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Abstract
Background: Photodynamic therapy is one of the non-invasive treatment modalities used to treat a wide
range of oral mucosal lesions including oral leukoplakia, oral lichen planus, post-radiation-induced oral
mucositis, and aphthous ulcerations. High-level laser therapy has also been employed in the management of
oral squamous cell carcinomas (OSCCs). Photodynamic therapy includes three major components:
photosensitizer, light source, and presence of oxygen. Examples of commonly used photosensitizers are
methylene blue; porphyrins; and 5-aminolevulinic acid (5-ALA) with light sources of differing wavelengths
such as diode, neon, and argon helium.

Methodology: Anthocyanin extract was prepared from 25 g of Punica granatum diluted with methanol
through the flash evaporation method. Curcumin extract was prepared by diluting initially with dimethyl
sulfoxide (DMSO) and later with distilled water. Post-preparation, the samples were treated with MCF-7 cells
(cancer cell line) and the MTT (mono-tetrazolium salt) test was performed to determine cell viability. 

Results: The anthocyanin group exhibited cell death of 27%, whereas the curcumin group exhibited cell
death of 17%. A group containing a combination of anthocyanin-curcumin exhibited cell death of 30%
compared to that of the control group proving to be superior among all the groups.

Conclusion: Anthocyanin-curcumin proved to have a light cytotoxic property and could be further used in
managing various oral mucosal lesions after evaluation of other photophysical properties.

Categories: Dentistry, Medical Physics, Therapeutics
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Introduction
Oral potentially malignant disorders (OPMD) include oral leukoplakia, oral submucous fibrosis, and oral
lichen planus which present with different clinical presentations [1]. The growth of OPMD is greatly
influenced by tobacco usage [2]. Other etiological factors of OPMD commonly involve chewing betel nut and
alcohol consumption. The overall prevalence of OPMD in the Indian population ranges from 13.2% to
13.9% [3]. The overall malignant transformation rate of OPMD groups is 7.9% [4].

Various treatment strategies have been advocated for OPMD such as preventive therapy consisting of
lifestyle modifications followed by cessation of the predisposing habits [5]. Other management strategies
included the use of topical and systemic corticosteroids, surgical management, cryotherapy, and the use of
immunomodulators [6]. Photodynamic therapy is one of the emerging non-invasive treatment modalities of
OPMD. It is based on the principle of singlet oxygen and free radicals production, leading to cell-specific
destruction and membrane lysis of the target cells [7]. It is also suggestive that hyperproliferative cells in
oral lichen planus and psoriasis undergo apoptotic effects [8].

Photosensitizers are substances that possess the ability to absorb light. The depth of penetration of the light
source into the target tissue depends on the appropriate wavelength [9]. Among various photosensitizers, 5-
aminolevulinic acid (5-ALA) serves as a biological precursor associated with the heme pathway and it also
has a less prolonged effect of photosensitivity or cumulative toxicity [10]. Similar to 5-ALA, methylene blue
belonging to the class of phenothiazinium has a wide range of advantages, namely better penetration when
excited by a light source of 635 nanometers and the presence of antimicrobial properties [11]. In vitro studies
using methylene blue prove to have the presence of every photophysical property [12].

Modern analytical tools make substances obtained from more accessible natural sources. Curcumin, an
orange-yellow compound and a main composition of turmeric, can also be used as a photosensitizing agent
as it has a photosensitive action against various bacteria, fungi, and other drug-resistant strains [13]. Punica
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granatum are flavonoids rich in anthocyanin that possess both antioxidant and anti-inflammatory
properties. They exhibit bright colors such as purple and red [14]. The rationale of this current study was to
determine whether the combination of curcumin and anthocyanin can have synergistic benefits to provide a
better light cytotoxic profile.

Aim and objectives 
The aim of the study was to assess the cell viability in four groups, namely controls, anthocyanin, curcumin,
and anthocyanin+ curcumin, in the presence of a light source (light-emitting diode (LED) source) of 635 nm.
The objective was to compare the level of cell viability, thereby assessing the light toxicity among different
groups (control, curcumin, anthocyanin, anthocyanin with curcumin).

Materials And Methods
Study setting and sample groups
An in vitro study was conducted in the institute’s Centre for Molecular Medicine and Diagnostics. Since this
was an in vitro study, G power sample size calculation was not applicable. The study consisted of four
groups. Group 1 was the control, which consisted of only MCF-7 cells without incubation with prepared
solutions, Group 2 consisted of 0.5 mL of anthocyanin post-flash evaporation diluted in 100 mL of water
(Figure 1), Group 3 consisted of 0.5 mL of curcumin diluted in 100 mL of water (Figure 1), and Group 4
consisted of 0.25+0.25 mL of curcumin combined with anthocyanin in 100 mL of water (Figure 1).
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FIGURE 1: Sample groups
Figure 1 depicts the samples of three experimental groups which was obtained through a series of extraction
process and, furthermore, their concentrations were based on their individual molecular weights. Sample A
denotes the anthocyanin compound, sample C denotes the curcumin compound, whereas sample A+C denotes
the combination of anthocyanin and curcumin.

 

Curcumin and anthocyanin extraction
Curcumin was extracted from the compound curcuma longa species, and initially, curcumin was dissolved in
2 mL of dimethyl sulfoxide (DMSO) solution; then the dissolved form of curcumin was further diluted with
distilled water. Anthocyanin was extracted from the peel powder of Punica granatum, which was grated and
weighed (Figure 2). According to the extraction process of anthocyanin, an organic solvent methanol was
used as a medium, and 25 g of peel powder was diluted with 250 mL of methanol (Figure 3); after trituration,
the mixture of anthocyanin was filtered (Figure 4) and then the pure form was extracted using flash
evaporation method at the temperature of 32°C (Figure 5).
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FIGURE 2: Grated Punica granatum
Figure 2 depicts the raw component of anthocyanin from the peel powder of Punica granatum. Later, 25 g of dried
and grated Punica granatum powder was weighed.

2023 M et al. Cureus 15(11): e48537. DOI 10.7759/cureus.48537 4 of 12

https://assets.cureus.com/uploads/figure/file/738277/lightbox_a2cd9ec0469511eea505ed66403c1457-punica-new.png


FIGURE 3: Dilution of Punica granatum mixture
Figure 3 depicts the dilution of anthocyanin from the peel powder of Punica granatum with an organic solvent
methanol in a 250 mL beaker.
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FIGURE 4: Sedimented form of anthocyanin
Figure 4 depicts the sedimentation of the anthocyanin mixture at the bottom of the conical beaker after
undergoing trituration for 24 hours. Later, the mixture was filtered and set up for flash evaporation.
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FIGURE 5: Flash evaporation of anthocyanin
Figure 5 depicts the process of flash evaporation with the filtered form of anthocyanin processed at the
temperature of 32°C. This process was done using reduced pressure and temperature by allowing the excess
component to pass through a series of chambers with low pressure to be flashed repeatedly. 

Light toxicity and mono-tetrazolium salt assay
MCF-7 cells (cancer cell line) were utilized for the evaluation of the light toxicity profile. These cells were
incubated in the prepared concentrates (curcumin, anthocyanin, and curcumin+anthocyanin) for half an
hour. Once the incubation period was concluded, cells were illuminated with an LED source of 635 nm from
which peak absorption was observed at 424.5 nm; later they were washed and assessed for cellular viability
using the MTT viability test. The MTT comprises a quaternary tetrazole ring with a positive charge
encompassing four nitrogen atoms and encircled by three aromatic rings. The core tetrazole ring is broken
when the MTT is reduced which in turn also causes the creation of formazan, which has a water-insoluble
violet-blue characteristic. MTT reagent could enter the membranes of the cell and mitochondria. This
evaluation relied on the number of cells, metabolic activity of cells, amount of the reagent entering the cells,
and timing of formazan crystals.

The spectrometric investigations were carried out using a wavelength of 635 nm, with a bandwidth of 1.0
nm, and a scan speed of 1000 nm/min. Those results showed a peak absorption at 424.5 nm. The 635 nm
wavelength was employed to irradiate the cells in all three groups. Future clinical trials will be carried out
with the anthocyanin+curcumin group with its peak absorbing wavelength.
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Results
The percentage of cell viability in the groups was plotted in a graph (Figure 6). The results depict that the
control group consisting of the cells had a viability percentage of 93% (Figure 7). Cell death of about 27%
was observed in the anthocyanin group from that of the control group (Figure 8) and a reduction in cells of
about 17% was noted in the curcumin group compared to that of the control group (Figure 9). Finally, there
was a significant percentage of cell death of about 30% observed in the combination group consisting of
anthocyanin and curcumin forecasting superior synergistic efficacy (Figure 10). These results were obtained
through statistical analysis by following ANOVA, and the results obtained were significant to that of the
control group.

FIGURE 6: Graph depicting cell survival rate among control versus
experimental groups

FIGURE 7: Cell viability - control group
Depicts a dense cellular population indicative of more cellular viability (93%).
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FIGURE 8: Cell viability - curcumin group
Depicts a decrease in the cell number by 17% in the curcumin group from that of the control group, which
indicates cell death.

FIGURE 9: Cell viability - anthocyanin group
Depicts a reduction in the number of cells by 27% in the anthocyanin group from that of the control group
indicating cell death.
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FIGURE 10: Cell viability - curcumin+anthocyanin group
Depicts a reduction in the number of cells by 30% in the curcumin and anthocyanin group compared to that of the
control group.

Discussion
OPMD have the potency to transform into oral squamous cell carcinoma (OSCC). One of the most prevalent
precancerous lesions in the oral cavity is oral leukoplakia, which has a 20% chance of developing into OSCC.
One of the management options employed in OPMD patients was photodynamic therapy [15]. Photodynamic
therapy consists of different generations of photosensitizers causing photocytotoxic responses
exclusively within the pathological tissues, pertaining to the region of photosensitizer distribution, allowing
for selective destruction [16].

Photodynamic therapy employs the use of different types of photosensitizers with specific wavelengths in
photodynamic therapy. A study by Mutafchieva et al. treated erosive and atrophic variants with laser
treatment with low power (LLLT). They employed an 810 nm diode laser for 30 seconds in their
approach [17]. Similarly, Wang et al. used a specialized device called a plum blossom needle to increase the
incubation time of the photosensitizer in oral leukoplakia. The photosensitizer that they used was 10% ALA
with a light source of 635 nm [18]. In this current study, we have used an LED source of 635 nm from which
peak absorption was observed at 424.5 nm. The study by Tarasenko et al. used high-level lasers: Er:YAG and
Nd:YAG of wavelengths 2940 nm and 1064 nm, respectively; this study was compared with that of scalpel
surgery and its compliance [19]. The conventional photosensitizers employed in the previous studies
reported adverse effects such as higher grades of pain, burning sensation, inflammation, and grade 3
transaminase elevations [20,21]. Whereas to overcome the adverse effects of conventional photosensitizers,
herbal preparation of photosensitizer has been formulated using curcumin and anthocyanin in the present
study.

Curcumin as a photosensitizer has been used in various studies such as the study by Leite et al. that assessed
the effects of PDT with curcumin-aided photosensitizer mouthwash, which proved to have a significant
decrease in the oral microflora, and the p-value was less than 0.05. The wavelength of the LED used was 455
nm [22]. According to the evaluation of the photophysical properties of curcumin by Kazantzis et al.,
curcumin proved to possess light cytotoxic property, dark cytotoxic property, UV absorption spectra,
intracellular localization, reactive oxygen species (ROS) production, cell culture conditions, and
photobleaching [23]. This is in correlation with the current study as curcumin and anthocyanin proved to
have light cytotoxic properties. The study by Ma Jing et al. used curcumin as a photosensitizer in
concentrations of 20 mm, 40 mm, 60 mm, 80 mm, and 100 mm in photodynamic therapy of oral candidiasis.
Curcumin was used in this study as it had an increasing likelihood of various photophysical properties along
with anti-microbial property, anti-inflammatory property, and anti-oxidant properties [24]. Anthocyanin as
a photosensitizer has been used in a study by Spinei et al. against streptococcus species. Results showed a
mean reduction in the colony-forming units when anthocyanin was combined with methylene blue with a P-
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value of <0.005 [25]. This proves that anthocyanin has a synergistic property and goes well with other
natural compounds such as curcumin and riboflavins. 

Methodology and the mode of evaluation of the cytotoxicity play a vital role. A study by Dhanvanth et al.
assessed the cytotoxicity of tulsi, aloe vera, and turmeric using enzyme-linked immunosorbent assay (ELISA)
[26]. Similarly, a study by Dascalu et al. used mesenchymal stem cells from human dental pulp and
keratinocyte cell lines from humans (HaCaT) to assess cell viability [27]. The MTT assay was utilized in this
study with MCF-7 cells to determine the vitality of cells. For a particular photosensitizer to be effective, it
should possess the required photophysical properties. In the current study, one of the photophysical
property, the light cytotoxic property, was assessed and proved that the combination of anthocyanin and
curcumin had better synergistic effects when compared with that of the single compounds, which also
proved to reduce the adverse effects.

Limitations
Besides various therapeutic advantages, the current study failed to fulfill certain criteria that include the
comparison with conventional photosensitizers such as toluidine blue and 5-ALA. The presence of other
photophysical properties necessary for a conventional photosensitizer such as dark cytotoxicity, ROS
production, and UV absorption spectra have not been evaluated in this study.

Conclusions
In conclusion, the present study offers a promising alternative approach utilizing herbal photosensitizer in
the management of potentially malignant disorders and oral cancers. The combination of this novel gel with
curcumin and anthocyanin has proven to have a synergistic effect on the culture media. Future research
could focus on the investigation of additional photophysical properties of this herbal gel, as efficient
photosensitizers are likely to contain a number of unique qualities.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Umamaheswari TN, Dhanya M

Critical review of the manuscript for important intellectual content:  Umamaheswari TN,
Rajalakshmanan Eeswaramoorthy

Supervision:  Umamaheswari TN, Rajalakshmanan Eeswaramoorthy

Acquisition, analysis, or interpretation of data:  Dhanya M, Rajalakshmanan Eeswaramoorthy

Drafting of the manuscript:  Dhanya M

Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Warnakulasuriya S: Oral potentially malignant disorders: a comprehensive review on clinical aspects and

management. Oral Oncol. 2020, 102:104550. 10.1016/j.oraloncology.2019.104550
2. Shilpa S, Uma Maheswari TN: Prevalence, forms and types of tobacco smoking - a literature . J Biology

Pharm Allied Sci. 2020, 9:2684-4998. 10.31032/IJBPAS/2020/9.10.5224
3. Singh AK, Chauhan R, Anand K, Singh M, Das SR, Sinha AK: Prevalence and risk factors for oral potentially

malignant disorders in Indian population. J Pharm Bioallied Sci. 2021, 13:S398-401.
10.4103/jpbs.JPBS_751_20

4. Iocca O, Sollecito TP, Alawi F, et al.: Potentially malignant disorders of the oral cavity and oral dysplasia: a
systematic review and meta-analysis of malignant transformation rate by subtype. Head Neck. 2020, 42:539-
55. 10.1002/hed.26006

5. Kerr AR, Lodi G: Management of oral potentially malignant disorders . Oral Dis. 2021, 27:2008-25.

2023 M et al. Cureus 15(11): e48537. DOI 10.7759/cureus.48537 11 of 12

javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1016/j.oraloncology.2019.104550?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.oraloncology.2019.104550?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.31032/IJBPAS/2020/9.10.5224?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.31032/IJBPAS/2020/9.10.5224?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/jpbs.JPBS_751_20?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/jpbs.JPBS_751_20?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/hed.26006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/hed.26006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/odi.13980?utm_medium=email&utm_source=transaction


10.1111/odi.13980
6. Dhanvanth M, Uma Maheswari TN: Topical herbal therapeutic formulation used in the management of oral

potentially malignant disorders - a systematic review. J Indian Academy of Oral Med Radio. 2022, 34:223-7.
10.4103/jiaomr.jiaomr_101_21

7. Nagi R, Muthukrishnan A, Rakesh N: Effectiveness of photodynamic therapy (PDT) in the management of
symptomatic oral lichen planus - a systematic review. J Oral Biol Craniofac Res. 2023, 13:353-9.
10.1016/j.jobcr.2023.03.003

8. Aghahosseini F, Arbabi-Kalati F, Fashtami LA, Fateh M, Djavid GE: Treatment of oral lichen planus with
photodynamic therapy mediated methylene blue: a case report. Med Oral Patol Oral Cir Bucal. 2006,
11:E126-9.

9. Cosgarea R, Pollmann R, Sharif J, et al.: Photodynamic therapy in oral lichen planus: a prospective case-
controlled pilot study. Sci Rep. 2020, 10:1667. 10.1038/s41598-020-58548-9

10. Tsai JC, Chiang CP, Chen HM, et al.: Photodynamic therapy of oral dysplasia with topical 5-aminolevulinic
acid and light-emitting diode array. Lasers Surg Med. 2004, 34:18-24. 10.1002/lsm.10250

11. Junqueira HC, Severino D, Dias LG, Gugliotti MS, Baptista MS: Modulation of methylene blue photochemical
properties based on adsorption at aqueous micelle interfaces. J Physic Chemistry. 2002, 4:2320-8.
10.1039/B109753A

12. Tardivo JP, Del Giglio A, De Oliveira CS, et al.: Methylene blue in photodynamic therapy: from basic
mechanisms to clinical applications. J Photodiagnosis Photodyn Ther. 2005, 2:175-91. 10.1016/s1572-
1000(05)00097-9

13. Pires Marques EC, Piccolo Lopes F, Nascimento IC, Morelli J, Pereira MV, Machado Meiken VM, Pinheiro SL:
Photobiomodulation and photodynamic therapy for the treatment of oral mucositis in patients with cancer .
Photodiagnosis Photodyn Ther. 2020, 29:101621. 10.1016/j.pdpdt.2019.101621

14. Teerakapong A, Damrongrungruang T, Sattayut S, Morales NP, Tantananugool S: Efficacy of erythrosine and
cyanidin-3-glucoside mediated photodynamic therapy on Porphyromonas gingivalis biofilms using green
light laser. Photodiagnosis Photodyn Ther. 2017, 20:154-8. 10.1016/j.pdpdt.2017.09.001

15. Sun L, Kang X, Wang C, et al.: Single-cell and spatial dissection of precancerous lesions underlying the
initiation process of oral squamous cell carcinoma. Cell Discov. 2023, 9:28. 10.1038/s41421-023-00532-4

16. Kwiatkowski S, Knap B, Przystupski D, et al.: Photodynamic therapy - mechanisms, photosensitizers and
combinations. Biomed Pharmacother. 2018, 106:1098-107. 10.1016/j.biopha.2018.07.049

17. Mutafchieva MZ, Draganova-Filipova MN, Zagorchev PI, Tomov GT: Effects of low level laser therapy on
erosive-atrophic oral lichen planus. Folia Med (Plovdiv). 2018, 60:417-24. 10.2478/folmed-2018-0008

18. Wang X, Han Y, Jin J, et al.: Plum-blossom needle assisted photodynamic therapy for the treatment of oral
potentially malignant disorder in the elderly. Photodiagnosis Photodyn Ther. 2019, 25:296-9.
10.1016/j.pdpdt.2019.01.011

19. Tarasenko S, Stepanov M, Morozova E, Unkovskiy A: High-level laser therapy versus scalpel surgery in the
treatment of oral lichen planus: a randomized control trial. Clin Oral Investig. 2021, 25:5649-60.
10.1007/s00784-021-03867-y

20. Mostafa D, Moussa E, Alnouaem M: Evaluation of photodynamic therapy in treatment of oral erosive lichen
planus in comparison with topically applied corticosteroids. Photodiagnosis Photodyn Ther. 2017, 19:56-66.
10.1016/j.pdpdt.2017.04.014

21. Wong SJ, Campbell B, Massey B, et al.: A phase I trial of aminolevulinic acid-photodynamic therapy for
treatment of oral leukoplakia. Oral Oncol. 2013, 49:970-6. 10.1016/j.oraloncology.2013.05.011

22. Leite DP, Paolillo FR, Parmesano TN, Fontana CR, Bagnato VS: Effects of photodynamic therapy with blue
light and curcumin as mouth rinse for oral disinfection: a randomized controlled trial. Photomed Laser Surg.
2014, 32:627-32. 10.1089/pho.2014.3805

23. Kazantzis KT, Koutsonikoli K, Mavroidi B, et al.: Curcumin derivatives as photosensitizers in photodynamic
therapy: photophysical properties and in vitro studies with prostate cancer cells. Photochem Photobiol Sci.
2020, 19:193-206. 10.1039/c9pp00375d

24. Ma J, Shi H, Sun H, Li J, Bai Y: Antifungal effect of photodynamic therapy mediated by curcumin on Candida
albicans biofilms in vitro. Photodiagnosis Photodyn Ther. 2019, 27:280-7. 10.1016/j.pdpdt.2019.06.015

25. Spinei A, Spinei I: The antimicrobial activity of photodynamic therapy against streptococci species in dental
biofilm using different photosensitizers: an in vitro study. J E-Health Bioengineering Conf. 2013, 1-4.

26. Dhanvanth M, Uma Maheswari TN, Rajeshkumar S: Anti-inflammatory effect of herbal formulation of tulsi,
aloe vera and turmeric aqueous extract. Int J Pharm Res. 2020, 15:10.31838/IJPR/2020.SP1.440

27. Dascalu Rusu LM, Moldovan M, Sarosi C, et al.: Photodynamic therapy with natural photosensitizers in the
management of periodontal disease induced in rats. Gels. 2022, 8:134. 10.3390/gels8020134

2023 M et al. Cureus 15(11): e48537. DOI 10.7759/cureus.48537 12 of 12

https://dx.doi.org/10.1111/odi.13980?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/jiaomr.jiaomr_101_21?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/jiaomr.jiaomr_101_21?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jobcr.2023.03.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jobcr.2023.03.003?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/16505788/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-020-58548-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-020-58548-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lsm.10250?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lsm.10250?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1039/B109753A?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1039/B109753A?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s1572-1000(05)00097-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s1572-1000(05)00097-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pdpdt.2019.101621?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pdpdt.2019.101621?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pdpdt.2017.09.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pdpdt.2017.09.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41421-023-00532-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41421-023-00532-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.biopha.2018.07.049?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.biopha.2018.07.049?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2478/folmed-2018-0008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2478/folmed-2018-0008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pdpdt.2019.01.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pdpdt.2019.01.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00784-021-03867-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00784-021-03867-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pdpdt.2017.04.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pdpdt.2017.04.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.oraloncology.2013.05.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.oraloncology.2013.05.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/pho.2014.3805?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/pho.2014.3805?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1039/c9pp00375d?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1039/c9pp00375d?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pdpdt.2019.06.015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pdpdt.2019.06.015?utm_medium=email&utm_source=transaction
http://10.1109/EHB.2013.6707409?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.31838/IJPR/2020.SP1.440?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.31838/IJPR/2020.SP1.440?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/gels8020134?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/gels8020134?utm_medium=email&utm_source=transaction

	In Vitro Evaluation of Light-Induced Cytotoxic Property: Synergistic Effects of Anthocyanin/Curcumin as a Photosensitizer
	Abstract
	Introduction
	Aim and objectives

	Materials And Methods
	Study setting and sample groups
	FIGURE 1: Sample groups

	Curcumin and anthocyanin extraction
	FIGURE 2: Grated Punica granatum
	FIGURE 3: Dilution of Punica granatum mixture
	FIGURE 4: Sedimented form of anthocyanin
	FIGURE 5: Flash evaporation of anthocyanin

	Light toxicity and mono-tetrazolium salt assay

	Results
	FIGURE 6: Graph depicting cell survival rate among control versus experimental groups
	FIGURE 7: Cell viability - control group
	FIGURE 8: Cell viability - curcumin group
	FIGURE 9: Cell viability - anthocyanin group
	FIGURE 10: Cell viability - curcumin+anthocyanin group

	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


