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Abstract  

Background and Objective 

In the pharmaceutical sciences, skin disorders and its topical treatment are gaining 

attention in advanced ways as compared to oral and traditional drug therapy. Topical 

targeted dug delivery with polymer gels as vehicle is to localized drug with enhanced 

therapeutic effect. As compared to controlled polymeric drug delivery, conventional oral 

and topical drug delivery has limitations of high dosage, more frequency of application 

and more irritation with non-compliance.  Mupirocin (MP) is the better choice in skin 

wounds and in resistive bacterial infection when applied topically.  

The purpose of current study was to develop and optimize controlled release topical 

polymeric hydrogel membranes to deliver mupirocin locally with reduced dosage 

frequency. Different polymers, monomers with cross linkers in different proportions were 

used to formulate different types of membranes. To characterize and compare 

antimicrobial activity of mupirocin, In-vitro, ex-vivo and in-vivo evaluations were 

conducted for prolong wound and burn therapy with enhanced patient compliance. 

Methodology 

Modified free radical polymerization method was adopted for synthesis of different 

topical hydrogel membranes of mupirocin. Hydrogel membranes were characterized by 

in-vitro analysis and general characteristics, swelling studies to check the sensitivity with 

buffer solutions (pH 4.0, 5.5, 7.4), drug loading and in-vitro drug release studies. 

Structural, thermal and morphological analysis were conducted by fourier transform 

infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), differential scanning 

microscopy (DSC) and scanning electron microscopy (SEM). In-vitro permeation study, 

ex-vivo skin deposition study and skin irritation study were also conducted to measure 

and quantify the amount of drug permeated and deposited. Furthermore, quantification of 

mupirocin in skin samples of formulations were also performed after the revalidation of 

developed HPLC method. In-vivo study of selected formulation was conducted to 

measure bacterial count after application and compares the efficacy with marketed 

formulation.  
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Results 

Results of FTIR, TGA, DSC, SEM, in-vitro release and permeation data confirmed the 

development of polymeric hydrogel membranes and formulation synthesized by low 

molecular weight chitosan polymer (LCS) was selected as optimized for in-vivo 

evaluation. Percent drug release of mupirocin for chitosan based membranes was 85.78% 

at pH 5.5 and 93.93% at pH 7.4. Permeation flux was 121.62µg/cm
2
.h

-1
 and deposited 

amount was up to 1224µg/1.5cm
2
 respectively. Developed and revalidated HPLC method 

was used for quantification of all formulations that deposited in rabbit skin. Irritation 

study data was confirmed that developed cross-linked polymeric hydrogel membranes 

were non-irritant to skin. In-vivo study of surgical wound model for hydrogel membrane 

with marketed formulation  reveal that hydrogel and MF reduced the bacterial count after 

treatment to 4.27±6.3 and 4.31±7.9 log 10 CFU/wound and there was non-significant 

difference between hydrogel membrane applied once in a day and conventional MP 

ointment applied three times in a day (P>0.05). 

Conclusion 

It could be concluded that hydrogel membranes of low molecular weight chitosan could 

be classified as better topical membranes among the developed formulations that were 

highly effective to deliver model drug mupirocin for long term therapy of wound healing 

and other infectious skin disorders as they showed better in-vitro, ex-vivo and in-vivo 

results. Skin irritation study data also confirmed that developed formulations were safe 

and non-irritant to the skin.  
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1.1 Introduction 

It is the need to approach the alternative ways to synthesize locally acting controlled 

release drug delivery system at pre-defined rate to treat various skin disorders like 

bacterial infections, burn wounds, irritations, eczema and impetigo etc. (Roberts et al., 

2017). Controlled delivery of therapeutic moiety (topically/locally) in polymeric system 

has advantages of avoiding first pass effect, maximum availability at site of infection and 

reduced dosage frequency with ease of detachment over any unwanted systemic effects in 

cost effective manners (Gupta et al., 2002, Wise, 2000). 

Wound that is defect, cut or stab in skin, mainly consist of fluid, cells and other 

substances that disturb the normal physiology of skin (Lazarus et al., 1994). Wound 

healing is biological process of tissue regeneration and growth that promote healing. 

Traditional dressings used were of absorbent and permeable material that could adhere to 

wound surface and induce pain or trauma on removal. But now a day, modern wound 

dressing with characteristic of removal of exudate with maintenance of moisture has been 

designed to get faster healing (Sibbald et al., 2003). 

There has been keen interest to develop novel hydrogel based topical membranes to 

achieve targeted and controlled release of drug with reduced side effects to deal with 

wound infections rather than conventional topical dosage forms like creams, ointments, 

lotions and paste as they release drug rapidly (Gupta et al., 2018, Pradhan, 2011).  

Hydrogel dressing among wound dressings have gain attention due to features of healing 

of wound debridement, moist healing promotion, cleansing of dry and necrotic wound, 

permeability to metabolites, cooling effect, easy use and removal from wound surface 

with reduced pain or trauma (Deepa, 2017). 

Hydrogels are chemically stable three dimensional polymeric networks that have ability 

of imbibing large amount of water due to porous structure, soft consistency (Hoare and 

Kohane, 2008, Rahali et al., 2017), which can be applied to wounds as film, sheet, 

membrane or patch with desirable size to fit around the wound due to flexible nature 

(Boateng et al., 2008). Hydrogels have ability to absorb wound exudate at site of 

infection due to water absorption capacity and release the incorporated drug as a result of 
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swelling. Hydrogels can be synthesized from many natural or synthetic, biodegradable or 

non-biodegradable or in combination of them (Davis and Anseth, 2002, Zhao et al., 

2008). 

The cross-linking of polymers and monomers or the combination of monomers form 

cross-linked polymeric network that do not dissolve in water at physiological pH and 

temperature (Peppas et al., 2000). The water absorbing capacity in hydrogel is produced 

by hydrophilic groups like –COOH, –OH, –CONH2 and –SO3H. Hydrogel swells up in 

aqueous medium but remain insoluble due to covalent bond in cross linked polymeric 

network. Hydrogels can dissolvable via hydrolytic, enzymatic or environmental factors 

like pH, temperature etc. (Collier and Messersmith, 2003). 

Mupirocin (MP), an antibiotic, used as a model drug for in-vitro and in-vivo evaluation. 

MP is indicated in primary and secondary skin infections (Pappa, 1990). MP is produced 

by Gram negative bacteria Pseudomonas fluorescens and shows the in-vitro activity 

against Gram positive and some Gram negative bacteria. MP could also be used for the 

growth inhibition of pathogenic fungi such as pityrosporum and dermatophytes (Ward 

and Campoli-Richards, 1986). MP is a protein synthesis inhibitor. It blocks the synthesis 

or protein by binding to the enzyme isoleucyl-t-RNA synthetase so inhibit the fusion of 

isoleucine into the protein (Conly and Johnston, 2002). After the administration of MP it 

goes into the systemic circulation and converts into monic acid, other inactive 

metabolites will be excreted from urine. When applied topically onto the skin its 

penetration into the epidermis and dermise will be enhanced by the occlusive dressings 

(Ward and Campoli-Richards, 1986).  

1.2 Aims and Objectives 

Basically, the aim of this study of formulation of topical hydrogel membranes deals with 

three major tasks: new polymeric controlled release formulation of promising properties 

to conduct prolong wounds and burn therapy; assessment of antimicrobial activity of 

mupirocin drug in comparison with conventional dosage form (ointment) through in-vitro 

and in-vivo evaluation; and to optimize novel and suitable drug delivery system for 

pharmaceutical application that can deliver efficient drug at target site with reduced 

dosage frequency that can improve patient compliance and cost effectiveness. 
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In this research work, various cross linked topical polymeric hydrogel membranes have 

been synthesized by natural and synthetic polymers with synthetic vinyl monomer. The 

developed hydrogel membranes were loaded with antibiotic mupirocin (MP) and 

evaluated by in-vitro characterization for controlled release behavior. Irritation study was 

also performed to check the compatibility and interactive effect on biological system. On 

the basis of in-vitro evaluation, one formulation was figured out and selected for further 

in-vivo evaluation in albino rats to check the bacterial count. The results of 

characterization and evaluation were verified through statistical analysis.  
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2. Literature Review 

2.1 Skin 

The skin is the largest, outermost organ of the body that is freely accessible and covers 

the area of approximately 2m
2 

or 15% of total body weight approximately of 6-10kg 

(Church et al., 2006, Singla et al., 2012, Wiechers, 1989). The normal pH of the skin is 

ranging from 4-6 and temperature varies from 35-40 
0
C (Schneider et al., 2007). The skin 

is continuous with the mucous membranes lining of the body‘s surface. Skin and its 

derivative structures formed the integumentary system which is composed of three layers 

known as epidermis, dermis, and subcutaneous tissue as shown in figure 2.1 (Kanitakis, 

2002). The outer one layer (epidermis) is comprises of group of cells keratinocytes. 

These are used to synthesize long thread like protein keratin for protective functions. The 

second layer (dermis) is made up of fibrous protein known as collagen that attached to 

panniculus or subcutaneous tissues. These tissues have small lobes of fat cells which are 

known as lipocytes. The thickness of these layers varies on different sites of the body 

depending upon location. As soles of feet and palms have thickest layers of epidermis of 

approximately 1.5mm as compared to eyelid which has thin layer of 0.1mm. While 

dermis of back is thickest in the body and in comparison with overlying epidermis it is 

30-40 times thick (Parish, 2011). 

2.1.1 Components of Skin 

Epidermis is a stratified, squamous epithelium layer that made up of keratinocytes and 

dendritic cells. It provides protection against organic elements like virus, bacteria and 

other parasitic organisms. First layer of epidermis, stratum corneum, and melanocytes 

play defensive roles against photo damage and harsh environmental elements. There is no 

blood vessel in this layer of skin and nourishment for different cells comes from dermis 

with the process of diffusion. Langerhans and Merkel cells are also presents with 

melanocytes and keratinocytes in epidermal layer of the skin (Kusuma et al., 2010). 

There are 5 different layers (from superficial to bottom) of epidermis known as the 

stratum corneum, stratum lucidum, stratum granulosum, stratum spinosum, and stratum 

germinativum as shown in figure 2.2 (Elder, 2014). From last layer of epidermis, 

keratinocyte cells migrate towards superficial layers to populate during mitosis and 
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become mature. When deeper layer cell migrate upwards, change their structure to flat 

from columnar due to differentiation process (Chu, 2008). After maturity with keratin and 

lipids, keratinocytes shed and makes way for new cells to reach stratum corneum. This 

process of keratinization occurs throughout life (Kusuma et al., 2010). 

 

Figure 2.1: Structure of Skin and its layers 

2.1.2 Dermis 

The middle layer of skin is dermis with thickness of 3-5mm (Kaur, 2013) which is 

characterized by many elastin fibers. The main component of dermis is collagen protein 

which represents 70% weight of total dry skin (James et al., 2011).Salts, water, sweat 

glands, glycosaminoglycan and lymphatic cells are also present in dermis (Gupta et al., 

2002). It accommodates stimulus induced entry by epidermal appendages, nerves 

network, macrophages, fibroblast and other mast cells. Other blood cells enter the dermis 

due to numerous stimuli. The dermis provides elasticity, tensile strength and flexibility to 

skin due to collagen and elastic fibers and protects the body surface from mechanical 

injury, binds water and help in the regulation of body temperature. Nerves present in 
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dermis are responsible for pain sensation and pressure (El Maghraby et al., 2008). As of 

epidermal layers, there is no clear differentiation take place in dermis layers, but the 

structure of connective tissues are predictable depends upon the depth of dermis. The 

matrix of collagen and elastic connective tissue in dermis are used in remodeling of 

normal and diseased skin (Chu, 2008). Fibroblast and mast cells are main cells in dermis 

responsible for macrophages and immunological reactions respectively. Modification in 

dermis can affect the growth of epidermis, skin glands and hair follicles. 

 

 

Figure 2.2: Structural layers of epidermis of skin 

2.1.3 Hypodermis 

Hypodermis or subcutaneous tissue is the inner layer of skin and act as a bridge between 

skin and covered body tissues like muscles and bones. Skin glands like sebaceous, sweat 

glands and hair follicles originate from dermis and enfolds in epidermis. Sweat glands are 

present all over the body and produce salt solutions over the surface which makes the 
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skin cool and regulate the temperature of the skin and body to the normal level. The 

amount of salt solution produced by sweat glands depend upon different environmental 

factors of temperature, heat induced muscle activity and emotions. While the sebaceous 

glands secrete sebum which is oily liquid produced over the surface and into hair follicles 

and protect the skin from dryness (Roberts and Cross, 1999). 

2.2 Functions of Skin 

The skin consists of several specialized cells and structures and performs major function 

of protection against pathogens. The main physical barrier is stratum corneum (SC) of 

epidermis. While biochemical/antimicrobial barriers are lipids, enzymes, antimicrobial 

peptides, acids and macrophages (Proksch et al., 2008). There are thousands of nerve 

endings with 20 blood vessels, 650 sweat glands and 60000 melanocytes in the area of 

6cm
2
. It plays a role in gathering sensory information from environment and immune 

system which protect us from disease.  Skin is also involved in body temperature 

regulation (Domínguez-Hüttinger et al., 2013). It also has neurosensory and metabolic 

functions like vitamin D metabolism (Church et al., 2006). Other functions of skin were 

sensation ability to feel pressure, hot, cold, light, touch and vibration. The skin also acts 

as medium for diffusion of substances like gases (CO2, O2 and other gases). Topical drug 

delivery also based on diffusion from the skin (Kusuma et al., 2010). 

2.3 Drug Delivery Methods 

Conventional drug delivery system is believed to be easy and suitable method in different 

cases (Löbenberg et al., 2005, Pavithra et al., 2010). But modified drug delivery systems 

are considered to be more beneficial due to many reasons. As modified system have low 

cost, reduced dose and frequency of drugs with improved patient compliance (Gollapudi 

et al., 2011, Kojima et al., 2008). For local therapy of skin diseases like acne, wound, 

psoriasis and impetigo, skin had been ignored for long period of time. Then it was 

recognized that skin is best and alternative option for local targeted drug delivery and to 

the systemic circulation (Wiechers, 1989). There are two types of delivery of drugs 

namely localized (topical & regional) and transdermal delivery as shown in figure 2.3. 
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2.3.1 Localized Drug Delivery 

2.3.1.1 Topical Drug Delivery 

Topical drug delivery is the use or application of drug formulations directly to the skin to 

treat diseases like acne, wound, psoriasis etc. Topical delivery is the example of targeted 

local delivery of drug to the pathological or infected area in the skin with minimal 

absorption to the systemic circulation. The objective of topical therapy is to get maximum 

effects of applied drug to the affected area. Many topical dosage forms are used for drug 

delivery includes spays, dusting powders, foams, gels, creams and other solutions (Pando 

et al., 2013). This local delivery has gained significant importance for many cutaneous 

disorders by applying drug on the skin (Roberts, 1997). Possible sites for drug 

applications are shown in figure 2.3. However in many skin conditions, drug application 

site and its mechanism is still unclear (Brown et al., 2006). 

2.3.1.2 Regional Drug Delivery 

In regional drug delivery, formulation is applied to skin to treat deep tissue disorders like 

vascular joint problems. This type of delivery system requires high drug concentration, 

percutaneous absorption and deposition as well. Purpose of this delivery is to achieve 

desired therapeutical effect of drug by application to specific site. In this delivery, drug is 

administered within musculature and vascular joints beneath and around the site of 

application to achieve desired therapeutical effects. Poultice, plasters, cataplasms, creams 

and traditional ointments are used for this type of drug delivery (Crommelin et al., 2003). 

2.3.2 Transdermal Drug Delivery 

Transdermal drug delivery is a term used for the application of drug to skin from where it 

is diffuses across skin layers reaches the systemic circulations to treat systemic diseases.  

This system involves in the process of percutaneous absorption with significant systemic 

drug availability. Nitroglycerine patches and nicotine patches are the examples of 

transdermal drug delivery (Mazzitelli et al., 2013). Transdermal delivery is best 

alternative approach to oral route and hypodermic injection (Bronaugh and Maibach, 

2005, Hadgraft and Guy, 2003, Prausnitz et al., 2004, Williams, 2003) with advantage of 

avoiding first pass effect and painful process of injection. 
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Figure 2.3: Methods of Drug Delivery to Skin 

2.3.3 Topical Drug Delivery 

Topical drug delivery is alternative best route for local and systemic infections rather 

than oral conventional route. This delivery is effective for local skin diseases. Topical 

delivery give better absorption as drugs can penetrate deeply into the skin (Walters, 

2002).  Topical application of drug is more beneficial and effective than conventional 

route due to bilayer structure of skin. There are two types of formulations for topical 
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delivery as internal and external topicals. External topical formulations are spread or 

dispersed superficially on the skin to cover the specific diseased area while internal 

formulations are applied to mucous membranes of mouth, vagina or on rectal tissues to 

get local response (Ashara et al., 2014). There are different carriers that are used in 

topical dosage forms to confirm the suitable localization, percutaneous absorption and 

enhancing the penetration within skin with reduced systemic effects (Kumar et al., 2013). 

Topical formulations increase the local bioavailability at the site of action due to 

avoidance of metabolism in liver, GI irritations and first pass effect (Sabale and Vora, 

2012). As of other conventional route of drug delivery, skin or topical route also has 

benefits and limitations that are detailed in table 2.1 (A & B). 

Table 2.1 (A): Benefits of topical drug delivery 

S.NO BENEFITS REFERENCES 

01 Results in the avoidance of first pass metabolism 

and other variables associated with the GI tract 

such as pH, gastric emptying time. In case when 

oral dosing is not feasible, it provides and 

alternative mean. (in unconscious or nauseated 

patients). 

(Cleary, 1993, Henzl and 

Loomba, 2003, Kornick et 

al., 2003) 

02 Sustained and controlled delivery over a 

prolonged period of time. 

(Varvel et al., 1989, Yang et 

al., 2004) 

03 Side effects associated with that of systemic 

toxicity are reduced i.e., minimization of peaks 

and troughs in blood-drug concentration. 

(Cramer and Saks, 1994, 

Kornick et al., 2003) 

04 Increased percentage of patient acceptance and 

compliance as easy way for application with less 

frequency of application. 

(Archer et al., 2004, Jarupanich 

et al., 2003, Payne et al., 1998) 

05 Provides a direct access to target or diseased site, 

e.g., treatment of skin disorders such as psoriasis, 

eczema, and fungal infections. 

(Long, 2002) 

06 Ease in termination of dose in case of any adverse 

reactions either systemic or local. Convenient and 

painless administration. 

(Cleary, 1993, Henzl and 

Loomba, 2003) 

07 Overall health care treatment costs may reduce 

because of ease of use.  

(Frei et al., 2003, Whittington 

and Faulds, 1994) 

08 Provides an alternative in cases where oral dosing 

is not possible (in unconscious or nauseated 

patients). 

(Kornick et al., 2003) 
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Table 2.1 (B): Limitations of topical drug delivery 

S.NO LIMITATIONS REFERENCES 

01 It is necessary to have a molecular weight of 600 Da to 

ensure an easy diffusion across the SC because of the fact 

that solute diffusivity is inversely related to its size. 

(Ruela et al., 2016) 

02 Sufficient aqueous and lipid solubility, Log P 

(octanol/water) between 1–3 is required for the permeant to 

successfully traverse the SC. 

(Lee et al., 1999, 

Yano et al., 1986) 

03 Intra-and intervariability linked with the permeability of 

intact and diseased human skin.  

(Larsen et al., 2003, 

Southwell et al., 1984) 

04 Pre systemic metabolism; the presence of enzymes in the 

skin might metabolize the drug into inactive form. 

(Steinsträsser and 

Merkle, 1995) 

05 Skin irritation and sensitization. 

The skin being acting like an immunological barrier may 

be triggered by exposure to certain stimuli. The stimuli 

may include drugs, excipients, or components of delivery 

devices resulting in erythema, oedema, etc in result of any 

hypersensitivity or irritation. 

(Carmichael, 1994, 

Hogan and Maibach, 

1990, Murphy and 

Carmichael, 2000, 

Toole et al., 2002) 

2.3.3.1 Factors Affecting Rate and Extent of Topical Drug Absorption 

Absorption of drugs through topical route takes place in three processes of penetration of 

drug molecule to skin layers, permeation of drug molecules to inner layers and deep 

permeation towards capillaries of systemic circulation. During that process different 

physiological, physiochemical and vehicle factors can influence the percutaneous 

absorption as shown in figure 2.4. Thickness of skin, inflammation, hydration, pH of the 

skin, sweat glands, flow of blood, lipid contents and hair follicles can alter the absorption 

pattern. Likewise physicochemical factors as molecular weight of drug, degree of 

ionization, partition coefficient and nature of vehicle can also affect the topical drug 

absorption (Ayub et al., 2007). When drug substance reaches the skin surface, it contacts 

with debris, microorganisms and sebum. The diffusion of drug will be done by different 

routes like sebaceous glands, hair follicles and sweat ducts in stratum corneum as shown 

in figure 2.1. (Patel et al., 2012, Subramanian et al., 2005). 
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Figure 2.4: Factors affecting the topical drug absorption 

2.3.3.2 Skin Related Variables Affecting Topical Drug Absorption 

Skin plays an important role in drug absorption. Factors that affect the absorption of drug 

through topical route are temperature, pH of skin, thickness of stratum corneum and 

regional other variations (Maibach and Honari, 2014). Normal pH of the skin is in range 

of 4-6 (Schneider et al., 2007). The dermal absorption of the drug depends on the pH of 

the formulation because the pH of the vehicles or compounds has the ability to affect the 

degree of the ionization, thermodynamic activity and penetration of drug to the skin 

(Premjeet et al., 2012). To check the effect of pH, a study was conducted to monitor the 

absorption parameters. Carbinoxamine show greater absorption at alkaline pH but 

salicylic acid show more absorption at acidic pH as compared to neutral pH or alkaline.  

However, change in temperature puts small change in absorption which is reversible 

change (Premjeet et al., 2012). Different environmental factors like clothing, weather 

conditions, exercise and fever may disturb the body temperature, which in response 

increase the blood flow towards dermal layers. Due to increased flow of blood, diffusion 

of drug across stratum corneum and towards dilated vessels increased. Thereby 

percutaneous drug absorption will be increased. Topical formulations are studied under 

normal skin temperature. An in-vitro study reported that absorption of acetylsalicylic acid 
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through human skin at 40
0
C is 8 times greater than at temperature of 10

0
C (Grasso and 

Lansdown, 1972). Similarly, Grasso et al. (1972) also reported that absorption of 

carbinoxamine and salicylic acid was increased 5 times when temperature was shifted 

from 20C to 38C (Grasso and Lansdown, 1972). Brown et al. investigated that absorption 

of methyl salicylate was increased by increasing the skin temperature (Brown and Scott, 

1934). Dermal or cutaneous blood flow can alter the drug concentration, penetration and 

accumulation of drug substances. There is inverse relation of blood flow with drug 

residence time but directly proportional to the rate and extent of drug absorption. 

One of the major functions of skin is metabolism (Bickers and Kappas, 1980, Pannatier et 

al., 1978). Many enzymes that are found in skin are identical with enzymes present in 

liver with slight qualitative and quantitative modifications of enzymatic activity. These 

enzymes have ability to metabolize foreign substances and endogenous chemicals like 

steroids and hormones. But their specific activity in skin is lower than hepatic enzymes. 

Drugs can be applied to skin in pro-drug form if their active ingredients were affected by 

skin metabolism (Eiji et al., 1985). Dermal enzymes convert prodrug into 

pharmacologically active molecule on application and increase the absorption of that 

compound (Chan and Po, 1989). 

Regional or anatomical variation of skin play a vital role in drug absorption as there is a 

difference in permeation of drug in foot, face and hands due to skin thickness variation 

(Stoughton, 1989). But up to some extent, this variation in absorption of substance can be 

balanced by increasing the diffusion ability of substance (Scheuplein and Blank, 1971). 

Skin permeability variation in body sites may follow the different pattern of absorption as 

head and genital region shows greater permeation as compared to others. Stoughton et al. 

reported that upper legs and chest show better response in skin lesions as compared to 

lower legs and arms respectively (Stoughton, 1989). Different body sites can be arranged 

in increasing order of permeation; scrotum, face, trunk, palm or sole and at last nails 

(Prausnitz et al., 2012, Wester and Maibach, 1999).  

Due to skin surrounding nature, stratum corneum has more hydration level whereas other 

skin layers show less but almost constant level of hydration. There may be one of three 

possible statuses for hydration of stratum corneum. First status is called tightly bound 
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water means primary hydration that carries up to 10% water. Second one (loosely bound 

water) carries 10-40% water and in third (free water contents) carries up to 50% water 

(Potts, 1986). Environmental humidity play important role in changing the level of 

hydration in stratum corneum (Blank, 1985). Hydration level of SC can be increased 

intentionally by blocking the skin with dressing or bandages or unintentionally by 

clothing, which in response increased the diffusivity of substances (Flynn et al., 1987). 

As compared to dry skin, rate of permeation or absorption is greater in moist skin. 

There is confused concept of diseased skin that impaired skin barriers or stratum corneum 

without granular layer enhanced the permeability as in ichythiosis and psoriasis. Salicylic 

acid and hydrocortisone has shown better permeation and formulation effect in severe 

conditions of psoriasis (Wester and Maibach, 1992). Wiechers et al. observed that there is 

no difference in permeability of normal and diseased skin. It is dependent of pathological 

conditions that may show variations (Wiechers, 1989).  

There are many differences between different species in topical drug uptake. Different 

animal models like rabbits, rats, monkeys and pigs have different thickness of SC, hair 

follicles, surface lipid content, corneocytes adhesion and enzymatic activity may have 

greater permeability of drugs than human skin (Wertz and Downing, 1989).  

Topical drug application at the same body sites also depends on the age of the skin. In 

general, it is reported that the skin of fetus, newborns, young and older people is more 

permeable as compared to adults (Barry, 1983). However relationship between race, sex 

and skin permeation and absorption has not been comprehensively studied. Morgan and 

coworkers investigated that there is no significant difference in drug permeation of both 

man and woman through skin (Morgan et al., 1998). Skin of people of different races has 

different physicochemical properties. A study about permeation and percutaneous 

absorption reveals that in white racial people it is high as compared to blacks (Wedig and 

Maibach, 1981).  

There is direct relation between percutaneous absorption and contact time as well as 

degree of friction. Rate and extent of absorption can be enhanced by enhancing the 

contact time of topical applied formulation and degree of friction to applied surface. 
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2.3.3.3 Drug Related Variables Affecting Topical Drug Absorption 

To develop a topical dosage form, physicochemical properties of applied drug also affect 

the absorption parameter as the nature of skin and its variable can do with absorption and 

permeation. By alteration in physicochemical properties of drug, diffusion coefficient and 

partition coefficient are mainly affected. Molecular weight, extent of ionization and 

particle size of drug can mainly change the physicochemical properties. 

Drugs used for topical delivery should have molecular weight less than 600 Da (Ruela et 

al., 2016). As molecular weight and particle size reduced, the percutaneous absorption of 

topical formulation will be increased. Topical formulation also affect by the degree of 

ionization. Unionized form of drug has greater absorption and permeation as compared to 

partially ionized or ionized forms as skin has lipid bilayer. Electrolytes show no 

penetration when applied to skin means reduced absorption as these has ionized form 

(Grasso and Lansdown, 1972). 

2.3.4 Classification of Topical Dosage Forms 

Topically applied formulations are of three types based on their nature of application 

such as solid, semi solids and liquid (Chuo and Kaminska, 2009). Dusting powders are 

available in solid dosage forms and ointments, creams, paste and gels are the examples of 

semisolids dosage forms and lotion, liniments are liquid preparations applied topically. 

Classification of topical dosage forms are listed in figure 2.5. 

Dusting powders are finely divided insoluble powder preferably used for topical delivery 

to broken and unbroken skin. Dusting powders are manufactured with two important 

considerations of its flow and spread ability. Powders are prepared with the help of talc, 

starch, zinc oxide and other excipients due to their inert nature. Powders used for topical 

skin infections particularly of antifungal drugs or on wounds to inhibit irritation and 

absorb moisture to stop microbial growth (Hirsh et al., 2012). Powders have potential to 

adhere to skin for good covering and adsorption property for avoidance of drying and 

irritation (Kircik and Del Rosso, 2010). Occasionally, significant amount of fluid can 

cause the formation of crust in powders (Mariappan et al., 2013). 
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Figure 2.5: Types of topical dosage forms with examples 

2.3.4.1 Liquid topical dosage form 

Lotions are clear moderately viscos aqueous or hydro alcoholic solutions intended for 

application to the infected or normal skin. Lotions can apply easily on hairy skin with 

clean hands, cloth or cotton wool. Lotions provide cooling effect by solvent evaporation. 

Another liquid dosage form is liniment which is liquid or semi liquid formulation formed 

by vehicles that may be of oil, alcohol or soap based. Liniments can apply to skin with 

friction or rubbing and act as rubefacient or soothing effect (Garg et al., 2015). 
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2.3.4.2 Semisolid topical dosage form 

Cream is a semisolid emulsion appropriate for persons with dry or sensitive skin as this 

type of skin may complain of feeling dry with gels. Creams (water in oil & oil in water) 

have less greasy nature and good spread ability. Topical application of cream directly to 

the site offer potential advantage. In psoriasis, Diacerein cream get better result when 

other medicines fails to work (Kumar et al., 2011). 

Ointment is another semisolid preparation of greasy nature prepared by hydrocarbons like 

mineral oils, petrolatum and paraffin, in which drug is dispersed or dissolved. Ointment 

bases are not easily removed as have greasy nature. Availability of drug at specific site 

can be affected due to occlusive effect of stratum corneum, which is responsible to 

increase the flux across the skin. Moreover, ointment bases may also affect drug partition 

from ointment and drug dissolution to the skin (Garg et al., 2015). While pastes are stiff 

and greasy semisolid preparations with high proportion of powdered solid dissolved in 

solvent such as starch, calcium carbonate, talc and zinc oxide. These are less greasy as 

compared to ointment. 

Gels are transparent or translucent dispesion of active ingredients that are dispersed or 

dissolved in hydrophilic or lipophilic bases. Ointment bases form a thin dry film of 

medicament over the skin after application. Gels may be polar or non-polar with clear or 

opaque appearance. Gels formed by inorganic and organic particles that are dispersed and 

dissolved properly in continuous phase in coiled shape respectively are called two phase 

system gels (Goyal, 2011). But in single phase only organic particles or synthetic 

polymers are dissolved in continuous phase (Kaur, 2013). Gels can also be prepared by 

fusion process and special method by using gelling agents, preservatives and humectants 

(Garg et al., 2013). Gels are dispersion of liquid in solid mainly of three types depend 

upon the nature of solvent. First is the hydrogel in which water used as solvent or 

continuous phase. Second one is organogel which have contains non aqueous solvent and 

Xerogels are that gels that have low concentration of solvent. 

2.4 Skin Disorders 

As describes earlier, the major function of the skin is to protect the body from different 

factors. Main factors are bacteria and fungi that come in contact with skin. Some 
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microbes like normal flora form a sheath on skin to protect from many skin diseases. 

Bacterial skin infections are very common depends upon severity and skin changes (Pye, 

2010). To treat topical infections, topical route is best alternative to oral or systemic 

treatment (Mueller et al., 2012). 

2.4.1 Bacterial Skin Infections 

Superficial bacterial infections are very common ranked 28
th

 disease in the society 

(Elixhauser and Steiner, 1999, Stulberg et al., 2002) common bacterial skin infection. 

Common examples of bacterial infections are impetigo, cellulitis, folliculitis and ecthyma 

and subcutaneous abscesses or wounds as shown in figure 2.6. Staphylococci and 

streptococci classes are common causative agents of superficial infections. Local 

infections like wounds and abscesses are caused by Staphylococcus aureus but infections 

along tissue planes like cellulitis caused by streptococci. 

2.4.1.1 Impetigo 

Impetigo is the most common bacterial infection usually seen in children of two to five 

years. Major causative agents are Staphylococcus aureus and pyogens or streptococci or 

combinations of all bacterias (Motswaledi, 2011). Impetigo disease is classified into 

bullous or nonbullous impetigo. A large thin-walled bulla of approximate 2-5 cm with 

yellow fluid is appeared in bullous impetigo. It leaves a denuded area with a ring after 

rupture. While in the nonbullous type, small pustules with sore, cluster of erosion and 

discharging yellow crust are appeared. This infection is mainly spread by skin to skin 

contact or nasal carriers. Impetigo appears in the broken area of the skin like wounds, 

maceration related with angular cheilitis or herpes simplex infection but Staphylococcus 

aureus cause de novo infection by directly invasion to skin (Trubo et al., 1997).  

Advanced studies revealed that S. aureus with Streptococcus are primary causes of both 

type of impetigo (Barton and Friedman, 1987, Misko et al., 1995). Large bullae will be 

formed as toxin if infection is caused by type 71 Staphylococcus, which produce 

intradermal cleavage (Edlich et al., 1985). Impetigo can be treated by antibacterial drugs 

like Mupirocin or Fucidic acid ointment (Leppard et al., 1985). 
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Figure 2.6: Bacterial Skin Infections 

2.4.1.2 Cellulitis 

Cellulitis is a painful acute or chronic inflammation of connective tissues that is 

characterized by warmth and edema. Generally, it is erythematous infection of 

subcutaneous tissue caused by bacteria4. S. aureus alone or in combination with 

streptococci are the causative agents. Facial cellulitis in young children is mainly caused 

by Haemophilus influenza type B but rarely cause cellulitis in adults (Pedler and Hawkey, 
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1983). Cellulitis mostly occurs in those areas of skin that are injured like surgical 

wounds, tinea infections, trauma and ulceration, but may occur at any part of the normal 

body surface. Diabetes mellitus, lymphatic insufficiency and immunosuppressant are 

other predisposing factors. Fever and raised level of WBCs are main signs of cellulitis. 

This disease mostly occurs at legs followed by face, feet, hand and buttocks (Stulberg et 

al., 2002). Cellulitis may also be caused by S. epidermis, Bacteroides fragilis as well as 

Yersinia anterocolitica (Krogstad et al., 1992). A study reported that Clostridium 

perfringens is also causative agent of anaerobic cellulitis (Khanna, 2008). Severity of this 

disease may blister or wound and leads to necrosis of dermal tissues. 

2.4.1.3 Ecthyma 

Ecthyma is a pyogenic skin infection characterized by thick and hard adherent crust 

formed under ulcerative part of the body. There are same causative factors S. aureus and 

Streptococcus pyogenes alone or in combination as that of impetigo. So that infection 

may be synergistic (Cox et al., 2010) and chance of occurrence is equal both in adults and 

children. Malnutrition, skin trauma and immunosuppression are predisposing factors for 

ecthyma. Lesions at skin start as pustule or small blisters. Then they rupture to form hard 

and thick crust. The crusts of dried exudate reduced or fall off leaving irregular ulcer 

mostly on common affected area of thighs, legs and buttocks or anywhere on the body. 

To treat the disease, causative factors needs to be addressed and antibiotics like 

cloxacillin and mupirocin ointment should be applied topically. Ecthyma gangrenosum is 

an exceptional variant caused by Pseudomonas infection (Tsuchiyama et al., 2009). 

2.4.1.4 Folliculitis 

Folliculitis is the inflammation of superficial or deep portion of hair follicles. It is caused 

by physical injury, chemical irritation or infection caused by S. aureus. Folliculitis may 

be superficial, deep tissue or gram negative depend upon hair shaft and causative agent. 

Painless pustules with hair shaft without scarring reveal superficial folliculitis (Jaworsky 

and Gilliam, 1999). Single or multiple lesions can appear due to S. aureus that resolved 

spontaneously. However commensals (yeast and fungi) occasionally seen on skin in 

immunocompromised patients. Topical therapy of antibiotics like clindamycin, mupirocin 

and erythromycin can be used for healing process (Sadick, 1997). Deep folliculitis is 
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deep hair shaft inflammation and lesions are painful and scary. But Gram-negative 

folliculitis is caused by face hairs inflammation due to long term use of antibiotics for 

acne. Klebsiella, Proteus and Enterobacter species are main pathogens for gram negative 

folliculitis and can be treated by isotretinoin (Ortonne, 1997). Hot tub folliculitis is 

caused due to presence of Pseudomonas aeruginosa in contaminated water in hot tub or 

whirlpool. Popular perifollicular lesions appear within 6 to 72 hours after exposure with 

mild fever and malaise (Stulberg et al., 2002). 

2.4.1.5 Staphylococcal Scalded Skin Syndrome (SSSS) 

Staphylococcal scalded skin syndrome is superficial erythematous exfoliation caused by 

toxin produced by S. aureus. This bacterial infection is rare in adults but mostly occur in 

neonates and children. Renal failure and malignancy are predisposing factors (Curran and 

Al-Salihi, 1980). SSSS may also be caused by septicemia or cutaneous infection, UTI, 

umbilicus and conjunctiva. Staphylococcus release epidermolytic toxin known as 

exfoliatin that causes the skin desquamation. The same toxin releases in bullous impetigo 

that may be considered as SSSS. This syndrome starts with slight fever, erythema, palms, 

soles and mucus membranes. 

2.4.2 Fungal Skin Infections 

Fungal infections are also known as mycoses which may be superficial or systemic 

infection. Hey et al. elaborates that cutaneous fungal infection is most common cause of 

morbidity even in all stages of life (Hay, 1989). Many studies also reported that 20-25% 

at least once in life affected by fungal infection (Havlickova et al., 2008, Noble et al., 

1998). Generally, superficial skin layer or dead tissues are affected where they produce 

rashes and irritation reactions, sometimes blisters, itching and severe scaling also 

appeared after fungal infection. Literature reveals four types of fungal infections 

(Schwartz, 2004).  

1. Superficial fungal infections (e.g. tinea nigra, tinea versicolor and piedra)  

2. Cutaneous fungal infection (e.g. tinea captis, tinea pedis, tinea barbae,) 

3. Subcutaneous fungal infections (e.g. sporotrichosis, mycetoma)  

4. Systemic fungal infections (e.g. cryptococcosis, blastomycosis). 
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Cutaneous or superficial fungal infections are of major concern here. The infection of 

stratum corneum with slight or no tissue damage spread by pathogens or fungi is called 

cutaneous or skin fungal infections as shown in figure 2.7 (Schwartz, 2004). In contrast 

to bacterial infection, this type of infection may also penetrate to other parts of the body 

if left the infection untreated and identified by their genera. Most common genera of 

fungi are Epidermophyton, Trichophyton, and Microsporum genera. Fungal infections 

can affect any part of the body at any age from head to foot and named after their location 

of infection (Salmon and Fuller, 2013). There are some common infections listed in table 

2.2. 

Table 2.2: Fungal Common Skin Infections 

Fungal Infection Common Name (Site of Action) 

Tinea piedra Hair shaft fungal skin infection. It may black or white piedra. 

Tinea barbae Fungal skin infection on beard area 

Tinea cruris Buttocks fungal skin infection (also known as jock itch)  

Superficial 

candidiasis  

Infection at moist site of the body e.g. mouth corners, skin folds, 

vagina, penis, nails. 

Tinea manuum Hand fungal skin infection 

Tinea corporis Fungal skin infections 

Tinea pedis Foot fungal skin infections (also called Athelete‘s foot) 

Tinea capitis Scalp fungal skin infections (also known as ringworm). 

Tinea unguium Nail fungal skin infection  

Tinea versicolor  Skin discoloration fungal infection  

2.5 Wounds 

An injury such as cut or stab to any part of skin described as wound due to any thermal or 

physical damage. Wound Healing Society defined the wound as ‗any disruption in the 

normal anatomy and physiological function of the structure (Lazarus et al., 1994). 

Wounds can be classified as acute or chronic wounds based on repair process. Injury that 

heal completely within the normal expected time frame like 8–12 weeks known as acute 

wounds (Percival, 2002). In acute wounds continuity of the skin is broken by mechanical 

injuries. Any frictional contact between the skin and hard surface are the causes of stab 

and abrasions. Mechanical injuries include surgical wounds by surgical incisions for 
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tumor. Injuries caused by gun and knives are penetrating wounds.  Radiation, thermal 

sources, corrosive chemicals and electricity cause variety of burns and chemical injuries. 

 

Figure 2.7: Common Cutaneous Fungal Infections 

The thermal burns are influence by exposure of time and temperature of source 

(Naradzay and Alson, 2005). Trauma is associated with injury require specialist care. 

Injuries that heal slowly beyond 12 weeks (Harding et al., 2002) and re-occur are known 

as chronic wounds. In diabetes, persistent infections and other patient related factors such 

as poor primary treatment wounds are fail to heal due to disruption of the orderly 

sequence of wound healing process. Chronic wounds include decubitis ulcers (bedsores 

or pressure sores) and leg ulcers (venous, ischaemic or of traumatic origin). The number 

of layers and area of skin affected is also the basis of classification (Bolton and Van 

Rijswijk, 1991, Krasner et al., 1993). According to this classification Injury on epidermal 

skin surface is referred to as a superficial wound. Whilst partial thickness wound involve 

injury in both the epidermis and in the blood vessels, sweat glands and hair follicles of 

deeper dermal layers. When the subcutaneous fat under skin or deeper tissues are 

damaged with both upper layers such as epidermis and dermal layers then wound is 

become full thickness wounds. Ferreira et al. described wounds with unique 

characteristics and difficult to heal as ‗complex wounds‘ (Ferreira et al., 2006). 
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2.5.1 Wound Healing 

Wound healing is general biological phenomenon of growth and tissue regeneration. The 

purpose of this paper is not to review the detail physiology of wound healing. The main 

purpose is only wound management and the choice of wound dressings. The reader of 

this paper is referred to the biological and physiological texts and literature for detailed 

scientific discussions on wound healing (Cohen et al., 1992, Russell, 2000, Strodtbeck, 

2001). Damaged tissue reestablish by a series of interdependent and overlapping stages of 

cellular and matrix components (Rothe and Falanga, 1989, Shakespeare, 2001). The 

wound healing process comprising five overlapping stages of complex biochemical and 

cellular processes has been described by Jain et al. (Jain, 2003). These are described as 

haemostasis, inflammation, migration, proliferation and maturation phases as shown in 

figure 2.8. In fact, Cooper has argued for wounds in molecular context. He emphasized at 

multiple levels (cellular and molecular) to improve wound treatment and management 

(Cooper, 1999). 

 

Figure 2.8: Different Stages in Wound Healing Process 
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2.5.2 Wound Exudate 

Thomas et al. has designated a term wound exudate to liquid produced from chronic 

wounds (Thomas, 1997). Wound exudate is also produce from fistulae or acute injuries 

after homeostasis. Basically it is blood from which most of the red cells and platelets 

have been removed. Exudate is a vital component irrigating the wound continuously in all 

the stages of wound healing and keeping it moist (Gray and White, 2004). An ideal 

environment accepted for effective wound healing is maintenance of moist wound bed 

(Eaglstein et al., 1988). Exudate also supplies favorable nutrients for migration and 

mitosis of epithelial cells the wound (Quick, 1993). Bacterial attack in the prevalence of 

infection at the wound surface control by leucocytes supplies from exudate. But 

excessive amounts of exudates in chronic wounds can lead to complications. Excess 

exudate reduced the mobility and lymphatic insufficiency in oedema caused by 

inflammation (Armstrong and Ruckley, 1997). The increased level of exudate may 

liquefy the hard and eschar-like necrotic tissue to retain wet and slough mass of wound 

by a process known as autolytic debridement. To remove the excessive exudate by 

maintaining moisture at the wound bed is a fundamental characteristic of modern wound 

dressings (Sibbald et al., 2003). 

2.5.3 Wound Dressings  

Crude application of herbs, animal fats, plants and honey as dressing established an 

evolutionary process that proved to be helpful for wound tissues healing. Dressing may 

directly interact with other chemicals and cells in the wound environment (Ovington, 

2007). Many dressings are available for wound healing as shown in figure 2.9. Material 

that applied to the skin for dressing should be non-toxic, biocompatible, Biodegradable or 

bioresorbable, enhanced cellular interaction and tissue development, soft pleasant 

application moist environmental condition and should not allow the microbes to enter the 

skin (Ajji et al., 2005, Huang and Fu, 2010). Dressing material also should have 

protective barrier thermal isolation property with no allergic or irritation reaction 

(Goossens and Cleenewerck, 2010). 
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 Figure 2.9: Types of Wound Dressing Materials 

2.6 Classification of Dressings 

Wound healing dressings are classified in many ways according to functions of wound, 

type of material used or physical form of used drug and recently reviewed as shown in 

figure 2.10 (Aulton and Taylor, 2017). According to their function in the wound, 

dressings are antibacterial, debridement, absorbent, occlusive, adherence dressings 

(Babu, 2000). Due to variety of material employed for dressing, it may be classified as 

hydrocolloid, collagen or alginate (Queen et al., 2004). Ointment, foam, film and 

hydrogels are types of wound healing dressings based on physical forms (Falabella, 

2006). Dressings may also be categorized into primary, secondary and island dressings. 

Primary dressing refers to dressing that make direct physical contact with wounds and 

dressing that covers the primary dressing is known as secondary. While dressing with 

central adsorbent region which is covered by adhesive portion is known as Island 

dressings (Van Rijswijk, 2006). Another type of classification criteria include traditional, 
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modern and advanced dressings and wound healing devices (Morgan, 2002, Rothe and 

Falanga, 1989, Thomas, 1990). Criteria for selection of dressing can do easily by this 

classification method (Van Rijswijk, 2006). Now a day, dressings are classified according 

to traditional (cotton, wool, natural and synthetic bandages) or modern (hydrocolloid, 

alginate, film, foam and hydrogel) dressing (Boateng et al., 2008). 

 

 

 

 

 

 

 

 

 

 

Figure 2.10: Classification of Wound Dressing 

2.6.1 Hydrogel Dressings 

Hydrogels are swellable, hydrophilic material made up of natural or synthetic polymers. 

Hydrogels can be applied as an amorphous or elastic sheet or films as shown in figure 

2.11.  Some hydrogel dressings like Nu-gel
TM

 (Johnson & Johnson, Ascot, UK) and 

Purilon
TM

 (Coloplast) are available in combinations of hydrogel and alginate. Polymeric 

components are cross linked with the help of cross linker to prepare hydrogel film or 

sheet. Due to hydrophilic nature, hydrogel film on contact with wound can absorb and 

retain the specific volume of water. Hydrogels need a secondary support like gauze for 
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application to the wounds (Debra and Cheri, 1998). But sheets or films not needs to be 

supported as semi permeable polymer backing with or without adhesive border controls 

the transmission of water vapors. LayFlurrie reported the wound types and hydrogels 

suited for specific wounds treatment (Lay-Flurrie, 2004).  Hydrogel films may be used as 

primary or secondary dressing with desire able size due to their flexible nature. Due to 

significant amount of water in hydrogel dressings, they used for light to moderate 

exuding wound. Hydrogels possess the desire able properties of cleansing of necrotic 

wounds by rehydrating dead tissues and by increasing debridement (Morgan, 1999). 

Hydrogel dressings are malleable, nonirritant, non-adherent, permeable to metabolites, 

nonreactive with biological tissue and improve reepithelisation of wounds (Wichterle and 

Lim, 1960). Hydrogel dressing has high patient acceptability as it cools the surface of 

wound that may leads to reduction in pain sensation (Moody, 2006). Morgan reported 

that wound healing of all types can be treated by hydrogel dressing except for those of 

heavily exuding wounds or infections (Morgan, 2002). 

2.6.2 Hydrogels for Skin 

Hydrogels have a tremendous progress in skin tissues regeneration. Healing of skin 

tissues and blood vessels were stimulated by the application of synthesized topical 

hydrogels. Many studies are reported in literature for wound healing by the hydrogel 

application (Li et al., 2011, Yoo and Kim, 2008). Skin is the major physical barrier that 

protects the whole body from harmful microbes and regulates the body temperature by 

preventing loss of water. Osti et al. formulated adhesive and transparent hydrogel films 

of selective permeability (Osti, 2006). These films were proved to be effective in pain, 

scares, skin maceration and burn shields. Helary et al. (2012) rectified Skin wound by 

developing concentrated collagen hydrogel containing fibroblast (Helary et al., 2012). 

Hydrogels are more effective than currently used ―Apligraf‖ for the treatment of chronic 

wounds by enhancing the cell viability. Cytokines and matrix macromolecules are more 

stable and their gene expression is responsible for re-epithelization. Onuki et al. (2005) 

demonstrated that skin patches are more stable and effective (Onuki et al., 2005). In 

wound healing and cataplasm, hydrogels with desirable adhesiveness and mechanical 

strength have been used (Strehin et al., 2010). There are significant uses of hydrogel 
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nanocomposits for skin. Nanoparticles enclosed in hydrogel system shows superior 

properties (Laroui et al., 2010). For example, titanium dioxide (TiO2) poly N-vinyl 

pyrrolidone (PVP) based nanocomposits revealed better results as compared to 

soframycin, chitosan ointment and gauze conventionally used. Additionally, in-vivo 

study in albino rats reported the accelerated healing of excision wound. 

 

Figure 2.11: Hydrogels as Sheet for Skin Dressing 

2.7 Introduction of Hydrogel 

The term hydrogel was firstly used in 1894 and have great importance from last fifty 

years due to its multiple applications. Most commonly hydrogel is defined as ―a three 

dimensional cross linked network of hydrophilic polymers or monomers that is produced 

by simple reaction‖. Hydrogel network swells when it contacts with water. Hydrogel may 

also be define as, ―polymer material that itself not dissolved in water but swell and hold 

considerable amount of water without change its structural network‖ (Ahmed, 2015). 

Roorda et al. investigated that non swollen state hydrogel have less ability to absorb and 

hold the water as compared to swollen state (Roorda et al., 1986). Polymers or monomers 

used alone or in combination in hydrogel formation may be natural or synthetic with 

property of biodegradability or non-biodegradability. Polymers used give advanced and 

promising drug delivery of anticancer agents, peptides, anti-inflammatory agents, steroids 

and proteins for local and systemic absorption (Davis, 1997). 
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2.7.1 Structural Components of Hydrogel 

Hydrogel is a macromolecule of three dimensional polymeric network of cross linked 

hydrophilic polymers that have ability to absorb significant amount of biological fluid or 

water. The polymers may be of synthetic, semisynthetic, homopolymer or copolymeric 

nature. Homopolymers and copolymers are formed by the combination of single species 

and two different species of monomers respectively. Other chemicals are cross linkers 

that cross linked the network and initiator that has ability to start the reaction either by 

physical or chemical method (Ahmed, 2015) as shown in figure 2.12. Hydrogels absorb 

significant amount of water due to presence of hydrophilic groups in its porous structure 

like –OH, –SO3H, –CONH, – COOH or –CONH2. The water uptake capacity of 

hydrogel increases as the numbers of hydrophilic groups increases (Peppas et al., 2000). 

This characteristic of water uptake can also be enhanced by using polysaccharides rather 

than synthetic polymers as it contain sulfate group which is responsible for water uptake. 

Polysaccharides have the property of biocompatibility, biodegradability and non-toxicity 

and their structure resembles with human tissues that make them favorable candidate for 

synthesis of hydrogel (Barbucci et al., 2003). 

  

Figure 2.12: Basic Components/ Preparation of Hydrogel 

2.7.2 Classification of Hydrogels 

Hydrogels can be classified in various ways due to many characteristic features as shown 

in figure 2.13. These are classified on the basis of source of origin i.e natural or synthetic 
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hydrogels (Barbucci et al., 2003), compatibility i.e biocompatible and non-biocompatible, 

polymeric composition i.e homopolymeric hydrogels that have single monomer (Iizawa 

et al., 2007), copolymeric having different monomers (Yang et al., 2002) and 

interpenetrating polymeric network (IPN) hydrogels in which two independent polymers 

(naturals and synthetic) are cross linked (Maolin et al., 2000). Hydrogels may also be 

further classified on the basis of configuration i.e crystalline, amorphous and semi-

crystalline, on the basis of physical appearance i.e matrix, and microspheres or films, 

cross linking i.e physically and chemically and on the basis of electrical charges can be 

classified into ionic, non-ionic, zwitter ionic or polybetaines and amphoteric electrolytes. 

Physically polymers are linked through entanglements, hydrophobic interaction or 

hydrogen bonding while in chemical cross linking, these are cross linked through 

permanent covalent linkage (Ahmed, 2015).  

 

Figure 2.13: Classification of Hydrogels on Various basis/types. 
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2.7.3 Methods for Hydrogel Preparation 

Hydrogels can be prepared either by physical or chemical cross linking method as shown 

in figure 2.14. 

 

Figure 2.14: Methods of Hydrogel Preparations 

2.7.3.1 Physical Cross-linking Methods 

Polymers are cross-linked through non covalent interaction in physical method by 

different environmental factors that are temperature, pH and ionic strength. There is no 

need of any cross linking agent for interaction of polymers in this method as cross linking 

agent influence the integrity of substances that are entrapped. Physical method is adopted 

to overcome the problem of toxin production by some cross linking agents (Hoare and 

Kohane, 2008). 

2.7.3.1.1 Cross-linking by Hydrogen Bonding 

Hydrogel is prepared by mixing of water soluble polymers in aqueous medium at room 

temperature. For example, water soluble polymers poly (2 methacryloyl oxyethyl 

phosphorylcholine-co-methacrylic acid) (PMA) and poly (2- methacryloyl oxyethyl 
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phosphorylcholine-co-n-butyl methacrylate) (PMB) form hydrogel due to hydrogen bond 

linkage. In this type of linkage, carboxylic acid group are protonated to form hydrogen 

bond between polymers (Kimura et al., 2004). Oxygen of Poly acrylic acid form 

hydrogen bond with carboxylic group of poly methacrylate (Eagland et al., 1994). Poly 

vinyl alcohol (PVA) hydrogels can be prepared by ultra-high pressure technique which 

interacts with DNA mediated hydrogen bond.  So this type of hydrogel can be used to 

deliver specific type of genes within DNA in controlled release manner (Kimura et al., 

2007). 

2.7.3.1.2 Cross-linking by Ionic Interaction 

The polymeric chains of polymers are formed by multivalent counter ions that act like 

cross linkers. Chenite et al. produced chitosan based hydrogel through ionic interaction of 

chitosan with salt of glycerol-phosphate disodium (Chenite et al., 2000). Natural polymer 

alginate is polysaccharide which is most commonly used as cross linker by ionic 

interaction even at physiological pH and room temperature. Alginate cross linked with 

calcium chloride via ionic interaction to form hydrogel used for drug delivery (Kuo and 

Ma, 2001). 

2.7.3.1.3 Cross-linking by Crystallization 

Crystallites can also act as cross linker in homopolymer or block-copolymer hydrogels. 

Hydrogel formed by dextran is the best example prepared by this method. Dextrans 

precipitate in concentrated aqueous solutions and precipitation can be increased by 

increasing concentration of dextran in the solution. These precipitates were soluble at 

room temperature but dissolved in boiling water (Stenekes et al., 2001). 

2.7.3.1.4 Cross-linking by Protein Interactions 

Interaction of polymers through protein linkage is another type of physical cross linking. 

Antigens-antibody or genetically engineered proteins were used in this method. Antigen 

cross link with polyacrylamide to form antigen hydrogel and antibody act like additional 

cross linker. In this type of hydrogel, swelling characteristics were decreased due to 

freely available antigens (Miyata et al., 1999). 
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2.7.3.2 Chemical Cross-linking Methods 

Method in which hydrogels are prepared by using cross linker to join polymers 

permanently to form polymeric network is known as chemical cross linking method. 

Hydrogels produced by this type of method are non-homogenous with high density 

region called clusters. These clusters are distributed throughout region of low cross link 

density (Hoffman, 2001). 

2.7.3.2.1 Cross-linking by the Chemical Reaction of Functional Groups 

Hydrogels is formed by covalent bond linkage or Schiff base formation between 

functional groups of polymers and drugs. Functional groups of polymers and drugs are –

COOH, -OH, -NH2 etc and amine-carboxylic acid, isocyanate –OH/NH2. Functional 

groups cross linking can also be done by addition or condensation reaction. Study 

reported the functional group cross linking of N, N-(3-dimethylaminopropyl)-Nethyl 

carbodimide (EDC) polymer in preparation of gelatin hydrogel (Gehrke et al., 1998, 

Kuijpers et al., 2000). 

2.7.3.2.2 Cross-linking by Radical Polymerization 

Polymers or monomers are chemically cross linked through radiation to formulate 

polymeric chain is called radical polymerization. This is most common and proficient 

method to produce water soluble hydrogels either from natural, synthetic or semi 

synthetic different stimuli sensitive polymers (Hennink and Van Nostrum, 2012). 2-

hydroxyethyl methacrylate (HEMA), N-isopropylacrylamide (NIPAAm), (2-dimethyl 

amino) ethyl methacrylate (DMAEMA) monomers are radically cross linked with the 

help of ethylene glycol di-2- bromoisobutyrate initiator to prepare triblock copolymers 

(Xu et al., 2006). 

2.7.3.2.3 Cross-linking by High Energy Irradiation 

There are some advantages like high yield, processing of reaction under normal 

physiological condition (pH and temperature), limited production of by product, and easy 

scale up without harmful effect of hydrogels prepared by radiation method. Study 

reported that sterilized hydrogels are produced by radiation method (Ma et al., 2007, 

Nagaoka et al., 1993). Swelling and permeability properties of prepared hydrogels were 
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evaluated by concentration and intensity of polymers and radiations respectively. There is 

direct relation between polymer and radiation dose and density of cross linking agent 

(Moerkerke et al., 1998). Microwaves, gamma radiations and electron beams are mostly 

used for polymerization. Acryloylate poly-aspartamide biodegradable hydrogel was 

prepared by gamma radiations (Giammona et al., 1999). Environmental sensitive 

bacterial cellulose and acrylic acid were polymerized and cross linked by electron beam 

(Halib et al., 2010). Most convenient source of microwaves is domestic oven for 

polymers cross linking.  Meena et al. synthesize co-polymeric hydrogel of k-carrageenan 

and acrylamide (AAm) at normal pH 7.0 with the help of initiator potassium persulfate 

(KPS) by using microwaves for cross linking (Meena et al., 2006). 

2.7.4 Techniques for Hydrogel Synthesis 

Polymer/monomer, initiator and cross linker are three basic components that are used for 

hydrogel preparation. The natural or synthetic source monomers alone or in combination 

with polymers are commonly used in formulation of hydrogels. The natural polymers are 

chemically less strong and have less mechanical strength as compared to synthetic 

polymers (Tabata, 2009). Generally, synthesis of hydrogel can be done by three methods. 

2.7.4.1 Bulk Polymerization 

Bulk polymerization technique is simplest one for hydrogel preparation. One or more 

types of monomers that are mainly responsible for desired characteristics are used in bulk 

polymerization. In this method, commonly very minute quantity of cross linker is used to 

prepare hydrogel. Polymerization reaction can start either by chemical catalyst or by 

ultraviolet radiations. Selection of initiator to start the reaction strongly depends upon the 

nature of solvent and monomer used. Rate of polymerization depends upon the 

concentration of monomer used as rate of reaction increases with increase of monomer 

concentration. During polymerization, viscosity of the monomer increases with heat 

generation. Therefore, bulk polymerization should proceed at low rate of conversion. As 

a result, transparent, glassy and hard homogeneous hydrogels produced 

(Kiatkamjornwong, 2007). 
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2.7.4.2 Solution Polymerization 

Monomer (ionic or neutral) molecules with multifunctional cross linkers are used to 

prepare hydrogels in solution polymerization. Reaction of polymerization is initiated 

thermally by redox reaction or by UV irradiation. Solvent used in this technique is act as 

heat sink. Due to this reason, solution polymerization is preferred over bulk 

polymerization. Formulated hydrogels in the end of polymerization is washed with water 

to remove impurities and unreactive polymers, monomer, solvent and initiator. One major 

disadvantage of solution polymerization is phase separation. Therefore, the amount of 

 

Figure 2.15: Procedure for hydrogel Synthesis 
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water used during polymerization must be low as compared to the water contents 

required for equilibrium swelling. Solvents used in solution polymerization are water, 

ethanol, benzyl alcohol and mixture of water and ethanol (Ogata et al., 2006). Process of 

hydrogel preparation by solution polymerization is shown in figure 2.15.  

2.7.4.3 Suspension Polymerization 

Whenever product formed is in powder form, microspheres or beads then suspension 

polymerization is preferred choice. Grinding is not permitted in this method.  

Homogeneous mixture is formed in suspension polymerization by mixing of monomer 

and initiator molecules in hydrocarbon phase. This is advantageous method as of 

homogenous mixture formation. Particle size of the product is determined by the factors 

involved like agitation speed, dispersant type, viscosity of monomer and rotor design 

(Ogata et al., 2006). 

2.7.5 Mechanism of drug release from hydrogels 

Due to hydrophilic nature of polymeric network, hydrogel has ability to retain large 

amount of water in it. But the hydrogels may also contain hydrophobic polymers that 

show different type of drug release mechanism. To estimate drug release from hydrogel, 

mechanisms can be classified into three ways as described.  

 Diffusion controlled release 

 Swelling controlled release system  

 Chemical controlled drug delivery system  

2.7.5.1 Diffusion Controlled  

To elaborate the release mechanism of drug from hydrogel, this diffusion method most 

widely applicable used method which follows the Fick‘s law of diffusion. According to 

this law drug release from macromolecular mesh or from water filled pores. Polymer 

matrix in which drug is uniformly distributed throughout polymer. As the drug is in the 

core and in polymer matrix, released of drug in the reservoir system is called diffusion of 

drug released to surrounding. Mesh size and partition coefficient of hydrogel are major 

factors affect the release of drug (Ganji and Vasheghani-Farahani, 2009). Fick‘s law of 

diffusion is 
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Ji=-Dip dCi/dX  

Ji=Molar flux of the drug (mol/cm2s). 

Dip = diffusion coefficient of the drug in the polymer. 

Ci = concentration of drug. 

To simplify drug release kinetic modeling, partition coefficient assumed to be constant 

which depend upon drug concentration which calculate the diffusion of drug and its flux. 

As diffusion coefficient is equal to molar flux at steady state. So after simplify the 

equation. 

Ji = K Dip Ci/δ  

δ = Thickness of the hydrogel. 

K = Partition coefficient. 

This defines as ratio of drug concentration in gel in the solution. The difference of drug 

concentration is maintained at specific level by increasing the concentration of drug in 

core. This allows the zero order release of drug. 

Fick‘s second law of diffusion is used to elaborate drug release mechanism from matrix 

system (uniformly dispersed drug in the polymer). 

∂Ci/∂t = ∂/∂X [Dip ∂Ci/∂X] 

This equation is for un steady drug diffusion from matrix having immovable boundaries. 

It gives concentration dependent diffusion coefficient (Ganji and Vasheghani-Farahani, 

2009). 

2.7.5.2 Swelling Controlled Release System 

As hydrogel has ability to uptake large amount of water due to hydrophilicity, hydrogel 

has remarkable property of swelling. The drug release pattern depends upon the swelling 

behavior of the hydrogel. Polymers begin to swell as water enters in the matrix system. 

Then entrapped drug is starting to release in surrounding. There are two distinct phases 

from where drug passed. First one is inner core of glassy dry phase and other one is outer 

rubbery swelled phase. Drug moves from outside rubbery phase to inside dry phase as 

water starts to penetrate (Coviello et al., 2005). Two factors, that are responsible for drug 
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release from hydrogel, are drug diffusion time and polymer chai relaxation. As these are 

rate limiting step in swelling controlled release of drug. 

2.7.5.3 Chemical Controlled Drug Delivery System 

The chemically controlled drug delivery system has two types of drug delivery systems 

that are erodible and pendant chain system. Drug release from reservoir or matrix after 

the degradation or erosion of the surface of hydrogel is known as erodible drug delivery 

system. While in pendent drug delivery, chemical linkages degradation occurs between 

drug and polymeric background. Degradation (chemically or enzymatically) depend upon 

the linkage by which drug is attached (Ganji and Vasheghani-Farahani, 2009). 

2.8 Chitosan 

Chitosan synthesized from the partial deacetylation of chitin, a naturally existing 

maritime polymer   (Rowe et al., 2009), specifically obtained from cell walls of 

microorganisms such as molds, fungi, yeast and in exoskeletons and cuticular of 

crustacean. Chitin is a linear homopolysaccharides of β-(1–4)-linked 2-acetamido-2-

deoxy-D-glucopyranose and 2-amino-2-deoxy-D-glucopyranose units (Khan and Ranjha, 

2014). Chitosan is a polysaccharide obtained after copolymerization of glucosamine and 

N-acetyleglucosamine. But it is not easy to clear in its exact chemical composition 

because various stages of deacetylation and depolymerization were occur and it also 

varies in composition depending on source and manufacturer (Rowe et al., 2009). It is a 

weak base, which is soluble in solution having acidic pH (pH < 6.5) and insoluble in 

solvents such as: water and organic.  It is a non-poisonous, biodegradable and 

biocompatible polymer has gained significant attention in an extensive range of 

pharmaceutical and biomedical applications in various drug delivery systems, tissue 

engineering and cosmetics (Giri et al., 2012). Which is not easy to clear in its exact 

chemical composition because various stages of deacetylation and depolymerization were 

occur and it also varies in composition depending on source and manufacturer (Rowe et 

al., 2009). Physiologically chitosan become converted to harmless products by the action 

of various enzymes, such as lysozyme and chitosanase (Giri et al., 2012).  
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Factually chitosan is chitin, in which soluble amine salts concentration become high after 

deacetylation. Positively charged amino groups of chitosan produce hydrogel by ionic 

interaction with Multi-valent anions like tripolyphosphate (TPP) anions. Chitosan 

hydrogels show comparatively low mechanical strength and restricted ability to hold 

discharge of encapsulated compounds so, chemical modification is necessary.  Also when 

chitosan use for tissue engineering and controlled drug delivery, it has specific limitations 

which can be devastate by chemical modification. Similarly complexation, absorbability, 

bacteriostatic effect and antioxidant properties of chitosan can be improved by its 

modification. Sites which are responsible for the chemical modification are primary 

amine and hydroxyl groups, which are located on the backbone of chitosan. Modification 

of chitosan with polyethylene glycol makes chitosan more water soluble. Hence, 

hydrogels from modified chitosan have gotten significant impact in current research on 

tissue engineering and drug delivery (Giri et al., 2012). 

Chitosan also has specific biological properties such as muco-adhesiveness, outstanding 

swelling, gel-forming and pH sensitive behavior, which is due to the presence of amino 

groups in its side chain. So, chitosan is an ideal candidate to formulate controlled release 

dosage forms. It can also be used for other medical purposes like; blood clotting, 

lowering leveling of serum cholesterol, wound healing and inhibition of tumor cells 

growth (Khan and Ranjha, 2014). To increase product solubility deacetylation should be 

more than 80-85%. Commercially chitosan become available in different grades and 

types that vary in degree of deacetylation, viscosity and molecular weight by 10000 – 

1000000 (Rowe et al., 2009). 
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2.8.1 Physicochemical Properties of Chitosan 

There are some common physicochemical properties of chitosan as shown in table 2.3. 

Table 2.3: Physicochemical Properties of Chitosan Polymer 

Sr. # Physicochemical Properties 

1. Chemical Formula  Poly-b-(1,4)-2-Amino-2-deoxy-D-glucose 

2. Molecular Formula  (C6H11NO4)n  OR C56H103N9O39 

3. Molecular weight  1526.464 g/mol  

4. Physical appearance  White or creamy-white powder or flakes 

5. Melting point  220 ºC 

6. Relative density  1.36 g/cm3 at 20°C 

7. Dissociation constant  2.4 at 20°C 

8. Density 1.35-1.40 g / mL at  25ºC 

2.8.2 Chitosan Based Hydrogels 

Sohail et al. (2015) formulated chitosan based pH sensitive and controlled release 

hydrogels. Free radical polymerization, a chemical reaction technique was used to 

crosslink chitosan as polymer and 2-acrylamido-2-methylpropane sulfonic acid (AMPS) 

as monomer by using cross linking agent Methylene bisacrylamide (MBA) after initiation 

of reaction by initiators Ammonium peroxodisulphate (APS) and Sodium hydrogen 

sulfite (SHS) to develop hydrogels. These developed chitosan based hydrogels were 

characterized by using different techniques including DSC, FT-IR and SEM. pH 1.2 and 

7.4 were used to record pH sensitivity of hydrogels. These chitosan co-poly(AMPS) 

hydrogels were used to evaluate pharmacokinetic characteristics by using oral 

administration to rabbits. In-vitro studies of hydrogels presented that chitosan based 

hydrogels have high density of cross linking and required controlled release 

characteristics. Extreme swelling, loading and release of drug at pH 7.4 were observed. 

Upon in-vivo evaluation, maximum drug release and high absorption were observed at 

pH 7.4 in rabbits. It was concluded that hydrogels have excessive potential to be used for 

controlled delivery of several therapeutic agents because of having properties like; pH 

independent swelling and pH dependent drug release.  

Kokkarachedu Varaprasad et al. (2012) fabricated the semi-interpenetrating network 

(IPN) hydrogels of degradable chitosan and poly (N-isopropylacrylamide-co-2-

acrylamido-2-methyl- 1-propanesulfonic acid) by using free radical polymerization 
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method. SEM and FTIR were used to identify and characterize formulated IPN hydrogel 

and results elaborated the role of functional groups presents in polymer and monomer 

units. DSC technique and swelling curves confirmed that fabricated PNIPAAm and 

P(NIPAAm-AMPS)/CS hydrogels show lower critical temperature. Drug release 

behavior of 5-fluorouracil (model drug used) loaded IPN hydrogels was observed that 

showed the controlled release behavior of carriers (Varaprasad et al., 2012).  

Bhattarai et al. (2010) explored the state of the art developments in the preparation of 

chitosan hydrogels and described schematic parameters in the development of chemically 

and physically cross linked hydrogels. Chitosan as backbone material in hydrogel 

formulation has been highly preferable as biocompatible, biodegradable and less toxic. 

Hydrogels formed by chitosan release loaded drug contents at varying rate under different 

stimuli and environmental factors. The development of these smart devices requires basis 

in physiochemical properties of hydrogel and the active agents that was delivered. 

Gad (2008) developed successfully chitosan and 2-acrylamido-2-methyl propane sulfonic 

acid (AMPS) based hydrogels by using radiation grafting technique. The effect of 

chitosan-AMPS ratio and absorbed dose on grafting was observed. Structure and thermal 

properties of hydrogels were studied by using infrared spectroscopy and 

thermogravimetric analysis (TGA). Investigation of influence of polymerization variables 

on swelling percentage of developed hydrogels was also performed. This studies 

exhibited equilibrium degrees between swelling, gelling and chitosan-AMPS ratios and 

chitosan-AMPS, pH and pollutant concentration on adsorption process were also studied. 

2.9 Polyethylene Glycol (PEG)  

Polyethylene glycol (PEG) is a simple molecule, soluble in water, toluene and most 

organic solvents, appears as linear or branched structure and available in variety of 

molecular weights. It is nonionic or anionic in nature. It gained considerable importance 

in biomedical and biotechnical filed due to formation of two phase system with other 

polymers, non-antigenicity and non-immunogenicity and non-toxicity. PEG is easily 

modified and attached to other molecules with little effect on its chemistry. Polyethylene 

glycol (PEG) having 1000 molecular weight or less occur as viscous and colorless liquid 

while PEG with higher MW are waxy white solids. In biomedical filed PEG having few 
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hundred to 20000 MWs are commonly used (Harris, 2013). Some properties of PEG are 

listed below: 

1. PEG is soluble in water and many other organic solvents. 

2. It is insoluble in ether, hexane and ethylene glycol. 

3. Large exclusion volume in water. 

4. Form two-phase system. 

5. Can used for internal consumption. 

6. Form complex with metal cations. 

7. Non-immunogenic. 

8. Modify osmotic flow and pharmacokinetics. 

9. Decrease kidney clearance rate. 

10. Transport molecules across the membrane. 

2.9.1 Synonyms  

Polyethylene glycol (PEG) (have molecular weight less than 20000), Polyethylene oxide 

(PEO) (refers to higher MW), Polyoxyethlene (POE) and polyoxirane (not specific in 

MWs). Carbowax, Macrogol, Aquaffin, Nycoline, 1,2-ethanediol.  

2.9.2 Chemical formula  

 HO(C2H4O)nH 

2.9.3 Chemical Structure 

The chemical structure of polyethylene glycol is given in Figure2.16. 

 

Figure 2.16: Chemical structure of Polyethylene glycol 
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2.9.4 Physicochemical Properties of Polyethylene Glycol  

Physicochemical properties are taken from different web sites given in Table 2.4 

(Bioworld, 2018, Chemicalland, 2018). 

Table 2.4: Physicochemical properties of Polyethylene glycol (PEG) 

Sr. # Physicochemical Properties 

1 Appearance White flake 

2 Physical state Solid 

3 Description Non-ionic 

4 Average molecular weight 3500-4500 

5 Melting point 58-61°C 

6 Boiling point >200°C at 760 mmHg 

7 Specific gravity at 77/25°C 1.08 – 1.09 (50% aq. Sol.) 

8 Viscosity at 77°C 100cp (50% aq. Sol.) 

9 Vapor pressure <0.01 hpa (< 0.01 mmHg at 20°C) 

10 pH 5-7 

11 Flash point 299°C (close cup) 

2.9.5 Polyethylene Based Hydrogels 

Polyethylene glycol 4000 has been used for the synthesis of various nano preparations 

such as nanoparticles, nanoemulsions, liposomes and other techniques. Recently 

scientists have been reported nanocomposites of polyethylene glycol 4000 with silver by 

microwave assistance method using 50/50 percent weight of both chemicals. Starch was 

used as a template and reducing agent to incorporate silver nanoparticles into PEG 4000 

matrix. Transmission electronic microscope (TEM) confirmed the spherical structure of 

nanoparticles while UV-visible absorption spectra indicated presence of silver in 

formulation and Fourier transform infrared spectroscopy (FTIR) used to revealed the 

structure of silver (Ag)- Poly ethylene glycol 4000 (PEG) nanoparticles. Particle size of 

nanoparticles was 16.5 nm. The results confirmed the success formulation which 

exhibited good antitumor and antimicrobial properties against Escheriachia coli, 

Pseudomonas and Staphylococcus. Therefore, it was concluded that silver (Ag)- Poly 

ethylene glycol 4000 (PEG) nanoparticles can be used in antibacterial materials, 

antimicrobial packaging, wound dressing and biomedical applications (Alsiyabi, 2017). 

Thermosensitive hydrogels of polyethylene glycol and chitosan chloride with small 

amount of α-β-glycerophosphate has been designed for the nasal drug delivery. Newly 
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synthesized formulation can be sprayed or dropped into nasal cavity and dispersed into 

form of solution on nasal mucosa. After that the solution transferred into viscous 

hydrogel at body temperature. Formulation was decreased nasal mucociliary clearance 

and also decreased the release of drug. Moreover it was also investigated that chitosan 

used as absorption enhancer and confirmed that it was non-toxic, capacity to open tight 

junction between epithelium and mucoadhesive. Insulin was used as model drug for the 

nasal drug delivery and it was observed that after administration blood glucose level was 

decreased 40-50% of initial blood glucose concentration and less cytoxicity. Therefore it 

was concluded that HTCC-PEG-GP hydrogel can be used for nasal delivery of 

hydrophilic macromolecular drugs (Wu et al., 2007). 

Biodegradable hydrogels have been extensively used in drug delivery system. Degradable 

hydrogels were degraded in recognition of cellular response and drug released. 

Polyethylene glycol degradable hydrogels was synthesis with human neutrophil elastase 

(HNE) sensitive peptide by thiol-ene photopolymerization. These hydrogels were 

degraded at sites of inflammation to release bovine serum albumin (BSA). HNE 

responsive hydrogels showed surface erosion and degradation kinetics was changed by 

changing concentration of HNE and peptide in hydrogel. Hydrogel exhibited controlled 

and zero order release of BSA in presence of HNE while release was arrested in absence 

of HNE. It was also exploited that release rate was controlled by environmental 

conditions and gel formulation. Mass loss data revealed that protein was released from 

three layers of hydrogel. Therefore it was concluded that degradable hydrogel can 

potentially used in biomedical applications (Aimetti et al., 2009).  

Polyethylene glycol based hydrogels gained considerable importance in regenerative 

medicine applications because of ideal material to direct the function of cell and have key 

function on extracellular matrix (ECM). Extracellular matrix (ECM) also influenced 

various cell functions. Polyethylene glycol based hydrogels are also increasing interest 

due to easily controllable mechanical properties. PEG based hydrogels were fabricated 

for study the influence of ECM mechanics and chemistry on smooth muscle cells (SMCs) 

in two and three dimensional model system. First PEG hydrogel was prepared, which 

show that varying the ECM ligand density and identity independent of gel physical 
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properties of focal adhesions and influence smooth muscle cells spreading. It was also 

observed that SMCs proliferation was increased with increased in stiffness of gel in 2-D 

culture. However in 3-D culture spread ability was greatly reduced but SMCs show some 

contractile markers of differentiated phenotype. It was reported that PEG hydrogels can 

influence SMC phenotype in both two and three dimension (Peyton et al., 2006). 

Semi-interpenetrating network of polyethylene glycol and polyamidoamine dendrimers 

was fabricated for the third generation antidepressant drug venlafaxine. The PEG-

polyamidoamine dendrimers were prepared by using various molecular weight 

polyethylene glycol. All synthesized hydrogels were analysed by using standart methodes 

and optimal controlled release hydrogel was elected for futher studies. Fourier transform 

infarared (FTIR) and proton nuclear magnetic resonance (NMR) was performed for 

characterization of hydrogel structure and dendrimer, respectively. The results showed 

that hydrogel with optimized polyethylene glycol concentration and molecular weight 

give controlled release of drug in physiological conditions (Yang and Lopina, 2005). 

2.10 Acrylamide-2-methyl-propane sulfonic Acid (AMPS) 

2-Acrylamido-2-methyl-propane sulfonic acid (AMPS) is a hydrophilic vinyl monomer 

having anionic and nonionic groups in its structure (Bao et al., 2011). From last decades 

AMPS gained attention due to its nature of non-toxicity and hydrolytic resistance. AMPS 

dissociate at all pH ranges due to the presence of sulfonic acid (SO2) and non-ionic amide 

groups (Nesic et al., 2016). AMPS based hydrogels made either by copolymerization or 

homopolymerization shows pH independent swelling properties due to sulfonate group 

(Durmaz and Okay, 2000, Liu et al., 2012). Structure of AMPS resembles with 2- 

aminoethane sulfonic or taurine which is widely present in human body (Song et al., 

2011). AMPS used in many fields for water-treatment, plastic, synthetic fibers, 

biomedicine, absorbent coating, oil chemistry, cosmetics, magnetic material and paper-

making etc. 

2.10.1 Synonyms  

2-Acrylamido-2-methyl-propane sulfonic acid (AMPS) or Acrylamido Tertiary Butyl 

Sulfonic acid (ATBS). 
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2.10.2 Chemical Structure of AMPS 

 

Figure 2.17: Chemical Structure of AMPS 

2.10.3 Physicochemical Properties of AMPS 

Some of the physical properties of AMPS are listed below in Table 2.5. 

Table 2.5: Physicochemical Properties of AMPS 

Sr. # Physicochemical Properties 

1 Chemical Formula CH3C(CH2=CHCONH)(CH3)CH2SO3H 

2 Molecular Formula C7H13SO4N 

3 Molecular Weight 207.25 gm/mol 

4 Physical Appearance White Powder 

5 Melting Point 195°C 

6 Flash Point 160°C 

7 Storage Temperature 2-8°C 

8 Water Solubility Soluble 500 g/L at 20°C 

9 Relative Density 1.36 g/cm3at 20°C 

10 Dissociation Constant 2.4 at 20°C 

11 Density 1.2055 g/ml at 25 °C 

2.10.4 AMPS based Hydrogels 

Pourjavadi et al. synthesize pectin based hydrogels with the help of vinyl monomers of 

acrylic acid and AMPS via free radical polymerization method by using cross linker N,N 

methylene bisacrylamide (MBA) for controlled delivery of non-steroidal anti-

inflammatory drug (NSAID) Ibuprofen. This superabsorbent polymeric network structure 

was confirmed by surface morphology and FTIR. The results indicated that by increasing 

ionic strength, temperature, porosity of polymeric network and by decreasing particle 

size, swelling rate increases. Drug release profile was also studied and results shows that 

release was greater in media of pH 7.4 as compared to pH 1.2. Generally the results 
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demonstrated that bioavailability of Ibuprofen loaded hydrogels can deliver more drug 

towards intestine (Pourjavadi and Barzegar, 2009). 

Çavuş (2007) used free radical polymerization method to synthesize poly [2-

(dimethylamino) ethyl methacrylate-co-AMPS hydrogel by using ammonium per sulfate 

(APS) and tetra ethylene glycol diacrylate (TEGDA) as initiator and cross linker 

respectively. Equilibrium swelling behavior of prepared hydrogels was studied in 

distilled water at different temperature ranging from 30 to 90°C and different media of 

pH of 2.8, 5.3, 7.0, 10.0, and 12.4 at constant ionic strength of 0.08mol/L. Prepared 

hydrogels showed constant swelling in water at various temperatures and also in buffer of 

pH ranging up to 7 but swelling was increased with increase of pH from 7 to 12.4. 

Swelling was also increased with increase in the concentration of AMPS (Çavuş and 

Gürdağ, 2007). 

Yetimoğlu et al. (2007) used UV-curing technique in free radical polymerization to 

synthesize hydrogel of N-vinylpyrrolidone/acrylic acid/acrylamido-2-methylpropane 

sulfonic acid (NVP/AAc/AMPS) in the presence of cross linker MBA. Structural, 

morphological and thermal stabilities were confirmed by FTIR, SEM and TGA 

respectively. Hydrogels exhibited more swelling on increasing the concentration of 

AMPS. They also studied the change in metal ion binding capacity on changing the 

various conditions like pH, time and feed concentration, which discovered that 

interaction between ionic monomers and metal ions affect the metal binding capacity and 

that capacity of gel increases due to increase in AMPS concentration. This was done by 

the presence of more specific acidic groups in network that leads to higher swelling of 

hydrogels (Yetimoğlu et al., 2007). 

Kim and co investigators formulated the interpenetrating polymer network (IPN) 

hydrogels based on AMPS/ hyaluronic acid (HA) using potassium persulfate (KPS) as 

initiator by sequential-IPN technique. They used two cross linkers N,N-methylene-bis-

acrylamide and 1-ethyl-(3–3-dimethylaminopropyl) carbodiimide hydrochloride.  They 

studied swelling behavior in solutions of different pH media, NaCl solution and electrical 

DC simulated medium. Results demonstrated that IPN gel show high swelling in water 
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but show de-swelling in high ionic solutions that causes it to shrink. This is due to 

decrease in osmotic pressure within gel as movable counter ions of solution increases. 

These IPN hydrogels showed same de-swelling behavior on application of DC electric 

field. So these IPN hydrogels could be used as biomaterials as electric field driven 

actuators (Kim et al., 2004). 

2.11 Acrylic acid  

Acrylic acid is a hydrophilic monomer widely used in the fabrication of hydrogels. It 

interacts with other monomers and polymers to form interpenetrating network of 

hydrogels. Acrylic acid have carboxylic group in its structure which is responsible for 

electrostatic behavior in aqueous medium. Acrylic acid develops interpenetrating network 

with other polymers and monomers to form gel. Acrylic acid based hydrogels absorb 

large amount of water as compare to its initial weight therefore classified as super 

absorbents hydrogels (Elliott et al., 2004). 

2.11.1 Synonyms  

Prop-2-enoic acid, 2-propenoic acid, Acroleic acid, propenoic acid, vinylformic acid, 

acrylate 

2.11.2 Chemical Formula  

 CH2=CHCO2H or C3H4O2 

2.11.3 Molecular weight 

 72.063 g/mol 

2.11.4 Chemical Structure 

The chemical structure of acrylic acid is given in figure 2.18. 
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Figure 2.18: Chemical structure of Acrylic Acid 
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2.11.5 Physicochemical Properties of Acrylic Acid 

Physicochemical properties are taken from different web sites given in Table 2.6 

(Pubchem, 2017, Scorecard, 2017).  

Table 2.6: Physicochemical properties of acrylic acid 

Sr. No. Physico-Chemical Properties 
1 Appearance Colorless liquid 

2 Odor Acrid 

3 Vapor density 2.45 (air=1) 

4 Density/ specificgravity 1.0511 at 20/4°C 

5 Vapor pressure 3.1 mm at 20°C 

6 Freezing point 53°F 

7 Boiling point 286°F or 141.0°C 

8 Melting point 14.0 °C 

9 Flash point 130°F or 68°C 

10 Refractive index 1.4202 

11 Solubility Miscible with water, ether and  

2.11.6 Acrylic Acid Based Hydrogel 

Acrylic acid based hydrogel was synthesized by using various concentration of acrylic 

acid with natural biopolymer bacterial cellulose (BC) by exposure to different dose of 

accelerated electron beam irradiation. Fourier transform infrared (FTIR) analysis 

confirmed that acrylic acid was successfully grafted on to bacterial cellulose back bone. 

Morphological analysis revealed that change in irradiation dose and concentration of 

acrylic acid was influence the pore size. Thermal characterization TGA and DSC 

indicated the formation of thermal sensitive and stable hydrogel. In vitro drug release and 

swelling studies were used to confirm the pH responsive behavior and thermal stability of 

BC/AA based hydrogel. Maximum drug release was at pH 7 from hydrogel. It was 

concluded that bacterial cellulose-acrylic acid  hydrogels were novel materials of 

controlled drug delivery system (Amin et al., 2012). 

Hydrogel of acrylic acid with N-vinylpyrrolidone and acrylamido-2-methylpropane 

sulfonic acid was synthesized by UV-curing technique and heavy metal recovery 

capability and swelling behavior were investigated. The structure of prepared gel was 

explored by FTIR and thermal stability was investigated by thermal gravimetric analysis 

while SEM was used for morphological analysis of dry hydrogel. Thermal analysis 
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revealed that thermal stability was slightly decreased with incorporation of AMPS while 

swelling was relatively high in higher AMPS concentration hydrogels. NVP/AAc/AMPS 

hydrogel was used for the separation of heavy metal ions Cd (II), Cu (II) and Fe (III). It 

was observed that ionic co-monomer of hydrogel form specific interaction with metal 

ions and affects the metal binding capacity of gel (Yetimoğlu et al., 2007). 

Temperature and pH sensitive semi-interpenetrating network hydrogel of poly acrylic 

acid and poly aspartic acid was synthesized. The semi-interpenetrating network hydrogel 

was ionic in nature and show different swelling behavior at various swelling medium. 

The prepared hydrogels was characterized through FTIR and SEM for verification of 

network structure. Various swelling mediums were used for investigation of pH and 

temperature sensitivity. The results indicated the successful formation of polyelectrolyte 

complex between acrylic acid and aspartic acid. Hydrogel shows responsive swelling 

behavior in different physiological bio fluids and gives pH and temperature responsive 

swelling due to poly aspartic acid in it. Semi-interpenetrating network hydrogel shows 

satisfactory mechanical strength after repeated swelling and deswelling. In the light of 

above results, it was concluded that hydrogel can be used in biomedical applications 

(Zhao et al., 2006). 

The hydrogel of acrylic acid with psyllium has been fabricated with n,n-

methylenebisacrylamide as a crosslinker. The successful polymeric network formation 

was investigated through FTIR and SEM while TGA analysis was used for determination 

of thermal stability of hydrogel. Equilibrium swelling was performed at various 

temperature, pH and NaCl concentration as a function of time. The results indicated that 

swelling behavior depends upon environmental factors and polymers concentrations. The 

result shows that hydrogel can be the potential candidates for colon specific drug delivery 

and also used for separation, enrichment and removal of hazardous metal ions from water 

and different aqueous solutions. Therefore, psyllium and acrylic acid hydrogels can be 

used in industrial wastewater and environmental remediation of municipal (Singh et al., 

2006).  
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Novel spherically shaped semi-interpenetrating network hydrogel of acrylic acid with 

poly N-vinylpyrrolidone was prepared. The semi IPN was synthesized in three stages, in 

first stage poly N-vinylpyrrolidone was mixed with 2,2-azo-bis-iso-butyronitrile (ABIN) 

initiator for free radical formation. In second step above solution was added with cross 

linker N,N-methylene-bis-acrylamide (NNMBA) by the way of suspension 

polymerization. In last step aqueous solution of monomer acrylic acid was added for the 

preparation of network. The formation of hydrogen bond between polymer and monomer 

was confirmed by FTIR and DSC. SEM analysis elucidated the structure of semi IPN. 

Swelling behavior was studied at different pH and aqueous solution of NaCl. The result 

shows maximum swelling at pH 2.25-4.00 and little influence of NaCl aqueous solution 

on swelling. It was also observed that hydrogel have good mechanical strength after 

several times swelling and shrinking. Therefore, PVP-PAA semi IPN can be used in 

medical area (Jin et al., 2006). 

2.12 N,N′-Methylenebisacrylamide (MBA)  

Cross linking of polymeric chain with agent promote entanglement to provide elastic 

forces which control the expansion and intact shape of polymeric chain network (Ranjha 

et al., 2011). Hydrophilic character of polymeric network and its mobility decreased 

when density of cross linker increased (Vazquez et al., 1995). There are many cross 

linkers that‘s are used in hydrogel preparations like tetra methylene glycol dimethacrylate 

(TEGDMA), glutaraldehyde, ethylene glycol dimethacrylate (EGDMA), formaldehyde 

and N,N′-methylenebisacrylamide (MBA) (Gehrke, 2000). 

MBA is a hydrophilic crosslinking agent with two identical unsaturated double bonds 

with vinyl group (Kabiri et al., 2003, Lanthong et al., 2006, Pourjavadi et al., 2006). 

These vinyl groups are used as cross linker and react with radicals in application of 

polymeric network formation (Li et al., 2015). Acrylate structure in MBA gives more 

stability even in oxidative environment (Becker and Schmidt‐Naake, 2002). Most 

commonly used polymer acrylamide has great compatibility with MBA during 

polymerization. Polymer attains high strength, tightness and firmness for its use after 

polymerization with MBA cross linker. In chemical and pharmaceutical industry, MBA 

used in many polymerization reactions to produce polymers and copolymers. MBA is 
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also known as bis-acrylamide, BIS, Methylenebisacrylamide, N, N’-

Methylenediacrylamide. 

2.12.1 Chemical Structure of MBA 

Chemical structure of cross linker MBA is given in figure 2.19. 

 

Figure 2.19: Chemical structure of MBA 

2.12.2 Physicochemical Properties of MBA 

Physicochemical properties of cross linker MBA are given in table 2.7. 

Sr.No Physicochemical Properties 

1 Chemical Name N, N'-Methylenebisacrylamide 

2 Chemical Formula (CH2=CHCONH)2CH2 

3 Molecular Weight 154.17 g·mol−1 

4 Molecular Formula C7H10N2O2 

5 Physical Appearance White free flowing crystals 

6 Melting point >300 °C (lit.) 

7 Storage temperature 2-8°C 

8 Vapor Density 5.31 

9 Assay 99% 

10 Aqueous Solubility Soluble 20 g/L at 20 °C 

2.12.3 MBA base Hydrogels 

Singh et al. (2007) used MBA as cross linking agent to synthesize polyacrylamide based 

hydrogel with psyllium for controlled drug delivery. Characterization of this polymeric 

network was done by performing different tests of FTIR, SEM, thermal studies and 
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swelling studies. Swelling response was evaluated by investigating the effect of different 

variables like pH, temperature, salt and time. They observed two factors of polymer 

structural aspects and environment that affect equilibrium swelling. Swelling was 

decreased with the increase in concentration of MBA in polyacrylamide network. But 

with the change of swelling medium from water to 0.5M NaOH, an abrupt increase was 

observed that showed the pH dependent behavior of psyllium and acrylamide network. 

Therefore, this polymeric combination can be used in targeted delivery of drug to colon 

(Singh et al., 2007). 

Pourjavadi and kurdabar (2007) prepared highly porous collagen based hydrogel with the 

help of MBA cross linker by free radical polymerization method. Prepared formulation 

was characterized by different techniques to check the surface morphology and chemical 

structure like FTIR, SEM DSC and TGA. Centrifuge retention capacity (CRC) and 

absorbency under load (AUL) was also measured. As well as swelling behavior of 

hydrogels was evaluated at pH range of 1-13 and in salt solutions of various 

concentrations. It was concluded from results that hydrogel shows pH sensitive behavior 

as hydrogel shows swelling collapsing pulsatile behavior at pH 2 and 8 (Pourjavadi and 

Kurdtabar, 2007). 

Zhang and his coworkers (2005) synthesize polymeric network of acrylamide co- poly-

acrylic acid hydrogel by template polymerization method with linear polyallylammonium 

chloride (PAAC) and interpenetrating polymer network (IPN) and theophylline used as 

model drug. They noticed the pH responsive reversibility and good mechanical strength 

due to bonding (both ionic and covalent bond) in network. Swelling /de-swelling, 

reversibility behavior and transition pH of formulated hydrogel system with the mole 

fraction of polyallylammonium chloride (PAAC) was investigated by studying 

equilibrium and oscillatory swelling techniques. Zhang also noticed that by changing 

molar content of PAAC with fixed or varied fraction of polymers has great effect on 

swelling behavior at transition pH value. This behavior made this hydrogel more potent 

material for pharmacy, medicine and biotechnology fields (Zhang et al., 2005). 
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Xue and Hamley (2002) used di-n-propyl acrylamide (DPAM) and hydrophobic comonomer 

di-n-octylacrylamide (DOAM) with two cross linkers N, N-methylene bis acrylamide (MBA) 

and glyoxal bis-diallyacetal (GLY). They studied the thermal responsive swelling behavior as 

a function of monomer nature, temperature and content of ionic surfactants sodium dodecyl 

sulfate (SDS). Transition temperature and swelling ratio was increased by addition of 

SDS or by replacement of MBA with octa functional cross linking agent glyoxal bis 

(diallyacetal) (GLY) (Xue and Hamley, 2002). 

Mishra et al. developed pH sensitive hydrogel with the use of N,N-methylene 

bisacrylamide (MBA) cross linker by aqueous copolymerization. The cross linking of 

itaconic acid with n-3-dimethylamino propyl methacrylamide was checked by FTIR 

technique. Structure and surface morphology reveals that hydrogel has highly porous and 

amorphous structure of range between 20-400 µm. Swelling studies were performed at 

different pH ranges from acidic pH 1.2 to basic pH 10 and revealed that swelling was 

increased with increased concentration of itaconic acid or with reducing the concentration 

of MBA cross linker. Moreover, this polymeric network loaded with 5-aminosalicylic 

acid showed pH dependent and temperature sensitive release profile and kinetics revealed 

the non fickian mechanism in intestinal simulated condition (Mishra and Ray, 2011). 

2.13 Mupirocin Calcium (MP) 

Mupirocin, a topical antibacterial agent, also known as Pseudomonic Acid A which is 

biosynthesized by Pseudomonas flourescens NCIMB 10586 (Thomas et al., 2010). 

Mupirocin is mainly used for superficial primary and secondary skin infection that are 

majorly caused by Staphylococcus aureus and Streptococcus and also used to control 

methicillin-resistant Staphylococcus aureus (Pappa, 1990). MP is also active against many 

types of gram positive bacteria, some types of gram negative bacteria and pathogenic 

fungi of dermatophytes and pityrosporum (Ward and Campoli-Richards, 1986). 

MP is only effective for topical route as drug rapidly converted into inactive metabolite 

monic acid when reach to systemic circulation. On other way, drug slowly metabolized 

by skin and penetration of drug molecules to deeper skin layers is increased in occlusive 

dressing and in traumatized skin (Ward and Campoli-Richards, 1986). So, MP in 
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advanced drug delivery system will improve efficacy and reduce dosage frequency with 

patient compliance. 

Chemically, MP structure consists of monic acid linked with fatty acid chains by ester 

type linkage. This linkage of fatty acid with monic acid simulates isoleucine which is 

used for protein synthesis. This MP structure binds with active site of an enzyme 

isoleucyl-tRNA synthetase of bacteria (Conly and Johnston, 2002, Hughes and Mellows, 

1978, Pope et al., 1998). Due to unique style of mechanism of action, there is no cross 

resistance between MP and other antibiotics used in this clinical situation (Parenti et al., 

1987). MP inhibits bacterial protein synthesis by binding to the enzyme, isoleucyl-t-RNA 

synthetase, which prevents the incorporation of isoleucine into proteins (Conly and 

Johnston, 2002). Its chemical structure and mechanism of action are unique among 

antibiotics in clinical use as shown in figure 2.20 (A and B). Therefore, cross-resistance 

between MP and other antibiotics is not a concern (Parenti et al., 1987). 

 

Figure 2.20 (A): Structural formula of Mupirocin 
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Figure 2.20 (B): Mechanism of Antibiotic Mupirocin 

2.13.1 Physicochemical properties of Mupirocin 

Mupirocin is poyketide antibiotic used for dermal infections. It is a white crystalline 

powder, soluble in acetone and dichloromethane. IUPAC name of mupirocin is 9-[(E) -4-

[(2S,3R,4R,5S)-3,4-dihydroxy-5-[[(2S,3S)-3-[(2S,3S)-3-hydroxybutan-2-yl] oxiran -2-

yl]methyl]oxan-2-yl]-3-methylbut-2-enoyl]oxynonanoic acid. Other properties of 

mupirocin are given in table 2.8. (Pharmacopeia, 2012, Sweetman and Blake, 2011). 
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Table 2.8: Physicochemical properties of Mupirocin antibiotic 

Physicochemical Properties of Mupirocin 

Sr. # Physiochemical Properties 

1 Antibiotic Class Monoxycarbolic acid 

2 Appearance A white or almost white powder. 

3 Chemical Name Mupirocin calcium dihydrate 

(Pseudomonic Acid) 

4 Empirical Formula C26H44O9 

5 Molecular Weight 500.6 g/mole 

6 Melting Point 77-78 °C 

7 Aqueous Solubility 0.0265 mg/mL 

8 Solvent Solubility Dehydrated alcohol, in acetone, in 

chloroform, and in methyl alcohol; 

slightly soluble in ether 

9 pH 3.5 to 4.0 

10 Stability Protect from light. 

11 Storage Store in airtight containers. 

12 Half Life 20-35 minutes 

13 Partition Coefficient 2.25-2.45 

14 Log P value 2.77 

15 pKa 4.83 

16 max 220-222 nm 
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3. Materials and methods 

3.1 Material 

3.1.1 Chemicals 

Chemicals that were used in the research work are given in the following table 3.1. The 

drug, Mupirocin, was donated as research gift from Valor Pharmaceuticals (Pvt),Ltd 

Islamabad.  

Sr. # Chemical Enterprise 

1 Chitosan (LMW) Sigma-Aldrich USA 

2 Chitosan (HMW) Sigma-Aldrich USA 

3 Polyethylene Glycol (PEG-4000) Sigma-Aldrich USA 

4 Acrylic Acid Acros-USA 

5 AMPS monomer Sigma-Aldrich USA 

6 Ammonium persulfate Merck Germany 

7 N,NMethylenebisacylamide (MBA) Fluka, Switzerland 

8 Sodium hydrogen Sulfite Merck Germany 

9 HPLC grade Ethanol Merck Germany 

10 Potassium di-hydrogen phosphate Merck Germany 

11 Sodium hydroxide Merck Germany 

12 HPLC grade Methanol Merck Germany 

3.1.2 Equipment 

Equipment used for experimental purposes were listed in the table 3.2. 

Sr. # Equipment Enterprise 

1 Electrical Analytical Balance Shimadzu, Japan 

2 Magnetic Stirrer Velp Scientific, Italy 

3 Sonicator Elma, Germany 

4 Vortex Mixer MS2 Minishaker IKA 

5 Water Bath Memmert, Germany 

7 Dissolution Apparatus Curio, Pakistan 

8 UV- visible Spectrophotometer Shimadzu, Japan 

9 Fourier transform infrared spectroscopy  Bruker FTIR, Tensor 27 Series 

10 Thermal Analyzer Pyris Diamond Series perkin, USA 

11 Scanning Electron Microscope JSM5910, Japan 

12 X-ray Diffractometer JDX-3532, Japan 

13 High Pressure Liquid Chromatography Agilent technologies, 1200 Series 

14 Franz Cell with pump Velp Scientifica,Heidolph pump 5001 

15 Drying Oven Memmert, Germany 

16 Colouter Counter (CFU) LMCC-A10  
17 Incubator FTC 90E, Velp Scientifica 

19 Measuring Flask, Cylinder Pyrex, France 

20 Beakers, petri Dishes, Pipette Pyrex, France 
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3.2. Methods 

3.2.1 Development of LMW chitosan Based Hydrogel Membrane 

Chitosan-co-poly (AMPS) hydrogel membranes were prepared in various ratios by a 

modified and optimized free radical polymerization method and formulation scheme is 

presented in table 3.3. Firstly, weighed specific amount of low molecular weight (LMW) 

chitosan was dispersed in a solution of acetic acid (1%) with continues stirring and 

purging with nitrogen gas to get homogenous solution. Secondly, AMPS was dissolved in 

a specific amount of water at ambient temperature. Initiators (APS and SHS) were added 

to monomer (AMPS) solution with constant stirring. Mixture of monomer initiator 

solution added to already prepared polymer solution drop-wise with continuous stirring. 

Finally, cross linker (MBA) solution was added to chitosan-AMPS solution drop wise 

with continuous stirring. This reaction mixture was poured into labeled petri dishes, 

covered with aluminum foil and placed onto a water bath at 40
o
C for 2 h, 50

o
C for 2 h 

and at 60
o
C for 20 h. After successful preparation of formulations, hydrogel membranes 

were removed from water bath and washed with ethanol–water (70:30) solution to 

remove unreactive material. Hydrogel membranes were dried in vacuum oven at 40
o
C. 

Figure 3.1 shows the proposed scheme of polymerization reaction of formulated hydrogel 

membranes. 

Table 3.3: Formulations of chitosan-co-poly(AMPS) hydrogels 

Sr. 

# 

Code name LMW chitosan 

g/100g 

AMPS 

g/100g 
    APS:SHS 

       g/100g  

MBA 

g/100g 

1 LCS-1 0.4 32 0.4:0.4 1.6 

2 LCS-2 0.8 32 0.4:0.4 1.6 

3 LCS-3 1.2 32 0.4:0.4 1.6 

4 LCS-4 1.2 24 0.4:0.4 1.6 

5 LCS-5 1.2 32 0.4:0.4 1.6 

6 LCS-6 1.2 40 0.4:0.4 1.6 

7 LCS-7 1.2 32 0.4:0.4 1.6 

8 LCS-8 1.2 32 0.4:0.4 2.4 

9 LCS-9 1.2 32 0.4:0.4 3.2 
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Figure 3.1 Proposed schematic polymerization reaction for synthesis of LMW chitosan-

co-poly AMPS hydrogel membrane 

3.2.2. Development of HMW chitosan Based Hydrogel Membrane  

Aqueous based free radical polymerization technique was used as in developing low 

molecular weight based for the formulation of HMW-co-poly (AMPS) hydrogel 

membranes as shown in table 3.4. Weighed quantity of the HMW chitosan was dispersed 

in a solution of acetic acid with continuous stirring. Nitrogen gas was purged through 

resultant solution to get a homogenous solution. Measured amount of water was taken 

and AMPS was dissolved in it at ambient temperature. After obtaining a solution with 

dissolved AMPS, both the initiators were added to it with continuous stirring. While 

keeping the stirring continuously, the mixture of monomer and initiators was added drop 

wise to the beaker containing polymer. After a while, the cross linker was added to the 

chitosan-AMPS solution drop wise with continuous stirring. Petri dishes with a labelled 

monogram were taken and the solution was poured into that petri dishes. Petri dishes 
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were placed in water bath at 40
o
C for 2 h, 50

o
C for 2 h and at 60

o
C for 20 h. After the 

successful procedure, the petri dishes were removed from the water bath and the 

formulated membranes were washed with water-ethanol (70:30) solution to wash out the 

unreactive materials. Washed hydrogel membranes were then dried in vacuum oven at 

40
o
C for two days. Figure 3.2 shows the proposed scheme of polymerization reaction of 

formulated hydrogel membranes. 

Table 3.4: Formulations of HMW chitosan-co-poly(AMPS) hydrogels. 

Sr. 

# 

Code name HMW chitosan 

g/100g 

AMPS 

g/100g 

APS:SHS 

g/100g 

MBA 

g/100g 

1 HCS-1 0.4 32 0.4:0.4 1.6 

2 HCS-2 0.8 32 0.4:0.4 1.6 

3 HCS-3 1.2 32 0.4:0.4 1.6 

4 HCS-4 1.2 24 0.4:0.4 1.6 

5 HCS-5 1.2 32 0.4:0.4 1.6 

6 HCS-6 1.2 40 0.4:0.4 1.6 

7 HCS-7 1.2 32 0.4:0.4 1.6 

8 HCS-8 1.2 32 0.4:0.4 2.4 

9 HCS-9 1.2 32 0.4:0.4 3.2 
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Figure 3.2 Proposed schematic polymerization reaction for synthesis of HMW chitosan-

co-poly AMPS hydrogel membrane 
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3.2.3 Development of AA-co-poly AMPS Hydrogel Membrane 

A co-polymerization system was developed using acrylic acid (AA) and AMPS (Two 

monomers) and polymerized to synthesize hydrogel membranes of different properties. 

The ratios of the formulation contents are shown in the table 3.5. After the weighing of 

specified amount of different contents used in the formulation of the acrylic acid co-poly 

(AMPS) hydrogel membranes, AMPS was dispersed in water with continuous stirring at 

ambient temperature. Both the initiators were added to the AMPS solution with 

continuous stirring. After sometime, the mixture of the monomer and the initiators was 

added to the beaker containing another monomer acrylic acid (AA) drop by drop with 

continuous stirring. The cross linker that dissolved in water was added to the co-

polymeric solution of AA-AMPS solution drop wise with continuous stirring. The 

solution was poured into labeled petri dishes. Petri dishes were placed in water bath at 

35
ο
C for 2 h, 40

ο
C for 2 h, at 50

ο
C for 2 hours and 55

ο
C for 18 hours. Upon successful 

procedure, petri dishes were removed from water bath and membranes were removed 

with help of water-ethanol (70:30) solution. Washed hydrogel membranes were then 

dried in vacuum oven at 40 C for two days. Figure 3.3 shows the proposed scheme of 

polymerization reaction of formulated hydrogel membranes. 

Table 3.5: Formulations of Acrylic acid-co-poly(AMPS) hydrogels 

Sr. 

# 
Code name 

AMPS 

g/100g 

AA 

g/100g 

APS:SHS 

g/100g 

MBA 

g/100g 

1 AS-1 16 g 32 g 0.4/0.4 1.0 g 

2 AS-2 16 g 32 g 0.4/0.4 2.0 g 

3 AS-3 16 g 32 g 0.4/0.4 3.0 g 

4 AS-4 16 g 32 g 0.4/0.4 2.0 g 

5 AS-5 16 g 24 g 0.4/0.4 2.0 g 

6 AS-6 16 g 16 g 0.4/0.4 2.0 g 
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Figure 3.3 Proposed schematic polymerization reaction for synthesis of AA-co-poly 

AMPS hydrogel membrane 

3.2.4 Development of PEG Based Hydrogel Membranes 

Different composition was used to formulate these membranes as shown in table 3.6. 

Firstly, weighed amount of PEG and AMPS was dissolved separately in weighed amount 

of water at room temperature with continuous stirring. Solution of monomer AMPS was 

poured slowly in mixture of both initiators APS and SHS with continuous stirring. Then 

prepared mixture of AMPS and initiators was added to polymer PEG solution with 

continuous stirring. After complete mixing, already prepared solution of cross linker 

MBA was poured drop wise into polymeric solution with continuous stirring. Prepared 

polymeric solution was immediately poured into petri dishes. These dishes were placed 

on to water bath at 40
o
C for 1 h, 45

o
C for 1 h, 50

o
C for 2 h and then gradually increased 

till 60
o
C. After successful formulation, membranes were removed and washed with 

solution of water-ethanol (70:30). Then washed membranes were placed in oven for 

drying at 40
0
C. Figure 3.4 shows the proposed scheme of polymerization reaction of 

formulated hydrogel membranes. 
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Figure 3.4 Proposed schematic polymerization reaction for synthesis of PEG based 

hydrogel membrane 

Table 3.6: Formulations of PEG-co-poly(AMPS) hydrogels 

Sr. 

# 
Code name 

PEG 4000 

g/100 g 

AMPS 

g/100 g 
APS:SHS 

g/100 g 

MBA 

g/100 g 

1 PS-1 0.8 32 0.4:0.4 1.6 

2 PS-2 1.2 32 0.4:0.4 1.6 

3 PS-3 1.6 32 0.4:0.4 1.6 

4 PS-4 1.2 32 0.4:0.4 1.6 

5 PS-5 1.2 24 0.4:0.4 1.6 

6 PS-6 1.2 40 0.4:0.4 1.6 

7 PS-7 1.2 32 0.4:0.4 1.6 

8 PS-8 1.2 32 0.4:0.4 2.4 

9 PS-9 1.2 32 0.4:0.4 0.8 
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3.3 Structural and morphological studies 

3.3.1 Fourier transform infrared spectroscopy (FTIR) 

Fourier transform infrared spectroscopy (FTIR) was used to endorse the development of 

formulated hydrogels membranes. FTIR spectrum of polymers (LMW & HMW chitosan, 

PEG 4000) AMPS, MBA and formulated hydrogels were carried to find the functional 

group. All formulations were crushed into desired particle size. Attenuated total 

reflectance (ATR) Bruker FTIR (Tensor 27 series; Bruker Co. Germany) was used. FTIR 

spectrum was obtained in the range of 4000–650 cm
-1

.  

3.3.2 Thermogravimetric Analysis 

TGA thermal analysis was performed to determine the thermal stabilities and 

physiochemical changes in samples of pure chitosan, PEG 4000, AMPS, MBA and blank 

hydrogels. Samples were properly milled and passed through sieve no 40. Small 

quantities (0.5 to 5 mg) were wrapped in platinum pan. All samples were heated from 25-

400C at 20C/min under nitrogen purge. All measurements were done in triplicate. 

3.3.3 Differntial Scanning Calorimetry 

DSC thermal analysis of LMW and HMW chitosan, PEG 4000, AMPS, MBA and blank 

hydrogel formulations was performed to measure glass transition temperature. 

Calibration of instrument was carried out with indium 99% (156.6 C). Samples (0.5 to 3 

mg) were triturated and wrapped in aluminum pan. Heating rate was maintained at 

20C/min in the range of 0-400C under stream of nitrogen. All samples were analyzed in 

triplicate. 

3.3.4 Scanning Electron Microscopy (SEM) 

Surface morphologies of blank and drug loaded hydrogel membranes were analyzed by 

using scanning electron microscopy (SEM). Analyses of samples were executed by using 

JEOL Analytical Scanning Electron Microscope (JSM-6490A, Tokyo, Japan). Dried 

membranes were powdered on an aluminum stub in optimum size with double adhesive 

tape. Gold coating of 300A on stub was done by gold sputter. Structural morphology of 

all samples of hydrogel membranes was scanned and photomicrographs were recorded 

and analyzed. 
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3.4 In vitro Studies of Hydrogel Membranes 

Prepared hydrogel membranes were further characterized by swelling study, drug loading 

and its in-vitro release. For these parameters, phosphate buffer (PB) of pH 5.5 and 7.4 

were formulated according to USP method. For this, 0.2M potassium di-hydrogen 

phosphate and 0.2M NaOH was firstly prepared by mixing calculated solute with distilled 

water. Then measured amount of both solutions were mixed to prepare PB of pH 5.5 and 

7.4. The pH was adjusted with the help of dilute ortho-phosphoric acid.  

3.4.1 Preparation of Standard Curve 

Standard stock solution (1mg/mL) of model drug mupirocin was prepared by dissolving 

drug into pure solvent of acetonitrile. Solvent was selected on the base of solubility and 

stability of drug. From primary stock solution, 10 mL of the solution was further diluted 

with same solvent to get the final concentration of 100μg/mL that was used and known as 

secondary stock solution.  

Different dilutions of 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20 μg/mL were made from secondary 

stock solution and absorbance was measured against concentration using three replicates of each 

concentration at λmax 221 nm by using UV spectrophotometer (Shimadzu, Japan ) and plotted to 

form calibration curve.    

3.4.2 Degree of swelling 

Swelling dynamics and equilibrium swelling ratio were determined by using phosphate 

buffer of pH 4.0, 5.5 and 7.4. Dried hydrogel discs were weighed and soaked into buffer 

solution at room temperature. After specific interval of time, membrane patches were 

picked out of the solution and weighed after removing excessive surface water by using 

blotting paper. Analytical balance (AUS 220, Schimadzu) was used for measurement of 

swell membranes. Swelling studies were carried out until constant weight of membranes 

was achieved.  

The % swelling ratio (SR) was calculated by using the following equation, 

SR= 
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Where Ws represents weight of swollen membrane at specific time while Wd is the 

weight of dry hydrogel membrane. Percentage equilibrium water content of the swollen 

hydrogels will be calculated by using the following equation: 

  EWC =  
          

    
 × 100 

Where, Meq is the mass of the gel at equilibrium while M0 is the mass of dry gel. 

3.4.3 Drug loading studies 

Swelling-diffusion method was adapted for mupirocin loading in specific hydrogels. 1% 

(1g/100ml solution) mupirocin solution was prepared in water – ethanol (70:30) solution 

at room temperature. Each dried hydrogel patch was accurately weighed, poured into 

solution and allowed to stand for 24 hours at room temperature. After removal from 

solution, membranes were washed with distilled water to remove excessive surface 

solution contents. Drying was performed at 40
o
C in hot air oven to obtain drug loaded 

hydrogels. The experiment was carried out in triplicate. 

3.4.4 In vitro drug release 

Controlled release profile of mupirocin loaded hydrogel membranes were determined by 

USP type-II dissolution apparatus. To determine the percent release, dissolution studies 

were performed in triplicate at normal skin pH 5.5 and infected skin pH 7.4. Weighed 

hydrogel membranes were immersed separately into dissolution media of 500 mL 

phosphate buffer solutions (pH 5.5 & 7.4) at temperature of 32 ± 0.5
o
C. The content will 

be rotated at 50 revolutions per minute. The samples were withdrawn using graduated 

pipette after specific time intervals with replacement of fresh dissolution media. Samples 

were filtered, diluted and analyzed at 221 nm using UV-Visible Spectrophotometer (UV- 

1601 Shimadzu, Japan). The experiment was carried out in triplicate. 

3.5 Sol–gel fraction 

Sol–gel fraction is an important technique to calculate the amount of uncross-linked 

reactants in the formulations of hydrogel membranes. For this purpose, dried membranes 

were weighed (  ) and placed in distilled water for one week with intermittent shaking 

to remove water soluble part. Membranes were removed and were dried again in vacuum 

oven at 40
o
C until constant weight (Md) was obtained. 
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Following equations are used to measure sol and gel fraction respectively: 

Gel fraction = 
  

  
      

 

Sol fraction =100 – Gel fraction 

3.6 Primary skin irritation test 

The Skin irritation potential of different polymers based hydrogel membranes and 

marketed formulation (Mupir) was evaluated using Draize patch test (Draize et al., 1944, 

Joshi and Patravale, 2006, Mandawgade and Patravale, 2008, Vermeer, 1991). White 

albino rabbits weighing 2.2- 3.0 kg were divided into different groups each containing 3 

rabbits. Formulations were applied on rabbit‘s hair free skin within area of 4cm
2
. For the 

sign of erythema and oedema, skin was examined at 24, 48 amd72 h after application. 

Skin reactions were examined by using Draize scale (Draize et al., 1944). Scores were 

graded between 0 and 4 to check the severity of the responses. 

3.7 In vitro permeation study 

The valuation of skin permeation of drug molecule is the key step in evaluation of topical 

or dermal delivery system. A range of models of ex-vivo and in-vivo have been 

developed including human skin, animal skin and artificial membranes. Pig skin is 

histologically more similar to human but rabbit skin is more useful for hydrophobic 

compounds (mupirocin) as rabbit skin is good barrier for both lipophilic and hydrophilic 

permeates. However, this may be possible practical and economic reasons, particularly in 

the early phases of development (Nicoli et al., 2008). It is thus necessary to using 

accessible and reproducible model. 

In vitro skin permeation study was carried out in triplicate by using Franz diffusion cell 

with effective area of 1.76cm
2
. The rabbit skin was mounted between compartments with 

stratum corneum facing donor compartment. Phosphate buffer of pH 7.4 was filled up to 

12ml with continuous stirring while temperature of whole assembly was maintained at 32 

± 1
o
C by circulating the water at constant temperature in outer jacket. Due to loss of heat 

in connected plastic tubes of thermostat temperature had to be set at 37
o
C to attain final 

temperature at 32 ± 1
o
C (Idrees et al., 2014). The formulated hydrogel membranes of 

area 1.5cm
2
 were placed in donor compartment over skin. Samples of 1ml was withdrawn 
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at specific time intervals and replaced with equal amount of phosphate buffer of pH 7.4 at 

each sampling time. The collected samples were analyzed by using UV-Vis 

spectrophotometry at 221nm. The drug permeated through skin in µg/1.5cm
2
was 

evaluated and plotted against time (Baviskar et al., 2013). The experiment was carried 

out in triplicate. 

3.8 Ex vivo Evaluation 

3.8.1 Development of HPLC method 

Already reported method with some modification was used to analysis the mupirocin 

(Amrutiya et al., 2009). In this method, ODS hypersil stainless steel C18 (250 × 4.6 mm) 

agilent technology column was used. Methanol–water (80:20, v/v) with pH 5.0 was used as 

mobile phase. Peak of pure drug was found at 9.3 min as shown in figure 3.5. Calibration curve 

was formed and linear relationship
 
was found between peak area and concentration. 

3.8.2 Quantification of Deposited Mupirocin In skin Sample 

Ex-vivo drug deposition study was performed on the excised rabbit abdominal skin using 

Franz diffusion cell. In diffusion cell, receptor compartment containing phosphate buffer 

pH 7.4 was thermostated at 32±0.5
o
C and stirred by centrifugation at specific revolutions 

per minute (rpm). Skin had saturated with diffusion medium for specific time before the 

application of formulation. Hydrogel membranes were applied on the donor 

compartment. For determination of drug deposition in the skin, the diffusion cell was 

removed after specific period of time. Drug present on the skin surface was extracted 

with methanol/water (80:20) solution as described by Echevarria et al. (Amrutiya et al., 

2009, Echevarr  A et al., 2003)  and analyzed by UV-spectrophotometeric method and as 

well as developed HPLC method as explained earlier. Intact skin was spiked, extracted 

and analyzed with known quantities of MP samples to check the recovery by developed 

HPLC method. 
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Figure 3.5: HPLC chromatogram of standard drug solution 

3.9 In vivo study 

Surgical wound model was used to facilitate the dosage regimen for treatment. For this 

study, swiss albino rats of average weigh 200-300 gram were used to compare the 

effectiveness of optimized hydrogel membrane with that of marketed formulation 

(MUPIR).  This surgical wound model was designed and modified as described by 

McRipley and whitney (Mcripley and Whitney, 1976). Animals were obtained from the 

animal section of Pharmacology Research Laboratory, Faculty of Pharmacy and 

Alternative Medicine, the Islamia University of Bahawalpur. Study protocols were 

assessed and approved by Pharmacy Research Ethics Committee. Animals were housed 

in well maintained room (at 25 ± 1
o
C) with suitable humidity conditions and standard diet 

was provided and water ad libitum before the start of study. 

Animals were divided into three groups namely control, marketed formulation and 

optimized formulation (n=6). Commercial cotton thread monocontaminated with S. 

aureus was used as the suture material to initiate and potentiate the experimental 

infection. The thread was cut into 5-cm segments and placed in boiling water for 3 min. 

Then segments after drying with the help of blotting paper were dropped into a test tube 

containing the appropriate dilution of the S. aureus, mixed on a Vortex mixer for specific 

period, and allowed to soak in the suspension for 30 min. During this time period, 

approximately 10
3
 cells were adsorbed on each segment of thread. One day prior to 
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infection, rats were anesthetized by an intraperitoneal injection of sodium pentobarbital. 

The backs of the rats were closely shaved with a fine-tooth electric clipper. 

Surgical wound of longitudinal length 2.2 ±0.2 cm was produced on back of rats with 

depth down to panniculuscarnosus. A contaminated silk suture of staphylococcus aureus 

(Gisby and Bryant, 2000) was introduced into the wound to cause infection and secured 

by slightly adhesive temporary skin closure. Treatment was started after 4 hours of 

surgery and specific dose was applied topically and continued for further three days. MF 

was applied three times a day and optimized hydrogel once in a day.  

3.9.1 Estimation of Drug 

On day 5 after surgery, 16 to 20 h after the last topical application of formulation, the 

animals were killed by diethyl ether asphyxiation. A 1-×2-cm area of rats skin including 

the wound were excised, placed in 1mL saline solution and homogenized it with the 

solution (Amrutiya et al., 2009).  The homogenates of group rats skins were serially 

diluted, plated on agar plates, and incubated at 37
o
C for 24 hours. After growth of colony 

of S. aureus bacteria on agar plate, the numbers of colony forming units (CFU) per 

wound were counted to calculate and compare the healing rate of wound of optimized 

formulation and marketed formulation. 

3.10 Statistical Analysis  

All in vitro characterization and in vivo studies of all formulated membranes were 

statistically analyzed by applying different parameters to check the validity and 

significance of the result. All results are expressed as mean ± standard deviation (SD). 

The data of permeation study for various formulations was compared by one-way 

analysis of variance (ANOVA). p < 0.05 was considered to be statistically significant 
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4. Summary 

The aim of the study was to synthesize and evaluate chitosan based topical cross-linked 

hydrogel membranes of mupirocin for new pharmaceutical controlled release application. 

These cross linked structured membranes were synthesized by modification and 

optimization of free radical polymerization. Low molecular weight (LMW) chitosan was 

cross linked with 2-acrylamido-2-methylpropane sulfonic acid (AMPS) with a cross 

linker N,N-Methylenebisacrylamide (MBA). Hydrogel membranes were characterized by 

FTIR, DSC, TGA, SEM, Swelling behavior, sol gel analysis, in-vitro percent drug release 

at different pH, permeation across skin, ex-vivo drug deposition study, irritation study and 

in-vivo antibacterial activity of mupirocin loaded hydrogels. These studies endorsed the 

formation of new polymeric network. Drug release through rabbit‘s skin was evaluated 

by Franz diffusion cell and drug deposition in skin was revealed significant retention. 

Irritancy of formulated membranes were validated by Draize patch test. Additionally, in 

surgical wound model, LMW chitosan based hydrogel membranes showed prolong 

efficacy against bacterial infection caused by S. aureus. Enhanced retention of drug in 

skin could be the good potential of topical delivery for skin‘s bacterial infections.  
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4. Results and discussion 

4.1 Physical appearance 

Hydrogel membranes of LMW chitosan co-poly AMPS were formed by polymerizing the 

AMPS monomers and cross linking agents initiated by initiators. During 

preparation/polymerization phase membranes were appeared as transparent material but 

after drying in oven turned into dark brown color as shown in figure 4.1. Hydrogel 

membranes with high concentration of chitosan were elastic, adhesive, good mechanical 

and gelling strength as compared to those having low concentration of AMPS. In 

addition, it is noticed that membranes with high concentration of MBA were hard, brittle 

and less adhesive and were cracked from center during formation. These high 

concentrated MBA membranes were shown in figure 4.1. 

 

Figure 4.1: LMW chitosan co-poly AMPS based Hydrogel membranes 

4.2 FTIR spectroscopy 

Infrared spectroscopy was carried out to confirm the chemical structural relationship of 

the hydrogel patch. FTIR spectra of low molecular weight chitosan, AMPS, and chitosan-

co-poly (AMPS) hydrogel are shown in figure 4.2. A broad band at 3371.52 cm
-1

 

characterizes symmetrical stretching vibrations of attached −OH and amine −NH group. 

The presence of peak at 2875.55 cm
-1

 illustrates −CH2 stretching vibration of pyranose 

ring (Pawlak and Mucha, 2003, Sohail et al., 2015). The absorption bands at 1149.82 and 

1024.93 cm
-1

 shows anti-symmetric stretching of the C–O–C bridge and skeletal 
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stretching vibrations of C–O which are characteristics of its saccharide structure (Gad, 

2008). Absorption band at about 1583.30 cm
-1

 suggest the vibration of −NH2 group and 

the carbonyl absorption is seen at about 1648.37cm (Andrady et al., 1996).A peak at 

1375.22cm
-1

 represents −CH3 in amide group (Zheng and Wang, 2010).In AMPS 

monomer spectra, the peaks around 2,986.69 and 1,233.25 arise due to deformation 

vibration of −NH and symmetrical stretching vibration of −SO2 respectively. Two typical 

absorption peaks observed at 1666.69 and 1612.62 cm
-1

 attributed to the presence of 

amides of the −CO2NH− group (Rivas and Castro, 2003). 

The spectrum of mupirocin shows a lot of bands in the region of 4000–500 cm
-1

. Two 

main bands observed at 3477.42 and 3294.89 corresponding to −OH stretching vibrations 

of hydroxyl groups. The bands at 2934.50 and 2848.68 cm
-1

 indicate the −CH stretching 

vibrations and at 1470cm
-1

 shows −CH deformation scissor vibrations for −CH2 group. 

Similar like −CH2, Peaks at 1449.31 cm
-1

 (asymmetric) and 1380.11 cm1 (symmetric) are 

suitable deformation vibrations of −CH for −CH3 (Bojarska et al., 2014). Absorption at 

the wave number about 1231.57 cm
-1

 and 1656.35 shows ester acetate stretching and 

conjugated −CO stretching respectively. The band at 1333.77 cm
-1

 attributed to the 

deformation of −CH vibrations of =CH− and band at 860.93 cm
-1

 to −CH out of plane. 

The two bands observed at 1361.76 and 728.84 cm
-1

 are assign to −CH rock. The FTIR 

spectra of chitosan-co-poly(AMPS) hydrogel illustrates new bands. The presence of these 

bands suggests that cross-linked polymeric system has formed. Bands at 624.66 and 

1033.27 cm
-1

 illustrate the presence of the valent oscillation of S–O bonds and valent 

symmetric oscillation of −SO2 groups (Perumal et al., 2014). Likewise, FTIR spectra of 

mupirocin loaded hydrogel also demonstrate that there is no interaction between 

mupirocin and polymeric hydrogel. 
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Figure 4.2: FTIR of (A) AMPS monomer (B) LMW chitosan (C) Mupirocin (D) Chitosan 

co poly AMPS based unloaded hydrogel (E) Chitosan co poly AMPS based loaded 

hydrogel. 

4.3 Thermal study 

Thermal analysis is carried out of chitosan polymer, AMPS monomer and chitosan co-

poly AMPS hydrogel patch with the help of thermogravimetric analysis (TGA) and 

differential scanning calorimetry (DSC) to check nature of sample and elucidates the 

interaction of drug with other ingredients in hydrogel membranes.   
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TGA thermograms reveal that chitosan is more stable than AMPS as it can be seen that 

AMPS show degradation at 206
o
C due to loss of moisture content and combustion. While 

chitosan polymer decompose at higher temperature as compared to AMPS. In contrast, 

chitosan co-poly AMPS hydrogel patch shifts the peak to higher temperature which 

reveals the greater thermal stability as compared to chitosan as shown in figure 4.3 

(A,B,C). 

DSC thermogram of chitosan, AMPS and hydrogel patches are shown in figure 4.4 (A,B, 

C & D). The endothermic peaks at about 80
o
C and 310

o
C attributed to the evaporation of 

water (Sohail et al., 2015) and decomposition of amine group of  chitosan chain 

(Sreenivasan, 1996, Tirkistani, 1998, Tirkistani, 1998). DSC thermogram of chitosan co 

poly AMPS formulation showed different pattern from that of chitosan and AMPS. The 

endothermic peak at 260
o
C indicates the decomposition of AMPS and chitosan chain 

(Sohail et al., 2015). This reveals that hydrogel formulation has more thermal stability. It 

is reported (Amrutiya et al., 2009) that mupirocin has endothermic peak at about 63
o
C 

corresponding to its melting point. In present study, broad endothermic peak in mupirocin 

loaded hydrogel patch assure the confirmation of polymerization and incorporation of 

drug into the cavities of chitosan with increased the thermal stability. 

 

Figure 4.3 (A): TGA of pure AMPS monomer 
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Figure 4.3 (B): TGA of Unloaded chitosan co poly AMPS Hydrogel membrane 

 

 
Figure 4.3 (C): TGA of loaded chitosan co poly AMPS Hydrogel membrane 
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Figure 4.4 (A): DSC of pure LMW chitosan polymer 

 

 
Figure 4.4 (B): DSC of pure AMPS monomer 
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Figure 4.4 (C): DSC of Unloaded chitosan co poly AMPS Hydrogel membrane 

 

Figure 4.4 (D): DSC of Mupirocin loaded chitosan co poly AMPS Hydrogel membrane 

4.4 Surface morphology 

Surface morphology of blank and drug loaded cross linked hydrogel membranes were 

studied by using Scanning electron microscope. SEM micrographs (figure 4.5) of 

hydrogel show rough and porous structure those are easily visible in images. This Porous 

structure supposed to be favorable for entry of water in hydrogels resulting in rapid 

swelling and release of drug. More porous structure was observed with high 
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concentration of AMPS as compared to chitosan concentration. Similarly SEM of 

mupirocin loaded hydrogel membrane shows that drug particles are dispersed and 

entrapped on surface of hydrogel. 

 

Figure 4.5: Scanning Electron Microscopy of hydrogel membrane 

4.5 Swelling index, loading and percent release 

Developed hydrogel membranes were characterized by studying swelling index, drug 

loading and its release to check the effect at different pH of 4.0, 5.5 and 7.4 as shown in 

table 4.1. This pH ranges were selected on the basis of pH of normal and bacterial 

infected skin (Schneider et al., 2007). LMW chitosan polymer and AMPS monomer were 

used to formulate a series of hydrogel membranes with the help of cross linker MBA. 

Formulations were prepared in increasing order of polymer concentration (LCS-1 to 

LCS-3), monomer concentration (LCS-4 to LCS-6), cross linker (LCS-7 to LCS-9) and 

mupirocin antibiotic used as model drug. Optimized hydrogel membrane showed high 

swelling and release of drug at pH 7.4 as compared to pH 5.5 as shown in figure 4.6 (A & 

B). 

It is acknowledged that swelling and release of drug from ionic cross-linking membranes 

depends upon hydrophilicity of polymeric network (Tsai and Wang, 2008). Due to 

presence of highly hydrophilic groups like –SO3H, –OH and –COOH, chitosan co-poly 

AMPS hydrogel has greater water absorbing capacity. Chitosan show pH sensitive 

behavior and show high swelling and release pattern at pH 7.4 due to fact of ionization of 
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carboxylic acid group, which increase the repulsive forces between them. Swelling index 

and release behavior was investigated in polymeric hydrogel formulations of increasing 

order of chitosan (LCS-1 to LCS-3). As the concentration of chitosan increases, swelling, 

loading and release were also increased as shown in figure 4.7 (A,D,G).The swelling 

index and percent release at pH 7.4 (LCS1 = 5.94 to LCS 3 = 10.81) and percent release 

(LCS1 = 92.51% to LCS3 = 94 %) were evaluated respectively. This is due to the fact of 

presence of hydrophilic and hydrophobic groups that strongly affect these parameters. 

Varaprasad et al. give same results by using chitosan polymer (Varaprasad et al., 2011, 

Varaprasad et al., 2012) and results can be correlated to the observations study by T. 

Cerchiara et al. (Cerchiara et al., 2002). 

Formulations with increasing concentrations of AMPS monomer showed different 

swelling behavior, drug loading and release pattern. AMPS showed pH independent 

response as by increasing concentration, swelling and loading of drug were increased up 

to optimum level. This may be due to highly availability of sulphonate groups in 

hydrogel membrane and osmotic pressure exerted by counter ions. But further increase in 

AMPS concentration causes swelling loss as shown in figure 3.7 (B,E,H). This is due to 

high viscosity and hydrophobic interaction of alkyl group of AMPS that formed the 

aggregates and restrict the movement. But increase in AMPS concentration retard drug 

release. Saikia et al. and Sohail et al. give the same behavior of AMPS related to swelling 

drug loading and release (Saikia et al., 2013, Sohail et al., 2015). 

Table 4.1: Effect of reaction variables during Drug loading at percent release 

Formulation 

Code 

Drug loading 

mg/1.5cm
2
 

Percent drug release upto 48 hrs 

pH 5.5 pH 7.4 

LCS 1 49.88 80.47 92.51 

LCS 2 67.74 82.75 93.20 

LCS 3 77.64 85.78 93.93 

LCS 4 51.99 90.66 95.16 

LCS 5 77.64 85.78 93.93 

LCS 6 56.12 78.63 88.73 

LCS 7 77.64 85.78 93.93 

LCS 8 44.06 83.74 86.04 

LCS 9 43.71 78.83 85.14 
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Figure 4.6 (A): Swelling Index of LCS hydrogel membranes at pH 4.0, 5.5, 7.4. 

Figure 4.6 (B): Percent Release of optimized LCS hydrogel membranes at pH 5.5, 7.4. 

(All values are expressed as mean (n = 3))  

Effect of cross linker MBA on swelling, drug loading and release was investigated. 

Concentration of MBA controls the density in hydrogel membranes. By increasing the 

concentration of MBA, the swelling, loading and release was decreased. The effect of 

cross linker on swelling, loading and drug release is shown in figure 4.7 (C,F,I). This may 

be due to more linking points in hydrogel thus it restrict the hydrogel chains relaxation, 
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which results in less available space for loading and release. Similar observations of 

restriction behavior have been reported in literature (Mahdavinia et al., 2004).  
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Figure 4.7 Swelling index of chitosan (A), AMPS (B) and MBA (C), Loading of chitosan 

(D), AMPS (E), MBA (F) and % release of chitosan (G), AMPS (H), and MBA (I) of 

LCS hydrogel membranes. 

4.6 Sol gel analysis 

Sol-gel analysis of LMW chitosan/AMPS hydrogel membrane was performed to 

investigate the fraction of uncross linked entities. It was noted that by increasing the 

concentration of chitosan and cross linker MBA gel fraction was increased. Ranjha et al. 

and Qurat-ul-Ain Sharif revealed the same behavior of chitosan by increasing 

concentration in gel network (Ranjha et al., 2010, Sohail et al., 2017). Sung et al. also 

give the similar results (Sung et al., 2010). But gel fraction decreased after increase in the 

concentration of AMPS. This may be due to less mobility of heterogeneous 

macromolecules that promote homopolymer formation which results in making it 

difficult to recombine. Y.H. Gad reported that in chitosan/AMPS hydrogel gel fraction 

was slightly decreased with the increase in concentration of AMPS (Gad, 2008). 

4.7 Skin irritation study 

The irritation study was done on rabbit‘s intact skin to measure the local safety of 

formulated hydrogel membranes (Draize et al., 1944) as shown in figure 4.8. In this study 

optimized formulation show no sign of irritation (edema and erythema) over the period of 

72 hours as compared to marketed formulation (MUPIR) which show slight erythema 

(Draize scale = 1) after 48 hours as shown in table 4.2. This may be due to the high 
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concentration of alcohol in marketed formulation. These results of developed hydrogel 

membrane indicate the good skin acceptability for treatment. 

Table 4.2: Skin irritation scores observed for Optimized formulation 

Formulations Irritation Score (n=3) 

Time Of Application 

                                     24 Hr 48 Hr 72 Hr 

Control 0 0 0 

Marketed Formulation 0 1 1 

LCS Formulation 0 0 0 

Draize Patch irritation scale: 0, none; 1, very slight; 2, well defined; 3, moderate; and 4, 

eschar formation. 

 

Figure 4.8: Rabbit skin evaluation for irritation response A: Fresh shaved skin, B: After 

24 Hour, C: After 48 Hour, D: After 72 Hour 
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4.8 Skin permeation and deposition studies 

The amount of drug permeated, deposited and retained in donor compartment was 

determined after 24 hours as shown in figure. Figure 4.9 shows the in vitro permeation of 

mupirocin from chitosan hydrogel membranes of surface area of 1.5cm
2
. In this study, 

developed formulations of high concentration of chitosan (LCS-3) showed highest 

permeation of mupirocin through skin (6329.61 µg/1.5cm
2
) as compared to formulation 

LCS 9 which has high concentration of cross-linker MBA. After 24 hours about 10%of 

total amount of drug was permeated through LCS 3. High cross linking density or chain 

length decrease the permeation of drug (Cerchiara et al., 2002). Furthermore it is studies 

that loose structure of hydrogel formulated with LMW chitosan permeated high amount 

of drug (Baviskar et al., 2013, Bodmeier and Paeratakul, 1990, Şenel et al., 2000). 

The kinetic analysis of formulations was done to check the release pattern. Permeability 

flux of optimized formulation was 121.62 µg/cm
2
.h

-1
 drug releases as diffusion controlled 

from all hydrogel membranes. It is reported that marketed ointment of mupirocin release 

drug in 4 hours (Amrutiya et al., 2009), While hydrogel formulated showed sustained 

release up to 24 hours. Slow drug release shows the sustain release of entrapped drug 

from hydrogel membranes. Literature indicated the similar results by using hydrophilic 

polymers (Baviskar et al., 2013, Dorrani et al., 2014, Ribeiro et al., 2009). 

Amount of MP deposited in rabbit skin is from 550 to 1224 µg/1.5cm
2
 at the end of 24 

hours. To get determined topical pharmacological activity, drug requires sufficient period 

of time to stay into skin. In this study, results shows that amount of MP deposited into 

skin from hydrogel is higher as compared to MP ointment reported in earlier study 

(Amrutiya et al., 2009). This may be due to the reason that hydrophobic moiety of MP 

and cationic chitosan can interact with negative charge cell membranes and become 

internalized (Caon et al., 2014, Dorrani et al., 2014, Rodríguez-Cruz et al., 2013). 

Additionally, it may be due to high molecular weight of MP which cannot easily diffuse 

across the skin. This indicates the improvement of MP residence in skin (Caon et al., 

2014, Rodríguez-Cruz et al., 2013). 
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Figure 4.9: Permeated mean drug concentration (n=3) of all hydrogel membranes 

(µg/1.5cm
2
) 

4.9 Conclusion 

Novel hydrogel based sustained release delivery system has been developed. This 

synthesized hydrogel membranes provide once a day sustained release of mupirocin for 

delivery to the skin. Structural and morphological studies confirm the stability of new 

cross linked hydrogel system. These membranes reveal enhanced retention of mupirocin 

the skin as compared to conventional marketed ointment which indicates the better 

potential for topical drug delivery. This system will have better role in the management 

and treatment of skin disorders due to better efficacy, improved patient compliance with 

reduced frequency of application. 
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5. Summary 

The purpose of the study was to synthesize and characterize a new form of topical 

membranes as chitosan based hydrogel membranes for bacterial skin infections. Aqueous 

based free radical polymerization technique was used to synthesize hydrogel membranes. 

High molecular weight (HMW) chitosan polymer was cross linked with monomer 2-

acrylamido-2-methylpropane sulfonic acid (AMPS) through cross linker N,N-

Methylenebisacrylamide (MBA). Mupirocin an antibiotic, used as model drug. The 

polymeric membranes were prepared in spherical form that found stable and elastic. 

Characterization of hydrogel membranes were performed by FTIR, SEM, DSC, TGA, 

swelling behavior, drug release, irritation study and ex-vivo drug permeation and 

deposition study. Structural and thermal studies confirmed the formation of new 

polymeric network with enhanced stability of hydrogel membranes. Permeation flux of 

drug from formulations through rabbit‘s skin was assessed by using franz cell. 

Furthermore, hydrogel membrane has significant retention of drug in skin. Draize patch 

test was performed to confirm the synthesized hydrogels irritancy to skin. The 

preparation of a topical membrane with improved antibacterial activity within controlled 

release manner is desirable for the advancement and treatment of skin diseases. 
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5.1 Graphical Abstract 
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Results and Discussion 

5.2 Physical Appearance of Synthesize Membranes 

High molecular weight (HMW) chitosan co-poly AMPS hydrogel membranes were 

prepared by free radical polymerization technique. Formed membranes were transparent, 

adhesive and elastic as shown in figure 5.1. Membranes with high concentration of HMW 

chitosan have good mechanical strength as compared to other membranes. Moreover, it 

was observed that side edges were cracked in membranes with high concentration of 

MBA and became hard and brittle during drying in oven. 

 

Figure 5.1: HMW chitosan co-poly AMPS based Hydrogel membranes 

5.3 Infrared Spectroscopy (FTIR) 

FTIR spectroscopy was used to determine the structural relation of components used in 

hydrogel formulations. Figure 5.2 shows the FTIR spectra of AMPS, high molecular 

weight (HMW) chitosan, model drug mupirocin and HMW chitosan co-poly APMS 

hydrogel membranes. The presence of broad band in HMW chitosan structure at 3350.81 

cm
-1

 and 2874.72 cm
-1

 demonstrate the symmetrical stretching vibrations of amine NH 

group attached with −OH and −CH2 of pyranose ring respectively (Pawlak and Mucha, 

2003, Sohail et al., 2015) The absorption bands at 1577.92 cm
-1

 and 1648.60 cm
-1

 

describe the vibration of −NH2 group in chitosan and carbonyl absorption respectively 

(Andrady et al., 1996). A peak at 1150.21 cm
-1

 illustrates C–O–C bridge asymmetrical 

stretching which is characteristic of saccharide structure and band at about 1026.50 cm
-1
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shows stretching vibrations of C−O group of this structure (Gad, 2008). A peak at about 

1375.60 cm
-1

 correspond to −CH3 of amide group (Zheng and Wang, 2010). 

In spectra of monomer AMPS, two distinctive peaks identifies at 1612.62 cm
-1

 and 

1666.69 cm
-1

 arise due to the presence of −CO2NH− of amide group. Further, absorption 

peak at 2,986.69 cm
-1

 attributed to the deformation vibration of –NH group and at 

1,233.25 cm
-1

 describe the symmetrical stretching vibration of SO2 (Rivas and Castro, 

2003). 

There are lots of bands in the region of 4000–500 cm
-1 

in the spectra of model drug 

mupirocin as shown in figure 3.2 (C). The two broad bands at 3477.42 cm
-1

 and 3294.89 

cm
-1

 suggest the −OH stretching vibrations of that group. The peaks at 2934.50 cm
-1

 and 

2848.68 cm
-1 

assign to the −CH stretching vibrations but peak at 1469.87 cm
-1

 shows 

suitable CH deformation scissor vibrations of −CH2 group. Likewise peaks at 1449.31 

cm
-1

 and 1380.11 cm
-1

 shows asymmetrical and symmetrical deformation vibrations of 

−CH for −CH3 respectively (Bojarska et al., 2014). The band at about 1656.35 cm
-1

 

attributed to the conjugated −CO stretching. The peaks at 1333.77 cm
-1

 and 1231.57 cm
-1 

elaborate the deformation vibration of =CH− group and stretching of ester acetate 

respectively. Rocking vibration of CH observed at two bands of 1361.76 cm
-1

 and 728.84 

cm
-1

 and peak at wave number of 860.93 cm
-1

 illustrate −CH out of plane. 

New bands are appeared in spectra of HMW chitosan-co-poly (AMPS) hydrogel 

membrane that confirms the formation of new polymeric system. In this spectra, bands at 

1033.83 cm
-1

 and 631.52 cm
-1

 elucidate the valent symmetrical oscillation of −SO2 and of 

S–O bond respectively (Perumal et al., 2014). FTIR spectrum of mupirocin loaded 

hydrogel membrane also describe that there is no interaction of mupirocin with polymeric 

system. 
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Figure 5.2: FTIR of (a) HMW chitosan (b) AMPS monomer (c) Mupirocin drug (d) 

HMW Chitosan-co-poly AMPS based unloaded hydrogel (e) Chitosan-co-poly AMPS 

based drug loaded hydrogel. 

5.4 Surface Morphology (SEM) 

Scanning electron microscope (SEM) was used to study the surface morphology of cross 

linked loaded and unloaded polymeric hydrogel system. SEM images of HMW chitosan-

co-poly AMPS hydrogel shows porous and rough structure as shown in figure 5.3. This 

porosity favors the hydrogels for entry and release of drug and water. Hydrogel 

membranes with high concentration of AMPS show more porosity as compared to those 

membranes that have high concentration of chitosan. Cross sectional SEM image of 
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hydrogel loaded with mupirocin demonstrate that mupirocin particles are entrapped and 

dispersed on surface of hydrogel membrane.  

 

Figure 5.3: Scanning Electron Microscopy of hydrogel membrane 

5.5 Thermal decomposition study 

Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were 

used to carried out thermal analysis of pure polymer HMW chitosan, AMPS monomer 

and chitosan co-poly AMPS hydrogel membrane for the elucidation of drug interaction 

with other ingredients of cross linked polymeric hydrogel membranes. 

Thermogravimetric analysis (TGA) reveal that AMPS is less stable as compared to 

chitosan as chitosan polymer decompose at higher temperature of about 300
o
C while 

AMPS show degradation at above 200
o
C due to evaporation of moisture content as well 

as combustion. While prepared cross linked polymeric hydrogel shows higher stability as 

the peak shift to higher temperature as compared to polymer as shown in figure 5.4 (A, B, 

C and D). 
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Figure 5.4 (A): TGA of pure HMW chitosan polymer 

 

 

Figure 5.4 (B): TGA of pure AMPS monomer 
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Figure 5.4 (C): TGA of Unloaded chitosan co poly AMPS Hydrogel membrane 

 

Figure 5.4 (D): TGA of loaded chitosan co poly AMPS Hydrogel membrane 

Different thermograms of chitosan, AMPS and membranes are shown in figure 5.5 (A, B, 

C & D). The initial endothermic peak at about 80
o
C describe the evaporation of water 

(Sohail et al., 2015). The exothermic peak above 300
o
C corresponds to decomposition of 

amine group in HMW chitosan chain (Sreenivasan, 1996, Tirkistani, 1998, Tirkistani, 

1998). The complete mass loss of AMPS was observed at 200
o
C. Prepared hydrogel 
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membrane of chitosan co-poly-(AMPS) displayed different pattern from that of 

individual components either chitosan or AMPS. DSC thermogram of hydrogel 

membrane showed two peaks above 210
o
C and 320

o
C which indicate the decomposition 

of chemically cross linked polymeric network (Sohail et al., 2015). This reveals more 

thermal stability of prepared hydrogel membrane than pure chitosan and AMPS. 

    

Figure 5.5 (A): DSC of pure HMW chitosan polymer 

 

Figure 5.5 (B): DSC of pure AMPS monomer 
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Amrutiya et al. (2009) elaborate that endothermic peak at 63
o
C in mupirocin correspond 

to its melting point (Amrutiya et al., 2009). In this study, DSC thermogram of mupirocin 

loaded hydrogel assure the confirmation of incorporation of drug into cavities with 

enhanced stability as drug decompose at above 100
o
C as shown in figure 5.5 (D) 

 

Figure 5.5 (C): DSC of Unloaded chitosan co poly AMPS Hydrogel membrane 

 

Figure 5.5 (D): DSC of loaded chitosan co poly AMPS Hydrogel membrane 



      

 

108 
 

5.6 Swelling Index, Loading and Percent Release 

Swelling behavior, drug loading efficiency and its release from developed hydrogel 

membrane of HMW chitosan-co-poly AMPS network was performed to check the effect 

at various pH as shown in table 5.1. Selection of pH ranges of 4.0, 5.5, 7.4 were due to 

normal and bacterial infected skin condition (Schneider et al., 2007). Polymer chitosan 

(HMW), monomer AMPS and cross linker MBA were used to synthesize cross linked 

hydrogel membranes by using different concentrations in increasing order of polymer 

(HCS-1 to HCS-3), monomer (HCS-4 to HCS-6), cross linker (HCS-7 to HCS-9). 

Antibiotic mupirocin used as model drug for characterization. As compared to pH 5.5, 

formulated hydrogel membrane exhibited high swelling index and release of drug at pH 

7.4 as shown in figure 5.6 (A & B). 

Tsai et al. demonstrated that swelling and drug release from ionic linkage polymeric 

network depends on hydrophilic character of system (Tsai and Wang, 2008). Formed 

hydrogel membrane of HMW chitosan-co-poly AMPS network has high water 

captivating capacity due to the presence of –COOH, -OH and –SO3H groups. As pH 

sensitive behavior and ionization of carboxylic acid group in chitosan at basic pH 7.4, 

repulsive forces between them increases and provide spaces for water intake. This results 

in high swelling and release of drug from polymeric network. 

Table 5.1: Effect of reaction variables during Drug loading at percent release 

Formulation 

Code 

Drug loading 

mg/1.5cm
2
 

Percent drug release upto 48 hrs 

pH 5.5 pH 7.4 

HCS 1 47.45 83.23 92.13 

HCS 2 48.91 86.06 95.02 

HCS 3 53.62 83.04 95.76 

HCS 4 45.34 86.03 96.77 

HCS 5 53.62 83.04 95.76 

HCS 6 42.09 84.57 91.90 

HCS 7 53.62 83.04 95.76 

HCS 8 40.47 72.32 86.36 

HCS 9 39.33 70.28 85.14 
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Swelling index, drug loading and release behavior increases gradually as the 

concentration of polymer chitosan increases as shown in figure 5.7 (A, B, & C). The 

swelling index (HCS1 = 5.588 to HCS 3 = 8.681) and percent drug release (HCS1 = 

92.13% to HCS3 = 95.76 %) were calculated. Hydrophilic and hydrophobic groups 

strongly affect these parameters. Varaprasad et al. and T. Cerchiara et al. give same 

observations by using chitosan (Cerchiara et al., 2002, Varaprasad et al., 2011, 

Varaprasad et al., 2012). 

On another hand, AMPS monomer showed changed behavior in swelling, loading and 

drug release on increasing AMPS concentration. As AMPS shows pH independent 

response on increase in concentration in polymeric network. On increasing the 

concentration of AMPS, swelling index, drug loading and release from hydrogel 

increases but up to level after that decreases as shown in figure 5.7 (D, E & F). This 

increase in parameters may be due to osmotic pressure applied by counter ions and 

sulphonate group in hydrogel network. While decrease in these parameter on further 

increase in concentration of AMPS may be due to hydrophobic interaction of alkyl group 

that restrict the movement by forming the aggregates (Yetimoğlu et al., 2007). But drug 

release from hydrogel membrane after increase in concentration of AMPS slows down. 

Literature reported the same behavior of AMPS related to swelling index, drug loading 

and its release (Saikia et al., 2013, Sohail et al., 2015).  

 

Figure 5.6 (A): Swelling Index of HCS hydrogel membranes at pH 4.0, 5.5, 7.4 
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Figure 5.6 (B): Percent Release of HCS optimized hydrogel membranes at pH 5.5, 7.4. 

(All values are expressed as mean (n = 3)) 

All these parameters were also investigated by increasing the concentration of cross 

linker MBA. Swelling, drug loading and release was decreased after increasing the 

concentration of cross linker as shown in figure 5.7 (G, H & I). As MBA controls the 

density of hydrogel network, restrict the chain relaxation and increased the linking points. 

Due to which results in less space for water intake, loading and release. Mahdavinia et al. 

reported the same results of restriction behavior (Mahdavinia et al., 2004).  
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Figure 5.7 Swelling index, Loading and release of HMW chitosan (A, B & C), AMPS (D, 

E & F) and MBA (G, H & I) of hydrogel membranes 

5.7 Skin Irritation Study 

Skin irritation study was performed to measure the safety of polymeric hydrogel 

membrane on rabbit intact skin (Draize et al., 1944). There is no sign of irritation i.e 

erythema and oedema of optimized hydrogel membrane as compared to marketed 

formulation (MUPIR) over the period of 72 hours as shown in figure 5.8. MUPIR shows 

slight erythema of scale 1 after 48 hours measured as 1 according to draize scale as 

shown in table 5.2. High concentration of alcohol in the marketed formulation may be the 

causative factor for slight irritation. This result directs the better skin tolerability of 

developed hydrogel membrane for treatment. 

Table 5.2: Skin irritation scores (Mean ± SE) observed for Optimized formulation 

Formulations Irritation Score (n=3) 

Time Of Application 

                                                  24 Hr 48 Hr 72 Hr 

Control 0 ± 0 0 ± 0 0 ± 0 

Marketed 

Formulation 
0 ± 0 1.00 ± 0.33 1.00 ± 0.33 

HCS Formulation 0 ± 0 0 ± 0 0 ± 0 

Draize Patch irritation scale: 0, none; 1, very slight; 2, well defined; 3, moderate; and 4, 

eschar formation.  
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Figure 5.8: Rabbit skin evaluation for irritation response A: Fresh shaved skin, B: After 

24 Hour, C: After 48 Hour, D: After 72 Hour. 

5.8 Skin Permeation and Deposition Studies 

Franz cell was used to evaluate amount of drug permeation across skin and deposition in 

skin. Amount of permeated drug through skin from HMW chitosan-co-poly (AMPS) 

hydrogel membranes loaded with mupirocin of area 1.5 cm
2 

is shown in figure 5.9. 

Developed hydrogel (HCS 3) of high concentration of chitosan and low concentration of 

MBA showed high permeation of about 4397.143 µg/1.5cm
2
, equals to 8.2% of total 

loaded drug in formulation after 24 hours.  It is reported that loosely cross linked 

structure of hydrogel of chitosan with low cross linker density permeated high amount of 

drug  (Baviskar et al., 2013, Bodmeier and Paeratakul, 1990, Şenel et al., 2000) 

(Cerchiara et al., 2002). 

Permeability flux was determined by kinetic analysis to check the release pattern. Flux of 

optimized formulation (HCS 3) was 104.09 µg/cm
2
.h

-1
. Amrutiya et al. reported that 

mupirocin ointment release drug in 4 hours (Amrutiya et al., 2009) while developed 

membranes by this study showed sustained effect and release entrapped drug extended up 

to 24 hours. Literature also supported our results (Baviskar et al., 2013, Dorrani et al., 

2014, Ribeiro et al., 2009). 
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Figure 5.9: Permeated mean drug concentration (n=3) of all hydrogel membranes 

(µg/1.5cm
2
) 

At the end of 24 hours, deposited amount of drug in rabbit skin released from hydrogel 

membrane was from 908 to 2185 µg/1.5cm
2
. As drug require appropriate time to stay in 

skin to perform pharmacological action. In this study, amount of deposited mupirocin is 

higher as compared to marketed ointment that was reported by Amrutiya et al. (Amrutiya 

et al., 2009). Increase in deposition in skin may be due to interaction of cationic chitosan 

and hydrophobic moiety of MP with negative charge cell membrane (Caon et al., 2014, 

Dorrani et al., 2014, Rodríguez-Cruz et al., 2013). 

5.9 Conclusion 

HMW chitosan based cross linked polymeric hydrogel membranes loaded with MP were 

synthesized successfully with an optimized process of polymerization that would serve as 

new healing device/system of skin burns and infected tissues with controlled release 

manner at wound site by preventing infection and increased healing efficiency through a 

contact. Stability of formulated polymeric system was confirmed by morphological, 

structural and thermal studies. Developed membranes provide an enhanced retention of 

drug in skin, better efficacy with reduced frequency and better patient compliance. In 

future, this system would have promising role in skin wounds healing and infection 

treatments. 



      

 

117 
 

 

 

 

 

 

 

 

 

 

Chapter 6 

DEVELOPMENT OF ACRYLIC ACID CO-

POLY (AMPS) TOPICAL HYDROGEL 

MEMBRANES 
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6.1 Summary 

The aim of the current study was to formulate and evaluate acrylic acid based 

topical hydrogel membranes of mupirocin for new pharmaceutical controlled release 

application. A co-polymerization system was developed using acrylic acid (AA) and 

AMPS (two monomers) and free radically polymerized to synthesize hydrogel 

membranes. Acrylic acid was cross-linked with 2-acrylamido-2-methylpropane sulfonic 

acid (AMPS) with the help of cross-linker N,N-Methylenebisacrylamide (MBA). 

Hydrogel patches were characterized by FTIR, TGA, DSC, SEM, swelling behavior, in-

vitro percent drug release at different pH, permeation across skin, ex-vivo drug retention 

study and irritation evaluation of mupirocin loaded hydrogels. Developed membranes 

were spherical, thick, adhesive and with good elastic strength. FTIR confirmed the cross-

linking and formation of new structure having appropriate characteristics needed for 

controlled release delivery system. Drug release through rabbit‘s skin was evaluated by 

Franz diffusion cell and drug retention in skin revealed substantial retention. Irritancy of 

formulated hydrogel membranes was validated by Draize patch test.  
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6.2 Physical Appearance of synthesize membranes 

Acrylic acid (AA) co-poly-AMPS hydrogel membranes were synthesized by modified 

aqueous based polymerization technique. Synthesized membranes were transparent that 

turns into yellowish white after drying. Membranes with moderate concentration of MBA 

were thick, adhesive, elastic and have good mechanical strength that was observed during 

swelling and drug loading study as shown in figure 6.1. But side edges of membranes 

with low concentration of acrylic acid were cracked during formulation and patch broke 

into pieces during drug loading.  

 

Figure 6.1: AA-co-poly AMPS based hydrogel membranes 

6.3 Infrared Spectroscopy (FTIR) 

FTIR spectra of pure acrylic acid, monomer AMPS, mupirocin (MP) drug, AA-co-poly 

AMPS hydrogel membrane and mupirocin loaded membranes are shown in figure 6.2. 

In the spectra of AA (Figure 6.2 A), a broad stretching vibration of −CH2 is observed at 

2975.73 cm
-1

 and sharp peak at 1701.57 cm
-1 

confirms the presence of carbonyl group. 

The peaks identifies at 1,635.32 cm
-1

 and 1,296.89 cm
-1

 arise due the stretching vibration 

of −C=O and C−C group respectively. The band at 1,173 cm
-1

 presents the stretching 

vibration of C−O of carboxylic acid (Atta et al., 2010, Bouhamed et al., 2003). Distinct 

absorption peaks in spectra of monomer AMPS at 2,986.69 cm
-1 

arise due to vibration of 

−NH group. Two absorption peaks at 1666.69 cm
-1 

and 1612.62 cm
-1

attributed to the 
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presence of −CO2NH of amide group. Symmetrical stretching vibration of SO2 observed 

at peak 1,233.25 cm
-1 

(Rivas and Castro, 2003). 

Mupirocin shows lots of bands in the spectra of region 4000–500 cm
-1 

as shown in figure 

6.2 (C). The broad bands appear at 3477 cm
-1

 and 3294 cm
-1 

attribute to the stretching 

vibration of −OH group. The bands at 2848.68 cm
-1

 and 1469.87 cm
-1

 suggest stretching 

vibration of −CH group and deformed scissor vibration of −CH2 group respectively. 

Similarly, peak at 1449.31 cm
-1

 describe asymmetrical deformation vibration of −CH 

group but band appear at 1380.11 cm
-1 

shows symmetrical vibrations of that group 

(Bojarska et al., 2014). The peaks at 1656.35 cm
-1

 and 1333.77 cm
-1 

attributed to the 

stretching of conjugated −CO group and deformed vibration of =CH− group respectively. 

Two distinct bands at about wave number of 1361.76 cm
-1

 and 728.84 cm
-1 

show the 

rocking vibrations of −CH group and peak at 860 cm
-1

 describe CH out of the plane. But 

appearance of new different pattern peaks confirms the formation of new polymeric 

hydrogel patch of AA co-poly-AMPS system. Spectra of mupirocin loaded hydrogel also 

revealed no interaction of drug with hydrogel formulation. 
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Figure 6.2: FTIR of (a) Acrylic acid (AA) (b) AMPS monomer (c) Mupirocin drug (d) Acrylic 

acid-co-poly AMPS based unloaded hydrogel (e) Acrylic acid -co-poly AMPS based drug loaded 

hydrogel. 

6.4 Surface Morphology 

Scanning electron microscope (SEM) verified the surface morphology of newly formed 

polymeric system which elaborates the irregular porous and undulant structure of 

hydrogel membrane as shown in figure 6.3. Water absorbency and retention rate of 

hydrogel system basically depend upon porosity which brings an increased capillary 

effect and surface area. SEM picture showed that mupirocin drug particles are dispersed 

and entrapped on the surface of AA co-poly AMPS hydrogel membrane.  

 

Figure 6.3: Scanning Electron Microscopy of AA co-poly AMPS hydrogel membrane 
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6.5 Thermal Decomposition Studies 

Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were 

conducted to check thermal stability of acrylic acid (AA) co-poly AMPS hydrogel patch 

in comparison with AMPS monomer. TGA analysis revealed that AMPS is less stable 

and show weight loss and degradation at about 200 
0
C due to combustion and evaporation 

of water content. But hydrogel membrane of AA co-poly AMPS showed delayed in 

weight loss as peak shift to higher temperature as shown in figure 6.4 (A and B), which 

attributes to strong cross-linking between hydrogel and pure AMPS. 

Different DSC thermograms of AMPS and acrylic acid co-poly AMPS hydrogel patches 

are shown in figure 6.5 (A, B & C). DSC thermogram of AMPS showed the complete 

mass loss at 200
0
C. In this study, synthesized AA co-poly AMPS hydrogel patch revealed 

different pattern from that of monomer AMPS showing towards decomposition, 

breakdown of polymeric chain and loss of water contents (Cui et al., 2018, Peinado et al., 

2007). Literature revealed that mupirocin drug show endothermic peak at 63
0
C (Amrutiya 

et al., 2009). In this study, DSC thermogram of drug loaded hydrogel confirms the 

enhanced stability and incorporation of drug in porous cavities as decomposition was 

done above 200
0
C as shown in figure 3.5 (C). 

 

Figure 6.4 (A): TGA of pure AMPS monomer 
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Figure 6.4 (B): TGA of Unloaded acrylic acid co-poly AMPS Hydrogel membrane 

 

Figure 6.5 (A): DSC of pure AMPS monomer 
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Figure 6.5 (B): DSC of Unloaded acrylic acid co-poly AMPS Hydrogel membrane 

 

Figure 6.5 (C): DSC of loaded acrylic acid co-poly AMPS Hydrogel membrane 

6.6 Swelling Index, Loading and Percent Release 

Developed hydrogel patch of acrylic acid co-poly AMPS was further characterized by 

swelling index, mupirocin drug loading and its release from system to evaluate the effect 

at pH of 4.0, 5.5, 7.4 as shown in table 6.1. Different pH was selected on the basis of skin 

normal and bacterial infection conditions (Schneider et al., 2007). By using different 

concentrations of acrylic acid (AA) and MBA with constant concentration of AMPS, 

polymeric hydrogel membranes were fabricated in increasing order of MBA (AS-1 to 

AS-3) and decreasing order of acrylic acid (AS-4 to AS-6). Mupirocin, an antibiotic used 

as model drug to check the parameters. Prepared hydrogel membrane showed optimized 
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swelling index and percent release at pH 7.4 as compared to pH 5.5 as shown in figure 

6.6 (A & B). 

As the concentration of cross linker MBA increases, the swelling index, drug loading 

capacity and its release from hydrogel patch was reduced as shown in figure 6.7 (A, B 

and C). Swelling index and percent drug release were reduced to 4.11 from 6.34 and 

93.83% from 97.38% (AS-1 to AS-3) respectively. Due to increase in concentration of 

cross linker MBA and subsequently its density, results in a rigid, hard structure with low 

capacity of expansion to hold the water. Literature support the behavior of MBA for 

swelling and percent drug release (Chen and Zhao, 2000, Pourjavadi et al., 2007, 

Yetimoğlu et al., 2007) Both ionic vinyl monomers AMPS and AA showed pH 

independent behavior in swelling as both can dissociate completely at all pH ranges 

(Pourjavadi et al., 2007). In AA/AMPS hydrogel membrane, monomers has ionic groups 

like SO3H, COOH and basic amides that can cause change in swelling at different pH 

media. Swelling index increases as pH increase up to 7.4. Literature shows comparable 

results (Güçlü et al., 2003).  

With higher concentration of AA, swelling index was reduced due to the formation of 

dense network and small pores. So that drug loading and its release was also decreased 

due to small size pores or space to store water but loading was done up to certain limit. 

After that limit loading of drug caused the gel to break into pieces. This may be due to 

high viscosity and dense rigid gel that restricts the movement of solution. Previous 

studies supported that swelling behavior of AA (Liu et al., 2004, Voepel et al., 2009). 

Table 6.1: Effect of reaction variables during Drug loading at percent release 

Formulation 

Code 

Drug loading 

mg/1.5cm
2
 

Percent drug release upto 72 hrs 

pH 5.5 pH 7.4 

AS 1 49.56 82.64 97.38 

AS 2 42.90 81.57 94.32 

AS 3 30.03 80.16 93.83 

AS 4 42.90 81.57 94.32 

AS 5 43.39 87.49 95.29 

AS 6 N/A N/A N/A 
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Figure 6.6 (A): Swelling Index of AS hydrogel membrane at pH 4.0, 5.5, 7.4 

 

Figure 6.6 (B): Percent Release of optimized AS hydrogel membrane at pH 5.5, 7.4. (All 

values are expressed as mean (n = 3)) 

 



      

 

128 
 

  

 

  



      

 

129 
 

 

 

 

Figure 6.7 Swelling index, Drug Loading and its Release of MBA (A, B & C) and AA 

(D, E & F) of hydrogel patches. 

6.7 Skin Irritation Study 

Skin of wistar albino rabbit was used to measure the safety profile of AA co-poly AMPS 

hydrogel patch according to Draize patch scale method (Draize et al., 1944). Optimized 
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formulation displayed no sign of irritation (oedema and erythema) as compared to 

marketed formulation (MUPIR) which showed slight erythema after 48 hours measured 

as 1 according to Draize patch scale shown in table 6.2. This may be due to high 

concentration of alcohol in marketed formulation. But optimized formulation showed 

slight redness after 72 hours as shown in figure 6.8. This may be due to more acidic 

nature of acrylic acid that may cause irritation. The results of formulated hydrogel 

indicate better skin tolerability for treatment of skin injuries.   

Table 6.2: Skin irritation scores (Mean ± SE) observed for Optimized formulation 

Formulations Irritation Score (n=3) 

Time Of Application 

                                 24 Hr 48 Hr 72 Hr 

Control 0 ± 0 0 ± 0 0 ± 0 

Marketed Formulation 0 ± 0 1.00 ± 0.33 1.00 ± 0.33 

AS Formulation 0 ± 0 0 ± 0 1.00 ± 0.33 

Draize Patch irritation scale: 0, none; 1, very slight; 2, well defined; 3, moderate; and 4, 

eschar formation. 

 

Figure 6.8: Irritation response on rabbit‘s skin A: Fresh shaved skin, B: After 24 Hour, C: 

After 48 Hour, D: After 72 Hour. 
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6.8 Skin Permeation and Deposition Studies 

Permeation and deposition of drug across rabbit skin was evaluated by Franz cell. 

Amount of mupirocin permeated in micrograms through skin of area 1.5 cm
2
 from 

different type of AA co-poly AMPS patches is shown in figure 6.9. These hydrogel 

patches permeated the drug from skin up to 3991.948 µg/1.5cm
2 

after 24 hours. 

Optimized formulation (AS-2) release drug at flux 77.719 µg/cm
2
.h

-1
. Previous study 

showed that mupirocin ointment release drug in approximately 4 hours (Amrutiya et al., 

2009) but AA co-poly AMPS hydrogel patches show controlled release effect and release 

drug slowly up to 24 hours. A decreasing trend in swelling in formulation also results in 

reduction in permeation flux. Literature about permeation supports the results (Dorrani et 

al., 2014, Nam and Lee, 1997). 

After 24 hours, retention of drug in skin that released from hydrogel patch was up to 

1261 µg/1.5cm
2
. To perform therapeutic action against infection, drug has sufficient time 

to stay in skin layers. Amount of retentive drug is higher as compared to reported 

marketed ointment (Amrutiya et al., 2009). Increase in retention may be due to the fact 

that hydrophobic moiety of MP interacts with negative charge surface cell membrane 

(Caon et al., 2014, Dorrani et al., 2014, Rodríguez-Cruz et al., 2013). 

Figure 6.9: Permeated mean drug concentration (n=3) of all hydrogel membranes 

(µg/1.5cm
2
) 
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6.9 Conclusion 

A polymerization technique has been used in a unique manner to synthesize mupirocin 

loaded hydrogel patches. Developed cross-linked hydrogel patches were successfully 

applied to deliver drug for long term therapy. In future, further clinical studies would 

authenticate the usefulness of studied patches. Some special skin injuries like skin burns 

can be treated with this specialized system. Morphological and structural studies 

confirmed the stability of formulated hydrogel membranes. Permeation and retention 

studies indicated better potential use for topical drug delivery as compared to marketed 

ointment with reduced dosage frequency and improved patient compliance. 
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Chapter 7 

DEVELOPMENT OF PEG-4000 CO-POLY 

(AMPS) TOPICAL HYDROGEL MEMBRANES 
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7.1 Summary 

A chemical cross-linking is initiated by developing a modified cross-linking technique to 

synthesize polyethylene glycol-co-poly(AMPS) hydrogel membranes (PS) for topical 

delivery of antibiotic mupirocin (MP) by free radical polymerization technique. In 

aqueous medium, polymer PEG-4000 cross- linked with monomer 2-acrylamido-2-

methylpropane sulfonic acid (AMPS) in the presence of initiators ammonium peroxide 

sulfate (APS) and sodium hydrogen sulfite (SHS). N,N-Methylenebisacrylamide (MBA) 

used as cross linker in preparation of membranes. Formed membranes were spherical, 

transparent and elastic. Different techniques like FTIR, TGA/DSC, and SEM were used 

to characterize the polymeric system. Swelling behavior, drug loading, its release pattern 

at pH of 5.5 and 7.4, irritation study, ex-vivo drug permeation and deposition study was 

also evaluated. The formation of stable polymeric network was confirmed by structural 

and thermal analysis. Permeation of drug, its deposition in skin showed good permeation 

and retention and no irritancy to the skin. The present study concluded that it may be 

ideal network for delivery of mupirocin in skin infections. 
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7.2 Physical Appearance of Membranes 

A stable cross linked polymeric topical delivery system (PS) was synthesized by free 

radical polymerization technique based on PEG-4000 and AMPS. Prepared hydrogel 

membranes with high concentration of PEG were of good elastic strength, soft and 

adhesive and revealed whitish color after oven drying. But membranes with high 

concentration of MBA were hard, sticky and of brownish yellow color during oven 

drying as shown in figure 7.1. 

 

Figure 7.1: PEG-co-poly AMPS based Hydrogel membranes 

7.3 Fourier Transform Infrared Spectroscopy (FTIR) 

To determine the structural relationship of polymeric components used in the formulation 

of hydrogel membranes. Different spectra of PEG-4000, AMPS, Mupirocin drug, 

formulated PEG-co-polyAMPS hydrogel membrane are shown in figure 7.2. In FTIR 

spectra of PEG-4000 (Figure 7.2 A), broad band appeared at 3462 cm
-1

 and 657 cm
-1

 

confirms the existence of hydroxyl −OH free and bonded alcohol stretching respectively 

(Saikia et al., 2013). And presence of sharp peak at 2882.16 confirms the Alkyl (-CH2) 

stretching. Characteristic peak at 1,095 cm-1 attributed to the stretching of ether group 

(Dutta, 2012). 
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Two characteristic peaks in APMS spectra at 1612.62 cm
-1

 and 1666.69 cm
-1

 suggest the 

existence of amide −CO2NH− group. Absorption peaks at 2,986.69 cm
-1 

and at 1,233.25 

cm
-1

 attributed to the deformed vibration of –NH group and −SO2 symmetrical stretching 

vibration (Ashkani et al., 2018, Rivas and Castro, 2003). 

Mupirocin drug shows lots of bands in FTIR spectrum as shown in figure 7.2 (C). 

Stretching of –OH group in structure appeared at 3477 cm
-1

 and 3294 cm
-1

. Two peaks at 

2934 cm
-1

 and 2848 cm
-1 

suggest the stretching vibration of alkyl −CH group. CH− 

deformed scissor vibration of alkyl −CH2 recognized at 1469.87 cm
-1

 (Vashishth and 

Kaushik, 2017). The peaks appeared at 1449 cm
-1

 and 1380 cm
-1

 describe deformation 

vibrations of −CH for alkyl −CH3 respectively (Bojarska et al., 2014). The bands at 1656 

cm
-1

 and 1333 cm
-1 

elaborate the −CO stretching and deformed vibration of =CH− group 

respectively. Ester acetate stretching vibration observed at 1231.57 cm
-1

. The two bands 

at 1361.76 cm
-1

 and 728.84 cm
-1

 attributed to the −CH rocking vibration while peak at 

860 elaborate the vibration of −CH out of the plane. New peaks and different pattern of 

formulated PEG-co-poly AMPS hydrogel membrane confirm the development of new 

cross linked polymeric system. Additionally, spectra of drug loaded PEG-co-poly AMPS 

membrane also revealed no interaction of polymeric system with loaded mupirocin drug. 
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Figure 7.2: FTIR of (a) PEG-4000 (b) AMPS monomer (c) Mupirocin drug (d) PEG 4000-co-

poly AMPS based unloaded hydrogel (e) PEG-co-poly AMPS based drug loaded hydrogel. 

7.4 Study of Surface Morphology (SEM) 

To study the surface morphology of drug loaded and unloaded polymeric PEG-co-poly 

AMPS hydrogel membrane, scanning electron microscope (SEM) was used. SEM images 

of formulations were taken at different magnifications to evaluate the surface porocity 

and water retention capacity as shown in figure 7.3. The SEM micrographs depicted the 

rough surface with micro-spaces that are responsible for remarkable swelling, drug and 

water release behavior. Reduced roughness and porosity of the surface was due to 

increased AMPS concentration. This is due to intra-molecular interaction between PEG 

and AMPS (Saikia et al., 2013). SEM micrograph of mupirocin loaded hydrogel 

membrane revealed that drug particles are entrapped in the pores and dispersed on the 

surface of membrane.  
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Figure 7.3: Scanning Electron Microscopy of unloaded and loaded hydrogel membrane 

7.5 Thermal study 

Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were 

used to check out thermal stability of polymer PEG-4000, monomer AMPS and drug 

loaded and unloaded PEG co-poly AMPS hydrogel membranes and check the interaction 

of used ingredients with drugs. 

TGA thermogram of PEG polymer, AMPS and polymeric formulations were studied over 

a range up to 500
o
C as shown in figure 7.4 (A, B). Figure 7.4(A) shows the TGA of 

AMPS that shows decomposition at about 200
o
C due to combustion. While delayed 

weight loss was observed in PEG co-poly AMPS hydrogel in which shifts the peak to 

higher temperature was discovered. First decomposition observed at range of 25- 190
o
C 

was due to moisture content loss. Finally, weight loss was seen up to 350
o
C. So 

formulated hydrogel membrane showed more thermal stability which attributed 

strengthens of cross linking system.  

DSC thermograms of PEG-4000, AMPS and synthesized hydrogel membrane are shown 

in figure 7.5 (A, B, C). In DSC of pure PEG-4000, loss of moisture content occurred in 

the temperature range of 20-60°C. Furthermore, endothermic peak appeared at 

temperature up to 80
o
C attributed to the complete degradation of PEG-4000 (Doshi et al., 

1997). In case of AMPS, complete mass loss was observed at temperature of 200
o
C. 

Formulated PEG co-poly AMPS membranes showed different pattern from pure 

components and peaks above 200
o
C attributed the degradation and water loss from 
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network. This reveals the more thermal stability of formed cross linked polymeric 

hydrogel membranes. Ylser G. Devrim and co-workers prepared terpolymers with PEG 

and AMPS. They found complete degradation at approximate 186
o
C as compared to PS 

hydrogel that showed more thermal stability (Devrim et al., 2007). 

 

Figure 7.4 (A): TGA of pure AMPS monomer 

 

Figure 7.4 (B): TGA of PEG co-poly AMPS hydrogel membrane 
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Figure 7.5 (A): DSC of pure PEG-4000 polymer 

 

Figure 7.5 (B): DSC of pure AMPS monomer 
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Figure 7.5 (C): DSC of PEG co-poly AMPS hydrogel membrane 

7.6 Swelling Index, Loading and Percent Release 

Swelling behavior, drug loading efficiency and its release from formulated PEG co-poly 

AMPS polymeric membranes was performed to evaluate the effect of gels at normal skin 

pH 5.5 and commonly bacterial infected skin pH 7.4 (Schneider et al., 2007) as shown in 

table 7.1. Synthetic polymer PEG 4000, AMPS monomer and cross linker MBA were 

used to synthesize polymeric hydrogel membranes by using their different 

concentrations. Membranes were synthesized in increasing order of PEG 4000 polymer 

concentration (PS-1 to PS-3), monomer AMPS concentration (PS-4 to PS-6) and MBA 

concentration (PS-7 to PS-9) with constant concentration of initiators. PS membranes 

showed high swelling at pH 7.4 and release as compared to pH 5.5 as shown in figure 7.6 

(A&B). 

Swelling index, mupirocin loading and its release at different pH increases steadily as the 

concentration of PEG 4000 increases as shown in figure 7.7 (A, B, & C). Swelling index 

and percent drug release was calculated in increased ratio of PEG (PS-1 to PS-3) that was 

up to 15.47 and 95.49% respectively. Hydrophilic groups of PEG (–OH and –COOH) 

strongly affect all these three parameters. As PEG is water soluble polymer and undergo 

fast dissolution due to surface erosion of polymeric matrix (Ravichandran et al., 1997). 
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Das Nilimanka studied the swelling and drug release behavior of polyethylene glycol and 

stated that –COOH and –OH ionize at higher pH which may results in the production of 

electrostatic repulsion among negative charge groups. This repulsion takes part in 

enhancement of water absorption capacity of hydrogels (Das, 2013). Polyethylene glycol 

based hydrogels was synthesized by Kim and co-workers for protein delivery and 

revealed that swelling equilibrium was increased with increase in concentration (Kim and 

Peppas, 2003).  

Likewise, monomer AMPS also show the same behavior that by increasing the AMPS 

concentration, swelling, drug loading and its release was also gradually increased as 

shown in figure 7.7 (D, E & F). This may be due to the presence of osmotic pressure 

applied by sulfonate groups and other counter ions in polymeric hydrogel membranes 

(Mohammad et al., 2017). A. K. Saikia et al. reported the similar observations and 

behavior of AMPS related to these parameters of swelling, drug loading and its release 

from the hydrogel (Saikia et al., 2013). 

 

Figure 7.6 (A): Swelling Index of PS hydrogel membranes at pH 4.0, 5.5, 7.4 
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Figure 7.6 (B): Percent Release of PS optimized hydrogel membranes at pH 5.5, 7.4. (All 

values are expressed as mean (n = 3)) 

These three parameters were also studies by increasing the concentration of MBA (PS-7 

to PS-9). By increasing the concentration of cross linker MBA, sweeling, drug loading 

and its release from formulated polymeric system were reduced due to increase in density 

of structure as shown in figure 7.7 (G, H & I). As density of MBA in polymeric hydrogel 

network control the chain relaxation of linking points, by increasing in concentration 

restriction of relaxation took place. Due to these result in reduction in water uptake and 

its release. Literature observed the similar behavior of MBA as cross linker (Basu et al., 

2018, Ijaz et al., 2018, Mahdavinia et al., 2004). 

Table 7.1: Effect of reaction variables during Drug loading at percent release 

Formulation 

Code 

Drug loading 

mg/1.5cm
2
 

Percent drug release up to 72 hrs. 

pH 5.5 pH 7.4 

PS 1 50.70 80.14 93.91 

PS 2 60.43 82.54 94.62 

PS 3 64.42 85.22 95.49 

PS 4 61.57 80.49 92.09 

PS 5 64.42 85.22 95.49 

PS 6 65.30 85.83 96.02 

PS 7 64.42 85.22 95.49 

PS 8 46.96 84.43 93.77 

PS 9 64.00 85.79 96.00 
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Figure 7.7: Swelling index, Loading and release of PEG-4000 (A, B & C), AMPS (D, E 

& F) and MBA (G, H & I) of hydrogel membranes 



      

 

148 
 

7.7 Skin Irritation Study 

Rabbit‘s skin was used to measure the irritation profile and skin safety from polymeric 

hydrogel membranes (Draize et al., 1944). Optimized hydrogel membrane was used to 

measure the sign of erythema and oedema over the period of three days (72 hours) in 

comparison with marketed formulation MUPIR ointment as shown in figure 7.8. There is 

no sign of irritation (erythema and oedema) from formulated optimized formulation of PS 

as compared to MUPIR that showed slight irritation after 48 hours as shown in table 7.2. 

Slight irritation on rabbit skin facing MUPIR may be due to high concentration of 

alcohol. Skin tolerability against PS formulation directs it for better treatment choice. 

 

Figure 7.8: Rabbit skin evaluation for irritation response A: Fresh shaved skin, B: After 

24 Hour, C: After 48 Hour, D: After 72 Hour. 
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Table 7.2: Skin irritation scores (Mean ± SE) observed for Optimized formulation 

Formulations Irritation Score (n=3) 

Time Of Application 

                                                  24 Hr 48 Hr 72 Hr 

Control 0 ± 0 0 ± 0 0 ± 0 

PS Formulation 0 ± 0 0 ± 0 0 ± 0 

Marketed Formulation 0 ± 0 1.00 ± 0.33 1.00 ± 0.33 

Draize Patch irritation scale: 0, none; 1, very slight; 2, well defined; 3, moderate; and 4, 

eschar formation.  

7.8 Skin Permeation and Deposition Studies 

Franz Diffusion cell was used to calculate the amount of drug permeated across the rabbit 

skin and deposited in the skin. MP loaded PEG co-poly AMPS hydrogel membranes of 

area 1.5 cm
2
 used for permeation and deposition study. Permeated amount of drug from 

different membranes through skin is shown graphically in figure 7.9. Membranes with 

high concentration of PEG and low concentration of MBA (PS-3 and PS-9) showed 

maximum permeation of MP across skin of about 5293 and 5160 µg/1.5cm
2
 respectively. 

PEG concentration affect the permeability rather than its molecular weight as PEG is 

pore forming and create pores for transportation in matrix (Chou et al., 2007). It is also 

reported in literature that loosely cross linked structures have high permeation of drug 

(Baviskar et al., 2013, Jones and Lyon, 2003, Jovančić et al., 2016). Developed 

formulation release MP up to 24 hours and permeability flux of optimized formulation 

was found to be 125µg/cm
2
.h

-1
. Amrutiya et al. in his study evaluate the flux and reported 

that MP ointment release drug in 4 hours (Amrutiya et al., 2009). Literature supports the 

given results (Chou et al., 2007, Dorrani et al., 2014, Vega et al., 2013). 

Deposited amount of MP loaded hydrogel membranes in rabbit skin was from 380 to 

2519 µg/1.5cm
2
. To perform pharmacological action, drug deposited in skin have 

sufficient time. This increase in deposition may be due to interaction of cell membrane 

with hydrophobic components of mupirocin (Dorrani et al., 2014).   
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Figure 7.9: Permeated mean drug concentration (n=3) of all hydrogel membranes 

(µg/1.5cm
2
) 

7.9 Conclusion 

A new pharmaceutical application is introduced as infected skin healing system of cross 

linked polymeric network containing PEG 4000, AMPS and MBA components was 

designed and synthesized by optimized free radical polymerization technique to be tested 

as device for controlled drug release application. Effect of composition, swelling 

behavior and stability of these topical membranes was evaluated by structural, 

morphological and thermal studies. The results of irritation and ex-vivo deposition study 

revealed no apparent erythema and oedema with enhanced retention of drug with reduced 

dosage frequency. In future, Developed membranes would be promising, efficient and 

stable system in skin wounds and infectious diseases. 
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Chapter 8 

Quantification of Deposited Mupirocin in Rabbit 

Skin by HPLC Method & In vivo Study 
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8.1 Summary 

A reported and validated method of High Performance Liquid Chromatography 

(HPLC) is used to assess the deposited concentration of MP in rabbit‘s skin. However the 

HPLC method was revalidated to monitor the changes and then applied to determine the 

drug‘s concentrations. An extraction method was developed for sample preparation 

through various steps. Simple processing and revalidation of method with mobile phase 

(methanol: water) in pure drug solution as well as in drug extracted from rabbit skin in 

which drug was deposited. This method was used to quantify the deposited drug in rabbit 

skin after application of different prepared formulations. As more drug residence in skin 

increases its pharmacological activity that may enhance its effect to treat skin injuries. In 

in-vivo study, surgical wound model was used to calculate bacterial count after treating 

with marketed and optimized hydrogel formulation. In surgical wound model, hydrogel 

membranes showed prolong efficacy against bacterial infection caused by S. aureus. 

Enhanced retention of drug in skin demonstrated the good potential of topical delivery for 

skin bacterial infections.  

 

 

 

 

 

 

 

 

 

 

 



      

 

153 
 

8.2 Optimization of Method 

The chromatographic method is applied to determine the drug mupirocin with high resolution, 

accuracy, reproducibility and recovery. UV spectrophotometric (UV-spectrometer 1601 

Shimadzu, Japan) was used to confirm the maximum wavelength (λmax) for analyte of interest 

mupirocin solution and found λmax at wavelength of 221nm. Literature reported the previous 

HPLC-UV method for assay of mupirocin (Anuradha et al., 2015, Echevarr  A et al., 2003, Hurler 

et al., 2012, Porter and Chen, 1996). In this study we optimized and revalidated the developed 

method designed by Netal Amrutiya et al (Amrutiya et al., 2009). The analysis was done on C18 

stationary phase ODS with mobile phase of methanol: water (80:20) with pH of 5.0 for 

quantification of MP in pure sample and extracted from deposited rabbit skin. Orthophosphoric 

acid was used to adjust the pH of mobile phase. Retention time in extracted sample was found to 

be 10 ±1 minutes as shown in chromatogram (figure 8.2). 

8.3 Method Revalidation 

The developed HPLC-UV method was revalidated to confirm accuracy, precision, recovery and 

reproducibility. Initially the conditions of developed method with some modifications were 

optimized on standard solution of mupirocin with mobile phase (methanol: water 80:20) to get 

good response sharp peak at retention time of 9.3 min as compared to developed method that was 

found to be 8.2 min (Amrutiya et al., 2009). MP was separated from deposited rabbit skin and 

analyzed with no interference of skin proteins. The representative chromatograms of blank and 

spiked with rabbit skin have been shown in figure 8.1 and 8.2. 

 

Figure 8.1: HPLC chromatogram of Blank extracted skin sample 
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Figure 8.2: HPLC chromatogram of spiked extracted skin sample 

Calibration curves of standard and rabbit skin deposited drug showed good linearity over 

specified concentration range. The regression analysis showed r
2
 value of 0.997 and 0.9985 

respectively. The %RSD of the developed method was measured to check the precision. The 

values confirmed the good precision of method used to quantify drug deposited rabbit skin. 

Extraction efficiency or recovery of drug from rabbit skin was also calculated to revalidate the 

method by comparison of extracted sample with pure drug solution that kept as standard. The 

recovery of drug from rabbit skin was above 90%. 

 

Figure 8.3: Calibration Curve of spiked mupirocin in skin  

y = 20.993x + 52.071 

R² = 0.9986 

0

500

1000

1500

2000

2500

0 20 40 60 80 100 120

A
re

a
 (

m
A

U
) 

Conc (ug/mL) 



      

 

155 
 

8.4 Quantification of Mupirocin in Skin Sample 

Amount of MP from different formulations that deposited in rabbit skin was quantified after 

revalidation of HPLC method after specific time interval as shown in figure 8.4 (A,B,C &D). To 

attain maximum therapeutically response of drug for effective treatment, it is necessary to reside 

over a sufficient period of time. This may be due to hydrophobic and cationic moieties that 

interact with negative charge cell membrane. 

 

Figure 8.4: Quantification of deposited mupirocin in LCS formulations 

Figure 8.5: Quantification of deposited mupirocin in HCS formulations 
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Figure 8.6: Quantification of deposited mupirocin in PS formulations 

Figure 8.7: Quantification of deposited mupirocin in AS formulations 

8.5 In vivo study 

Surgical wound model with S. aureus on rat‘s skin was used to check the efficacy of 

optimized hydrogel membrane from LCS series in comparison with marketed formulation 

and untreated control group. After culture growth of staphylococcus aurous, bacterial 

concentration was serially diluted to attain desired concentration of bacteria (i.e 10
3 

cells) 

as shown in figure 8.8. Thread was dipped in dilution and vortex for 30min to adsorb the 

bacteria. These contaminated sutures were placed on back of rat‘s skin to produce 

infection. 
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Treatment was started after 4 hours of surgery and dose was applied topically and 

continued for further three days. MP loaded hydrogel and MF applied topically once in a 

day and three times in a day respectively to treat infection as shown in figure 8.9 (B).  

  

Figure 8.8: Bacterial culture of S. aurous and its serial dilutions 

On 5
th

 day after surgery, 16 to 20 h after the last topical application, the animals were 

killed by diethyl ether asphyxiation. A 1-×2-cm area of rats skin including the wound 

were excised and homogenized in 1ml saline solution (Amrutiya et al., 2009).  The 

homogenates were serially diluted, plated on agar plates, and incubated at 37
o
C. After 24 

hours, the number of colony forming units (CFU) per wound was counted. 

The results were expressed as log 10 CFU/wound as shown in figure 8.9 (A). The 

outcomes reveal that hydrogel and MF reduced the bacterial count after treatment to 

4.27±6.3 and 4.31±7.9 log 10 CFU/wound and there was non-significant difference 

between hydrogel membrane applied once in a day and conventional MP ointment 

applied three times in a day (P>0.05). The developed optimized formulation provide once 

a day sustained release topical antibacterial medication. The formulations showed better 

potential of delivery with enhanced retention of drug in skin and reduced dosage 

frequency as compared to marketed ointment. This is reported that use of any particulate 

drug carrier system improved the residence of drug in the skin (Naik et al., 2004). Netal 
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Amrutiya also compared the effectiveness of sustained release gels of mupirocin with 

marketed ointment (Amrutiya et al., 2009).  So it was concluded that hydrogel 

membrane, on the grounds of efficacy, is effective and beneficial in reducing dose 

frequency, less irritation, better patient compliance with ease of application to patient. 

Developed formulations will have better and significant role in treatment of skin 

infections. The in-vivo efficacy was also supported by drug deposition study that drug 

concentration was maintained up to 24 h that release from topical hydrogel membrane in 

controlled manners. 

 

Figure 8.9 (A): Comparative efficacy of MP-loaded formulations against an experimental 

surgical wound infection in rats caused by S. aureus. Each value is mean ±SD (n=6). 
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Figure 8.9 (B): Rat infected wound skin with staph. Aureus A: Fresh skin of rat, B: Fresh 

cut of 2.2 cm, C: Silk Suture of S.Aurous, D: Wound after 4 hour of the application of 

suture, E: Healing by MF, F: Healing by hydrogel membrane 
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9.1 Conclusion 

The aim of the present study has been accomplished by successful development of a 

novel topical drug delivery system to deliver the antibacterial drug mupirocin to treat skin 

injuries like burn, wounds, eczema and impetigo etc. The developed cross linked 

biocompatible hydrogel membranes showed many favorable properties to deliver the 

drug at local site. The formulations were synthesized by using natural and synthetic 

polymers and vinyl monomers. Following conclusions are made on the basis of findings 

and results, 

 Low molecular weight chitosan co-poly AMPS hydrogels has been developed and 

loaded with MP. Structural and morphological studies confirm the stability of new 

cross linked hydrogel system. These membranes showed good swelling, 

mechanical strength and elasticity. Swelling and drug release was increased as the 

concentration of chitosan increased. The results of irritation and ex-vivo 

deposition study revealed no irritation and enhanced retention of mupirocin at the 

skin as compared to conventional marketed ointment. By in-vivo study of surgical 

wound model, hydrogel membranes showed prolong efficacy against bacterial 

infection caused by S. aureus which indicates the better potential for topical drug 

delivery.  

 High molecular weight chitosan based cross linked polymeric hydrogel 

membranes loaded with MP were synthesized successfully with an optimized 

process of polymerization Swelling and drug release were increased as the 

concentration of chitosan increased. Stability of formulated polymeric system was 

confirmed by morphological, structural and thermal studies. Developed 

membranes were non-irritant and provide good permeation and retention of drug 

in skin.  

 Acrylic co-poly AMPS hydrogel membranes were fabricated by polymerization 

technique loaded with mupirocin. Morphological and structural studies confirmed 

the stability of formulated hydrogel membranes. Permeation and retention studies 

indicated better potential use for topical drug delivery. Swelling and drug release 

was increased with decrease in concentration of poly acrylic acid or reducing the 
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concentration of cross linker MBA. These hydrogel membranes were little bit 

irritant to skin. 

 Cross linked polymeric network containing PEG 4000, AMPS and MBA 

components was designed and synthesized by optimized free radical 

polymerization technique. Effect of composition, swelling behavior, drug release 

and stability of these topical membranes was evaluated by structural, 

morphological and thermal studies. The results of irritation and ex-vivo 

deposition study revealed no apparent erythema and oedema with enhanced 

retention of drug with reduced dosage frequency. 

On the basis of in-vitro, Ex-vivo and in-vivo evaluation, it can be concluded that 

polymeric hydrogel membranes of low molecular weight chitosan could be classified as 

better topical membranes among the developed formulations that were highly effective to 

deliver drug for long term therapy. This system will have better role in the management 

and treatment of skin disorders due to better efficacy, improved patient compliance with 

reduced frequency of application. In future, this system would have promising role in 

skin wounds healing and infection treatments. Further clinical studies would authenticate 

the usefulness of studied membranes. Some special skin injuries like skin burns can be 

treated with this specialized system. 
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