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Abstract  

Hydrogels are three-dimensional colloidal dispersions composed of a complex network of hydrophilic polymers meant 

for the controlled and site-specific delivery of a variety of drugs. Hydrogels based upon the combination of synthetic 

polymers and Xanthan gum(XG) not only increase the swell-ability, drug loading capacity but also provide a 

promising platform for the controlled delivery of both hydrophilic and hydrophobic drugs. In the present study, pH-

responsive hydrogels based upon XG/Eudragit-S100 (Eu-S100) were prepared for the duodenal delivery of an anti-

diabetic drug Metformin HCl (MT) at a controlled rate. Formulations were characterized for swell-ability, drug release, 

surface morphology and compatibility with the loaded drug. The results of the study showed that all the formulations 

provided pH-dependent swell-ability and drug release but the formulation based upon the combination of natural and 

synthetic polymer provided steady-state drug release at duodenal pH with very less amount of drug release at stomach 

pH. The release mechanism in that formation was the combination of diffusion/erosion. The FTIR analysis revealed no 

gel-drug interaction and Scanning electron microscopy (SEM) revealed the porous structure in a gel matrix with 

interconnected tunnels to facilitate the diffusion of water and drug molecules. Taken together, the findings of the 

present study supported the assumption that a combination of natural gum and a synthetic polymer may provide a 

very useful pH-responsive extended- release drug delivery system for hydrophilic and lipophilic drugs whose basic site 

of absorption is the small intestine. Prospective researchers are suggested to conduct toxicity and pharmacokinetic 

studies on in vivo models.             

Keywords: Anti-diabetic, Controlled release, Erosion, Hydrogel, Metformin 

INTRODUCTION  

 The sustained release dosage forms are capable of releasing a drug for an extended period usually 

(10-16 h). Many of the sustained release dosage forms are designed to release the drug within the specific 

segment of the gastrointestinal tract where the drug has optimum absorption. Such properties of sustained 

release dosage forms make them a suitable choice to improve patient compliance and provide safe and cost-

effective therapy. Currently, various types of  sustained release dosage forms have been designed, 

formulated and tested (1). One such a type of controlled release preparations is polymeric hydrogel. 

Hydrogel is a homogeneous three-dimensional semi-transparent colloidal dispersion that is composed of a 
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complex network of hydrophilic polymers and are commonly prepared by free radical ploymerization 

method (2, 3). Hydrogels are capable of absorbing a huge amount of water and swell up but don’t dissolve 

in water due to the presence of cross-.linking in gel matrix (4). The swell-ability of hydrogels is due to the 

presence of hydrophilic moieties in gel-forming polymers. The stability and strength are due to the cross-

linking of polymeric materials. pH-responsive hydrogels attained special attention from pharmaceutical 

researchers because of their ability to swell and release the drug contents in specific segments of intestinal 

tract at a controlled rate. One such a type of pH-responsive hydrogels shows maximum swell-ability and 

optimum absorption at intestinal pH and poor swell-ability at stomach pH. Such gels have been found to 

provide very useful site-specific delivery systems for those drugs whose main site of absorption is the 

intestine (2). A geltain based pH- responsive hydrogel was prepared for the controlled delivery of 

salbutamol. The hydrogel formulation exhibited excellent swelling and release kinetics at basic pH (5). In 

contrast Khan and Co-workers reported the pectin based pH-responsive hydrogel which showed high 

extent of drug release at gastric pH (6). Acrylic acid (AA) is a polyelectrolyte that possesses high water 

absorbent and excellent muco-adhesive properties. AA also shows pH-responsive behaviour and has been 

successfully employed to develop a variety of control release dosage forms including hydrogels. Eudragit-

S100 (Eu–S100) is a pH-responsive polymer that shows high swell-ability at pH near to 7. Furthermore, Eu-

S100 provides controlled release kinetics and high drug loading behaviour especially when used in 

combination with other natural and synthetic polymers (7). In addition to pH-responsive hydrogels, 

researchers have reported thermo responsive hydrogels for subcutaneous delivery of curcumin (8).         

Biopolymer-based hydrogels recently attracted the attention of researchers because of their potential 

applications in developing modified release drug delivery systems. The high swell-ability and drug loading 

are two basic properties of hydrogels to serve as a drug delivery system (9). Xanthan Gum (XG) is a natural 

polysaccharide produced by microorganisms. It is non-toxic and non-immunogenic. Chemically it is 

composed of a glucose chain linked with tri-saccharide chain linked through a β1,4 linkage. The secondary 

structure of XG is a multi-fold helical structure formed by the cross-linking of tri-saccharide side-chain 

residues. Such configuration of XG protects the main chain from degradation by acids, bases and enzymes. 

The XG because of good compatibility has already been used in combination with various synthetic and 

natural polymers to develop controlled release preparations of desired types (10). It forms conjugates with a 

variety of polymers, peptides and non-peptide molecules. Such conjugates are chemically inert, 

biocompatible, and highly swell-able and possess high stability to the enzyme degradation. Because of high 

affinity for water, XG also enhances the solubility of hydrophobic polymers and drugs. If used in small 

amount in hydrogels, XG retards the drug release and provides zero-order release kinetics (2). The release of 

soluble drug from the XG-based delivery system occurs through diffusion.  

XG-based controlled release systems for various model drugs such as indomethacin, theophylline 

and cefalexime have been successfully developed and tested. Already, the researchers have reported the 

polyelectrolyte complexes (PEC) of XG with synthetic ionic polymers. PEC provides efficient controlled 

release delivery systems for both water-soluble and insoluble drugs and drugs with a wide spectrum of 

molecular sizes. Combination of Eu and XG results in the formation of polyelectrolyte complexes. Such 

complexes have recently gained a lot of attention of researchers as a potential delivery system (11, 12).  

Metformin (MT) is a drug of choice for managing patients with type-2 diabetes (13). MT-HCl is 

highly soluble in water but exhibits a shorter half-life with very poor bioavailability. For achieving optimum 

effects against type-2 diabetes, the MT-HCl needs to be taken three times a day. Such high frequency of 

dosing reduces the patient compliance. Furthermore, MT-HCl is also associated with side effects such as 

stomach pain, nausea and vomiting. Side effects are intense if the high dose of the drug is released in 

stomach (1). In the present study, attempts were made to prepare pH responsive extended-release hydrogels 

based upon synthetic polymer Eu-S100, natural gum XG and a combination of both. MT-HCl was used as a 

model drug since drug is water soluble and shows its optimum absorption in duodenum but suffers from 

the poor bioavailability problem. The formulation was characterized in vitro.   
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MATERIALS AND METHODS 

CHEMICAL AND REQUIREMENTS 

AA (Samchun, Korea), MT-HCl (Provided by Hilton Pharma LTD Pakistan as a gift), Eu-S100 

(Sigma-Aldrich, USA), N, N-methylene bis-acrylamide (MBA) (Sigma-Aldrich, USA), Ammonium persulfate 

(APS) (Sigma-Aldrich, USA), XG (Merck, Germany). FTIR spectrometer ALPHA (Brucker, Germany), UV-

visible spectrophotometer CE7200 (Cecil Instruments, UK), pH meter PH1100 (Horiba Scientific, Japan), 

USP-2 dissolution apparatus (CurioTech, Pakistan), Hot air oven (PCSIR, Pakistan), Electrical balance 

ATY224 (Shimadzu, Japan) and Scanning electron microscope SEM MultiSEM505/506 (Zeiss, Germany). 

PREPARATION OF HYDROGEL 

Hydrogel was prepared through free radical polymerization by following a published method with 

a slight modification (7). The composition of gels is given in the Table I. Briefly, Eu-S100 or XG or both were 

dispersed in aqueous medium by a magnetic stirrer for 40 min at standard room temperature. The pH of the 

reaction mixture adjusted to the basic. In a separate beaker, Initiator APS was dissolved in calculated 

amount of distilled water at room temperature. In third beaker the cross linking agent MBA was dispersed 

in distilled water. The APS solution was slowly added to polymeric dispersion (Eu-S100/XG/ or both) with 

continuous stirring at room temperature form 40 min followed by the slow addition of AA. Finally, the 

cross-linker solution was added drop wise. After complete addition of all the ingredients the resulted 

mixture was poured into 15 mL glass test tube. Gelling material in test tube was then placed in hot air oven 

for thermal treatment. Thermal treatment includes (45°C for 2 h, 50°C for 4 h and 55°C for 8 h). After 

completion of gelling process, the gels were removed from test tubes, dried completely at 37°C and then cut 

into small disc 8 mm in size for further study.   

Table I. Composition of hydrogel formulations. Components are defined as the percentage of the aqueous formulation 

Formulations Eu-S100 % XG % AA % APS % MBA % 

F1 0.66 - 16.6 0.2 0.33 

F2 - 0.66 16.6 0.2 0.33 

F3 0.33 0.33 16.6 0.2 0.33 

    Eu: Eudragit-S100; Xanthan gum: XG 

DETERMINATION OF SWELLING CAPACITY OF GELS 

Swell-ability of gels was determined by following a method described by researchers in their study 

(14). Briefly, hydrogels were immersed in 100 mL of in buffer solutions of pH: 6.8 and pH: 1.8 for 24 h. 

Hydrogel discs were blotted with blotting paper to remove excess of liquid from the outer surface and 

weighed. The swelling percentage was calculated by using the equation (15).  

                             
     

  
 x 100 

W= Weight of swollen hydrogel; W0= Weight of dried hydrogel 

LOADING OF METFORMIN-HCL TO GELS 

The swelling-diffusion method was employed for loading MT-HCl onto gels. Briefly, the dried discs 

of gels were immersed into a 30 mL solution of known concentration of MT in closed containers for the next 

48 h. Drug loading efficacy was determined by calculating the volume of drug-solution of known 

concentration soaked by gel disc (16).  

FTIR SPECTROSCOPIC ANALYSIS 

Any possible chemical interaction between MT and polymeric materials of hydrogels was 

investigated through FT-IR spectroscopy. IR-spectra of MT, empty hydrogel and loaded hydrogel were 

recorded over a wave number range of 400-4000cm-1 following a method reported by researchers in their 

study (17). 
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SCANNING ELECTRON MICROSCOPY (SEM) 

SEM was performed for hydrogel formulation to evaluate surface morphology and porosity in gel 

texture. Gel samples were dried and then coated with gold particles before SEM analysis with SEM system 

(MultiSEM505/506, Zeiss, Germany) operating at 15kV. 

IN VITRO DRUG RELEASE STUDIES 

Dissolution studies were performed using USP Apparatus-II using 900 mL of dissolution media. 

Two types of dissolution media were used. Medium of pH 1.8 to simulate the stomach pH and the medium 

of pH 6.8 to simulate duodenal pH. Drug concentrations in the dissolution media were determined using a 

UV-Vis spectrophotometer at 232 nm. The standard curve of the known concentrations was generated in 

both dissolution media. Samples were drawn at 1-10 h with an interval of 1 h. 

MEASUREMENT OF IN VITRO DRUG RELEASE KINETICS 

In vitro drug release mechanism and kinetic were evaluated by employing drug release models (18, 

19).  

Zero-order model (Ft = K0t):  F represents the drug release fraction in t time and K0 is the zero-order rate 

constant. 

First-order model (ln(1 - F) = k1t): F represents drug release fraction in t time and K1 is the first-order rate 

constant. 

Higuchi Model (F = K2 t1/2):  F represents drug release fraction in t time and K2 is Higuchi constant. 

Korsmeyer-Peppas Model (Mt / M = K3 t”): Mt represents amount of water at any time, M is the amount of 

dissolution medium at equilibrium, k3 is the kinetic constant “n” represents the swelling exponent.  

RESULTS 

HYDROGEL FORMULATIONS 

In the given study, pH-responsive, controlled release hydrogels were formulated for the oral 

delivery of MT drug. Preliminary hit-trials experiments were performed to find out the relative 

concentrations of gel- initiator, cross-linkers, monomer, Eu-S100 and XG which were implicated in gel 

formation. After completion of mixing of all ingredients, viscous semi-transparent dispersions for all 

formulations F1, F2 and F3 were obtained. The transparency of F1 was relatively more than F2 and F3. The 

F2 and F3 were more viscous than F1. The gelling process started within an hour after thermal treatment. At 

the end of heating process highly elastic gels with rubbery consistency were obtained. All three gels were 

non-breakable when a mechanical force was employed. After drying, the transparency was found to 

increase. 

SWELL-ABILITY OF HYDROGELS  

The pH-dependent swelling behaviour of hydrogel formulations was quantified by calculating a 

swelling percentage. The values of swelling percentages of hydrogels are provided in the Table II. All the 

hydrogel formulations exhibited pH-dependent changes in swelling i.e., the high swelling percentage of 

hydrogels at pH 6.8 and low swelling percentage at pH: 1.8. The strongest effect was observed for the 

formulation F3. Furthermore, F3 showed approximately 4 times more swelling than F1 and 3.5 times more 

than the formulation F2 at pH 6.8. 

FT-IR ANALYSIS 

FTIR analysis was only performed for the formulation F3. RTIR spectra of MT, empty hydrogel and 

drug loaded hydrogel are represented in Fig. 1. The careful observation of FTIR spectra of empty and MT-

loaded hydrogels clearly showed that all the peaks in the fingerprint region and in the functional group 

region were retained. The changes in the intensity and width of absorption peaks were minute and were in 

an acceptable limit as defined in USP after drug loading in the hydrogel. MT-loaded hydrogel also provided 
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additional peaks in the functional group region 3355cm-1 and in the fingerprint region at 576, 540, 526 cm-1. 

These additional absorption peaks were might be due to the contribution of MT loaded in the hydrogel.  

 
Table II. The Percentage swelling of hydrogels in simulated gastric and duodenal media after 24 h of incubation at 37°C 

(n=6) 

Formulations % age  Swelling of hydrogels in dissolution media 

 pH 1.8 pH 6.8 

F1 156.0±29 228.3±15 

F2 168.9±90 250.5±17 

F3 74.7±04 870.5±58 
The results are given as mean ± standard error 

 
Fig. 1 FTIR spectra of empty hydrogel formulation F3 (A), and MT loaded hydrogel formulation (B) 

SEM ANALYSIS 

SEM analysis was performed for the hydrogel formulation which presented appealing results about 

swelling and drug release. Formulation F3 (XG-Eu-S100-AA) was finally selected for SEM analysis. The SEM 

image of the empty and loaded hydrogel formulation F3 are represented in the Fig. 2. The SEM image 

revealed the presence of rough surface with non-uniform cavities in the gel matrix of both empty and MT 

loaded hydrogels. Relatively less porosity was observed in case of MT-loaded hydrogel than the empty 
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hydrogel which was might be due to the proper loading of MT drug. Overall, the hydrogel showed glassy 

appearance.  

 
Fig. 2. SEM analysis of (A) empty hydrogel (XG-EU-AA hydrogel) and (B) MT-loaded hydrogel 

DRUG RELEASE 

The R2 values of standard curves of known concentrations of MT were found to be 0.998 in the 

dissolution medium of pH 1.8 (Fig. 3) and 0.999 in the dissolution medium of pH 6.8 (Fig. 4). These values 

clearly indicate the strong linearity between the MT concentrations vs UV-visible absorbance values at 232 

nm. The drug release profile of MT loaded hydrogel-formulations at pH 1.8 and 6.8 are represented 

graphically in Fig. 5-6. The drug release was highly dependent on the swell-ability of hydrogels which in 

turn was dependent on the pH of the dissolution media. Hydrogels showed high swell-ability at pH 6.8 and 

gave maximum drug release while showed poor swell-ability at pH 1.8 and provided poor drug release. At 

the end of 10 h release, the strongest impact of pH on the percentage of difference was calculated in case of 

F3 as the given formulation released 50% more drug at pH 6.8 than the medium of pH 1.8. The cumulative 

percentage of MT released from F3 was 23% at pH 1.8 and was 46.6% at pH 6.8. F3 provided less fluctuation 

in the MT release than other two formulations in both dissolution media. The kinetics of drug release was 

calculated by employing drug release kinetic models using Drug dissolution Solver (DD solver) an add-In 

program for Microsoft excel. Results of drug release kinetics are given in Table III-VI. The MT release 

kinetics indicated that none of the hydrogel formulations followed Zero-order, First-order and Higuchi 

model in dissolution medium of pH 1.8. F2 completely followed Korsmeyer-Peppas Model. Concerning MT 
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release in medium of pH 6.8, F2 formulation strongly followed First-order and Korsmeyer-Peppas Models. 

F3 hydrogel formulation followed Higuchi and Korsmeyer-Peppas Models. 

 

 
Fig. 3. Standard curve of known concentrations of Metformin HCl made in buffer of pH 1.8 

 

 

 
Fig. 4. Standard curve of known concentrations of Metformin HCl made in PBS of pH 6.8 

 

Table III. Zero-order model drug release model 

Parameters pH 1.8 pH 6.8 

F1 F2 F3 F1 F2 F3 

K0 7.93 5.69 2.84 7.47 7.58 5.22 

Rsq.Adj 0.137 -1.461 3.588 0.666 0.878 0.684 

AIC 76.4 72.7 61.2 68.4 61.5 59.9 

MSC 0.051 -1.10 -1.72 0.89 1.90 0.95 
AIC: Akaike Information Criterion; MSC: Selection Criterion 
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Fig. 5. Drug release studies of Metformin loaded hydrogels in HCl buffer the pH of which simulated the pH of stomach 

 

 
Fig 6. Drug release studies of Metformin loaded hydrogels in HCl buffer the pH of which simulated the pH of stomach  

 
Table IV. First-order drug release model 

Parameters pH 1.8 pH 6.8 

F1 F2 F3 F1 F2 F3 

K1 0.13 0.079 0.033 0.113 0.115 0.068 

Rsq.Adj 0.678 -0.547 -2.911 0.809 0.985 0.851 

AIC 66.5 68.1 59.6 62.83 40.51 52.39 

MSC 0.935 -0.636 -1.56 1.45 4.01 1.70 
 

Table V. Higuchi drug release model 

Parameters pH 1.8 pH 6.8 

F1 F2 F3 F1 F2 F3 

KH 21.6 15.6 7.8 20 20.1 14 

Rsq.Adj 0.872 0.681 0.126 0.879 0.926 0.985 

AIC 57.3 52.2 44.6 58.2 56.5 29.3 

MSC 1.87 0.94 -0.065 1.91 2.41 4.01 
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Table V. Korsmeyer-Peppas drug release Model 

Parameters pH 1.8 pH 6.8 

F1 F2 F3 F1 F2 F3 

KH 24.7 22.6 12.8 17.3 14.1 12.7 

n 0.42 0.300 0.23 0.57 0.68 0.55 

Rsq.Adj 0.876 0.978 0.948 0.876 0.975 0.990 

AIC 57.7 26.1 17.2 59.3 46.3 25.8 

MSC 1.81 3.55 2.67 1.81 3.42 4.35 

DISCUSSION 

GEL FORMATION 

The process of gel formation in the present study followed free-radical polymerization. Within the 

aqueous medium the initiator molecule is dissociated to form hydroxyl and sulphate free radicals. These 

free radicals trigger the overall polymerization in the gelling reaction. Upon addition of Eu or XG 

dispersion, the free radical donated by initiator, acts upon the backbone of Eu or XG and generates binding 

sites. For monomer AA, the activated Eu molecules serve as a donor to extend the chain length. The final 

addition of cross-linking agent induces the cross-linking and increase the strength and stability of gel (20, 

21). The most probable phenomenon involved in the formation of Eu-co-XG (F3) hydrogel is the 

polyelectrolyte complexation (PC). In PC, the complexes of high mechanical strength are formed between 

two oppositely charged molecular entities through electrostatic attraction. These complexes can be formed 

between polymer-polymer or polymer-drug. One such a type of complex has been reported by researchers 

between XG-Eu for controlled delivery of drug (12). The initiator APS used in the present study has been 

reported to create the charged groups both in Eu-S100 and XG molecules. Such charged groups might be 

resulted in the formation of a complex between Eu-S100-XG in F3 formulation. The exactly chemical nature 

of such interaction need to be elucidated in further studies (20, 21).                

SWELL-ABILITY OF HYDROGELS  

Low swell-ability of gel formulations at highly acidic pH and high swell-ability of gels at pH 6.8 in 

the present study consistent with a previously published study (15). The increased swelling ratio of gels at 

higher pH was might be due to the establishment of repulsive forces developed between the polymeric 

chains of gels which eventually pushed the polymeric-chains apart thus allowed more and more water 

molecules to accumulate in the gel matrix. One reason for such a kind of repulsive forces between the 

polymeric chins is the dissociation of charged groups which was triggered by higher pH as reported by 

some researchers in their study (22). The findings of the given experiment clearly show that the given types 

of gel formulations are likely to releasing the major pay load of a drugs into the intestine with minor fraction 

of drug release into the stomach. Such a type of formulation could be valuable drug-delivery system for 

those drugs whose main site of absorption is the duodenum. The enhanced swell-ability of F3 was might be 

attributed to the high water-retention ability of XG (2) which was further boosted up when Eu-XG 

complexation was induced. These finding suggest that F3 represents the attractive properties for those drugs 

whose main site of absorption is duodenum.           

FT-IR ANALYSIS 

FTIR spectroscopy is a very useful and powerful technique for qualitative and quantitative analysis 

of an organic compound. The absorption bands of functional groups and chemical linkages in FTIR spectra 

are associated with deformation and stretching in chemical bonds. Absorption band at 3360 cm-1 in the 

present study represented the strong N-H stretching. Absorption peaks at 582 and 540 cm-1 indicated the 

medium C-N-C deformation. Such absorption peaks were reported for MT by researchers (23). Every peak 

of empty hydrogel was reported in the IR spectrum was also present in the spectrum of loaded hydrogen 

indicating the absence of chemical interaction between MT and the gel-forming polymers (24).  
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SEM ANALYSIS 

The surface morphology of a hydrogel formulation provides very useful information to predict the 

mechanism of drug release. The characteristics of hydrogel also regulate the drug release dynamics (25). The 

porosity of the gel has a great impact on swell-ability which in turn affects the drug release through the 

process of drug diffusion. The interconnected pores in hydrogel matrix facilitate the movement of the 

molecules of aqueous media into hydrogel leading to the increase in swelling of a hydrogel. Additionally, 

the influx and outflow of the molecules of the aqueous medium gives the hydrogel an ability to slow down 

the release of drug-loaded in it (26). The extent of cross-linkage controls the water diffusion and the release 

of drug from the hydrogel dosage forms (7, 16). The SEM micrograph of gel formulation in our study 

affirmed the existence of cross-linked network in the hydrogel formulation and complete loading of MT as 

the loaded hydrogel presented relatively less porosity than the empty hydrogel (27)  

IN VITRO DRUG RELEASE 

The release profiling of MT from hydrogel formulations was carried out for 1-10 h to comply with 

standard protocol specified by official compendia (28) All three formulations fabricated in the present study 

showed pH-dependent drug release i.e. greater amount of drug release at pH 6.8 and poor drug release at 

pH 1.8. The magnitude of pH-dependent drug-release response of F3 was stronger than F1 and F2. The less 

amount of MT released from hydrogel formulations at low pH was might be due to the fact that at acidic pH 

carboxylic acid goup of the acrylic acid component of hydrogel remains unionized and formed additional 

cross-linkages through H-bond formation which resulted in poor swelling and hence poor MT release. At 

pH 6.8 the ionization of carboxylic acid groups in polymeric chains imparted –ve charge to acrylic acid and 

developed repulsion between the acrylic acid chains and the  ultimate result was more swelling and drug 

release at higher pH (29). The findings of the drug release patterns in the present study are in agreement 

with the previously published studies which reported the pH-dependent release of paracetamol from XG-

Co-AA hydrogel (16) and pH dependent release of Losartan Potassium from Eu-Co-AA hydrogel (7). This 

behaviour of release of MT from hydrogel formulations affirms the suitability of hydrogel formulations 

especially the F3 for the intestinal-specific delivery of MT model drug with attractive release profile (30). 

Furthermore, F3 provided sustained release kinetics. The interaction of MT molecules with hydrogel matrix 

through their functional groups might played a key role for sustained-release pattern of MT from hydrogels 

as explained previously by the researchers (31).  DD solver is a relevant and a very useful tool to determine 

drug release kinetics (32). Kinetic studies have shown that MT release from F2 (Xathan gum) formulation 

followed First-order kinetics at pH 6.8 while followed Fickian release at pH 1.8. Release of MT from the 

formulation F3 XG-Eu-AA followed Higuchi model and mechanism of drug release was both diffusion and 

erosion (33, 34).       

CONCLUSION 

Cross-linked, pH-responsive hydrogels of natural and synthetic polymers were successfully 

syntheiszed for the site specific delivery of a model drug MT. The Hydrogels were synthesized by the 

combination of chemical and thermal cross-linking. Amongst hydrogel formulations, EuS100-XG-AA 

presented attractive properties concerning pH-responsive drug release, pH-responsive swelling and drug 

loading. FT-IR analysis revealed the absence of chemical interaction between the MT and the hydroge 

formulation. SEM analysis affirmed the presence of porous structures with interconnected tunnels in the gel 

matrix to facilitate the diffusion of water. Eu-S100-XG-AA hydrogel formulation showed poor swell-ability 

and drug release at acidic pH but excellent swell-ability, the relatively high total amount of drug release at 

pH 6.8 indicating its pH-responsive drug release capability. The drug release was steady-state with 

minumum flucutation. Eu-S100-XG-AA hydrogel was found to be a promising drug delivery system for 

extended and site-specific delivery of drugs whose major site of absorption is the duodenum. Furthermore, 

the present study supported the hypothesis that a combination of synthetic and natural polymers may be a 

very useful way to fabricate a pH-responsive control release drug delivery system for a wide variety of 
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hydrophilic and lipophilic drugs. Further studies are required to evaluate the presence of cytotoxicity of 

formulation and pharmacokinetic profile of the loaded anti-diabetic drug.    
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