedic scholar have grouped madhumeha (Diabetes mellitus) 

under one among the 20 prameha (Urinary disorders). Prameha are a list of urinary disorders, 

especially characterized by profuse urination with several abnormal qualities. Any one of the 

prameha if neglected ultimately it ends up in madhumeha. According to Ayurveda diabetes 

mellitus (Madhumeha) is mainly Kapha dosha. In the present stressful modern living the 

incidence of Diabetes mellitus is increasing day by day. Previously the onset of the disorder 

diabetes mellitus was noted at the age of 40 years and above, but due to utter negligence in 

health rules plenty of diabetes mellitus cases are noticing is still early age groups and 

especially in children also. India is one of the main country which is having high % of diabetic 

patients. According to Ayurveda diabetes mellitus (Madhumeha) cannot be completely cured 

but can be controlled by life style habits, food management and medication. Before the 

discovery of insulin in the early 1920s and the later development of oral hypoglycaemic 

agents, the major form of treatment of diabetes mellitus involved starvation, dietary 

manipulation and the use of plant therapies (Baily and Day, 1989 and Bailey & Flatt, 1990) [2, 

3]. Diabetes mellitus today is recognized as an epidemic disease in most countries that are 

undergoing socioeconomic transitions [Duyff, Roberta, 2002] [4]. Population growth, aging, 

urbanization, low physical activity, modern life style habits and obesity are main causative 

factors of high prevalence of diabetes mellitus (Wild et al., 2004) [10]. The current scenario of 

diabetes mellitus is likely to worsen in coming decades. The most disturbing trend is the shift 

in age of onset of diabetes to a young age in the recent years (American Diabetic Association, 

2006) [1]. Diabetes mellitus is a group of metabolic disorders with one common manifestation – 

hyperglycemia (WHO, 1980; WHO, 1985) [8, 9]. Chronic hyperglycemia causes damage to 

eyes, kidneys, nerves, heart and blood vessels (Mayfield, 1998) [6]. More recent studies have 

confirmed the antihyperglycaemic effect of Coriandrum sativum (Coriander) in streptozotocin-

diabetic mice (Swanston-Flatt et al. 1990) [7]. Anti-diabetic agents can exert beneficial effects 

in the diabetic environment by improving and/ or mimicking insulin action and/or by 

enhancing insulin secretion (Gray & Flatt, 1997b) [5]. 
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ABSTRACT 

This paper reports the fabrication of gelatin/karaya gum microspheres by emulsion crosslinking method for controlled release of distigmine 

bromide. The microspheres were crosslinked with the help of glutaraldehyde and used for controlled oral delivery of distigmine bromide. The 

obtained microspheres were characterized by Fourier transform infrared spectroscopy, differential scanning calorimetry, X-ray diffraction and 

scanning electron microscopy. Drug release kinetics of the microspheres is investigated in simulated intestinal fluid pH 7.4 at 37oC. Results 

illustrated that microspheres was influenced by the pH of test mediums, which might be suitable for intestinal drug delivery.  The drug release 

kinetics was analyzed by evaluating the release data using different kinetic models.  

Keywords: Karaya Gum, Gelatin, microspheres, drug delivery. 
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1. INTRODUCTION 

Polymers (both natural and synthetic) have played a vital 

role in the progression of drug delivery systems through 

microspheres, hydrogels and nanospheres by controlling the 

rate of drug release (both hydrophilic and hydrophobic 

drugs).1 Interpenetrating polymer network (IPN) based on 

the natural polymers is an ingenious drug delivery system, 

with several advantages like high swelling capacity and 

tremendous mechanical strength which plays a significant 

function in the targeted and controlled drug delivery.2, 3 IPN 
has emerged as a trending scaffold to carry the drug within 

its minuscule spherical body and target into specific part of 

the body. Natural polymers or their modified matrix systems 

have several advantages like hydrophilicity, biocompatibility, 

biodegradability and lack of toxicity.4-6 They have 

demonstrated excellent performance in controlled delivery 

of active molecules. 

The karaya gum (KG) is the dried exudates extracted from 

deep incisions in the heartwood of the plant Sterculia urens, 

belonging to family Sterculiaceae.7 Karaya gum is a branched 

polysaccharide, which consists of d-galacturonic acid, d-

galactose, l-rhamnose and d-glucuronic acid. It is a 

glycanorhamnogalacturonan, with alternating backbone units of α-D-galactouronic acid linked at C4 to α-L-rhamnose 

at the C2 position. Substitution occurs on the hydroxyl 

groups by D-galactose and Dglucuronic acid.8 In earlier 

literature, microspheres of KG were used as drug carrier due 

to its biocompatible, biodegradable and good swelling 

properties, it is used for the rate controlling of the drug 

release from the polymer bend matrix.9 

Gelatin (GE) is a proteinous material prepared by the 

thermal denaturation of collagen isolated from fish skins, 

animal skin and bones with very dilute acid.10 Structurally 

gelatin contains many glycine residues, proline and 4-

hydroxyproline residues. Previously M. Aminabhavi et al.11,12 

reported that gelatin can be used as good drug delivery 

vehicle due to its properties like non-toxic, non-irritant, 
biocompatible, biodegradable and edible polymer. Due to its 

wide range properties, it is used in various food and 

pharmaceutical industries.13, 14 In spite of wide range 

properties of GE, GE have major drawback that is quick 

solubilisation in aqueous environments, thus it results faster 

drug release profiles.15 To overcome this drawback GE 

microspheres were chemically crosslinked with 

glutaraldehyde.16 

Distigmine bromide (DSB) (Fig. 1) is a carbamate group 

cholinesterase (ChE) inhibitor; its pharmacological effects 

are characteristically reversible and long lasting.17 It has 
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ABSTRACT 

The aim of the present work is fabrication of Curcumin encapsulated microbeads from Sodium Alginate/Polyethylene Glycol/Kaoli n using 

glutaraldehyde as crosslinker by simple ionotropic gelation technique. The developed microbeads were characterized by Fourier transform 

infrared spectroscopy to confirm the formation of microbeads. Differential scanning calorimetry and X-ray diffraction studies have confirmed 

uniform molecular dispersion of CUR in the microbeads. Encapsulation efficiency of CUR in microbeads was ranged from 40 to 49 %. Dynamic 

swelling studies and in vitro release kinetics were performed in simulated intestinal fluid (pH 7.4) and simulated gastric fluid (pH 1.2) at 37 oC. 

The results suggest that both swelling studies and cumulative release studies were depend on pH of the test medium, which might be suitable 

for intestinal drug delivery. The in vitro release data were analysed by using Korsmeyer peppas equation to compute the diffusion exponent (n); 

the results suggest that it followed non-Fickian diffusion. 

Keywords: Sodium Alginate, Polyethylene Glycol, Kaolin, Microbeads, Drug delivery 
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1. INTRODUCTION 

During the last few years, a wide range of clay minerals have 

been used in pharmaceutical and biomedical fields 

exclusively for controlled drug delivery systems. Clay 

minerals are the oldest earth material composed of 

hydrous aluminium phyllosilicates which are usually formed 

as a product of chemical weathering of other silicate 

minerals at the surface of the earth1. Clay minerals are 

widely employed in the pharmaceutical industry as a 

lubricant, flavour correctors, desiccants, disintegrants, 

diluents, binders, pigments and opacifiers2,3. Clay minerals 

used as oral treatment of diarrhea and also for topical 

dermatological applications4,5. Clay minerals act as an active 

ingredient in pharmaceutical formulations because it can 

control the efficiency and consistency in dosage formulations 

and also improve the bioavailability because of their larger 

specific surface area and considerable ion-exchange capacity 

which attribute to their ability to control the efficiency of bio 

active molecules. Kaolin is a hydrated a two-dimensional 

(2D) aluminosilicate mineral6,7. It has been extensively used 

in biomedical related applications such as an activating agent 

for blood clotting8, as an ingredient for operation 

haemostasis9 and also used in drug delivery systems for 

prolonged release, especially of basic drugs because it can 

acts as active excipient in pharmaceutical dosage forms to 
increase the efficiency and bioavailability of drug 

molecules10. 

Sodium alginate (SA) is a natural polysaccharide comprising of Ⱦ-D-mannuronic acid (M) and Ƚ-L-guluronic acid (G) repeating units linked by ͳ→4 linkage and displayed in the 

form of homo-polymeric (MMMM or GGGG blocks) and 

hetero-polymeric sequences (MGMGMG or GMGMGM 

blocks)11. Alginates have been used in pharmaceutical 

applications as a binder, viscosity modifying agent, stabilizer, 

tablet disintegrant and thickening agent. Alginates possess 

mucoadhesive biomaterial which could show a potential 

advantage in mucosal drug delivery due to its 

cytocompatibility, biocompatibility and biodegradation12,13. 

Advantage of alginates is used as a matrix for the fabrication 

of controlled and sustained release formulations because it is 

degraded and absorbed by the body during and after release 

of drug molecules without any toxic effects14. Therefore 
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Abstract:  
Eden-Olympia. Eden-Olympia is designed by the capitalists to improve the work efficiency of the community. For outsiders 

it is a perfect utopia but it is an illusion and a virtual world created by the capitalists. In the novel, Wilder 

Penrose, the resident psychiatrist, promotes Eden-Olympia as a consumerist utopia. He offers violent therapy program to 

its residents. C nt therapy program psychopathy  and its social 
meaning. They have stated that the violence on the underside of global capitalism is portrayed through psychopathy. 

ly discussed. In this regard, it can be argued that Ballard displays the violence of 

consumer society and its illusory ideology. This paper will discuss how the simulated reality of a capitalist 
society is portrayed in Super-Cannes, relying on a Baudrillardian perspective and will investigate violence as said by Kim 

as an image of consumer capitalism. 
Keywords: Consumerism, Eden-Olympia, Hyperreality, Psychopathy, Violence and Virtual city  

 

Super-Cannes 

Cocaine Nights (1996) and Millennium People (2003) (Smith 9). The three 

works take the form of detective novels with a first-person narrator who, as the protagonist, investigates the 

crime that has occurred and explores the real cause of the criminal offense. The novels reflect new aspects of 

consumerism, as well as the development of media technology under a global capitalist system. 

From a post-apocalyptic perspective, Ballard portrays the violence in a rich consumer society under global 

capitalism in Super-Cannes. This novel explores a utopian consumer society set in Eden-Olympia, a fictional 

city located on the French Riviera in southern France. Promoting Eden-

psychiatrist Wilder Penrose tells the protagonist Paul Sinclair that there is no violence here, except for the 

killing spree and suicide of the pediatrician David Greenwood. However, Paul discovers that Eden-

fictionalized as simulacra in hyper-reality, by the executives recording and appreciating it as an image.  

At the beginning of Super-Cannes, Eden-Olympia is depicted as a perfect place, like a paradise, when 

magazine journalist and ex-pilot Paul Sinclair and his wife Jane moved to the complex. Jane is a pediatrician 

and takes over from David Greenwood, who has committed suicide after murdering ten people living in Eden-

Olympia.  

Eden-

SC 3). The city represents a multinational high-

 37). The image of a glowing office building combined with high-tech 

facilities hints at the wealth accumulated in Eden-Olympia (SC 7-8). 

Meanwhile, due to the haze of fog and sunshine on the artificial lakes, and the glass exterior walls of the 

office buildings, Paul has the impression that Eden-

relationships between people in Eden-Olympia are depicted as virtual by Wilder Penrose because there is little 

contact between them. He delineates that people at Eden-

it. They want to be alone by the time they get home, fix a martini, and swim a few lengths. Their true social 

life is the office. That sounds like a design error. Jane and I [Paul] go into Cannes just to talk to the tourists at 

the next table (SC 93). 

Paul and Jane also live in the villa where David Greenwood lived. Greeting Paul and Jane, Penrose informs 

them of Eden-  emergencies, 

and a small airport nearby (SC 16). The apartments are also located along the waterfront and offer great views, 

and have sporting facilities to be enjoyed (SC 17). Promoting Eden-Olympia as a perfect place, Penrose 

explains to Paul that we can cope with everything. This is the world's only place where you can get insurance 
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Fabrication and characterization of
smart karaya gum/sodium alginate
semi-IPN microbeads for controlled
release of D-penicillamine drug
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and K Chowdoji Rao2

Abstract
This article reports the fabrication of pH-sensitive microbeads from sodium alginate (SA) and modified karaya gum (KG).
KG was modified by graft copolymerization using 2-hydroxyethyl methacrylate (2-HEMA) through in situ free radical
polymerization reaction. The graft copolymer was blended with SA to develop microbeads by a simple ionotropic gelation
technique. The microbeads were characterized by Fourier transform infrared spectroscopy, X-ray diffraction, differential
scanning calorimetry, thermogravimetric analysis, and scanning electron microscopy. The effect of %HEMA and polymer
blend ratio on the swelling capacity was investigated. Drug release kinetics of the microbeads was investigated under both
pH 7.4 and pH 1.2 at 37�C. The drug release kinetics was analyzed by evaluating the release data using different kinetic
models.
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Sodium alginate, karaya gum, 2-hydroxyethyl methacrylate, graft copolymerization, microbeads
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Introduction

Polymers (biodegradable and synthetic) are widely used in drug delivery because of their abundance in nature, biocom-

patibility, low toxicity, and biodegradability. Controlled novel drug delivery systems have been attracted for the past few

decades. Among various controlled release carriers, polymer interpenetrating polymer network (IPN) hydrogel microbe-

ads have shown much interest due to their unique properties such as particle size, phase stability, huge tendency to absorb

water, and mechanical strength. Hydrogels have many advantages over other biomedical carriers because of their ability to

swell under physiological conditions.1–6

2-Hydroxyethyl methacrylate (HEMA) copolymer-based hydrogels have been much interest in biomedical applica-

tions because of their hydrophilic character, nontoxicity, non-antigenic properties, and good biocompatibility.7–11 The

presence of hydroxyl and carboxyl groups in poly hydroxyethyl methacrylate (pHEMA) makes compatible with water,

whereas the hydrophobic methyl groups and backbone impart hydrolytic stability to the polymer and support the mechan-

ical strength of the polymer matrix. Poly HEMA hydrogels are resistant to high temperatures, acids, and bases. Hence they

are stable against thermal and chemical reactants. Therefore, pHEMA hydrogels are suitable for the development of

controlled drug delivery systems.12–14

Karaya gum (KG) is an acidic polysaccharide obtained from different sterculia species. KG is a branched polysacchar-

ide that consists of D-galacturonic acid, D-galactose, L-rhamnose, and D-glucuronic acid. It is composed of rhamnogalac-

turonan main chain that contains a-(1!4) linked D-galacturonic acid and a-(1!2) linked L-rhamnosyl residues. Side
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XANTHAN GUM GRAFT COPOLYMER / SODIUM ALGINATE MICRO BEADS COATED 
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ABSTRACT: In the present work, temperature/pH-sensitive copolymer 

beads of chitosan (CS) coated sodium alginate/xanthan gum grafted N, N'-
methylenediacrylamide have been synthesized by free radical polymerization 

in an atmosphere of nitrogen using AIBN/Fe2+ redox pair initiator and 

Tetramethylethylenediamine (TEMED) as a catalyst followed by simple 
ionotropic gelation technique. These beads were characterized by Fourier 

transform infrared (FTIR) spectroscopy, Differential scanning calorimetry 

(DSC), Field emission scanning electron microscopy (FESEM) Energy-
dispersive X-ray spectra (EDS) and X-ray diffraction measurements (X-RD). 

DSC and X-RD studies reveal the molecular dispersion of Chlorthalidone 

(CT) drugs. Swelling and drug release behaviors of these beads were 

investigated in simulated intestinal fluid (pH 7.4) and gastric fluid (pH 2.0) 
at 37 ºC. Results illustrated that both the swelling and degradation of the 

optimized beads were influenced by the pH of the test medium, which might 

be suitable for intestinal drug delivery. The release mechanism was analyzed 
by fitting the release data into the Korsmeyer-Peppas equation. 

INTRODUCTION: Hydrogels are a hydrophilic 

three-dimensional network of polymer chains 

formed from homopolymers, copolymers or 

macromers. Hydrogels are highly absorbent natural 

or synthetic polymeric networks, sometimes found 

as a colloidal gel in which water is the dispersion 

media. Hydrogels also possess a degree of 

flexibility very similar to natural tissue, due to their 

significant water content 1. Hydrogels are 

environmentally sensitive to small changes in 

environmental parameters such as temperature, pH, 

or the concentration of metabolite and release their 

load as a result of such a change 2. 
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Temperature-/pH-sensitive hydrogels are widely 

used in a variety of biomedical or pharmaceutical 

applications, such as molecular separation 3, tissue 

engineering 4 and particularly in fabricating the 

controlled drug delivery systems 5.  

Chlorthalidone CT Fig. 1 [2-chloro-5-(1-hydroxyl-

3-oxo-2, 3-dihydro-1H-isoindol-1-yl) benzene-1-

sulfonamide] tautomerizes to a benzophenones 

form 6. CT is an antihypertensive thiazide-like 

diuretic used in the treatment of edema associated 

with congestive heart failure. Compared with other 

thiazides like chlorothiazide, CT also shows long-

lasting diuretic action. It is absorbed slowly from 

the gastrointestinal tract and is excreted largely as 

an unchanged drug. The overall duration of effect 

is 48 to 72 h and its usage in drug delivery 

application is scanty 7. Xanthan gum (XG) is a 

heteropolysaccharide consisting of β-D-glucose, α-

D-mannose and α-D-glucuronic acid 8. Due to the 

presence of glucuronic acid and pyruvic acids in 
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Abstract 
 
This paper reports the fabrication of Carboxymethylchitosan (CMC)/Sodium alginate (SA) 
microbeads by emulsion crosslinking method for controlled release of Valganciclovir 
Hydrochloride (VCV) an antiviral drug. These microbeads were crosslinked with the help of 
glutaraldehyde/ CaCl2, and were characterized using Fourier transform infrared spectroscopy 
(FTIR), Differential scanning calorimetry (DSC), X-ray diffraction (X-RD) and scanning electron 
microscopy (SEM) techniques. Drug release kinetics of the microbeads is investigated in vitro 
simulated gastric fluid pH 1.2 and intestinal fluid pH 7.4 at 37oC. Results illustrated that these 
microbeads are influenced by the pH of test medium, Hence the microbeads are potential choice 
for intestinal drug delivery. The drug release kinetics were analyzed by evaluating the release 
data using different kinetic models. The results revealed a non-Fickian trend for the release of 
VCV up to 14 hr. 

Keywords: Carboxymethylchitosan, Sodium alginate,  microbeads, drug delivery. 
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ABSTRACT 

Objective: The aim of the present work is to fabricate curcumin (CUR) encapsulated microbeads in the polymer matrix of sodium alginate 
(SA)/poly(vinylpyrrolidone)-co-vinyl acetate (PVP-co-VAc) intercalated with magnetite nanoparticles (MNPs) using glutaraldehyde (GA)/calcium 
chloride CaCl2 as the crosslinker.  

Methods: Magnetite nanoparticles (MNPs) were synthesized by a modified co-precipitation method. Curcumin encapsulated SA/PVP-co-VAc 
microbeads, intercalated with MNPs were prepared by simple ionotropic gelation technique. The formation of microbeads and uniform distribution 
of curcumin were characterized using spectroscopic methods. In addition, swelling and drug release kinetic studies of the microbeads were 
performed in simulated intestinal fluid (pH 7.4) and simulated gastric fluid (pH 1.2) at 37 °C. 

Results: Microbeads formation was confirmed by Fourier Transform Infrared (FTIR). Differential Scanning Calorimetry (DSC) studies reveal that 
the peak at 181 °C of CUR was not observed in CUR loaded microbeads, which confirms that CUR was encapsulated at the molecular level in the 
polymer matrix. The X-Ray diffraction (X-RD) diffractograms of CUR shows 2Ө peaks between 12-28 °, which indicated the crystalline nature of 
CUR, these peaks are not found in CUR loaded microbeads, suggesting that the drug has been molecularly dispersed in the polymer matrix. The X-RD 
2Ө peaks of MNPs are observed in the MNPs loaded microbeads, which confirms that MNPs are successfully loaded in the microbeads. The swelling 
studies and in vitro release studies were performed at pH 1.2 and 7.4. The results reveal that at pH 7.4 highest swelling and release was observed, 
which confirms that the developed microbeads are pH sensitive and are suitable for intestinal drug delivery. The drug release kinetics fit into the 
Korsmeyer-Peppas equation, indicating non-Fickian diffusion.  

Conclusion: The results concluded that the present system as dependent on pH of the test medium and hence suggest suitability for intestinal drug delivery. 
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INTRODUCTION 

The best acceptable route for drug administration is an oral route, due 
to ease of administration and gastrointestinal physiology provides 
additional flexibility in the design of dosage form compared to other 
routes [1]. Normally, conventional oral drug administration does not 
provide a controlled release or target specificity [2]. Further, it has 
several drawbacks such as poor patient compliance, frequent dosing, 
poor bioavailability etc. To overcome these problems novel drug 
delivery systems (NDDS) such as controlled/sustained drug release 
systems with IPNs(Interpenetrating polymer networks) have been 
evolved [3, 6]. Polymers play a vital role in the development of 
controlled drug delivery systems because of their favourable and 
flexible features such as biocompatibility, non-toxic, biodegradability 
and also it can be easily produced at industrial scale [4]. 

Sodium alginate (SA) is anionic polysaccharide, composed of two 
different kinds of hexuronic acid residues such as β-D-mannuronic acid 
(M) and α-L-guluronic acid (G) arranged as random or in an alternating 
manner [5, 7]. It has several biomedical and biotechnological 
applications due to its specific properties such as hydrophilicity, 
biodegradability, biocompatibility and non-toxicity [8-10] 

Poly(vinylpyrrolidone)-co-vinyl acetate (PVP-co-VAc) is a water 
soluble block copolymer consisting of both hydrophobic and 
hydrophilic components in its structure, which facilitates the 
increased solubilisation of drugs [11]. The presence of hydrophobic 
part in PVP-co-VAc, acts as a good drug carrier for hydrophobic or 
less water-soluble drugs. The applications of PVP-co-VAc in 
biomedical applications are scanty. Previously Bailly et al., [12] 
reported that Poly(N Vinylpyrrolidone)-block-poly(vinyl acetate) 
(PVP-b-PVAc) is a good interesting candidate for the delivery of 
hydrophobic drug (clofazimine). 

Curcumin (CUR), a polyphenol of turmeric (diferuloylmethane), a 
natural bioactive compound, is obtained from Curcuma longa [13]. It 
has anti-inflammatory, anti-oxidant, antimicrobial, antispasmodic 
and antiproliferative activity against different cancer cells [14-16]. 
However, its biomedical applications are very scanty due to low 
aqueous solubility, limited bioavailability and potentially lipophilic 
characteristics [17], which have limited in vivo efficacy of curcumin 
[18]. To overcome this problem, various types of micro and 
nanocarriers have been proposed, such as micelles, nanoparticles, 
and iron oxide particles [19]. 

Magnetite nanoparticles (MNPs) are increasingly being considered for 
a number of biomedical applications due to their inherent 
superparamagnetic properties, ultra-fine size and biocompatibility 
[20-22]. The functional properties of the MNPs can be tailored for 
specific biological functions, such as drug delivery [23], hyperthermia 
or magnetic targeting [24-26], magnetic resonance imaging (MRI) [27-
29]. Among the MNPs, iron oxide nanoparticles (magnetite ϒ-Fe2O3 or 
magnetite Fe3O4) are the most popular formulations. The large surface 
to volume ratio of MNPs renders relative high loading in 
biocompatible materials [28]. Owing to nanosize, MNPs can 
accumulate in tumor cells by the enhanced permeability and retention 
(EPR) effect [30]. Further malignant tumors have high heat sensitivity 
than normal tissues in the temperature range of 41-47 °C and the 
property is exploited for chemotherapeutic applications [31]. MNP 
drug delivery systems have incorporated small traditional molecules 
like paclitaxel, doxorubicin and methotrexate [22]. Natural 
macromolecules like curcumin have not been researched earlier with 
MNP combination for cancer therapy. 

In the current work, SA/PVP-co-VAc microbeads were prepared by a 
simple gelation technique. The microbeads were characterized using 
fourier transform infrared spectroscopy, differential scanning 
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