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In vitro anticancer and antioxidative potential of Nyctanthes arbor-tristis Linn aqueous leaves extract
Abstract
Nyctanthes arbor-tristis is a medicinal plant used to treat various inflammation-associated ailments, cancer and to combat innumerable infections in the traditional system of medicine. The current study’s goal was to investigate the antioxidative and anticancer properties of the aqueous leaves extract of Nyctanthes arbor-tristis (NAE). The leaves of Nyctanthes arbor-tristis were collected from CSIR- CIMAP Research Centre, Pantnagar, Uttarakhand. To examine the antioxidant activity of NAE two different approaches were followed. The aqueous leaves extract showed marked antioxidant potential determined by total antioxidant capacity and reducing power. NAE showed a notable total antioxidant capacity of 235.67 mg of ascorbic acid equivalents per g of extract. The reducing power increased with the increment in the concentration of NAE, ranging from 0.063 at 20μg/mL to 0.388 at 200μg/mL. MTT assay was investigated against HepG2 cell line. High level of resistance to HepG2 liver cancer cell lines was noted with NAE with MNCD value of 10μg/mL. The results obtained highlighted the importance of extracts from Nyctanthes arbor-tristis and suggested the use of chemotherapeutic drugs to treat tumours in the future.
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1. Introduction
Cancer remains an ongoing worldwide combat, with significant advances in cures and preventative medications. The disease is defined by cells in the human body that continue to multiply without being regulated or halted (Zhu et al., 2017). As an outcome, malignant cells create tumours that have the capacity to spread. Chemotherapy, radiation and chemically derived medications are all currently used treatments (Liu et al., 2024). Chemotherapy, for example, can put patients under a lot of strain and exacerbate their health problems (Aslam et al., 2014). Cancer is a hereditary ailment that results from both internal and environmental/acquired causes (Blackadar 2016). These factors through cellular intermediates influence the expression of critical cellular elements such as proto-oncogenes, tumour suppressor genes, and DNA repair genes (Antosiewicz et al., 2008; Nagy et al., 2021). Although cellular intermediates are highly unstable, they significantly influence cellular signalling pathways, which are predominantly regulated by transcription factors. One of the most important cellular intermediates is reactive oxygen species (ROS), which are produced by all aerobic organisms (Glorieux et al., 2024). Free radicals and reactive oxygen species (ROS) produced under normal physiological conditions, turn harmful when their concentration increases or when body's endogenous system fails to eliminate them, is a manifestation of oxidative stress (Sies et al., 2017; Burton & Jauniaux 2011). An imbalance between the production of reactive oxygen species and the body's natural antioxidant systems leads to oxidative stress (Gitto et al., 2017). ROS are important sources of many catalysts that cause oxidative stress and start oxidation both in vivo and in vitro, leading to a variety of illnesses and conditions (Chatterjee 2016) such as cardiovascular disease (Dubois-Deruy et al., 2020), cancer (Hayes et al., 2020), Parkinsons disease (Dias et al., 2013), ageing (Luo et al., 2020) and atherosclerosis (Kattoor et al., 2017). As a result, there is an emphasis on employing alternative treatments and therapies to combat cancer and oxidative stress. Herbal medicines have historically served as the primary source of healthcare in impoverished regions and continue to do so (Izah et al., 2024). Plants have been widely employed in medicine due to their natural antibacterial and therapeutic characteristics. This has led to growing research into the potential application of terrestrial plant extracts in developing nanomaterial-based therapeutics for diseases such as cancer (Pandey and Ambwani, 2022; Khan et al., 2022). Numerous plant species are already being utilised to cure and prevent cancer. Several studies have highlighted plant species having anticancer characteristics, with a particular emphasis on those used in traditional therapy in developing nations (Ambwani et al., 2019). Nyctanthes arbor-tristis is a significant medicinal plant in the Oleaceae family. The plant thrives in tropical and subtropical climates. Night jasmine, Harsinghar, and Parijat are all popular names for Nyctanthes arbor-tristis. In Indian systems of medicine, several components of Nyctanthes arbor-tristis are used for pharmacological effects such as anti-cancer, anti-leishmaniasis, anti-viral, anti-fungal, antipyretic, antihistaminic, anti-malarial, and anti-oxidant (Amarite et al., 2007), anti-inflammatory (Omkar et al., 2006) and many more activities. Mannitol, astringent, resinous compounds, ascorbic acid, colouring materials, sugar, and traces of an oily substance, tannic acid, methyl salicylate, carotene, an amorphous resin, and traces of volatile oil are all found in the leaves of Nyctanthes arbor-tristis (Singh and Jindal, 1985; Mathuram et al., 1997). Three new benzoic esters of Loganin and 6- β- hydroxyloganin, namely arborside-A, arborsideB, and arborside-C were found to be present in the leaves. Leaves also contain the alkaloid nyctanthine along with nannitol, β-Amyrin β-Sitosterol, hentriacontane, benzoic acid, astragalin, nicotiflorin, oleanolicacid, nyctanthic acid, friedelin, and lupeol (Balasubramanian, 2012). Crude extract from herbal plant have been used to treat various ailments since antiquity. Extracts having antioxidative, antimicrobial, and anti-inflammatory activities can promote tissue repair and regeneration (Al-Saraireh et al., 2022). Hence, in the current study, aqueous leaves extract of Nyctanthes arbor-tristis Linn (NAE) was prepared and investigated for its anti-cancerous and antioxidant potential. Consider using Nyctanthes arbor-tristis aqueous leaf extract is a safe and effective alternative to chemical drugs for treating various ailments, with no negative side effects.

2. MATERIAL AND METHODS

2.1 Collection of plant material 

The leaves of Nyctanthes arbor-tristis were collected from CSIR CIMAP Research Centre, Pantnagar,, India. The plant sample was rinsed with running tap water, shade dried, pulverised using a grinder, and kept in airtight container at 4°C until further use. The identification of Nyctanthes arbor-tristis was confirmed by Dr. D.S. Rawat, Biological Science Department G.B.P.U.A.&T, Pantnagar, India. The voucher specimen was also deposited to Biological Science Department G.B.P.U.A.&T, Pantnagar, India for documentation. 
2.2 Extraction procedure
The extraction of aqueous Nyctanthes arbor-tristis leaves extract (NAE) was performed as per the procedure provided by (Singh et al., 2021; Chand et al., 2024) with slight modification. 100g of shade-dried bark powder was added to 1000 mL of double distilled water. The mixture was homogenized for 48 hours at 37°C in an incubator cum shaker. With the help of muslin cloth the mixture was filtered and later the mixture was again filtered through Whatman filter paper No. 1. To remove excess solvent the filtrate was concentrated by rotary evaporator at 45°C followed by lyophilization. The lyophilized extract was weighed and kept at -20°C in a deep freezer until further usage. 

2.3 Evaluation of in vitro antioxidant potential of the NAE

The in vitro antioxidative potential of the aqueous Nyctanthes arbor-tristis leaves extract (NAE) was evaluated by total antioxidative capacity and reducing power capacity. 

2.3.1 Total antioxidant capacity

Total antioxidant capacity of the plant extracts was determined using the phospshomolybdenum technique using ascorbic acid as standard and represented as mg ascorbic acid equivalent/g extract as per the protocol of (Sharma and Singh, 2012) with slight modifications. Ascorbic acid ranging from 2 to 20µg was used for the calibration curve. 100 µL of plant extract was mixed with 1 mL of freshly made phosphomolybdate reagent solution consist of 0.6 M sulphuric acid, 28 mM tri sodium phosphate, and 4mM ammonium molybdate. The plant sample reduced molybdenum (VI) to form a greenish phosphate molybdenum (V) complex. The tubes were sealed and the reaction mixture was incubated at 95°C for 90 minutes in a boiling water bath. Readings were recorded by using a UV-visible spectrophotometer at 695 nm after the samples had cooled to room temperature. 

2.3.2 Reducing power capacity

The reducing power of the NAE was determined as per the method of (Chand et al., 2024; Nićiforović et al., 2010) with slight modifications. 1 mL of various concentrations of NAE and ascorbic acid, ranging from 20 to 200µg/mL, were incubated for 30 minutes at 50°C with 2.5mL of phosphate buffer (0.1 mol/L pH 6.6) and 2.5mL of 1 percent (w/v) potassium ferricyanide. To stop the reaction, 2.5mL of 10% (w/v) trichloroacetic acid (TCA) was added and the mixture was centrifuged for 10 minutes at 3000 g. The top layer was diluted with equal parts water and stirred with 0.5mL of fresh 0.1% ferric chloride. The absorbance at 700 nm was measured against blank with the help of a UV-visible spectrophotometer. The entire experiment was run three times, with three replicates. A higher absorbance suggested greater reducing power. 

2.4 Evaluation of in vitro anti-cancerous potential of the NAE - Cytotoxicity assay on human cancer cell line
In brief, HepG2 cells that were maintained in complete DMEM media (Himedia, India) supplemented with 10% FBS (Himedia, India) and Penicillin-Streptomycin solution (Himedia, India) were seeded in 96 well plates at a concentration of 104 cells/well. They were allowed to adhere to the plate overnight. Media and 0.5% Triton-X were used as untreated and positive controls respectively. The cells were treated with different concentrations of NAE and incubated for 24 h. MTT reagent {3-(4,5-dimethylthiazol-2- yl)-2,5-diphenyl tetrazolium bromide} was added to the wells after 24 hours of treatment. The cells were incubated with MTT for 4 h. Formazan crystals formed were dissolved in DMSO, and absorbance at 570 nm was measured using a Micro plate Reader. Cell survival rate was expressed as a percentage by comparing treated and control cells (Murali et al., 2024). 
2.4 Statistical Analysis

Data analysis was done using Prism Software, with results presented as mean values accompanied by their standard deviations (±SD). The assessment of statistical differences between experimental and control groups, was performed through one-way analysis of variance (ANOVA). Results were deemed statistically significant when probability values fell below 0.05 (p < 0.05). 

3. RESULTS
3.1 Total antioxidant capacity of NAE

A key feature of the total antioxidant capacity assay is the reduction of Mo (VI) to Mo (V) in acidic conditions, resulting in the formation of a dark bluish-green Mo (V) complex. Total antioxidant capacity (TAC) of the NAE was evaluated by the phosphomolybdenum method and was expressed as ascorbic acid equivalents (AAE) per gram of plant extract. The results showed that NAE exhibited significant antioxidant capacity. NAE has a total antioxidant capacity with value of 235.67±2.46 mg ascorbic acid equivalents g-1 extract (Table 1).

Table 1- Total antioxidant capacity of NAE in terms of ascorbic acid equivalents. Each value represents mean ± SD (n=3)

	Plant Extract
	Total Antioxidant Capacity (AAE mg/g of dry matter)
	Mean Total Antioxidant

Capacity (AAE mg/g of

dry matter) ± SD

	
	I
	II
	III
	

	NAE 
	236.08
	233.04
	237.9
	235.67±2.46


3.2 Reducing power capacity of NAE

The reducing power is a key indicator of the antioxidant activity. This analysis is based on the principle that antioxidant molecules present in plant extract develop a colored complex when reacting with potassium ferricyanide, trichloroacetic acid and ferric chloride, that exhibited maximum absorbance at a wavelength of 700 nm. Higher absorbance values indicate great reducing power, suggesting that plant extract possess significant reducing potential. Reducing power NAE was compared with ascorbic acid and is presented in Fig. 1.

[image: image1.emf]20 40 60 80 100 120 140 160 180 200

0.0

0.2

0.4

0.6

AA

NAE

Concentration (



g/mL)

Mean OD at 700nm ± SD


Fig. 1: Reducing power for NAE and Ascorbic acid. Each value represents mean ± SD (n=3)
3.3 In vitro anti-cancerous potential of the NAE against HepG2 cells
After investigating the antioxidative potential of NAE it is inevitable to determine its anticancerous activity. The MNCD of NAE was tested against HepG2 cells. The MNCD of the NAE extract was determined to be 10μg/mL via MTT cytotoxicity assay as shown in Fig. 2 (p < 0.05).
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Fig. 2: Percent Cell Viability of HepG2 cells when exposed to different concentrations of NAE
4. DISCUSSION
For centuries, herbal treatments have been used globally to promote health and manage disease (Ernst 2005). Despite their widespread use, they are not formally accepted internationally due to limited scientific evidence supporting their safety and effectiveness (Rousseaux & Schachter 2003). Traditional herbal medicines have long played an important role in rural and urban healthcare system in many countries (Safarzadeh et al., 2014). Various anticancer medications currently used in modern medicines were originally employed from traditional or folk healing practices, where they were employed in crude form for numerous purposes that revealed potentially helpful biological action (Jenča et al., 2014; Ye et al., 2015). It is estimated that approximately 75% of the 120 biologically active plant-derived compounds currently in use worldwide were discovered through follow-up studies validating the efficacy of traditional and ethnomedical knowledge (Bhat et al., 2014). This highlights significant potential for discovering new drugs based on traditional plant use (Quinlan 2022) . Natural antioxidants perform various biochemical l functions, including as suppressing ROS formation, scavenging free radicals directly or indirectly, and modulating intracellular redox potentials. Because oxidative stress was assumed to be the cause of apoptosis, antioxidants were used to reduce it (Burton & Jauniaux 2011). Many plants have been identified as sources of anticancer drugs (Siddiqui et al., 2022). Traditional medicine involves boiling plant material in water or soaking in alcohol. The plant selected for this study was a aqueous extract, NAE. Preliminary phytochemical screening of the extracts revealed the presence of flavonoids, alkaloids, phenol, and acid (data not shown). The phytochemicals in the crude extract may be responsible for the plant's antioxidative and antiproliferative properties. Flavonoids and alkaloids have been demonstrated to trigger apoptosis in vivo and in vitro while also promoting antioxidative characteristics. Flavonoids have powerful antiproliferative, antineoplastic, and antioxidant properties, and it has been proposed that they help prevent chronic diseases like cancer (Thawabteh et al., 2019; Kushwaha et al., 2020). The antioxidant activities of the NAE were studied by assessing its total antioxidant capacity and reducing power. The present findings regarding the promising total antioxidant capacity of NAE was in line with the earlier work on methanolic leaf extract of Nyctanthes arbortristis L. which displayed significant antioxidant capacity (Michael et al., 2013). When the total antioxidant capacity of Asparagus racemosus root extract, Isoprinosine, and Shatavari Syrup were evaluated, it was shown that Asparagus racemosus root extract had better total antioxidant activity than Isoprinosine and Shatavari Syrup (Bhandary et al., 2015). The redox characteristics of phytoconstituents discovered in the extracts, which serve as reducing agents, singlet oxygen quenchers, free radical scavengers, hydrogen donors, and metal chelators, might explain the wide range of antioxidant activity (Meir et al., 1995). NAE showed a marginally higher reducing power than other three extracts over the entire concentration range tested. This factor is likely to contribute significantly towards the observed antioxidant effects of NAE. Similar results were observed by Rathee et al. (2007). Later, Saha et al. (2012) also investigated leaf extract of Nyctanthes arbor-tristis for its antioxidant capacity and found stronger reducing capacity in leaf extract of Nyctanthes arbor-tristis than that of ascorbic acid. Similarly, Dhinakaran and Sakthivel (2016) observed that ethanolic leaf extract of Nyctanthes arbor tristis also showed concentration dependent reducing capacity. Lad and Bhatnagar (2017) showed the presence of various in vitro antioxidant activities in the hydromethanolic leaf extract of Nyctanthes arbor tristis. The primary antioxidant properties of medicinal plants' chemical constituents support their potential as anticancer agents. The safety, affordability and oral bioavailability of plant-based chemicals make them so promising for the treatment and prevention of cancer (Kooti et al., 2017). Numerous plants have undergone cytotoxic screening in an effort to correlate their anticancer activities and broaden their potential for medication development (Deniz et al., 2017). Due to the potential advantages of plant-based medications for the treatment of cancer, their use is rising from 10% to 40% worldwide; on the Asian continent, it has reached 50% (Cassileth and Deng, 2004). Natural plant derivatives' anticancer properties necessitate thorough clinical research and scientific screening to make better medications. Accordingly, it was planned to work on aqueous Nyctanthes arbor-tristis leaves extract (NAE) and the current study showed that NAE reduced the number of cancer cells. The findings demonstrated the anticancer properties of NAE against HepG2 liver cancer cell line. The MNCD of NAE was found to be 10μg/mL. (Goswami et al., 2024) revealed that flower extract of Nyctanthes arbor tristis exert anticancer activity against breast cancer cells effectively at IC50 320 μg/mL while having less impact on normal cells with IC50 more than 480μg/mL. The strong anti-proliferative effects on B- cell lymphoma cells, DOHH2 and Raji, revealed the anti-lymphoma potential of Nyctanthes arbor tristis extract along with non-toxic profile against BJ and NIH-3T3 fibroblast cells of normal origin (Sana et al., 2022). A new compound, 1,1,2-tris (2′,4′-di-tert-butylphenyl)-4,4-dimethylpent-1-ene, was isolated and characterized from the leaves of Nyctanthes arbor-tristis L that was found to be active against three cancer cell lines (HL-60, HCT-116, and A-549) (Grover et al., 2022).
5. CONCLUSION
Nyctanthes arbor tristis has a variety of therapeutic uses. Anticancer and antioxidative properties of the NAE were investigated in the present research. Different phytochemical compounds detected were considered significant in attributing antioxidant, and anticancer properties. NAE can serves as a key source of many herbals and ayurvedic medicines for the successful treatment of numerous ailments. However, the biological potential of several bioactive compounds isolated from Nyctanthes arbor tristis for treating serious ailments such as cancer and bacterial or viral infections still requires further investigations.
DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
Author(s) hereby declares that NO generative AI technologies such as Large Language Models (ChatGPT COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.

REFERENCES

Al-Saraireh, Y. M., Youssef, A. M., Alsarayreh, A. Z., Al Hujran, T. A., Al-Sarayreh, S., Al-Shuneigat, J. M., & Alrawashdeh, H. M. (2021). Phytochemical and anti-cancer properties of Euphorbia hierosolymitana Boiss. crude extracts. Journal of Pharmacy & Pharmacognosy Research, 9, 13-23.

Ambwani S, Tandon R and Ambwani TK. Metal Nano Delivery Systems for Improved Efficacy of Herbal Drugs. Biosciences Biotechnology Research Asia. 2019;16(2):251-261.

Antosiewicz, J., Ziolkowski, W., Kar, S., Powolny, A. A., & Singh, S. V. (2008). Role of reactive oxygen intermediates in cellular responses to dietary cancer chemopreventive agents. Planta medica, 74(13), 1570-1579.

Aslam, M. S., Naveed, S., Ahmed, A., Abbas, Z., Gull, I., & Athar, M. A. (2014). Side effects of chemotherapy in cancer patients and evaluation of patients opinion about starvation based differential chemotherapy. Journal of Cancer Therapy, 5(8), 1-6.

Bhandary, S. K., Sharmila K. P., Kumari S. and Bhat, V. S. (2015). Phytochemical profile and invitro antioxidant activity of Asparagus racemosus root extract, isoprinosine and shatavari syrup. Journal Of Harmonized Research, 3(4): 215-223.

Bhat, P., Hegde, G. R., Hegde, G., & Mulgund, G. S. (2014). Ethnomedicinal plants to cure skin diseases—An account of the traditional knowledge in the coastal parts of Central Western Ghats, Karnataka, India. Journal of ethnopharmacology, 151(1), 493-502.

Blackadar, C. B. (2016). Historical review of the causes of cancer. World journal of clinical oncology, 7(1), 54.

Burton, G. J., & Jauniaux, E. (2011). Oxidative stress. Best practice & research Clinical obstetrics & gynaecology, 25(3), 287-299.

Cassileth, B. R., & Deng, G. (2004). Complementary and alternative therapies for cancer. The oncologist, 9(1), 80-89.

Chand, P., Ambwani, S., Singh, B. J., Ambwani, T. K., & Dubey, A. (2024). Exploring the Antioxidant Potential of Fagopyrum Esculentum Moench (Common Buckwheat) Leaf Extract. Journal of Advances in Biology & Biotechnology, 27 (11), 1243-51.

Chatterjee, S. (2016). Oxidative stress, inflammation, and disease. In Oxidative stress and biomaterials. Academic Press, (pp. 35-58)

Deniz, U. Ğ. U. R., Güneş, H., Güneş, F., & Mammadov, R. (2017). Cytotoxic activities of certain medicinal plants on different cancer cell lines. Turkish journal of pharmaceutical sciences, 14(3), 222.

Dhinakaran, D. I. and Sakthivel, G. 2016. Antioxidant and Anti-inflammatory Activities Of Nyctanthes Arbor-Tristis Extracts. Journal of Advanced Botany and Zoology, 4(1), 1-5.

Dias, V., Junn, E., & Mouradian, M. M. (2013). The role of oxidative stress in Parkinson's disease. Journal of Parkinson's disease, 3(4), 461-491.

Dubois-Deruy, E., Peugnet, V., Turkieh, A., & Pinet, F. (2020). Oxidative stress in cardiovascular diseases. Antioxidants, 9(9), 864.

Ernst, E. (2005). The efficacy of herbal medicine–an overview. Fundamental & clinical pharmacology, 19(4), 405-409.

Gitto, E., Reiter, R. J., Karbownik, M., Tan, D. X., Gitto, P., Barberi, S., & Barberi, I. (2002). Causes of oxidative stress in the pre-and perinatal period. Neonatology, 81(3), 146-157.

Glorieux, C., Liu, S., Trachootham, D., & Huang, P. (2024). Targeting ROS in cancer: rationale and strategies. Nature Reviews Drug Discovery, 23(8), 583-606.

Goswami, P., Singh, V., & Koch, B. (2024). Mitochondria mediated inhibitory effect of Nyctanthes arbor-tristis (L.) flower extract against breast adenocarcinoma and T-cell lymphoma: An in vitro and in vivo study. Journal of Ethnopharmacology, 334, 118537.

Grover, P., Kaur, J., Suri, K. A., Kumar, R., & Bansal, G. (2022). Isolation, Characterization, and Quantification of a New Anticancer Constituent from Leaves of Nyctanthes arbor-tristis. Chemistry of Natural Compounds, 58(2), 193-198.

Hayes, J. D., Dinkova-Kostova, A. T., & Tew, K. D. (2020). Oxidative stress in cancer. Cancer cell, 38(2), 167-197.

Izah, S.C., Ogidi, O.I., Ogwu, M.C., Salimon, S.S., Yusuf, Z.M., Akram, M., Raimi, M.O. and Iyingiala, A.A. (2024). Historical perspectives and overview of the value of herbal medicine. In Herbal Medicine Phytochemistry: Applications and Trends (pp. 3-35). Cham: Springer International Publishing.

Jenča, A., Mills, D.K., Ghasemi, H., Saberian, E., Jenča, A., Karimi Forood, A.M., Petrášová, A., Jenčová, J., Jabbari Velisdeh, Z., Zare-Zardini, H. and Ebrahimifar, M. (2024). Herbal therapies for cancer treatment: A review of phytotherapeutic efficacy. Biologics: Targets and Therapy, 18, 229-255.

Kattoor, A. J., Pothineni, N. V. K., Palagiri, D., & Mehta, J. L. (2017). Oxidative stress in atherosclerosis. Current atherosclerosis reports, 19, 1-11.

Khan, M.I., Bouyahya, A., Hachlafi, N.E., Menyiy, N.E., Akram, M., Sultana, S., Zengin, G., Ponomareva, L., Shariati, M.A., Ojo, O.A. and Dall’Acqua, S., 2022. Anticancer properties of medicinal plants and their bioactive compounds against breast cancer: a review on recent investigations. Environmental Science and Pollution Research, 29(17), 24411-24444.

Kooti, W., Servatyari, K., Behzadifar, M., Asadi-Samani, M., Sadeghi, F., Nouri, B., & Zare Marzouni, H. (2017). Effective medicinal plant in cancer treatment, part 2: review study. Journal of evidence-based complementary & alternative medicine, 22(4), 982-995.

Kushwaha, P. P., Singh, A. K., Prajapati, K. S., Shuaib, M., Fayez, S., Bringmann, G., & Kumar, S. (2020). Induction of apoptosis in breast cancer cells by naphthylisoquinoline alkaloids. Toxicology and Applied Pharmacology, 409, 115297.

Lad, H. and Bhatnagar, D. 2017. Modulation of oxidative stress mediators in the liver of adjuvant induced arthritic rats by Nyctanthes arbor- tristis. Clin. Phytoscience, 3(1): 21-8.

Liu, B., Zhou, H., Tan, L., Siu, K. T. H., & Guan, X. Y. (2024). Exploring treatment options in cancer: tumor treatment strategies. Signal transduction and targeted therapy, 9(1), 175.

Luo, J., Mills, K., le Cessie, S., Noordam, R., & van Heemst, D. (2020). Ageing, age-related diseases and oxidative stress: What to do next?. Ageing research reviews, 57, 100982.

Meir, S., Kanner, J., Akiri, B. and Hadas, S. P. 1995. Determination and involvement of aqueous reducing compounds in oxidative defense systems of various senescing leaves. J. Agric. Food Chem., 43(7):1813–1817.

Michael, J. S., Kalirajan, A., Padmalatha, C., & Singh, A. R. (2013). In vitro antioxidant evaluation and total phenolics of methanolic leaf extracts of Nyctanthes arbor-tristis L. Chinese journal of natural medicines, 11(5), 484-487.
Murali, J., Rajendran, V., Balasubramanian, V., Sampath, S., AlSalhi, M. S., & Devanesan, S. (2024). Fluorescent Staining–Assisted Evaluation of the Anticancer Potential of Nyctanthes arbor‐tristis Extracts in HepG2 Liver Cancer Cells. Luminescence, 39(12), e70070.

Nagy, Á., Munkácsy, G., & Győrffy, B. (2021). Pancancer survival analysis of cancer hallmark genes. Scientific reports, 11(1), 6047.

Nićiforović, N., Mihailović, V., Mašković, P., Solujić, S., Stojković, A., &Muratspahić, D. P. (2010). Antioxidant activity of selected plant species; potential newsources of natural antioxidants. Food and Chemical Toxicology, 48(11), 3125-3130.

Pandey Y, Ambwani S. Nano Metal based Herbal theranostics for Cancer management: coalescing nature’s boon with nanotechnological advancement. Current Pharmaceutical Biotechnology. 2022;23(1):30-46.  
Quinlan, M. B. (2022). Ethnomedicines: Traditions of medical knowledge. A Companion to medical anthropology, 315-341.

Rathee, J. S., Hassarajani, S. A. and Chattopadhyay, S. 2007. Antioxidant activity of Nyctanthes arbor-tristis leaf extract. Food chem., 103(4): 1350-1357.

Rousseaux, C. G., & Schachter, H. (2003). Regulatory issues concerning the safety, efficacy and quality of herbal remedies. Birth Defects Research Part B: Developmental and Reproductive Toxicology, 68(6), 505-510.

Safarzadeh, E., Shotorbani, S. S., & Baradaran, B. (2014). Herbal medicine as inducers of apoptosis in cancer treatment. Advanced pharmaceutical bulletin, 4, 421.

Saha, R. K., Acharya, S., Shovon, S. S. H., Apu, A. S. and Roy, P. 2012. Biochemical investigation and biological evaluation of the methanolic extract of the leaves of Nyctanthes arbor-tristis in vitro. Asian pacific journal of tropical biomedicine, 2(3), S1534-S1541.

Sana, T., Qayyum, S., Jabeen, A., Siddiqui, B. S., Begum, S., Siddiqui, R. A., & Hadda, T. B. (2022). Isolation and characterization of anti-inflammatory and anti-proliferative compound, for B-cell Non-Hodgkin lymphoma, from Nyctanthes arbor-tristis Linn. Journal of Ethnopharmacology, 293, 115267.

Sharma, S. K. & Singh, A. P. (2012). In vitro antioxidant and free radical scavenging activity of Nardostachys jatamansi DC. Journal of Acupuncture and Meridian Studies, 5(3), 112-118.

Siddiqui, A.J., Jahan, S., Singh, R., Saxena, J., Ashraf, S.A., Khan, A., Choudhary, R.K., Balakrishnan, S., Badraoui, R., Bardakci, F. and Adnan, M. (2022). Plants in anticancer drug discovery: from molecular mechanism to chemoprevention. BioMed Research International, (1), 5425485.

Sies, H., Berndt, C., & Jones, D. P. (2017). Oxidative stress. Annual review of biochemistry, 86(1), 715-748.

Thawabteh, A., Juma, S., Bader, M., Karaman, D., Scrano, L., Bufo, S. A., & Karaman, R. (2019). The biological activity of natural alkaloids against herbivores, cancerous cells and pathogens. Toxins, 11(11), 656.

Ye, L., Jia, Y., Ji, K.E., Sanders, A.J., Xue, K., Ji, J., Mason, M.D. and Jiang, W.G. (2015). Traditional Chinese medicine in the prevention and treatment of cancer and cancer metastasis. Oncology letters, 10(3), 1240-1250.

Zhu, C., Hu, W., Wu, H., & Hu, X. (2014). No evident dose-response relationship between cellular ROS level and its cytotoxicity–a paradoxical issue in ROS-based cancer therapy. Scientific reports, 4(1), 5029.


