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Chronic wounds threaten the geriatric society worldwide irrespective of their social status. The current treatment approach to cure
chronic ailments is associated with its demerits. A novel treatment approach that is coordinated is required to adsorb water from
wounds and cure chronic wounds. Star anise condiment used in the Indian kitchen is shown to have the potency to cure various
ailments. In this study, silver nanoparticles were prepared using the star anise extract. The biological potency of star anise extract
was confirmed through Gas Chromatography Mass Spectroscopy, antioxidant assay, and anti-inflammatory study. From the
DPPH assay result, it was inferred that star anise extract was able to scavenge the free radicals at the concentration of 10 μg/ml
using the aqueous extract silver nanoparticles were prepared. The prepared particles were characterized by UV-visible,
scanning electron microscopy, and their biological efficacy was determined for their potency against bacteria and prevention of
protein aggregation. The anti-inflammatory assay suggests that nanoparticles prevent the aggregation of proteins in a dose-
dependent manner. IC50 was found to be 20 μg/ml. The synthesized nanoparticle was incorporated into the chitosan
biomaterial and characterized by various physicochemical parameters such as differential scanning calorimetry, scanning
electron microscopy, FTIR, and thermogravimetric analysis. According to the findings, silver nanoparticles incorporated in
chitosan biomaterials can be used to adsorb water from wounds and wound healing materials.

1. Introduction

The concept of nanotechnology is trending worldwide in
various fields [1]. Nanotechnology is a unique field with
a blend of various interdisciplinary fields [2, 3]. Chronic
wound healing is a very difficult process due to the imbal-
ance of various molecular events [4]. Due to this healing
of chronic wounds gets delayed. When healing gets
delayed, it leads to an infectious wound due to bacterial
contamination [5].

The normal wound dressing may not be useful for
chronic wounds as it cannot promote healing, gaseous
exchange, and angiogenesis [6]. Traditionally, silver-based
ointments are used for the healing process as they are anti-
microbial [7]. Delay in the healing of chronic wounds is
the multifactorial factors like improper inflammation and
bacterial contamination; on this basis, antimicrobial creams
or agents do not solve the purpose [8].

Green-synthesized silver nanoparticles (AgNP) using
herbal plants and their products are shown to be much more
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potent when compared to the normal silver-based ointments
[9]. The potency of the AgNP was enhanced due to the syn-
ergistic effect of plant extract involved in the process of
AgNP formation [9].

Star anise (Illicium verum) plays an important role in
Indian kitchen spices. The star anise was found to cure var-
ious health ailments [10]. Star anise is the source of shikimic
acid which is an important ingredient in the preparation of
antiflu (Tamiflu) drug which prevents the severity of the
influenza virus [11]. Earlier research work claims that its
potent active components make the star anise have high
antioxidant potency and also prevent a low-grade inflamma-
tory response [10, 11]. The bioactive components in the star
anise act as reducing agents in the formation of silver NP.
The potency of the star anise and silver together as an AgNP
might increase the wound healing by preventing the growth
of bacteria, scavenging the free radicals in the wound envi-
ronment, and also might prevent an unwanted inflammatory
response.

As chronic wounds mostly affect geriatric patients,
repeated application of the drug in the wound area would
be difficult for them [12]. Moreover, to obtain proper
healing, there should sustain drug release approach irre-
spective of the microenvironment of the wound [13]. To
release the drug in sustained manner, incorporation into
a polymer would be the choice. Also, if the polymer acts
as a temporary, it would be even better to achieve the
proper healing [14]. A lot of polymers are under research,
and few have been used for patients. Among such poly-
mers, chitosan has shown to be much promising as it
has a poor immunologic response, allows gaseous
exchange, has good tensile strength, has higher mechanical
strength with good biocompatibility, and provides mois-
ture, and it is also capable of delivering the drug in a sus-
tained manner [15, 16].

The objective of the study is to make a potent biomate-
rial for dermal wound healing. To achieve in this, we study
star anise AgNP (SA-Ag-NP) was synthesized and incorpo-
rated into chitosan biomaterial. The synthesized Ag-NP
was characterized by scanning electron microscopy. The
incorporated biomaterial was characterized by scanning
electron microscopy, FTIR, dynamic scanning calorimetry,
and thermogravimetric analysis.

2. Materials and Methods

All the chemicals used in this study were purchased from SD
chemicals India. The chemicals purchased were of analytical
grade.

2.1. Methods

2.1.1. Preparation of Star Anise Ethanol and Aqueous
Extract. About 250 g of star anise was purchased from Sid-
dha medical store and powdered. The powdered star anise
was soaked in ethanol at a ratio of 1 : 3. The soaked star anise
was filtered after three days. The filtrate was concentrated by
evaporating the solvent using a rota evaporator. The extract
obtained was used for gas chromatography-mass spectros-

copy analysis (GCMS) and antioxidant study. For aqueous
extract, 100 g of powdered star anise was added to the
500ml of boiling water. The aqueous solution was boiled
for 20 minutes. After 20 minutes, it was cooled completely
and filtered. The filtered solution was stored and was used
for the preparation of AgNP [16].

2.1.2. GCMS Analysis. GCMS technique was used in this
study to identify the phytocomponents present in the
extract. GCMS analysis of the ethanol extract of star anise
was performed using the GC Shimadzu Qp 2020 system
software adopted to handle mass spectra [17].

2.1.3. DPPH Assay. The antioxidant potency of the extract
was determined by a DPPH scavenging assay. DPPH is com-
mercially available as a free radical. Briefly, 0.1mM solution
of DPPH was prepared using ethanol. From the prepared
solution, 0.9ml of DPPH solution was added to the micro-
fuge tube; to this, varied concentration of the extract was
added in the range 5, 10, 15, 20, 25, and 50μg/ml. The tubes
were incubated for 30 minutes, and the absorbance was mea-
sured at 517nm [18].

2.1.4. Hydroxyl Radical Scavenging Assay. The hydroxyl rad-
ical scavenging assay was done by following the protocol
mentioned by Halliwell and Gutteridge. As described in
the reference, Fenton’s reagent was produced to generate
hydroxyl radicals. The basis of this essay is to measure
the degradation formed from 2-2-deoxy-D-ribose. Briefly,
the known amount of Fenton reagent varied concentration
plant extract was added. To this, 2-deoxy-D-ribose was also
added. After 1 hr of this reaction mixture cold, TBA was
added followed by HCL. The mixture was heated and
cooled, and it was estimated at 532nm. Extract concentra-
tions used for the assay were in the range of 5, 10, 15, 20,
25, and 50μg/ml [19].

2.1.5. Preparation of Star Anise Silver Nanoparticle (SA-Ag-
NP). The concentration of silver nitrate used was 1mM.
Briefly, 180ml of silver nitrate solution (1mM) was mixed
with 20ml of star anise aqueous extract, and the solution
was stirred in the dark chamber. The formation of SA-Ag-
NP was observed by the color change from a pale color to
dark brown color.

2.1.6. Characterization of SA-Ag-NP by UV-Visible
Spectrophotometer. The formation of SA-Ag-NP was
observed in UV-visible spectrophotometer (Shimadzu).
The spectrum was taken in the range of 200–800 nm [20].

2.1.7. Scanning Electron Microscopy. The surface morphol-
ogy and size of the AgNP were measured by SEM analysis.
According to the protocol given in the reference, the sample
was prepared and analyzed using (Zeiss EVO 40) scanning
electron microscope [21].

2.1.8. Antimicrobial Assay. The antimicrobial activity of the
SA-Ag-NP was tested through the agar well diffusion
method. In this, Bacillus subtilis was used as model organ-
isms to get the results for minimum inhibitory concentra-
tion. Briefly, the agar plate was uniformly spread with
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bacterial culture. The agar plate well was cut, and varied
concentrations of nanoparticles were added to the well.
The plates were incubated overnight at 37°C, and the zone
of inhibition was measured [4].

2.1.9. Protein Aggregation or Denaturation Assay. A protein
aggregation or denaturation assay was done to prove the
potency of SA-Ag-NP as an anti-inflammatory agent. A
briefly varied concentration of the extract was added to the
bovine serum albumin and heated. The reaction was cooled.
The ability of SA-Ag-NP to the prevention of aggregation of
protein was studied at 600nm. The less scattering suggests
that SA-Ag-NP effectively prevents the aggregation of
proteins.

2.1.10. Preparation SA-Ag-Np Chitosan Biomaterial. 0.5%
chitosan was mixed with acetic acid; to this, AgNp was
added and stirred for 10 minutes at 40°C; after ten minutes,
glutaraldehyde solution was added as a cross-linking agent
and continued for stirring for another ten minutes. After
that, solution was poured on the Teflon tray and dried inside
the laminar hood. The dried biomaterial sheet was analyzed
for physicochemical characterization.

2.1.11. FTIR Analysis. FTIR analysis was carried out to check
whether nanoparticles were infused into the chitosan bioma-
terial. The Ag-NP-incorporated chitosan biomaterial was
characterized using FTIR (Perkin Elmer). All spectra were
recorded in the range 300-4000 cm1 [22].
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Figure 1: GCMS analysis of star anise extract.
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Figure 2: Inhibition of DPPH radical by star anise extract.
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2.1.12. DSC Analysis. Thermograms of SA-Ag-NP were
obtained using a Shimadzu DSC-50. The biomaterial
was heated from 20 to 350°C at a constant heating rate
of 10 c/min under the nitrogen environment [23].

2.1.13. TGA. Thermogravimetric analysis (TGA) was carried
out for SA-Ag-NP-incorporated biomaterials. The biomate-
rial was placed in alumina crucibles heated at varying tem-
peratures in a nitrogen environment [24].

3. Result and Discussion

Treating chronic wounds becomes a major concern around
the world [25]. The proper healing of chronic wounds
depends on the efficacy of the therapeutic agent [26]. The
therapeutic agent should prevent all the ailments associated
with chronic wounds and should act as temporary skin till
the proper closure happens. Apart from the therapeutic
material, the drug should be released in a sustained manner.
A single therapeutic model cannot achieve the proper
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Figure 3: Inhibition of hydroxyl radical by star anise extract.
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Figure 4: UV-Vis spectrum of SA-Ag-NP.

Figure 5: SEM analysis of SA-Ag-NP. Figure 6: Antimicrobial activity of SA-Ag-NP.
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healing of chronic wounds [27]. Considering here in this
study, we prepared Ag-NP using star anise and incorporated
it into chitosan biomaterial.

Through GCMS analysis, it was found that star anise
extract has more potent compounds; more than 40 com-
pounds were detected in GCMS analysis as shown in
Figure 1. From the results, it was inferred that a lot of bioac-
tive phenolic compounds were present in the extract [28].
These bioactive compounds enhance the healing of wounds
if applied to the wound environment.

3.1. Antioxidant Assay. Herbal plants undoubtedly have
more antioxidant potency, especially components derived
out of aromatic substances will have more antioxidant
potency [29]. Through GCMS analysis, it was inferred that
the extract has more phenolic compounds. DPPH assay
revealed that the star anise extract efficiently scavenges the
radicals. IC50 concentration of the extract was found to be
10μg/ml. At the concentration of 25μg/ml, star anise extract
was able to scavenge almost all the radicals. Hydroxyl radical
assay also depicts the same. Star anise extract shows IC50 of
10μg/ml for hydroxyl radical as shown in Figure 2.

3.2. The Characterization of Star Anise Ag-NP by UV-Visible
Spectrophotometry. Figure 3 shows the UV-Vis spectrum of
star anise Ag-NP. The metal nanoparticle has shown a char-
acteristic peak at 465nm. Silver nanoparticles show a peak in
the range of 380–480 depending on their physical character-
istics such as size, shape, and distribution [30]. The charac-

teristic peak obtained in the range of 465nm depicts the
successful formation of star anise Ag-NP as shown in
Figure 4.

3.3. Morphological Characterization of SA-Ag-NP by SEM.
The Ag-NP was characterized for its size shape and mor-
phology through SEM analysis. From Figure 5, it was
inferred that SA-Ag-NP shows a solid crystal-like structure
with little agglomeration. The agglomeration of the Ag-Np
may be due to the hydroxyl groups present in the star anise
extract [31, 32].

3.4. Antimicrobial Activity of SA-Ag-NP. Figure 6 depicts the
antibacterial activity of synthesized Ag-NP. From the results,
it was inferred that Ag-Np at the concentration of 500μg/ml
showed high potent activity on par with third-generation
antibiotics. The zone of inhibition for 500μg/ml Ag-NP
was found to be 21mm.

3.5. Protein Aggregation or Denaturation Assay. One of the
important factors for unwanted low-grade or high-grade
inflammatory responses is due to the denaturation of protein
[33]. To ascertain whether denaturation or aggregation of
the SA-Ag-NP protein has anti-inflammatory properties.
From the assay, it was inferred that SA-Ag-NP can inhibit
the denaturation of proteins which indirectly depicts that
SA-Ag-NP is a potent anti-inflammatory substance as
shown in Figure 7.

3.6. Characterization of SA-Ag-NP-Incorporated Chitosan
Biomaterials. SA-Ag-NP-incorporated chitosan biomaterial
was subjected SEM analysis to study texture, damage of bio-
material while preparation, and microenvironment. The
reduced pore size of the biomaterial acts as a good wound
dressing as it cannot be damaged while applied to the wounds.
From the SEM analysis, it was found that the biomaterials do
not have pores, it was flat, and there were gaps in the material.
It has uniform morphology throughout its structure, and it
can act as perfect temporary skin as shown in Figure 8.

3.7. FTIR Analysis of SA-Ag-NP-Incorporated Chitosan
Biomaterials. Figure 9 shows the FTIR spectrum of SA-Ag-
NP-incorporated chitosan biomaterials. FTIR was generally
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Figure 7: Inhibition of aggregation by SA-Ag-NP.

Figure 8: SEM analysis of SA-Ag-NP-incorporated chitosan
biomaterials.
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used to study the functional group. Here in this, we have
done FTIR to confirm that SA-Ag-NP was successfully
incorporated into the biomaterials. From the results, it was
inferred that a lot of peaks were observed. The peaks were
noticed at 3807 cm-1, 2985 cm-1, 2799 cm-1, 2352 cm-1,
2141 cm-1, 1735 cm-1, 1543 cm-1, 1411 cm-1, and 1354 cm-1.
The observed OH stretching may be due to the presence of
phenols and alcohols. The stretching vibration C-H and
C=O suggest the presence of functional aldehydes and other
aromatic compounds [28, 34].

3.8. Dynamic Scanning Calorimetry (DSC) and TGA for SA-
Ag-NP-Incorporated Chitosan Biomaterials. The thermal sta-
bility of biomaterials was studied using DSC and TGA. From
the DSC results, it was inferred that SA-Ag-NP-incorporated
chitosan biomaterials have more thermal stability and can be
acted as a good biomaterial [28]. The degradation was
observed at 237°C. It was also confirmed with TGA, as
shown in Figures 10 and 11.

4. Conclusion

The characterization studies reveal that SA-Ag-NP was syn-
thesized efficiently. The characteristic peak at 465 nm in UV-
visible spectroscopy and SEM analysis suggests and confirms
the formation of SA-Ag-NP.

(i) DPPH assay and hydroxyl radical proves that star
anise can easily clear off free radicals in the wound
environment

(ii) The SA-Ag-NP is further incorporated into the chi-
tosan polymer

(iii) This chitosan biomaterial can be utilized as a wound
water adsorbent

(iv) The SA-Ag-NP-incorporated chitosan biomaterials
were characterized by various physicochemical
analyses; from the analysis, it was inferred that
SA-Ag-NP-incorporated chitosan biomaterials can
act good biomaterial for chronic wounds
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