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Gels are the system which are highly elastic, capacity to absorb and retain large amount of 

solvent and also can form nanostructures [1]. Gels are widely used in the products of dairy, 

textured fruit, various processed meat products [2]. Emulsion filled gels have wide applications 

in cosmetic industries, food industries, and also in pharmaceutical industrial products [3].  

Based on the drying methods the gel products are termed as: The product of super cooling drying 

of the gels is called ‗aerogels‘. While the product of liquid removal from gels are termed as 

‗xerogels‘. And the product of freeze drying is called ‗cryogels‘ [4].   

Types of Gels: 

There are 2 major types of gels i) Organogels and  ii) Hydrogels [5]. The classification is based 

on nature of liquid, that the gel immobilizes. 

i) Organogels: 

The gels in which, the immobilized liquid is organic solvent are termed as 

organogels. 

ii) Hydrogels: 

Hydrogels contains high amount of water in there composition. 

 

 

Hydrogels are the crosslinked network formed by hydrophilic polymers which have ability to 

absorb and retain large amount of water [6]. Because of the similarity with the soft tissues and 

their biocompatible nature, hydrogels are potentially used in the biomedical field [7]. Because of 

these properties hydrogels are used as a carrier for the controlled drug delivery [8]. 

The extent of crosslinking can be achieved with increase in the crosslinker concentration and 

decrease in the biopolymeric concentration.   

 

Types of hydrogels:  

Hydrogels are mainly divided into 1) physical hydrogels and 2) permanent hydrogels 

 

1) Physical hydrogels: 
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These are the type of hydrogels which are formed by weak physical interactions between or 

within the polymers like wander vals force, non ionic interactions, hydrogen bonding etc [9]. In 

this study the physical hydrogels were prepared of following polymers: 

 

 Gelatin: 

Gelatin is a biopolymer which is obtained by denaturation of collagen [10]. Gelatin is a 

biopolymer obtained from fibrous protein collagen, which is the major component of animal 

skin, bone, and connective tissue. Gelatin contains a large number of glycine, proline and 4-

hydroxyproline residues. A typical structure of gelatin is: Ala-Gly-Pro-Arg-Gly-Glu-4Hyp-Gly-

Pro-. 

In the food industries, gelatin is used for chewiness, texture, foam stabilization, creaminess, 

emulsification, gelling, water binding. In the pharmaceutical and medical engineering, gelatin is 

used as a matrix for implants, in injectable drug delivery. Gelatin also prominently used as a 

stabilizer in live attenuated vaccines for the immunization against measles, mumps, diphtheria, 

rabies and tetanus toxin. 

     

 

 Sodium salt of carboxymethyl cellulose: 

Sodium salt of carboxymethyl cellulose (SC) is a hydrophilic polymer of cellulose ether also 

referred as cellulose gum, sodium cellulose glycolate or simply carboxymethyl cellulose [11]. 

Due to the colloidal, binding, thickening, absorbing, stabilizing and film forming properties, it is 

widely used in the food, detergent, cosmetics, pharmaceutical industries. 

 Maltodextrin: 

Maltodextrin (MD) is a non ionic dextrin polysaccharide product obtained enzymatically 

from starch [12].  Maltodextrins have wide applications in the food industry as a moisture 

conditioner, a food plasticizer, a crystallization inhibitor, a stabilizer, carrier and bulking 

agents. Maltodextrins are also used as binding agents for tablet formulations in wet 

granulation processes. 

 

 Dextran: 
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Dextran (DX) a natural hydrophilic polysaccharide can be degraded easily. It is a 

polymer of glucose in which α-1,6- glucosidic linkages are predominant [13]. It is 

immensely used in food industries as a thickener, an emulsifier and a stabilizer. 

 

 

2) Permanent hydrogels: 

However these are the hydrogels which are formed by permanent interactions like 

covalent bonding after the use of crosslinker [14]. The crosslinking is mainly depend on 

the following three components: 

 Crosslinker concentration 

 Ionic content 

 Hydrophilic content 

These are mainly formed by using either natural crosslinker or synthetic crosslinker. 

 

 Natural crosslinker: 

These are the crosslinkers which are obtained from plants. 

Ex.: Genipin: 

Genipin the natural crosslinker obtained from Genipia Americana [15]. It is less toxic 

crosslinker used for proteins, collagen, gelatin and chitosan. 

 

 Synthetic crosslinker: 

These are the crosslinkers which are synthesized chemically. 

Ex.: Glutaraldehyde: 

Glutaraldehyde is an excellent example of synthetic crosslinker. One of the advantage 

of using glutaraldehyde is that the presence of bifunctionality i.e. aldehydic and 

alcoholic group, due to which it forms crosslinks efficiently [16]. 

                     

 

 

Gelation due to physical                                              Chemical 

interactions                                                                   curing 

Precursors in  

solution  

 

Physical soft 

gel 

 

Chemically 

cross-linked 

gel 
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                                                                                                 mechanical properties, irreversibility 

 

                                      Figure 5 : Formation of hydrogels 

 

This study deals with the following biopolymers, 

 Gelatin 

As gelatin is described above. 

 

 

 Polyethylene Glycol (PEG): 

 

PEG is water soluble in nature and many organic solvents including toluene, methylene chloride, 

ethanol, and acetone. One of the most important properties is that PEG resists recognition from 

the immune system. It also resists protein and cell adsorption. 

 

Characterization of Hydrogels 

Following various methods have been used for the characterization of hydrogels: 

 

Gel-Sol transition temperature (Tg) 

Gel-sol transition temperature is the temperature below which gel doesn‘t show any distinct flow 

property. Gel loses its structural integrity at the temperatures above Tg. It is one of the important 

characteristic of hydrogel. It can be determined with either Differential Scanning Colorimeter 

(DSC), falling ball method, bubble motion, or by simple tube inversion method. Tg depends on 

physical and chemical properties of hydrogel samples, as well as their interactions (either 

physical or chemical). It increases with the rise in the gelator concentration. 

 

Analytical methods 

Analytical techniques like FT-IR, X-Ray diffraction analysis have been employed for the 

characterization of hydrogels. These methods provide important information regarding molecular 
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interactions among the polymers of hydrogels. FT-IR gives valuable information regarding 

Hydrogen bonding. XRD provides the nature of polymers in formed hydrogels either in 

dissolved or in crystallized form. 

 

 Biomedical/pharmaceutical applications of hydrogels 

1) Hydrogels as tissue engineering matrices 

When parts or the whole of certain tissues or organs fail, there are several options for treatment, 

including repair, replacement with a synthetic or natural substitute, or regeneration. 

2) Drug delivery: 

 

The hydrogels are promisingly used for the drug delivery purposes. Due to the presence 

of network structures the loaded drug is released in a controlled manner. The drug release 

behavior is directly proportional to the swelling capacity of the hydrogels. 

The delivery of drugs is facilitated in the following areas of 

 

a) Oral drug delivery: 

Oral drug delivery is most commonly used for the local treatment of mouth diseases such 

as periodontal disease, fungal and viral infections and cancers of oral cavity. Bioadhesive 

hydrogel plays an important role for the long term drug delivery against the salivary flow. 

 

b) Gastrointestinal (GI) drug delivery: 

GI tract is most popular area for the delivery of drugs by hydrogels due to the presence of 

large surface area for systemic absorption. For example in case of peptic ulcer diseases 

the stomach specific antibiotic can be delivered through hydrogels against Helicobacter 

pylori infection. 
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c) Rectal drug delivery: 

For the local treatment of diseases associated with the rectum, such as hemorrhoids the 

rectal delivery is facilitated. The mucoadhesive polymers are used for rectal drug 

delivery. 

 

d) Ocular drug delivery: 

In ocular drug delivery, due to the presence of many physiological barriers such as 

excessive tear drainage, blinking, and low permeability through cornea, the conventional 

drug delivery is not effective.  So due to this conventional eye drops possessing drug 

suspension are eliminated from eye rapidly.  

To overcome this problem, scientists have developed hydrogels which are ocular                                

drainage resistant in nature and prolonged retention property.       

e) Transdermal drug delivery: 

It has been known traditionally that the dermatological drugs are delivered to the skin 

to treat the skin diseases or for disinfections of skin. One of the benefit of transdermal 

drug delivery is that the drugs are delivered for the longer duration of time. 

Recently iontophoresis and electroporation are the electrically assisted drug delivery 

methods for transdermal purposes. 

 

f) Subcutaneous drug delivery: 

Subcutaneously inserted external molecule may produce undesirable response causing 

inflammation, carcinogenicity and immunogenicity. Hence biocompatibility is most 

important in case of subcutaneous drug delivery. Hydrogels are generally considered 

as biocompatible in nature due to the presence of large amount of water. 

 

3) Genetic engineering: 
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Now a day‘s hydrogels are prominently used as a carrier in the field of genetic 

engineering. The purpose of using hydrogels is to deliver the specific biomolecule such 

as DNA, RNA, or proteins at the target site. 
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               UNIT1 
An insight on the properties of the gelatin and PEG based composite 

hydrogels  
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    ABSTRACT 

The present study describes properties of the gelatin/PEG based composite hydrogels. The 

hydrogels were prepared by varying the concentration of gelatin and PEG. The gels were 

prepared either with or without glutaraldehyde, a chemical crosslinker. The microstructures of 

both the hydrogels were studied under scanning electron microscope after converting them into 

xerogels. The hydrogels were further characterized by XRD, FTIR spectroscopy and DSC 

studies. The swelling, mucoadhesivity, pH, impedance and hemocompatibility properties of the 

hydrogels were also studied. The in vitro release behavior of metronidazole (MZ, a model drug) 

was studied. The results suggested that the properties of the hydrogels were dependant on the 

proportion of the gelatin and PEG. The pHs of the hydrogels were in the range of 4.00-6.00 and 

were hemocompatible in nature. The release of MZ from the hydrogels followed zero order 

kinetics. 

Keywords: Hydrogel, crosslinking, swelling ratio, zero order kinetics. 
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Hydrogels are crosslinked polymeric constructs having the ability to imbibe and hold water [1-

2]. Hydrogels may be categorized either as permanent or physical hydrogels [3]. Permanent 

hydrogels (e.g. pMMA, pHEMA, glutaraldehyde crosslinked polymeric constructs) are formed 

due to the formation of covalent bonds whereas physical hydrogels (e.g. gelatin gel, agar agar 

gel) are formed due to the physical interactions [4-5]. Both physical and permanent hydrogels 

have been extensively studied as matrices for controlled drug or nutraceutical delivery [6-

7].Gelatin is a protein-based biopolymer and have been used for the development of various 

products of biomedical importance (including drug delivery, cell immobilization, tissue 

engineering, wound dressing) due to its proven biocompatibility [8-9]. Polyethylene glycol 

(PEG) is a water soluble polymer of ethylene oxide [10-11]. PEG has been reported to be 

inherently biocompatible in nature and have been explored widely for making delivery vehicles. 

The present study has been designed to develop gelatin and PEG-4000 based composite physical 

and permanent hydrogels. Permanent hydrogels were prepared using glutaraldehyde as 

crosslinking agent. The physical properties of the hydrogels were studied thoroughly and were 

explored as vehicles for the delivery of metronidazole (MZ), model antimicrobial drug).  

 

 

 The current study purposes the formulation and evaluation of gelatin/PEG 4000 based 

composite hydrogels for controlled delivery of metronidazole (MZ). 

 To study the biocompatibility and characteristics of these hydrogels . 
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Gelatin was obtained from Himedia Laboratories Pvt. Ltd., Mumbai, India. PEG-4000 and 

trisodium citrate were procured from Loba Chemie Pvt. Ltd., Mumbai, India. Ethanol was 

procured from Honyon International Inc., Hong Yang Chemical Corpn., China. Glutaraldehyde 

(25%, for synthesis; GA) and hydrocholric acid (35% pure) were obtained from Merck 

Specialties Private Limited, Mumbai, India. MZ was obtained as a kind gift from Aarti drugs 

Limited, Thane, India. Distilled water (DW) was used throughout the study. 

2.1 Preparation of the hydrogels 

Hundred gram of 20% (w/w) gelatin solution (GS) was prepared by dissolving 20 g of gelatin in 

70 g warm DW followed by making up the volume to 100 g using warm DW. In a similar 

manner, 10% (w/w) PEG solution (PS) was also prepared in DW. Physical and crosslinked 

hydrogels were prepared by homogenizing (800 rpm using an overhead stirrer) various 

proportions of GS and PS at 45 ºC for 15 min. The compositions of the developed hydrogels 

have been given in table 1. The homogenized solutions were poured into culture bottles and 

allowed to form gel under refrigeration (5 ± 1 
o
C). The physical gels, so formed, were kept under 

refrigeration and were regarded as uF gels. Permanent hydrogels (cFs) were prepared by adding 

1.1 ml of crosslinking reagent (0.5 ml GA+ 0.5 ml ethanol + 0.1 ml HCl) to 20 ml of GS-PS 

mixture, maintained at 45 
o
C. The mixture was subsequently homogenized for 30 sec at 800 rpm 

and immediately poured into culture bottles. The culture bottles were stored at room-temperature 

(RT, 25 ± 1 
o
C) to promote formation of gels. Drug loaded gels were also prepared in the same 

manner. 1 % (w/w) MZ was dissolved in GS-PS mixture for the development of the hydrogels. 

The drug loaded physical and permanent hydrogels were regarded as uFD and cFD, respectively. 

 Table 1: Composition of hydrogels. 

Sr. 

no 
sample code 

 

Vol. of 20% 

w/w  GS (ml) 

 

Vol. of 10% 

w/w PS  (ml) 

 

MZ ( % w/w) 

1 uF1 20 0 - 

2 uF2 16 4 - 

3 uF3 12 8 - 

4 uF4 8 12 - 

5 cF1 20 0 - 

6 cF2 16 4 - 

7 cF3 12 8 - 
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8 cF4 8 12 - 

9 uF1D 20 0 1 

10 uF2D 16 4 1 

11 uF3D 12 8 1 

12 uF4D 8 12 1 

13 cF1D 20 0 1 

14 cF2D 16 4 1 

15 cF3D 12 8 1 

16 cF4D 8 12            1 

 

 

 

2.4 Thermal studies 

The melting point of the uFs was carried out by falling ball method as per the previously 

reported literature [14]. In short, 2g of the uFs were filled in 10 ml of test tube and incubated at 5 

o
C for 2 h. A stainless steel ball (diameter: 1 mm; weight: 130 mg) was placed over the surface 

of the gels. The samples were then heated at 1 °C/min in a silicone oil bath. The temperature at 

which the ball starts moving into the gels was recorded as the melting point onset temperature 

(T1). The temperature at which the ball is completely submerged was recorded as temperature 

where the gel has been completely converted into sol (T2). The mid-point of T1 and T2 was 

regarded as the melting point. The permanent gels do not show any gel-to-sol transitions.  

  

2.7 Mucoadhesive nature of the permanent hydrogels by wash-off method 

The mucoadhesive property of the permanent hydrogels were  analyzed by modified USP 

disintegration method as per the method reported earlier [9]. The experiment was carried out 

using freshly excised goat intestine, celaned and was used within 2 h of collection. The intestinal 

lumen was longitudinally cut open and was attached to glass slide (10 mm x 35 mm) using 

acrylate adhesives such that the mucosal surface was exposed.  The rectangular pieces of 

hydrogels (10 mm × 10 mm) were put placed on the exposed mucosal surface and a weight of 5 

g was kept over it for a period of 5 min. The glass slides were then transferred to USP 

Disintegration baskets containing 900 ml of phosphate buffer (PB; pH= 7.2), kept at 37 ± 1 
o
C 
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[18]. The study was conducted for 24 h and the disintegration of the hydrogels were regularly 

checked and noted down.    

2.8 Swelling Behavior-  

Rectangular pieces of permanent hydrogels (10 mm x 10 mm) were accurately weighted (Wo) 

and subsequently immersed in 100 ml of DW. At regular intervals of time (15min for first 1h and 

30 min for next interval), the hydrogels were then taken out, wiped and weighed (Wt) accurately. 

The swelling behavior was studied until the equilibrium weight was achieved [20-21].. Swelling 

ratio (SR) of the hydrogels was then calculated from equation 4 [22-23]. 

0

0)(

W

WW
SR t  .                                                                    (4) 

2.9 In vitro drug release  

The drug release studies of the hydrogels were carried out in an in-house made modified Franz‘s 

diffusion cell. 1.5g of the molten physical hydrogels were poured into the donor of the diffusion 

cell.  The donor compartment was lowered into the receptor, containing 50 ml of DW, such that 

donor and the receptor are in contact with each other and separated by a dialysis membrane. The 

receptor fluid was maintained at 37 ± 2 
o
C and stirred at 100 ± 5 rpm. At predetermined intervals 

of time, the receptor fluid was replaced with fresh DW. The experiment was carried out for 8 h. 

The drug release studies of the permanent hydrogels were carried out in a 8- basket USP 

dissolution apparatus rate test apparatus for 8 h. The developed hydrogels were cut into 

rectangular pieces (5 cm x 5 cm) and were accurately weighed. The hydrogels were then put into 

the dissolution basket containing 900 ml of DW. The dissolution media was maintained at 37 ± 2 

o
C and stirred at 100 ± 5 rpm using a paddle. 5 ml of the dissolution fluid was withdrawn at 

predetermined regular intervals of time and was replaced with 5 ml of fresh DW. The experiment 

was conducted for a period of 8 h.  

The collected samples (of both physical and permanent hydrogels) were analyzed in a uv-visible 

spectrophotometer (UV-3200 Double Beam Spectrophotometer, LAB INDIA, India) at 321 nm.  
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2.11 pH Measurement 

The pH of hydrogels were measured by using a digital pH meter (Model 132E, EI products, 

Mumbai, India) [24]. The probe of the pH meter was dipped into the warm mixtures and the 

corresponding pH readings were noted [25]. 

2.12 Hemocompatibility studies 

The hemocompatibility of the formulation was analyzed as per the method reported earlier [26].  

Fresh citrated goat blood was used for the study. 100 ml of the citrated blood contained 3.8 g of 

trisodium citrate (TSC). TSC acts as an anticoagulant. 8 ml of the citrated blood was diluted with 

10 ml of the normal saline. The leachants of the physical gels were used for the study whereas 

rectangular pieces of 10 mm x 10 mm of permanent hydrogels were used for the study.  

1 g of the physical hydrogels were tied in a dialysis tubing and was dipped into 20 ml of PB and 

incubated at 37 ± 1 
o
C for a period of 1 h so as to allow the leaching of the harmful components 

(if any) to the external media (PB).  0.5 ml of the diluted blood was added to the 0.5 ml lechant. 

This mixture of the leachant and the diluted blood formed the test sample for the physical 

hydrogels. For the analysis of the permanent hydrogels, the pieces of the hydrogels were put in a 

mixture of 0.5 ml of diluted blood and 0.5 ml of saline. This formed the test sample for the 

permanent hydrogels. A mixture of 0.5 ml of the diluted blood and 0.5 ml 0.01 N HCl formed 

positive control whereas a mixture of 0.5 ml of the diluted blood and 0.5 ml of saline formed 

negative control. The entire test and the control samples were diluted to 10 ml with saline and 

incubated at 37
o
C for 1 h. After 1 h of incubation, the samples were centrifuged at 3000 rpm for 

15 min and the absorbance of the supernatant was taken at 545 nm using a uv-visible double 

beam spectrophotometer. % hemolysis was calculated from equation 5: [27]. 

% 100
test Negative

positive Negative

OD OD
Hemolysis

OD OD


 


                                                                              (5)

 

The sample is said to be highly hemocompatible if the % hemolysis is <5 then, a value <10 

indicates hemocompatible, while a value > 20 indicates non-hemocompatible [9]. 
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3.1 Preparation of Hydrogels-  

The compositions of the developed hydrogels have been tabulated in table 3. The formations of 

the hydrogels were confirmed by the inverted tube method (figure S1). The transparency of the 

physical hydrogels (uFs) was increased with the increase in the proportion of the PS. The 

textures of the hydrogels were dependent on the concentration of the gelatin and PEG. Higher the 

proportion of gelatin was, firmer was the strength of the hydrogels. On the other hand, the 

hydrogels became softer with the increase in the proportions of PEG. Similar results were also 

obtained for the permanent hydrogels (cFs). The permanent hydrogels were pale brown in color. 

The saturation of the color was reduced with the reduction in the gelatin concentration.  

 

 

Figure S1: Inverted tube method to determine the gel formation of physical and permanent 

hydrogels  

 

 

 Table 3: Composition of Hydrogels 

SR. 

NO 

SAMPLE 

CODE 

 

Vol. of 20% 

gelatin sol (ml) 

 

Vol. of 10% 

PEG sol (ml) 

GELATION 

PROPERTY 
ODOUR 

1 uF1 20 0 Gel formed Pleasant 

2 uF2 16 4 Gel formed Pleasant 
3 uF3 12 8 Gel formed Pleasant 
4 uF4 8 12 Gel formed Pleasant 
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5 cF1 20 0 Gel formed Pleasant 

6 cF2 16 4 Gel formed Pleasant 
7 cF3 12 8 Gel formed Pleasant 
8 cF4 8 12 Gel formed Pleasant 

 

   

3.2 Melting point:  

The melting points of the physical hydrogels were determined by the falling ball method and 

have been tabulated in table 4. The results suggested that the melting point was dependent on the 

concentration of gelatin and PEG in the samples. In general, there was a decrease in the melting 

temperature with the increase in the PEG concentration. This may be associated with the  low 

melting point of the PEG used [33]. 

 Table 4: Melting point studies of physical hydrogels 

Sample code Melting Temperature(ºC) 
PEG 55.7 ± 0.3 

uF1 28.2 ± 0.9 

uF2 25.66 ± 0.8 

uF3 23.7 ± 1.1 

uF4 20.63 ± 1.3 

 

3.3 Mucoadhesive Property  

Mucoadhesive properties of the permanent hydrogels were studied by in vitro wash-off method 

(modified USP disintegration test). The results showed that cF3 and cF4 hydrogels got detached 

at 1080 ± 20 min and 560 ± 25 min, respectively, from the mucosal surface. The cF1 and cF2 

hydrogels did not detach during the experimental duration. The results suggested that the 

mucoadhesivity of the cF1 and cF2 hydrogels were much higher as compared to the cF3 and cF4.   
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3.4 Swelling Behavior- 

The swelling properties of the permanent hydrogels were studied in-depth. The swelling profile 

of the hydrogels provides an insight about the water absorbing capacity of the hydrogels (figure 

5). The swelling studies suggested that there was a decrease in the water up-take capacity of the 

hydrogels as the proportion of PEG was increased and were in the following order of cF1 > cF2 

> cF3 > cF4. Swelling behavior of these hydrogels may be accounted to the hydration of gelatin 

polymeric chains by the capillary phenomenon [45]. It is known that the presence of protein in 

the hydrogel leads to a higher absorption of water due to the presence of polar groups. As the 

proportion of PEG was increased, there was a corresponding decrease in the proportion of GS 

which, in turn, resulted in the reduction of the polar groups per unit fraction of the hydrogel. This 

caused a reduction in the swelling of the hydrogels with higher proportions of PEG [46]. 

 

Figure 2:  Swelling studies of permanent hydrogels  
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3.9 In vitro drug release  

The release profiles of MZ from the physical hydrogels have been shown in figure 6. The drug 

release decreased in the following order uF1D>uF2D>uF3D>uF4D. Macromolecular relaxation 

of the polymer chains increase the mobility of the penetrating solvent and the drug [47]. 

Impedance studies suggested that the conductivity of the hydrogels with higher PEG was lower 

indicating the lower degree of polymer relaxation. Similar pattern was also observed in 

permanent hydrogels. This may be due to decrease in the hydrophilic groups in hydrogels with 

higher proportions of PEG, which lowered the migration of water into the hydrogels. The % 

release of the drug from the physical hydrogels was much higher as compared to permanent 

hydrogels. This may be accounted to the crosslinking of the matrices, which hampered the 

migration of the drugs within the matrices. The release of the drugs from the uF1D, uF2D and 

uF4D followed first-order release kinetics suggesting swelling independent release profile[48]. 

uF3D followed Higuchi release kinetics suggesting that the formulation was matrix type. The 

drug release kinetics from the permanent hydrogels suggested zero-order release kinetics (table 

10).  

  

Figure 3: drug release studies of (A) physical and (B) permanent hydrogels  
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3.11 pH Measurement 

The pH of the biomedical devices plays an important in deciding the applicability of the device 

for a particular application. If the pH of the  device do not comply with the pH of the tissues, 

with which the device is to remain in contact, there might be cellular irritations in addition to 

serious immunological reactions [25]. The pHs of the physical hydrogels was ~5.75 whereas the 

pHs of the permanent hydrogels was ~4.7. The results suggested that the hydrogels may be used 

as matrices for drug delivery (table 12). 

Table 12:pH of uFs and cFs hydrogels  

Sample code pH  

uF1 5.72 ± 0.32  

uF2 5.73±0.11  

uF3  5.75 ± 0.24  

uF4 5.74  ± 0.15  

cF1 4.67 ± 0.14 

cF2 4.69 ± 0.32 

cF3 4.70 ± 0.23 

cF4 4.77 ±0.17 

 

3.12 Biocompatibility 

The results of the hemocompatibility studies of the hydrogels have been tabulated in table 13. 

The results suggested that the developed hydrogels were highly hemocompatible as the % 

hemolysis was <5 %. The results suggested that the hydrogels may be biocompatible in nature.  

Table 13: Biocompatibility study 

Sample 
% Hemolysis of crosslinked 

samples 

uF1 2.42 ± 0.09 

uF2 1.89 ± 0.06  
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uF3 1.52 ± 0.02 

uF4 1.13 ± 0.06 

cF1 4.4 ± 0.07 

cF2 3.1 ± 0.08 

cF3 2.9 ± 0.05 

cF4 2.7 ± 0.10 
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The study discusses the development of gelatine/PEG based composite hydrogels. The physical 

properties of the hydrogels were studied in-depth. The results suggested that the mechanical and 

the electrical properties of the composite hydrogels may be tailored by varying the composition 

of the hydrogels. Tailoring the composition of the hydrogels altered the rate of migration of 

solvent into the hydrogel matrices, which in turn, affected the release of the drug molecules from 

the hydrogel matrices. The hydrogels were found to be hemocompatible in nature. Based on the 

preliminary studies, the composite hydrogels were found to be suitable for controlled drug 

delivery. 
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ABSTRACT 

The current study emphasizes on the properties of the gelatin and different polysaccharides based 

composite physical hydrogels (PHs). PH was prepared by varying the concentration of gelatin 

and polysaccharides in different ratios. The molecular interactions within the gel components 

were studied by FTIR spectroscopy. Mechanical properties were understood by using texture 

analyzer. The pH, impedance spectroscopy and hemocompatibility properties were also 

analyzed. The in vitro release profile of metronidazole (MZ) loaded PHs was studied for 8 h. The 

antibacterial efficiency of the MZ loaded PH was compared with that of the marketed MZ gel. 

FTIR spectroscopy suggested existence of intermolecular hydrogen bonding among the gel 

components. All the gels have shown good mechanical strength which varied according to the 

polysaccharides concentration. The impedance spectroscopy studies suggested capacitive 

dominant nature of the gels. The pH of the gels was in the range of 5.0-6.0 and the gels were 

highly hemocompatible in nature. The drug release profile of MZ followed zero order and 

Higuchian kinetic pattern. The PHs has shown comparable or better antimicrobial efficiency 

against gram positive and gram negative bacterium. Hence the developed gels may be used as a 

carrier for controlled drug delivery of bioactive agents.  

Keywords: physical hydrogels, gelatin, polysaccharides, impedance spectroscopy   
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Hydrogels are the cross-linked network composed of water soluble polymers which holds large 

amount of water or biological fluid [1-2]. Due to the presence of functional groups such as –OH, 

-CONH, -NH2, -COOH, hydrogels have greater ability to imbibe water in large extent [2-3]. 

Also formulations of hydrogels can be made into the different physical forms such as 

microparticles, nanoparticles and films.  Hydrogels are the novel systems for the delivery of 

drugs which protect the drug from the enzymatic degradation and acidic environment. These 

hydrogels when put in excess water shows greater swelling capacity thereby retaining the water 

There are two types of hydrogels i.e. physical hydrogels and permanent hydrogels [4]. Physical 

hydrogels are those which are formed by the physical interactions in between the polymer(s) 

while permanent hydrogels are those which are covalently crosslinked with the help of 

crosslinking agent. Physical hydrogels can be defined as the network of polymers entangled with 

the molecular interactions like ionic, hydrogen bonding, and hydrophobic forces [5]. Besides 

pharmaceutical applicability hydrogels can also be used in genetic engineering for the delivery of 

biomolecules such as proteins, nucleic acid etc [6]. 

Gelatin is a protein obtained from the partial hydrolysis of collagen which has high levels of 

hydroxyproline, proline and glycine [7]. Due to its unique chemical and physical properties 

gelatin is commonly used in pharmaceutical, cosmetic and photographic purposes [8]. Gelatin 

finds its wider application in capsule preparation in pharmaceutical industry [9-10]. 

Sodium salt of carboxymethyl cellulose (SC) is a hydrophilic polymer of cellulose ether also 

referred as cellulose gum, sodium cellulose glycolate or simply carboxymethyl cellulose [11]. 

Due to the colloidal, binding, thickening, absorbing, stabilizing and film forming properties, it is 

widely used in the food, detergent, cosmetics, pharmaceutical industries [11]. 

Maltodextrin (MD) is a non ionic dextrin polysaccharide product obtained enzymatically from 

starch [7, 12]. 

Dextran (DX) a natural hydrophilic polysaccharide can be degraded easily [13]. It is a polymer 

of glucose in which α-1,6- glucosidic linkages are predominant [14]. It is immensely used in 

food industries as a thickener, an emulsifier and a stabilizers [15].  

Taking inspiration from the aforementioned properties, it was decided to prepare physical 

hydrogels using gelatin and polysaccharides in different combinations. The study describes the 

preparation and characterization of physical hydrogels using gelatin and the polysaccharides in 

different compositions (gelatin (GH), gelatin- sodium carboxymethyl cellulose (GH-SC), gelatin-
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maltodextrin (GH-MD), and gelatin-dextran (GH-DX). The gels were compared with the blank 

gelatin gels and their characterization was done to find its possible applicability in drug delivery 

system.  

  

 To design gelatin and polysaccharide based physical hydrogel vehicles for controlled 

drug delivery. 

 To study the biocompatibility and characteristics of these hydrogels. 
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2.1 Materials 

Gelatin (GH), maltodextrin (MD) and dextran (DX) were purchased from Himedia, Mumbai, 

India. Sodium carboxy methyl cellulose (SC) was brought from RFCL, New Delhi. Trisodium 

citrate was procured from Loba Chemie Pvt. Ltd., Mumbai, India. Nutrient agar and dialysis 

tubing (MW cutoff: 60 kDa) were purchased from Himedia, Mumbai, India. Microbial cultures 

of Bacillus subtilis (NCIM 2699) and Escheratia coli (NCIM 2563) were obtained from NCIM, 

Pune, India. Metronidazole (MZ) was a gift sample from Arti drugs, India. Hydrochloric acid 

(HCl) was purchased from Merck specialist Pvt. Ltd. Mumbai, India. Ethanol was purchased 

from Honyon International Inc., Hong Yang chemical corporation, China. Goat blood was 

collected from the local butcher shop. Double Distilled water (DW) was used to carry out the 

experiment. 

 

2.2 Methods 

2.2.1 Preparation of physical gel solutions 

Fresh 20% (w/w) stock solution of gelatin and 2% (w/w) stock solution of SC, DX and MD were 

prepared by stirring the mixture at ~50°C until a transparent solution was obtained. The physical 

hydrogel formulations were prepared by mixing the stock solution in different proportions as 

shown in table 1. The mixture was stirred for 10 mins at 500 rpm to confirm uniform mixing. 

The prepared gels were then kept in refrigerator for further analysis. 1% (w/w) MZ drug loaded 

samples were also prepared in the similar manner. 

 

2.2.2 Organoleptic evaluation 

The organoleptic behavior of the developed gels were evaluated physically for its colour, odour, 

texture, appearance and taste. 

  

2.2.4 pH measurement 

The pH of the formulations was measured using a digital pH meter (Model 132E, EI products, 

Mumbai, India) by dipping the probe into the freshly prepared hydrogels. The measurement was 

done in triplicate [19-20]. 
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2.2.7 Thermal properties 

The melting point of the developed hydrogels was determined by the falling ball method as per  

the reported literature [23]. The gel samples were melted and accurately weighed 2 g of the 

samples were transferred in 10 ml test tubes. The test tubes were further kept in freezer for 2h to 

form a solid gelled structure. A steel ball (110 mg, 1 mm) was then kept on the surface of the 

solid gels. Then samples were heated at the rate of 1
0
C/min. The temperature at which the ball 

reached the bottom was regarded as melting point (Tm) of the gels. 

  

2.2.9 Hemocompatibility studies 

The hemocompatibility of the gel samples was calculated according to the earlier reported 

method [22]. In short, the citrated blood was diluted with the normal saline in the ratio of 8:10. 

The leachants of the gel samples were used for the study. The leachant preparation was done by 

putting ~ 1 g of sample in dialysis tubing which was further transferred in a conical flask 

containing 20 ml of phosphate buffer maintained at 37 ± 1°C for 1 h. After incubation 0.5 ml of 

leachant was mixed with 0.5 ml of diluted blood which is referred as test sample. The positive 

control was prepared by mixing 0.5 ml of diluted blood with 0.5 ml of 0.01 N HCl. However 

negative control was prepared by mixing 0.5 ml of diluted blood with 0.5 ml of normal saline. 

All the test samples including controls were diluted to 10 ml with normal saline and kept for 

incubation at 37°C for 1 h. After 1 h of incubation, the centrifugation of samples was carried out 

at 3000 rpm for 15 min and the absorption of the supernatant was carried out using UV-visible 

double beam spectrophotometer (UV-3200, LABINDIA, Mumbai, India) at 545 nm. The 

percentage hemolysis of the RBC‘s was calculated by using the formula [26]. 

 % 100
test Negative

positive Negative

OD OD
Hemolysis

OD OD


 


 

Where, 

ODtest - Absorbance of the test sample 

ODpositive - Absorbance of the positive control 

ODnegative - Absorbance of the negative control 

 

2.2.10 In vitro drug release studies 
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The objective of this test was to study the release pattern of MZ from the drug loaded gel 

samples. In vitro drug delivery of the samples was carried out with the help of modified Franz 

diffusion cell. The release pattern was studied by weighing ~1.5 g MZ containing samples and 

was placed into the donor chamber of the diffusion cell. The chamber was separated with that of 

receptor chamber by dialysis membrane. 50 ml volume in the receptor chamber was kept 

maintained during the whole experiment. The study was carried out for 8 hours. During the 

experiment, at every 15 min sampling was performed for first hour and then subsequently at 

every 30 min for the next 7 hour. The sampling was done by replacing the whole receptor 

medium with that of the DW. Then finally the release of drug were studied by analyzing the 

presence of MZ at 321 nm using double beam UV-visible spectrophotometer (UV-3200, 

LABINDIA, Mumbai, India) [27]. 
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3.1 Preparation of physical hydrogels 

The hydrogels were prepared by varying the types and proportion of polysaccharides with gelatin 

as shown in table 1. The formation of hydrogels was confirmed by inverted tube method. (figure 

1). The samples were found to be transparent in nature. The transparency of the samples 

increased with the decrease in the concentration of gelatin. 

 

 

Figure 1: Confirmation of hydrogels by inverted tube method 
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Table 1: Composition of physical hydrogels 

S. 

No. 

Sample 

code 

Vol. of 20% (w/w) 

gelatin solution (ml) 

Vol. of 2% (w/w) 

SC/MD/DX sol (ml) 

1 GH 10 0 

2 SC1 8 2 

3 SC2 6 4 

4 SC3 4 6 

5 MD1 8 2 

6 MD2 6 4 

7 MD3 4 6 

8 DX1 8 2 

9 DX2 6 4 

10 DX3 4 6 

 

3.2 Organoleptic evaluation 

The formulations were found to be homogenous and smooth in texture. The color of the 

formulations varied from light yellow to dark yellow. The intensity of the color increased with 

the increase in gelatin concentration. All the formulations were found to be odorless. They were 

sweet in taste. The sweetness increased with the increase in polysaccharide component.  

 

3.3 Microscopic studies 

              

A) GH                                       B) SC1                                     C) SC2 
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               D) SC3                                        E) MD1                                    F) MD2 

          

               G) MD3                                        H) DX1                                        I) DX2 

      

                 J) DX3                                                                                                                                              

Figure 2: phase contrast micrographs of the selected hydrogels   

                                                                                                                        

The microscopic evaluation of the hydrogels was done using phase contrast microscopy (PCM) 

and scanning electron microscopy (SEM). Bright field microscopy was unable to provide 

information about the structural organization of the gels. PCM images were taken at 40 x zoom. 

PCM micrographs have shown uniform type of arrangement throughout the matrix. No distinct 

demarcations were observed among the samples in the micrographs. Several spherical globules 

and elongated structures were observed distinctly which were dispersed non-uniformly though 

out the gel matrices. 
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pH Studies 

The pH of hydrogel samples have been tabulated in the table 2. The pH of all the samples was 

found to be in the range of 5.0 to 6.0. 

 

 

  

Table 2: pH determination of the physical hydrogels  

Sample code  pH  of physical hydrogels  

GH  5.82 ± 0.02 

SC1  5.72 ± 0.01 

SC2  5.88 ± 0.04 

SC3  5.95 ± 0.07 

MD1  5.77 ± 0.06 

MD2  5.80 ± 0.02 

MD3  5.84 ± 0.03 

DX1  5.86 ± 0.03 

DX2  5.70 ± 0.04 

DX3  5.64 ± 0.01 

 

 

3.4 Thermal properties 

The MPs of the selected hydrogels are shown in table 8. The MP of the samples was in the range 

of GH > SC > DX > MD. In general, the MP of the gels decreased with the decrease in gelatin 

concentration (DX and MD gels). The MP increased with decrease in gelatin concentration in SC 

gels. This indicated that increase in SC concentration resulted in strong molecular arrangement 

as compared to DX and MD where as gelatin gel has shown the strongest structural organization 

as compared to the SC/DX/MD gels. 
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Table 8: Melting point determination 

Formulations   Melting Point (ºC) ± SD 

GH  29.4 ± 0.31   

SC1  25.2 ± 0.54 

SC2  27.5 ± 0.26 

SC3  29.1 ± 0.23 

MD1  19.7 ± 0.18 

MD2  18.1 ± 0.22 

MD3  16.9 ± 0.41 

DX1 20.1 ± 0.27 

DX2 19.4 ± 0.41 

DX3 17.2 ± 0.51 

 

  

3.9 Hemocompatibility studies 

Table 11 shows the percent hemolysis of the selected hydrogels. The percent hemolysis < 5 % 

indicated that the developed gels may be regarded as highly hemocompatible.  

Table 11: Hemocompatibilty studies 

Formulations  % Hemolysis ± SD 

GH1  3.21 ± 0.20 

SC1  2.41 ± 0.11 

SC2  1.81 ± 0.09 

SC3  1.03 ± 0.14 
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MD1  1.84 ± 0.15 

MD2  1.36 ± 0.07 

MD3  0.69 ± 0.14 

DX1  2.36 ± 0.16 

DX2  1.64 ± 0.12 

DX3  0.76 ± 0.28 

 

 

 

3.10 In-vitro drug release studies  

The in-vitro release profile of MZ from different formulation matrices has been studied for 8 h 

and their cumulative percent drug release (CPDR) was calculated (Table 12). The drug release 

rate is highly dependent on the chemical composition of the formulation matrix. SCM samples 

have shown better CPDR as compared to MDM and DXM samples (SCM > MDM > DXM). It 

was also observed that the CPDR value decreased with the decrease in gelatin concentration and 

a corresponding increase in SC/MD/DX in all the samples.  

The drug release mechanism for MZ was predicted by fitting various kinetic model s.a. zero 

order, first order, Higuchian kinetics and Korsameyer- Peppas (KP) model. The drug release 

mechanism for the blank gelatin, the formulations containing higher concentration of gelatin 

(SC1M, MD1M and MD2M) and all the GH-DX formulations was found to follow zero order 

kinetics. This indicated that the release of MZ was constant rate process and was independent of 

concentration of the MZ incorporated into the gel matrix. SC2M, SC3M, MD gels (MD1M, 

MD2M, and MD3M) and DX1M has also followed Higuchian kinetic model indicating diffusion 

based mode of MZ-release. MD1M and MD2M has followed both zero order and Higuchian 

kinetic release pattern indicating concentration independent diffusion based drug release from 

the system. The n-value was determined from the KP model to understand the diffusion pattern 

of the MZ release from the gel matrix. The n-value > 0.45 indicated that the formulations 

followed non-Fickian diffusion [45-46].  
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Figure 16: In vitro drug release study 
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The study reports the successful development of gelatin/polysaccharides based composite PHs. 

The physico-chemical properties of the hydrogels were studied in-depth. The results suggested 

that the mechanical and electrical properties of the developed hydrogels varied based on the 

variation of composition of gelatin/polysaccharide composition. Tailoring the composition 

affected the mechanism of drug release from the polymer composition. The developed hydrogels 

have shown zero order and Higuchian kinetics of drug release based on the gel composition 

suggesting concentration independent diffusion based release pattern. The diffusion kinetics was 

non-Fickian type. The gels were found to possess smooth texture and were highly 

hemocompatible. The preliminary results suggested that the gels may be used as a carrier for 

controlled drug delivery applications. 
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