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ABSTRACT
Chitosan has been reported to be an effective chelating or fixing agent due the number of NH2 and OH groups, high
adhesion and mechanical strength. It has wide potential applications,especially in drug delivery. In the present
study, we report the facile synthesis of La/Bi/Cu /chitosan nanocomposites and their physical properties. La/Bi/Cu
trimetal nanoparticles were synthesized by chemical reduction of corresponding metal salts with NaBH4 in the
presence of chitosan, when chitosan molecules adsorb on to the surface of as-prepared La/Bi/Cu trimetal
nanoparticles forming La/Bi/Cu /Chitosan nanocomposites. Natural chitosan not only acts as supporting matrix,
but also serves as a stabilizer for the formation ofLa/Bi/Cu trimetal nanoparticles. La/Bi/Cu /Chitosan
nanocomposites have better antioxidant activity.La/Bi/Cu /Chitosan nanocomposites acts as better antimicrobial
activity against bacteria and fungus. La/Bi/Cu /Chitosan nanocomposites have cytotoxic activity against HOS cell
line. The optical properties, morphologies, structure, chemical compositions and electronic properties of La/Bi/Cu
/chitosan composites were characterized by XRD, FTIR, SEM and UV–visible absorption spectroscopy. The SEM
images showed variation in morphology of the particles. The XRD pattern revealed the crystalline nature of the
nanocomposites.
Keywords: Trimetal, Chitosan, Anticancer, Anti bacterial and Anti fungal.

INTRODUCTION
More than adequate examination has been done and written about new metal-natural
nanocomposites1. The term nanocomposite as a rule alludes to polymers with scattered
nanofillers with a normal molecule size of under 100 nm2. Polymers are viewed as great
receptors for metals3,4 and semiconductor nanoparticles5-7, notwithstanding their incredible
optical and electrical properties. It has been accounted for that an enormous number of polymerinorganic nanocomposites as a rule have alluring electrical, optical and attractive properties that
are better than those of the parent polymer or inorganic particles8,9. As a rule, metal
nanoparticle-polymer nanocomposites can be ready by adding a metal forerunner to a polymer
arrangement and afterward lessening the metal antecedent with a diminishing specialist or
pyrolysis specialist, or by adding the metal antecedent through additional decrease or
polymerization during polymerization.
In the age of metal nanoparticles, stabilizers assume a significant part in controlling the
development and soundness of nanoparticle scattering. Polymers have additionally been utilized
to make metallic polymer nanocomposites. Chitosan is a biodegradable, non-poisonous and
biocompatible polymer got from a wellspring of somewhat deacylated chitin.10 Chitosan can be
utilized as a compelling fixing specialist for metal nanoparticles (NPs) because of the huge
measure of NH2-and OH-in the compound construction of chitosan11,12. Chitosan is much of the
time utilized as a substrate or scattering transporter as a result of its great grip, high
hydrophilicity, great film-framing capacity, and high mechanical strength13-15. Moreover,
dynamic amino and hydroxyl utilitarian gatherings can give reactant materials in improved
yields. Chitosan additionally gives phenomenal film development, great bond, minimal expense,
non-poisonousness, high mechanical strength, and hydrophilicity.16 Several writers have shown
that chitosan is a functioning transporter for use in the sythesis and catalysis of metal
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nanoparticles17. For instance, it was found that bio-conjugatedAg-chitosan and Au-chitosan
show synergist movement in the decrease of nitro sweet-smelling compounds18.
MATERIALS AND METHODS
Materials
All the chemicals used in this experiment were obtained from Sigma Aldrich chemicals India.
Double distilled water was utilized for all processes. Filtration was done using Whatman no.1
filter papers. Glasswares used for the reactions were washed well, rinsed with double distilled
water and dried in hot air oven.
Synthesis of La/Bi/Cu /Chitosan Nanocomposites
In a typical synthesis protocol,10ml of 0.01M lanthanum nitrate, bismuth nitrate and copper
nitrate was added and stirred using a magnetic stirrer. After 15mins 5mL of 0.01M NaBH4 was
added drop wise to the solution with constant stirring. The colour of the solution changedfrom
light green to dark brown, which indicated the formation of trimetal nanoparticles.Then,50 ml
of 0.5% (w/v) chitosan solution (prepared using 0.1% acetic acid) was added to trimetal
nanoparticles. The solution in the beaker was stirred in a magnetic stirrer at80° C for about 5
hours. The synthesized La/Bi/Cu /chitosan nanocomposites was washed with water and ethanol
to remove unreacted precursor and impurities, and dried to get powdered nanocomposite.
Similar procedure was repeated for synthesis of different compositions, ie., (1% (w/v) chitosan,
2% (w/v) chitosan, 3% (w/v) chitosan, 4% (w/v) chitosan) La/Bi/Cu /Chitosan
Nanocomposites.
Characterization
UV-Vis spectral analysis was performed on a JASCO-V-600 spectrophotometer at SFR College,
Sivakasi.SEM was recorded in MIRA3 TESCAN instrument, EDX at Karunya University,
Coimbatore. XRD was recorded using monochromatic Cu Kα radiation with a wavelength of
1.54Å at Karunya University, Coimbatore.
Antifungal Assay
Antibiotic susceptibility tests were determined by agar disc diffusion (Kirby–Bauer)
method. Fungi strains Aspergillusniger, Aspergillusflavus, Candida albicans and Aspergillu
sterrussps were swabbed using sterile cotton swabs in SDA agar plate. 10 μL of each sample
(1,2,3 and 4)was respectively introduced in the sterile discs using sterile pipettes. The disc was
then placed on the surface of SDA medium and the compound was allowed to diffuse for 5
minutes and the plates were kept for incubation at 22°C for 48 hours. At the end of incubation,
inhibition zones were examined around the disc and measured with transparent ruler in
millimeters.
Evaluation of Antibacterial activity
Antibacterial activity of the trimetal nanoparticles were examined using water as solvent and
tested against four different human pathogens such as Bacillus sp. 1.3, Bacillus sp. 8.5,
Pseudomonas aeruginosa, Enterobacterclocae using agar well diffusion method[22]. The
sterilized media are cooled to around 50˚C and poured into petriplates which are covered
immediately. Nutrient agar plates were swabbed (sterile cotton swabs) with 12 hour old - broth
culture of respective bacteria. Wellswere made in each of these plates using sterile cork borer
(8mm diameter). Trimetal nanoparticles of different concentrations from 100mg/ml to
300mg/ml were prepared. About 30μl of different concentrations of trimetal nanoparticles were

1042

SPECIALUSIS UGDYMAS / SPECIAL EDUCATION 2022 2 (43)

added using sterile pipettes into the wells and allowed to diffuse at room temperature for 2 hrs.
The plates were incubated at 37°C for 18-24 h. The diameter of the inhibition zone (mm) was
measured.
Evaluation of antioxidant activity
The DPPH radical scavenging activity is generally quantified in terms of inhibition
percentage of the pre-formed free radical by antioxidants, and the EC50 (concentration required
to obtain a 50% antioxidant effect) isa typically employed parameter to express the antioxidant
capacity and to compare the activity ofdifferent compounds. To evaluate this method, we
investigated the antioxidant activity nanoparticles with different concentrations.For this project,
ascorbic acid was screened as antioxidant standards with DPPH assay to define the EC50
parameters(Chen et al., 2013).
5mg of standard (Ascorbic acid) was dissolved in 1ml methanol, from this mixture 200µl
was taken and diluted in10ml methanol. The final working concentration of standardwas
1mg/10 ml and the sample concentration was1mg/ml. The standard concentration with four
different ranges from 2.5µl, 5µl, 7.5µl and 10µl and sample concentration with 5 different
concentrations 10µl, 20µl, 40µl, 80µl and 100µl. The standard, DPPH, and samples were
dissolved in 100% methanol.
To assess the free radical scavenging activity of nanoparticles, 1,1-diphenyl-2picrylhydrazyl (DPPH) assay was performed. Different concentrations of nanoparticles reacted
with 100 µL of 0.2 mM DPPH ethanol solution and ascorbic acid was used as an antioxidant
reference. The solution was incubated at 37ºC in dark for 30 min and the absorbance samples
(Asample) were measured at 517 nm against a blank (Methanol alone) and a control solution
(Acontrol) with 0.2 mM DPPH and distilled water.
The DPPH free-radical scavenging activity was calculated as follows:
Radical scavenging activity (% RSA) = (Abscontrol - Abssample) ×100
(Abscontrol )
The positive controls were those used as the antioxidant reference. By using linear
regression of plot the EC50 value was calculated.
Anticancer activity in (ATCC CRL-1543) cell line (Human Osteosarcoma cells – HOS cells)
The HOS cells cultured in Eagle's Minimum Essential Medium with 10% fetal bovine serum were
subculture in flat bottomed plates at 5 × 104 cells/well in 100μl culture medium. Different
concentration of given samples (10, 20, 40, 60, 80 and 100 µl/ml) was added to the cells and
incubated overnight at 37°C in the CO2 incubator. The HOS cells were observed under
microscope and photographed. After incubation, 50µl of MTT solution was added and further
incubated for 3 hours. Then, 150 µl of the solubilisation solution was added into each well,
wrapped with aluminum foil and incubated 15 mins. The absorbance of the resultant formazan
product was measured at 570 nm in the spectrophotometer.
Results and Discussion
UV- Vis spectra of synthesized La/ Bi /Cu /Chitosan Nanocomposites
Formation of La/ Bi /Cu /Chitosan Nanocomposites was confirmed by UV-Vis spectral analysis.
UV-Vis spectra of synthesized La/Bi/Cu /Chitosan Nanocomposites is shown in fig.1.
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Fig.1: UV- Vis spectra of La/ Bi /Cu /Chitosan Nanocomposites
Absorbance at 308 nm is due to the formation of La/ Bi /Cu trimetalNPs.SPR band around350600nmis observed which shows La/ Bi /Cu /Chitosan Nanocompositesformed.Since the exact
position of the SPR band is not known, it is determined by certain parameters such as the capping
agent, the size and shape of the nanoparticles19,20. When the concentration of chitosan is
increased, the intensity of the absorption bandincreases as shown in Fig. 1. At the same time, the
absorption band at 310nm of La/ Bi /Cu trimetal NPs becomes broader for La/ Bi /Cu /Chitosan
Nanocomposites as chitosan concentration increases. This indicates that the size of trimetal
nanoparticles formed altered as the interaction with chitosan increases, which operates as a
controller of nucleation as well as a stabilizer21.
FTIR spectra of synthesized La/ Bi /Cu /Chitosan Nanocomposites

Fig.2.FTIR spectra of a) Chitosan, b) La/ Bi /Cu /Chitosan Nanocomposites
at different concentration (0.5%(w/v) , 1.0%(w/v) , 2.0%(w/v) ,3.0%(w/v) , 4.0%(w/v)
,) of Chitosan
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Table-1:Frequency Data of FTIR Spectrum of Trimetal Nanoparticle and
Trimetal/Chitosan Nanocomposites
Wavenumber(cm-1)

3446

La/ Bi
/Cu
trimetal
NPs
/1%
(w/v)
Chitosa
n NC
3445

La/ Bi
/Cu
trimetal
NPs
/2%
(w/v)
Chitosa
n NC
3447

La/ Bi
/Cu
trimetal
NPs
/3%
(w/v)
Chitosa
n NC
3444

Functional
La/ Bi
group(s)
/Cu
trimetal
NPs
/4%
(w/v)
chitosa
n NC
3445
O-H Stetching

2350

2360

-

-

-

-

C-H Stetching

1331

1490

1493

1384

1384

1384

C-H bending

-

1184

1132

1131

1134

1154

-

930

994

992

998

996

588

595

623

621,495

653

634

C-N
plane
bending
C-O ring of
polysaccharide
s
M-C Stretching

La/Bi/Cu
Trimetal
nanoparticle
s

La/ Bi /Cu
trimetalNP
s
/0.5%
(w/v)
Chitosan NC

-

The FTIR measurement of La/ Bi /Cu trimetal NPs andLa/ Bi /Cu /Chitosan Nanocomposites
with different composition are shown in Fig 2a and 2b respectively. FTIR analysis is used to
identify the presence of capping agents and stabilizers in the polymer. The peak around 3300
cm-1, corresponds to O-H stretch of hydroxyl groups of chitosan22. This peak is shifted to around
3445cm-1which may be due to coordination of the oxygen atom with metal nanoparticles.The
peak at2350cm-1 peak indicate C-H Stretching.The peak obtained at1400cm-1 is due to C-H
bending23. The peak at 1119cm-1 is due to C-N bending. The peak around 1069cm-1 is due to C-O
stretching present in ring of polysaccharides24. The peak around 595 cm-1 is due to metal carbon
stretch25.There is a slight change in frequency in the FTIR spectrum La/ Bi /Cu trimetal NPs of
and La/ Bi /Cu /Chitosan Nanocomposites, which indicates the interaction between metal and
O-H , C-N group of chitosan.These groups are responsible for the capping of trimetal
nanoparticles.
X- Ray Diffraction Analysis (XRD)
X-ray diffraction (XRD) measurements were performed to confirm the desired crystal
properties, phase composition, and orientation of the formed La/ Bi /Cu
/Chitosan(4%(w/v))Nanocomposites. The XRD pattern for the sample is shown in Fig.3
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Fig. 3: XRD pattern of synthesizedLa/ Bi /Cu /Chitosan(4% (w/v) Nanocomposites
The XRD pattern of synthesized La/ Bi /Cu /Chitosan (4% (w/v))Nanocompositesshowspeaks
indices at(002) plane which indicates hexagonal crystals (La nanoparticleJCPDS no. 02-0607)
26.The (012) plane represent Rhombohedralcrystals (Bi nanoparticles JCPDS Card No. 851331)27. The plane (200) indicate the FCC crystals(Cu NanoparticlesJCPDS no. 04-0784)28.
From the indices, and comparison with the reported data, we conclude that the ternary
nanocomposite has three different crystal structures with all three metals occupying the
lattices in the crystals. The size of the La/Cu/Bi Chitosan (4% (w/v))Nanocomposites
calculated by using Debye- Scherrer’s formula
Where d is the mean crystallite size, K is the constant (Shape factor) K= 0.94, 𝜆 is the Wavelength
of X- ray (𝜆 = 0.154 nm), β is the FWHM of the diffraction peak, and θ is the Bragg diffraction
angle
Table 2: XRD data ofLa/ Bi /Cu /Chitosan(4% (w/v) )Nanocomposites
2θ
19.0568

θ
9.5284

Cos θ
0.9862

FWHM β
0.4318

FWHM β (rad)
0.007513

D (nm)
18.3

31.2310
32.1482
33.8321
48.7321

15.6155
16.0741
16.9116
24.3650

0.9631
0.9609
0.9567
0.9109

0.4600
0.4607
0.4909
0.4720

0.008004
0.008210
0.008541
0.008210

17.3
17.9
15.9
18.5
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Table 2 shows XRD data and the size of synthesized nanoparticles was found to be in the range
of 15.9nm- 18.5nm.
Scanning Electron Microscopy
The surface morphologyof the nanoparticles was studied by Scanning Electron Microscopy
(SEM) analysis.

Fig. 4(a-e): SEM image of La/ Bi /Cu /ChitosanNanocomposites at different concentration
of ex was, wswss2qszqazwzwwzzaq(0.5%(w/v) , 1.0%(w/v) , 2.0%(w/v) , 3.0%(w/v) ,
4.0%(w/v) ,) of Chitosan
The Fig.4 shows the SEM image La/ Bi /Cu /Chitosan Nanocomposite at different concentration
of chitosan. It shows a needle like shape and it concurs with the results of XRD studies that it is
crystalline. Some nanoparticles were found to be bigger in size; it may be due to the
aggregation of the smaller ones.
Energy Dispersive X-Ray analysis (EDX)
Energy dispersive X-Ray analysis was carried out to find out the elemental composition of the
synthesized La/ Bi /Cu /Chitosan(4% (w/v) Nanocomposites.The EDX shown in fig.5.

Fig. 5: EDX graph of La/ Bi /Cu trimetal NPs/Chitosan(4% (w/v) )nanocomposites
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EDAX graph of La/ Bi /Cu /Chitosan (4% (w/v) ) Nanocomposite indicates the elemental
composition of trimetal/chitosan nanocomposites. The sodium, carbon, and oxygen signals were
most likely due to the reducing agent and polymer on the surface of the prepared nanoparticles.
The other element S may be due to the presence of impurities.
Antifungal Activity:
Table: 3.Anti-fungal Activity of La/Bi/Cu/chitosan Nanocomposites
Sample Code
Zone of inhibition (mm in diameter)
Fungal Strains

Aspergillusniger

La/Bi/Cu/ChiosanNanocomposites
(2)
-

Aspergillusflavus

12

Candida albicans

Aspergillusterreus

10

-

Positive
Control

Negative
Control

13

-

12

-

12

-

10

-

-

Figure: 6.Anti-fungal Activity of La/Bi/Cu/chitosan Nanocomposites
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The Anti-Fungal activity of synthesized La/Bi/Cu /chitosan Nanocomposites was tested against
the fungi such as Aspergillus niger, Aspergillus flavus, Candida albicans and Aspergillus terrus sps
are shown in Figure.6. The Zone of Inhibition of fungi strain shown in Table.3.This result showed
was found inactive against two fungal strains namely Aspergillus niger, Aspergillus terrus sp,. The
Nanocomposites showed remarkable antifungal activity in fungal stain Aspergillus flavous
(12mm),Candida albicans(10mm) when compared positive control(12mm) .
Antibacterial Activity:
Table4. Zone of Inhibition of bacterial species(mm)
Concentration
Pseudomonas Bacillus Bacillus
(µg/L)
Enterobacterclocae VS1
1.3
8.3
chloramphenicol
1
2.6
3.5
3.7
3.7
50
0.7
1.2
2.2
2
La/Bi/Cu /chitosan
100
0.9
1.5
2.6
2.4
nanocomposites
150
1
2
2.8
2.8
The antibacterial activity of La/Bi/Cu /chitosan nanocomposites was tested antibacterial
activity against different bacteria such as two Gram negative bacteria (Entero bacterclocae,
Pseudomonas Vs1)and two Gram positive bacteria(Bacillus 1.3,Bacillus8.3)at different
concentration (50-150µg/L).The Zone of Inhibition of Gram negative and Gram positive bacteria
shown in fig.7.The antibacterial activity of La/Bi/Cu chitosan Nanocomposites increases with
increase the concentration of Nanocomposites shown in table3. . The concentration of
Nanocomposites displayed adverse effect in antibacterial activity. This result showed
La/Bi/Cu/chitosan Nanocomposites have good antibacterial activity against Gram positive
bacteria when compared to Gram negative bacteria.

Figure: 7. Anti-bacterial Activity of La/Bi/Cu/chitosan Nanocomposites
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Antioxidant Activity
Table. 5.DPPH assay for antioxidant activity

Ascorbic acid

La/Bi/Cu/Chitosan Nanocomposites

Concentration (µg)
0.1
0.2
0.3
0.4
0.5
10
20
40
80
100

OD at 570nm
0.295333
0.289667
0.257667
0.213667
0.203
0.243667
0.234
0.231333
0.227
0.225333

RSA %
3.485839
5.337691
15.79521
30.17429
33.66013
25.4842
28.44037
29.25586
30.58104
31.09072

Fig. 8(a, b) DPPH radical scavenging activity of Ascorbic Acid

Fig. 9(a, b) DPPH radical scavenging activity of La/Bi/Cu /chitosan Nanocomposites
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In vitro antioxidant activity of the synthesized La/Bi/Cu/Chitosan Nanocomposites was studied
by analyzing DPPH radial scavenging activity at different concentrations from 10-100 µg/ml.
DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate)is a stable organic free radical that has been
used for antioxidant assay . Table5.shows DPPH scavenging activity of the synthesized
La/Bi/Cu/Chitosan Nanocomposites at different concentrations. The varying concentration of
the La/Bi/Cu/Chitosan Nanocomposites (10,20,40,80and 100µg/ml)significantly scavenged
DPPH by 25.4842, 28.44037,29.25586,30.58104,31.09072%respectively.
Anticancer Activity
In vitro cytotoxic activity against HOS cell line atdifferent concentrations was investigated. . The
anticancer activities ofthe La/Bi/Cu/Chitosan Nanocomposites were performed with different
concentrations such (10, 20, 40, 60, 80 and 100 µl/ml). The anticancer activity of La/Bi/Cu
trimetal nanoparticles nanoparticles against HOC cell line increasedwhile in the concentration
of La/Bi/Cu/Chitosan Nanocomposites.The results show the good cytotoxic activity against
thecancer cells (Fig.10). The concentration of La/Bi/Cu/Chitosan Nanocompositesplays an
important role in the anticancer activity.The La/Bi/Cu trimetal nanoparticles are having the
good results againstHOS in that 100 µl show fine results followed by80 µl ,60 µl,40µl,20 µl and
10µl. The lowest inhibitory action was observedform the concentration of 10 µl .

Anticancer activity - La/Bi/Cu/Chitosan
Nanocomposites
% Cell Viability

120
100
80
60
40
20
0
Neg.Con

10ul

20ul

40ul

60ul

80ul

100ul

Pos.Con

Concentration

Fig. 13. Anticancer activity of La/Bi/Cu trimetal Nanoparticles against HOS cell line
Table.6 MTT assay on cytotoxic activity of La/Bi/Cu trimetal Nanoparticles against HOS
cell.
Sample code: 2(La/Bi/Cu/Chitosan Nanocomposites)
Sample Concentration OD
(µg/mL)
value I

OD
value II

OD value Average
III
OD

Percentage
Viability

10µl

1.776

1.754

1.765

1.765

99.02±0.62

20µl

0.808

0.821

0.803

0.810

45.46±0.52
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40µl

0.196

0.203

0.190

0.196

10.99±0.37

60µl

0.144

0.153

0.141

0.146

8.16±0.35

80µl

0.086

0.083

0.096

0.088

4.93±0.38

100µl

0.085

0.083

0.088

0.085

4.76±0.14

Fig.14.Microscopic image of Cytotoxic activity of La/Bi/Cu trimetal Nanoparticles
against HOS cell line.
CONCLUSION
The La/ Bi /Cu /Chitosan Nanocomposites were successfully synthesized by using chemical
method for synthesis. The Trimetal/Chitosan Nanocomposites were analyzed using UVspectrophotometer, FTIR, SEM and EDAX, XRD. The La/ Bi /Cu /Chitosan Nanocomposites have
biological activity such as antifungal, antibacterial, antioxidant and anticancer .
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