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Introduction: Development of ideal wound dressing is crucial to facilitate the healing process and for the 

treatment of a wound for protection against physical, thermal, chemical, biological and other trauma. 

Hydrogels are being preferred as wound dressings owing to their flexibility, non-antigenicity, and 

permeability to water, oxygen and metabolites. The present study is focused on development of polyvinyl 

alcohol (PVA) and sodium alginate (SA) hydrogel, loaded with Calendula officinalis extract and 

reinforced with activated charcoal to improve its mechanical strength. 

Experimental methods: The hydrogels were prepared by mixing 10 w/v% of PVA with 1 w/v% of 

sodium alginate (SA) and then loading it with 2.5 w/v% of C. officinalis extract, followed by reinforcement 

with activated charcoal (AC) with varying concentration (0, 0.5, 1.0, 1.5 w/w%). The hydrogels were 

characterized using SEM, FTIR and then evaluated for its mechanical property (tensile strength), swelling 

behavior, and water vapor transmission rate (WVTR), gel fraction and hemolysis. Antibacterial test was 

performed to check the resistance of the hydrogels prepared against microbial growth of Staphylococcus 

aureus (gram positive) and Escherichia coli (gram negative) on its surface. Microbial penetration test was 

also performed to study the ability of the hydrogels to prevent the penetration of the S. aureus and E. coli. 

 

Results and Discussion: The SEM and FTIR results revealed surface morphology and the functional 

groups of the hydrogels. The tensile strength and the Young’s modulus were found to increase with 

increase in AC concentration. This increase in tensile strength with AC concentration is attributed to the 

homogenous dispersion of AC (1.5 w/w%) in PVA matrix, which helps the effective stress transfer in the 

hydrogel leading to high tensile strength. The WVTR values for 0, 0.5 and 1 w/w% of AC samples were 

found to be in the range of ideal WVTR i.e. 2,000 to 2,500 gm-2per day which makes them suitable for 

wound healing. Gel fraction studies have shown that it increased as the concentration of AC increased 

which is due to the covalent interaction between AC and PVA. The hydrogels showed % hemolysis less 

than 5%, indicating that they are hemocompatible in nature. The results also confirmed the anti-hemolytic 

activity of activated charcoal due to the presence of AC. All the hydrogels showed the presence of zone 

inhibition due to Calendula officinalis and prevented microbial penetration. This confirms the the 

antibacterial property of the hydrogels prepared due to the presence of C.officinalis  extract can act as a 

barrier in protecting the wound. 

 

Table 1. The percentage hemolysis for different samples. 
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Sample composition Hemolysis % 

PVA-SA-Calendula 3.24±0.52 

PVA-SA-Calendula-0.5AC 1.69±0.69 

PVA-SA-Calendula-1.0AC 1.97±0.52 

PVA-SA-Calendula-1.5AC 1.83±0.70 

 

 

Conclusion: The mechanical strength of the hydrogels increased with the addition AC and was 

maximum for 1.5 w/w%. All the samples showed hemolysis % within the permissible range, presence 

of zone inhibition and prevented the micobial penetration due to the presence of AC and Calendula 

officinalis. The study showed PVA-Calendula and AC composite is a potential wound dressing 

material. 
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Development of ideal wound dressing is crucial to facilitate the healing process and for the treatment of a wound for protection against physical, thermal,
chemical, biological and other trauma. Hydrogels are being preferred as wound dressings owing to their flexibility, non-antigenicity, and permeability to water,
oxygen and metabolites. The present study is focused on development of polyvinyl alcohol (PVA) and sodium alginate (SA) hydrogel, loaded with Calendula
officinalis extract (2.5 w/v%) and reinforced with activated charcoal (0, 0.5, 1.0 and 1.5 w/w% coded as S1, S2, S3 and S4 respectively) to improve its
mechanical strength. The hydrogels were characterized using SEM, FTIR and then evaluated for its mechanical property (tensile strength), swelling behavior,
and water vapor transmission rate (WVTR), gel fraction and hemolysis. Antibacterial test was performed to check the resistance of the hydrogels prepared
against microbial growth of Staphylococcus aureus (gram positive) and Escherichia coli (gram negative) on its surface. The results also confirmed the anti-
hemolytic activity of activated charcoal due to the presence of AC. All the hydrogels showed the presence of zone inhibition due to Calendula officinalis and
prevented microbial penetration. This confirms the the antibacterial property of the hydrogels prepared due to the presence of C.officinalis extract can act as
a barrier in protecting the wound. The mechanical strength of the hydrogels increased with the addition AC and was maximum for 1.5 w/w%. All the samples
showed hemolysis % within the permissible range, presence of zone inhibition and prevented the micobial penetration due to the presence of AC and
Calendula officinalis. The study showed PVA-Calendula and AC composite is a potential wound dressing material.

Sample Hemolysis %

S1 3.25±0.528

S2 1.69±0.692

S3 1.98±0.528

S4 1.84±0.720

Sample 

Name

Tensile strength 

(MPa)

Young’s modulus 

(MPa)

S1 0.180±0.058 0.161±0.035

S2 0.230±0.014 0.241±0.013

S3 0.317±0.106 0.265±0.019

S4 0.440±0.057 0.302±0.038

• Antibacterial test was performed to check the resistance of the hydrogels prepared against microbial growth of Staphylococcus aureus

(gram positive) and Escherichia coli (gram negative) on its surface.

• The wound dressings should be able to prevent the microbial penetration from the surrounding environment to the wound site.

• No growth of bacteria was observed on the other side of the samples.

• The antibacterial property of Calendula is mainly due to its anti-inflammatory activity because of the presence of saponins and

flavonoids.

Fig.8 Zone of inhibition results of the samples for (a) E.coli and (b) S.aureus

Fig.8 Microbial penetration results of the samples for (a) E.coli and (b) 

S.aureus.

• The water vapour transmission rate of the different hydrogels were

tested to know if the hydrogels would provide an ideal moist

environment for wound healing and prevent excessive moisture

which could lead to fungal infections.

• The WVTR values for S1, S2 and S3 samples were found to be in

the range of ideal WVTR i.e. 2,000 to 2,500 g m-2 per day which

makes them suitable for wound healing.

• Water vapour transmission rate of the hydrogels were studied and it was found that hydrogels with highest AC concentration showed the highest WVTR

owing to its ability to rapidly loose water in the environmental condition as AC already absorbs some extent of the water present in the hydrogels.

• The mechanical strength of the hydrogels increased with the addition AC and was maximum for 1.5 w/w%.

• Gel fraction of the hydrogels were studied and it was found that the hydrogels with the highest AC concentration showed highest gel fraction.

• Hemocompatibility test was used to assess whether the hydrogel would cause any diverse effect on the wound and it was found that hydrogels with AC had

hemolysis % within the permissible range.

• All the samples showed the presence of zone inhibition due to presence of Calendula officinalis extract. Microbial penetration test showed that the

hydrogels were able to prevent the microbial penetration through it.

• From the above test performed it can be concluded that S3 possesses the optimal properties required for wound dressing.wound dressing hydrogel.

Fig.6 Swelling behavior of various hydrogels
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Work Methodology

Preparation of 

Calendula 

officinalis

ethanolic extract.

Preparation of 10 w/v% of 

PVA by dissolving hot water 

soluble PVA in dH2O and 

stirring it at 90°C for 3 h. 

Addition of 1 w/v% of SA 

into the PVA polymer 

solution stirring it for 3 h. 

2.5 w/v% of C. 

officinalis extract 

with respect to the 

volume of the 

polymer solution.

Preparation of hydrogels by pouring 

polymer solution into petri-dish  

followed by 3 cycles of freeze thawing 

(-20°C for18h and normal temperature 

for 6h) to be performed.

Activated charcoal  will be 

added in 0, 0.5,1.0,1.5 

w/w% with respect to PVA.

Characterization

FTIR, SEM, Swelling ratio, Gelling 

fraction, WVTR, Mechanical properties, 

Antimicrobial study.

10 w/v% PVA and 1 w/v% 

SA polymer solution. 

Fig.1 SEM micrographs of the developed hydrogels. (a) S1, (b) S2, (c) S3, (d) 

S4.
Fig.3 ATR-Fourier transform infrared spectra of hydrogels.

• The SEM analysis was performed to understand the surface

topography of the samples and the images are shown in Fig.1.

• When the concentration of AC particles have increased the dispersion

of AC particles have seen to increase.

• At higher concentration the AC particles are seen to form aggregates.

• ATR-FTIR of hydrogels was performed at the range of 4000-600 cm-1

to obtain information about its chemical bonding and molecular

structure.

• In the spectra of S1, S2, S3, and S4 hydrogels, a broad band of O-H

stretching for hydroxyl group was observed at 3297 cm-1.

• The presence C=O stretching was shown at 1639 cm-1 in all the

hydrogel samples.

• The glycosidic linkage of sodium alginate was observed at 1058 cm-1.

• The water absorption capacity of the hydrogel samples were tested and

their swelling percentage was reported in Fig.6.

• S3 showed high swelling ratio which may be due to its porous

structure.

• On addition of 0.5 w/w% of AC showed 354.396±21.567 % of

swelling ratio and on further addition of AC to 1 w/w% the swelling

ratio increased to 388.278±13.728 %.

• For 1.5 w/w% AC hydrogel the swelling ratio somewhat decreased

which may be due to aggregation of AC in the hydrogel.

• Hydrogels without AC showed lowest swelling ratio.

• Gel fraction test is an effective and essential method that is used to

determine the extent of cross linking and bonding that has occurred in the

samples and their Gel fraction % was reported in Fig.7.

• The amount of gel fraction has increased in hydrogels as the concentration

of the activated charcoal increased in comparison to the hydrogel without

AC.

• This can accounted that the crosslinking tendency of the polymer increased

with the addition of AC because of the covalent interaction between AC and

PVA.

• The hemocompatibility of the different hydrogels were tested to

assess whether a given sample would cause any diverse effect on the

red blood cells and the hemolysis % are mentioned in the Table 4.

• According to the standard ASTM F 756-00 the conventional

hemolysis of biomaterials less than 5% is permissible.

• In the present study all the samples showed hemolysis % less than

5% thus showing that the samples are in hemocompatible in nature.

• The results also confirmed the antihemolytic activity of activated

charcoal because on addition of the AC to the hydrogels the

hemolysis % decreased.

5. Hemocompatibility studies

• The tensile strength and the Young’s modulus obtained for different

samples is shown in the Table 2.

• It was observed that with increase in the activated charcoal

concentration the Young’s modulus of the hydrogels increased

drastically this may contribute to the brittle nature of AC.

• This increase in tensile strength with AC concentration is attributed

to the dispersion of AC in PVA matrix, which helps the effective

stress transfer in the hydrogel leading to high tensile strength.

Table 2: Tensile strength and Young’s modulus of samples prepared. Table 4. Hemolysis % of various hydrogels

Fig.6 Gel fraction studies of various hydrogels

Sample Water vapour transmission rate 

(g/m2/day)

S1 2169±72

S2 2363±6

S3 2440±58

S4 2679±121

The quantity of protein adsorbed onto hybrid hydrogel 
membranes was calculated from the bovine serum albumin (BSA) 
solution calibration curve.
The adsorption of BSA decreased from 1100-990 μg/cm2

as the amount of C.officinalis increased.

Figure. 12. Effect of C. officinalis onto protein adsorption values
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