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Abstract 
With the background of snowballing threat of skin wound to public health and economy, this study was undertaken 
utilizing xanthan gum (Xnt), citric acid (C), gelatin (Gel), glutaraldehyde (G) and HPLC-grade water to fabricate 
a series of composite hydrogels i.e. Xnt, Xnt:C, Xnt:Gel(3):G, Xnt:C:Gel(3):G, Xnt:Gel(5):G, Xnt:C:Gel(5):G for 
investigating their wound healing efficacy in experimental rat skin wound model. Physicochemical 
characterization revealed that all the composite hydrogels contained more than 90% water. The hydrogels 
displayed swelling ability, biodegradability, good polymeric networks and porosity. Fourier Transform Infrared 
Spectroscopy (FT-IR) studies confirmed the presence of bound water and free, intra and inter molecular bound 
hydrogen bonded OH and NH in the hydrogels. All the hydrogels showed significant wound healing potency in 
experimental deep second degree skin burns in rats compared to controls. 20 days post-application of hydrogels, 
Xnt:Gel(3):G, Xnt:Gel(5):G and Xnt:C:Gel(5):G-treated wounds showed better recovery compared to other 
composite hydrogels. We conclude that, Xnt:Gel(3):G, Xnt:Gel(5):G and Xnt:C:Gel(5):G might be effective 
wound dressing material. 
Keywords: xanthan gum, gelatin, hydrogels, skin wound healing 
1. Introduction 
A wound is regarded as a breakage or disruption in the integrity of the epithelial lining of the skin or mucosa which 
is formed due to physical or thermal damage and may be accompanied by disruption of the structure and function 
of underlying normal tissue (Kamoun, 2017 & Gupta, 2011). Wounds impose a substantial health economic burden 
on the health service. In UK, the total annual NHS cost of managing healed wounds and unhealed wounds was 
estimated to be £2.0 billion and £3.0 billion, respectively (Guest, 2017 & Gupta, 2011). Wounds are more 
susceptible to infection and other troublesome complications (Cartotto, 2017; Gupta, 2011 & Meyer-Ingold, 1993). 
Wound infection induces body’s immune response causing inflammation and tissue damage resulting in delay in 
the healing process (Cartotto, 2017). Some chronic diseases such as diabetes, ischemia also cause delay in wound 
healing (Gupta, 2011). Thus, a potential dressing system with lower cost expenditure that may facilitate faster 
wound healing is of greater interest due to the threats associated with wound. 
A major limitation of the current commercial dressings such as membranes and sheets is their conformability on 
wound (Fan, 2013). Another critical limitation of some commercial wound dressing is the possession of 
antimicrobial agents which might exert cytotoxic effects on long term administration leading to delayed wound 
healing (Cartotto, 2017 & El-Kased, 2017). A study conducted by Winter et al demonstrated that moist wound 
healing rate is faster than dry wound (Winter, 1962).Moist environment, however, is not ideally maintained by the 
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current wound dressing systems. A large number of the marketed dressings lose their moisturizing effect, which 
make them adhere to the surface of the wound and damage the newly formed epithelium (Maden, 2018 & El-
Kased, 2017). 
Hydrogels are cross-linked, three dimensional, hydrophilic polymeric networks with the ability to hold large 
amount of water within its porous structure (Rithe, 2014; El-Sherbiny and Yacoub, 2013; Chavda, 2012; Ray, 2010 
& Pal, 2009). However, they do not dissolve in water when brought into contact with water (Rithe, 2014; El-
Sherbiny and Yacoub, 2013; Chavda, 2012; Ray, 2010 & Pal, 2009). The water holding capacity of hydrogels is 
induced by the presence of hydrophilic groups, such as hydroxyl, carboxyl, amide, and sulfonic groups distributed 
along the backbone of polymer chain; whereas the cross-links are formed by either covalent bonds, electrostatic 
or dipole–dipole interactions (Rithe, 2014; El-Sherbiny and Yacoub, 2013; Chavda, 2012; Ray, 2010 & Pal, 
2009).Hydrogels have achieved considerable interest in the last few decades due to their wide range of clinical and 
biomedical applications ranging from drug delivery (Qui and Park, 2001), tissue engineering (El-Sherbiny and 
Yacoub, 2013; Vlierberghe, 2011 &Hoffman, 2002),regenerative medicine (El-Sherbiny and Yacoub, 2013), 
contact lenses (Walther, 2011 & Zhang, 2011), wound dressings (El-Kased, 2017; Gupta, 2011 & Lu, 2010), soil 
water retention (Wei and Durian, 2013) to disposable diapers (Colón, 2011). 
While considering the role of hydrogels in wound dressing, they have the advantages like possessing the features 
of moist wound healing with good fluid absorbance (Weller, 2009). Furthermore, in situ forming hydrogels that 
mould into the shape of wound defect would enable conformability of the dressing on wounds without wrinkling 
or fluting (Fan, 2013). Due to their three dimensional structure, biodegradability, biocompatibility, and ability to 
generate a favorable microenvironment for cell growth and/or differentiation, hydrogels attain attraction as suitable 
candidates for wound dressing in recent years (Fan, 2013; Gupta, 2011; Varghese, 2008 & Varghese, 2000). 
Xanthan gum (Xnt) is a high molecular weight anionic heteropolysaccharide composed of (1,4)-β-D-glucose 
residues as the backbone at which a trisaccharide side chain is linked at C3 position to alternate glucose residues 
(Brunchi, 2016 & Fitzpatrick, 2013). Trisaccharide side chains are composed of mannose, glucuronic acid and 
mannose linked by β-1,2 and β-1,4 glycosidic bond (Brunchi, 2016 & Fitzpatrick, 2013).Approximately half of 
the terminal mannose residues are linked to pyruvic acid moieties by ketal linkage, while acetyl groups are often 
present as 6-O substituents on the internal mannose residues (Brunchi, 2016 & Fitzpatrick, 2013).Xnt is used as 
thickening, suspending, and emulsifying agents in pharmaceutics (Karadağ, 2015 & Davidson, 1980). It has been 
used in the hydrophilic matrix formulations for controlled drug release, and it also has applications as a supporting 
material in enzyme and cell immobilization (Karadağ, 2015; Bhunia, 2013; Bhattacharya, 2012; Ray, 2010; Alupei, 
2002; García-Ochoa, 2000 & Davidson, 1980). It was used in the preparation of a biodegradable hydrogels for 
skin scaffold (Juris, 2011). A study of Bueno et al. previously showed the swelling behaviour of Xnt hydrogels 
(Bueno, 2013).  
Gelatin (Gel) obtained from partially hydrolyzing collagen is biocompatible, biodegradable and has a high 
hemostatic effect (Wu, 2017 & Lee, 2003). Biodegradability of Gel due to its matrix metalloproteinase (MMP) 
sensitive protein sequences is usually a desirable biomaterial property for in vivo implanted hydrogels because 
scaffold degradation enables deposition and formation of new tissue (Camci-Unal, 2013). Several beneficial effects 
of Gel have been reported in the previous studies. Gel facilitates the process of tissue regeneration by promoting 
cellular behavior such as migration, adhesion, and the growth of cells (Wu, 2017; Pezeshki-Modaress, 2015; Li, 
2014 & Pezeshki-Modaress, 2014).Gel can speed up the process of granulation and epithelialization as well as 
macrophage activation without antigenicity (Wu, 2017 & Choi, 1999).Furthermore, Gel has been utilized for the 
deliveries of a number of small molecules (Wu, 2017; Kommareddy and Amiji, 2005 & Kimura, 2003). Since it 
has great biological advantages and is low in cost, Gel has been widely used in the medical field (Wu, 2017; Liu, 
2007; Kommareddy and Amiji, 2005 & Kimura, 2003). However, the limitation of Gel hydrogels is their 
mechanical weakness and quick degradation behavior (Camci-Unal, 2013). Severe swelling after absorbance of 
water is considered as a drawback for Gel hydrogels for its application as wound scaffold since the deformation 
after severe swelling will make the dressings unable to maintain the structure of the dressings and conformability 
to the wound will not be maintained (Wu, 2017). 
Fabrication of hybrid hydrogels to improve biological properties or to decrease the disadvantages of biomaterials 
has been a popular approach. Previously, efficacy of fabricated hyaluronic acid:gelatin hybrid hydrogel in animal 
wound model was investigated (Wu, 2017).Though different beneficial effects of Xnt and Gel have been 
demonstrated previously,it is yet to report about the fabrication and characterization of Xnt:Gel hybrid hydrogel 
and evaluation of its efficacy in wound healing. In this study, for the first time, we have fabricated a series of 
Xnt:Gel hybrid hydrogels, characterized them and evaluated their efficacy in experimental second degree skin 
burns in rats. 
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2. Materials and Methods 
2.1 Materials 
For the preparation of Xnt:Gel-based hydrogels, we used Xnt, Gel, citric acid (C), glutaraldehyde (G) and HPLC- 
grade water. Xnt was obtained from Zhengzhou Sino Chemical Co. Ltd., while Gel, C and G were purchased from 
Sigma Aldrich. HPLC-grade water was prepared in the laboratory. All chemicals and polymeric materials were 
used as obtained without any purification or modification. 
2.2 Preparation of Hydrogels 
For the preparation of hydrogels with different compositions, all the chemicals (Xnt, Gel, C and G) with different 
proportions (Table 1) were dispersed in HPLC-grade water. Afterwards, the mixture was stirred and heated to 850 
C to initiate gelling and reweighed to measure the loss of water through evaporation from sample mixture. The 
water lost during heating was re-added to the mixture, which was again heated to 850 C until the gel was formed. 
Gel should be free from entrapped air. The gel was then poured into petri dishes and allowed to cool at room 
temperature to obtain polymeric hydrogel. Then prepared hydrogels were preserved at 4°C. 
 
Table 1. Composition of hydrogel composites 

Hydrogel 
Sample 

Nomenclature Xanthan gum 
(mg) 

Citric Acid 
(mg) 

Gelatin 
(mg) 

Glutaraldehyde 
(ml) 

HPLC water 
(ml) 

1 Xnt 600 - - - 100 
2 Xnt:C 600 30 - - 100 
3 Xnt:Gel(3):G 600 - 3 0.5 99.5 
4 Xnt:C:Gel(3):G 600 30 3 0.5 99.5 
5 Xnt:Gel(5):G 600 30 5 0.5 99.5 
6 Xnt:C:Gel(5):G 600 30 5 0.5 99.5 

 
2.3 Determination of Moisture Content of Hydrogels 
Moisture content of the prepared hydrogels was determined as described previously with minor modifications 
(Rithe, 2014). Briefly, 2 gm of sample was weighed in a clean porcelain pot and heated in a temperature controlled 
water bath for about six hours at 1050C. It was then cooled in desiccators and weighed again. The moisture 
percentage in hydrogels was calculated from the following formula: 
Moisture percentage = 100 {(W1-W2)/W1} % 
Here, W1= original weight of the sample before drying and W2 = weight of the sample after drying.  
2.4 Swelling measurement of hydrogels 
The swelling was measured as described previously (Karadağ, 2015). The dry gel was immersed in HPLC water 
for 16 h at room temperature. The swelling ratio (S) of the hydrogels in distilled water was calculated from the 
following relation: 

S = (mt− m0) / m0 
Here, mtis the mass of the swollen gel at time t and m0 is the mass of the dry gel at time 0. 
2.5 Biodegradability of hydrogels 
Biodegradability of hydrogels was measured as described previously with minor modifications (Guan, 2005). In 
brief, samples were dried to a constant weight before initial weighing. Hydrogels were fully immersed in the 
physiological solution for a specified period of time (for example 1 week, 2 weeks, 3 weeks etc.). Upon completion 
of the specified time period, each sample was removed and dried to a constant weight. After weighing, the samples 
were not returned to the physiological solution and were retired from the study. 
2.6 Fourier Transform Infrared (FT-IR) studies 
The hydrogel preparations were dried and converted to powdered form for FT-IR study. The powdered samples 
were mixed with KBr and FT-IR spectrum was recorded over the range 600-4000 cm-1 using FT-IR- 8400S 
Spectrometer (Shimadzu, Japan). 
2.7 Scanning electron microscopy (SEM) studies 
The structural morphology of hydrogel was analyzed by scanning electron microscopy (SEM) to ensure that 
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hydrogel retains its structure. The desiccated hydrogels were cut to expose their inner structure and used for SEM 
studies. The morphology and porous structure of the hydrogel was examined using HITACHI S3400N SEM with 
an operating voltage of 15 kV. 
2.8 In vivo wound healing 
The experiment was carried out using adult male albino Wister rats aged between 6 to 7 weeks and weighing 
between 150 to 170g. Albino Wister rats were bred and reared in the animal house facility of the Department of 
Biochemistry and Molecular Biology, Jahangirnagar University at a constant room temperature of 25 ± 2º C and 
at humidity between 40% and 70%. The rats were housed in plastic cages (bedding was hardwood chips) and in 
polypropylene cages and received a natural 12 h day - night cycle. The rats were provided with a standard 
laboratory pellet diet and water. The experiments were conducted in accordance with the guidelines for the care 
and use of laboratory animals and approved by the Biosafety, Biosecurity and Ethical Committee of Jahangirnagar 
University, Savar, Dhaka, Bangladesh. The skin of the animal was shaved and disinfected using 70% ethanol. The 
burn wounds were created using the method described previously with some modifications (Rozaini, 2004). A 
cylindrical metal rod (10 mm diameter) was heated into boiled water at 99-1010C over the open flame for 1 minute 
and pressed to the shaved and disinfected surface for 30 sec in rat under light ketamine anesthesia. 
2.9 Measurement of wound area 
The progressive changes in wound area were measured in mm2 by tracing the wound boundaries on a transparent 
paper on every 5-day interval. The wound areas in all groups were recorded on a graph paper. Wound size on 
different days was expressed in percentage of the original wound size. 
2.10 Statistical analysis 
All data were analyzed by GraphPad Prism 5.0 (GraphPad software) and Microsoft excel. All data are presented 
as means ± S.E.M from at least three independent experiments. Bonferroni test was used for post-hoc comparison. 
p<0.05 was considered to indicate statistical significance. 
3. Results and Discussions 
3.1 Moisture Content 
An important characteristic of hydrogels is the ability to contain large amounts of water together with maintaining 
their dimensional stability (Patel and Mequanint, 2011). Moisture content supports the integrity of hydrogels 
(Vladimir, 2017; Jayakumar, 2010 & Jayakumar, 2010).Furthermore, the solubility and diffusion of substances are 
important for biomedical applications, which are facilitated by the moisture content of hydrogels (Vladimir, 2017). 
The water content of hydrogel may also affect hydrogel volume due to swelling/shrinking influenced by external 
conditions, such as temperature, pH, ionic strength, solvent nature, etc (Vladimir, 2017). 
Moisture content values obtained for the prepared hydrogels is plotted in Figure 1. It is evident from Figure 1 that, 
all the hydrogels contained more than 90% water, indicating their effectiveness to donate water to the wound site 
and thus help in maintaining a moist environment, which helps in faster wound healing. In this study, Xnt was a 
common ingredient in all the composite hydrogels. Xnt contains hydrophilic groups such as –COO, -OH etc. Other 
ingredients used in different composite hydrogels were C, Gel and G. Gel also contains different hydrophilic 
groups such as –COO and –NH2 etc. C contains –COO and –OH, while G contains –CHO and –COO in its structure. 
The moisture content of different hybrid composite hydrogels is attributed to the hydrophilic groups present in 
these hydrogels. 
3.2 Swelling Test of Hydrogels 
Swelling characteristics of hydrogels are important while using as moist wound dressing. Swelling capabilities of 
hydrogels indicate its ability to absorb a degree of wound exudates and to maintain moist environment at the wound 
site (Gupta, 2011). As shown from Figure 2, swelling ratio ranged from 4.83 ± 0.12 to 7.03 ± 0.06 in all the 
hydrogels indicating their efficacy for application as wound dressing material. Hydrogels prepared from only Xnt 
showed a swelling ratio of 7.03 ± 0.06. When C was used in the formulation (i.e. Xnt:C), swelling ratio 
significantly decreased to 4.86 ± 0.08 (p<0.05). Notably, crosslinking density is inversely proportional to swelling 
capacity (Juris, 2011 & Huglin, 1986). Furthermore, it is an indication of the degree of hydrophilicity of the 
hydrogels (Camci-Unal, 2013). Our finding is consistent with this observation. Pure Xnt chains have limited 
number of groups that can be crosslinked (Juris, 2011). Previous study demonstrated that C promotes esterification 
cross-linking in the Xnt (Juris, 2011).Thus, it is assumed that because of the cross-linking in presence of C, 
swelling ability of Xnt:C hydrogel decreased.  Xnt when, however, was reacted with 3 mg Gel and G to form 
hydrogel i.e. Xnt:Gel(3):G, swelling ability of the formulation, though nonsignificant, minutely decreased to 6.53 
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± 0.33 (Xnt vs Xnt:Gel(3):G; p not <0.05). Gel alone can absorb huge amount of water (Wu, 2017). The minute 
decrease in the swelling capacity of Xnt:Gel(3):G hybrid hydrogel, however, is probably due to the combined 
effect of increased cross-linking in the hydrogel in presence of Gel and G along with its hydrophilicity. This is in 
line with the observation that, concentration-dependent increase in Gel (i.e. 3 mg to 5 mg) in the formulation (i.e 
Xnt:Gel(5):G)  resulted in further minute decrease in the swelling capacity (i.e  5.96 ± 0.57) of the hydrogel. 
This observation indicates that cross-linking density might be increased with the increased concentration of Gel. 
When C was added in the combination, swelling capacity of the hydrogel composite (i.e. Xnt:C:Gel(3):G) 
markedly decreased to 4.83 ± 0.12 (Xnt:Gel(3):G vs Xnt:C:Gel(3):G; p<0.05). Notably, swelling capacity of the 
hydrogels Xnt:C and Xnt:C:Gel(3):G was similar (i.e. 4.86 ± 0.08 and 4.83 ± 0.12, respectively; p not <0.05). 
Thus, presence of Gel and Glu in the combination Xnt:C:Gel(3):G did not affect its swelling capability. C 
significantly increases the cross-linking density of Xnt (Juris, 2011). So, it is assumable that, presence of Gel and 
Glu might not affect significantly to the cross-linking density of the hybrid hydrogel Xnt:C:Gel(3):G. However, 
increase in the Gel concentration in the combination Xnt:C:Gel(5):G showed minute increase in the swelling 
ability i.e 5.26 ± 0.75, presumably because of the hydrophilic group present in the Gel. 

 
Figure 1. Moisture content of hydrogel composites Figure 2. Swelling ability of of hydrogel composites 

 
3.3 Determination of Biodegradability 
For promoting wound healing, biodegradability is a major property of hydrogel since it fastens the tissue 
regeneration and excludes the necessity of a surgical removal (Camci-Unal, 2013; Gu, 2010; Schmidt and Leach, 
2003 & Langer and Vacanti, 1993). To assess how polymer composition alters degradation behaviour, we studied 
degradation behaviour of the synthesized hydrogels (Figure 3).  Previous study revealed that degradation of Xnt 
hydrogel decreases with the increase of polymer concentration (Disha, 2016). In the present study, we observed 
that all the hydrogel composites showed biodegradability with the possession of weight ranging from 33.33 ± 2.20 % 
to 48.33 ± 1.66% of its initial weight after 21 days (Figure 3). Hydrogel prepared from only Xnt possessed 33.33 
± 2.20 % weights after 21 days. Notably, addition of C in the hydrogel preparation resulted in the decrease in 
degradation (i.e. weight remaining 43.33 ± 0.83% in Xnt:C hydrogel vs 33.33 ± 2.20 % in Xnt hydrogel after 21 
days; p<0.05). Presence of Gel:G in the Xnt:Gel:G hydrogel minutely decreased the degradation rate compared to 
Xnt hydrogel. As is evident from Figure 3, after 21 days weight of Xnt:Gel:G hydrogel was 36.66 ± 2.20 % of its 
initial weight, while in Xnt hydrogel weight remained 33.33 ± 2.20 % of its initial weight (p not <0.05). The 
limitation of Gel hydrogels is their mechanical weakness and quick degradation behavior (Camci-Unal, 2013). 
Thus, degradation property of Gel can be avoided and advantageous property can be utilized using it in the 
Xnt:Gel:G hybrid hydrogel. Notably, degradation behaviour of Xnt:C and Xnt:C:Gel(3):G was similar (i.e. weight 
remaining after 21 days was 43.33 ± 0.83 %  in Xnt:C vs  43.33 ± 2.20 % in Xnt:C:Gel(3):G; p not <0.05). 
Presence of Gel (3mg) and G in the Xnt:C:Gel(3):G did not change the degradation behavior. However, presence 
of Gel (5mg) and G in the Xnt:C:Gel(5):G hydrogel showed a tendency to decrease the degradation (i.e. weight 
remaining after 21 days was 43.33 ± 0.83 % in Xnt:C vs  48.33 ± 1.66 % in Xnt:C:Gel(3):Glu; p not <0.05), 
which might be due to the higher Gel concentration i.e 5 mg and cross-linking density.  

3.4 Morphological Studies (SEM) of Hydrogels 
Figure 4 shows the microscopic morphology of the hydrogel compositions. As is evident from Figure 4, all the 
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hydrogels show good polymeric networks and good porosity. The hydrogel surface appears smooth and thick, and 
is predominantly homogenous. Notably, porosity affects diffusion of nutrients and oxygen, especially in the 
absence of a functional vascular system. Thus, porosity observed in our hydrogels indicates its effectiveness to 
exert beneficial effects on wound healing. 
3.5 Fourier Transform Infrared Spectroscopy (FT-IR) Studies 
Figure 5 shows the FT-IR spectroscopy of the prepared hydrogels.  In the spectra, the peaks at 1404-1500 cm-1 
are due to OH bending and C–N stretching. The peaks at 1625-1630 cm-1 are due to the bound water present in the 
xanthan gum and due to the stretching vibration of -COO of ester bonds. A broad band due to hydrogen bonded 
hydroxyl group (O-H) and N-H group appeared at 3420-3434 cm-1 and is attributed to the complex vibrational 
stretching associated with free, intra and inter molecular bound hydroxyl group and NH stretching vibration due 
to H bonded NH. The C-O stretching strong modes have their characteristics peaks in the range 1400-100 cm-1. It 
is clear that there are multiple peaks between two spectra. Within the range 1000-500 cm-1, there are almost similar 
absorption peaks in these spectra. Peak 400-600 cm-1 is called signature pick. 

   

 
Figure 3. Biodegradability of 

hydrogel composites 
Figure 4. Surface morphology of the of hydrogel composites as 

determined by SEM
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Figure 5. FTIR spectra of of hydrogel composites 

 
3.6 Wound Contraction Rate Measurement 
We investigated wound healing efficacy of the composite hydrogels in burn wound model in Wister rats. For 
creating burn wounds, the method described previously (Rozaini, 2004) with some modifications was followed. A 
cylindrical metal rod (10 mm diameter) was heated for 1 minute into boiled water at 990-1010 C over the open 
flame and pressed to the shaved and disinfected dorsal surface for 30 sec in rat under light ketamine anesthesia. 
We observed wounds of each group for a period of 5, 10, 15 and 20 days following application of the hydrogels to 
the wound site. After five days, skin appeared hemorrhagic for the control and test samples and there was no 
evidence of infection or contraction of the wound (Figure 6). It is evident from figure 6 and 7 that, all the composite 
hydrogels-treated wounds showed faster wound contraction rate compared to controls 15 days post treatment of 
hydrogels to the wound site (p<0.05). Wound size was reduced to at least 49.86 ± 0.022% of its initial size in the 
hydrogel-treated groups compared to 73.91159 ± 0.10% in the control. In a landmark article, Winter showed that 
epithelialisation of the wound occurs more quickly if a moist wound environment is maintained (Winter, 1962). In 
this article, Winter reported that, epithelization is retarded by the dry scab which normally covers a superficial 
wound, and if the formation of the scab is prevented, the rate of epithelization is markedly increased.One 
explanation for this was that keratinocytes migrated more easily over a moist wound surface than underneath a dry 
one (Winter and Scales, 1963).Epidermal cells can migrate at a speed of about 0.5 mm/day over a moist wound 
surface which is twice as fast as under a scab in dry wounds (Winter, 1972).Moist wound healing not only 
facilitates fragile epithelial cells to migrate more freely it also enhances viability of the epithelial cells as the cells 
are protected from dehydration and scab formation (Weller and Sussman, 2006). It is evident from figure 1 & 2 
that, all the composite hydrogels contain more than 90% water and has remarkable swelling capabilities. Thus, it 
is plausible that they can maintain moist environment at the wound site. Notably, 20 days post-application of 
hydrogels, XNT:Gel(3):G, XNT:Gel(5):G and XNT:C:Gel(5):G-treated wounds showed highest recovery 
compared to other composite hydrogels (p<0.05). The highest wound contraction of these hydrogel composites 
might be due to presence of Gel in the formulations. Beneficial role of Gel in tissue regeneration have been reported 
in the previous studies. Gel promotes cellular behavior such as migration, adhesion, and the growth of cells by 
facilitating the process of tissue regeneration (Wu, 2017; Pezeshki-Modaress, 2015; Li, 2014 & Pezeshki-
Modaress, 2014).Gel without antigenicity can speed up the process of granulation and epithelialization and 
macrophage activation (Wu, 2017 & Choi, 1999).Mechanical weakness, severe swelling after absorbance of water 
and quick degradation behavior is considered as a drawback for Gel hydrogels for its application as wound scaffold 
since the deformation after severe swelling will make the dressings unable to maintain the structure of the dressings 
and conformability to the wound will not be maintained (Wu, 2017 & Camci-Unal, 2013). Thus, it is plausible that 
stability of Gel is better maintained and beneficial effect of tissue regeneration is better exploited while being part 
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as an ingredient of the Xnt:Gel(3):G, Xnt:Gel(5):G and Xnt:C:Gel(5):G resulting in potential wound healing 
compared to other hydrogel composites. 

   
Figure 6. Wound healing following application of of hydrogel 

composites in experimental deep second degree skin burns in rats 
Figure 7. Wound size following 

application of hydrogel 
composites 

 
4. Conclusion 
To the best of our knowledge, this is the first study to show the effect of Xnt:Gel hybrid composite hydrogels in 
experimental skin burn wound in rats. In this study, Xnt, C, Gel, G and HPLC-grade water were utilized to fabricate 
a series of hybrid composite hydrogels i.e. Xnt, Xnt:C, Xnt:Gel(3):G, Xnt:C:Gel(3):G, Xnt:Gel(5):G, 
Xnt:C:Gel(5):G. Moisture content was more 90% in all the fabricated hybrid hydrogels while swelling score 
ranged from 4.83 ± 0.12 to 7.03 ± 0.06. Biodegradability of the hydrogels was revealed with the possession of 
weight ranging from 33.33 ± 2.20 % to 48.33 ± 1.66% of its initial weight after 21 days. FT-IR studies confirmed 
the presence of bound water and free, intra and inter molecular bound hydrogen bonded OH and NH. Scanning 
electron microscopy revealed good polymeric networks and good porosity of the hydrogels. All the hydrogels 
displayed good wound healing potency. 20 days post-application of hydrogels, Xnt:Gel(3):G, Xnt:Gel(5):G, and 
Xnt:C:Gel(5):G treated wounds showed highest recovery compared to other hydrogel compositions. The highest 
wound contraction of these hydrogel composites might be due to presence of Gel in the formulations. We conclude 
that Xnt:Gel(3):G, Xnt:Gel(5):G and Xnt:C:Gel(5):G might be effective wound dressing material. 
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