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ABSTRACT 

 

In this work, the leave extracts of Calotropis gigantean, Eucalyptus globules and buds of Syzygium aromaticum were prepared and coated on natural 

fibres based bamboo gauze fabric for wound dressing applications. The fabrics coated with different compositions of the natural extract were 

enhanced with rhEGF (REGEN-D™ 60). The antibacterial activity of the developed samples was studied after the identification of its mechanical 

properties and Scanning Electron Microscopy. The wound healing efficacy of the coated fabric samples were studied through In vivo method using 

Wister Albino rats. The type of wound selected for the study was second degree burn wound. The dorsal surface of the rat’s skin was removed and 

second degree burn wound was created. Then the developed fabric samples were dressed over the wound surface and the wound healing was studied 

by wound closure rate in equal interval of days. A specified composition of natural extracts coated on bamboo gauze fabric enhanced with rhEGF 

(REGEN-D™ 60) exhibits good antibacterial property was confirmed from the formation of zone of inhibition in antibacterial test against Gram-

negative (Escherichia coli) and a Gram-positive bacterium (Staphylococcus aureus) and appropriate wound closure rate on second degree burn wound 

through In vivo evaluation. Hence therefore it was concluded that coated bamboo gauze fabrics can be suitable for faster burn wound healing process. 
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INTRODUCTION 

 
The disruption on the natural anatomical structure results in the 
formation of wound 1,2,3 and depending upon their tissue loss 
wounds can be classified into two types i.e., wounds without 
tissue loss (e.g. in surgery) and wounds with tissue loss (which 
includes burn wounds, wounds caused by trauma and diabetic 
ulcers). To cover the wounds and absorb bleeding these wound 
dressings have been used4.  

 

The flow of wound healing includes like embryogenesis and 
tissue regeneration were fundamental processes. It includes 
several individual but inter connected stages like homeostasis, 
inflammation stage, proliferation and matrix remodeling5, 6. 
 
Burn wounds can be classified (Figure 1 – Source – The Burn 
Patient, E.James Radin) according to involvement of skin and 
deeper tissues as follows: 

First-degree burn or epithelial burns – Skin is erythematic 
without vesication. 
Second-degree burns – Involving epidermis and variable 
thickness of dermis. This is again divided into 

• Second-degree superficial –where vesication and 
inflammation is seen in skin as only papillary dermis is 
involved. 

• Second-degree deep –eschar formation is seen as it 
involves deep reticular dermis. 

Third-degree burn – Also known as full thickness burns – 
eschar formation is present in these burns. 

 
 

Figure 1: Degree of Burn Wounds 
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Wound dressings are used to encourage the various stages of 
wound healing and create better healing conditions for said 
healing. The plan of wound care should always concentrate on 
using the appropriate wound dressing material and treatments to 

reduce dressing frequency. An ideal wound dressing material 
should provide a suitable environment to the wound dressing 
interface, as well as mechanical and bacterial protection that 
allows gaseous and fluid exchanges7. 
 
During burn wound healing process, the dressing protects the 
injury and contributes to the recovery of epidermal tissues. Due 
to biocompatibility, biodegradability and similarity to 

macromolecules recognized by the human body, some natural 
occurring polymers such as polysaccharides (alginates, chitin, 
chitosan, heparin, chondroitin), proteoglycans and proteins 
(collagen, gelatin, fibrin, keratin, silk fibroin, egg shell 
membrane) are extensively used in wounds and burns 
management. 
 
Calotropis is used as traditional medical plant with unique 

properties. Traditionally it is used alone or with other medicinal 
to treat common disease such as fever, indigestion, cough, cold, 
asthma, vomiting, diarrhea. According to auyerveda dried while 
plant is a good tonic, expectorant, depurative and anthelmintic. 
The dried fibre is asubstitutes for ipecacunta. The fiber is 
febrifuge anthelimintic, depuratve, expectorant and laxative8. 
 
Eucalyptus species is an important source of many 
pharmacologically and medically important chemical used for 

various activities like analeric, antifungal, anti- inflammatory, 
anti-bacterical , anti diabetic, anti-oxidative, cytochrome p450 
enzymes inhibitor, anti-viral, anti-tumer, anti-cancer cytochrome 
p450 inhibitor and hepatoprotective properties9. 
 
Syzygium aromaticum contain much properties like anti-fungal, 
anti-viral, anti-microbial, anti-diabetic, anti-inflammatory, anti-
thrombotic ananesthetic. Syzygium aromaticum represents one 

of the natural antiseptic which consists of Eugenol which is used 
for various medical purposes10. 
 
MATERIALS AND METHODS 

 

Bamboo yarn (100 %) of Ne 30s was sourced from S.V.TEX, 
Tirupur, Tamil Nadu, India and it was woven to gauze fabric. 
Leaves of calotropis gigantea were sourced from sadhumugai, 

Sathyamangalam. Leaves of eucalyptus globulus were sourced 
from orange groove estate, ootacamund. The buds of Syzygium 
aromaticum were sourced from a departmental store in Erode. 
The recombinant human Epidermal Growth Factor (rhEGF) as 
REGEN-D™ 60 was purchased from M/s. Bharat Biotech 
International Limited, Hyderabad, India. Deionized water was 
used for all experiments. 
 

Preparation of plant extracts 

 

The collected fresh and healthy leaves of Calotropis gigantean 
(CG), Eucalyptus globules   (EG) and buds of Syzygium 
aromaticum (SA) were washed with plain water. Then the 
leaves and buds were washed by distilled water and it was 
subjected to shade dry. The dried leaves and buds were grinded 
into a fine powder which is used for the study. The extraction 
process was carried out by taking each 3g of dried powder and 

mixed with 50mL of 80% methanol. The container was closed 
completely and left ideal for overnight. After overnight of 
incubation, the extract was filtered through filter paper and to 
concentrate the extract, it was evaporated at room temperature. 
This methanol extract was used for the application on fabrics. 

The filtered liquid was measured and the pH of the solution was 
evaluated using pH meter or pH paper. 
 
Finishing of Fabrics 

 

Calculated amount of extracts were taken as per the ratio of 
20:20:20, 30:20:20, 20:30:40 in the order of EG: CG: SA (Table 
1). The solution was taken as per the ratio and mixed 
thoroughly. The samples to be coated were put in to distilled 
water and were boiled at the temperature of 60ºc for about ½ an 
hour. The boiled samples were taken out and the samples were 
put into extracted solution of predetermined ratio. The samples 

were coated with the extract and it was tend to padding mangle. 
The padded samples were spread on a dry surface and calculated 
amount of prepared drug solution (5gpl of REGEN-D™ 60 
(Burn) in 100 ml of distilled water) were coated over the 
samples. Then the samples were dried in oven at 60ºc. 
 
Antibacterial Efficacy test 

 

As per AATCC 147 standard antibacterial activity was assessed. 
In this study two types of bacteria were used namely Gram-
negative (Escherichia coli) and a Gram-positive bacteria 
(Staphylococcus aureus). The line of incubation of antimicrobial 
agent was shown by the presence of growth inhibition zones 
measured by using Muller- Hinton (HiMedia) 3,11. 
 
Fabric Properties 

 

The bamboo gauze fabric specifications such as ends per inch, 
picks per inch, warp crimp and weft crimp were identified and 
cover factor of the fabric was calculated. As per the ASTM 
D1777-96 and ASTM D6828 standard methods, the thickness 
and stiffness of the samples were determined respectively. The 
areal density of the fabric was measured using GSM cutter 
method as per ASTM D377512. 
 

Scanning Electron Microscopy Analysis 

 

The coated samples were studied by scanning electron 
microscope (SEM, JEOL, JSEM-6390LV, Japan) for its Surface 
Morphology and cross – section. 
 
Animal Test Methods 

 

Wister Albino Rats of initial weight 150.71 ± 5 gm were taken 
for evaluation. The rats were found to be hygienic and followed 
to have proper food at regular interval and have proper digestion 
the life cycle of the rats have been monitored. The rats were 
weighed before and after treatment of wound healing process. 
All animal procedures were according to guidelines of the 
Committee for the Purpose of Control and Supervision of 
Experiments on Animals and Institutional Animal Ethics 

Committee (IAEC) approved by the Nanda College of 
Pharmacy, vide proposal No.NCP/IAEC/No: 8/2014 -15. Total 
of 30 rats were taken for study and they were divided into six 
groups. 
 
Wound Creation 

 

Wister Albino Rats were given anesthetic of minimum level of 
0.05 ml and the hairs of the rats were shaved using shaver in 

position of lateral half way between the midline and it was left 
for 45min. A metal rod of 2cm diameter was heated to 90  ̊C in 
boiling water for 15min and it was sterilized. Then the metal rod 
was taken and cooled down to 60 ̊ C and second degree wound 
was made on individual rats with the same temperature and 
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pressure and the rats were allowed to take rest for about one day. 
The group I rats were not treated with any of the material and 
left open for natural healing. The group II rats were 
commercially available drug Silver sulphadiazine (0.5g of 1%) 

cream for every two days. The group III rats were treated with 
developed sample NES (Table I). The group IV, V & VI rats 
were treated with the developed samples NES1, NES2 & NES3 
respectively for every three days. 
 

Wound Healing Observation 

 

Treated wounds were subjected to periodical analysis on 0th, 3rd, 

6th, 9th, 12th and 15th day. The wound healing rate was observed 
with the reduction in wound size. The size of the wound was 
measured by tracing with transparent butter paper. With Nikon 
digital camera (Model: Nikon Coolpix S6700 Point & Shoot 
Camera) the photography of wound closure was captured at the 
time interval mentioned earlier. The percentage of wound 
closure was calculated by the initial and final area using graph 
paper during observation. The wound size reduction was 

calculated as follows:  
 

% of Wound size reduction = Di - Df / Di × 100 
 

Where Di was the initial area of wound on 0th day and Df was 
the area of wound at the time of treatment with developed 
material on 3rd, 6th, 9th, 12th and 15th day accordingly. 
 
 

 

RESULTS 

Properties of Gauze fabric 

 

The mechanical properties of bamboo gauze fabric were 

measured before and coating of the natural extracts. The 
findings of the fabric properties are tabulated below Table 2.  
 
Antibacterial Efficacy test 

 

The anti- bacterial activity of the coated samples was tested 
against Escherichia Coli and Staphylococcus aureus by agar 
diffusion method. The results of anti – bacterial activity of the 

coated samples was tabulated in Table 3 and the captured 
images of formation of zone of inhibition were shown in figure 
2. 
 
Morphological Analysis 

 

In this study, the surface morphology of the natural extract 
coated samples was studied with SEM.  The important 

parameters of a natural extract coated material used for wound 
healing applications were the microstructure and architecture of 
the wound dressing material. These parameters were completely 
studied with the images observed in SEM shown in figure 3.  
 
In vivo Evaluation 

 

The observations of the wound healing rate in the duration as 
mentioned earlier of the coated samples were shown in figure 4. 

 

 
Table 1: Preparation ratio of Calotropis gigantean(CG), Eucalyptus globules (EG), buds of Syzygium aromaticum(SA) and rhEGF 

 

Group  100 % Bamboo Yarn 

Sample NES NES1 NES2 NES3 

CG (ml) 20 20 30 20 

EG (ml) 20 20 20 30 

SA (ml) 20 20 20 40 

rhEGF (µg) 

REGEN-D™ 60 (Burn) 

- 5 10 15 

 
Table 2: Mechanical Properties of Bamboo Gauze fabric 

 

S n Properties Before Coating After Coating 

NES NES1 NES2 NES3 

1 Weave Plain 

2 Ends/inch(EPI) 34 

3 Picks/inch(PPI) 28 

4 Areal Density 50.7 g/m² 50.7 g/m² 50.7 g/m² 50.7 g/m² 50.7 g/m² 

7 Thickness mm) 0.03 mm 0.03 mm 0.03 mm 0.03 mm 0.03 mm 

8 Flexural Rigidity (mg.cm)                

Warp -  

Weft  - 

 

84.83. 

72.23 

 

95.29 

83.15 

 

95.28 

83.16 

 

95.31 

83.16 

 

95.26 

83.14 

 
Table 3: Results of Antibacterial Test against gram negative and gram positive bacteria 

 
S.N Samples Name of Organisms (Zone of Inhibition in diameter (mm)) 

Staphylococcus aureus Escherichia coli 

1 Untreated fabric 0 0 

2 Control group 20 18 

3 NES 10 8 

4 NES 1 6 7 

5 NES 2 8 7 

6 NES 3 13 11 
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Figure 2: (a) Formation of zone of inhibition against Staphylococcus aureus and (b) Formation of zone of inhibition against Escherichia coli 

 

 
 

Figure 3: SEM micrographs of the coated Bamboo Gauze fabrics 
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DAYS 

 

DAY 0 DAY 3 DAY 9 DAY 15 

No Treatment  

 

 

   
Control Group 

     
NES 

     
NES 1 

     
NES 2 

     
NES 3 

     
 

Figure 4: Wound Closure Study 

 
DISCUSSION 

 

The results of mechanical properties of the natural extract coated 
fabric samples shows that the areal density of the fabric 

increases with 1.3 % after coating. Similarly, the result clearly 
shows the treated samples have a slight difference in the 
stiffness comparatively to the untreated samples.  
 
The test results of antibacterial activity of the natural extract 
coated samples were comparatively analyzed as shown in the 
Figure 2. The formation of zone of inhibition against 
Escherichia coli and Staphylococcus aureus in the sample NES 
3 which is about 13 mm and 11 mm after 24 hrs of inhibition. 

On its consolidation NES 3 shows better antibacterial property 
which was conformed with the evident from the zone of 
inhibition as shown in figure 2. It also concludes that when the 
ratio of natural extracts & rhEGF was increased the better will 
be the antibacterial property. 
 
The morphological study of coated fabric as shown in figure 3 
reveals that natural extracts coated penetrates evenly over the 

surface of the gauze fabric samples. The porous nature of the 
fabrics was not affected, was concluded from the images 
investigated after coating with the natural extract on the gauze 
fabric. 

 
The wound healing rate was compared through In vivo 
evaluation and shown in figure 4. The results confirmed that 
sample NES 3 has faster wound closure rate. The images of 

wound size reduction after treatment with natural extract coated 
wound dressing on 0th, 3rd, 9th and 15th days were shown in 
figure 4. The size reduction of wounds in sample NES 3 shows 
faster wound healing rate when compared with other 
compositions (Wounds not treated, treated with commercially 
available drug Silver sulphadiazine and other ratios of 
Calotropis gigantean(CG), Eucalyptus globules (EG) and buds 
of Syzygium aromaticum (SA) enhanced with rhEGF (REGEN-
D™ 60 (Burn) 

 
CONCLUSION 

 

It is found that the different natural extracts were coated in all 
the samples evenly. The samples coated with natural extracts 
exhibit good anti – bacterial activity against Staphylococcus 
aureus and Escherichia coli. The results of In – Vivo evaluation 
reveals that, the coated gauze fabrics were suitable for dressing 

the burn wounds and also it gives a better wound healing rate. It 
was also further proven that when ratio of the natural extracts 
was increased the wound healing rate was increased. 
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