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Abstract: The development of the green synthesis of nanoparticles using plant extract has
received appreciable attention because of the easy preparation methods, less use of chemicals, and
is also environment friendly. Hence green synthesis of Titanium dioxide nanoparticle using
ethanolic leaf extract of Lawsonia inermis and to evaluate its antidermatophytic activity was
attempted in the study. The formation of nanoparticles was indicated a change in color. The
morphological image of the TiO2 NPs was observed in a scanning electron microscope, which
showed irregular structure with an average size of 71.125nm. The inhibitory activity of
synthesized TiO2 NP on the dermatophytes T. mentagrophytes and M.gypseum at concentrations
from 2000µg/ml to 31.25µg/ml was evaluated by Disc diffusion method. The ethanolic extract
derived TiO2 NP could inhibit T. mentagrophytes significantly with a zone of 30 mm diameter at a
MIC of 1000µg/ml, 28mm at 500µg/ml, and 25mm at 250µg/ml. Amphotericin B at a
concentration of 1000µg/ml produced an inhibitory zone of 43mm dia. The results hence
demonstrate potential anti - dermatophytic activity of ethanolic extract of L. Inermis
Keywords: Lawsonia inermis, Titanium dioxide nanoparticles, antidermatophytic activity, Disc
diffusion method

Introduction
In the synthetic and traditional systems of medicines, natural compounds are the most important
and the most widely used. For over years Lawsonia inermis, commonly called henna has been
used in cosmetics and medicines. Henna is readily available in tropical and subtropical countries
like India. Historically in India Mehendi is used for decorating hands and feet. The leaf of henna
has an orange-red dye which is used as a hair colourand used for treating skin diseases[1]. There
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are only a few pharmacological studies reported on its anti diabetic activity, immunomodulatory
effect, hepatoprotective activity, antioxidant effect, antimicrobial activity.
Dermatophytes are assuming high significance in developing countries like India[2].
Dermatophytes use keratin of human skin and spread very easily and are responsible for various
outbreaks. Due to the extensive use of broad-spectrum antibiotics and immunosuppressive drugs
for these ailment resistant strains are also reported[2]. Hence new antifungals of plant origin could
be beneficial with less risk of side effects and cost-effectiveness. Green synthesis of nanoparticles
from plant extracts and microbes has received the attention of researchers in recent years. This
method is economical and eco-friendly in nature due to the biological process which makes them.
Titanium dioxide is a non-toxic and inexpensive material and is not classified as hazardous
according to the United Nations Globally Harmonized System (GHS) of classification and
labelling chemicals [3].
The increasing resistance of fungi against antibiotics, human sensitivity towards antibiotics, and
the occurrence of resistant pathogens in the human body are the problems of using antibiotics as
an antimicrobial agent. Hence the present study was aimed to synthesize and characterize
Titanium dioxide nanoparticle using ethanolic leaf extract of Lawsonia inermisand to evaluate its
antidermatophytic activity and toxicity analysis.

Methodology
Preparation of Plant Extract
The healthy plant leaves of L.inermis were collected from Chennai. The authenticity of the plant
part was done at Department of Plant Biology and Biotechnology Quaid-e-millath government
college, Chennai. L.inermis leaves were surface sterilized with running tap water. The leaves were
ground into a fine paste. 20 gms of the leaf paste was soaked with 100 ml of 95%Ethanol and
stored overnight at 4°C. After overnight storage, the extract was centrifuged and collected. The
centrifuged extract was filtered through a Millipore membrane filter of a 0.45 µm pore size. [4],
[5].

Synthesis of Titanium Dioxide Nanoparticle using ethanolicextract of L. inermis
For the synthesis of TiO2nanoparticle 80ml of TiO(OH)2 was added to 20ml of ethanolic extract
of L.inermis and stirred for 24hrs at room temperature and was observed for change in colour. The
synthesized nanoparticle was frozen in a deep freezer at -80°C. The frozen extract was loaded to a
lyophilizer [6].

Chemical Characterization
U-V Visible Spectrophotometer Analysis
U -V visible analysis was done to monitor the completion of bio reduction of titanium dioxide
ions in ethanolic solution by using Shimadzu U-V visible spectrophotometer at 200-800nm range
operated at a resolution of 1nm.
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Antidermatophytic Activity
The synthesized titanium dioxide nano particle from the ethanolic extract of L. Inermis was tested
for its antidermatophytic effect against clinical isolates of Trichophyton rubrum and Microsporum
gypseum maintained in the department laboratoryby standarddisc diffusion method on Sabouraud
Dextrose agar (SDA) medium. Mc Farland standard was used as a reference to adjust the turbidity
of fungal suspensions so that the number of fungi in a specific volume of broth will be within a
given range the turbidity was adjusted to 0.5 Mac Farland standards.

Agar Disc Diffusion Method
The antifungal activity of the extracts was determined by standard disc diffusion method on
Sabouraud Dextrose agar (SDA) medium. A sterile swab moistened with the fungal suspension
was spread on the solidified SDA plates. Samples were diluted for 1000 µg/ml. The sterile discs
were soaked with a solution containing titanium dioxide nano particles synthesized from
L.inermis. Amphotericin-B was used as a positive control. The plates were incubated at room
temperature for 4 days. The diameter of the zone of inhibition was measured to determine the
antifungal activity [7].

Minimum Inhibitory Concentration
The minimum inhibitory concentration of the ethanolic extract of synthesized titanium dioxide
nanoparticle of L. Inermis was determined using the tube dilution technique. Serial two-fold
dilution of the extract was carried out using Sabouraud Dextrose broth to obtain concentrations of
2000, 1000, 500, 250, 125, 62.5, 31.25 & 15.25µg/ml. 0.1ml of standard suspension of the test
organism (Mc Farland1 to 1.5 × 108 CFU / ml) was added to each of the test tubes and incubated
for 30° C for 4 days. The tube with broth and extract, without inoculum, was used as a positive
control. The tube with broth and inoculums was used as a negative control. Amphotericin- B
served as drug control. The presence or absence of turbidity at the end of the incubation period
recorded. The highest dilution of the extract (least concentration) showing no detectable growth
was regarded as the minimum inhibitory concentration [7].

Determination of Minimum Fungicidal Concentration
The minimum fungicidal concentration of the ethanolic extracts was determined as follows. 0.1
ml of the inoculum from the last MIC test dilution that showed visible growth (turbidity) and all
others in which there was no detectable growth was sub cultured on to a fresh extract free solid
medium. The plates were incubated at 30° C for further 4 -7 days. The highest dilution that
showed no fungal growth was considered as minimum fungicidal concentration [8].

Results
Synthesis of Titanium Dioxide Nanoparticles
After overnight stirring reduction of titanium (IV) oxide to titanium dioxide after was observed by
a gradual change in colour development from pale yellow to green colour. The nanoparticle was
lyophilized (fig.1)
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Fig. 1: Lyoph
hilized Nanopaarticle from ethanolic extracct of L.inermis
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Fig. 3: SEM
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Fig 4: A and B Trichophyton rubrum (Disc diffusion test)

Anti-Dermatophytic Activity
The anti-dermatophytic activity of the synthesized titanium dioxide nanoparticles was carried out
against Trichophyton rubrum and Microsporum gypseum using a disc diffusion method, and
minimum inhibitory concentration (MIC) (fig.5) and minimum fungicidal concentration (MFC)
(fig.6) was determined.

Fig 5 : MIC tubes of T. rubrum
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Fig 6: MFC T. rubrum

Discussion
Biological products are an important source of lead drugs. Several modern drugs used have been
developed from natural products. Natural products can contribute to the search for new drugs to
combat drug resistance. The use of plant extract has many advantages such as they are available
easily, safe to handle, and have many metabolites.
Nanoparticles synthesized by physical and chemical methods are much hazardous and were
shown to be less stable. Hence green synthesis methods employing plants prove to be ecofriendly. Biosynthesis routes provide NPs a better-defined morphology and size than
physicochemical methods of production.
Henna is widely applied in the skin and it's readily available in India, hence the plant was chosen
in the study. Dermatophytosis is a common superficial fungal infection found in India[9].
Nanoparticles are better antifungal agents than the corresponding bulk material of the same
composition, because of their greater surface area[10]. Hence the present study evaluated the
antidermatophytic activity of TiO2 Nanoparticles from leaf extracts of Lawsonia inermis as it has
not been attempted earlier.
The plant extracts were mixed with Titanium IV isopropoxide for the synthesis of NPs. After
overnight stirring, the colour changed to light green. There was an observable colour change in
the ethanolic extract. The results conform with earlier study which reported colour change after
24 hrs of incubation from Psidium guajava aqueous leaf extract [11].
To confirm the bio reduction of Titanium dioxide ions in the resulting solution, UV-visible
analysis was done. The absorption maximum depends on the size and shape of the nanoparticle.
In the present study, the absorption or TiO2 appeared at 350-360nm.This conformed with earlier
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report[12].From the SEM images, it was noted that most of the TiO2 nanoparticles was ranging
from 57.78 to 84.47nm, an average of 71.125nm in size.
The inhibitory activity of synthesized TiO2 NP on the dermatophytes T. mentagrophytes and
M.gypseum at varying concentrations from 2000µg/ml to 31.25µg/ml was evaluated by Disc
diffusion method. The diameter of the inhibition zone (mm) around each well with TiO2
nanoparticles is represented in the table (1).
The ethanolic extract derived TiO2 NP could inhibit T. mentagrophytes significantly with a zone
of 30 mm diameter at a MIC of 1000µg/ml (30mm), 28mm at 500µg/ml and 25mm at 250µg/ml.
Amphotericin B at a concentration of 1000µg/ml produced an inhibitory zone of 43mm dia.
However, the NP did not show significant activity to M.gypseum (11mm). The results hence
demonstrate potential anti - dermatophytic activity of ethanolic extract of L. inermis on T.
mentagrophytes.
The earlier study on anti - dermatophytic activity of L. inermis reported inhibition of
T.mentagrophytes at 2500µg/ml [7]. The MFC was estimated by the recovery plate technique
which showed the synthesized NP at the concentration of 1000µg/ml to be fungicidal. The
obtained results prove the anti dermatophytic activity of the synthesized titanium dioxide
nanoparticle from the ethanolic extract of L. inermis.

Conclusion
The ethanolic extract of L. inermis reduced Titanium IV isopropoxide to TiO2 nanoparticles. The
synthesized TiO2nanoparticle exhibited significant inhibition of T. mentagrophytes than on M.
gypseum. The results suggest future research on characterization of active constituents from this
potential plant.
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