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ABSTRACT 

Extraction of Quince hydrogel (QH) was accomplished from seeds of Cydonia oblonga 

M (Quince) by hot water extraction method. Characterization of QH was accomplished 

by using Fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy 

(SEM) and thermogravimetic analysis (TGA).  

Swelling of QH was carried out in deionized water, buffer solutions of pH 1.2, 6.8 and 

7.4 by using gravimetric analysis, inferring that QH showed high swelling capacity in 

deionized water and buffer solutions of pH 7.4 and 6.8 while minor swelling was noticed 

in acidic buffer of pH 1.2, indicating QH as a potential biomaterial for fabrication of 

targeted drug delivery. Kinetic models were also applied to the swelling data acquired 

from swelling studies. It was concluded that swelling of QH in deionized water and 

phosphate buffers of pH 6.8 and 7.4 followed second order swelling kinetics. 

Responsiveness of QH to concentration of electrolytes was also ascertained by carrying 

out swelling of QH in different molar concentrations of NaCl and KCl solutions (0.1, 

0.2, 0.3, 0.4, 0.5, 1.0 and 2.0 M). The QH was deduced to be responsive to concentration 

of electrolytes, showing a decrease in swelling capacity with increasing molar 

concentration of electrolytes. Swelling deswelling (on-off) response of QH was also 

evaluated in water and ethanol, water and normal saline and phosphate buffer of pH 7.4 

and acidic buffer of pH 1.2.  When water swollen QH was immersed into saline and 

ethanol, deswelling of QH was noticed however, deswelling in ethanol was abrupt as 

compared to deswelling in saline solution. Similar swelling deswelling response was 

noticed in phosphate buffer of pH 7.4 and acidic buffer of pH 1.2. These findings prove 

QH to be stimuli sensitive biomaterial with potential to be used in developing stimuli 

responsive drug delivery system.  
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Sensing the stimuli responsiveness of QH and its high swelling index, matrix tablets of 

QH were fabricated to develop pH responsive drug delivery system. This was 

accomplished by loading levosulpiride (LSP) as active pharmaceutical ingredient. Drug 

release was investigated in SGF and SIF. It was observed that minor amount of LSP was 

released in SGF while in SIF drug was released in a sustained manner. Power law was 

applied to drug release data, revealing drug release to follow super case II transport. 

For further investigation of sustain release and stimuli sensitivity of QH, matrix tablets 

with different proportions of QH were developed by using diclofenac sodium (DS) 

theophylline (THF) as drug moieties. These tablets were evaluated for their swelling 

behavior in deionized water, buffer solutions of pH 1.2, 6.8 and 7.4, showing high 

swelling indices in deionized water and buffer solutions of pH 7.4 and 6.8 however, 

swelling was lesser than QH powder due to compression of powder. Minor swelling was 

noticed in acidic buffer of pH 1.2. Swelling response of tablets was also assessed in 

different molar concentrations of NaCl and KCl. It was noticed that swelling capacity of 

QH tablets was declined as the concentrations of electrolytes was increased from 0.1-2.0 

M. Like QH powder, swelling deswelling (on-off) of tablet formulations was also 

evaluated in water and ethanol, water and saline solution and phosphate buffer of pH 7.4 

and acidic buffer of pH 1.2. Swelling of tablets was noticed in water and phosphate 

buffer of pH 7.4 while deswelling of swollen tablets was noticed when swollen tablets 

were shifted to ethanol, saline solution and acidic buffer of pH 1.2. From these findings 

it could be deduced that QH in tablet form is still stimuli responsive and these tablets can 

successfully tailor drug release by sensing intestinal pH.  

To verify the pH sensitivity and ability of QH to retard drug release, in vitro dissolution 

studies of DS and THF matrix tablets was carried out in deionized water, phosphate 

buffers of pH 6.8, 7.4 and acidic buffer of pH 1.2, deducing that QH released minor 
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amount of drug in acidic buffer while in deionized water and phosphate buffers of pH 

6.8 and 7.4 drug was released in a sustained manner. In case of DS tablets drug release 

of QH mediated DS tablets was also compared with commercially available Voltral
®
 

tablets and found better results. This out come clearly establishes QH as stimuli sensitive 

biomaterial with potential ability to sustain drug release. Different kinetic models were 

applied to drug release data. It was inferred from kinetic modeling that drug release from 

DS and THF tablets is zero order. 

The study of surface morphology of QH powder and tablets by SEM analysis reveals the 

microporous geometry of QH with hollow channels. These micropores are also present 

in tablets which indemnify their high swelling capacities. 

Safety profile of QH for oral and dermal use was successfully evaluated by acute toxicity 

studies on albino mice and albino rabbits. In these studies QH was administered orally to 

mice divided into four groups, i.e., (I-IV). Animals of group I were used as control while 

animals of groups II, III and IV were fed with single oral dose of 1, 2 and 5g/Kg body 

weight. Animals were monitored for their general health, food and water intake for 14 

days.  Blood samples of mice were evaluated for assessment of different haematological 

and biochemical parameters. All animals were sacrificed and histopathology of their 

vital organs was carried out. The results of heamatological and biochemical parameters 

were found to be in normal ranges. Histopathology of vital organs showed no lesions 

that establish oral safety of QH up to 5g/Kg dose in animals. Dermal safety of QH was 

established by applying thick paste of QH on to the skin of rabbits, producing no rashes 

on to the skin.    

Potential use of QH as capping and reducing agent was also investigated by carrying out 

green synthesis of AgNPs. This was accomplished by exposing mixture of QH aqueous 

suspension and AgNO3 solution of different concentrations to diffused sunlight. 
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Formation of AgNPs was monitored by noting color change of reaction mixture at 

different time intervals and also scans on UV-Visible spectrophotometer were taken at 

different time intervals. UV absorbance was recorded at 412-458 nm. Characterization of 

AgNPs was carried out by using SEM analysis and EDS analyses. SEM analysis 

revealed spherical geometry with uniform size distribution of AgNPs, ranging in size 

from 6-16 nm. Storage potential of QH films impregnated with AgNPs was also 

successfully assessed by UV spectroscopy of 6 months old QH film impregnated with 

AgNPs. Antimicrobial potential of AgNPs against both bacterial and fungal strains was 

successfully evaluated. Potential use of QH films impregnated with AgNPs for wound 

healing was also successfully evaluated. 

Modification in QH structure was accomplished successfully by fabrication of 

acetylation of QH. This was accomplished by reacting QH with acetic anhydride in 

different ratios. Characterization of acetylated QH (AQH) was carried out by FTIR and 

degree of substitution (DSb) was calculated to be ranging from 0.88-1.16. Thermal 

analysis of QH and AQH was carried out at different heating rates and various kinetic 

and thermodynamic parameters were studied. The thermodynamic parameters account 

for higher thermal stability of AQH than QH. 

Overall, the outcomes of current research prove QH as a remakable swellable and smart 

biomaterial, with stimuli responsive swelling deswelling properties both in powder form 

and tablet formulation. Fabrication of AgNPs embedded QH matrix is a new 

biocomposite for wound dressing and wound healing. Therefore, QH could be regarded 

as a potential biomaterial with wide range of pharmaceutical applications.           
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1. INTRODUCTION  

1.1. History of drugs origin and formulation developments  

Plants have been used as a nutritional source by human beings and animals. Along with 

nutritive importance of plants, their medicinal values can‟t be neglected. Traditionally, plants 

have been used as a source of phytomedicines in Chinese remedies, Tibb-e-Unani and 

ayurvedic treatment (Gilani and Atta-ur-Rahman, 2005; Krishnaswamy, 2008). In 18
th

 

century, most of the remedies such as decoctions, tinctures etc., were either alcoholic or 

hydro-alcoholic extract of plants and they were used without any discrimination of their toxic 

effects. Characterization and isolation of potent medicinal constituents from plants started in 

19
th

 century. In 1806, isolation of morphine from opium laid foundation of phytochemical 

analysis (Parascandola, 1997). 

The era of synthetic drugs started from the World War I, which laid the foundation of modern 

pharmaceutical industry (Harvey, 2008). The revolution in pharmaceutical industry began in 

mid-19
th

 century with the introduction of tablets in 1843 and capsules in 1883 before which 

medicines were only administered in powdered dosage forms (Andras, 2007).  

The discovery and development of newer drug entities is tedious, time consuming and 

expensive process with limited success. Therefore, researchers pave their attention to 

optimize existing drug therapies in terms of patient compliance by modifying drug and 

introducing newer dosage forms of an already existing therapeutic moiety. The development 

of sustain release, orodispersible tablets and other smart drug delivery systems such as 

microparticles, nanoparticles, liposomes, niosomes and dendrimers have been fabricated to 

tailor drug release (Vilar et al., 2012). 

Recent advancement in the material chemistry has laid the development of superabsorbent 

polymeric materials with ability to retain 10-1000 times water of their own weight (Buchholz 

and Graham, 1997). The use of synthetic polymers in drug delivery is limited due to their 
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non-biodegradable nature and toxicity associated with synthetic polymers (Yin et al., 2010; 

Gong et al., 2009). These risks associated with synthetic polymers have attracted the 

researchers towards natural polysaccharides like starch (Abbas et al., 2016; Chen et al., 

2007), cellulose (Martin et al., 2011), chitosan (Mahdavinia et al., 2004), gelatin (Burugapalli 

et al., 2001), carrageenan (Pourjavadi et al., 2004) and arabinoxylan (Gohel et al., 2003). The 

polysaccharides have been now extensively used in biomedical science because of their 

biocompatibility, biodegradability and non-toxic nature. Swelling of these biomaterials is 

responsive to external stimuli like pH of medium, electrolytes concentration and temperature 

(Schild, 1992; Tanaka et al., 2005; Gil and Hudson, 2004; Osada et al., 2004) making them 

promising tools for site specific drug delivery (Singh et al., 2008; Rao et al., 2013). 

Recent innovations in the drug delivery have led to fabrication of different drug delivery 

systems in order to enhance drug residence time in the gastrointestinal tract (GIT) which will 

improve the bioavailability of the drug (Maderuelo et al., 2011; Peppas et al., 2000). 

Different approaches that have been adopted include fabrication of bioadhesive systems 

(Ponchel and Irachi, 1998), low and high density drug delivery systems (Bechgaard and 

Ladefoged, 1978; Ichikawa et al., 1991), ion exchange resins (Atyabi, 1996) and porous 

hydrogels (Chen et al., 1999). 

Polymeric materials incorporated in a dosage form to tailor drug release in a desired manner 

are regarded as excipients. The excipients are mandatory materials in a dosage form that are 

used to augment drug stability, bioavailability and patient compliance (Joesph, 2006). 

Polymeric materials that have been incorporated in fabrication of novel drug delivery systems 

are discussed briefly.  
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1.2. Polysaccharide materials as drug excipients 

Monosaccharides linked together by O-glycosidic linkage constitute polysaccharides. 

Physical properties of polysaccharides, e.g., surface and interfacial properties, flow 

properties, solubility and gelling properties depend on composition of monosaccharides, 

linkage pattern and type of linkage and molecular weight of monosaccharides. On the basis of 

their origin, polysaccharides could be divided in to three categories, i.e., natural 

polysaccharides, semisynthetic polysaccharides and synthetic polysaccharides. 

1.2.1. Natural polysaccharides 

Natural polysaccharides are obtained from plants, animals and certain microbes. Naturally 

occurring polysaccharides are abundant in nature, biocompatible, economical, biodegradable, 

nontoxic and easily available (Hovgaard and Brondsted, 1996). Natural polysaccharides are 

obtained from plants, animals and microbial sources are discussed below; 

1.2.1.1. Pectin 

Pectin is a non-starch polysaccharide with linear chains. Its molecular weight ranges from 

50,000–150,000 g/mol. It is composed of α-1,4 D-galacturonic acid and 1,2 D-rhamnose with 

side chains consisting of D-galactose and D-arabinose. It is stubborn to action of enzymes of 

small intestine but completely degraded in to oligalactorunates by colonal enzymes 

(Cummings et al., 1979; Englyst, 1987). The development of colon targeted drug delivery 

with pectin is somewhat problematic because of its water solubility. It swells in GIT fluids 

and entrapped drug is released rapidly by diffusion when used alone however, this problem 

could be solved by adding certain additives or by appropriate choice of pectin source 

(Rubinstein et al., 1990; Rubinstein and Radai, 1991). This problem can also be resolved 

using hydrophobic ethylcellulose or by producing calcium derivative of pectin. Different 

researchers have investigated pectin as potential drug carrier (Semde et al., 2000; Macleod et 

al., 1999; Rubinstein et al., 1993). 



9 
 

1.2.1.2. Inulin 

Inulin, a naturally occurring polysaccharide present in plants such as artichoke, garlic, onion 

and chicory. It is a mixture of β-2,1 linked D-fructose molecules oligomers and polymers. 

These fructose containing chains of inulin also have glucose as an initial moiety. It could be 

hydrolyzed by colonal bacteria specifically by Bifidobacteria (McKeller and Modler, 1989; 

Wang and Gibson, 1993; Gibson and Roberfroid, 1995). However, it is resistant to enzymatic 

secretions of upper GIT (Dysseler and Hoffen, 1995). Inulin based hydrogel cross linked with 

methacrylic anhydride and succinic anhydride has been used for delivery of anti-

inflammatory drug, diflunisal to gut (Castelli, et al., 2008).  

It has a lot of medicinal and dietary applications. In food industry, it is used as a replacement 

of sugar and fat (Ronkart et al., 2007; Stevens et al., 2001). In pharmaceutical industry, it is 

used as an excipient, stabilizer and also used to assess kidney function (BeMiller et al., 1967). 

1.2.1.3. Guar gum 

Guar gum, a high molecular weight polysaccharide is chemically made up of galactan and 

mannan units linked together through glycosidic linkage. Structurally, it has β-D-

mannopyranosyl units linked with α-D-galactopyranosyl units through 1-4 linkage (Goldstein 

et al., 1992). Microbial enzymes present in the large intestine carry out hydrolysis of guar 

gum polysaccharide (Tomolin et al., 1989; Bayliss and Houston, 1986; Macfarlane et al., 

1990; Chourasia and Jain, 2004). Guar gum has high molecular weight and produces highly 

viscous solution. It has been extensively used for colon specific drug delivery. Prasad et al., 

1998, formulated indomethacin loaded guar gum matrix tablets for colon specific drug 

release (Prasad et al., 1998). Sinha et al., 2005 carried out in vivo analysis of colonal targeting 

of 5-fluorouracil using xanthan gum, guar gum and starch as coating material for tablets 

(Sinha et al., 2005). 
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1.2.1.4. Locust bean gum 

Locust bean gum (Carob gum) is obtained from seeds of Ceratonia siliqua and it is branched 

β-1,4-D-galactomannan in composition. It is slightly soluble in cold water and heating is 

required to get complete hydration of polysaccharide. Cross linkage of galactomannan units 

result in water insoluble films that are degraded by colonal microflora (Bauer and Kesselhut, 

1995). Colon specific drug delivery system based on Locust bean gum has been investigated. 

Penwest pharmaceuticals has developed commercially available matrix tablet system named 

(TIMERX
®

) that is mainly composed of locust bean and xanthan gums,  has been successfully 

evaluated both in vitro and in vivo  delivery of theophylline (Vendruscolo et al., 2005). Core 

tablets loaded with mesalazine (80 mg) has been prepared for colonal targeting using 

different proportions of locust bean gum and chitosan (Raghavan et al., 2002). Sustain release 

formulation of diclofenac sodium (DS) has been developed using locust bean gum (Sujja-

areevath et al., 1996). 

1.2.1.5. Glucomannan 

It is highly abundant polysaccharide in nature mostly derived from plant bulbs, roots and soft 

wood. Konjac glucomannan is the most commonly used type of glucomannan obtained from 

tubers of Amorphophallus Konjac K and is considered as a very useful polysaccharide for 

drug delivery. It forms a weak gel when used alone therefore for fabrication of control release 

formulations, it is used in modified form or in combination with other polysaccharides 

(Alvarez-Mancenido et al., 2008; Alonso-Sande et al., 2009). Structurally, it is composed of 

D-mannose and D-glucose monomers linked together via β-1,4 linkages. Acetyl group may 

be present at side chain of some backbones however; degree of acetylation and mannose 

glucose ratio is source dependent. Matrix tablets of gluccomannan loaded with cimetidine 

have shown to sustain drug release in the physiological environment of stomach and small 

intestine but released drug rapidly in the large intestine because of the presence of β-mannase 
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in the large intestine. However, combination of glucomannan with xanthan gum successfully 

retarded drug release (Fan et al., 2008). Control delivery of deoxyribonucleic acid (DNA)  

using glucomannan cylinder has been attempted (Wen et al., 2008). It was deduced that 

konjac glucomannan hydrogel successfully released DNA segmentnts over a period of 80 h in 

phosphate buffer of pH 7.4. Hydrogel system prepared by cross linking glucomannan with 

trisodium trimetaphosphate has been used successfully to sustain the release of 

hydrocortisone (Liu et al., 2007). 

1.2.1.6. Khaya gum 

Khaya gum is a naturally occurring polysaccharide obtained by incising trunk of Khaya 

grandifoliola. Chemically, it is branched polymer containing L-rhamnose, D-galacturonic 

acid, D-galactose and 4-O-methyl-D-glucoronic acid (Aspinall and Bhattacharjee, 1970). 

Owing to its inexpensive and non-toxic nature, it has been evaluated as pharmaceutical 

excipient. Khaya gum has been evaluated for its potential  as directly compressible polymeric 

material for control drug delivery using paracetamol as water soluble and indomethacin as 

water insoluble drug moiety. It was observed that combination of Khaya gum with 

hydroxypropyl methyl cellulose (HPMC) can successfully prolong drug release in time 

independent manner (Odeku and Fell, 2004). 

1.2.1.7. Albizia gum  

Albizia gum is extruded from incised tree trunk in the form of yellow to dark brown colored 

tears from the tree Albizia zygia (Family: Liguminosae). Chemically, it has β-1,3 linked D-

galactose and β-1,6 D-galactose units. It has been evaluated as a substitute for gum Arabic for 

food and pharmaceutical industries (Ashton et al., 1975). Odeku and Fell (2005) analyzed 

Albizia gum and Khaya gum alone and in combination as coating material to produce colon 

specific drug release of paracetamol and indomethacin. It has been inferred that tablets coated 

with khaya gum released 21 % indomethacin and 19 % paracetamol after 5 h while tablets 
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coated with albizia gum released 4% and 6% of indomethacin and paracetamol in 5 h, 

respectively. 

1.2.1.8. Cellulose 

Cellulose is the essential component of the plant cell wall. It is linear polysaccharide 

composed of linear chains of D-glucose units that are linked together through β-1,4 

glycosidic bonds. Cellulose units are arranged parallel and form microfibrils, making it 

resistant to enzymatic attack. It is insoluble in water and indigestible by human beings 

(Aquilera and Stanley, 1999; Cosgrove, 2005). Powdered cellulose is obtained from 

mechanical disintegration of cellulose from fibrous material such as cotton. Among powdered 

cellulose, microcrystalline cellulose is the most commonly used diluent/ binder in preparation 

of tablets both by direct compression and wet granulation methods (Hon, 1996; Kibbe, 2000). 

Different derivatives of cellulose has been prepared by esterification, etherification and cross 

linking or graft co-polymerization, e.g., cellulose acetate phathalate (CAP), HPMC and 

carboxymethylcellulose (CMC) (Hon, 1996). 

HPMC due to its ability to form gel in aqueous solution has been extensively used as 

excipient in control release dosage forms (Guo et al., 1998; Andreopoulos and Tarantili, 

2002). In a study to develop control release formulation of diltiazem, both HPMC and CMC 

produced pH responsive sustain drug release over a long period of time (Conti et al., 2007). 

HPMC based sponges loaded with curcumin were prepared by lyophillization in order to 

improve its dissolution and bioavailability using in vitro dissolution study (Petchsomrit et al., 

2016). 

1.2.1.9. Starch 

Carbohydrates are stored in plants in the form of starch. It is present in roots, cereals, 

legumes and vegetables. Chemically, it is composed of two polymers, i.e., amylose and 

amylopectin. Most common cereals contain 15-30 % amylose. Three different types of 
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starches have been identified by distinct X-ray diffraction pattern. Type A crystalline starch is 

present in cereals such as wheat, rice and maize. It has characteristic amylopectin chain with 

short lateral chain. Type B starch is obtained from banana and potato and has long lateral 

chains. Type C starch is a mixture of aforementioned starches and is present in legumes 

(Cummings and Stephen, 2007). Use of native starch for formulating controlled drug delivery 

is not appropriate as native starch is degenerated by enzymes, resulting in rapid drug release. 

This has led to develop starch derivatives that are resistant to enzymatic degradation. Starch 

acetates are resistant to enzymatic degradation and have been evaluated for their potential in 

colonal drug delivery systems (Chen et al., 2007). Cross linked starch derivatives have been 

developed for control drug release. They offer high drug loading capacity, controlled swelling 

and drug release by changing degree of cross linking (Lenaerts et al., 1998). 

1.2.1.10. Aloe gel 

Mucilaginous material obtained from parenchymal tissues of leaves of Aloe vera (Aloe 

barbadensis Miller) has been evaluated for its potential to retard drug release (Ni and Tizard, 

2004). The extruded gel after filtration and precipitation with acetone was used for loading 

DS as model drug by direct compression of matrix tablet. It successfully retarded drug release 

and showed good swelling (Jani et al., 2007). 

1.2.1.11. Gum arabic 

Gum arabic is obtained from acacia tree (Nishi et al., 2007). Structurally, it is composed of 

long chains of β-1,3-D-galactopyranose units linked together with other carbohydrates such 

as glucuronic acid, arabinose and rhamnose units. It has been successfully used to 

encapsulate enzyme endoglucanase in order to enhance its stability and retard its release 

(Ramakrishnan et al., 2007). It has also been used to produce monolithic osmotic tablet 

system which successfully sustained the release of naproxen for 12 h at pH 6.8 (Lu et al., 

2003). 
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1.2.1.12. Rosin 

It is a natural polysaccharide material with potential pharmaceutical applications. It is 

obtained from oleoresin of pine trees, i.e., Pinus toeda, Pinus soxburghui and Pinus 

longifolium. Structurally, it is made up of abietic and pimaric acid residues and has ability of 

film formation. In pharmaceutical industry, it has been employed as film forming and coating 

material. It has also been used for microencapsulation and formulation of matrix tablets in 

order to sustain and control drug release (Satturwar et al., 2003; Mandaogade et al., 2002; 

Fulzele et al., 2003). 

1.2.1.13. Psyllium 

Psyllium mucilage is extruded from seed coat of Plantago ovata. It is a white colorless 

mucilaginous material that can absorb and retain water. It contains high proportion of 

hemicellulose that constitutes alkali soluble fraction of psyllium husk with β-1,4- D-xylan as 

back bone (Fischer et al., 2004) while arabinose and xylose constitute side chains (Kennedy 

et al.,1979). It has profound pharmaceutical applications. It has been used as tablet binder and 

also used as drug carrier by cross linking through radiations and used it for controlled 

delivery of 5-fluorouracil (Kulkarni et al., 2002; Singh et al., 2008). Psyllium cross linked 

with methacrylamide has been used for loading insulin which successfully released the 

insulin by non-Fickian diffusion through polymer chain relaxation (Singh et al., 2008). 

Psyllium husk in combination with HPMC has been used for preparation of ofloxacin loaded 

sustained release, bioadhesive and swellable drug delivery system (Chavanpatil et al., 2006). 

1.2.1.14. Chondroitin sulfate 

Chondroitin sulfate is a water soluble polysaccharide (Wastenson et al., 1971; Toledo and 

Dietrich, 1977). It is mainly obtained from meat and from sloughed epithelial cells of colon. 

It has D-glucoronic acid back bone, linked to N-acetyl-D-galactosamide (Rubinstein et al., 

1992a). It is degraded by intestinal enzyme chondroitin sulfate lyase and by bacteroids 
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present in the large intestine (Salyers, 1980; Salyers, 1979). Chondroitin sulfate have 

potential of being utilized as a carrier for site specific drug delivery however, water solubility 

of natural chondroitin sulfate limits its use for site specific drug delivery. In order to assess 

ability of chondroitin sulfate as site specific drug carrier, cross linking of chondroitin sulfate 

was carried out with 1,12-diaminododecane  using indomethacin as model drug. Drug release 

was monitored in phosphate buffer saline (PBS) with and without caecal rat contents in 

carbon dioxide environment at 37 °C. It was inferred that indomethacin release was 

controlled by degradation of chondroitin sulfate (Rubinstein et al., 1992a; Rubinstein et al., 

1992b). 

1.2.1.15. Hyaluronic acid 

Hyaluronic acid (HA) is a naturally occurring biopolymer, chemically classified under a 

group of substances known as glycosaminoglycans (GAGs). It is present in vertebrates, 

humans and some bacterial species. The highest amount of HA are found in extracellular 

matrix (ECM) of soft tissues (Laurent, 1988) and articular fluid of joints (O‟Regan et al., 

1994). Some bacterial strains of streptococci also contain HA but it is not found in fungi, 

plants and insects. It is composed of alternative units of (β-1,4-D-glucuronic) and (β-1,3-N-

acetyl-D-glucosamine) units. It has been used by surgeons in viscosurgery in order to protect 

sensitive tissues and to create space during surgery (Balazs, 2004). The carbonyl group 

present in HA has been used by the researchers to produce cross linked hydrogel that has 

been used for drug delivery. In this context, Esposito et al., 2005 used native HA, esterified 

derivative of HA and cross linked HA for microencapsulation of cromolyn, metronidazole 

and prednisolone hemisuccinate sodium that were able to release the drug in controlled 

manner. HA microspheres have been also used for the delivery of monoclonal antibodies, 

DNA delivery and gene transfection (Yun et al., 2004).  
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1.2.1.16. Chitosan 

Chitosan is the second most abundant polymer derived from nature after cellulose. Chitosan 

is derived from chitin and it is composed of 2-amino-2-deoxy-D-glucose units linked together 

by β-1,4 glycosidic linkages. It is not digestible in upper GIT of humans however; it is 

subjected to enzymatic hydrolysis in the colon because of the presence of glycosidic linkage 

(Omrod et al., 1998; Jain et al., 2007). Chitosan has been extensively employed for drug 

delivery. Lorenzo-Lamosa et al., 1998 carried out microencapsulation of DS using spray 

drying method and coated with Eudragit to provide perfect pH dependent release. Zhang et 

al., 2002, fabricated hydrogel beads of chitosan by complexation with counter-ion, 

tripolyphosphate and loaded albumin as model drug. The results demonstrated that albumin 

release was triggered in the presence of cecal and colon enzymes of rat. 

1.2.1.17. Dextrans 

Dextrans are colloidal hydrophilic, inert polysaccharides that are soluble in water. They are 

made up of linear chains of α-D-glucose, comprising 1,6-α-D-glucose subunits as major 

structural moiety while 1,3-α-glucose units constitute their side chains. They are produced by 

bacteria of family Lactobacillus. They are hydrolyzed by the enzymes dextranases present in 

the anaerobic gram negative bacteria present in the colon (Hehre and Sery, 1952). This 

colonal degradation of dextrans has been exploited by different researchers to develop colon 

targeted drug delivery system. Hussain et al., 2011, synthesized ester prodrugs of DS and 

aspirin with dextran. Similarly, Harboe et al., 1988 linked naproxen with dextran by ester 

linkage and compared bioavailability of ester prodrug of naproxen with equivalent dose of 

naproxen by oral administration in pigs indicating better bioavailability of prodrug than that 

of parent compound and drug was released in the lower part of GIT. Nalidixic acid was 

linked with dextran by ester linkage by Lee et al., 2001 for colon specific delivery of 
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nalidixic acid in the form of prodrug. The study showed formation of stable ester linkage with 

the ability to successfully control the release of drug during transit through GIT. 

1.2.1.18. Alginates 

Alginates are natural biopolymers consisting of linear chain of alternating units of D-

mannuronic and L-glucoronic acid residues (Smidsrod and Draget, 1996). They are isolated 

from seaweeds (Phaeophyceae) using dilute alkaline solution for extraction. The extracted 

free alginic acid could be converted to its sodium salt that is most widely used form of alginic 

acid. On interaction with divalent and multivalent metal ions alginates form gels. Alginates 

with high glucoronic acid residues form stronger gels on interaction with divalent metal ions 

because of stronger affinity of glucoronic acid residue for metal ions than mannuronic acid 

residues (Draget et al., 1994; Wang and Spencer, 1998). Traditionally, alginic acid is used as 

tablet disintegrant whereas, sodium alginate is used as tablet binder (Onsoyen, 1996). In 

pharmaceutical industry, alginates have been used in development of advance drug delivery 

systems. Alginates have been employed to modulate drug release e.g. indomethacin irritancy 

to gastric mucosa of upper GIT has been modulated by its encapsulation in alginate beads 

(Joseph and Venkataram, 1995). Swelling behavior of calcium alginate microbeads have also 

been explored for development of control release formulations (Fernandez-Hervas et al., 

1998). Low molecular weight alginates have been employed to enhance drug dissolution of 

poorly water soluble drugs (Shiraishi et al., 1990, 1991). Combination of alginates with 

liposomes has been investigated to enhance the stability of phospholipid vehicles and also to 

modify drug release (Takagi et al., 1997; Monshipouri and Rudolph, 1995).   

1.2.1.19. Carrageenans 

Carrageenans are sulfated high molecular weight polysaccharides obtained from certain 

species of seaweeds, i.e., Chondrus crispus, Gigartina stellate and Chondrus crispus that 

belong to same class Rhodophceae. Three types of carrageenans are obtained from sea weeds 



18 
 

which are iota (ι), kappa (κ) and lambda (λ) (Aquilera and Stanley, 1999). The suitability of 

carrageenans for fabrication of control release tablets has been established (Picker, 1999). In 

another study, theophylline loaded sustain release matrices were fabricated in order to 

evaluate suitability of ι-carrageenan and λ-carrageenan for this purpose (Gupta et al., 2001). 

1.2.1.20. Pullulan 

Pullulan is produced by fungal strain Aurebasidium pullulans (Leathers, 2003). Structurally, 

it contains α-1,6-D-glupyranose linked to α-1,4-D-glupyranose through glycosidic linkage. In 

aqueous solution, pullulan behaves as expandable flexible coil which on drying forms films 

with excellent mechanical strength. Pullulan has been used as drug carrier.  Cytotoxicity of 

adriamycin loaded nanoparticles made up of pullulan acetate/sulfadimethoxine has been 

evaluated on breast tumor cell lines (MCF-7) at different pH values (Jeong et al., 1999; Na et 

al., 2003a; Na et al., 2003b). Nanoparticles based on oligo (methacryloyl sulfadimethoxane) 

(OSDM) grafted pullulan acetate has been fabricated and release of doxorubicin from these 

nanoparticles at different pH values was investigated. It was noticed that drug release was 

significantly enhanced at pH 6.8. (Na et al., 2004).   
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Fig. 1.1. Chemical structures of some natural polysaccharides. 
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1.2.2. Semisynthetic polysaccharides 

Natural gums have been extensively used in fabrication of drug delivery systems because of 

their bioavailability, biocompatibility and biodegradability. However, certain short comings 

are associated with these biomaterials like uncontrolled hydration, rheological changes 

associated with storage and microbial contaminations which need to be addressed. 

Modification of these natural biomaterials may be helpful to impart desired properties (Baljit 

et al., 2007). Typical modifications may include carboxymethylation, acetylation, 

esterification, etherification, substitutions and deoxyhalogenation. Polysaccharidal materials 

that are subjected to these modifications include guar gum (Dodi et al., 2011), chitosan 

(Rinaudo, 2006), psyllium (Singh and Sharma, 2010), cellulose (Hon, 1996) and starch (Chen 

et al., 2007). 

Cellulose derivatives like HPMC are most commonly employed for development of matrix 

tablets to design control release formulations (Kamel et al., 2008). A water soluble derivative 

of cellulose, hydroxypropyl cellulose (HPC) has been incorporated as binder in the tablets. 

Cellulose ether derivative, CMC has been used as tablet binder. Ethyl cellulose has been used 

for tablet coating in order to impart control release characteristics to the formulation. 

Similarly, cellulose acetate phthalate (CAP), an ester derivative of cellulose, produced by 

reaction of cellulose with phthalic anhydride has been used as enteric coating material that 

release drug in the basic environment while prevents drug release in the acidic environment 

(Ole et al., 1998).  

Carboxymethylation has been used to increase the hydrophilic character of the gum. 

Modification of guar gum was accomplished by this technique (Sharma et al., 2004). 

Carboxymethylated guar gum (CMGG) was converted to microbeads by dropping solution of 

CMGG in divalent and trivalent metal ion solution (Ba
2+

, Ca
2+

, Al
3+

 and Fe
3+

). Prepared 

microbeads were evaluated for their drug release behavior by loading bovine serum albumin 
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indicating optimal drug release at pH 7.4 rather than acidic environment and Ba
2+

 ions 

provide adequate control over drug release (Thimma and Tammishetti, 2001). 

Carboxymethylation and ethylation of arabinoxylan has been documented to explore the 

potential of modification in the structure of xylans (Saghir et al., 2008; Saghir et al., 2009).  

Swelling characteristics of natural gums could be modified by graft co-polymerization of 

acrylic acid and its derivatives. Poly(acrylic acid) (PAA) and its derivatives are pH 

responsive and trigger drug release at specific site in the GIT (Ganorkar et al., 1999). 

Chitosan–PAA hydrogel was prepared to study release of amoxicillin sodium and amoxicillin 

trihydrate (De la Torre et al., 2003). Swelling behavior of microgels prepared by graft co-

polymerizing guar gum with PAA was also subjected to investigation revealing that as the pH 

of swelling media was changed from acidic to alkaline, swelling of microgels was increased 

(Soppimath et al., 2001).  

Natural gums due to their hydrophilic nature have a tendency to wick the swelling medium 

and swell in the dissolution medium, creating possibility of loaded drug to diffuse out of the 

matrix before reaching the targeted site. Therefore, in order to reduce the swelling of gums 

cross linking is carried out. In this regard, cross linking of alginate guar gum beads was 

carried out with glutaraldehyde for control delivery of bovine serum albumin (George and 

Abraham, 2007). 

Chourasia et al., 2006 prepared guar gum microspheres cross linked with glutaraldehyde and 

used them for colon targeting of metronidazole. Microencapsulation of carvidolol was carried 

out in gellan gum and polyvinyl alcohol (PVA) microspheres, prepared by emulsion-cross 

linking technique. Cross linking of prepared microspheres was accomplished with 

glutaraldehyde (Agnihotri and Aminabhavi, 2005). Use of cross linker increased the surface 

smoothness of microbeads while particle size was decreased due to formation of rigid 

network.   
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Dextran derivatives have been used as promising candidates for protein delivery. For this 

purpose, cross linked gel of dextran was fabricated by γ-irradiation exposure of pre-activated 

dextran with glycidyl acrylate, producing cross linked gel. This system was examined for 

delivery of enzyme invertase. It was inferred that as the degree of cross linking was increased 

by increasing exposure time to irradiation, the release of enzyme was delayed. It was inferred 

that the release was mainly controlled by degradation by dextranases rather than diffusion 

(Kamath and Park, 1995). 

Hyaluronic acid based hydrogels have been also fabricated and their ability as drug carrier 

has been evaluated. HA based gels have been fabricated by chemical cross linking of HA 

with glycidyl ether (Malson et al., 1987), divinyl sulfone (Balazs and Leshchiner, 1986) and 

gluaraldehyde as HA is unable to produce gels alone. Stable HA gels are also produced using 

carbodiimide that forms ester linkage with hydroxyl and carboxyl group of hyaluronic acid. 

Amide bonds have been induced in HA using L-lysine methyl ester as cross linker (Tomihata 

and Ikada, 1997). 

1.2.3. Synthetic polysaccharides 

Different scaffolds including micells and hydrogels have also been fabricated using synthetic 

biomaterials for drug delivery and tissue engineering. Targeting of drug polymer conjugate to 

a particular site is achieved by either affinity based targeting or through enzyme cleavage 

(Langer, 1990). Highly hydrated hydrogel materials comprising both natural and synthetic 

polymers have been developed with characteristic properties that mimic the tissue 

environment (Jia and Kiick, 2009). Hydrogels offer flexibility of structural modifications to 

tailor derivatives for control drug delivery and also cellular adhesions can be attached for soft 

tissue regeneration (Hutmacher, 2000). Different types of synthetic biomaterials have been 

used in biomedical sciences. These include hydrophilic polymers such as poly(acrylamide) 

(PAAm), PVA and poly(ethylene glycol) (PEG). Despite of their hydrophilic nature, they are 
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not degradable by hydrolysis therefore, only low molecular weight non-hydrolytically 

degradable polymers (< 30 KDa) are used for biomedical applications to allow renal 

clearance or certain hydrolytically cleavable or engineering of enzymatically degradable 

conjugates (Duncan, 2003; Seymour et al., 1987; Yamaoka et al., 1994). Hydrophobic but 

non-hydrolytically degradable polymers such as poly(n-butyl acrylate) have been also used 

along with amphiphilic polymers like poly(ethylene glycol)-b- poly(propylene oxide)-b-

poly(ethylene glycol) (PEG-b-PPO-b-PEG) and hydrophobic but hydrolytically cleavable 

polymers. Thermally sensitive biomaterials like poly(N-isopropylacrylamide) have also been 

used for drug delivery (Wei et al., 2009). 

1.2.4. Advantages of natural polysaccharides 

Polysaccharides are obtained from natural as well as synthetic sources. Natural 

polysaccharides have certain advantages over synthetic counter parts. The salient advantages 

of natural hydrogels are 

 Naturally occurring polysaccharides are nontoxic 

 They are available in abundance and are comparatively economical than that of synthetic 

counterparts (Reddy et al., 2011) 

 Natural polysaccharides are composed of monosaccharidal units which impart branching 

and linearity to polysaccharide (Zhang et al., 2013) 

 Natural polysaccharides offer multiple sites for structural modifications (Balakrishnan 

and Banerjee, 2011; Fiejdasz et al., 2013) 

 Natural polysaccharides are slowly biodegradable which enable them to release the drug 

slowly thus minimizing the risks of toxic effects due to over dose. 
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1.3. Hydrogels 

Hydrogels are three dimensional hydrophilic networks comprising an interconnected network 

of neutral, acidic and basic monomers that are able to wick and retain water in the interstitial 

spaces (Peppas, 1986). The presence of certain hydrophilic functional groups like (–COOH, –

OH, –CONH2, –SO3H), porosity and extent of cross linking determines the water holding 

capacity of hydrogel (Hoffman, 2002). Hydrogels may have 20% moisture contents and can 

absorb water up to 99% of their own weight (Park and Park, 1996; Kudela, 1987). Hydrogels 

that have the ability to absorb more than 95 % are termed as superabsorbent hydrogels. These 

hydrogels are more biocompatible due to their mechanical and compositional similarity with 

extracellular matrix (Hoare and Kohane, 2008). Hydrogels can be classified into different 

groups on the basis of different parameters  

 

 

Fig. 1.2. Schemetic illustration of different classes of hydrogels. 
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Along with biocompatible nature, certain hydrogels have ability to sense external stimuli. 

Such responsive hydrogels are called intelligent or smart hydrogels (Park and Park, 1999). 

The nature of stimuli may be physical or chemical. Physical stimuli include temperature, 

pressure, electrical field, sound and magnetic field whereas pH and electrolyte composition 

are chemical factors that affect hydrogel response (Hoffman, 1997).   

Due to biocompatibility and biodegradability, hydrogels have fascinated the researchers to 

use these valuable biomaterials of natural, semisynthetic and synthetic origin in developing 

advance drug delivery systems and  tissue engineering (Hoare and Kohane, 2008; Kabanov 

and Vinogradov, 2009). Different types of hydrogels have been developed to fabricate control 

drug delivery (Vervoort et al., 1997; Vervoort et al., 1998 a; Vervoort et al., 1998 b). The 

natural biomaterials include starch (Abbas et al., 2015), cellulose (Martin et al., 2011), 

arabinoxylan (Gohel et al., 2003), guar gum (Fujioka et al., 2009), linseed hydrogel (Haseeb 

et al., 2016) and alginates (Kumar et al., 2011) have been evaluated to modulate drug release. 

Among semisynthetic polysaccharides, different naturally occurring polysaccharides have 

been modified to impart desired characteristics. For example, inulin was cross linked with 

methacrylic anhydride and succinic anhydride. This cross linked hydrogel was used to deliver 

anti-inflammatory agent, diflunasil to colon. The hydrogel showed pH sensitive behavior, 

exhibiting reduced swelling in the acidic environment and increased swelling in alkaline 

media (Castelli et al., 2008). Inulin acetate and modified inulin acetate has been used as 

carrier for water soluble serine protease inhibitors (Poulain et al., 2003).  

Plantago ovata Forsskaol (Ispaghula husk) seeds have been used commercially for 

production of mucilage. The mucilage is obtained from seed coat of seeds. It is white fibrous 

material that is hydrophilic in nature and forms clear gel in water. It is arabinoxylan in 

composition (Kennedy et al., 1979). The potential of arabinoxylan and its derivatives in drug 

delivery has been well documented (Jamsheed et al., 2012; Mukesh et al., 2000). Singh et al., 
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2006 synthesized PAAm based hydrogel using N,N-methylene-bis-acrylamide as cross linker 

and synthesized hydrogel was characterized for its sensitivity towards temperature, pH and 

salt responsiveness confirming it as a potential hydrogel for control drug release. Psyllium-

PVA hydrogel was synthesized in the presence of N,N-methylene-bis-acrylamide. The 

hydrogel was characterized for haemocompatibility, swelling behavior, thermo-gravimetric 

analysis and drug release behavior by loading anti-ulcer drug rabeprazole (Singh et al., 2012). 

Xanthan and chitosan hydrogels were fabricated by ionic complexation between oppositely 

charged polysaccharides and characterized as control release drug carrier by loading 

theophylline as an active drug moiety (Dodi et al., 2011). 

Cellulose derivatives have also been used for developing targeted drug delivery systems. In 

this context, co-polymerization of acrylic acid and CMC was accomplished by γ-irradiation. 

The swelling behavior of hydrogel was characterized at different pH values and using 

different ratios of CMC and acrylic acid. In order to assess its colonal targeting ability, 

theophylline was loaded as a model drug (El-Hag Ali et al., 2008). Injectable formulations 

based on HPMC have been developed for the delivery of human estrogen cells (Trojani et al., 

2005). 

Synthetic hydrogels with pH and temperature responsive properties have been also fabricated 

for controlled drug delivery. The hydrogels sensitive to certain proteins or biomolecules have 

been also developed. These gels are called biosensors (Miyata et al., 1999). Electro sensitive 

hydrogels based on poly(2-acrylamido-2-methylpropane sulfonic acid co-n-

butylmethacrylate) were investigated for their ability to sense electric stimuli by loading 

hydrocortisone and edrophonium as a model drug (Kwon et al., 1991). Synthesis of pH 

sensitive hydrogels has been also fabricated. In this context, co-polymers of methyl 

methacrylate and N,N-dimethylaminoethylmethacrylate have been synthesized by loading 

caffine as a model drug (Siegel et al., 1988). Hydrogels based on PAAm and 
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poly(methacrylic acid) have been used to trigger drug release in the intestine (Brannon-

Peppas and Peppas, 1990; Khare and Peppas, 1993). 

1.4. Stimuli responsive behavior of hydrogel and equilibrium swelling  

Hydrogels have the ability to sense and respond to external stimuli and undergo either 

volume based transition or gel-sol transitions. These hydrogels are termed as “intelligent” or 

“smart” hydrogels (Park and Park, 1999). The stimuli may be physical or chemical. The 

physical stimuli include light (Juodkazis et al., 2000; Tatsuma et al., 2007), temperature 

(Yoshida et al., 1995; Ju et al., 2009), electric and magnetic fields (Kwon et al., 1991; 

Satarkar and Hilt, 2008; Wang et al., 2009). Chemical stimuli include ionic composition of 

immersion medium (Starodoubtsev et al., 1995), pH and specific molecular species 

(Firestone, 1991; Miyata et al., 1999). Such smart polymeric materials have been extensively 

used in tissue engineering, reconstructive surgery of artificial organs (Berger et al., 2004), 

immobilization of enzymes and cells (Jen et al., 1996), control drug delivery systems (Hoare 

and Kohane, 2008; Peppas et al., 2006), water waste treatment (Jeon et al., 2008) and 

agriculture products (Abd El-Rehim, 2006).  Different natural, semi synthetic and synthetic 

biomaterials have been evaluated for their ability to sense external stimuli. 

In one attempt, a thermosensitive hydrogel was fabricated by grafting monohydroxy 

polyethylene glycol to chitosan back bone using Schiff base and sodium cyanoborohydride. 

The hydrogel showed temperature sensitized sol-gel transition. At low temperature, the 

hydrogel exists in solution form which when injected to the body is converted to gel. This 

injectable thermosensitive hydrogel could be used for sustain release drug delivery and tissue 

engineering (Bhattarai et al., 2005).  

 Chitosan acrylamide grafted hydroxyethyl cellulose based semi interpenetrated microspheres 

were prepared by emulsion cross-linking technique, using glutaraldehyde as cross linking 

agent. DS was loaded as model drug and in vitro release studies were carried out at pH 1.2 
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and 7.4. It was observed that microspheres produced faster release at basic pH while slower 

drug release was noticed at acidic pH (Ahmed et al., 2009).  

Swelling kinetics, stimuli responsive swelling in water-ethanol, water-NaCl and pH 

responsive swelling (pH 8 & pH 1) of semi interpenetrated (semi-IPN) hydrogel of modified 

potato starch was carried out. It was deduced from the investigation that hydrogel showed 

superfast swelling in water and intestinal pH whereas, swelling shrinkage behavior was 

noticed in water–ethanol, water–NaCl and buffers of  pH 8–pH 1, respectively (Dragan and 

Apopei, 2013).  

Haseeb et al., 2016 characterized linseed hydrogel for its potential stimuli responsive nature 

and sustain release biomaterial. Swelling of hydrogel was carried out in water and at different 

physiological pH, i.e., 7.4, 6.8 and 1.2. Stimuli responsiveness was evaluated in water–

ethanol, water–normal saline and in buffers of pH 7.4–1.2. Equilibrium swelling in different 

salt solutions was also performed. The results deduced that hydrogel showed maximum 

swelling in water, followed by buffer of pH 7.4 while shrinkage was noticed in ethanol and at 

pH 1.2. The hydrogel also showed responsive swelling behavior in salt solutions of different 

concentrations of NaCl and KCl. Drug release from hydrogel was also observed to be pH 

responsive, triggering drug release in the intestine.  

Muhammad et al., 2016 characterized hydrogel extruded from seeds of Mimosa pudica as 

potential stimuli responsive bio material for control delivery of DS as model drug. 

Hydrogels based on PAAm and poly(methacrylic acid) cross linked with azoaromatic cross 

linkers have been used to trigger drug release in the intestine (Brannon-Peppas and Peppas, 

1990; Khare and Peppas, 1994). Co-polymers of methyl methacrylate and N,N-

dimethylaminoethylmethacrylate have been synthesized to minimize drug release in the 

neutral environment of intestine and mouth. Such hydrogels are useful to mask the taste of 
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unpleasant drugs. The drug release was evaluated from hydrogel by loading caffeine as a 

model drug (Siegel et al., 1988). 

Starch based superabsorbent hydrogel was developed by alkaline hydrolysis of the mixture of 

aqueous solution of starch and polyacrylonitrile under mild heating. Swelling behavior of 

hydrogel was evaluated at different pH values, i.e., pH (8.0 and 2.0) and salt responsive 

swelling was also carried out in different salt solutions. The hydrogel showed maximum 

swelling in alkaline media while shrinkage was noticed in acidic medium. The hydrogel 

swelling was also decreased as the concentration of electrolytes was increased thus proving it 

as stimuli responsive hydrogel suitable for control drug delivery (Sadeghi and Hosseinzadeh, 

2008). 

1.5. Cydonia oblonga  

Cydonia oblonga M. (Quince) is a small plant or shrub that belongs to family: Rosaceae, 

genus Cydonia and specie oblonga. In English, its common name is Quince, in Urdu it is 

renowned as “Bahee dana” in Persian it is pronounced as “Beh” whereas in Arabic it is 

known as “Safarjal” (Khoubnasabjafari and Jouyban, 2011; Torkelson, 1995; Marwat et al., 

2009). It is native of Iran and Turkey but also found in Europe, Middle East and India 

(Yildirim et al., 2001; Evans et al., 2002). The plant attains a height of 4-5 meters. It flowers 

in spring and flowers are light pink in color with 5 cm diameter (Gholgholab, 1961). Its 

leaves are elliptical in shape with white hairs on the surface. Its fruit is bright yellow in color 

with characteristic aroma and astringent in taste. Fruit acquires length of 7-12 cm and 6-9 cm 

width. Fruit contains a large numbers of plano-convex seeds that are arranged in vertical row. 

Two varieties of Quince are reported on the basis of fruit shape, one is Maliformis while the 

second one is Polyformis. Fruits of first one are apple shaped, have harder flesh and are more 

astringent in taste while the fruit of second one is pear shaped (Rop et al., 2011). Its fruit is 
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considered as a source of phenolics with potential anti-bacterial, anti-ulcer and anti-oxidant 

activities (Hamauzu et al., 2005; Fattouch et al., 2007; Wang et al., 2006). 

The plant has been recognized for its nutritional, medicinal and ornamental values. Its fruit is 

used for making jams and jellies (Usmanghani et al., 1997). Quince fruit juice has been found 

useful in urinary disorders, respiratory complications and is also effective against diabetes 

(Velickovic et al., 2001), Quince fruits usefulness against irritable bowel syndrome (IBD) has 

been documented (Minaiyan et al., 2012). Quince fruit has been extensively explored for its 

nutritional composition (Sharma et al., 2011; Rop et al., 2011). The presence of different 

phenolics, organic acid composition such as citic acid, malic acid, shikimic acid and 

flavonoids such as kaempferol 3-glucoside, quercetin 3-galactoside and kaempferol 3-

rutinoside has been reported in Quince fruit  (Silva et al., 2002; Silva et al., 2004; Fattouch et 

al., 2007). Composition of monosaccharides in Quince fruit has been explored (Hopur et al., 

2011). Tateo and Bononi, 2010, identified about 40 different volatile components including 

esters, acetates and sesquiterpenes using gas chromatography-mass spectroscopy (GC/MS) 

analysis. Similar findings were reported earlier by various researchers (Tsuneya et al., 1983; 

Umano et al., 1986). The presence of carotenoids and bicyclic nonanes as components of 

Quince fruit were also reported (Winterhalter and Schreier, 1988; Ishihara et al., 1986).  

Beside medicinal applications of Quince fruit, its leaves also possess medicinal applications. 

Ashrafi et al., 2013 has reported protective effect of Quince leaves on spermatogenesis in 

hypercholesterimia. Hepatoprotective, anti-atherosclerosis, renoprotective and anti-fungal 

effects of leaves have also been documented (Khademi et al., 2013; Jouyban et al., 2011 and 

Hamid et al., 2013).  Anti-proliferative potential of Quince leaves against colon cancer cells 

and anti-oxidant effect has been reported (Carvalho et al., 2010; Costa et al., 2009).  Phenolic 

profile of Quince leaves has been explored (Oliveira et al., 2007; Benzarti et al., 2015). 

Organic acid analysis of Quince leaves was carried out using high performance liquid 
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chromatography coupled with ultra violet detectors analysis (HPLC/UV) (Oliveira et al., 

2008). Essential oils present in Quince leaves were identified using GC/MS analysis, 

revealing the presence of 40 different essential oils in Quince leaves (Erdogan et al., 2012). 

Like Quince fruit and leaves, its seeds are traditionally used for treating diarrhea, dysentery, 

cough, asthma, bronchitis and intestinal colic (Nadkarni, 1976; Duke et al., 2002). Janbaz et 

al., 2013 evaluated Quince seeds for its spasmodic, spasmolytic and anti-asthmatic effects. 

Anti-microbial potential of ethanolic and acetonic extracts of Quince seeds has been reported 

(Alizadeh et al., 2013). The effect of ethanolic extract of Quince seeds on healing second 

degree burn wounds was evaluated by Tajoddini et al., 2013, proving it to be useful in wound 

healing. Eying wide spread folk medicinal uses; researchers have explored phytochemical 

makeup of Quince seeds also. In this context, Silva et al., 2005 explored phenolics, organic 

acids and free amino acids present in Quince seeds using high performance liquid 

chromatography coupled with diode array detector (HPLC/DAD), gas chromatography 

coupled with flame ionization detection (GC/FID) and HPLC/UV analytical techniques, 

respectively. Phytochemical analysis of ethanolic extract of Quince seeds reported by Al-

Khazraji, 2013, indicated the presence of tannins, glycosides and phenolic constituents which 

render anti-bacterial potential to ethanolic extract. Daneshvand et al., 2012 carried out 

extraction of fatty acids from Quince seeds reported stearic, oliec, palmitic acid, linoleic and 

eicosanoic acid as major fatty acids.   

Mucilage extruded from seeds of Quince has been used traditionally for wound healing 

(Adderson et al., 1961). In order to explore mechanism of wound healing by Quince gel, 

Ghafourian et al., 2015 studied effect of gel on proliferation of human skin cell fibroblast by 

applying solution of different concentration of gel (50, 100, 200, 400 µg/mL) on human skin 

line culture using by microculture tetrazolium assay (MTT).  The results depicted that gel 

accelerated proliferation of human skin cell fibroblasts that promote wound repair. 
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Effectiveness of Quince gel on wound healing has been reported by Tamri et al., 2014. 

Phytochemical make up of Quince seeds gel has been also been elucidated by different 

researchers. In this regard, Fekri et al., 2008 analyzed %age yield, moisture and ash contents, 

and proteins of Quince mucilage extracted by soaking seeds in water under mild heating (70 

°C). The % age yield, moisture and ash contents, and proteins were found to be 10.97, 4.38, 

8.29 and 20.9%, respectively. Acidic hydrolysis of Quince mucilage unfolded the presence of 

D-Xylose, L-arabinose and aldobiouronic acids (Smith and Montgomery, 1959). Structural 

elucidation of mucilage using 
1
H NMR and 

13
C NMR revealed that mucilage is partially 

composed of O-acetylated(4-O-methyl-D-glucurono)-D-xylan with high proportion of 

glucuronic acid. Sugar analysis showed the presence of D-glucose, D-xylose and 4-O-methyl 

glucose in different proportions. Hydrolysis of mucilage uncovered the presence of D-

glucose, D-xylose and 4-O-methyl glucose in different proportions. Methylation analysis 

unfolded presence of 2,3,4-tri-O-methyl-D-xylose, 2,3-di-O-methyl-D-xylose, 3-O-methyl-D-

xylose and 2,3,4-tri-O-methyl-D-xylose in 1:3:3.3:3.6, respectively whereas branching in 

(1→4)-β-D-xylan backbone at 2-position was observed with 4-O-methyl-α-D-

glucopyranosyluronic acid and α-D-glucopyranosyluronic acid (Lindberg et al., 1988). 

Structural elucidation of Quince mucilage was also carried out by Vignon and Gey, 1998 

using 
1
H NMR and 

13
C NMR depicting cellulose microfibrils associated with 

glucuronoxylans. They reported the presence of α-D-glucopyranosyluronic and 4-O-methyl-

α-D-glucopyrano-syluronic residues in mucilage in relative ratio (1:9). This finding of 

Vignon and Gey is in agreement with the findings earlier made by Lindberg et al., 1988. 

1.6. Drugs  

1.6.1. Diclofenac sodium 

Diclofenac sodium (DS), a phenylacetic acid derivative and its chemical name is 2-(2,6-

dichloranillino). It is classified as non-steroidal anti-inflammatory drug (NSAID) that is 
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prescribed for its analgesic and anti-inflammatory properties (Todd and Sorkin, 1988). They 

mediate their action by inhibition of cyclooxygenase enzymes (COX-I and COX-II) that trigs 

the synthesis of prostaglandins which are involved in inflammation. On the basis of inhibitory 

effect on COX enzymes, NSAIDs are classified as: non selective COX inhibitors and 

selective COX-II inhibitors (Reynolds, 1993). 

 

 

Fig.1.3. Schematic illustration of mechanism of action of NSAIDs. 

 

DS is classified as non-selective COX inhibitor that inhibits both COX-I and COX-II 

isozymes in the central nervous system and injured tissues (Warner et al., 1999). However, 

anti-nociceptive action of DS is believed to involve opening of potassium ion channels in the 

primary nociceptive neurons through activation of nitric oxide and cyclic guanosine 
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monophosphate (cGMP) pathway. As a result potassium ions leak out of the cell, producing 

hyperpolarization of neurons and decreased excitibility (Hernández et al., 2002; Ortiz et al., 

2003; Alves et al., 2004). DS is readily absorbed after oral administration. Its bioavailability 

is 54–90% and has high protein binding (Davies and Anderson, 1997). It has a shorter half-

life of 1–3 h (Reynolds, 1993) due to which multiple dosing is required for the relief of pain 

or nociception (Davies and Anderson, 1997). In market, enteric coated and sustain release 

formulations of DS are available. 

DS has remained the focus of researchers and different investigations have been carried out to 

modify drug release and reduce its dosage frequency. In this context, Yeole et al., 2006 

formulated matrix tablets of DS using xanthan gum as sustain release polymer to reduce 

dosage frequency of DS. 

Bravo et al., 2004 developed swellable matrix tablets of DS using different concentrations of 

HPMC and carboxy polymer (Carbopol®934). It was found that drug release from matrix 

tablets was pH dependent that is markedly reduced at acidic pH that could be attributed to 

both low solubility of DS at low pH and low swellability of HPMC. 

Enteric coated microspheres of DS were developed to ensure its release at intestinal pH using 

CAP and EC in different ratios (Biju et al., 2004). Controlled release microbeads of DS were 

fabricated using sodium alginate as polymeric material and calcium chloride was used as 

gelling and cross linking agent (Gohel and Amin, 1998).  
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                                    Fig. 1.4. Chemical structure of diclofenac sodium. 
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1.6.2. Theophylline 

Theophylline (THF), caffeine and theobromine are naturally occurring methyl xanthines that 

are related in their chemical structure and pharmacological action (Goodman and Gilman, 

1941). In 1859, Henry Hyde Salter, an asthmatic patient made observation that two third of 

the asthmatic patients relieved of asthmatic symptoms with regular intake of coffee (Persson, 

1985). 

The exact mechanism of action of xanthine drugs in asthma is still not clearly understood. 

However, it is strongly believed that THF produces its bronchodilator effect by inhibition of 

phosphodiesterase (PDE) isoenzymes that are responsible for breakdown of cyclic adenosine 

monophosphate (cAMP) and cGMP. The inhibition of PDEs in bronchial smooth muscles 

results in accumulation of cAMP and cGMP which produce bronchodialtion (Barnes and 

Pauwels, 1993; Torphy and Undem, 1991).   

Another mechanism that is proposed to be responsible for bronchodilator action of 

theophylline is its antagonistic action at adenosine receptors present in the bronchial air way 

(Rail, 1990; Satchell and Smith, 1984). 

THF may also contribute its bronchodilation by releasing catecholamines particularly 

epinephrine from adrenal medulla (Higbee et al., 1982). The increase in epinephrine level in 

turn increases cAMP level by inhibition of PDEs (Nielson et al., 1986).  

THF after oral administration undergoes metabolism in liver. Its half-life is about 8 h but 

varies widely in different individuals. Its half-life is increased in liver disease, cardiac failure 

and viral infections but decreases in alcohol consumption and smoking (Rang et al., 2003). 
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Fig. 1.5. Chemical structure of theophylline. 

 

Different researchers have developed sustained and controlled release formulations of THF. 

Bayraktar et al., 2005 formulated control release tablets of THF using skin fibroin as an 

aqueous coating material. Skin fibroin possess poor film forming properties therefore, cross 

linked skin fibroin with 1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide (EDC) was used as 

film former along with polyethylene glycol. 

Diluccio et al., 1994, developed sustained release matrix tablets of THF using PVA and 

poly(vinyl alcohol)-methyl acrylate (PVA-MA) as sustained release biomaterial. 

Formulations containing PVA-MA: PVA: THF 1: 9: 10 produced optimum results both in 

vitro and in vivo in dogs and maintained peak plasma concentration over 16 h. Obeidat and 

Price, 2006 developed microspheres of Eudragit S100 as pH sensitive polymer using solvent 

emulsion evaporation method. They used indomethacin and THF as model drugs. 

Microspheres were analyzed for their size, shape and surface morphology using optical light 

microscopy. Dissolution studies were carried out at pH 1.2 and 6.5. Both formulations 

released drug rapidly at acidic pH but release was sustained in basic environment. 

1.6.3. Levosulpiride 

Regulation of behavior and mood is carried out by dopamine, a neurotransmitter in the brain. 

Psychotic illness like schizophrenia is thought to be due to over activity in the brain. The 

treatment strategies involve the use of anti-dopaminergic drugs to manage this disease 

(Reynolds, 1993). 
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Levosulpiride (LSP), a levo enantiomer of sulpiride, is a dopaminergic receptor blocker that 

blocks presynaptic D2 receptors (Rossi and Forgione, 1995). It also exerts antagonistic effect 

on D2 and D3 receptors postsynaptically (Schoemaker et al., 1997). Binding of LSP at pre-

synaptic receptors decreases both synthesis and release of dopamine whereas blockage at 

postsynaptic is induced only at higher doses. This phenomenon explains its usefulness in 

management of both positive and negative symptoms of schizophrenia (Danien et al., 1999). 

Other indications for the use of LSP include burning mouth syndrome (Zanetti et al., 2004). 

For management of acute labyrinthine dysfunction (Demarosi et al., 2007), gastroparesis and 

control of diabetes in patients with insulin dependent diabetic mellitus (Melga et al., 1997). It 

is also used to control premature ejaculation (Grecco et al., 2002).      

After oral administration, 30% of the LSP is absorbed (Bressolle et al., 1992). It undergoes 

metabolism in the liver however, metabolites found in cats and dogs were absent in urine 

samples of humans, which indicates that parent compound plays key role in drug disposition 

(Sugnaux and Benakis, 1978). Its elimination half-life is 7 h in human (Bressolle et al., 1992). 

 

 

 

 

Fig. 1.6. Chemical structure of levosulpiride. 

 

 

In order to increase patient compliance and efficacy of treatment, researchers have attempted 

to develop sustain release formulations of LSP. Han et al., 2011 formulated gastro retentive 

bilayer tablets of LSP that provided both immediate and extended release of LSP. Immediate 
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release layer (IR) surrounded the extended release layer (ER) that comprised of hydrophilic 

polymeric matrix ethylene oxide while IR layer was composed of drug binder and 

antioxidant. The purpose of this formulation was to enhance bioavailability of LSP in GIT.  

Pegylated nanoparticles loaded with LSP were prepared by emulsion solvent evaporation 

technique to deliver drug near target site so that dose of drug can be decreased. Methoxy 

PEG-PLA and maleimide PEG-PLA polymeric material was used for fabrication of 

nanoparticles. Thiolate cationized bovine serum albumin was conjugated to nanoparticles 

through maleimide to enhance their biocompatibility (Parikh et al., 2010).  

1.7. Synthesis of sliver nano particles  

Nanoparticle (NPs) ranging in size from 1-100 nm has fascinated the researcher‟s attention in 

the last two decades. NPs have wide range of applications in optics, chemical industry, 

catalysis, genetic engineering, drug delivery and solar energy conservation (Colvin et al., 

1994; Wang and Herron, 1991; Schmid, 1992; Hoffman et al., 1992; Hamilton and Baetzold, 

1979; Brigger et al., 2004, Alivisatos, 2004; Sengupta et al., 2005; Mansur et al., 1995). 

Synthesis of gold, silver and copper nanoparticles has remained the point of interest of many 

researchers working in the fields of electronics, optics, biological labeling and catalysis 

(Smith et al., 2006; Kearns et al., 2006). NPs have potential applications in cancer diagnosis 

and therapy (Sengupta et al., 2005; Brigger et al., 2004; Alivisatos, 2004). NPs have been 

synthesized using different physical and chemical methods. The chemical methods may be 

photochemical and electrochemical reduction and physical methods such as laser ablation 

(Frattini et al., 2005; Mafune et al., 2000). However, issues of stability, aggregation of 

nanoparticles, control of crystal growth, size and size distribution, purification and filtration 

of the synthesized nanoparticles still need to be addressed (Sastry et al., 2003; Iravani, 2011).   

In order to avoid the hazards of environmental pollution associated with chemical methods 

for the synthesis of AgNPs, green synthesis has fascinated the researcher‟s attention. It 
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involves the selection of solvent, reducing agent and stabilizer that should be non-toxic 

(Raveendran et al., 2003).  

1.7.1. Green synthesis of AgNPs 

Green synthesis of AgNPs could be accomplished by one of the following methods 

1.7.1.1. Polysaccharide method 

In this method, water is employed as a solvent while polysaccharide is used as capping and 

reducing agent. Synthesis of starch AgNPs was accomplished using starch as capping agent. 

The mixture was gently heated to begin the formation of AgNPs (Raveendran et al., 2006). 

The extensive hydrogen bonding in the starch prevents aggregation of nano particles 

(Raveendran et al., 2006). 

In another study, synthesis of AgNPs was carried out using negatively charged heparin as 

reducing and stabilizing agent. The reaction mixture was heated to 70 °C for 8 h. 

Characterization of AgNPs was carried out by transmittance electron microscopy (TEM) 

revealing that size of NPs increased as the concentration of silver nitrate and heparin was 

increased (Huang and Yang, 2004). 

 AgNPs were synthesized by autoclaving solution of starch and silver nitrate at 121 °C at (15 

psi) for 5 min. Size of nanoparticles was found to be in range of 10–34 nm. Further reduction 

in particle size (< 10 nm) was obtained by mixing solution of AgNO3 with starch, using 

starch as capping material and solution of NaOH containing glucose as reducing agent (Tai et 

al., 2008).   

PEG has been also used as capping and reducing agent to prepare silver aggregates of 

colloidal dimensions (Bo et al., 2009). The mixture of PEG and silver nitrate was heated to 

80 °C to prepare colloidal aggregates. Characterization of these aggregates was carried out 

using UV-Vis spectrophotometer, TEM and atomic force microscopy (AFM). Particle size of 
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AgNPs was found to be less than 10 nm. Anti-microbial assay of AgNPs showed their 

activity against both gram positive and gram negative bacterial and fungal strains. 

Synthesis of AgNPs has been fabricated using sulfated polysaccharide obtained from marine 

red algea, Porphyra vietnamensis. Reduction of silver nitrate was accomplished by sulfate 

moiety of the polysaccharide. From zeta potential (−35.05 mV) of nanoparticles, it was 

concluded that capping of nanoparticles was accomplished by sulfated polysaccharide which 

also act as reducing agent (Venkatpurwar and Pokharkar, 2011). 

Co-polymers of cyclodextrins grafted with PAA were used for the synthesis of AgNPs using 

potassium per sulfate as initiator. The size of AgNPs was affected by the concentration of co-

polymer, alkali, silver nitrate and heat (Hebeish et al., 2011). 

Microwave assisted synthesis of AgNPs using CMC as polysaccharide was accomplished by 

Chen et al., 2008. In another investigation, AgNPs were synthesized with the aid of 

microwave radiations using amino acids as reducing agents and starch as capping 

polysaccharide (Hu et al., 2008).   

1.7.1.2.  Tollen’s method 

Tollen‟s reaction basically involves reduction of Tollen‟s reagent [Ag(NH3)2]
+
 by reaction 

with an aldehyde, Eq. 1.  

 

 

 

Particle size of the AgNPs produced by this method is uniform and just one step is involved 

in their synthesis (Yin et al., 2002; Saito et al., 2003; Kvitek et al., 2005). In modified 

Tollen‟s method, reduction of Ag
+
 is carried out by polysaccharides in the presence of 

ammonia resulting in the formation of nanoparticles films ranging in size from 50–200 nm 

(Saito et al., 2003; Kvitek et al., 2005). 

Ag(NH3)2 + RCHO (aq)                         Ag(s) + RCOOH (aq)    Eq. 1
+
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An investigation carried out to produce AgNPs using modified Tollen‟s method revealed that 

the concentration of polysaccharide and ammonia greatly affected particle size of AgNPs. It 

was observed that nanoparticles of size range of 57 nm were produced at 0.005 M 

concentrations of both ammonia and glucose while increase in size of AgNPs and increased 

polydispersity was noticed as concentration of ammonia and glucose was increased from 

0.005–0.2M (Kvitek et al., 2005). Similarly, AgNPs of particle size 25–450 nm were 

produced by reduction of [Ag (NH3)2]
+
 with disaccharides and monosaacharides, i.e., 

maltose, lactose, glucose and galactose at different pH and concentrations of ammonia 

(Panacek et al., 2006). 

1.7.1.3. Irradiation method 

Synthesis of AgNPs has been successfully carried out using radiations. Laser radiations have 

been used to accomplish synthesis of AgNPs. Abid et al., 2002, synthesized AgNPs by 

passing laser radiations through aqueous solution of silver salt in the presence of surfactant. 

Microwave assisted irradiation of solution of silver nitrate and CMC sodium has been carried 

out to fabricate AgNPs of uniform size distribution (Chen et al., 2008). In another study, 

gamma rays have been used to prepare AgNPs of uniform size distribution (5–15 nm) in the 

presence of oligochitosan as stabilizer (Long et al., 2007). UV light irradiation has been also 

used to synthesize AgNPs using thiophene as sensitizing agent (Sudeep and Kamat, 2005). 

1.7.1.4. Biological method 

Extracts derived from certain microorganism, i.e., bacteria, algae, plants and animals  has 

reducing and capping capabilities due to which they are being used for green synthesis of 

AgNPs (Xie et al., 2007; Gardea-Torresdey et al., 2003; Shankar et al., 2003; Shankar et al., 

2005). In this context, synthesis of AgNPs was accomplished using extract of unicellular 

green algae, Chlorella vulgaris at room temperature concluding that proteins present in the 

extract carried out reduction of silver and also controlled the particle size of AgNPs formed 
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(Xie et al., 2007). Plant extracts from alfalfa, lemon grass broth and geranium leaves were 

also used for synthesis of AgNPs (Gardea-Torresdey et al., 2003; Shankar et al., 2003; 

Shankar et al., 2005).  

1.8. Wound healing dressing 

Wound healing is complex process which has four distinct stages. These stages of wound 

repair are inflammation, haemostasis, proliferation and tissue repair (Clark, 1996). In the 

process of tissue repair, fibroblasts play distinct role in clot breakage, formation of collagen 

and extra cellular matrix along with wound contraction (Stortelers et al., 2008). 

Nature has bestowed immense healing power to plants. In this context, different plants have 

been extensively evaluated for wound healing potential. Gel extruded from Aloe vera leaves 

has wound healing potential when applied topically on wound or administered systemically. 

Different mechanisms have been suggested to explain wound healing effect of Aloe vera 

including maturation of collagen, reduction in inflammation, migration of epithelial cells to 

injured tissues and wound moistening (Reynolds and Dweck, 1999). Phytochemical analysis 

revealed the presence of glycoprotein of molecular weight 5.5 KDa that promote wound 

healing in the mice (Choi et al., 2001).  Similarly, extract of plant, Opuntia ficus-indica 

cladode has been traditionally used for anti-ulcer and wound healing effects. Trombetta et al., 

2006 investigated the cladode extract of Opunita ficus-indica for its wound healing potential 

by dividing the lyophilized extract in two fractions on the basis of their molecular weight. It 

was noticed that wound healing effect of the fraction ranging in 10
4
–10

6
 Da produced better 

wound healing than fraction with molecular weight greater than 10
6
 Da.     

Polysaccharide extracted from Bletilla striata (BS) was cross linked and evaluated for its 

wound healing potential in mouse model. This was accomplished by applying hydrogel on 

incision made on mouse skin and wound healing was compared with vaseline. At the 11
th

 day 



43 
 

of experiment, wound area was found to be less in wound covered with hydrogel as compared 

to control (Luo et al., 2010). 

Wound healing dressings of alginic acid possess fascinating features. It has hydrophilic, super 

absorbent nature with the ability to form swellable film on contact with the exudate of wound 

due to ionic interaction between calcium ions of alginate and sodium ions in exudate 

(Thomas, 2000).Wound healing dressings of alginate fibers modified with hydrolyzed and 

un-hydrolyzed chitosan fibers were evaluated for tensile strength on inclusion of chitosan, 

inferring that no increase in fiber strength was observed on inclusion of chitosan which 

reflects that chitosan is just a coating over alginate fibers. However, reduction in molecular 

weight of chitosan increased the tensile strength of alginate fibers. The inclusion of 

hydrolyzed chitosan provided anti-microbial properties to the dressing with the ability to 

sustain the release of anti-microbial agent, i.e., hydrolyzed chitosan (Knill et al., 2004). 

Dressings of cross linked glycosaminoglycan were developed and evaluated for wound 

healing potential. This was accomplished by synthesizing adipic dihydrazide derivatives of 

chondroitin sulfate and HA which were then cross linked with poly(ethylene 

glycol)propiondialdehyde  to produce hydrogelable material. Wound healing potential of 

hydrogel was successfully evaluated in mouse models (Kirker et al., 2002).    

Wound healing potential of cellulose produced by Acetobacter xylinum has been documented. 

It possesses excellent mechanical strength that enables it to be used as surgical dressings as 

well as skin substitute (Czaja et al., 2006). 

Hydrogel obtained by cross linking of photo cross-linkable chitosan with UV irradiation has 

been investigated for its potential in wound healing dressing. This was accomplished by 

exposing chitosan solution to UV light for 60 s which acquired consistency of an insoluble 

and flexible rubber after irradiation. This hydrogel has the ability to stop bleeding from cut 

tail of mouse and also join two sliced patches of skin within 30 s of application to the affected 
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site. In order to check its wound healing potential, full thickness incisions were developed on 

the back of mouse and solution of chitosan was applied over the affected area and irradiated 

with UV light for 90 s. It was observed that the gel induced wound contraction and promoted 

tissue repair. Histological examination unfolded the formation of epithelial tissues in the 

wound covered with hydrogel (Ishihara et al., 2002). 

Gentamycin loaded hydrogel was fabricated by cross linking dextran with PVA using freez 

thawing. This hydrogel was applied on the wound that proved to be an excellent wound 

healing dressing and offered patient compliance (Hwang et al., 2010). 

El- Salmavi, 2007 used gamma irradiation to produce cross linked hydrogel of chitosan with 

poly(vinyl alcohol) and carried out its evaluation as wound healing dressing along with 

certain physical parameters inferring hydrogel as a useful protective dressing that enhances 

wound healing . 

1.9. Toxicology studies 

Oral route is the most widely accepted route for drug delivery because of patient compliance 

offered by this route however, one of the major challenges is to improve oral drug 

bioavailability (Gupta et al., 2009; Zhang et al, 2010). In order to improve drug availability, 

gastro-retentive drug delivery systems have been fabricated by adopting different techniques 

including mucoadhesive drug delivery system (Ponchel and Irache, 1998), floating ion 

exchange resins (Chen et al., 2000) using different hydrogels of natural, semisynthetic and 

synthetic origin (Haseeb et al., 2016; Bravo, et al., 2004; Malson et al., 1987). However, 

before incorporation of excipient in dosage form its biocompatibility and toxicological 

evaluation is mandatory. 

In this context, acute oral toxicity of arabinoxylan isolated from seeds of psyllium husk was 

evaluated in mice and rabbits by administration of (1, 5 and 10 g/kg body weight) and 

animals were monitored for their food and water intake, body weight and general health like 
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salivation, diarrhea, tremors, allergic symptoms, eyes and skin irritation. Histopathology 

studies of vital organs and biochemical analysis of blood sample was also carried out. The 

results demonstrated that polysaccharide did not produce any toxicity in test animals. Safety 

pharmacology of hydrogel was also studied on frog heart showing no effect of gel on cardiac 

contraction (Erum et al., 2015). 

Oral safety of guar gum (K-13) was established by conducting acute and sub-chronic 

toxicology. For acute toxicology, a dose of 6 g/kg and for sub-chronic toxicological 

evaluation, different concentrations, i.e., 0.2, 1 and 5% were orally administered to mice. In 

these studies, no signs of acute or sub-chronic toxicity were evaluated in mice. Lethal dose 

(LD50) was more than 6 g/kg. During this study, no mortality was noticed in animals that 

were fed with guar gum. Mutagenic potential of guar gum was also evaluated producing no 

mutation in genetic makeup of tested bacteria (Koujitani, et al., 1997).    

Chen et al., 2008 synthesized hydrogel based on PEG, polycaprolactone and methyl acrylic 

acid by UV irradiation and carried out its acute toxicology studies in mice. A dose of 15 g/kg 

body weight was administered orally to test animals and observed for toxic symptoms. 

Histopathology of all vital organs was carried out showing no microscopic lesions in the vital 

organs that proves oral safety of hydrogel. 

Gong et al., 2009 carried out synthesis of biodegradable hydrogel forming controlled drug 

delivery system based on poly(ethylene glycol)-poly(epsilon-caprolactone)-poly(ethylene 

glycol) tri-block with thermosensitive properties. They evaluated acute toxicity of hydrogel 

by administering hydrogel via intra-pleural, intra-peritoneal and subcutaneous route at dose 

of 10, 25 and 25 g/kg body weight, respectively. Animals were kept under observation for 14 

days. Histopathology of all vital organs, i.e., heart, liver, kidney, lungs, spleen, stomach and 

intestine was carried out, showing no microscopic lesion in vital organs that proves its safety 

for use as an excipient. 
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Oral safety of dietary fiber α-cyclodextrin was also evaluated by administering it to test 

animals in different concentrations. The study duration was 13 weeks during which test 

animals were monitored for their general health, food, water intake, body weight, skin and 

eye irritation. The feces and urine were also observed. At the end of study, blood samples 

were drawn to study different hematological and biochemical parameters. Histopathology of 

vital organs was also carried out, concluding that no significant change in hematological, 

biochemical and histopathology of vital organs took place. Furthermore, no apparent sign of 

toxicity was observed in test animals however a slight increase in body weight, food and 

water consumption was noticed. No mortality occurred during this study suggesting α-

cyclodextrin safe for use (Lina and Bar, 2004). 

1.10. Acetylation of polysaccharides 

Natural polysaccharides, especially hydrophilic polysaccharides are biocompatible materials 

with the ability to absorb and retin water. Such naturally occurring hydrogels have been 

extensively used in the development of sustain release formulations, suspensions and in the 

formulation of gels (Pawar and Varkhade, 2014; Svirskis et al., 2014). Modifications in the 

the architecture of hydrogels are carriedout to modify their swelling and gelling capacities to 

make them able to design different formulations. In a study arabinoxylan (AX) was modified 

with xylanase and its swelling capacity, water soluble and insoluble contents and gelling 

potential were assessed (Yu and Perret, 2003). Liu et al., 2010 caaried out sulphonation of 

AX using with sulfur trioxide-pyridine in dimethyl formamide. The sulphated AX showed 

lower swelling and gelling capacity than AX but its binding ability with bile acid was 

increased therefore, modification of polysaccharides could be used to impart desired 

properties to polysaccharides (Liu et al., 2010)   

 In this context esterification of polysaccharides has been carried out using different methods 

such as acetylation of pullulan was accomplished using acetyl chloride in the presence of 
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pyridine (Teramoto and Shibata, 2006). Acetylation of pullulan was carried out using acetic 

anhydride, pyridine and 4-(dimethylamino)pyridine (Tezuka, 1998). Synthesis of novel α-

lipoic acid esters of cellulose was fabricated by addition of toluene sulphonyl chloride (Tos-

cl) and α-lipoic acid to the solution of cellulose (1.0 g) in N,N-dimethylacetamide (DMAC). 

The mixture was stirred and heated at 60 °C for 16 h after which precipitation of reaction 

mixture was carried out in ethanol (Liebert et al., 2007). They also synthesized imidazolide of 

α-lipoic acid by dissolving carbonyldiimidazole (CDI) in DMAC, followed by addition of α- 

lipoic acid. The mixture was stirred overnight and then added to solution of cellulose in 

DMAC, heated at 60 °C for 16 h with continuous stirring. The product was precipitated with 

acetone. These cellulose α-lipoates produced thin self-assembled layers of thickness 2.9–4.9 

nm on gold surface (Liebert et al., 2007). The materials with the ability to form thin films 

could be used for enzyme immobilization (Guiomar et al., 1997). Potential of thin films (5–

10 nm) of regenerated cellulose for deposition of cell membrane has also been reported 

(Rehfeldt and Tanaka, 2003). Fabrication of self-assembled spherical nanoparticles ranging in 

size (50–130 nm) for carrying intratumoral radio isotopes was accomplished using pullulan 

acetate as polysaccharide material (Park et al., 2007).     

 Acetylation of dextran was carried out by a solvent free and cost effective method. This was 

accomplished by adding iodine (0.5 g) and acetic anhydride (4 mL) in a round bottom flask 

and stirring mixture for 15 min. Dextran (1.0 g) was added to the mixture and refluxed for 4 

h. The excess of iodine was removed by addition of saturated aqueous solution of sodium 

thiosulfate to the reaction mixture. The precipitates of dextran acetate were filtered and 

washed with water (Hussain, et al., 2009).  Acetylation of konjac glucomannan was carried 

out using acetic anhydride in different ratios in order to reduce water absorbency of konjac 

(Koroskenyi, 2001). Muhammad et al., 2016 carried out acetylation of Mimosa pudica 

hydrogel with acetic anhydride using dimethyl sufoxide (DMSO) as solvent system and 
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DMAP as catalyst. Thermal behavior of acetylated product of Mimosa pudica was compared 

with Mimosa pudica hydrogel (MPH) using thermogravimetric analysis. The study concluded 

that acetylated product was thermally more stable than that of MPH.            

1.11. Characterization techniques 

Characterization of QH polysaccharide was carried out using different spectroscopic and 

microscopic techniques which are discussed briefly as under 

1.11.1. Fourier transform infrared spectroscopy 

 In order to detect the presence of functional groups in polysaccharides, FTIR analysis was 

carried out. For analyzing solid samples, KBr pellet method is the most frequently adapted. 

Scanning of dried pellet is carried out from 4000–400 cm
-1

 and transmittance of sample is 

recorded. Each functional group has specific vibrational movement due to which each 

functional group shows specific transmittance that is depicted as peak of specific functional 

group. FTIR analysis is used now for both quantitative and qualitative analysis (Griffiths and 

de Haseth, 2007).   

1.11.2. Scanning electron microscopy analysis 

In order to understand porous nature of the dried Quince hydrogel, scanning electron 

microscopy (SEM) of dried Quince powder and cross section of swollen and then freeze dried 

Quince hydrogel was carried out. For imaging, sample was placed on a stub where images 

were obtained with incidence of high intensity beam of electron on the surface of sample 

resulting in interaction of incidence electrons with the electrons of the sample surface (Clarke 

and Eberhardt, 2002).   

1.11.3. Thermal analysis 

In order to assess the thermal stability, thermal degradation pattern, glass transition 

temperature (Tg) and energy of activation (Ea) of polymer, thermal analysis has been used. 

Thermal analysis is useful for determination of stability, prediction of shelf life and optimal 
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storage temperature that is extremely useful when polymer is to be incorporated in the dosage 

form (Coats and Redfern, 1963).  Kinetics of thermal degradation was studied using different 

kinetic models i.e. Flynn-wall, Ozawa (FWO) and Kissinger isoconversional method and 

calculated the values of reaction order (n), activation energy (Ea), frequency factor (Z), Gibbs 

free energy (ΔG), entropy change (ΔS) and enthalpy change (ΔH) were estimated (Evans and 

Polanyi, 1935). 

1.12. Aims and objectives 

Eying the wide spread applications of natural polysaccharides in tissue engineering, drug and 

gene delivery and  fabrication of micro and nanoparticles, it was considered worth while to 

evaluate the  naturally occurring glucuronoxylan polysaccharide (QH), isolated from seeds of 

Cydonia oblonga (Quince) for its potential pharmaceutical applications.  

1). In current study the evaluation of  swelling and swelling kinetics of QH in deionized 

water and buffer solutions of pH 1.2, 6.8 and 7.4 will be ascertained that will be helpful to 

assess responsiveness of QH at different pH. This will enable to formulate pH sensitive drug 

delivery system using QH.    

2). Biomaterials are also responsive to external stimuli, i.e., pH, temperature and electrolytes. 

Therefore, it becomes important to evaluate QH for its swelling deswelling at different pH, 

electrolyte concentrations and solvents. The intensity of responsiveness of QH to pH, 

electrolytes and solvents will establish sensitivity of QH polymeric chains towards different 

stimuli that will enable us to predict the factors that may affect drug release from QH based 

drug delivery system.  

3). Evaluation of QH as pH responsive sustained release biomaterial will be carried out. 

Potential of QH to sustain the release of LSP, THF and DS will be assessed, using active 

pharmaceutical ingredients of different biopharmaceutical classes, i.e. LSP & DS are class II 

drugs while THF is class I drug.   
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Swelling of matrix tablets in buffers of pH 1.2, 6.8 and 7.4 will be carriedout that mimic the 

pH of GIT. Swelling kinetics of matrix tablets, drug release kinetics and mechanism of drug 

release from matrix tablets will be the key focus of our investigation. Micromeretic properties 

of QH tablets will also be studied. The out come of this study will be helpful to conclude 

whether QH prove itself as stimuli sensitive material for formulation of intelligent drug 

delivery system or not. 

4). As natural polysaccharides differ in their surface texture, porosity, arrangement of pores 

and channeling therefore, surface morphology and porous geometry of swollen and freeze 

dried sample of QH and its matrix tablets will be investigated by SEM analysis. This will be 

helpful to have insight of porous texture of QH, pore size and porous geometry as well.  

5). Although natural polysaccharides are considered safe and nontoxic biomaterilas however, 

as we are keen to develop sustain release matrix tablets of QH for oral use as well as wound 

healing dressing therefore, oral and dermal safety of QH will be ascertained by carrying out 

acute oral toxicity studies of QH in albino mice and its dermal safety will be assessed by 

applying it on albino rabbits.   

6). Potential utility of QH in carrying out green synthesis of AgNPs will be explored.  Film of 

QH impregnated with AgNPs will be prepared and their potential in wound healing will also 

be the topic of our interest. Characterization of AgNPs by different analytical techniques, i.e., 

UV-Visible spectrophotometer, SEM and energy dispersive spectroscopy (EDS) analysis will 

be carried out.  

7). Modifications in the structure are helpful to tailor the properties of polysaccharides. To 

explore the modification potential of QH, acetylation will be carried out. This will render QH 

as suitable biomaterial for esterification and will open the doors of further research on 

modified QH. Thermal stabilities of QH and its acetylated form will also be establsished by 

TGA analysis.   
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2. MATERIALS AND METHODS 

2.1. Materials 

Quince (Cydonia oblonga M.) seeds were procured from local market, cleaned from 

redundant material by passing through mesh and stored in air tight container at room 

temperature before being used for extrusion of gum. All chemicals used in research work 

were analytical grade. Theophylline, chloroform and dimethylsulfoxide (DMSO) were 

acquired from Sigma-Aldrich, USA. Ethanol, NaCl, isopropyl alcohol, NaOH, n-hexane, 

KCl, HCl, potassium dihydrogen phosphate were procured from Riedel-de Haën, Germany. 

Standardization of NaOH was carried out using oxalic acid as primary standard. 

Microcrystalline cellulose and 4-dimethylaminopyridine (DMAP) were obtained from Fluka 

while magnesium stearate manufactured by BDH, England was used. Levosulpiride 

(according to standard of European Pharmacopoeia) was obtained from Consolidated 

Chemical Laboratories Pvt. Ltd., Pakistan and gum tragacanth was purchased from Sigma-

Aldrich, USA. SGF and SIF were prepared without inclusion of enzymes as per guide line of 

United States Pharmacopoeia (USP, 2010). Separation of gel extruded from seeds was carried 

out using muslin cloth. During whole research work, de-ionized water was used. 

2.2. Methods and Instrumentation 

2.2.1. UV-Visible spectrophotometery 

UV-Visible spectrophotometer UV-1700 PharmaSpec (Shimadzu, Japan) was used to 

estimate drug release from different tablet formulations. Formation of AgNPs was also 

perceived by means of recording spectral changes on UV-Vis spectrophotometer. 

2.2.2. Fourier transform infrared spectroscopy  

Characterization of QH and evaluation of possible interaction of drug and excipients with QH 

during tablet formulation was studied using Fourier transform infrared spectrometer, IR 

Prestige-21 (Shimadzu, Japan). This was accomplished using KBr pellet method. Pellets of 
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QH alone and in combination with drug and excipients were prepared under hydraulic 

pressure (150 kg/cm
2
), dried at 50 °C for 2 h in vacuum oven and then spectra were recorded. 

Scanning range was 4000–400 cm
-1

 while resolution was 2 cm
-1

. 

2.2.3. Thermogravimetric analysis  

In order to analyze thermal stability of QH, thermal analysis was carried out at different 

heating rates, i.e. 10, 15, 20 and 25 °C/min from 35–800 °C under nitrogen bath on SDT 

Q600 thermal analyzer (TA, instrument USA). Analysis of thermal data was carried out by 

means of Universal Analysis 2000 v 4.2E software. 

2.2.4. Scanning electron microscopy  

To view morphology and internal structure of QH, 0.1 g of QH powder was mixed in de-

ionized water (5 mL) using high speed mixer. Sonication of resultant viscid solution of gel 

was carried out to remove air bubbles, followed by freeze drying of swollen gel at -20 °C. In 

order to have a closer look to internal structure of gel, vertical and transverse sections of 

frozen hydrogel were cut with sharp blade. Cut pieces QH were mounted on aluminum stub 

by applying silver paint, further coated with gold using sputter coater (Denton, Desk V HP) 

operating at 40 mA for 30 s under vacuum. Analysis of samples was performed with SEM 

(FEI Nova, NanoSEM 450), equipped with a low energy Everhart- Thomley detector (ETD), 

operating at 10 KV.   

2.3. Isolation of hydrogel from Quince seeds 

In order to isolate gel from Quince seeds, seeds were soaked in deionized water for 6 h and 

heated to 50 °C for 1 h to get maximum yield of gel from seeds. Extruded gel was filtered 

with cotton cloth, defatted with n-hexane and centrifuged to get QH. Drying of QH was 

carried out in hot air oven at 60 °C for 48 h. Dried QH was ground, passed through stainless 

steel mesh (sieve no. 60) and stored in air tight container. 
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2.4. Evaluation of physical properties of QH 

Assessment of physical parameters like moisture contents, angle of repose, particle size, 

Carr‟s index, Hausner ratio, bulk and tap density of dried QH was carried out. All tests were 

performed in triplicate and results are expressed as their mean value ± SD. 

2.4.1. Determination of moisture contents 

Moisture contents of dried QH powder were estimated by calculating the weight loss on 

heating the weighed amount of QH powder in hot air oven at 105 °C for 1 h. 

2.4.2. Angle of repose 

To evaluate flow properties of QH powder, angle of repose was calculated by means of fixed 

funnel method (Lachman, 1987). Powdered QH was allowed to flow through funnel fixed at 

an appropriate height (3 cm) until the apex of powder heap just touches the funnels lower tip. 

The radius (r) and height (h) of the heap were noted and angle of repose (θ) was calculated 

using Eq. 1. 

      
 

 
   Eq. (1) 

2.4.3. Bulk and tap density 

Evaluation of bulk density of QH powder was made using tapping method (Lachman, 1987). 

Bulk density was calculated by noting volume occupied by weighed amount of powder (1 g) 

in graduated cylinder (10 mL) (Eq. 2). Whereas tap density of QH was assessed by the 

volume occupied of QH powder after tapping cylinder for 100 times using Eq. 3  

  
     

   

  

                                                                 Eq. (2) 

  
    

   

  

                                                                                              Eq. (3) 

where, Db and Dt  represent bulk and tap densities of QH powder, while Vb and Vt denote bulk 

and tap volumes of powder in cylinder respectively and WQH is the weight of QH powder 

taken in cylinder. 
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2.4.4. Carr’s compressibility index 

Carr‟s compressibility index of a powder is used to understand its compressibility (Wells and 

Aulton, 1988). In order to assess compressibility of QH, Carr‟s index was calculated using 

Eq. 4. 

              ( )  *  
  

  
+       Eq. (4) 

Where, Db and Dt are bulk and tap densities of QH powder, respectively. 

2.4.5. Hausner ratio 

Hausner ratio is the ratio of tap density of powder to its bulk density (Wells, 1988) and it was 

calculated using Eq. 5. 

               ( )   
  

  
    Eq. (5) 

Here, Dt and Db are tapped and bulk densities of QH powder, respectively while H denotes 

Hausner ratio. 

2.5. Evaluation of swelling properties of QH powder 

Swelling behavior of QH powder was evaluated in deionized water and buffers of different 

pH values (acidic buffer of pH 1.2, phosphate buffer of pH 6.8 and 7.4) that mimic the pH of 

different parts of gastrointestinal tract. Furthermore, sensitivity of QH to external stimuli was 

also evaluated. 

For the evaluation of swelling properties of QH, weighed amount (0.2 g) was placed in pre-

weighed cellophane bags that were placed in immersion medium (50 mL) for pre-determined 

time intervals. Then cellophane bags containing swollen QH were removed from immersion 

medium, tied out to remove excessive medium and weighed. This process was repeated 

several times. Swelling capacity (g/g) was recorded using Eq. 6. 

 

                    
(     )   

  
   Eq. (6) 
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where, Wt represents weight of cellophane bag containing swollen QH powder, Wo is the 

initial weight of dried QH powder and Wb is the weight of empty wet cellophane bag. 

2.5.1. Swelling kinetics 

To ascertain absorption rate of QH powder,  accurately weighed amount of QH powder (0.2 

g) was filled in cellophane bags that were immersed  in 100 mL medias of different pH (1.2, 

6.8, 7.4 and water) at 25 °C and absorbency of QH powder at certain time interval was 

evaluated using Eq. 7.   

     
      

  
  

  

  
       Eq. (7) 

where, Wd is the weight of dried QH powder, Ws is the weight of swollen powder, Wt is the 

weight of water wicked by QH powder in time t and Qt denotes normalized degree of 

swelling at time t. 

Normalized equilibrium degree of swelling (Qe) is the measure of water retained by the QH 

powder when swelling equilibrium is attained. The value of normalized equilibrium degree of 

swelling (Qe) could be calculated using Eq. 8. 

    
     

  
  

  

  
             Eq. (8) 

 where W∞ represents weight of QH powder at time t∞, Wd  is the weight of dried QH powder 

at start, We denotes the weight of water retained by QH powder when swelling equilibrium is 

reached at time t∞ . 

For analysis of swelling kinetics of QH powder, values of normalized degree of swelling (Qt) 

and normalized equilibrium degree of swelling (Qe) were substituted in second order kinetics 

Eq. 9. 

 
2

1

t e e

t t

Q Q kQ
         Eq. (9) 

A linear graphical relation is observed for second order swelling kinetics when graph of t/Qt 

vs t is plotted with slope, 1/Qe and intercept, 1/KQe
2
. 
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2.5.2. Evaluation of swelling properties of QH in aqueous salt solutions 

To evaluate equilibrium swelling (24 h) of QH powder, aqueous solutions of different molar 

concentrations (0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5 and 2 M) of NaCl and KCl were prepared and 

cellophane bags containing accurately weighed QH powder (0.2 g) were immersed in the 

respective solutions (100 mL) for 24 h at 25 °C. After this, bags were removed from 

immersion medium, tied out for some time out of the medium to remove excess medium and 

weighed. Equilibrium swelling capacity (g/g) of QH powder was calculated using Eq. 6.  

2.5.3. Thermo-responsive swelling of QH powder in water 

The effect of temperature on swelling response of QH powder was appraised by placing 0.2 g 

of QH in deionized water (50 mL) containing beakers at 30, 40 and 50 °C. The weight of 

cellophane bags was calculated at predetermined time intervals by drawing them out of their 

respective medium and removing excess of medium as described in section 2.5. Swelling 

capacity (g/g) of QH powder was calculated using Eq. 6.    

2.5.4. Swelling deswelling of QH powder in deionized water-normal saline solution 

To study swelling deswelling (on–off) response of QH powder in deionized water and normal 

saline solution, QH powder (0.2 g) was filled in pre-weighed cellophane bag which was 

dipped in deionized water for 1 h. Cellophane bag containing swollen QH powder was drawn 

out of medium at 15 min interval, tied out for some time to remove excess of medium and 

weighed. This process was repeated sequentially for 1 h and swelling capacity (g/g) of QH 

powder was determined. After 1 h, immersion medium was replaced with normal saline and 

similar process was repeated for 1 h and calculated swelling capacity (g/g) using Eq. 6. This 

repetitive shift from water to saline was continued for four cycles.  
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2.5.5. Swelling deswelling of QH powder in water and ethanol 

The swelling deswelling (On-off) behavior of QH powder was also evaluated in water and 

ethanol. Firstly swelling of accurately weighed QH powder (0.2 g) was carried out in 

deionized water for 1 h. QH containing cellophane bag was removed out of medium at 

predetermined time interval (15 min), weighed after removal of excessive medium and 

swelling capacity (g/g) was calculated using Eq. 6. After 1 h of swelling in deionized water, 

the immersion fluid was changed from water to ethanol and recorded weight of cellophane 

bag containing QH after 15 min interval for a set of 1 h and calculated swelling capacity 

(g/g). This on-off cycle was repeated four times in similar manner.  

2.5.6. Evaluation of pH responsive on–off switching of QH powder 

Evaluation of pH responsive on-off switching was studied using the similar procedure as 

adopted in section 2.5.5. Swelling of QH was carried out in phosphate buffer of pH 7.4 for 1 

h followed by deswelling in acidic buffer of pH 1.2. Weight of cellophane bag containing QH 

was determined after 15 min time interval in both swelling and deswelling processes and 

calculated swelling capacity (g/g) using Eq. 6. 

2.5.7. Preparation of buffer solutions of different pH 

Buffer solutions of different pH (1.2, 6.8 and 7.4) were prepared. Swelling study of QH 

powder and dissolution study of QH tablets were carried out in buffers of pH (1.2, 6.8 and 

7.4). Buffer solution of pH 1.2 was prepared by mixing 0.2 M HCl (425 mL) with 0.2 M KCl 

(250 mL) in volumetric flask of 1000 mL and volume was adjusted up to the mark with 

deionized water. Buffer solution of pH 6.8 was prepared by mixing 0.2 M NaOH (112 mL) 

and 250 mL of 0.2 M potassium dihydrogen phosphate in a volumetric flask of 1000 mL and 

final volume was made up to the mark with deionized water. For buffer solution (pH 7.4), 

mixing of 195.5 mL of 0.2 M NaOH was carried out with 250 mL of 0.2 M potassium 
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dihydrogen phosphate in volumetric flask (1000 mL) and adjustment of final volume was 

made with deionized water up to mark. 

2.6. Preparation of tablets 

To evaluate potential of QH as sustain release biomaterial, tablets of QH powder were 

formulated (Table 2.1–2.3) using DS, LSP and THF as active drug materials. Sieving of QH 

powder, active drug materials and microcrystalline cellulose was carried out through sieve 

no. 40. Mixing was accomplished by trituration to form a uniform blend, followed by wetting 

with solution of tragacanth gum in water to prepare damp mass that was sieved through sieve 

no 12 to prepare coarse granules . These coarse granules were dried at 45 °C in hot air oven 

for 7 h, passed through sieve no. 20 and then lubricated with magnesium stearate. Granules 

(400 ± 10mg) for DS, LSP and THF tablets were compressed on rotary press, equipped with 

11 mm flat stainless steel punches. Thickness and hardness of tablets were set at 4.85–4.95 

mm and 7–8 Kg/cm
2
. 

Tablets were stored in well closed containers and kept in desiccator prior to evaluation. All 

formulations were evaluated for weight variation, hardness, thickness, friability and drug 

content uniformity before performing dissolution studies. Stimuli responsive behavior of all 

formulations was also evaluated. In order to validate effect of QH powder on drug release, 

three formulations containing different proportions of QH were prepared for each active drug 

material. 
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Table 2.1. Composition (mg/tab) of different tablet formulations of DS. 

 Composition/tablets  DS1 DS2 DS3 

QH 150 200 250 

DS 100 100 100 

Microcrystalline cellulose 100 50 ---- 

Gum tragacanth 45 45 45 

Magnesium stearate 5 5 5 

Total weight 400 400 400 

 

 

Table 2.2. Composition of different tablet formulations for LSP.  

 

 

 

 

 

 

 

Composition/ tablets (mg/tablet) LSP1 LSP2 LSP3 

QH 150 200 250 

LSP 100 100 100 

Microcrystalline cellulose 100 50 ---- 

Gum tragacanth 45 45 45 

Magnesium stearate 5 5 5 

Total weight 400 400 400 
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Table 2.3. Composition of different tablet formulations for THF.  

Composition/ tablets (mg/tab) THF1 THF2 THF3 

QH 150 200 250 

THF 100 100 100 

Microcrystalline cellulose 100 50 ---- 

Gum tragacanth 45 45 45 

Magnesium stearate 5 5 5 

Total weight 400 400 400 

 

2.6.1. Evaluation of pre-compression parameters  

Prior to compression in tablet pressing machine, flowability and compressibility of granules 

of each formulation (Table 2.1–2.3) were evaluated by means of angle of repose, bulk and tap 

densities, Carr‟s compressibility index and Hausner ratio using similar procedure as described 

in sections 2.4.2, 2.4.3, 2.4.4 and 2.4.5, respectively. All experiments were performed in 

triplicate and results are expressed as their mean ± standard deviation (SD). 

2.6.2. Evaluation of drug excipient compatibility 

In order to check compatibility of QH powder with active drug materials and excipients used 

in formulation of tablets, FTIR spectra of QH powder alone and in combination with DS, 

LSP, THF and excipients were recorded using KBr pellet method. 

2.6.3. Evaluation of tablets for post compression parameters 

All formulations were evaluated for different parameters like thickness, hardness, diameter, 

friability and weight variation (Lachman et al., 1987). In order to ratify uniform distribution 

of drug with in the matrix tablet, content uniformity of tablets was also evaluated.  
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2.6.3.1. Hardness, thickness and diameter test 

 To evaluate hardness, thickness and diameter of prepared tablets, ten tablets from each 

formulation were randomly selected and tested on hardness tester (Pharma Test, PTB 311E, 

Germany). The results are expressed in terms of mean value ± SD. 

2.6.3.2. Friability test 

For appraisal of durability of different formulations of QH tablets, ten tablets were randomly 

selected from each formulation, weighed and placed in friabilator (Pharma Test, PTF 10 E). 

They were allowed to rotate for 100 revolutions at 25 rpm. After this, tablets were removed 

from friabilator, de-dusted, weighed again and friability was calculated in terms of percent 

weighty loss using Eq.10. Generally weight loss less than 1% is considered acceptable (Allen 

et al., 2005). 

             ( )   
      

  
        Eq. (10) 

Where, Wi and Wf is the weight of tablets before and after friability test. 

2.6.3.3. Weight variation test    

 To assess uniformity of the die fill weight variation among different tablets was evaluated.  

Twenty tablets from each formulation were selected randomly and each tablet was weighed 

separately on analytical balance (Shimadzu, Japan). Mean weight was calculated and 

deviation from this mean value was recorded. 

2.6.3.4. Content uniformity test 

To estimate amount of active drug materials, i.e., DS, LSP and THF in tablets, crushing of ten 

randomly selected tablets from each formulation was carried out in pestle and mortar. Powder 

containing 100 mg DS, 100 mg LSP and 100 mg THF was accurately weighed on analytical 

balance and dissolved in methanol in volumetric flask (100 mL). Solution was filtered and 

absorbance on UV-visible spectrophotometer was recoded at 276, 213 and 272 nm for DS, 

LSP and THF, respectively. The absorbance was compared with absorbance of DS, LSP and 
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THF standard solutions and calculated % age of DS, LS and THF. Absorbance was recorded 

in triplicate and results are expressed as their mean ± SD. 

2.7. Evaluation of dynamic swelling and stimuli responsive properties of QH tablets 

QH matrix tablets containing DS (Table 2.1), LSP (Table 2.2) and THF (Table 2.3) were 

evaluated for their swelling and stimuli responsive sensitivity. 

2.7.1. Swelling of QH tablets at different pH   

Swelling behavior of QH tablets (Table 2.1–2.3) was investigated in de-ionized water, 

phosphate buffers of pH (7.4 and 6.8) and acidic buffer of pH 1.2 for 10 h. Tablets were taken 

in cellophane bags in order to keep all disintegrated fragments of swollen tablet intact. 

Preparation of buffer solutions was carried out according to guide lines of USP 37. To study 

swelling behavior, four QH tablets were weighed on analytical balance, enclosed in   pre 

weighed cellophane bag, immersed in deionized water and buffer solutions (50 mL) of pH 

1.2, 6.8, 7.4. Cellophane bags were drawn out of immersion medium at predetermined time 

interval, tied out for some time to remove excess of medium, weighed on analytical balance 

and again immersed in respective medium. Swelling capacity (g/g) was calculated using Eq. 

11. 

                   (   )   
          

  
       Eq. (11) 

 Where, Ws represents weight of cellophane bag containing swollen QH tablet, We is weight 

of empty cellophane bag and Wi is the initial weight of tablet. 

 2.7.2. Swelling kinetics 

Swelling kinetics of QH tablets was studied from swelling data of tablets. This was 

accomplished by adopting similar procedure as that for QH powder discussed in section 

2.5.1.  
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2.7.3. Swelling study of QH tablets in different salt solutions 

Swelling response of QH matrix tablets containing DS, LSP and THF as active drug materials 

was evaluated in aqueous salt solutions of NaCl and KCl of different molar concentrations 

(0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5 and 2.0 M). Tablets were enclosed in cellophane bags, 

immersed in aqueous salt solutions (50 mL) for 24 h and then weighed after removing excess 

of medium. Swelling capacity (g/g) was calculated using Eq. 11. 

2.7.4. Swelling deswelling of QH tablets in deionized water and normal saline  

Swelling deswelling (on-off) behavior of tablet formulations of QH in water and normal 

saline was investigated. For this purpose, tablets (DS, LSP and THF) were enclosed 

individually in cellophane bags and their swelling was carried out in deionized water (50 mL) 

for 1 h. Cellophane bags were removed out of immersion medium after 15 min interval, tied 

out for some time to remove excessive medium, weighed and immersed again in water. After 

1 h, immersion medium was replaced with normal saline and similar process was repeated for 

another hour as in case of deionized water and noted swelling capacity of QH tablets (g/g) 

using Eq. 11.  

2.7.5. pH responsive swelling deswelling of QH tablets 

pH responsive on-off switching of QH tablet formulations was carried out in phosphate 

buffer of  pH 7.4 and hydrochloric acid buffer of pH 1.2 alternately, following similar 

procedure as adopted in section 2.7.4. 

2.7.6. Swelling deswelling of QH tablets in deionized water and ethanol 

Swelling deswelling (on-off) phenomenon of QH tablet formulations was assessed in water 

and ethanol alternately. This was accomplished in similar manner as described earlier in 

section 2.7.4. Swelling capacity (g/g) of different formulations of QH tablets was calculated 

using Eq. 11.   
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2.7.7. In- vitro drug release studies 

Sustain release potential of QH was evaluated by analyzing in vitro drug release from matrix 

tablets formulated by varying amount of QH. Drug release from different formulations was 

carried out in deionized water and buffer solutions of pH 1.2, 6.8, 7.4. 

2.7.7.1. In vitro drug release of LSP tablets 

Drug release from different formulations containing LSP was investigated using USP 

dissolution apparatus II (Pharma Test, PT-DT7, Germany). Drug release from LSP tablets 

was first analyzed in SGF (900 mL) at 37 ± 0.5 °C for 2 h at 50 rpm. After this, tablets were 

shifted to SIF (900 mL) kept at 37 ± 0.5 °C, where drug release was monitored for 12 h at 50 

rpm. Aliquots of sample (5 mL) were withdrawn from both SGF and SIF at predetermined 

time intervals, filtered through 0.45 µm nylon filter and absorbance was recorded on UV-vis 

spectrophotometer (Shimadzu, Japan) at 213 nm after suitable dilution if necessary. The 

volume of SGF and SIF was substituted with fresh media (SGF or SIF).  Dissolution studies 

were carried out in triplicate and results are expressed as mean of drug release (%) ± SD.  

2.7.7.2. In vitro drug release studies of DS and THF tablets 

In vitro drug release from different formulations of THF and DS was investigated using USP 

dissolution apparatus II. Drug release from different formulations of DS and THF was 

investigated in acidic buffer of pH 1.2 (900 mL) for 2 h where as in phosphate buffers of pH 

6.8, 7.4 and deionized water (900 mL each) for 10 h at 50 rpm at 37 ± 0.5 °C. In order to 

assess amount of drug release from tablets, aliquots of sample (5 mL) were drawn at different 

time intervals (0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 24 h), filtered through 

0.45 µm nylon filter, suitably diluted when necessary and absorbance was recorded at 276 

and 272 nm for DS and THF tablets, respectively. Dissolution media, i.e., buffers of pH (1.2, 

6.8 and 7.4) and deionized water was replaced with fresh medium. All studies were carried 

out in triplicate and drug release (%) was expressed as mean value ± SD.  
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2.7.8. Drug release kinetics 

Different kinetic models were applied on drug release profile of different formulations of DS, 

and THF while power law was applied on drug release data of LSP. Dissolution data was fit 

in first order (Eq. 12), zero order (Eq. 13), Hixson-Crowell (Eq. 14) and Higuchi equations 

(Eq. 15). For zero order, graphs were plotted between cumulative drug release and time, for 

first order graphs were plotted between log of cumulative drug remaining in tablet vs time. In 

case of Hixon-Crowell graphs were plotted between cube root of cumulative drug remaining 

vs time and for Higuchi model graphs were plotted between cumulative drug release and 

square root of time. The values of regression coefficient (R
2
) were calculated for each model. 

The best fit model was one with the highest value (~1) for regression coefficient. 

2.7.8.1. First order rate equation 

It describes a system where drug release is concentration dependent. Mathematical equation 

is as under (Gibaldi and Feldman 1967; Wagner 1969); 

              (
   

     
)     Eq. (12) 

Where, t is the time at which drug release is noted, K1 is first order rate constant, Q0 

represents initial amount of drug in the tablet and Q accounts for drug that is undisssolved or 

still to be released from tablet. 

2.7.8.2. Zero order rate equation 

Zero order rate equation describes a system where drug release is independent of 

concentration of drug with in the matrix. Mathematically, it could be expressed as (Xu and 

Sunada, 1995). 

           Eq. (13) 

In above equation, t is the time, K0 is zero order rate-constant and Qt is the amount of drug 

released from tablet after time t. 
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2.7.8.3. Hixson Crowell model 

It relates drug release from tablets or particles with changes in their surface area and 

diameter. Mathematically represented as,  

   
      

                            Eq. (14) 

Where, KHC is Hixson-Crowell rate constant, Qo is the initial amount of drug in tablet and Qt 

is the amount of drug released from tablet after time t (Hixson et al., 1931). 

In case formulation follows Hixon Crowell model, a linear relationship exists when graph of 

cube root of drug remaining in the matrix is plotted against time. 

2.7.8.4. Higuchi model 

Higuchi model refers to drug release from matrix system as square root of time dependent 

process based on fickian diffusion. Mathematical expression of Higuchi model is as under; 

       ( )                                      Eq. (15) 

Here, KH is Higuchi rate constant and Qt denotes amount of drug released from matrix tablets 

after time t (Higuchi, 1963). 

2.8. Drug release mechanism 

As drug release from polymeric material may involve more than one factor therefore, in order 

to recognize mechanism involved in drug release from QH matrix tablets Korsmeyer peppas 

model was used (Korsmeyer et al., 1983; Ritger and Peppas, 1987) Eq. 16. 

 
  

  
     

  Eq. (16) 

Here in above equation, Mt/M∞ represents the fraction of drug released in time t, Kp is power 

law constant and n is release exponent that is used to establish underlying release mechanism. 

Different values have been assigned to n which are used to establish underlying release 

mechanism. Fickian diffusion is the drug release mechanism if value of n is 0.45. In this case, 

drug release from cylindrical system (tablets) is diffusion controlled. In case where drug 

release is controlled by swelling and diffusion (non fickian release), the value assigned to n is 
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> 0.45 but < 0.89. In case when value of n=0.89 or n>0.89, then drug release is said to 

follow super case II transport. In this case drug release is governed by erosion of polymer 

matrix (Siepmann and Peppas, 2001; Ritger and Peppas, 1987). 

Model selection criterion (MSC) was used to infer model that best fit drug release data from 

different formulations of QH (Iqbal et al., 2011). 
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                                     Eq. (17) 

Where Wi is the weighting factor and its value is 1 for fitting dissolution data, n is number of 

data points considered, yi-obs and yi-pre denotes i
th

 observed and predicted value of y, 

respectively. Whereas,  ̅-obs represents mean of observed data points of y. 

Kinetic models on drug release data were applied using modified DD solver (Zhang et al., 

2010). 

2.9. Scanning electron microscopy  

Scanning electron microscopy (SEM) of QH tablets was carried out to view tablet surface 

texture on scanning electron microscope (Quanta 250, FEI, USA).  

2.10. Green synthesis of AgNPs  

Green synthesis of AgNPs was accomplished by QH mediated reduction under diffused sun 

light. Characterization Eenergy dispersive X-ray spectroscopy of AgNPs was carried out 

using UV-visible spectrophotometer, SEM and EDS. Evaluation of antibacterial potential of 

AgNPs and their potential to form wound healing in dressing was also subjected to 

investigation.   
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2.10.1. Procedure for green synthesis of nano particles 

2.10.1.1. Preparation of silver nitrate solution 

Solutions of three different concentrations (50, 75, 100 mM) of AgNO3 were prepared by 

dissolving 0.85, 1.28 and 1.7 g of AgNO3 in deionized water (100 mL). 

2.10.1.2. Preparation of suspension of QH 

QH powder (2 g) was suspended in deionized water (100 mL) and stirred on high speed 

overhead stirrer (Yellow Line OST Basic) to form fine suspension. 

2.10.1.3. Green synthesis of AgNPs 

Synthesis of AgNPs was carried out by exposing mixture of silver nitrate and suspension of 

QH powder to sunlight. Prior to sunlight exposure, solution of AgNO3 (50 mM, 25 mL) was 

mixed with 2% w/v suspension of QH powder (25 mL) and stirred it gently to form 

homogenous blend. Then this mixture was exposed to diffused sunlight. In order to monitor 

formation of AgNPs, sample (2 mL) was drawn from reaction mixture at different time 

intervals (10, 15, 30, 45, 60, 120, 240, 360 min) and its absorption spectrum was recorded on 

UV-vis spectrophotometer (Shimadzu, Japan) (200–800 nm). In addition to this, color change 

of reaction mixture after exposure to sunlight was also monitored, providing visual indication 

of progress of reaction. Same procedure was adopted for 75 mM and 100 mM solutions of 

AgNO3. 

2.10.1.4. Preparation of thin film of AgNPs  

This was accomplished by mixing 2% w/v suspension of QH powder with 50, 75 and 100 

mM solutions of silver nitrate. After homogenous mixing, this mixture was exposed to 

diffused sunlight for 8 h and then transferred to petri dishes, shifted to dark and air dried to 

prepare thin films of QH embedded with AgNPs. Characterization of film was carried out by 

UV-vis spectrophotometer and EDS.  
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  2.11. Characterization of AgNPs 

Characterization of AgNPs of QH was carried out using UV-vis spectrophotometer, SEM and 

EDS.  

2.11.1. UV-visible spectrophotometric analysis  

Monitoring of formation of AgNPs was carried out on UV-vis spectrophotometer at different 

time intervals (10, 15, 20, 30, 45, 60, 120, 180, 240 and 360 min) after exposing mixture of 

silver nitrate (50, 75 and 100 mM) and suspension of QH (2% w/v) to diffused sun light. 

Samples (2 mL) were drawn at different time intervals and scanning was carried out from 

800–200 nm.  

2.11.2. Scanning electron microscop yand energy dispersive X-ray spectroscopy of  

AgNPs 

I To assess morphology of AgNPs, microtomes from QH films impregnated with AgNPs 

were taken and analyzed on SEM with carbon stubs (carbon adhesive Leit-Tabs No. G 3347, 

(PLANO GmbH, Wetzlar, Germany) equipped with energy dispersive X-ray detectors. 

2.11.3. Fourier transform infrared spectroscopy 

FTIR spectra of QH alone and QH films impregnated with AgNPs were recorded using KBr 

pellet method. Drying of samples was accomplished in vaccum oven at 50 °C for 1h before 

analysis. 

2.12. Antimicrobial potential of AgNPs 

2.12.1. Bacterial and fungal strains used 

In current investigation, gram positive bacterial strains, i.e. Staphylococcus epidermidis 

ATCC 12228, Staphylococcus aureus ATCC 25923, Bacillus subtilis ATCC 6633 were used 

while gram negative bacteria include Escherichia coli ATCC 25922, Pseudomonas 

aeruginosa ATCC 27853 and Streptococcus mutans ATCC 25175. The fungal strains used 



71 
 

for testing susceptibility to anti-microbial action of AgNPs include Actinomyces 

odontolyticus ATCC 17929 and Aspergillus niger.    

2.12.2. Procedure for assessment of antimicrobial potential of AgNPs 

Anti-microbial potential of AgNPs was evaluated against gram positive, gram negative 

bacterial strains and fungal strains using disc diffusion method (Bauer et al., 1966). Bacterial 

strains were grown on Mueller Hinton agar media (Oxoid Ltd., England) while Sabouraud 

Dextrose agar media (Hardy Diagnostics, USA) was used to grow fungal strains. Inoculum of 

bacterial strains (Nutrient broth media) were incubated at 37 °C for 24 h whereas for fungal 

strains inoculum (Sabouraud broth) was incubated at 27 °C for 30–37 h. Turbidity of 

inoculums was set as per 0.5 Mc-Farland Standard. In order to evaluate anti-microbial 

potential, 50 mM solution of AgNPs was used. Filter paper (Whatman No. 1) discs (6 mm in 

diameter) were impregnated with AgNPs solution (20 µL), dried for some time and then 

applied on culture media grown in petri plates. Petri plates containing bacterial cultures were 

incubated for 24 h at 37 °C while incubation of petri plates on which fungal inoculum were 

applied was accomplished at 27 °C for 30–37 h. After this, plates were removed and zone of 

inhibition was measured in millimeters. DMSO was used as negative control. All studies 

were carried out in triplicate and their mean was reported ± SD. 

2.13. Preparation of wound healing dressing of AgNPs 

 To evaluate wound healing potential of QH mediated AgNPs, surgical dressing imbued with 

AgNPs was prepared. Dressing was made up of two layers, one is the backing layer, 

consisted of adhesive backing membrane (4 × 4 cm) while front layer is cotton imbued with 

AgNPs (50 mM, 2 × 2 cm). The dressing freshly imbued with AgNPs was applied over the 

wound and evaluated its effect on wound healing and compared it with untreated group by 

means of collagen contents. 
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2.13.1. Experimental procedure for wound healing study 

Wound healing potential of AgNPs embedded QH dressing was investigated on nine healthy 

albino rabbits weighing (1150–1250 g). Animals were acquired from animal house, 

University of Sargodha, Sargodha and divided them into three groups, i.e., control, Band aid
®
 

and treated groups. All groups were kept in well ventilated cages and were fed with the 

standard food and water during this study. Rabbits were anesthetized and hairs were shaved 

from rear leg and wound (4–5 mm) in diameter was induced with biopsy punch. The wound 

of control group was left untreated while commercially available surgical dressing Band aid
®

 

was applied on band aid group animals and dressing impregnated with AgNPs was applied 

on wound of treated group animals. Wound area was monitored on day 1
st
, 3

rd
, 7

th
, 10

th
 and 

15
th

 day. To monitor wound healing, wound area was traced on carbon paper until wound 

was completely healed (Lee and Tong, 1968). 

2.13.2. Determination of collagen contents  

For determination of collagen contents, regenerated tissue was chopped and after washing 

with 0.5 M sodium acetate, suspended it in 0.5 M acetic acid and stirred it continuously for 

48 h. This was followed by centrifugation at 5000 rpm for 2 h. In order to precipitate 

collagen, solution of sodium chloride (10 % w/v) was added to aforementioned suspension 

and filtered using filter paper, noted weight gain of filter paper after filtration to calculate 

amount of collagen (Lee and Tong, 1968).   

2.14. Toxicology studies of QH 

2.14.1. Protocol of toxicology studies 

For investigation of acute oral toxicity of QH, Swiss albino mice were used as test animals. 

Mice of both sex (7–8 weeks, 25-30 g) were acquired from animal house of University of 

Sargodha. During acquisition of animals, weight variation among animals was kept within     

(±20 %) of the mean weight (Lina et al., 2004). All animals were kept in neat and well 
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ventilated cages in a controlled environment of light (12 h light and 12 h dark), temperature 

(25–30 °C) and humidity (40–70 %). They were monitored periodically for any signs of 

abnormalities. In order to develop adaptation to laboratory conditions, animals were shifted to 

laboratory conditions a week prior to toxicological evaluation. Free excess to water and 

standard pellet diet was provided to all test animals. For toxicological evaluation of QH, 

animals were randomly divided into four groups (I–IV) and identification was marked on 

their tail. They were kept in fasting for 12 h prior to toxicological evaluation. Group I animals 

were used as control while animals of group II, III and IV were fed with QH at doses of 1, 2 

and 5 g/Kg body weight. QH was administered to animals in the form of pellets prepared by 

mixing sugar and moistening with water. Animals were given access to food and water after 1 

h of administration of QH and they were closely monitored for tremors, reflexes, salivation 

and allergic symptoms for 8 h. In this study, all test procedures comply with the guide lines 

of Organization for Economic Co-operation and Development (OECD, 2001). The study 

protocol approved by the research ethics committee of The University of Lahore, Lahore 

Pakistan (IAEC-2016-16A1) was strictly followed and the whole study was performed under 

guidance of pharmacologist at department of Pharmacy, University of Sargodha, Sargodha, 

Pakistan. 

2.14.2. Observation of physical parameters 

The mice were monitored daily for physical parameters such as tremors, reflexes, salivation, 

diarrhea, sleep and allergic reactions to eyes, fur, mucus and skin in order to identify toxic 

effect of QH. 

2.14.3. Estimation of body weight of mice   

Body weight of mice of treated and control groups were recorded individually before feeding 

QH. After administration of QH weight was recorded on 1
st
, 3

rd
, 7

th
 and 14

th
 day. Weight of 

treated group animals was compared with control group animals. 



74 
 

2.14.4. Estimation of food and water intake 

Food and water consumed by treated group animals was monitored after administration of 

QH on 1
st
, 3

rd
, 7

th
 and 14

th
 day. Food and water consumed by treated groups were compared 

with control group in order to find effect of QH administration on these parameters. 

2.14.5. Eye irritation test 

For establishing ocular safety of QH, six healthy rabbits were acquired from animal house of 

University of Sargodha. Solution of well ground QH powder was prepared in deionized water 

(5 mg/ 10 mL) and instilled on to lower averted lid of right eye of each test animal whereas 

left eye was kept untreated and used control. Abnormalities due to instillation of QH in eyes 

of rabbits were assessed as per Draize scale of eye lesions (Draize, 1944). Eyes of test 

animals were examined after 1, 12, 24, 36 and 48 h of instillation of QH for irritation signs, 

i.e., redness, swelling and lacrimation, and compared with that of control. 

2.14.6. Dermal toxicity evaluation 

Dermal safety of QH was established by topical administration of QH over skin of test 

animals. For this purpose, six Albino rabbits weighing (1150-1250g) were acquired from 

animal house of University of Sargodha were used as test animals. Hairs were removed from 

back of rabbit and skin of rabbits was observed for allergy and lesions. Thick paste of QH    

(2 % w/v) was prepared and applied on a gauze piece (4 4 cm) supported on an adhesive 

Micropore tape to place gauze piece intact over the skin. The rabbits were provided free 

access to food and water and observed for any allergic reaction, redness and rashes over skin 

after 6, 12 and 24 h of application of pad over the skin and compared with that of control. 

2.14.7. Determination of relative organ body weight 

At the end of toxicological evaluation of QH (Day 15), all animals were weighed, sacrificed 

and their vital organs, i.e., liver, kidney, lungs, spleen, heart and GIT segments were 

removed. All organs were observed macroscopically for lesions and weighed separately on 
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analytical balance in order to determine absolute weight of each organ and compared it with 

that of control. All organs were preserved in formalin solution (10% v/v). Estimation of 

relative organ body weight (ROW) was also carried out using Eq. 18. (Sahgal et al., 2010). 

     
     

   
     (Eq. 18)            

Where WAorg denotes absolute organ weight, Wtb represents total body weight of mice at day 

15
th

 and ROW is relative organ body weight. 

2.14.8. Histopathology studies 

Histopathology of all vital organs was carried out to evaluate the effect of QH administration 

on cellular construction. For this purpose, a piece (5–6 µm) of organ, i.e., liver, spleen, heart, 

kidney and intestinal mucosa were removed with rotary microtome, staining with eosin and 

heamatoxylin dye was carried out and examined under microscope (XSZ 107 BN). All slides 

were prepared by histopathologist. 

2.14.9. Analysis of hematological and biochemical parameters  

Blood samples of all mice were collected before being sacrificed on completion of 

toxicological studies to evaluate effect of QH on blood, functioning of liver and kidney. Lipid 

profile of treated and control groups was compared. This was accomplished by anesthecation 

of animals of both treated and control groups with chloroform and blood was drawn from 

posterior vena cava with the help of 22 G syringe needle and hematological parameters, i.e., 

haemoglobin (HGB), RBCs, WBCs and blood platelets were counted along with evaluation 

of certain biochemical parameters such as renal function test, liver and lipid profiles using 

biolyser. 

2.14.10. Safety pharmacology studies 

In order to establish QH as safe excipient for oral use, safety pharmacology study was 

conducted as per guide lines of International conference of harmonization (ICH, 2005). 
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Safety pharmacology of QH was investigated on isolated heart of albino rabbit as a part of 

toxicology evaluation of QH by adopting reported procedure (Mahmood et al., 2013).   

Effect of QH on isolated heart was evaluated by Lagendorff tenchnique (1985) with some 

modifications. Unconsciousness in rabbit was induced by hard blow on the neck before which 

(30 min approx.) heparin was injected intravenously (1000 IU), through marginal ear vein of 

rabbit. Dissection of heart was carried out by opening chest with scissors. The dissected heart 

along with piece of aorta (1 cm) was squeezed gently to remove residual blood, washed 

immediately with oxygenated Ringer solution, prepared by mixing NaHCO3 (200 mg), D- 

glucose (1.0 g), KCl (420 mg), calcium chloride dehydrate (320 mg) and NaCl (9.0 g) 

solutions. After this heart was tied on to glass cannula of perfusion apparatus (Radnoti 

Isolated Heart System, AD Instrument, Australia) through aorta. The temperature of 

perfusion fluid was maintained at 37 ± 0.5 °C and a mixture of 95 % oxygen and 5 % carbon-

dioxide was used continuously to bubble perfusion. 

Mechanical response of the heart, i.e., force of contraction (FC) was recorded after stabilizing 

heart for 30 min. This was accomplished by fixing force displacement transducer (MLT 844; 

AD Instruments, Australia) with the apex of heart using thread. In order to connect the apex 

of heart with thread, palm clipper was used. The signals from the force transducer were sent 

to an analog-to-digital converter (Power Lab Data Acquisition and Analysis system of AD 

Instruments, Australia) attached to a computer. For recording heart rate (HR), Lab chart pro 5 

software (AD Instruments, Australia) was used. 

 The heart was allowed to stabilize for 30 min after which QH sample was applied in doses 

10 ng, 100 ng, 1µg, 10 µg, 100 µg and 1 mg/ mL and recorded force of contraction, heart rate 

and perfusion pressure before and after dose administration.    
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2.14.11. Statistical analysis 

The experimental data of control and treated animal groups is expressed as their mean ± 

SEM. The data of control group animals was compared with treated animals and variations 

among different treated animal groups were statistically analyzed using one way ANOVA 

(Turkeys multiple comparison test). The probability value < 0.05 was considered as 

statistically significant.  

  2.15. Acetylation of QH 

The acetylation was carried out using acetic anhydride and catalyst, DMAP. For evaluation of 

the effect of concentration of acetylating agent, i.e., acetic anhydride on degree of 

substitution of QH, acetylation was carried out using QH and acetic anhydride (AA) in three 

different mole ratios, i.e., 1:3, 1:6  and 1:12, respectively.   

 2.15.1. Fabrication of AQH1 

In acetylation reactions, QH (1.0 g, 6.167 mM) was suspended in DMSO (30 mL). This was 

followed by addition of acetic anhydride, i.e. (1.75 mL, 18.50 mM) and DMAP (40 mg) as 

catalyst. The reaction mixture was heated to 60 °C for 6 h with continuous stirring of the 

reaction mixture for prescribed time period. Precipitation of acetylated product was carried 

out in ethanol, followed by drying in hot air oven at 50 °C.       

Yield: (1.12 g); DSb: 0.26; FTIR: 1725 (CO ester), 1430 (CH bend), 3444 (OH group), 1026 

(COC) and 2924 cm
-1

(CH2, CH strech). 

2.15.2. Fabrication of AQH2 

In this reaction, QH (1.0 g, 6.167 mmol) was suspended in DMSO (30 mL) which was 

reacted with acetic anhydride, i.e. (3.5 mL, 37.002 mmol) in the presence of DMAP (40 mg) 

as catalyst. Acetylated product was precipitated with ethanol and its drying was accomplished 

at 50 °C in hot air oven. Characterization of product was carried out by FTIR spectroscopy.    
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Yield: (1.06 g); DSb: 0.66; FTIR: 1735 (CO ester), 1432 (CH bend), 3384 (OH group), 1016 

(COC) and 2924 cm
-1

(CH2, CH strech).   

2.15.3. Fabrication of AQH 3  

In order to assess the effect of concentration of acetic anhydride on degree of substitution of 

QH, molar ratio of acetic anhydride was increased. In this typical reaction, acetic anhydride 

(6.99 mL, 74.01 mM) were reacted with QH (1.0 g, 6.167 mM) suspension in DMSO (30 

mL). DMAP (40 mg) was used as catalyst. Reaction mixture was heated to 60 °C with 

continuous stirring for 6 h. Acetylated product was precipitated with ethanol and dried in hot 

air oven at 50 °C.  

Yield: (1.00 g); DSb: 1.16; FTIR: 1739.79 (CO ester), 1432 (CH bend), 3425 (OH group), 

1045 (COC) and2916 cm
-1

(CH2, CH strech).  

2.15.4. Detemination of degree of substitution  

Acid base titration was carried out to estimate the degree of substitution (DSb) of acetyl group 

on QH. For this purpose preparation of 0.1 M aqueous solution of NaOH was carried out to 

which AQH (100 mg) was added. To ensure complete saponification of AQH overnight 

stirring of the mixture was carried out. The pH of the mixture was maintained at 7.0 by 

addition of 0.01 M HCl solution. To the neutral solution known quantity of 1 M NaOH 

solution was added and the excess of base was neutralized with 0.1 M HCl solution. DSb was 

calculated by using Eq. 19. 

 

   (Eq. 19) 

 

Here, in Eq. 19 n NaOH represent number of moles of NaOH added after saponification of 

AQH. M (RU) represent molar mass of repeating units of polysaccharide, Ms is the mass of 

sample while Mr (RCO) denotes molar mass of ester functionality. 
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.s r

n NaOH M RU
DS

M M RCO n NaOH

  
   



79 
 

 

 

 

 

 

 

 

 

CHAPTER NO 3:  

RESULTS AND DISCUSSION 

 

 

 

 

 

 

 

 

 

 

 

 

 



80 
 

3. RESULTS AND DISCUSSION 

3.1. Isolation of Quince hydrogel  

Isolation of Quince hydrogel (QH) from Quince seeds was accomplished by hot water 

extraction method. Seeds were soaked in water for 6 h. Quince seeds swelled in water due to 

penetration of water. The QH polysaccharide due to its hydrophilic nature extruded out of 

seeds through seeds pores. The extruded QH was separated from seeds by filtration through 

muslin cloth, defatted with n-hexane and dried in air and then shifted to oven. The yield (%) 

of QH was calculated to be 9–10 %. Characterization of hydrogel was carried out using 

different analytical techniques, i.e., Fourier transform infrared spectroscopy (FTIR), Scanning 

electron microscopy (SEM) and Thermogravimetric analysis (TGA). 

3.2. Characterization of QH 

3.2.1. Fourier transform infrared spectroscopy 

FTIR spectrum of QH is shown in Fig. 3.1. It reflects characteristic peaks from 3300–3500 

cm
-1

 of -OH group while peaks ranging from 3000–2800 cm
-1

 are characteristic peaks of -CH 

stretch. The appearance of  bands at 1620 cm
-1 

and 1420 cm
-1

 denote the  presence of  

carbonyl (C=O ) group indicating the presence of uronic acid residues in QH (Manrique and 

Lajolo, 2002; Vidal et al., 2001). The presence of glucuronic acid residues in association with 

β-D- xylan has already been reported in QH (Vignon and Gey 1998). Peaks appearing in the 

range of 1200–1000 cm
-1

 pertain to C-O-C and C-O-H stretch. This reflects the presence of 

glycosidic linkage in the polysaccharide (Kacurakova et al., 2000). FTIR spectra of QH 

extracted on different days were recorded and all the spectra were superimposable over each 

other, showing no variation in the composition of hydrogel. 
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Fig. 3.1. FTIR spectrum of QH showing distinct peaks. 

3.2.2. Thermal analysis of QH  

Thermal analysis of QH was carried out by heating it from ambient temperature to 800 °C at 

four different heating rates, i.e., 5, 10, 15 and 20 °C per min (Fig. 3.2). The 

thermogravimetric (TG) curves depict 9.2 % weight loss of QH from 30–130 °C. This weight 

loss is attributed to loss of moisture from the QH (Iqbal et al., 2011b). It is obvious from TG 

curves that thermal degradation of QH takes place in two steps. For first step thermal 

degradation, the average of four initial thermal degradations (Tdi) was calculated to be 255 

°C for QH. For second step thermal degradation the values of Tdi and Tdf were calculated to 

be 437 and 513 °C, respectively. The values of maximum thermal degradation (Tdm) were 

305 and 481 °C for first and second step thermal degradations, respectively. The mass loss 

was 49.6 and 21.69 %, respectively for first and second step thermal degradations of QH.  
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Fig. 3.2. TG curves of QH at different heating rates. 

3.3. Gravimetric analysis and on-off switching of QH  

3.3.1. Assessment of physical parameters of QH 

After grinding QH into powder form, it was evaluated for its physical attributes including 

moisture content, flowability, particle size and swelling capacity. Moisture content of QH 

powder was estimated to be 7.5 %. The values of different flow parameters, i.e., Carr‟s 

compressibility index, angle of repose and Hausner ratio were calculated to be 39, 42.87 and 

0.60, respectively that reflect poor flowability of QH powder (Table 3.1). The poor flow of 

QH may be co-related to cohesiveness between particles in QH. Therefore granulation and 

lubrication with suitable lubricant is mandatory before compressing tablets containing QH as 

an excipient. Swelling capacity of QH powder was estimated to be 200 g/g which point out 

QH as highly water swellable natural polysaccharide. 
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Table 3.1. Physical properties of QH powder. 

Physical properties QH 

Moisture content (%) 7.5 ± 0.60 

Average particle size (μm) ≈ 250  

Angle of repose 42.87 ± 0.35  

Bulk density (g/cm
3
) 0.131 ± 0.01 

Tapped density (g/cm
3
) 0.217 ± 0.01 

Carr‟s index (%) 39.06 ± 0.85 

Hausner ratio 1.66 ± 0.05  

Swelling capacity (g/g) after 24 h 200 ± 4.35 

Results are expressed as their mean values ± SD 

3.3.2. pH responsive swelling of QH  

Swelling response of QH powder was investigated in deionized water and buffers of different 

pH values, i.e., (1.2, 6.8 and 7.4) that mimic the physiological pH of stomach, small intestine 

and colon. In buffer solution of pH 1.2, minor swelling of QH was observed as compared to 

basic media, i.e., buffers of pH 6.8 and 7.4. The minor swelling of QH in acidic pH is 

attributed to protonation of carboxylic groups that are contributed by the glucuronic acid 

residues resulting in lack of anion-anion repulsive forces. The presence of glucuronic acid 

residues in association with β-D- xylan has already been reported in QH (Vignon and Gey 

1998).  The lack of repulsion resulted in minor swelling of QH powder in acidic buffer. At 

basic pH the repulsive forces originate due to un-protonation of carboxylate group leading 

polymer to swell. In case of deionized water, swelling of QH powder was even more than that 

of buffer solutions of pH 6.8 and 7.4 (Fig. 3.3). This higher swelling in deionized water  

might be due to lack of charge screening effect in water that leads to stronger anion-anion 
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repulsion and marked swelling of QH (Pourjavadi et al., 2004; Park et al., 2004; Haseeb et 

al., 2016).      

 

 

Fig.3.3. Swelling capacity (g/g) of QH in deionized water and buffers of pH 1.2, 6.8, and 7.4. 

3.3.3. Swelling kinetics 

Hydrogels with higher and rapid swelling are considered ideal candidates to fabricate dosage 

forms such as tablets. The influence of pH, particle size distribution and swelling capacity on 

swelling kinetics is well established (Malana et al., 2012). Swelling kinetics of QH powder 

was evaluated by applying different kinetic models on swelling data of QH powder in 

deionized water and buffer solutions of pH 6.8 and 7.4. The swelling of QH powder was best 

fit to second order swelling kinetics (Fig. 3.4). 

 

0

50

100

150

200

250

0 300 600 900 1200 1500

S
w

el
li

n
g
, 

g
/g

Time, min

 pH 1.2

pH 6.8

 pH 7.4

water



85 
 

 

Fig. 3.4. Swelling kinetics of QH in deionized water and buffer solutions of pH 6.8 and 7.4. 

3.3.4. Evaluation of swelling behavior of QH powder in aqueous salt solutions 

Hydrogels are hydrophilic polymers consisting of interconnected network of acidic, basic or 

neutral monomers. The water absorption capacity of hydrogels depends upon presence of 

hydrophilic functional groups (-COOH, -OH, -CONH2, -SO3H), porosity and extent of cross 

linking (Hoffman, 2002). Swelling of hydrogel is also influenced by salt concentration in the 

swelling medium (Pourjavadi and Mahdavinia, 2006). The effect of different concentrations 

of NaCl and KCl on swelling behavior of QH was investigated (Fig. 3.5). A decline in 

equilibrium swelling of QH was noticed with increase in molar concentration of salt solution 

from 0.1–0.5 M that might be attributed to charge screening effect of additional cations 

(Flory, 1953). 

Secondly, decline in swelling is attributed to decrease in difference in osmotic pressure 

between hydrogel and swelling medium (Pass et al., 1977). It is quite evident that QH showed 
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lesser swelling in KCl as compared to NaCl solution of same molar concentration that might 

be due to higher affinity of potassium ions for its counter ions present in the hydrogel. 

 

Fig. 3.5. Swelling capacity (g/g) of QH in different concentrations of NaCl and KCl. 

3.3.5. Thermo-responsive behavior of QH 

In order to investigate effect of temperature on swelling of QH powder, swelling of QH was 

carried out in deionized water at different temperatures, i.e., 20, 30, 40 and 50 °C and 

swelling capacity of hydrogel (g/g) was noted at different time intervals. The results depicted 

a significant increase in swelling capacity of QH with the increase in temperature of swelling 

medium which might be attributed to the fact that increase in temperature induced chain 

relaxation within the polymer resulting in faster and deeper penetration of water molecules. 

Moreover, the effect of temperature on increment in swelling capacity of QH is more 

pronounced for first 700 min after which minor difference in swelling capacity of QH is 

noted (Fig. 3.6). This is attributed to the fact that maximum chain relaxation was achieved 
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with in the first 700 min after which minor relaxation occurred with the increase in 

temperature.     

 

Fig. 3.6. Effect of temperature on swelling capacity (g/g) of QH. 

3.3.6. Stimuli responsive swelling of QH 

3.3.6.1. pH responsive swelling deswelling (on-off switching) 

To evaluate pH responsive nature of QH, swelling of QH powder (0.2 g) was carried out in 

100 mL phosphate buffer of pH 7.4. This was accomplished by filling QH powder in 

cellophane bag that was immersed in the aforementioned medium. Swelling capacity (g/g) 

was recorded by removing cellophane bag out of immersion medium at 15 min interval for 1 

h. After completion of 1 h, this cellophane bag containing swollen QH was immersed in 

acidic buffer of pH 1.2 and similar process was repeated for a set of 1 h and swelling capacity 

(g/g) of QH powder was calculated. Rapid swelling of QH was noticed in phosphate buffer of 

pH 7.4 (Fig. 3.7) while in acidic buffer of pH 1.2, QH shows lesser swelling. This 

phenomenon could be attributed to protonated and un-protonated forms of carboxylic acid 
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group contributed by uronic acid residues in the structural network of QH (Manrique and 

Lajolo, 2002; Vidal et al., 2001). In acidic medium most of carboxylate groups within 

polymeric chains of QH exist in undissociated form (-COOH) due to which anion- anion 

repulsion is not present. This lack of repulsion resulted in minor swelling of polymer in acidic 

media. Whereas, at basic pH, carboxylic acid is deprotonated (COO
-
), originating repulsion 

between polymer chains as a result pores and interstitial spaces between polymer chains open 

up, enabling polymer to wick water from swelling medium and swell. Pulsatile swelling of 

QH powder is shown in Fig. 3.7. 

 

 

Fig. 3.7. Responsive swelling of QH in phosphate buffer (pH 7.4), represented with filled                                                                                     

circles and acidic buffer (pH 1.2), represented with dotted line and unfilled circles. 
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3.3.6.2. Water and saline responsive swelling of QH 

Swelling deswelling of QH powder was studied in water and normal saline solution. In 

deionized water, rapid swelling of QH powder was observed whereas in normal saline 

solution, deswelling of polymer chains was noticed (Fig. 3.8). This deswelling of polymer 

chains in normal saline could be explained by the difference in osmotic pressure of water and 

normal saline solution (Fig. 3.8). The osmotic pressure of saline solution is lower than that of 

water due to presence of sodium ions. This difference in osmotic pressure resulted in 

movement of water molecules out of swollen hydrogel and caused the hydrogel to shrink.  On 

the other hand when QH was shifted to deionized water, sodium ions were washed out, water 

penetrates in to the polymer chains and swelling of polymer was observed. Secondly 

shrinkage of polymer chains in normal saline could be attributed to charge screening effect of 

Na
+
 ions over their counter ions, i.e., COO

–
 ions due to which repulsive forces between 

polymer chains are reduced resulting in deswelling of polymer chains in normal saline 

(Pourjavadi et al., 2004).  

 

Fig. 3.8. On-off switching of QH in water, represented with filled circles and normal saline 

               solution, represented with dotted line and unfilled circles. 
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3.3.6.3. Swelling deswelling of QH powder in deionized water and ethanol 

Investigation of responsive swelling of QH powder was carried out in deionized water and 

ethanol (Fig. 3.9). QH powder (0.2 g) was enclosed in cellophane bag and its swelling was 

carried out in deionized water for a set of 1 h. The swelling capacity (g/g) of QH powder was 

noticed at 15 min time interval. This was followed by deswelling in ethanol. On-off cycle 

was repeated four times. Rapid deswelling of QH powder in ethanol is attributed to lack of 

affinity of ethanol for water molecules resulting in repulsion of water molecules with 

consequent deswelling of polymer in ethanol. These results comply with the results that have 

been reported (Haseeb et al., 2016; Gulzar et al., 2017). As far as solubility of QH in water 

and ethanol is concerned the QH is insoluble in ethanol and water. 

 

Fig. 3.9. Responsive swelling of QH in water, represented with filled circles and ethanol,                

              represented with dotted line and unfilled circles. 
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3.4. Scanning electron microscopy of QH 

 To get an insight to surface morphology and superporous nature of QH, SEM of both 

longitudinal section and transverse section of freeze dried QH was carried out (Fig. 3.10). 

Images of transverse sections confirmed the microporous nature of QH. Moreover, 

macropores in the form of hollow channels that are interconnected with each other are visible 

in the longitudinal section of QH. This superporous nature of QH depicted by SEM images 

explains the high swelling capacity of QH.    

 

 

   

 

 

 

 

Fig. 3.10. Scanning electron microscopy of transverse (a, b, c) and longitudinal sections (d, e, 

f) of freeze dried QH powder at different magnifications showing average pore size 

of 68.7 µm   
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3.5. Evaluation of QH as stimuli responsive sustained release polymer matrix for drug 

delivery 

Evaluation of QH for stimuli responsiveness along with its potential to produce sustained 

drug release was carried out. This was accomplished by developing matrix tablets of QH 

powder. Different drugs, i.e., diclofenac sodium (DS), theophylline (THF) and levosulpiride 

(LSP) were incorporated in QH matrix tablets and their in vitro dissolution studies were 

carried out in buffer solutions of pH 1.2, 6.8 and 7.4 to evaluate stimuli responsiveness and 

sustain release potential of QH. 

3.5.1. Evaluation of pre-compression parameters 

Different tablet formulations of DS, THF and LSP were prepared by varying amount of QH 

(Table 2.1–2.3). Wet granulation of homogenized mixture of QH, active ingredient and 

excipients was carried out and the resultant granules after lubrication with magnesium 

stearate were evaluated for pre-compression parameters, i.e., for flowability and 

compressibility by means of angle of repose, loose bulk density, tapped bulk density, Hausner 

ratio and Carr‟s compressibility (Table 3.2–3.4). The values of angle of repose of all 

formulations were found to be in the range of 21.46–27.58. Loose and tapped bulk densities 

of granules of all formulations were found to be ranging from 0.643–0.738 and 0.656–0.837, 

respectively. Whereas, Hausner ratio and compressibility index were ranging between 0.823–

0.99 and 10.70–17.66, respectively for granules of all formulations of DS, THF and LSP 

indicating good flowability and compressibility of granules (Trivedi et al., 2008, Wilson et 

al., 2011, El-Zahaby et al., 2014). 
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Table 3.2. Pre-compression parameters for DS tablets. 

Formulation 

code 

Angle of 

repose 

Loose bulk  

density 

(g/cm
3
) 

Tapped bulk 

density 

(g/cm
3
) 

Hausner‟s 

ratio 

Compressibility       

index (%) 

 

DS1 

 

25.60 ± 1.71 

 

0.643 ± 0.06 

 

0.738 ± 0.09 

 

0.878 ± 0.02 

 

12.66 ± 2.08 

DS2 26.09 ± 0.80 0.654 ± 0.12 0.656 ± 0.06 0.990 ± 0.13 13.00 ± 1.73 

DS3 27.58 ± 1.92 0.675 ± 0.09 0.782 ± 0.12 0.863 ± 0.02 13.66 ± 2.08 

 

Table 3.3. Pre-compression parameters for THF tablets. 

Formulation 

code 

Angle of 

repose 

Loose bulk 

density 

(g/cm
3
) 

Tapped bulk 

density 

(g/cm
3
) 

Hausner‟s 

ratio 

Compressibility  

index (%) 

 

THF1 

 

23.53± 2.65 

 

0.738 ± 0.08 

 

0.837 ± 0.07 

 

0.879 ± 0.02 

  

12.1 ± 2.95 

THF2 24.85 ± 0.98 0.675 ± 0.09 0.756 ± 0.06 0.892 ± 0.03  10.70 ± 3.02 

THF3 24.36 ± 1.96 0.687 ± 0.07 0.837 ± 0.07 0.823 ± 0.02  17.66 ± 2.01 

 

Table 3.4. Pre-compression parameters of LSP tablets. 

Formulation 

code 

Angle of 

repose 

Loose bulk 

density 

(g/cm
3
) 

Tapped bulk 

density 

(g/cm
3
) 

Hausner‟s 

ratio 

Compressibility 

index (%) 

 

LSP1 

 

21.46± 0.75 

 

0.687 ± 0.07 

 

0.772 ± 0.06 

 

0.918 ± 0.02 

  

 10.76 ± 2.54 

LSP2 22.43 ± 1.71 0.717 ± 0.05 0.812 ± 0.04 0.884 ± 0.03  11.60 ± 3.79 

LSP3 22.60 ± 1.57 0.717 ± 0.05 0.837 ± 0.07 0.857 ± 0.01  14.30 ± 1.21 
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3.5.2. Evaluation of tablets for post compression parameters 

Post compression parameters, i.e., thickness, hardness, friability, weight and drug contents 

were assessed for different tablet formulations. The results of post compression parameters 

for DS, THF and LSP tablets are summarized in Table 3.5–3.7, respectively. Mean values of 

thickness, hardness, friability and weight of DS, THF and LSP tablet formulations were 

recorded to be in the range of 4.09–4.16 mm, 7.95–8.11 kg/cm
2
, 0.77–0.88% and 400–407 

mg, respectively. While mean drug contents for DS formulations (DS1, DS2 and DS3) were 

98.90, 99.21 and 99.81%, respectively and for THF tablet formulations (THF1, THF2 and 

THF3) were recorded to be 99.71, 99.44 and 99.24%. In case of LS tablet formulations, 

(LSP1, LSP2 and LSP3), mean drug contents were 99.21, 99.31 and 99.48%, respectively. 

Table 3.5. Post compression parameters for DS tablet formulations. 

Formulation 

code 

Tablet 

thickness 

(mm)  

n = 10 

Hardness 

(kg/cm
2
) 

 n = 10 

Friability 

   (%)  

n = 10 

Tablet 

weight (mg)  

  n = 20 

Drug content 

      (%) 

    n = 10 

 

DS1 

 

4.19 ± 0.03 

 

8.04 ± 0.16 

 

0.77 ± 0.03 

 

400.6 ± 6.01 

 

98.90 ± 0.61 

DS2 4.09 ± 0.05 8.11 ± 0.13 0.83 ± 0.05   405 ± 9.95 99.21 ± 0.73 

DS3 4.11 ± 0.09 8.09 ± 0.15 0.81± 0.06   403.5± 7.95 99.81 ± 0.88 
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Table 3.6. Post compression parameters of THF tablet formulations. 

Formulation 

code 

Tablet 

thickness 

(mm)  

n = 10 

Hardness 

(kg/cm
2
) 

 n = 10 

Friability 

   (%)  

n = 10 

Tablet 

weight (mg)  

  n = 20 

Drug content 

      (%) 

    n = 10 

 

THF1 

 

4.16 ± 0.04 

 

8.02 ± 0.08 

 

0.80 ± 0.04 

 

400.1 ± 5.16 

 

99.71 ± 1.15 

THF2 4.14 ± 0.03 8.10 ± 0.06 0.84 ± 0.02 404.0 ± 4.06 99.44 ± 0.80 

THF3 4.12 ± 0.03 7.95 ± 0.06 0.88 ± 0.03  400.1 ± 5.16 99.24 ± 0.52 

 

Table 3.7. Post compression parameters of LSP tablet formulations 

Formulation 

code 

Tablet 

thickness 

(mm)  

n = 10 

Hardness 

(kg/cm
2
) 

 n = 10 

Friability 

   (%)  

n = 10 

Tablet 

weight (mg)  

  n = 20 

Drug content 

      (%) 

    n = 10 

 

LSP1 

 

4.17 ± 0.03 

 

7.99 ± 0.08 

 

0.77 ± 0.03 

 

404.3 ± 4.95 

 

99.21 ± 0.86 

LSP2 4.14 ± 0.04 8.02 ± 0.11 0.86 ± 0.03 405.2 ± 4.67 99.31 ± 0.79 

LSP3 4.16 ± 0.03 7.95 ± 0.06 0.78 ± 0.03 407.4 ± 3.33 99.48 ± 0.60 
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3.5.3. Drug excipient compatibility analysis 

In order to ascertain drug excipient compatibility, FTIR spectrum of different formulations 

containing THF, DS and LSP were recorded using KBr pellet method.  

FTIR spectra of THF produced characteristic peaks appearing in the range of 3500–3300 cm
-1

 

due to –NH stretch of secondary amines. This is followed by peaks appearing at 3000–2800 

cm
-1

 originating due to –CH stretch. The presence of C=O group and -NH bend in THF is 

evident from characteristic peak at 1670 and 1470 cm
-1

. Peaks appearing due to C-N stretch 

in aromatic amines are present at 1240 cm
-1

. The appearance of these bands in combination 

with QH and tragacanth gum (TG) indicates compatibility of THF with different excipients 

used (Fig. 3.11). 

FTIR spectrum of DS showed characteristic peaks at 3361 and 3259 cm
-1

 due to presence of 

secondary amine groups. The characteristic peaks owing to C=O and -NH bending appeared 

at 1671 and 1496 cm
-1

 respectively. Peaks at 760 cm
-1

 appear due to C-Cl stretch in DS. 

These characteristic peaks of DS are also intact in combination with excipients, i.e. QH and 

TG which rule out the possibility of drug excipient interaction (Fig. 3.12). 

In case of LSP, FTIR spectrum was recorded from 4000–400 cm
-1

. The characteristic peaks 

of LSP appeared at 3358–3259 cm
-1

 due to -NH stretch produced by primary and secondary 

amines. Peaks ranging from 3000–2800 cm
-1

 pertain to the -CH stretch. The other peaks at 

1660 and 1580 cm
-1

 are characteristic peaks of C=O and -NH bending while peak at 1360–

1325 cm
-1

 refers C-N stretch in aromatic ring (Fig. 3.13). The characteristic peaks of LSP are 

intact in its combination with QH as well as in physical mixture of QH, TG and LSP thus 

showing the compatibility of LSP with excipients used, i.e., QH and TG. 
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Fig. 3.11. FTIR spectra of TG, QH and THF alone, physical mixture of THF with QH and 

physical mixture of QH, TG and THF. 
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Fig. 3.12. FTIR spectra of TG, QH and DS alone, physical mixture of DS with QH and 

physical mixture of QH, TG and DS. 
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Fig. 3.13. FTIR spectra of TG, QH and LSP alone, physical mixture of LSP with QH and 

physical mixture of QH, TG and LSP. 
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3.5.4. Swelling behavior of QH tablets at different pH values 

Swelling response of different formulations of DS, THF and LSP tablets was observed in 

deionized water, acidic buffer of pH 1.2, phosphate buffer of pH 6.8 and 7.4. Swelling 

capacity of QH tablets at different time intervals was calculated using Eq.6.  

3.5.4.1. pH responsive swelling of blank QH tablets and swelling kinetics 

Like QH powder, swelling response of blank QH tablets was also evaluated at different pH 

values that mimic GIT pH (1.2, 6.8 and 7.4) and in deionized water. It was observed that QH 

tablets swell rapidly in deionized water, followed by phosphate buffer of pH 7.4 and 6.8 

whereas, minor swelling was recorded in acidic buffer of pH 1.2 (Fig. 3.14 a). This change in 

swelling tendency from higher to lower pH could be credited to deprotonated form of 

carboxyl group (COO
–
) at higher pH which generates electrostatic repulsion between similar 

charges that relaxes polymer chains allowing swelling medium to penetrate in to polymer 

chains. At acidic pH (1.2), these repulsive forces between polymer chains don‟t exist because 

of protonation of carboxyl group (–COOH) (Amin et al., 2014; Huang et al., 2007; Wang et 

al., 2011a). However, lesser swelling of QH tablet in phosphate buffers of pH 7.4 and 6.8 

than deionized water might be due to charge screening effect of sodium ions present in 

buffers (Peppas and Mikes, 1986). Swelling kinetics of QH tablets was also studied by 

applying different kinetic models on swelling data acquired from swelling studies of QH 

tablet in deionized water and buffer solutions of different pH. The results of swelling kinetics 

were best fit to second order swelling kinetics (Fig. 3.14 b).  

The swelling of QH in powder form is much more pronounced than tablet form. This lower 

swelling of QH matrix tablet could be supported by the fact that tablets are prepared by high 

compression stress due to which interstitial spaces between particles are reduced making 

penetration of swelling medium difficult with in the tablet core (Bao et al., 2011).  
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Secondly, surface area of QH particles in tablets is significantly reduced than that of powder 

form. In tablet forms, swelling media makes contact with the QH particles that form the outer 

tablet surface while inner particles are not accessed by the medium easily resulting in lesser 

swelling of tablets (Razmjou et al., 2013). Despite of the fact that swelling indices of QH 

tablets are lower than powder form, QH tablets still possess incredible swelling indices. 

 

Fig. 3.14. Swelling capacity of QH tablets in water and buffers of pH 7.4, 6.8 and 1.2 (a) and 

swelling kinetics in water and buffers of pH 7.4 and 6.8 (b). 

3.5.4.2. Swelling response of THF tablets at different pH and swelling kinetics 

Swelling of QH matrix tablets containing THF (THF1, THF2 and THF3)  as an active 

pharmaceutical ingredient (API) was carried out in  buffers of pH 1.2, 6.8, 7.4 and deionized 

water (Fig. 3.15 a, b, c and d). It is noticeable that in acidic medium (pH 1.2) tablets showed 

minor swelling that is attributed to protonated form of carboxyl group present in the 

polysaccharide QH due to which repulsive forces with in the polymer chains are absent 

resulting in lesser relaxing of polymer chains (Huang et al., 2007). In addition, swelling 

extent is also affected by QH concentration in matrix tablet. It is evident from Fig. 3.15a that 

tablet formulations containing higher amount of polysaccharide QH, i.e., THF3 showed lesser 

swelling in acidic buffer of pH 1.2 as compared to THF2 and THF1 that has lesser proportion 

of QH polysaccharide. 
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In case when tablets are immersed in phosphate buffer of pH 6.8, 7.4 and deionized water, 

rapid swelling was noticed that is attributed to repulsive forces with in polymer chains due to 

de-protonation of carboxyl group of QH (Amin et al., 2014; Huang et al., 2007; Wang et al., 

2011a). The swelling results clearly depicted that swelling extent of tablets in swelling media 

is dependent on QH concentration with in the matrix tablet (Fig. 3.15 b, c and d). Different 

kinetic models were also applied to the swelling data acquired from swelling studies in buffer 

solutions of pH 1.2, 6.8, 7.4 and deionized water. The data was best fit to second order 

kinetics model (Fig. 3.16 a, b, c and d). 

 

Fig. 3.15. Swelling capacity of QH tablets and tablet formulations THF1, THF2, THF3 in 

buffers of different pH 1.2 (a), 6.8 (b), 7.4 (c) and deionized water (d). 
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Fig. 3.16. Swelling kinetics of QH tablets and THF tablet formulations (THF1, THF2 & 

THF3) in buffers of pH 1.2 (a), 6.8 (b), 7.4 (c) & deionized water (d), photographs 

of swelling of THF3 tablet in deionized water at different time intervals (e). 
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3.5.4.3. Swelling response of DS tablets and their swelling kinetics   

Swelling behavior of DS matrix tablets was evaluated in buffer solutions of different pH 

values, i.e., 1.2, 6.8, 7.4. All formulations containing DS (DS1, DS2 and DS3) showed minor 

swelling at acidic pH. Moreover, decline in swelling capacity was noted as the proportion of 

QH is increased (Fig. 3.17 a). The swelling pattern of DS tablets in acidic buffer is 

anomalous to that of THF tablets in acidic buffer of pH 1.2.     

In case when we moved towards basic pH and water, tablets (DS1, DS2 and DS3) showed 

rapid swelling due to de-protonation of carboxyl group contributed by glucuronic acid 

residues present in the polymer chains. This de-protonation produce repulsion with in the 

polymer chains resulting in opening of pores and interstitial spaces with in the polymer 

chains, permitting rapid and deeper penetration of swelling medium (Fig. 3.17 b, c).  It is 

evident that swelling capacity of QH matrix tablets in buffer solutions of pH 6.8, 7.4 and 

deionized water is increased with increasing proportion of QH with in the tablet (Fig 3.17 b, c 

and d). This swelling trend indemnifies the earlier findings made during the swelling studies 

of THF tablets. The swelling data in buffers of pH 1.2, 6.8, 7.4 and deionized water was best 

fit to second order kinetics (Fig. 3.18 a, b, c and d). 

3.5.5. Salt responsiveness of different tablet formulations 

Salt responsive behavior of different tablet formulations, i.e., QH, THF3 and DS3 was 

investigated in NaCl and KCl solutions of different molar concentrations (0.1–2.0 M) and the 

effect of cations on swelling indices of QH matrix tablets was observed (Fig. 3.19 a, b). It is 

obvious that equilibrium swelling of all formulations (QH, THF3 and DS3) decreased 

abruptly as the molar concentration of cations (Na
+
 and K

+
) was increased from 0.1–0.5 M. 

This is followed by a steeper phase of declination in equilibrium swelling in both NaCl and 

KCl solutions (0.5–2 M) as depicted (Fig. 3.19 a, b). It is obvious that all tablet formulations 

exhibited lesser equilibrium swelling in KCl as compared to NaCl solutions of same molar 



105 
 

concentration. It might be due to higher affinity of potassium ions for counter-ions present in 

the hydrogel. 

The decrease in equilibrium swelling of different QH tablet formulations in NaCl and KCl 

solutions is due to decrease in osmotic pressure difference between polymer chains and 

swelling medium. This behaviour is clearly due to presence of Na
+
 and K

+
 cations. The 

reduction in osmotic pressure difference between polymer chains and surrounding medium 

resulted in lesser penetration of water molecules in to polymer chains that ultimately lowered 

swelling capacity of QH tablets. Secondly, this reduced equilibrium swelling capacity of QH 

tablets in cationic solutions could be supported by the charge screening effect of cations (Na
+
 

and K
+
) over counter ion (COO

-
) resulting in less repulsion with in polymer chains and 

ultimately lesser swelling (Pandey et al., 2013).  

Fig. 3.17. Swelling capacity of QH and DS tablets at pH 1.2 (a), 6.8 (b), 7.4 (c) and deionized        

 water (d). 
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Fig.3.18. Swelling kinetics of QH and DS tablets (DS1, DS2 and DS3) at pH 1.2 (a), 6.8 (b),  

7.4 (c) and deionized water (d). Photographs of DS3 taken during swelling process 

in deionized water at different time intervals (e). 
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Fig. 3.19. Equilibrium swelling of QH, THF3 and DS3 tablets in different molar concen--

trations of NaCl (a) and KCl solutions (b). 
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tablets. Secondly, the presence of ethanol and sodium salt in the GIT can also be influential 

on drug release from QH tablets therefore, on-off phenomenon in water–saline and water–

ethanol is also investigated.  

3.5.6.1. Swelling deswelling of QH tablets in water and ethanol 

In order to assess stimuli responsiveness of QH tablet formulations, immersion of tablets 

(QH, THF3 and DS3) in deionized water was carried out and tablets were allowed to swell 

for 1 h and swelling capacity of tablets was determined at 15 min time interval using Eq. 6. 

This was followed by deswelling phase in which immersion medium of swollen tablet was 

replaced with ethanol and similar process was repeated. This on-off phenomenon is shown in 

Fig. 3.20 a. It is obvious that deswelling curves are slightly steeper than swelling curves that 

could be justified by the fact that ethanol has no affinity for water molecules and ethanol 

quickly replaced water molecules with in the polymeric chains of hydrogel resulting in 

shrinkage of chains (Dragan and Apopei, 2013). This phenomenon establishes that if drug 

loaded in QH is administered to an alcoholic patient, there will be problem in drug release. 

3.5.6.2. Swelling deswelling in water and normal saline  

Similar to on-off switching in water and ethanol, swelling deswelling of tablets (QH, DS3, 

THF3) was carried out in water and normal saline by adopting similar procedure as described 

in section 3.5.6.1. In deionized water, the tablets showed rapid swelling due to penetration of 

water through pores present in the tablet surface while deswelling of different tablet 

formulations is noticed when placed in the normal saline (Fig. 3.20 b). The swelling 

deswelling in water and normal saline is attributed to difference in osmotic pressure between 

water and normal saline solution. As the osmotic pressure of saline solution is less than water 

therefore when swollen tablets were shifted to saline solution, water molecules present in the 

polymer chains were drawn out that resulted in deswelling of polymer chains as depicted in 

Fig. 3.20 b. 
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3.5.6.3. pH responsive swelling deswelling of QH tablet 

To evaluate the sensitivity towards pH, swelling of different tablet formulations (QH, THF3 

and DS3) was performed in buffers of pH 7.4 and 1.2 (Fig. 3.20 c). It is notable that in 

phosphate buffer of pH 7.4, all tablet formulations (QH, THF3 and DS3) swelled rapidly 

however, as swelling medium was replaced with acidic buffer (pH 1.2) deswelling was 

noticed as depicted in Fig. 3.20 c. This swelling deswelling could be supported by the fact 

that at basic pH the carboxyl group (–COOH) of QH contributed by glucuronic acid residues 

exists in ionized form (–COO
-
). This ionization produces

 
electrostatic repulsive forces 

originate with in the polymer chains that extends polymer chains, open up pores thus 

allowing the media to penetrate with in polymeric network. As a result polymer swells 

(Wang, et al., 2011a; Huang, et al., 2007). When swelling media was replaced with acidic 

buffer (pH 1.2), the carboxyl group was protonated and the repulsive forces with in the 

polymer chains were no more present therefore, polymer deswells in acidic medium.  

When we compared the swelling of three formulations, i.e., QH, THF3 and DS3, it is evident 

from Fig. 3.20 c that QH and THF3 swell more than DS formulations. This might be due to 

ionizable acidic group present on drug moiety. However from this data, it could be inferred 

that swelling of QH gel is not governed by the drug moiety. Secondly, lower swelling at 

acidic pH (stomach) suggests that QH could be used as drug carrier for drugs that are 

sensitive to acidic environment of stomach.        
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Fig. 3.20. Stimuli responsive swelling deswelling of QH tablets (QH, THF3 and DS3) in 

water-ethanol (a), water-normal saline (b) and buffers of pH 7.4 and 1.2 (c). 

0

1

2

3

4

5

6

7

8

0 60 120 180 240 300 360 420

S
w

el
li

n
g
, 

g
/g

Time, min

QH THF3 DS3

(a)

(b)

0

1

2

3

4

5

6

7

8

0 60 120 180 240 300 360 420

S
w

el
li

n
g
, 

g
/g

Time, min

 QH  THF3  DS3

0

1

2

3

4

5

6

7

8

0 60 120 180 240 300 360 420

S
w

el
li

n
g
, 

g
/g

Time, min

 QH  THF3  DS3

(c)



111 
 

3.6. Scanning electron microscopy of QH tablets 

Morphology of tablet surface was investigated using SEM analysis. The SEM photographs of 

air dried QH, tablet surface of LSP3, swollen and then freeze dried LSP3 tablet was carried 

out as shown in Fig. 3.21 a, b and c, respectively. The presence of pores in dried QH is 

obvious from (Fig. 3.21 a). SEM photographs of tablet surface showed cracks in the surface 

from which immersion medium enters the tablet core and render tablet to swell. The 

dissolved drug also comes out of tablet core through these pores (Fig. 3.21 b). The presence 

of pores and channeling in the tablet is further confirmed by SEM photograph of swollen and 

dried LSP3 tablet formulations which supported the high profile swelling of QH tablets in 

deionized water and phosphate buffers of pH 6.8 and 7.4 (Fig 3.21 c).   

 

 

 

Fig. 3.21. SEM images of surface of QH tablet (a), broken surface of LSP3 tablet (b) and 

cross section of swollen then freeze dried tablet formulation LSP3. 
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3.7. In vitro drug release studies from different tablet formulations 

3.7.1. Drug release studies from LSP tablets 

Drug release from LSP tablet formulations (LSP1, LSP2 and LSP3) was investigated for first 

2 h in SGF and then in SIF for 12 h at 50 rpm. The main factors that govern the drug release 

from polymeric material are drug solubility in the dissolution medium, swelling capacity of 

polymeric material in the dissolution media and polymer and drug interaction (Brazel and 

Peppas, 1999; Siepmann and Peppas, 2001). Drug release in SGF was noted to be 10.4, 5.0 

and 4.6% from LSP1, LSP2 and LSP3, respectively in 2 h. This slow release from tablets is 

due to low swellability of QH in acidic environment thus controlling drug release. When the 

tablets were shifted to SIF, the drug release was geared up due to increased swellability of 

QH in basic environment and also due to higher solubility of LSP in SIF as compared to SGF 

Fig. 3.22 b. It is evident that in SIF drug release was noted to be 99.4, 94.8 and 85.4% from 

LSP1, LSP2 and LSP3, respectively (Fig 3.22 a). 

The study also unfolded that drug release from LS matrix tablet is governed by concentration 

of QH in the tablet. As the proportion of QH is increased (LSP1–LSP3), drug release was 

sustained (Fig. 3.22 a). In order to understand mechanism of drug release from LSP matrix 

tablets, power law equation was used and graph was plotted between ln(Mt/M∞) vs ln t, and 

values of Kp and n were determined from intercept and slope of graph, respectively. The 

values of n are summed up in Table 3.8, which are ranging from 0.887–0.955 for all 

formulations. These values suggest that drug release is erosion based and obeys super case II 

transport mechanism. 
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Fig. 3.22. Drug release studies from LSP1, LSP2 and LSP3 in SGF for 2 h followed by 

dissolution in SIF for 12 h (a) swelling capacity of three formulations at pH 7.4 at 

different time intervals (b). 

Table 3.8. Values of power law parameters for LSP formulations. 
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3.7.2. Drug release studies from THF and DS tablets 

To establish QH as controlled release biomaterial, its potential to sustain and trigger drug 

release was further investigated by loading two APIs that have different chemical nature from 

each other.  This would be helpful to establish the effect of nature of the drug moiety on 

swelling and drug release behavior from QH matrix tablets. This was accomplished by 

loading THF and DS in QH matrix tablets, former is regarded as neutral drug while DS is a 

commonly used NSAID with acidic nature. 

The in vitro drug release from THF1, THF2 and THF3 was studied in phosphate buffers of 

pH 6.8, 7.4 and deionized water for 12 h at 50 rpm (Fig. 3.23 a, b, c). It is obvious that as the 

amount of QH is increased, drug release is sustained. The swelling capacity of tablet is also 

increased with increasing amount of QH, making difficult for the solubilized drug to come 

out of swollen matrix. The cumulative drug release from THF1, THF2 and THF3 in 

phosphate buffer of pH 6.8 after 12 h was found to be 98.8, 93.1 and 89.1%, respectively. In 

phosphate buffer of pH 7.4 drug release was 99.7, 96.9 and 91.8% for formulations THF1, 

THF2 and THF3, respectively. In deionized water drug release was 99.1, 98.8 and 95.4% for 

THF1, THF2 and THF3, respectively. However due to water solubility of THF and 

hydrophilic nature of QH, minor retardation in drug release was noticed with increasing QH 

contents in tablet formulations (THF1–THF3).   

 To mimic the conditions and pass on time from different segments of GIT, drug release from 

THF tablets was carried out in acidic buffer of pH 1.2 for 2 h, followed by phosphate buffer 

of pH 6.8 for 6 h and then in phosphate buffer of pH 7.4 for 4 h (Fig. 3.23 d).  
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Fig. 3.23. Cumulative drug release profile from THF tablet formulations at pH 6.8 (a), 7.4 

(b), deionized water (c) and physiological pH, i.e., 1.2, 6.8 and 7.4. 

On similar grounds, drug release from DS tablets was investigated. Different formulations, 

i.e., DS1, DS2 and DS3 were fabricated by varying proportion of QH in the matrix tablets. 

Drug release from DS tablets was carried out in acidic buffer (pH 1.2), basic phosphate 

buffers (pH 6.8 and 7.4) and deionized water at 50 rpm for 12 h. The results showed only 

minor amount of drug released in acidic buffer (Fig. 3.24 d). This is attributed to both very 

low solubility of drug and low swellability of QH in acidic media. However, in basic 

environment (buffers of pH 6.8 and 7.4), both drug solubility and swellability of QH were 

enhanced that resulted in release of 99.5, 91.0 and 85.7% of the drug in 12 h from 

formulation DS1, DS2 and DS3, respectively in buffer solution of pH 6.8. In buffer of pH 
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respectively. In water, drug release was slower than buffer solution of pH 7.4, releasing 99, 

92.5 and 86.8% from formulations DS1, DS2 and DS3, respectively (Fig. 3.24 a-c). The 

slower release in water than buffer solution of pH 7.4 is because of lower solubility of DS in 

water. 

In order to mimic pH conditions and transit time to that of GIT, the drug release from DS 

tablets was investigated at pH 1.2 for 2 h, at pH 6.8 for 6 h and pH 7.4 for 4 h (Fig. 3.24 d). It 

is obvious from results that only minor amount of drug is released from DS tablets in acidic 

pH 1.2 that mimic the pH of stomach, releasing 7.5, 6.0 and 5.5% from DS1, DS2 and DS3, 

respectively. Then tablets were shifted to phosphate buffer of pH 6.8 where QH swelled and 

released the drug in a sustained manner for 6 h but at faster rate than that of acidic buffer. In 

buffer solution of pH 7.4, slight increments in drug release is obvious (Fig. 3.24 d). This is 

due to polymer chain relaxation and increased solubility of drug at pH 7.4, releasing 98.1, 

92.5 and 86.4% of drug from DS1, DS2 and DS3, respectively after 12 h. The drug release 

from DS1, DS2 and DS3 was also compared with commercially available Voltral
®
SR100 

tablets, showing comparable drug release rates, however DS2 and DS3 produced more 

sustained drug release than that of  Voltral
®
SR100 (Fig. 3.24 a–d). 
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Fig. 3.24. Cumulative drug release profile of DS tablet formulations and Voltral
®
SR100 in 

phosphate buffers of pH 6.8 (a), 7.4 (b), de-ionized water (c) and at physiological 

pH of intestine (d). 

3.7.3. Drug release kinetics  

 To understand the underlying mechanism of drug release from QH matrix tablets, i.e., THF1, 

THF2, THF3 and DS1, DS2 and DS3 drug release data obtained from dissolution studies in 
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2
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2
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exponent (n) obtained from Krosmeyer Peppas equation were ranging from 0.993–0.997 

indicating super case II transport mechanism controlling drug release. In cylindrical system 

like tablets, drug release mechanism is regulated by Fickian diffusion if n < 0.45 however, if 

the value of n = 0.45 < 0.89 then drug release from matrix tablet is non Fickian diffusion also 

termed as anomalous transport in which drug release from polymer matrix is dictated by both 

diffusion and polymer swelling. In case when values of n =0.89 or n >0.89 for drug release 

data from tablets, then the drug release is said to follow super case II transport mechanism, 

where drug release is predominantly controlled by erosion of the matrix tablet (Korsmeyer et 

al., 1983; Ritger and Peppas, 1987). 
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Table 3.9. Different parameters of drug release kinetics of THF tablets. 

 

 

 

 

 

               pH water              pH 6.8              pH 7.4 

  THF1 THF2 THF3  THF1 THF2 THF3  THF1 THF2 THF3 

Zero order R
2
 0.992 0.986 0.991  0.993 0.993 0.991  0.991 0.9917 0.989 

K0 11.72 10.254 9.011  10.713 9.090 7.767  11.459 11.459 8.267 

MSC 4.601 3.956 4.469  4.681 4.763 4.517  4.459 4.459 4.274 

             

First order R
2
 0.931 0.925 0.926  0.933 0.930 0.922  0.926 0.933 0.921 

K1 0.186 0.168 0.144  0.170 0.147 0.124  0.188 0.159 0.135 

MSC 2.426 2.391 2.434  2.485 2.487 2.389  2.393 2.5303 2.379 

             

Higuchi R
2
 0.842 0.854 0.840  0.847 0.850 0.829  0.8561 0.8668 0.839 

KH 26.923 25.818 23.750  25.790 24.019 21.894  27.290 25.136 23.055 

MSC 1.600 1.724 1.653  1.658 1.717 1.601  1.716 1.834 1.6608 

             

Korsmeyer-

Peppas 

R
2
 0.997 0.994 0.993  0.998 0.993 0.997  0.9948 0.9933 0.9931 

KKP 13.190 12.164 10.070  12.240 10.666 8.250  13.569 12.160 9.302 

n 0.922 0.897 0.931  0.914 0.908 0.970  0.889 0.886 0.938 

MSC 5.354 4.745 4.634  5.229 4.736 5.033  4.813 4.645 4.648 

             

Hixson-

Crowell 

R
2
 0.967 0.964 0.964  0.968 0.967 0.958  0.9663 0.9711 0.960 

KHC 0.053 0.048 0.041  0.049 0.042 0.036  0.053 0.045 0.038 

MSC 3.161 3.131 3.141  3.244 3.234 3.015  3.168 3.3620 3.054 
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Table 3.10. Different parameters of drug release kinetics of DS tablets. 

 

 

 

 

 

 

             pH water              pH 6.8               pH 7.4 

  DS1 DS2 DS3  DS1 DS2 DS3  DS1 DS2 DS3 

Zero order R
2
 0.992 0.998 0.991  0.998 0.993 0.991  0.997 0.996 0.992 

K0 11.160 7.884 6.897  11.325 8.121 6.912  11.826 8.422 7.278 

MSC 4.450 4.8236 4.453  6.292 4.761 4.521  5.832 5.335 4.547 

             

First order R
2
 0.900 0.913 0.906  0.929 0.926 0.912  0.909 0.919 0.915 

K1 0.177 0.128 0.107  0.182 0.131 0.106  0.198 0.138 0.115 

MSC 2.053 2.283 2.200  2.432 2.442 2.266  2.185 2.353 2.302 

             

Higuchi R
2
 0.794 0.826 0.792  0.842 0.843 0.797  0.8210 0.843 0.813 

KH 26.189 22.375 20.038  26.791 22.653 19..946  27.311 23.435 21.006 

MSC 1.333 1.586 1.407  1.628 1.688 1.4289    1.470   1.686   1.508 

             

Korsmeyer-

Peppas 

R
2
 0.996 0.997 0.996  0.992 0.992 0.997  0.998 0.996 0.996 

KKP 10.384 8.202 6.007  12.743 12.743 6.147  12.140 9.478 7.116 

n 1.044 0.983 1.077  0.913 0.913 1.064  0.979 0.936 1.020 

MSC 5.040 5.608 5.184  4.397 4.3973 5.360  5.717 5.398 5.338 

             

Hixson-

Crowell 

R
2
 0.941 0.952 0.942  0.963 0.963 0.946  0.954 0.959 0.951 

KHC 0.051 0.037 0.031  0.037 0.037 0.031  0.055 0.039 0.034 

MSC 2.583 2.883 2.673  3.134 3.134 2.763  2.834 3.038 2.852 
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3.8. Acute toxicology studies of QH 

Acute oral toxicity of QH was investigated in albino mice by administering a single dose of 

1, 2 and 5 g/kg body weight per oral route to mice. This was accomplished by dividing mice 

into four groups (Group I, II, III and IV). Group I was left untreated and used as control while 

groups II-IV were assigned as treated group animals receiving 1, 2 and 5 g/kg QH, 

respectively. All animals were closely monitored for their general health, i.e., body weight, 

food and water consumption, behavior changes and toxic effects of QH such as skin allergy, 

diarrhea, salivation, tremors and eye irritation, etc. for 14 days. During this study, no 

mortality was observed in treated animals and all animals showed normal behavior. 

3.8.1. Physical parameters 

Physical attributes like behavioral pattern, i.e., tremors, salivation, sleep, response to light 

and touch was monitored on daily basis for 14 days. All animals showed normal behavior, 

i.e., salivation, diarrhea and tremors were not observed and no signs of dermal, ocular and 

mucosal irritation were apparent in treated group animals. 

3.8.2. Estimation of body weight, food and water consumption 

Animals of both control (Group I) and treated groups (Group II, III and IV) were monitored 

for their body weight, food and water consumption after administration of QH. A slight 

decrease in food and water consumption was noted after administration of QH on day 1 after 

which no statistically significant difference was noticed between control and treated group 

animals in terms of consumption of food and water (Table 3.11). 
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Table 3.11. Body weight, food and water intake of control and treated group animals. 

All values are expressed as their mean ± SD 

*P < 0.05 as significant difference as compared to control  

** P < 0.05 as significant difference with in the group  

 

 

 

S/No Clinical  

observations 

Group-I 

control 

Group II 

Treated (1 g/kg) 

Group-III 

Treated(2 g/kg) 

Group IV 

Treated (5 g/kg) 

1 Body weight 

 Pre treatment 27.8 ± 0.36 28.8 ±1.51 26.7 ± 0.89 29.6 ± 0.91 

 Day 1 27.2 ± 0.75 28.6 ± 1.51 26.0 ± 0.98 27.8 ± 0.46 

 Day 2 27.3 ± 0.25 28.3 ± 1.38 26.3 ± 1.11 28.7 ± 1.14 

 Day 3 27.6 ± 0.30 28.1 ± 1.18 26.2 ± 1.00 29.3 ± 1.01 

 Day 7 27.9 ± 0.35 28.2 ± 1.17 26.6 ± 0.90 29.5 ± 0.96 

 Day 14 28.3 ± 0.27 28.8 ± 1.10 26.8 ± 0.90 29.9 ± 0.93 

2 Food intake (g) 

 Pre treatment 2.9 ± 0.15 3.1 ± 0.20 3.0 ± 0.15 3.13 ± 0.15 

 Day 1 2.8 ± 0.15 2.4*± 0.21 2.4*±0.15 2.5* ± 0.10 

 Day 2 2.9 ± 0.06 2.8 ± 0.15 2.8 ± 0.12 2.5**±0.06 

 Day 3 2.8 ± 0.06 3.0 ± 0.10 3.0**±0.30 3.1**±0.15 

 Day 7 3.0 ± 0.10 3.1**±0.20 2.9**±0.10 3.1**±0.15 

 Day 14 3.0 ± 0.10 3.2**±0.32 3.1**±0.15 3.1**±0.10 

3 Water intake (mL) 

 pretreatment 11.9 ± 0.86 11.8 ± 0.85 12.1 ± 0.61 11.9 ± 0.40 

 Day 1 12.3 ± 0.86 11.1 ± 0.36 12.0 ± 0.40 11.7 ± 0.40 

 Day 2 12.5 ± 0.53 12.4 ± 0.91 12.3 ± 0.40 12.0 ± 0.36 

 Day 3 12.5 ± 0.71 12.7 ± 0.60 12.4 ± 0.30 12.1 ± 0.20 

 Day 7 12.6 ± 0.62 12.8 ± 0.96 12.7 ± 0.30 12.3 ± 0.21 

 Day 14 12.3 ± 0.36 12.7 ± 0.60 12.8 ± 0.30 12.3 ± 0.40 
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3.8.3. Assessment of ocular and dermal irritation  

To establish oral, inhalational and dermal safety of excipient, assessment of their ocular and 

dermal safety is mandatory as per guidelines of United States Pharmacopeia (USP, 2006). For 

assessing ocular toxicity, solution of QH (5 mg/10 mL) was instilled on the lower averted lid 

of the right eye of rabbit while left eye was used as control. Eyes of each animal were 

assessed for irritation signs after 1, 12, 24, 36 and 48 h of instillation. There were no signs of 

redness in eyes of the treated animals. The corneal opacity of treated eye was found 

comparable with that of control group after 48 h. Similarly, coloration of skin of rabbits after 

application of QH in the form of thick paste on the skin was compared with control, revealing 

no signs of irritation. 

3.8.4. Relative organ body weight and histopathology of vital organs 

All vital organs, i.e., heart, kidney, liver, spleen, lungs and stomach of both control and 

treated groups were removed on 15
th

 day and their relative organ body weight (organ 

weight/100 g of total body weight) was calculated (Table 3.12). The results were also 

analyzed statistically using one way ANOVA (Turkeys multiple comparison test). It was 

revealed that there was no significant difference between control and treated animals and also 

with in the groups. 

Histopathology of vital organs showed no lesions or degeneration thus establishing QH as 

safe excipient for oral use (Fig. 3.25–3.29). 
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Fig. 3.25. Histopathology of liver of treated group (a) and control (b). 

 

 

Fig. 3.26. Histopathology of spleen of treated group (a) control (b). 
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Fig. 3.27. Histopathology of kidney of treated group (a) control (b). 

 

 

 

Fig. 3.28. Histopathology of intestine of treated animals (a) and control (b) 
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Fig. 3.29. Histopathology of heart of treated group animals (a) and control (b). 

3.8.5. Hematological and biochemical parameters of blood 

Different hematological parameters of blood, i.e., RBCs count, WBCs, platelets and 

hemoglobin of blood of both treated and control groups were estimated (Table 3.13).  Blood 

chemistry, i.e., liver profile, renal profile and serum triglycerides were also evaluated (Table 

3.13). It is obvious from the results that both hematological and biochemical parameters of 

blood of treated and control group animals were found to be with in the normal ranges and no 

statistically significant variations were  noticed between treated and control group animals. 

Table 3.12. Relative organ body weight (g) of different organs. 

Groups Dose Heart Liver Kidney spleen Stomach 

Control  0.50 ± 0.02 1.96 ± 0.12 0.82 ± 0.05 0.68 ± 0.05 1.14 ± 0.05 

Group I 1 g/kg 0.53 ± 0.02 1.85 ± 0.08 0.81 ± 0.04 0.74 ± 0.03 1.06 ± 0.08 

Group II 2 g/kg 0.52 ± 0.02 1.98 ± 0.12 0.88 ± 0.04 0.71 ± 0.04 1.05 ± 0.07 

Group III 5 g/kg 0.51 ± 0.02 1.85 ± 0.11 0.91 ± 0.03 0.80 ± 0.03 1.15 ± 0.07 

Organ weight is expressed as mean relative organ body weight ± SD 

 

 

 

(a) (b)
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Table 3.13. Hematological parameters and blood chemistry of treated and control mice. 

Test Group-I 

Control 

Group-II 

Treated (1 g/kg) 

Group-III 

Treated (2 g/kg) 

Group-IV 

Treated (5 g/kg) 

Hematology     

Total WBCs ( ˟ 10
3
/µL) 8.17 ± 0.25 8.27 ± 0.60 8.20 ± 0.40 8.33 ± 0.15 

RBCs ( ˟ 10
6
/µL) 8.29 ± 0.20 8.03 ± 0.31 7.97 ± 0.47 8.53 ± 0.37 

Platelets ( ˟ 10
3
/µL) 548.0 ± 3.06 550.6 ± 7.02 556.7 ± 9.71 565.0 ± 4.58 

Hb (g/dL)  

Normal range (10-16 g/dL) 

12.33 ± 0.15 11.87 ± 0.31 12.13 ± 0.60 12.20 ± 0.36 

Blood chemistry     

ALT (U/L) 

Normal range (17-77) 

54 ± 2.52 57 ± 3.00 58.6 ± 3.51 58.6 ± 1.52 

AST (U/L) 

Normal range (54-298) 

143.0 ± 2.65 143.3 ± 3.06 115.60 ± 4.04 143.0 ± 4.58 

Renal profile     

Creatinine (mg/dL) 

Normal range  

(0.2-0.9 mg/dL) 

0.44 ± 0.05 0.46 ± 0.03 0.47 ± 0.03  0.47 ± 0.06 

Lipid profile     

Serum cholesterol  

Normal range  

(150-220 mg/dL) 

146.6 ± 2.52 147.6 ± 3.06 150.6 ± 3.05 149.1 ± 3.60 

Serum triglycerides 113.0 ± 2.65 112.3 ± 2.52 111.2 ± 3.60 111.5 ± 3.05 

Hematological parameters and blood chemistry is expressed as their mean values ± SD 
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3.8.6. Safety pharmacology 

Following the safety guidelines presented in International conference of harmonization (ICH 

guidance, 2005), cardiac safety of QH was evaluated. The effect of QH on heart rate and 

force of contraction of heart was evaluated on rabbit heart by applying (1 ng, 10 ng, 0.1μg, 

0.01 mg, 0.1 mg and 1 mg/mL) on the isolated rabbit heart (Fig. 3.30). It is evident that QH 

mildly increased the force of contraction of the heart (1 mg/mL) however no significant effect 

on heart rate is reported. 

 

 

     Fig. 3.30. Effect of QH on heart rate (a) and force of contraction of heart (b). 
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3.9. QH mediated green synthesis of sliver nanoparrticles (AgNPs) and its 

pharmaceutical application 

AgNPs have diverse applications that encompass opto-electrical (Raveendran et al., 2003; 

Carsin et al., 2004), antibacterial (Hayward et al., 2000) and anticancer therapy (Mfouo-

Tynga et al., 2014; Zhao et al., 2014). Different techniques have been applied for the 

synthesis of metal nanoparticles including irradiation (Tsuji et al., 2008; Shameli et al., 

2010), reduction by means of chemical agents (Oves et al., 2013; Shameli et al., 2010) and 

electrochemical engineering (Eustis and el-Sayed, 2006; Dosescu et al., 2009). The major 

drawback of synthetic procedure is the use of hazardous chemicals such as sodium 

borohydride as reducing agents (Chen et al., 2006). Secondly, aggregation of silver 

nanoparticles due to their large surface to volume ratio limits their application (El-Nour et al., 

2010; Tahir et al., 2006). Therefore, we are focused to adopt green synthesis procedure for 

fabrication of AgNPs using QH as natural reducing and capping agent. The basic principle 

involved in the synthesis of AgNPs under the effect of diffused sun light is the generation of 

hydrated electrons species from the polysaccharide that carry out reduction of monovalent 

sliver ions (Ag
+
) to zero-valent silver ions (Ag). Therefore the use of additional reducing 

agent is avoided in green synthesis. 

On mixing QH suspension with AgNO3 solution, reaction between Ag
+ 

ions and QH 

produced [Ag(QH)]
+
 complex. On exposure to sunlight, reduction of Ag

+
 ions was 

accomplished by QH polysaccharide to [Ag(QH)] as intermediate precursor. The negatively 

charged COO
-
 in the QH structural skeleton captured the positively charged Ag

+
 ions, 

producing a stable [Ag(QH)] complex. Similar kind of findings have been reported for 

linseed hydrogel (Haseeb et al., 2017) and Gulzar et al., 2017 have also carried out green 

synthesis of silver nano particles using glucuronoxylan  hydrogel extracted from seeds of 

Mimosa pudica. The progress in the reaction was observed by visual change in the color of 
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reaction mixture which turned brown and finally dark brown from initially colorless solution 

with in six hours after exposure to diffused sun light. Schematic illustration of formation of 

AgNPs is shown in Fig. 3.31. 

 

Fig. 3.31. Block diagram showing procedure adopted for synthesis of AgNPs. 

3.9.1. Characterization of AgNPs 

Synthesis of AgNPs was carried out by QH polysaccharide induced reduction of Ag
+
 ions 

present in the silver nitrate solution under the effect of sunlight. Characterization of AgNPs 

was carried out using UV-Vis spectroscopy, SEM and EDS analyses. 

3.9.1.1. UV-Vis spectrophotometric analysis 

Solutions of different molar concentrations, i.e., 25, 50 and 75 mM of AgNO3, (5 mL) were 

mixed with equal volume of QH suspension in deionized water in dark. Then this mixture 

was shifted to diffused sunlight where reduction of Ag
+
 ions was induced by QH 

polysaccharide resulting in formation of [Ag(QH)]
 
complex. The progress of reaction is 

indicated by color change of the reaction mixture which turned dark brown from colorless. 

Snapshots of color change are shown in Fig. 3.32. 
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Fig. 3.32. Snapshots showing color change in the mixture of QH-AgNO3 solution (25 mM) at 

different time intervals. 

The progress in the reaction was also monitored by recording the absorption spectrum of QH-

AgNO3 mixture (25, 50 and 75 mM) at different time intervals (10, 15, 30, 45, 60, 120, 240, 

360 min) after exposure to diffused sunlight. Scanning of QH-AgNO3 mixtures (25, 50 and 

75 mM) from 800–200 nm was carried out on UV-Vis spectrophotometer showing strong 

absorption in the visible region (Fig. 3.33). This absorption in visible region is attributed to 

surface plasmon resonance (SPR) generated by oscillation of conduction electrons in the 

AgNO3 solution (Mock et al., 2002). The UV-Vis spectra of [Ag (QH)] complex generated 

by mixing 25 mM AgNO3 and QH (aq.) suspension showed absorption bands at 412, 415, 

423, 428, 433, 437, 445 and 451 nm. In case of 50 mM solution, absorption bands were 

recorded at 417, 422, 428, 434, 440, 444, 448 and 455 nm while 75 mM solution produced  

absorption bands at 420, 427, 432, 438, 445, 451, 455 and 458 nm after 15, 30, 45, 60, 120, 

180, 240 and 360 minutes, respectively. The outcome of this investigation complies with the 

findings of earlier work carried out to fabricate AgNPs using hydroxypropylcellulose (HPC) 

and dextran as reducing and capping agents (Hussain et al., 2015; Hussain et al., 2014). The 

results of UV-Vis spectra are shown (Fig. 3.33). A red shift in the absorption spectrum is 

notable which indicate increase in size of AgNPs with the passage of time. The absorption 

0 min 15 min 30 min 1 h 2 h 3 h 4 h
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intensity was also augmented with the prolongation of reaction time (Fig. 3.33) which reflects 

that Ag
+
 ions present in the reaction mixture are being continuously reduced by QH.   

 

 

Fig. 3.33. UV-Vis spectra of AgNPs; formed using 25 mM (a), 50 mM (b) and 75 mM (c) 

solution of AgNO3 at different time intervals and bar graph (d) showing increase in 

absorption wave length with increasing concentration of AgNO3 and reaction time. 
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3.9.1.2. Scanning electron microscopy and Electron dispersive X-ray spectroscopy 

analysis  

 To visualize the distribution of AgNPs in the thin Ag(QH) films, small fragments of  freshly 

prepared films were sliced and viewed by SEM. Isolation of AgNPs from thin films was 

accomplished by ultracentrifugation of the solution obtained by dissolving films in water. 

Preliminary SEM/EDS analysis revealed that the average size of formed AgNPs ranging  

from 6–10 nm, 8–14 nm and 8–16 nm for films prepared from  25, 50 and 75 mM AgNO3 

solutions, respectively (Fig. 3.34).  

 

Fig. 3.34. EDS images of AgNPs impregnated thin films of Ag(QH) formed from  AgNO3 

solution of  25 mM (a), 50 mM (b), 75 mM (c).     
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  3.9.1.3. FTIR spectroscopy 

The interaction between hydroxal ions present in the QH and AgNPs was assessed by FTIR 

spectroscopy (Fig. 3.35). This interaction imparts staibility to AgNPs. In FTIR spectrum of 

thin Ag (QH) films C-O-C stretch appeared at 1249 cm
-1

 while in QH this band is apparent at 

1149 cm
-1

. This shift in C-O-C stretch is attributed to intermolecular forces between hydroxal 

groups of QH and AgNPs. In FTIR spectrum of Ag (QH) films, appearance of new band at 

530 cm
-1

 is attributed to Ag - - -O Van der Waal forces.  

 

Fig. 3.35. FTIR spectra of QH and thin films of Ag(QH). 

3.9.2. Storage potential of QH thin films for AgNPs 

In order to assess storage potential of QH for AgNPs in solution and thin films, synthesis of 

AgNPs was carried out exposing mixture of AgNO3 (50 mM) and QH to diffused sunlight for 

10 h, resulting in the formation of AgNPs. UV-Vis spectra of the solution were recorded after 

10 h and 24 h in order to compare the absorption maxima of the AgNPs which also accounts 

for agglomeration of AgNPs. Thin films of QH embedded with AgNPs were also stored in 
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dark and UV-Vis spectra were recorded after 15 days, 30 days and 6 months of storage, 

showing no significant changes in the absorption maxima (Fig. 3.36). This outcome clearly 

demonstrate QH potential to prevent agglomeration of AgNPs during storage in the form of 

thin film and also proves QH potential as storage vehicle for AgNPs. 

 

Fig. 3.36. UV-Vis spectra of AgNPs synthesized by mixing AgNO3 (50 mM) with QH    

suspension after 10 h, 24 h, 15 days, 30 days and 6 months of storage of thin films. 

3.9.3. Effect of temperature on formation of AgNPs 

 To evaluate the effect of reaction conditions on the formation of AgNPs, synthesis of AgNPs 

was carried out at elevated temperatures (40, 60 and 80 °C) in dark. Solution of AgNO3 (25 

mM) was mixed with QH suspension in deionized water in dark and absorption maxima 

(ʎmax) of reaction mixtures kept at different reaction conditions was noted at different time 

intervals, i.e., 15, 30, 45, 60, 120, 180, 240, 300 and 360 min (Fig. 3.37). A red shift in 

absorption wave length is notable with increase in temperature for given reaction time. This 

red shift clearly indicates the acceleration in formation of AgNPs with increase in 

temperature.     
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Fig. 3.37. Effect of temperature on formation of AgNPs (25 mM). 

3.9.4. Antimicrobial potential of AgNPs 

Anti-bacterial and antifungal potential of QH based AgNPs was evaluated using disc 

diffusion method. Susceptibility of fungal strains including Actinomyces odontolyticus (A. 

odontolyticus) ATCC 17929 and Aspergillus niger (A. niger) was tested against AgNPs (50 

mM). While antibacterial potential of AgNPs (50 mM) was tested against gram positive as 

well as gram negative bacterial strains including Staphylococcus epidermidis (S. epidermidis) 

ATCC 12228, Staphylococcus aureus (S. aureus) ATCC 25923, Bacillus subtilis (B. subtilis) 

ATCC 6633, Escherichia coli (E. coli) ATCC 25922, Pseudomonas aeruginosa (P. 

aeruginosa) ATCC 27853 and Streptococcus mutans (S. mutans) (ATCC) 25175. The 

cultures of aforementioned strains showed susceptibility against AgNPs produced by 

exposing AgNO3 aqueous solution (50 mM) and QH suspension to diffused sunlight (Table 

3.14). Antimicrobial potential of QH alone was also evaluated against above mentioned 

strains, showing no antimicrobial activity. Photographs of antimicrobial activity of AgNPs 

(50 mM) showing clear zone of inhibition against S. aureus and A. odontolyticus while QH 

was devoid of antimicrobial activity are shown in Fig. 3.39. 
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Table 3.14. Summary of inhibition zones of AgNps against different microbial organisms. 

       

 

 

 

 

 

 

 

 

 

Results are expressed as mean of two values 

 

 

Fig. 3.38. Bar graph of inhibition zones of AgNPs against different microorganisms. 
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Fig.3.39. Photographs of antimicrobial activities of AgNPs against bacterial and fungal 

strains. 

3.9.5. Evaluation of wound healing properties of AgNPs 

For evaluation of wound healing potential of QH films impregnated with AgNPs, nine 

healthy rabbits were divided into three groups, i.e., control, Band aid and QH groups. Wound 

was created on the rare leg of rabbits of these groups and wound diameter of different group 

animals was noted. Wound healing was assessed by measuring the wound area on 3
rd

, 7
th

, 10
th

 

and 15
th

 days  of  covering wound of QH group with dressing impregnated with AgNPs, 

wounds of Band aid group animals were covered with Band aid
®
 dressing while wounds of 

control group animals were left untreated. The study showed that wound closure area of QH 

group was 5.7, 28.7, 54.7, 78.7 and 93% on day 1
st
, 3

rd
, 7

th
, 10

th
 and 15

th
 days while animals 

of Band aid group showed wound recovery of 7.6, 30.7, 61.3, 84 and 98.3%, respectively. 

Wound recovery of control group animals was slower as compared to aforementioned groups 

and wound healing was assessed to be 1.5, 7.1, 35.3, 57, 81.3% on day 3
rd

, 7
th

, 10
th

 and 15
th

 

days, respectively. The healing power of QH dressing imbedded with AgNPs was found 
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comparable with Band aid
® 

dressing (Table 3.15). The study complies with the findings of 

wound healing properties of Quince seed ethanolic extract (Tajoddini et al., 2013). 

To understand the underlying mechanism of wound healing, collagen contents of the wound 

healing tissue were estimated. Collagen contents of Band aid
® 

group were found to be the 

highest, i.e., 55 mg/kg while collagen contents of QH and control groups were 47 mg/kg and 

35 mg/kg, respectively (Fig. 3.40). This explains the rapid wound healing in Band aid
®
 and 

QH group animals than that of control group animals. Application of QH dressing embedded 

with AgNPs also geared up the synthesis of collagen in the injured tissues resulting in rapid 

wound recovery. 

Table 3.15. Wound diameter and wound healing (%) of control and treated group animals. 

 Wound diameter in mm ±SD 

          1
st 

3
rd 

                 7
th                       

10
th                   

15
th

 

Control group 5.1 ± 0.03 4.8 ± 0.06 3.4 ± 0.13 2.3 ± 0.08 1.0 ± 0.03 

Wound healing (%) (1.5) (7.1) (35.3) (57) (81.3) 

QH group 5.1 ± 0.12 3.9 ± 0.22 2.5 ± 0.14 1.2 ± 0.19 0.3 ± 0.13 

Wound healing (%) (5.7) (28.7) (54.7) (78.7) (95) 

Band aid
®
 group 4.9 ± 0.10 3.6 ± 0.28 2.0 ± 0.32 0.8 ± 0.2 0.2 ± 0.1 

Wound healing (%) (6.1) (30.7) (61.3) (84) (98.3) 

Results are expressed as mean value ±SD 

 



140 
 

 

Fig. 3.40. Collagen contents of incised tissue of different group animals at 15
th 

day. 

 

 

 

Fig. 3.41. Schematic illustration of wound healing dressing fabricated with QH dressing 

embedded with AgNPs. 
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3.10. Esterification of QH 

3.10.1. Synthesis of acetylated QH 

Acetylation of QH was carried out using acetic anhydride to obtain acetylated product, AQH. 

The reaction was catalyzed by DMAP. Schematic illustration of the reaction is shown in Fig. 

3.42.   

 

O
O

HO
O

HO
OH

O O
O

HO

O

O

HO
OH

HO

COOH

O

O

OH
OH

HO

COOH

O

4-DMAP(CH3CO)2O

Where R = H or CH3CO-

O
O

RO
O

RO
OR

O O
O

RO

O

O

RO
OR

RO

COOH

O

O

OR
OR

RO

COOH

O

50 C°

 

 

Fig. 3.42. Schematic illustration of synthesis of AQH. 

In acetylation of QH, QH and acetic anhydride were used in three different ratios, i.e., 1:3, 

1:6 and 1:12. The degree of substitution (DSb) of acetyl group on anhydroglucose unit was 

calculated by acid base titration method.  The values of DSb were calculated to be in range of 

0.26–1.16. The highest value of DSb (1.16) was obtained for the highest molar ratio of QH 
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and acetic anhydride (1:12) in the presence of DMAP as catalyst. Values of DSb, reaction 

conditions, yield and product solubility are summarized in Table 3.16. 

Table 3.16. Results of acetylation of QH with acetic anhydride. 

Sample Molar Ratio
a
 Yield/g DSb Solubility 

1 1:3 0.95 0.26 DMSO 

2 1:6 1.06 0.66 DMSO, DMAc/LiCl+∆ 

3 1:12 1.16 1.16 DMSO, DMAc/LiCl+∆ 

a
Anhydroglucose unit: acetic anhydride; 

b
DS calculated by acid base titration after 

saponification. 

3.10.2. Fourier transform infrared spectroscopy  

FTIR analysis of AQH was carried out using KBr pellet method. The appearances of 

characteristic peaks in AQH1, AQH2 and AQH3 at 1745 cm
-1

 indicated successful 

acetylation of QH. The presence of peaks from 3400–3600 cm
-1

 indicates the presence of -

OH groups in the QH even after acetylation. Peaks appearing at 1437 cm
-1

 pertain to CH2 

group while C-O-C bonding is reflected by peaks at 1045 cm
-1

 (Fig. 3.43). 
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Fig. 3.43. FTIR spectrum of QH and its acetylated product AQH. 
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3.10.3. Thermal analysis 

Isoconversional thermal analysis of QH and its acetylated form AQH was investigated by 

heating from ambient temperature to 800 °C at four different heating rates, i.e., 5, 10, 15 and 

20 °C/min. The thermogravimetric curves (TG) of QH and AQH unveiled a weight loss of 

9.2% and 3.5%, respectively during heating from 30–130 °C. This weight loss is attributed to 

loss of moisture present in the hydrogel (Iqbal et al., 2011). The degradation of both QH and 

AQH occurs in two steps. Overlay of TG, DTG and 2DTG curves of QH and its acetate AQH 

at different heating rates is shown in Fig. 3.44–3.46.  The first step thermal degradation (Tdi) 

of QH was calculated to be 255 °C at an average whereas average of final thermal 

degradation (Tdf ) was noted to be 385 °C. For second step degradation of QH, the values of 

Tdi and Tdf were 437 and 513 °C, respectively (Table 3.17). The values of maximum thermal 

decomposition Tdm of QH for first and second step thermal degradations were found to be 

304 and 481 °C, respectively (Table 3.17). The average loss of mass of QH in first and 

second step degradation was 49.6 and 21.69%, respectively (Table 3.17). Thermal 

decomposition of AQH also took place in two steps. The values of Tdi, Tdf and Tdm were 

recorded to be 427, 507 and 471, respectively while maximum weight loss of 64.19% took 

place in step one degradation at 384 °C (Table 3.18).  
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Fig. 3.44. TG and DTG curves of QH (a & c) and AQH (b& d). 
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Fig. 3.45. Overlay of TG analysis of QH and AQH (a) and DTG of QH and AQH (b). 

 

 

Fig. 3.46. 2 DTG of QH (a) and AQH (b) at multiple heating rates 
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Table 3.17. Mean thermal decomposition temperatures, weight loss (%) and char yield (%) of   

QH. 

Sample Step Tdi (°C) Tdm (°C) Tdf (°C) 
Weight loss 

 (%) at Tdf 

Char yield  

Wt. (%) 

QH 

I 255 304 385 46.99 

5.56 at 600 °C 

II 437 481 513 21.69 

 

Table 3.18. Mean thermal decomposition temperatures, weight loss (%) and char yield (%) of 

AQH. 

Sample Step Tdi (°C) Tdm (°C) Tdf (°C) 
Weight loss 

 (%) at Tdf 

Char yield  

Wt. (%) 

AQH 

I 244 312 384 64.19 

6.26 at 547 °C 

II 427 471 507 19.49 

 

3.10.4. Degradation kinetics of QH and AQH 

In order to find different kinetic parameters of thermal degradation of QH and its acetylated 

form AQH, Flynn-wall-Ozawa (FWO) and Kissinger isoconversional methods were used. 

Different kinetic parameters like energy of activation (Ea) and frequency factor (A) were 

obtained by FWO plots between log β and 1000 T
-1

/K. Order of thermal degradation (n) was 

calculated using Kissinger method. The value of Ea for first step degradation was found to be 

103.23 KJ/mol while Ea for second step degradation was 167.94 KJ/mol for QH. In case of 

AQH, Ea values for first and second step degradations were 102.08 and 164.01 KJ/mol. The 

kinetics of thermal degradation of QH and AQH were found to obey first order kinetics as 
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evident from Kissinger plots. Graphical presentation of FWO plots constructed between log β 

and 1000 T
-1

/K and Kissinger plots between α vs T for QH and AQH at different heating rates 

is shown in Fig. 3.47 and 3.48, respectively. 

 

Fig. 3.47. Flynn Wall-Ozawa plots between logβ and 1000 T
-1

/K for first step degradation of 

QH (a) and second step QH degradation at different heating rates (b). Kissinger 

plots between α vs T for first step degradation of QH (c) and second step 

degradation of QH at multiple heating rates (d). 
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Fig. 3.48. Flynn-Wall Ozawa plots between logβ and 1000 T
-1

/K for first step degradation of 

AQH (a) and second step QH degradation at different heating rates (b). Kissinger 

plots between α vs T for first step degradation of AQH at multiple heating rates (c) 

and second step degradation of AQH at multiple heating rates (d). 

3.10.5. Thermodynamic analysis of QH and AQH 

Different thermodynamic parameters like ∆H, ∆G and ∆S were calculated from TG curves of 

QH and AQH. Computation of integral procedural decomposition temperature (IPDT) and 

index of thermal stability (ITS) was accomplished from area under curve of TG curves. The 

mean of ITS for QH and AQH was found to be 0.48 and 0.52, respectively indicating  higher 
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thermodynamic stability of AQH as compared to QH (Table 3.19 and 3.20). The ITS values 

of QH (0.48) and AQH (0.52) are also higher than ITS values of already reported hydrogels 

such as Salvia aegyptiaca (0.33), Astragalus gummifer (0.38), Ocimum basicilicum (0.41), 

Acacia nilotica (0.40) and P. ovata husk (0.41). The higher values of ITS for QH and AQH 

clearly suggests that QH and its conjugate are thermally more stable than already reported 

hydrogels (Iqbal et al., 2013). 

Table 3.19. Thermal kinetics and thermodynamic parameters of QH. 

Sample Method Step R
2
 n Ea 

(kJ/mol) 

lnA ∆H ∆S ∆G IPDT ITS 

QH FWO I 0.979  - 103.23 23.21 98.43 -71.83 139.89 351 0.48 

Kissinger I   – 2.36     -    -    -      -     - 

 

QH 

           

FWO II 0.978  - 167.94 29.33 161.67 -23.55 179.43 

Kissinger II   - 1.31    -     -     -      -     - 

 

Table 3.20. Thermal kinetics and thermodynamic parameters of AQH. 

Sample Method Step R
2
 n Ea 

(kJ/mol) 

lnA ∆H ∆S ∆G IPDT ITS 

 

AQH 

FWO I 0.979   - 102.08 23.08 97.22 -73.29 140.12 349 0.52 

Kissinger I    - 1.83    -   -    -      -     - 

 

AQH 

           

FWO II 0.976   - 164.01 28.99 157.81 -26.21 177.32 

Kissinger II    - 1.72     -    -    -      -      - 
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Conclusion 

In the light of the current research work, it could be deduced that QH, a glucuronoxylan 

based natural polysaccharide has remarkable swelling properties with stimuli responsiveness. 

QH showed high swelling in deionized water, phosphate buffers of pH 7.4 and 6.8 while 

minor swelling was noticed in acidic buffer of pH 1.2. Furthermore, QH also exhibited 

swelling deswellingresponse in water and ethanol, water-saline and phosphate buffer of pH 

7.4 and acidic buffer of pH 1.2.  QH was also responsive to electrolytes and temperature as 

well. These properties make it an ideal candidate for designing intelligent drug delivery 

system. Therefore, matrix tablets of QH were also fabricated by loading LSP, DS and THF as 

active moieties. These tablets exhibited high swelling in deionized water, phosphate buffers 

of pH 7.4 and 6.8 while minor swelling was noted in acidic buffer of pH 1.2. Drug release 

studies were also successfully evaluated which proved QH as successful candidate for 

developing sustained drug delivery with ability to protect drugs in the hostile acidic 

environment of stomach.  

Investigation of structural morphology of QH by scanning electron microscopy unfolded 

microporous nature of QH with average size range of 36–65 µm, interconnected by hollow 

channels. An anomalous picture of surface morphology was also depicted by SEM of tablets. 

This highly porous nature accounts for remarkable swelling and water holding capacity of 

QH. 

Additionally, oral and dermal safety of QH was also established by carrying out acute 

toxicology studies. The biochemical and hematological parameters of blood samples of 

treated and control mice were analogous showing no abnormality which established oral 

safety of QH. In addition to this the results, histopathology of vital organs showed no lesions, 

which further confirmed oral safety. Safety of QH for ocular and dermal applications was 
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also successfully established in rabbits. Safety pharmacology of QH on heart was also 

successfully established. 

The role of QH as natural, ecofriendly and non-toxic capping and reducing agent was also 

successfully established by using it in the green synthesis of AgNPs. Antimicrobial potential 

of AgNPs was also evaluated. Surgical dressings, fabricated by incorporation of thin films of 

QH impregnated with AgNPs exhibited comparable wound healing in rabbits to that of 

commercially available Band aid dressing. The synthesized AgNPs may attract the attention 

of researchers for nanoparticulate drug delivery, enzyme catalysis and cancer targeting. 

Fabrication of acetylated derivatives of QH was also carried out successfully. The acetylated 

form (AQH) was found to be more stable thermally than QH. This modification may open up 

the door for further modifications in QH by esterification.  
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