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ABSTRACT
The present study deals with the enhancement of antimicrobial potential of Tephrosia purpurea crude extracts by making their composite
with TiO2 nanoparticles against ubiquitous pathogens which may cause skin and wound infections. The synthesis was accomplished by
the sol-gel method using precursor Titanium isopropoxide. The nanoparticles characterized by XRD, FESEM and FTIR techniques. XRD
results showed that particles were in anatase phase with average crystallite size 12- 24 nm. FESEM reveals the spherical surface
morphology of the nanoparticles. FTIR spectra gave the idea about associated functional groups with the synthesized particles. The
antimicrobial potential of chemically synthesized TiO2 nanoparticles, green synthesized TiO2 nanoparticles and the crude extracts tested
against Escherichia coli MTCC 40, Pseudomonas aeruginosa MTCC 2474 and Streptococcus pyogenes MTCC 442 which are actively
involved in skin and wound infections. Results showed that green synthesized TiO2 nanoparticles gave better results in comparison with
chemically synthesized TiO2 nanoparticles and crude extracts.
Keywords: Titanium dioxide; Green synthesis; Sol-gel; Nanoparticles; Wound infection; Antimicrobial activity; Plant extracts;
Tephrosiapurpurea.
Abbreviations
TiO2/PE - Green synthesized nanoparticles by petroleum ether extract
TiO2/BZ - Green synthesized nanoparticles by benzene extract
TiO2/MeOH - Green synthesized nanoparticles by methanol extract
TiO2/W - Green synthesized nanoparticles by water extract

1. INTRODUCTION
The nanoparticles-based drug delivery systems have been
developed by the great efforts which employ nanostructured
materials made by the combination of bioactive compounds and
inorganic nanostructured matrix. Metal nanoparticles are
enormously used because of their unique physical and chemical
properties and widely used in various areas such as antibacterial,
antiviral, diagnostics, anticancer and targeted drug delivery [1].
They may combine biopolymers that mimic the organic
components of the extracellular matrix of bone and bioactive
nanoceramics to induce biomineralization [2]. The antimicrobial
activity of nanoparticles either directly interact with the microbial
cells
(interrupting
transmembrane
electron
transfer,
disrupting/penetrating the cell envelope, or oxidizing cell
components) or produce secondary products [3]. Titanium dioxide
is one of the most studied semiconductors for photo-catalytic
reactions due to its low cost, ease of handling and high resistance to
photo-induced decomposition [4]. These metal nanoparticles have
the advantages of both cheapness and non-toxicity, in addition to its
excellent functionality and long-term stability. Because of these

properties, it has been approved by the American Food and Drug
Administration (FDA) for use in human food, drugs, cosmetics and
food contact materials [5]. TiO2 also exhibits bactericidal activity
when it irradiated with near-UV light [6]. The present study deals
with the green synthesis of TiO2 nanoparticles using the different
extracts of Tephrosia purpurea herb. We aimed at using Tephrosia
purpurea for the first time and standardizing the TiO2 synthesis
protocol using its leaves extracts and titanium isopropoxide.
Tephrosia purpurea belongs to family Fabaceae and used
traditionally as a folk medicine because of its several properties
such as anticancer, antipyretic, antidiabetic, antiviral, antimicrobial,
anti-inflammatory etc. This herb is effectively utilized as folkloric
medicine for the treatment of inflammation as well as enlargement
of liver and spleen. It also has the potential of pro-healing and able
to improve collagen maturation by cross-linking. Its antioxidants
help to prevent the damage caused by free radicals by quenching
superoxide radicals [7]. Several studies showed that this plant
works as a potent antimicrobial agent against several pathogens
associated with wound and other infections [8].

2. MATERIALS AND METHODS
2.1.

Materials.
The herb Tephrosia purpurea collected from bare land
beside Gurukula Kangri University, Haridwar, Uttarakhand and
further authenticated from Botanical Survey of India, Dehradun,
Uttarakhand is having accession number 116607. Titanium

precursor (Titanium isopropoxide) and ethanol purchased from
Sigma Aldrich and Merk. Different solvents (petroleum ether,
benzene and methanol) and culture media (Muller Hilton agar and
Nutrient broth) were bought from CDH (Central Drug House) New
Delhi. Three different bacterial strains Escherichia coli MTCC 40,
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Pseudomonas aeruginosa MTCC 2474 and Streptococcus pyogenes vigorous stirring at room temperature for two hours. Similar to the
MTCC 442 associated with wound infections used. Powdered chemical synthesis resulting precipitate was further recovered and
XRD, FTIR and FE-SEM analyzed all the composites and calcinated.
chemically synthesized TiO2. X-ray diffraction patterns were
recorded by Bruker AXS D8- Advanced diffractometer with Cu-Kα
radiation (λ= 1.5406 Å) in the 2ϴ range 20 -̊ 80̊. For the FTIR
analysis, Perkin Elmer spectrum two spectrometer was used in
particle range 400 – 4000 cm-1. Surface morphology of the samples
was recorded by Carl Zeiss Ultra plus Field-Emission Scanning
Electron Microscope with an accelerated voltage of 15.00 Kv in
high vacuum mode to achieve maximum magnification between
100X- 100,000X. UV - Visible spectra analyzed by Systronics UV
- Visible spectrometer in the range 200-800 nm.
2.2. Extraction.
The leaves of the plant were shade dried at room temperature
for 15 days. Dried leaves were coarsely powdered, and the quantity
Figure 1. Graphical abstract of the synthesis of titanium dioxide
nanoparticles via sol-gel method.
of 200 g filled in Soxhlet apparatus. The extractions were carried
2.5.
Antibacterial
activity.
out by four different solvents (350 ml each), i.e. petroleum ether,
Lyophilized
bacterial cultures purchased from MTCC were
benzene, methanol and water [9].
suspended into the nutrient broth with 0.5% NaCl at 37 ̊ C for 24 h.
2.3. Chemical synthesis of TiO2
Titania nanoparticles prepared by the sol-gel method where The bacterial inoculums for the antibacterial activity prepared by
Titanium isopropoxide (Sigma Aldrich >97%) used as titanium adjusting turbidity according to McFarland standards 0.5 in nutrient
precursor. The synthesis carried out as the method descibed by Liu broth. Antibacterial activities of the samples measured by the well
et al., (2003) with few modifications [10]. Titanium precursor diffusion method. Four wells having the diameter 6 mm were
dissolved in ethanol (Merck) in the ratio 1:2 then the suspension punched by sterile cork borer on Muller Hilton agar plates and
was added drop wise to the mixture containing alcohol, further seeded with stock bacterial cultures [11]. The powdered
hydrochloric acid and deionised water under vigorous stirring at nanoparticles composites suspended in distilled water in the
room temperature. After 2 hours, the solution gradually turned into concentration 50 µg/ml, which kept under UV light for 1 hour and
a yellowish gel which further precipitated. The resulting precipitate 45 µl of each sample poured into the wells. Similarly, four different
was recovered by centrifugation with repeated washings by ethanol extracts were suspended in DMSO in the concentration of 50µg/ml
and dried at 70̊ C followed by crushing with mortar and pestle. The each and tested against given test organisms. Antibiotic disks of
cefazolin (30mcg), streptomycin (10 mcg) and ampicillin (10 mcg)
dried powder calcinated in the muffle furnace at 500̊ C. Figure (1).
were used as a positive control, whereas distilled water and DMSO
2.4. Green synthesis of TiO2
For the green synthesis, 500 mg of plant extract suspended considered as the negative controls. All the plates were tested in
in 10 ml of ethanol and the suspension further mixed with 5 ml of triplicates and subjected for the incubation at 37 ̊ C for 24 hours.
titanium isopropoxide. The mixture added dropwise to the solution The results recorded through the zone of inhibition in mm.
containing ethanol, HCl and deionised water (30:1.66:1) under

3. RESULTS
3.1.

Characterization.
The structure and crystallinity of chemically synthesized
TiO2 and TiO2/plants extract composites analyzed by X-ray
diffraction. Figure (2) shows resultant peaks which confirm the
presence of TiO2 in the samples. The peaks were in good agreement
and matched with the standard results of anatase phase (JCPDS card
no. 21- 1272). An increase in the width of peak results in a decrease
in the size of particles. The average crystallite size of the particles
in nm calculated by using the Scherer formula.
d=

0.9λ
𝛽𝑐𝑜𝑠𝛳

Where, d= Mean diameter of the particles
λ = Wavelength of the radiation.
β =Angular FWHM of peak
ϴ = Diffraction angle.
The XRD pattern of chemically synthesized TiO2 and
TiO2/plant extracts composites shows peaks of anatase phase with
a reflection on 101, 004, 200, 211, 204 and 215. The average
crystallite size of chemically synthesized TiO2 nanoparticles ranges

between 12- 22 nm while TiO2/petroleum ether extract,
TiO2/benzene extract, TiO2/methanol extract and TiO2/water
extract were 15- 25 nm, 12- 24 nm, 12-15 nm and 14- 24 nm
respectively. Similar results obtained in previous studies. Maurya
et al., (2012) calculated the 6- 20 nm size of green synthesized TiO2
by Bauhinia variegate using Scherer formula [12]. In another study,
Amanulla and Sundaram (2019) obtained 17-21 nm-sized TiO2
nanoparticles synthesized using orange peel extract [13].
Surface morphology of the samples obtained by FESEM
shown in figure 3(a), 3(b), 3(c), 3(d) and 3(e). FESEM images on
the resolution of 100 nm revealed the formation of spherical shaped
particles in agglomerated form. Basically agglomeration of the
particles is due to their high surface energy and van der Waals
attraction of forces between them. To reduce their high surface
energy, they tend to agglomerate [14]. The average grain size of the
particles was 12-24 nm measured by Image J software which
favours the results obtained by XRD and revealed that particles
were in the nano range. Bottom-up approaches employed for the
morphology and size-controlled nanoparticles synthesis as it builds
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up from the atom by atom. Primarily these processes produce
spherical to near-spherical shaped nanoparticles. Sol-gel is one of
these processes which are widely employed. It generally utilizes sol
or colloidal suspension formed from the hydrolysis and
polymerization of the inorganic metal salt. Homogenous nucleation
during the synthesis causes spherical shaped particles [15, 16].

cm-1 showsC-O-O-C asymmetric stretching, 1145 cm-1 C-OH bond
vibration, 1028 cm-1 C-OH deformation [17]. Absorption band
between 500 and 1000 cm ascribed to the vibration absorption of
the Ti–O–Ti linkages in Titanium dioxide nanoparticles [19].

Figure 4. FTIR Spectrum of the samples.

Figure 2. XRD patterns of Titanium dioxide nanoparticles TiO2/BZ,
TiO2/MeOH, TiO2/PE, TiO2/W and TiO2 (Green synthesized by benzene,
methanol, petroleum ether and water extracts of Tephrosia purpura leaves
and chemically synthesized).

Absorption spectrum obtained by UV. Visible spectra were
observed below the region 400 nm wavelength while the smooth
decay observed towards the wavelengths above 400 nm, which is
influenced by their size, morphology and surface chemistry (Figure
5). The absorption spectrum depicts hypsochromic shift, i.e.
absorption in shorter wavelength. A shift towards the blue region
attributes to decreased crystallite size [20]. The absorption peaks
observed around 270- 290 nm due to the extinction absorption band.
As the function of photon energy, absorption band edges
extrapolated to calculate indirect bandgap, which found to be
around 3.26 eV [21-23].

Figure 5. The UV-Visible spectra of synthesized nanoparticles.
Figure 3. FESEM images of (a) chemically synthesized TiO2, (b) green
synthesized TiO2 /P.E, (c) green synthesized TiO2 /BZ,(d) green
synthesized TiO2 /MeOH and (e) green synthesized TiO2 /W.

In figure 4 five spectrums (TiO2, TiO2 /PE, TiO2 /BZ, TiO2
/MeOH and TiO2 /W) showed FTIR peaks. The technique used to
determine the associated functional groups worked as a capping
agent during the green synthesis of TiO2. The origin of vibrational
bands are as follows: bands observed at 3524 cm-1, 3500 cm-1, 3413
cm-1, 3400 cm-1 shows OH stretching vibrations of TiO2
nanoparticles [17, 18]. At 3195cm-1 symmetrical stretching of N-H,
1701cm-1, 1709 cm-1and 1713 cm-1 shows stretching C=O
vibrations which are H-bonded. Changes in C=O vibrations could
be connected with the destruction of old OH bonds and the creation
of new ones [17]. 1636 cm-1, 1625 cm-1 corresponds to bending
modes of Ti-OH [18]. 1400 cm-1symmetric bending of methyl
groups, 1383 cm-1 relates Ti-O modes [18]. 1368 cm-1and 1365 cm1
is due to stretching C-O and C-H bending vibrations, 1224 cm-1
and 1261 cm-1 asymmetric stretching of the phosphate group, 1171

According to Courtecuisse et al., (1996), the formation of TiO2 by
the reaction of Titanium alkoxide and alcohol is due to the
dehydration of alcohol followed by the hydrolysis of Titanium
alkoxide [24]. They proposed the following reaction mechanism,
which may reveal the synthesis of TiO2 in the present study:
CH3CH2OH ⇌ CH2=CH2 + H2O (1)
Ti [OCH (CH3)2]4 + H2O ⇌Ti [OCH (CH3)2]3 (OH)
+(CH3)2CHOH
(2)
Ti [OCH (CH3)2]3 + H2O ⇌Ti [OCH (CH3)2]2 (OH)2 +
(CH3)2CHOH
(3)
Ti [OCH (CH3)2]3 + H2O ⇌Ti [OCH (CH3)2] (OH)3 +
(CH3)2CHOH
(4)
Ti [OCH (CH3)2] (OH)3 → TiO2 + H2O + (CH3)2CHOH
(5)
Titanium hydroxide formed in reaction 4 is unstable;
therefore, it undergoes decomposition to form TiO2. Reaction (5)
shows the formation of TiO2 via thermal decomposition of titanium
hydroxide. Similarly, green synthesis of TiO2 nanoparticles took
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place; here, phytophenolic compounds may serve as capping as well organisms. Among green synthesized nanoparticles TiO2/PE
as the reducing agent [25]. Capping and reducing agents has an nanoparticles showed the best bactericidal activity against each test
important role in the formation of nanoparticles. Most of the organism.
protocols for chemical synthesis depend upon the use of heteroatom
functionalized long-chain hydrocarbons which may exert an
adverse effect on the environment. Green synthesis protocol is
concerned for the less hazardous and energy-saving capping agents.
As far as reducing agents have been concerned, plant-based
reducing agents are favourable because of the presence of several
polysaccharides, amino acids, proteins and enzymes [26].
3.2. Antimicrobial activity of extracts.
The antimicrobial activity measured in terms of ZOI (zone
of inhibition) that includes the 6mm diameter of the well/disk. The
crude extract of four different solvents, namely petroleum ether,
benzene, methanol and water, were tested. Results revealed that
methanolic as well as water extracts were predominantly active
against all the test organisms, whereas benzene extract gave the
least activity. Water extract shows the maximum zone of inhibition
against Pseudomonas aeruginosa MTCC 2474 (11.33±0.33 mm)
Figure 7. Antibacterial screening of chemically synthesized nanoparticles
followed by Escherichia coli MTCC 40 (10±0 mm) and
against (a) Pseudomonas aeruginosa MTCC 2474, (b) Escherichia coli
MTCC 40 and (c) Streptococcus pyogenes MTCC 442.
Streptococcus pyogenes MTCC 442 (7±0 mm). The methanol
extracted leaves gave maximum activity against Escherichia coli
MTCC 40 (11±0.57 mm) followed by Pseudomonas aeruginosa
MTCC 2474 (8.66±0.33 mm) and Streptococcus pyogenes MTCC
442 (8.33±0.33 mm). Similarly, Petroleum ether extract gave the
maximum zone of inhibition against Streptococcus pyogenes
MTCC 442 (11.66±0.33) followed by Escherichia coli MTCC 40
(10±0.57) and no zone of inhibition was shown against
Pseudomonas aeruginosa MTCC 2474. Benzene extract gave
similar inhibition against Pseudomonas aeruginosa MTCC 2474
and Streptococcus pyogenes MTCC 442 (9±0.57), and there was no
inhibition zone observed against the Escherichia coli MTCC 40.
Figure (6).

Figure 8. Antibacterial screening of green synthesized nanoparticles(1.
TiO2/Benzene, 2. TiO2/Water, 3. TiO2/Petroleum ether and 4.
TiO2/Methanol) against (a) Escherichia coli MTCC 40, (b) Pseudomonas
aeruginosa MTCC 2474 and (c) Streptococcus pyogenes MTCC 442.

Figure 6. Antibacterial efficacy of crude extracts (1.Benzene, 2. Water, 3.
Petroleum ether and 4. Methanol)of Tephrosiapurpurea leaves against (a)
Escherichia coli MTCC 40, (b) Pseudomonas aeruginosa MTCC 2474
and (c) Streptococcus pyogenes MTCC 442.

3.3. Antimicrobial activity of nanoparticles.
Chemically synthesized nanoparticles gave quite similar
results with each other having a zone of inhibition approximately
12 mm against all the test organisms. Figure 7 (a), 7 (b), 7(c) shows
the antibacterial screening of chemically synthesized nanoparticles
against different test organisms whereas figure 8(a), 8(b) and 8 (c)
shows the antibacterial efficacy of crude extracts of
Tephrosiapurpurea leaves and antibiotics against different test

It gives (27±0.57 mm) inhibition zone for Escherichia coli
MTCC 40 followed by Pseudomonas aeruginosa MTCC 2474
(24±0.57 mm) and Streptococcus pyogenes MTCC 442 (15±0.57
mm). Whereas TiO2/MeOH nanoparticles gave maximum
inhibition zone for Escherichia coli MTCC 40 (16.33±0.33 mm)
followed by Pseudomonas aeruginosa MTCC 2474 (13.6±0.33
mm) and Streptococcus pyogenes MTCC 442 (11.33±0.33).
TiO2/W nanoparticles gave (12±0 mm) zone of inhibition against
Pseudomonas aeruginosa MTCC 2474 followed by Escherichia
coli MTCC 40 (10±0 mm) and there was no inhibition seen against
Streptococcus pyogenes MTCC 442. Maximum zone of inhibition
by TiO2/BZ nanoparticles observed against Pseudomonas
aeruginosa MTCC 2474 (15.66±0.33 mm) followed by
Streptococcus pyogenes MTCC 442 (11.33±0.33) and Escherichia
coli MTCC 40 (09±0.57). The commonly used antibiotics i.e.
Ampicillin, Cefazolin and Streptomycin against wound infection
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causing pathogens were used as a positive control. Figure 9 (a), 9
(b) and 9 (c) Show the antibacterial screening of positive control
against all the test organisms. Ampicillin gave maximum inhibition
zone for Escherichia coli MTCC 40 (20±0.57 mm) followed by
Pseudomonas aeruginosa MTCC 2474 (15±0 mm) and
Streptococcus pyogenes MTCC 442 (7.66± 0.33). Cefazolin gave
maximum inhibition against Escherichia coli MTCC 40 (24±0.57
mm) followed by Pseudomonas aeruginosa MTCC 2474 (12±0
mm) and Streptococcus pyogenes MTCC 442 (7±0 mm) whereas
Streptomycin showed maximum activity against Pseudomonas
aeruginosa MTCC 2474 (36±0 mm) followed by Escherichia coli
MTCC 40 (25.66±0.57) and Streptococcus pyogenes MTCC 442
(14±0 mm).

observe the change in morphology of the bacteria. Figure 11
explained the morphological variations; the untreated Escherichia
coli cells were in their natural shape while colossal damage in the
cell wall observed in the treated cells. On comparison of
antibacterial activity of crude extracts with chemically synthesized
and green synthesized nanoparticles, we found that green
synthesized nanoparticles showed more potential. Especially,
TiO2/PE nanoparticles gave the best activity against all tested
pathogens. In comparison with three standard antibiotics, we found
that except TiO2/W all the green synthesized nanoparticles gave
better results than cefazoline and ampicillin but not more than
streptomycin. The synthesized nanoparticles utilized for their
antimicrobial potential were in anatase phase as previously
mentioned.

Figure 9. Antibacterial screening of antibiotics (1. Cefazolin (30mcg), 2.
Ampicillin (10 mcg) andStreptomycin (10 mcg) against (a) Escherichia
coli MTCC 40, (b) Pseudomonas aeruginosa MTCC 2474 and (c)
Streptococcus pyogenes MTCC 442.

Figure 11. Shows the morphology of the bacteria (A) before treatment
and (B) after the treatment by nanoparticles.

All the values of the zone of inhibition include the diameter
of cork borer and disks used for the antibacterial activity. The
antimicrobial activities of different samples with the zone of
inhibitions represented by the figure 10.

Figure 12. Shows the outline of cell damage due to the ROS effect by
TiO2nanoparticles.

Figure 10. Graphical representation shows the comparison of the zone of
inhibition between antimicrobial agents used against Pseudomonas
aeruginosa, Streptococcus pyogenes and Escherichia coli.

As the TiO2/PE nanoparticles gave maximum antimicrobial
efficacy against Escherichia coli MTCC 40, therefore its
antimicrobial results were analyzed by FESEM technique to

Actually, the anatase phase of titanium dioxide nanoparticles
has a bandgap of 3.2 eV, which makes anatase the most active form
of titanium dioxide. It produces reactive species due to the result of
the photocatalytic reaction and causing microbial cell damage [27].
Direct electron transfer could take place between the cell and the
titanium dioxide when the particles are attached to the cell surface.
A very small sized particle can penetrate the cell, which results in
the transfer of electrons inside the cell. The light would be an
essential factor for the photocatalytic activity if it came from any
ultraviolet source leading to the direct photochemistry.
Photocatalysis can also be enhanced by irradiation of light on
microbe while it adsorbed on the oxide surface [28]. Therefore, the
synthesized nanoparticles irradiated with ultraviolet radiations
before performing the antimicrobial activity. The antibacterial
activity may be due to the interaction of ROS (reactive oxygen
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species) with lipid membranes which causes peroxidation of lipids
The following steps can summarize cell damage by the
leading to the rupture of cell membrane causing the death of the cell nanoparticles:
(Figure 11). ROS generation maybe because of efficiency in the •
The ROS production by the titanium dioxide nanoparticles
production of OH in the anatase phase of TiO2 nanoparticles [29- induces the electron-hole pair under the radiation.
30]. Upon interacting with the cell anatase phase of TiO2 •
Because of electrostatic force generated by the large surface
nanoparticles produces OH radicals which are highly reactive, that's of nanoparticles, they attached to the cell surface of the bacteria,
why they are short-lived. At the moment of their generation, they causing peroxidation leading to the cell wall damage.
immediately comes in contact with the exterior surface of the
As the cell wall gets damaged, cytoplasm flows out helping
bacteria until the titanium dioxide particles penetrate the cell [27]. nanoparticles to get entered inside the cell following the damage to
Figure 12 shows the schematic representation of the cell damage the cell organelles [31].
due to ROS.

4. CONCLUSIONS
TiO2 nanoparticles successfully synthesized by using crude
extracts of the plant. Green synthesized nanoparticles gave potential
antibacterial activity which is comparable with standard drugs
available in the market. According to the results, we can conclude
that green synthesized nanoparticles have much more antimicrobial

potential as compared to chemically synthesized and crude extracts
of medicinal plants. This eco-friendly approach is economical as
well as cost-effective might be one of the alternatives of
conventional medicines against the skin and wound.
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