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Abstract

This study highlights the eco-friendly synthesis of titanium dioxide (TiO2) nanoparticles (NPs) using Cichorium
intybus leaf extract, followed by their detailed characterization and biomedical evaluation. The green-
synthesized TiO2 NPs were analyzed using XRD, SEM, FTIR, UV-Vis spectroscopy, and EDX techniques,
confirming their purity, crystallinity, and structural integrity. FTIR identified functional groups stabilizing the
nanoparticles, while XRD confirmed a predominant anatase phase with an average crystalline size of 10 nm.
UV-Vis spectroscopy revealed a strong absorbance peak at 356 nm with a calculated bandgap energy of 3.48
eV. SEM images showed spherical morphology with minimal agglomeration, and EDX confirmed elemental
composition. Biological evaluations revealed no significant antibacterial or antifungal activity against tested
bacterial (E. coli, S. marcescens, P. aeruginosa) and fungal (C. parapsilosis, T. asperellum, C. tropicalis, A.
niger) strains up to 1000 pg/well. Cytotoxicity analysis on L929 cell lines demonstrated slight cytotoxic effects,
with an IC50 value of 944.1 pg/mL. A wound-healing assay showed promising results, with treated cells
exhibiting a healing rate of 57.44% at 236.02 pug/mL compared to 42.17% in untreated cells after 24 hours.
These findings emphasize the therapeutic potential of green-synthesized TiO2 NPs, particularly in promoting
wound healing, underscoring their significance in biomedical applications.

Keywords : Titanium metal , Nanoparticles, Ecofriendly, green synthesis

IJCRT2501603 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ 275


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 1 January 2025 | ISSN: 2320-2882

1. Introduction

The green synthesis of nanoparticles has garnered significant attention in recent years due to its simplicity, cost-
effectiveness, and environmentally friendly nature.[1]-[6] These nanoparticles (NPs) exhibit unique properties
such as enhanced shape, structure, and surface area, making them highly suitable for applications across diverse
fields, including medicine, electronics, catalysis, food safety, and environmental remediation.[2], [5], [7]-[9]
In particular, the development of green synthesis methodologies has become increasingly relevant to minimize
hazardous waste, reduce the use of toxic chemicals, and align with sustainable practices.[10]-[13] Green
synthesis processes emphasize the use of benign biological precursors and eco-friendly approaches that
eliminate the need for high temperatures, pressures, or expensive reagents.[14]-[18] Among the various natural
sources, Cichorium intybus (commonly known as chicory) leaves have been reported as an effective biological
medium for stabilizing and controlling the size and morphology of nanoparticles.[19]-[22] Skin, as the largest
organ in the human body, plays a vital role in maintaining homeostasis, sensory perception, and protecting
against pathogens.[23] Injuries compromising the skin's integrity, such as burns, cuts, or chronic wounds, pose
significant health challenges, particularly for patients with underlying conditions like diabetes, vascular
dysfunction, or autoimmune diseases.[24]-[26] These infections can delay healing, worsen inflammation, and
contribute to antimicrobial resistance (AMR), highlighting the need for alternative wound management
strategies. Nanotechnology offers innovative solutions for wound healing and regenerative medicine.[27]-[30]
Metallic nanoparticles, such as zinc oxide, gold, silver, and TiO», have emerged as promising candidates for
wound healing applications.[24], [31]-[34] TiO2 nanoparticles, in particular, exhibit antimicrobial, anti-
inflammatory, and angiogenic properties, promoting cell proliferation and reducing scarring. Green-synthesized
TiO2 NPs, owing to their eco-friendly production process, further enhance their appeal for biomedical
applications.[31], [32], [35], [36] This study investigates the synthesis and characterization of TiO:
nanoparticles using Cichorium intybus leaf extract and their application in wound healing. By evaluating their
antimicrobial efficacy, cytotoxicity, and wound healing potential, the research aims to explore cost-effective,
eco-friendly, and clinically viable alternatives for addressing challenges in modern medicine, particularly in
wound management. The findings of this study have broader implications for advancing nanotechnology-based
therapies and contributing to sustainable healthcare solutions.

2. Experimental Section
2.1 Materials

All chemicals utilized in this study were procured from Spectrochem Pvt. Ltd., Loba Chemie Pvt Ltd and Sisco
Research Laboratories (SRL) Pvt. Ltd. All chemicals were analytical grade and used as such in the study.
Healthy and fresh leaves of Cichorium incubus were collected from local area VIII-Heraheri in the Pataudi
district, Gurgaon (India) (Latitude: 28.30, Longitude: 76.76).

2.2 Methods and Instrumentation
2.2.1 Characterization of Sample

The FT-IR spectrum was recorded on a Thermo Scientific Nicolet Summit X FTIR Spectrometer, equipped
with Everest ATR mode, at a resolution of 4 cm™'. Pellets for FT-IR analysis were prepared by mixing KBr
powder with the sample. The X-ray diffraction (XRD) analysis of the samples was conducted using an
Empyrean X-ray Diffractometer from PANalytical B.V. Scanning electron microscopy (SEM) images of the
nanoparticles were obtained using a HITACHI SU3500 instrument, with an acceleration voltage of 5-30 kV and
magnification power ranging from 50x to 800,000x. The ultraviolet (UV) analysis of the samples was conducted
using a Perkin ElImer LAMBDA 365 spectrophotometer, operating at a wavelength range of 200 nm to 800 nm.
Thermal analysis was performed on a TA Instruments Discovery Series SDT650, with a scan rate of 15°C per
minute, over a temperature range of 25°C to 1000°C.
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2.2.2 Antibacterial Activity Assay

The antibacterial activity was assessed using the Zone of Inhibition Method (Kirby-Bauer method). Mueller-
Hinton Agar (MHA) plates were inoculated by spreading 100 pL of bacterial culture (S. marcescens, E. coli (-
ve), and P. aeruginosa (-ve)), prepared by adjusting to 0.5 McFarland Units (approximately 1.5 x 10®* CFU/mL).
Filter paper discs (5 mm, Whatman No. 1) loaded with 10 pL of various concentrations (0 to 100 mg/mL) of
the samples were placed on the plates. A disc loaded with the solvent (DMSO) served as a vehicle control, while
a Ciprofloxacin disc (10 pg) was used as a positive control. The plates were incubated at 37°C for 24 hours,
and the diameter of the clear inhibition zones was measured and recorded.

2.2.3 Antifungal Activity Assay

The antifungal activity was also evaluated using the Zone of Inhibition Method (Kirby-Bauer method).
Sabouraud Dextrose Agar (SDA) plates were inoculated with 100 pL of fungal cultures (A. niger, C.
parapsilosis, T. asperellum, and T. C. tropicalis), prepared at 0.5 McFarland Units (approximately 1.5 x 10?
CFU/mL). Filter paper discs (5 mm, Whatman No. 1) loaded with 10 pL of various concentrations (0 to 100
mg/mL) of the samples were placed on the plates. A solvent control (DMSO) and Amphotericin B (50 pg)
served as controls. The plates were incubated at 37°C for 48 hours, and the clear inhibition zones were measured
and recorded.

2.2.4 In Vitro Cytotoxicity Evaluation

The cytotoxicity of the samples was evaluated on L929 cell lines procured from National Centre for Cell Science
(NCCS) Pune using the MTT assay. Cells (10,000 cells/well) were cultured in 96-well plates in Minimum
Essential Medium (MEM) supplemented with 10% Fetal Bovine Serum (FBS) and 1% Penicillin-Streptomycin
at 37°C with 5% CO: for 24 hours. The cells were treated with varying concentrations of the samples, prepared
in incomplete MEM (without FBS). After 24 hours of incubation, an MTT solution (5 mg/mL) was added and
incubated for 2 hours. The resulting formazan crystals were dissolved in 100 uL. DMSO, and absorbance was
recorded at 540 nm using an ELISA plate reader (iMark, Bio-Rad, USA). IC50 values were calculated using
GraphPad Prism 6 software. Images were captured using an inverted microscope (Olympus EK2) equipped with
a 10 MP Aptima CMOS camera.

2.2.5 Wound Healing Assay

L929 cells (10,000 cells/well) were cultured in 96-well plates in Dulbecco’'s Modified Eagle Medium (DMEM)
supplemented with 10% FBS and 1% Penicillin-Streptomycin at 37°C with 5% CO.. After 24 hours, a scratch
was made using a 200 pL pipette tip. The cells were then treated with specific concentrations of the formulation.
Images of the scratch area were captured at 0 and 24 hours using an inverted microscope (Olympus EK2) with
a 10 MP Aptima CMOS camera. The gap area was analyzed using Image J software (NCBI) and presented
graphically.

2.3 Synthetic Procedures

2.3.1 Preparation of Cichorium incubus leaves extract

Collected leaves of Cichorium incubus were washed thoroughly with tap water followed by distilled water to
remove contaminants. A total of 50 g of leaves were weighed and transferred to a 500 mL beaker containing

100 mL of distilled water. The mixture was heated at 70°C for 1 hour and then filtered using filter paper. The
obtained extract was stored away from dust and sunlight for further use in nanoparticle synthesis.
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2.3.2 Synthesis of Nanoparticles

A 0.1 M solution of TiO: was prepared by dissolving amorphous titanium dioxide in ethanol. The leaves extract
was added dropwise to the TiO: solution under constant stirring and kept for 1.5 hours. A white precipitate
formed during the process was collected by filtration and washed with distilled water to remove impurities. The
precipitate was dried in a furnace at 100°C for 24 hours, followed by heating at 200°C for 2 hours. The dried
product was then sonicated in ethanol for 4 hours, yielding titanium dioxide nanoparticles (TiO2 NPs).

Separation

mixing

skt

leaves extract amorphous TiO, solution
in ethanol

Fig. 1: Synthetic route of TiO, NPs by using Cichorium incubus leaves extract
3. Results and Discussion
3.1 Green Synthesis of TiO2 Nanoparticles
Figure 1 illustrates the eco-friendly synthesis of titanium dioxide nanoparticles (TiO2 NPs) using Cichorium
incubus leaves extract. Structural and chemical properties of the synthesized nanoparticles were systematically
analyzed using elemental mapping, FTIR, UV-Visible spectroscopy, SEM, XRD, and EDX techniques.
3.2 Fourier transform infrared spectroscopy (FTIR)
FTIR analysis was employed to identify functional groups in Cichorium incubus leaf extract responsible for
stabilizing TiO2 NPs. Distinct peaks observed in the FTIR spectra confirm the successful synthesis of

nanoparticles (Figure 3). The key frequencies, such as 3,466 cm™, 1,654 cm™, 1,456 cm™, and 866 cm™,
correspond to free OH groups, vinyl ethers, aldehydes, and aliphatic amines, respectively.[37]-[39]
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Fig. 2: FT-IR spectrum of synthesized TiO2 NPs
3.3 X-ray Diffraction (XRD)

The average crystalline size of the green synthesized TiO2 NPs was found to be 10 nm. Figure 1 shows the XRD
pattern of TiO2 NPs obtained in the present study. After the reaction, the diffraction peaks at 20values 0f 27.52°,
36.21°, 41.33°, 54.43°, 56.70°, and 69.16°assigned to the (110), (101), (111), (211), (220), and (301) planes of
a faced center cubic lattice of titanium were obtained. The positions of principal peaks in XRD were found to
bein agreement with the literature. The XRD sample shows the dominant peak of 20 =27 which matches the
110 crystallographic plane of the rutile structure indicating that the crystal structure is predominantly
rutiledominant.[40], [41] Obtained results were justified with JCPDS (Joint Committee on Powder Diffraction
Standards) Card No. 78-2486. Weak peak at 30.98° was also observed and was assumed due to the orthorhombic
crystalline structure. High crystalline nature of the NPs which was indicated by a sharp peak, favors the photo
catalytic activity.[42]
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Fig. 3: X-ray diffraction study of synthesized TiO, NPs
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3.4 UV-Vis Spectroscopy

The optical properties of TiO2 NPs were studied using a UV-Visible spectrophotometer. The absorption spectra,
shown in Figure 4, exhibit a prominent peak at 356 nm with an absorbance of 0.99, confirming nanoparticle
formation. The estimated bandgap energy, calculated using the equation Eg=hc/A was determined to be 3.48
eV. This value highlights the photocatalytic potential of the synthesized TiO» NPs.[43], [44]

—— TiO_NPs-

300 400 500 600 700 800

Wavelength (nm)

Figure 4: UV-Vis spectra of synthesized TiO, NPs

3.5 Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDX)

SEM analysis (Figure 5a-c) revealed that the TiO. NPs are predominantly spherical, with minimal
agglomeration and an approximate size of 100 nm. The rough surface morphology suggests an increased surface
area, which enhances interaction for antimicrobial and wound-healing applications. EDX analysis (Figure 5d)
confirmed the elemental composition of the nanoparticles, with titanium and oxygen present in a ratio close to
1:2 (38.83% Ti, 61.17% O).[45]-[47]
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Fig. 5: a, b, c SEM images of Cichorium Incubus synthesized TiO, NPs at different magnification, d) EDX showing chemical
composition and particle size distribution
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3.7 Biological Activities

3.7.1 Antibacterial Activity

The antimicrobial activity of TiO. NPs was assessed using a zone of inhibition assay against Escherichia coli,
Pseudomonas aeruginosa, and Serratia marcescens. No antibacterial effect was observed up to a concentration
of 1,000 pg/disc. This lack of activity may be attributed to the larger particle size of the tested TiO> NPs
compared to other reported nanoparticles, such as AgNPs, which showed higher efficacy.[48]-[51]
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Figure 7: Antibacterial activity for bacteria: Escherichia coli, Pseudomonas aeruginosa and S. Marcescens
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Figure 8: Antimicrobial activity of the synthesized TiO, NPs by disc diffusion method
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3.7.2 Antifungal Activity

Similarly, the antifungal potential of TiO. NPs was tested against Aspergillus niger, Candida parapsilosis,
Trichoderma asperellum, and Candida tropicalis using a zone of inhibition assay. No antifungal activity was
observed up to 1,000 pg/disc. This result aligns with the findings for antibacterial activity, suggesting that the
particle size of TiO2 NPs may limit their antimicrobial efficacy.
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Figure 9: Antifungal activity for fungi: A. niger, C. Parapsilosis, T. Asperellum and T. C. Tropicalis
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Figure 10: Antifungal activity of the synthesized TiO, NPs against A. niger, C. Parapsilosis, T. Asperellum.and T. C. Tropicalis
fungi

3.7.3 In Vitro Cytotoxicity Evaluation

The cytotoxicity of TiO2 NPs was evaluated using the MTT assay on L929 cell lines at concentrations of 1, 10,
50, 100, 250, 500, and 1,000 pg/mL (Figure 12). A concentration-dependent decrease in metabolic activity was
observed. The ICso value was determined to be 944.1 pg/mL, indicating that TiO> NPs exhibit mild cytotoxicity
at higher concentrations. Microscopic images (Figure 11) illustrate the changes in cell morphology and viability
at varying concentrations.
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(b)

(c) (d)
Figure 11: Microscopic images of L929 cell lines after treatment with different concentrations of sample (a) at 10 pg/ml (b) at
100pg/ml (c) at 250 pg/ml (d) at 500 pg/ml
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Fig. 12: Cytotoxicity levels at different concentration of samples
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3.7.4 Wound Healing Assay

The wound healing potential of TiO> NPs was assessed using a scratch assay on L929 cell lines (Figure 13).
Treated cells exhibited enhanced wound closure compared to the control group. The healing rate was measured
after 24 hours, showing 42.17% closure for the control group and 57.44% closure for cells treated with 236.02
pg/mL of TiO2 NPs (Figure 14). These findings suggest the potential application of TiO> NPs in promoting
wound healing, warranting further investigation.

3.7.4 Wound Healing Assay for L929 Cell Line

This study evaluated the wound healing potential of titanium dioxide nanoparticles (TiO2 NPs) synthesized
using Cichorium incubus leaf extract on L929 cell lines. The assay was performed by creating a scratch wound
and treating the cells with varying concentrations of the nanoparticles, as shown in Figure 13. The metabolic
activity of the L929 cells after a 24-hour incubation period was assessed using the MTT assay, which provided
insights into the wound healing capabilities of the TiO2 NPs.

The scratched area was measured and considered 100% at zero hours, and the extent of healing was quantified
after 24 hours of treatment. As depicted in Figure 14, untreated control cells exhibited a healing rate of 42.17%.
In contrast, cells treated with TiO2 NPs at a concentration of 236.02 pg/mL demonstrated enhanced wound
closure, with a healing rate of 57.44%. These results highlight the potential of TiO> NPs in promoting wound
healing, suggesting further exploration for their applications in regenerative medicine

Magnification = 100X , Control 0 Hour Magnification = 100X , Control 24 Hour

Magnification = 100X , Treated 0 Hour Magnification = 100X, Treated 24 Hour

Fig. 13: Microscopic images of L929 cell lines control and after treatmentat zero hour and 24 hours

IJCRT2501603 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f287


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 1 January 2025 | ISSN: 2320-2882

12000 1 CONTROL 70 1 CONTROL

100.00 - 1Ti0? 60 - 1Ti0?
§ Nanoparticle - Nanoparticle
= § 50 -
5 8000 - L
- ]

19

< <u-
HELE v
v g 3 -
£ I
g 40.00 - =
= 0 -

2000 | 0

0.00 0
0.00 - 0
0 Hours 24 Hours 0 Hours 24Hours
Fig. 14: Healed and unhealed area was estimated in percentage at different concentration of samples
4. Conclusion

Titanium dioxide nanoparticles (TiO2 NPs) were synthesized using an eco-friendly and cost-effective method
involving Cichorium incubus leaf extract and titanium dioxide solution. Comprehensive characterization using
FTIR, UV-Vis spectroscopy, XRD, SEM, and EDX confirmed the successful synthesis of TiO> NPs. FTIR
analysis revealed the functional groups involved in nanoparticle stabilization, UV-Vis spectroscopy
demonstrated characteristic absorption peaks indicative of nanoparticle formation, SEM provided insights into
surface morphology and size distribution, and EDX confirmed the elemental composition.

Biological evaluation showed that TiO. NPs lacked significant antibacterial and antifungal activity at
concentrations up to 1000 pg/well. However, in vitro cytotoxicity studies on L929 cell lines using the MTT
assay determined an ICso value, indicating 50% inhibition of cell viability at a specific concentration.
Furthermore, the wound healing assay revealed promising results, with the treated group showing a healing rate
of 236.02 pug/mL after 24 hours compared to 42.17% in the control group. These findings suggest potential
applications of TiO2> NPs in wound healing, warranting further studies to explore and optimize their biological
properties.

5. List of Abbreviations

TiO2 NPs - Titanium dioxide nanoparticles

FTIR - Fourier transform infrared spectroscopy
EDX - Energy dispersive X-ray spectroscopy

SEM - Scanning Electron Microscopy

UV-Vis - Ultraviolet-Visible Spectroscopy

E. coli (-ve) - Escherichia coli (negative)

S. marcescens (-ve) - Serratia marcescens (negative)
P. aeruginosa (-ve) - Pseudomonas aeruginosa (negative)
C. parapsilosis - Candida parapsilosis

10 T. asperellum - Trichoderma asperellum

11. C. tropicalis - Candida tropicalis

12. A. niger - Aspergillus niger

13. C. albicans - Candida albicans
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14. L929 cell line - Mouse fibroblast L929 cells
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