
   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     153 
 
  

BIBLIOGRAPHY 

Abotaleb, M., Samuel, S. M., Varghese, E., Varghese, S., Kubatka, P., Liskova, A. and 

Büsselberg, D. (2019) Flavonoids in cancer and apoptosis, Cancers, 11(1), 28. 

Addai, S. N., Mshimesh, B. A. R. and Rasheed, A. M. (2020) Phytochemistry and cytotoxic 

activity of Annona muricata Seed Extracts against MEF cell line, Asian Journal of 

Pharmaceutical Sciences, 57. 

Abd Ghani, M. F., Othman, R. and Nordin, N. (2020) Molecular docking study of naturally 

derived flavonoids with antiapoptotic BCL-2 and BCL-XL proteins toward ovarian 

cancer treatment, Journal of Pharmacy and Bioallied Sciences, 12(Suppl 2), S676. 

Abdurrahim, A. E., Temelli, F., Mazurak, V., Benruwin, R. A. and Chen, L. (2021) Anthocyanin 

and Gingerol Extracts Exhibit a Synergistic Effect to Inhibit the Proliferation of Caco-2, 

Hep G2, and HT-29 Cells in Vitro, ACS Food Science & Technology, 1(9), 1642-1651. 

Agatonovic-Kustrin, S. and Morton, D. W. (2020) The power of HPTLC-ATR-FTIR 

hyphenation in bioactivity analysis of plant extracts, Applied Sciences, 10(22), 8232. 

Agu, K. C. and Okolie, P. N. (2017) Proximate composition, phytochemical analysis, and in vitro 

antioxidant potentials of extracts of Annona muricata (Soursop), Food science and 

nutrition, 5(5), 1029-1036. 

Agu, K. C., Ayevbuomwan, M., Imade, R. O., Okolie, P. N., Elekofehinti, O. O., Falodun, A. 

and Akeiti, F. O. (2020) Biochemical investigation of the upstream anti-sickling 

mechanisms of soursop (Annona muricata): 15-acetyl guanacone as an inhibitor of 

deoxyhaemoglobin polymerisation, Journal of Biomolecular Structure and Dynamics,  

1-18. 

Agu, K. C., Okolie, N. P., Falodun, A. and Engel-Lutz, N. (2018) In vitro anticancer assessments 

of Annona muricata fractions and in vitro antioxidant profile of fractions and isolated 

acetogenin (15-acetyl guanacone), Journal of cancer research and practice, 5(2), 53-66. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     154 
 
  

Al-Abd, N. M., Mohamed Nor, Z., Mansor, M., Azhar, F., Hasan, M. S. and Kassim, M. (2015) 

Antioxidant, antibacterial activity, and phytochemical characterization of Melaleuca 

cajuputi extract, BMC complementary and alternative medicine, 15(1), 1-13. 

Al-Oubaidy, S. A. and Mekkey, A. M. (2021) Free radicals have an important role in cancer 

initiation and development, Medical Journal of Babylon, 18(1), 1. 

Al-seragy, I. M., Kharat, K. R. and Dhabe, A. S. (2019) Cell cycle arrest and induction of 

apoptosis in human breast cancer cells (T-47D) by Annona squamosa L. and Thymus 

vulgaris L. ethanolic extract, Journal of Biologically Active Products from Nature, 9(1), 

47-56. 

Ali, S. S., Ahsan, H., Zia, M. K., Siddiqui, T. and Khan, F. H. (2020) Understanding oxidants 

and antioxidants: Classical team with new players, Journal of food biochemistry, 44(3), 

e13145. 

Ali, M., Rathaur, B. and Nishad, U. (2020) Phytochemical Screening, Physicochemical and 

Antioxidant Activity, TLC & Finger Print of HPTLC, Morus Alba Ethanol Extraction, 

International Journal of Innovative Science and Research Technology, 5, 1-14. 

Ammoury, C., Younes, M., El Khoury, M., Hodroj, M. H., Haykal, T., Nasr, P. and Rizk, S. 

(2019) The pro-apoptotic effect of a Terpene-rich Annona cherimola leaf extract on 

leukemic cell lines, BMC complementary and alternative medicine, 19(1), 1-10. 

Amzallag, A., Ramaswamy, S. and Benes, C. H. (2019) Statistical assessment and visualization 

of synergies for large-scale sparse drug combination datasets, BMC bioinformatics, 20(1), 

1-15. 

Ashmawy, N. A., Salem, M. Z., El Shanhorey, N., Al-Huqail, A., Ali, H. M. and Behiry, S. I. 

(2020) Eco-friendly wood-biofungicidal and antibacterial activities of various Coccoloba 

uvifera L. leaf extracts: HPLC analysis of phenolic and flavonoid compounds, 

BioResources, 15(2), 4165-4187. 

Atanu, F. O., Francis, E. O., Avwioroko, O. J., Ibrahim, R. E., Adaji, B. I., Amos, F. I. and 

Ibrahim, H. E. (2022) Chemical Profile, Antioxidant and Alpha-Amylase Inhibitory 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     155 
 
  

Activity of Leaves Extracts of Annona muricata: A Combined In vitro and In silico 

Study, Letters in Applied Nano BioScience, 11, 2, 3470 – 3479. 

Atere, T. G., Akinloye, O. A., Ugbaja, R. N., Ojo, D. A. and Dealtry, G. (2018) In vitro 

antioxidant capacity and free radical scavenging evaluation of standardized extract of 

Costus afer leaf, Food Science and Human Wellness, 7(4), 266-272.  

Atta, E. M., Mohamed, N. H. and Silaev, A. A. A. (2017) Antioxidants: An overview on the 

natural and synthetic types, European Chemical Bulletin, 6(8), 365-375. 

Attri, S., Kaur, P., Singh, D., Kaur, H., Rashid, F., Kumar, A. and Arora, S. (2021) Induction of 

apoptosis in A431 cells via ROS generation and p53-mediated pathway by chloroform 

fraction of Argemone mexicana (Pepaveraceae), Environmental Science and Pollution 

Research, 1-20. 

Bajpai, V. K., Baek, K. H. and Kang, S. C. (2017) Antioxidant and free radical scavenging 

activities of taxoquinone, a diterpenoid isolated from Metasequoia glyptostroboides, 

South African Journal of Botany, 111, 93-98. 

Bashan, Nava and Kovsan, Julia and Kachko, Ilana and Ovadia, Hilla and Rudich, Assaf. (2009) 

Positive and Negative Regulation of Insulin Signaling by Reactive Oxygen and Nitrogen 

Species, Physiological reviews, 89. 27-71. 10.1152/physrev.00014.2008. 

Batool, A., Hazafa, A., Ahmad, S., Khan, H. A., Abideen, H. M., Zafar, A. and Iqbal, H. M. 

(2021) Treatment of lymphomas via regulating the Signal transduction pathways by 

natural therapeutic approaches: A review, Leukemia Research, 106554. 

Bekhet, O. H. and Eid, M. E. (2021) The interplay between reactive oxygen species and 

antioxidants in cancer progression and therapy: a narrative review, Translational Cancer 

Research, 10(9), 4196-4206. 

Bhaskar, A., Nithya, V. and Vidhya, V. G. (2011) Phytochemical screening and in vitro 

antioxidant activities of the ethanolic extract of Hibiscus rosa sinensis L, Annals of 

Biological Research, 2 (5) :653-661 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     156 
 
  

Bora, J., Syiem, D. and Bhan, S. (2019) Quantitative analysis of total phenolic, flavonoid, The 

Journal of Pharmacognosy and Phytotherapy, 8, 906-911. 

Boy, Henry Ivanz A., Rutilla, Alfred Joshua H., Santos, Kimbberly A., Ty, Allister Matthew T., 

Yu, Alicia I., Mahboob, Tooba., Tangpoong, Jitbanjong. and Nissapatorn, Veeranoot 

(2018) Recommended Medicinal Plants as Source of Natural Products: A Review, Digital 

Chinese Medicine, 1(2), 131–142. doi:10.1016/S2589-3777(19)30018-7. 

Cava, C. and Castiglioni, I. (2020) Integration of Molecular Docking and In Vitro Studies: A 

Powerful Approach for Drug Discovery in Breast Cancer, Applied Sciences, 10(19), 

6981. 

Chahal, A., Saini, A. K., Chhillar, A. K. and Saini, R. V. (2018) Natural antioxidants as defense 

system against cancer, Asian Journal of Pharmaceutical and Clinical Research, 38-44. 

Chahardehi, A. M., Arsad, H., Ismail, N. Z. and Lim, V. (2021) Low cytotoxicity, and 

antiproliferative activity on cancer cells, of the plant Senna alata (Fabaceae), Revista de 

Biología Tropical, 69(1), 317-330. 

Chan, W. J. J., McLachlan, A. J., Hanrahan, J. R. and Harnett, J. E. (2020) The safety and 

tolerability of Annona muricata leaf extract: A systematic review, Journal of Pharmacy 

and Pharmacology, 72(1), 1-16. 

Chauhan, S., Rai, S. and Huddar, V. G. (2022) A review on clinical and experimental studies on 

ayurveda and leukemia, Medical Journal of Dr. D. Y. Patil Vidyapeeth, 15, 158—174. 

Ci, Z. H., Jiang, C. Y., Tsukamoto, C. and Kojima, M. (2017) DPPH radical scavenging activity 

and polyphenols in the pods of 3 common beans, Journal of Food and Nutrition 

Research, 5(12), 900-907. 

Cercato, L. M., Araujo, J., Oliveira, A. S., Melo, A. J., Lima, B. S., Dos Santos, E. W. and 

Camargo, E. A. (2021) Reduced cutaneous inflammation associated with antioxidant 

action after topical application of the aqueous extract of Annona muricata leaves, 

Inflammopharmacology, 29(1), 307-315. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     157 
 
  

Chothiphirat, A., Nittayaboon, K., Kanokwiroon, K., Srisawat, T. and Navakanitworakul, R. 

(2019) Anticancer potential of fruit extracts from Vatica diospyroides symington type SS 

and their effect on program cell death of cervical cancer cell lines, The Scientific World 

Journal, 5491904, 9. 

Coria-Téllez, A. V., Montalvo-Gónzalez, E., Yahia, E. M. and Obledo-Vázquez, E. N. (2018) 

Annona muricata: A comprehensive review on its traditional medicinal uses, 

phytochemicals, pharmacological activities, mechanisms of action and toxicity, Arabian 

Journal of chemistry, 11(5), 662-691. 

Daddiouaissa, D., Amid, A., Kabbashi, N. A., Fuad, F. A., Elnour, A. M. and Epandy, M. A. 

(2019) Antiproliferative activity of ionic liquid-graviola fruit extract against human breast 

cancer (MCF-7) cell lines using flow cytometry techniques, Journal of 

ethnopharmacology, 236, 466-473. 

Daud, N. N. N. N. M., Yaakob, H. and Rosdi, M. N. M. (2016) Acetogenins of Annona muricata 

leaves: Characterization and potential anticancer study, Integrative Cancer Science and 

Therapeutics, 3(4), 543-551. 

De Francisco, L., Pinto, D., Rosseto, H., Toledo, L., Santos, R., Tobaldini-Valério, F. and 

Rodrigues, F. (2018) Evaluation of radical scavenging activity, intestinal cell viability 

and antifungal activity of Brazilian propolis by-product, Food Research 

International, 105, 537-547. 

Dehelean, C. A., Marcovici, I., Soica, C., Mioc, M., Coricovac, D., Iurciuc, S. and Pinzaru, I. 

(2021) Plant-derived anticancer compounds as new perspectives in drug discovery and 

alternative therapy, Molecules, 26(4), 1109. 

Dixit, P. (2021) Medicinal Importance of Plants: An Overview, Economic Importance of 

Different Classes of Plants, 113. 

Dhanasekaran, S. (2020) Phytochemical characteristics of aerial part of Cissus quadrangularis 

(L) and its in-vitro inhibitory activity against leukemic cells and antioxidant 

properties, Saudi journal of biological sciences, 27(5), 1302-1309. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     158 
 
  

Don, R. A. S. G. and Yap, M. K. K. (2019) Arctium lappa L. root extract induces cell death via 

mitochondrial-mediated caspase-dependent apoptosis in Jurkat human leukemic T cells, 

Biomedicine & Pharmacotherapy, 110, 918-929. 

Drobna, Monika., Szarzyńska-Zawadzka, Bronisława. and Dawidowska, Małgorzata (2018) T-

cell acute lymphoblastic leukemia from miRNA perspective: Basic concepts, 

experimental approaches, and potential biomarkers, Blood Reviews, 

S0268960X17301571–. doi:10.1016/j.blre.2018.04.003. 

Durairaj, B. (2018) In vitro free radical scavenging potential of Hydroethanolic extract in the 

leaves of Annona muricata, International Journal of Green Pharmacy (IJGP), 12(01). 

Dutta, S. and Ray, S. (2020) Comparative assessment of total phenolic content and in vitro 

antioxidant activities of bark and leaf methanolic extracts of Manilkara hexandra (Roxb.) 

Dubard, Journal of King Saud University-Science, 32(1), 643-647. 

Fabbri, G., Holmes, A.B., Viganotti, M., Scuoppo, C., Belver, L., Herranz, D., Yan, X.J., Kieso, 

Y., Rossi, D., Gaidano, G., Chiorazzi, N., Ferrando, A.A. and DallaFavera, R. (2017) 

Common nonmutational NOTCH1 activation in chronic lymphocytic leukemia, 

Proceedings of the National Academy of Sciences, E2911–E2919. 

Farghadani, R. and Naidu, R. (2021) The Role of Apoptosis as a Double-Edge Sword in 

Cancer, Regulation and Dysfunction of Apoptosis. 

Farishta, P. and Sharma, R. (2021) Potentiality of Phytochemical Resource of India: A review, 

International Journal of Herbal Medicine, 9(3): 35-38. 

Fattizzo, B., Rosa, J., Giannotta, J. A., Baldini, L. and Fracchiolla, N. S. (2020) The 

physiopathology of T-cell acute lymphoblastic leukemia: focus on molecular 

aspects, Frontiers in oncology, 10, 273. 

Ferreira, Leonardo L.G. and Andricopulo, Adriano D. (2019) ADMET modeling approaches in 

drug discovery, Drug Discovery Today, S1359644618303301–

. doi:10.1016/j.drudis.2019.03.015. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     159 
 
  

Engwa, G. A. (2018) Free radicals and the role of plant phytochemicals as antioxidants against 

oxidative stress-related diseases, Phytochemicals: Source of Antioxidants and Role in 

Disease Prevention, BoD–Books on Demand, 7, 49-74. 

Forni, C., Facchiano, F., Bartoli, M., Pieretti, S., Facchiano, A., D’Arcangelo, D. and Jadeja, R. 

N. (2019), Beneficial role of phytochemicals on oxidative stress and age-related 

diseases. BioMed research international, 2019. 

Foster, K., Oyenihi, O., Rademan, S., Erhabor, J., Matsabisa, M., Barker, J. and Delgoda, R. 

(2020) Selective cytotoxic and anti-metastatic activity in DU-145 prostate cancer cells 

induced by Annona muricata L. bark extract and phytochemical, annonacin, BMC 

Complementary Medicine and Therapies, 20(1), 1-15. 

Fuel, M., Mesas, C., Martínez, R., Ortiz, R., Quiñonero, F., Prados, J., Porres, J.M. and 

Melguizo, C. (2021) Antioxidant and antiproliferative potential of ethanolic extracts from 

Moringa oleifera, Tropaeolum tuberosum and Annona cherimola in colorrectal cancer 

cells, Biomedicine and Pharmacotherapy, 143. 

Fulda, S. and Efferth, T. (2020) Selected secondary plant metabolites for cancer therapy, World 

Journal of Traditional Chinese Medicine, 1(1), 24. 

Ganguly, S., Kinsey, S. and Bakhshi, S. (2021) Childhood cancer in India, Cancer 

epidemiology, 71, 101679. 

Gopal, J., Lee, Y. M., Shin, J., Muthu, M., Jung, S., Jeong, S. and Oh, J. W. (2019) The graviola 

impact on human astroglioma cells: functional significance of MUDENG,  RSC 

advances, 9(16), 8935-8942. 

Gopal, S. and Itankar, P. (2018) Extraction, isolation and identification of flavonoid from 

Chenopodium album aerial parts, Journal of traditional and complementary 

medicine, 8(4), 476-482. 

González-Pedroza, M. G., Argueta-Figueroa, L., García-Contreras, R., Jiménez-Martínez, Y., 

Martínez-Martínez, E., Navarro-Marchal, S. A. and Boulaiz, H. (2021) Silver 

nanoparticles from Annona muricata peel and leaf extracts as a potential potent, 

biocompatible and low-cost antitumor tool, Nanomaterials, 11(5), 1273. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     160 
 
  

Gothai, S., Muniandy, K., Gnanaraj, C., Ibrahim, I. A. A., Shahzad, N., Al-Ghamdi, S. S. and 

Arulselvan, P. (2018) Pharmacological insights into antioxidants against colorectal 

cancer: A detailed review of the possible mechanisms, Biomedicine & 

Pharmacotherapy, 107, 1514-1522. 

Gowsalya, P. and Sathya, T. (2021) In-Vitro Antioxidant, Antibacterial and Anticancer 

properties of Leaf Extract Annona Muricata, International journal of advanced Science 

and Engineering, 8(1). 

Greenwood, H. E. and Witney, T. H. (2021) Latest advances in imaging oxidative stress in 

cancer, Journal of Nuclear Medicine, 62(11), 1506-1510. 

Green, L.C., Wagner, D.A., Gloowski, J., Skipper, P.L., Wishnok, J.S. and Tannenbaum, S.R. 

(1982) Analysis of nitrate and nitrite (15N) nitrate in biological fluids, Analytical 

Biochemistry, 126, 131-136. 

Gorniak, I., Bartoszewski, R. and Kroliczewski, J.  (2019) Comprehensive review of 

antimicrobial activities of plant flavonoids, Phytochem, Rev 18, 241–272 

https://doi.org/10.1007/s11101-018-9591-z. 

González, E. M., Fernández, A. E. L., Sáyago-Ayerdi, S. G., Estrada, R. M. V. and Vallejo, L. G. 

Z. (2017) In vitro antioxidant capacity of crude extracts and acetogenin fraction of 

soursop fruit pulp, Pharmaceutica Analytica Acta, 8, 1-7. 

Grace Nirmala, J., Evangeline Celsia, S., Swaminathan, A., Narendhirakannan, R. T. and 

Chatterjee, S. (2018) Cytotoxicity and apoptotic cell death induced by Vitis vinifera peel 

and seed extracts in A431 skin cancer cells, Cytotechnology, 70(2), 537-554. 

Growther, L. (2018) Anticancer Activity of Annona Muricata Leaf Extracts and Screening for 

Bioactive Phytochemicals, International Journal of Pharma and Bio Sciences,8, 475-481. 

Gudise, V., Chowdhury, B. and Manjappa, A. S. (2019) In vitro free radical scavenging and 

antidiabetic activity of aqueous and ethanolic leaf extracts: a comparative evaluation of 

Argyreia pierreana and Matelea denticulate, Future Journal of Pharmaceutical 

Sciences, 5(1), 1-11. 

https://doi.org/10.1007/s11101-018-9591-z


   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     161 
 
  

Gupta, M. O. N. I. K. A. (2021) Synergistic anti-cancer effects of natural products and their 

mode of action,  Asian Journal of Pharmaceutical and Clinical Research, 14(2), 15-21. 

Gutierrez, M. T., Durán, A. G., Mejías, F. J., Molinillo, J. M., Megias, D., Valdivia, M. M. and 

Macías, F. A. (2020) Bio-guided isolation of acetogenins from Annona cherimola 

deciduous leaves: Production of nanocarriers to boost the bioavailability properties, 

Molecules, 25(20), 4861. 

Gyesi, J. N., Opoku, R. and Borquaye, L. S. (2019) Chemical composition, total phenolic 

content, and antioxidant activities of the essential oils of the leaves and fruit pulp of 

Annona muricata L.(Soursop) from Ghana,  Biochemistry research international, 2019. 

Hadisaputri, Y. E., Habibah, U., Abdullah, F. F., Halimah, E., Mutakin, M., Megantara, S. and 

Diantini, A. (2021) Antiproliferation Activity and Apoptotic Mechanism of Soursop 

(Annona muricata L.) Leaves Extract and Fractions on MCF7 Breast Cancer Cells, Breast 

Cancer: Targets and Therapy, 13, 447. 

Hefazi, M. and Litzow, M.R. (2018) Recent Advances in the Biology and Treatment of T Cell 

Acute Lymphoblastic Leukemia, Curr. Hemato.l Malig., Rep 13, 265–274,  

https://doi.org/10.1007/s11899-018-0455-9. 

Hegazy, A.E. and Ibrahium, M.I. (2012) Antioxidant Activities of Orange Peel Extracts, World 

Applied Sciences journal, 18, 684-688. 

Hemalatha, G., Sivakumari, K., Rajesh, S. and Shyamala Devi, K. (2020) Phytochemical 

profiling, anticancer and apoptotic activity of graviola (Annona muricata) fruit extract 

against human hepatocellular carcinoma (HepG-2) cells, International Journal of Zoology 

and Applied Biosciences, 5(1), 32-47. 

Hernandez-Fuentes, G. A., García-Argáez, A. N., Peraza Campos, A. L., Delgado-Enciso, I., 

Muñiz-Valencia, R., Martínez-Martínez, F. J. and Parra-Delgado, H. (2019) Cytotoxic 

Acetogenins from the Roots of Annona purpurea, International journal of molecular 

sciences, 20(8), 1870. 

https://doi.org/10.1007/s11899-018-0455-9


   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     162 
 
  

Hii, L. W., Lim, S. H. E., Leong, C. O., Chin, S. Y., Tan, N. P., Lai, K. S. and Mai, C. W. (2019) 

The synergism of Clinacanthus nutans Lindau extracts with gemcitabine: Downregulation 

of anti-apoptotic markers in squamous pancreatic ductal adenocarcinoma, BMC 

complementary and alternative medicine, 19(1), 1-13. 

Hou, M., Hu, W., Wang, A., Xiu, Z., Shi, Y., Hao, K. and Sun, J. (2019) Ultrasound-assisted 

extraction of total flavonoids from Pteris cretica L.: process optimization, HPLC analysis, 

and evaluation of antioxidant activity, Antioxidants, 8(10), 425. 

Huang, F. L., Yu, S. J. and Li, C. L. (2021) Role of autophagy and apoptosis in acute 

lymphoblastic leukemia, Cancer Control, 28, 10732748211019138. 

Huang, C., Yang, M., Deng, J., Li, P., Su, W. and Jiang, R. (2018) Upregulation and activation 

of p53 by erastin-induced reactive oxygen species contribute to cytotoxic and cytostatic 

effects in A549 lung cancer cells, Oncology reports, 40(4), 2363-2370. 

Ibrahim, A., Ibrahim, M. S. C., Bakar, K., Bakar, J., Ikhwanuddin, M. and Karim, N. U. (2022) 

Effects of Annona muricata extraction on inhibition of polyphenoloxidase and 

microbiology quality of Macrobrachium rosenbergii, Journal of Food Science and 

Technology, 59(3), 859-868. 

Igarashi, M. and Miyazawa, T. (2001) The growth inhibitory effect of conjugated linoleic acid on 

a hepatoma cell line Hep G2, is induced by a change in fatty acid in cells, Biochemical 

and Biophysical Research Communications, Acta/ Molecular and Cell biol. lipids, 1530, 

162-171. 

Ifeanyi, O. E. (2018) A review on free radicals and antioxidants, International Journal of 

Current Research in Medical Sciences, 4(2), 123-133. 

Ilango, S., Jayachandran, P. and Nirmaladevi, R. (2021). Isolation, Identification and Free 

Radical Scavenging Potential of Acetogenin Rich Fractions from Annona muricata 

Leaves, Indian Journal of Nutrition and Dietetics, 1, 81. 

Indrianingsih, A. W., Wulanjati, M. P., Windarsih, A., Bhattacharjya, D. K., Suzuki, T. and 

Katayama, T. (2021), In vitro studies of antioxidant, antidiabetic, and antibacterial 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     163 
 
  

activities of Theobroma cacao, Anonna muricata and Clitoria ternatea, Biocatalysis and 

Agricultural Biotechnology, 33, 101995. 

Iqbal, J., Abbasi, B. A., Mahmood, T., Kanwal, S., Ali, B., Shah, S. A. and Khalil, A. T. (2017) 

Plant-derived anticancer agents: A green anticancer approach, Asian Pacific Journal of 

Tropical Biomedicine, 7(12), 1129-1150. 

Liu, Yong-Qiang., Wang, Xiao-Lu., He, Dan-Hua. and Cheng, Yong-Xian (2020) Protection 

against chemotherapy- and radiotherapy-induced side effects: A review based on the 

mechanisms and therapeutic opportunities of phytochemicals, Phytomedicine, 153402–

. doi:10.1016/j.phymed.2020.153402.  

Jacobo-Herrera, N., Pérez-Plasencia, C., Castro-Torres, V. A., Martínez-Vázquez, M., González-

Esquinca, A. R. and Zentella-Dehesa, A. (2019) Selective acetogenins and their potential 

as anticancer agents, Frontiers in pharmacology, 10, 783. 

Jafri, L., Saleem, S., Ullah, N. and Mirza, B. (2017) In vitro assessment of antioxidant potential 

and determination of polyphenolic compounds of Hedera nepalensis K. Koch, Arabian 

Journal of Chemistry, 10, S3699-S3706. 

Jagadev, P. and Virani, H. G. (2017) Detection of leukemia and its types using image processing 

and machine learning, In 2017 International Conference on Trends in Electronics and 

Informatics (ICEI), (pp. 522-526).  

Jain, C., Khatana, S. and Vijayvergia, R. (2019) Bioactivity of secondary metabolites of various 

plants: a review, International Journal of Pharmaceutical Sciences and Research, 10(2), 

494-498. 

Jakubczyk, K., Dec, K., Kałduńska, J., Kawczuga, D., Kochman, J. and Janda, K. (2020) 

Reactive oxygen species-sources, functions, oxidative damage, Polski merkuriusz 

lekarski: organ Polskiego Towarzystwa Lekarskiego, 48(284), 124-127. 

Jamkhande, P. G., Ajgunde, B. R. and Jadge, D. R. (2017) Annona cherimola Mill. (Custard 

apple): A review on its plant profile, nutritional values, traditional claims and 

ethnomedicinal properties, Oriental Pharmacy and Experimental Medicine, 17(3), 189-

201. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     164 
 
  

Jamshidi-Kia, F., Wibowo, J. P., Elachouri, M., Masumi, R., Salehifard-Jouneghani, A., 

Abolhasanzadeh, Z. and Lorigooini, Z. (2020) Battle between plants as antioxidants with 

free radicals in human body, Journal of Herbmed. Pharmacology, 9(3), 191-199. 

Jeevitha Priya, M., Vidyalakshmi, S. and Rajeswari, M. (2020) Study on reversal of ABCB1 

mediated multidrug resistance in Colon cancer by acetogenins: An in-silico approach, 

Journal of Biomolecular Structure and Dynamics, 1-12. 

Ju, W. T., Kwon, O., Kim, H. B., Sung, G. B., Kim, H. W. and Kim, Y. S. (2018) Qualitative and 

quantitative analysis of flavonoids from 12 species of Korean mulberry leaves, Journal of 

food science and Technology, 55(5), 1789-1796. 

Kaltschmidt, B., Greiner, J. F., Kadhim, H. M. and Kaltschmidt, C. (2018) Subunit-specific role 

of NF-B in cancer, Biomedicines, 6(2), 44. 

Karak, P. (2019) Biological activities of flavonoids: an overview, International Journal of 

Pharmaceutical Sciences and Research, 10(4), 1567-1574. 

Karuna, D. S., Dey, P., Das, S., Kundu, A. and Bhakta, T. (2018) In vitro antioxidant activities of 

root extract of Asparagus racemosus Linn, Journal of traditional and complementary 

medicine, 8(1), 60-65 

Kim, C. and Kim, B. (2018) Anti-cancer natural products and their bioactive compounds 

inducing ER stress-mediated apoptosis: A review, Nutrients, 10(8), 1021. 

Kim, W. S., Kim, Y. E., Cho, E. J., Byun, E. B., Park, W. Y., Song, H. Y. and Byun, E. H. 

(2020) Neuroprotective effect of Annona muricata-derived polysaccharides in neuronal 

HT22 cell damage induced by hydrogen peroxide, Bioscience, Biotechnology, and 

Biochemistry, 84(5), 1001-1012. 

Kim, J. Y., Dao, T. T., Song, K., Park, S. B., Jang, H., Park, M. K. and Kim, Y. S. (2018) 

Annona muricata leaf extract triggered intrinsic apoptotic pathway to attenuate cancerous 

features of triple negative breast cancer MDA-MB-231 cells, Evidence-Based 

Complementary and Alternative Medicine, 2018. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     165 
 
  

Kirtonia, A., Sethi, G. and Garg, M. (2020) The multifaceted role of reactive oxygen species in 

tumorigenesis, Cellular and Molecular Life Sciences, 1-25. 

Khan, F., Pandey, P., Ahmad, V. and Upadhyay, T. K. (2020) Moringa oleifera methanolic 

leaves extract induces apoptosis and G0/G1 cell cycle arrest via downregulation of 

Hedgehog Signaling Pathway in human prostate PC‐ 3 cancer cells, Journal of Food 

Biochemistry, 44(8), e13338. 

Khatun, R., Hasnin, I., Haque, A. and Rahman, M. A. A. (2021) Comparative Cytotoxicity of 

Selected Mikania species using Brine Shrimp Lethality Bioassay and Sulforhodamine B 

(SRB) Assay, Bangladesh Pharmaceutical Journal, 24(1), 11-16. 

Klaunig, J. E. (2018) Oxidative stress and cancer, Current pharmaceutical design, 24(40), 4771-

4778. 

Khurana, P., Hairat, S. and Baranwal, V. K.(2018) Identification of Triticum aestivum nsLTPs 

and functional validation of two members in development and stress mitigation roles, 

Plant Physiology and Biochemistry, 130, 418-430. 

Klein SM., Cohen G. and Cederbaum A.I. (1991) Production of formaldehyde during 

metabolism of dimethyl sulphoxide by hydroxyl radical generating system, Biochemistry, 

20:6006–6012. 

Koc, E., Çelik-Uzuner, S., Uzuner, U. and Çakmak, R. (2018) The detailed comparison of cell 

death detected by annexin V-PI counterstain using fluorescence microscope, flow 

cytometry and automated cell counter in mammalian and microalgae cells, Journal of 

Fluorescence, 28(6), 1393-1404 

Kopustinskiene, D. M., Jakstas, V., Savickas, A. and Bernatoniene, J. (2020) Flavonoids as 

anticancer agents, Nutrients, 12(2), 457. 

Krishan, A. (1975) Rapid flow cytofluorometric analysis of mammalian cell cycle by propidium 

iodide staining, Journal of Cell Biology, 66, 188 -193. 

 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     166 
 
  

Krisanti, E. A., Harumanti, A. I. and Mulia, K. (2021) Annona muricata leaves ethanolic extract 

in water, n-hexane, and methanol fractions: Cytotoxicity assay, antioxidant activity, 

flavonoid content, polyphenol content, and acetogenin content, In AIP Conference 

Proceedings (Vol. 2344, No. 1, p. 040004). AIP Publishing LLC. 

Kukurt, A., Gelen, V., Başer, Ö. F., Deveci, H. A. and Karapehlivan, M. (2021) Thiols: Role in 

oxidative stress-related disorders, In Lipid Peroxidation, Intech Open. 

Kumar, S., Beena, A. S., Awana, M. and Singh, A. (2017) Physiological, biochemical, epigenetic 

and molecular analyses of wheat (Triticum aestivum) genotypes with contrasting salt 

tolerance, Frontiers in Plant Science, 8, 1151. 

Kushwaha, P. P., Vardhan, P. S., Kapewangolo, P., Shuaib, M., Prajapati, S. K., Singh, A. K. and 

Kumar, S. (2019) Bulbine frutescens phytochemical inhibits notch signaling pathway and 

induces apoptosis in triple negative and luminal breast cancer cells, Life sciences, 234, 

116783. 

Kwon, N., Kim, D., Swamy, K. M. K. and Yoon, J. (2021) Metal-coordinated fluorescent and 

luminescent probes for reactive oxygen species (ROS) and reactive nitrogen species 

(RNS), Coordination Chemistry Reviews, 427, 213581. 

Lawal, Z. A., Hamid, A. A., Shehu, A., God'shelp, E., Ajibade, O. S., Zubair, O. A. and 

Adebayo, C. T. (2017) Biochemical Properties, In-Vitro Antimicrobial, and Free Radical 

Scavenging Activities of the Leaves of Annona muricata, Journal of Applied Sciences 

and Environmental Management, 21(6), 1197-1201. 

Lederer, S., Dijkstra, T. M. and Heskes, T. (2019) Additive dose response models: defining 

synergy, Frontiers in pharmacology, 1384. 

Leena, Maria M., Silvia, Gnana., Kannadasan, Vinitha., Jeyan, Moses and 

Anandharamakrishnan, C (2020) Synergistic potential of nutraceuticals: mechanisms and 

prospects for futuristic medicine Food and Function, 10.1039.D0FO02041A–

. doi:10.1039/d0fo02041a.  



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     167 
 
  

Liu, J., Zhu, Z., Liu, Y., Wei, L., Li, B., Mao, F. and Liu, Y. (2020) MDM2 inhibition-mediated 

autophagy contributes to the pro-apoptotic effect of berberine in p53-null leukemic cells, 

Life Sciences, 242, 117228. 

Lucarini, M., Durazzo, A., Kiefer, J., Santini, A., Lombardi-Boccia, G., Souto, E. B. and 

Cecchini, F. (2019) Grape seeds: Chromatographic profile of fatty acids and phenolic 

compounds and qualitative analysis by FTIR-ATR spectroscopy, Foods, 9(1), 10. 

Malard, Florent. and Mohty, Mohamad (2020) Acute lymphoblastic leukaemia, The Lancet, 

395(10230), 1146–1162. doi:10.1016/S0140-6736(19)33018-1.  

Mallya, R. and Bhitre, M. J. (2021) Cytotoxic Activity and Initiation of Apoptosis via Intrinsic 

Pathway in Jurkat Cells by Leaf Extract of Zanthoxylum rhetsa DC, Nutrition and 

Cancer, 73(9), 1768-1779. 

Majolo, Fernanda., de Oliveira Becker Delwing., Luciana Knabben., Marmitt, Diorge Jônatas., 

Bustamante-Filho, Ivan Cunha. and Goettert, Márcia Inês (2019) Medicinal plants and 

bioactive natural compounds for cancer treatment: Important advances for drug 

discovery, Phytochemistry Letters, 31, 196–207. doi:10.1016/j.phytol.2019.04.003. 

Mancini, S., Nardo, L., Gregori, M., Ribeiro, I., Mantegazza, F., Delerue-Matos, C. and Grosso, 

C. (2018) Functionalized liposomes and phytosomes loading Annona muricata L. 

aqueous extract: Potential nanoshuttles for brain-delivery of phenolic compounds, 

Phytomedicine, 42, 233-244. 

Mansingh, D. P., OJ, S., Sali, V. K. and Vasanthi, H. R. (2018) Gingerol–induced cell cycle 

arrest, reactive oxygen species generation, and disruption of mitochondrial membrane 

potential are associated with apoptosis in human gastric cancer (AGS) cells,  Journal of 

Biochemical and Molecular Toxicology, 32(10), e22206. 

Mansour, H. H., Elkady, A. A., Elrefaei, A. H. and Hafez, H. F. (2018) Radioprotective, 

antioxidant and antitumor efficacy of Annona muricata L. leaf extract, NIScPR Online 

Periodicals Repository, 205-214. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     168 
 
  

Mannan, A., Germon, Z. P., Chamberlain, J., Sillar, J. R., Nixon, B. and Dun, M. D. (2021) 

Reactive Oxygen Species in Acute Lymphoblastic Leukaemia: Reducing Radicals to 

Refine Responses. Antioxidants, 10(10), 1616. 

Martviset, P., Chaijaroenkul, W., Muhamad, P. and Na-Bangchang, K. (2018). Bioactive 

constituents isolated from Atractylodes lancea (Thunb.) DC. rhizome exhibit synergistic 

effect against cholangiocarcinoma cell, Journal of Experimental Pharmacology, 10, 59. 

Mathur, Prashant., Sathishkumar, Krishnan., Chaturvedi, Meesh., Das, Priyanka., Sudarshan, 

Kondalli Lakshminarayana., Santhappan, Stephen., Nallasamy, Vinodh., John, Anish., 

Narasimhan, Sandeep., Roselind and Francis Selvaraj (2020) Cancer Statistics, 2020: 

Report from National Cancer Registry Programme, India. JCO Global Oncology, (6), 

1063–1075. doi:10.1200/GO.20.00122. 

Mehta, S., Sharma, A. K. and Singh, R. K. (2021) Development and validation of HPTLC 

method for simultaneous estimation of bioactive components in combined extracts of 

three hepatoprotective plants, Journal of Liquid Chromatography & Related 

Technologies, 44(7-8), 375-381. 

Mensor, L.L., Mennezes, F.S., Leitao, G.G., Reis, A.S., Santos, T.C., Coube, C.S. and Leitao, 

S.G. (2001) Screening of Brazilian plant extacts for antioxidant activity by the use of 

DPPH free radical method, Phytotherapy Research, 15, 127-130. 

Mohan, L. (2020) Plant-Based Drugs as an Adjuvant to Cancer Chemotherapy, In Alternative 

Medicine. Intech Open. 

Mohamad Rosdi, M. N., Mohd Arif, S., Abu Bakar, M. H., Razali, S. A., Mohamed Zulkifli, R. 

and Ya’akob, H. (2018) Molecular docking studies of bioactive compounds from Annona 

muricata Linn as potential inhibitors for Bcl-2, Bcl-w and Mcl-1 antiapoptotic proteins, 

Apoptosis, 23(1), 27-40. 

Moloney, J. N., and Cotter, T. G. (2018, August) ROS signaling in the biology of cancer, 

In Seminars in cell & developmental biology, (Vol. 80, pp. 50-64), Academic Press. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     169 
 
  

Mulia, K., Krisanti, E. A. and Maulana, T. (2015) Selective polarity-guided extraction and 

purification of acetogenins in Annona muricata leaves, International Journal of 

Technology, 6(7), 1221-1227. 

Mulia, K., Winarcahyo, S. W., Krisanti, E. and Kurniasuci, D. (2013) Practical isolation of 

Bullatacin from Annona muricata leaves extract using an open column chromatography 

Technique, In Advanced Materials Research (Vol. 789, pp. 545-550). Trans Tech 

Publications Ltd. 

Mukavi, J. W., Mayeku, P. W., Nyaga, J. M. and Kituyi, S. N. (2020) In vitro anti-cancer 

efficacy and phyto-chemical screening of solvent extracts of Kigelia africana (Lam.) 

Benth, Heliyon, 6(7), e04481. 

Naik, A. V. and Sellappan, K. (2020) In vitro evaluation of Annona muricata L. (Soursop) leaf 

methanol extracts on inhibition of tumorigenicity and metastasis of breast cancer cells, 

Biomarkers, 25(8), 701-710. 

Naik, A. V. and Sellappan, K. (2021) Assessment of Genotoxic potential of Annonacin and 

Annona muricata L. extracts on human breast cancer (MCF-7) cells, Advances in 

Traditional Medicine, 21(4), 779-789. 

Nalini, M., Chandrashekar, B. S., Prabhakara, S., Mohan, T., Shabeer, D., Bhandare, B, and 

Anbazhagan, K. (2018) Characterization of Rubia cordifolia L. root extract and its 

evaluation of cardioprotective effect in Wistar rat model, Indian journal of 

pharmacology, 50(1), 12. 

Nakamura, H. and Takada, K. (2021) Reactive oxygen species in cancer: Current findings and 

future directions, Cancer Science, 112(10), 3945. 

Nam, J. S., Park, S. Y., Jang, H. L. and Rhee, Y. H. (2017) Phenolic compounds in different 

parts of young Annona muricata cultivated in Korea and their antioxidant activity, 

Applied Biological Chemistry, 60(5), 535-543. 

Navaneetha Krishnan, S., Rosales, J. L. and Lee, K. Y. (2019) ROS-mediated cancer cell killing 

through dietary phytochemicals, Oxidative medicine and cellular longevity. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     170 
 
  

Nayak, S. K., Khatik, G. L., Narang, R. and Monga, V. (2017) Role of Mdm2 Cascade in Human 

Cancers, Research Journal of Pharmacy and Technology, 10(7), 2236-2242. 

Neha, Kumari; Haider, Md Rafi; Pathak, Ankita; Yar, M. Shahar (2019). Medicinal prospects of 

antioxidants: A review. European Journal of Medicinal Chemistry, (), 

S0223523419305276–. doi:10.1016/j.ejmech.2019.06. 

Nguyen, N. H., Ta, Q. T. H., Pham, Q. T., Luong, T. N. H., Phung, V. T., Duong, T. H. and Vo, 

V. G. (2020) Anticancer activity of novel plant extracts and compounds from Adenosma 

bracteosum (Bonati) in human lung and liver cancer cells, Molecules, 25(12), 2912. 

Nguyen, M. T., Nguyen, V. T., Minh, L. V., Trieu, L. H., Cang, M. H., Bui, L. B. and Danh, V. 

T. (2020) Determination of the phytochemical screening, total polyphenols, flavonoids 

content, and antioxidant activity of soursop leaves (Annona muricata Linn.), In IOP 

Conference Series: Materials Science and Engineering (Vol. 736, No. 6, p. 062011). IOP 

Publishing. 

Nile, S. H., Wang, H., Nile, A., Lin, X., Dong, H., Venkidasamy, B. and Kai, G. (2021) 

Comparative analysis of metabolic variations, antioxidant potential and cytotoxic effects 

in different parts of Chelidonium majus L, Food and Chemical Toxicology, 156, 112483. 

Nonglang, F. P., Khale, A. and Bhan, S. (2022) Phytochemical characterization of the ethanolic 

extract of Kaempferia galanga rhizome for anti-oxidant activities by HPTLC and 

GCMS, Future Journal of Pharmaceutical Sciences, 8(1), 1-12. 

Nordin, N., Khimani, K. and Abd Ghani, M. F. (2021) Acetogenins Exhibit Potential BCL-XL 

Inhibitor for the Induction of Apoptosis in the Molecular Docking Study, Current drug 

discovery technologies, 18(6), 98-108. 

Nwaehujor, I. U., Olatunji, G. A., Fabiyi, O. A. and Akande, S. A. (2020) Antioxidant and anti-

inflammatory potential, and chemical composition of fractions of ethanol extract of 

Annona muricata leaf, Ruhuna Journal of Science, 11(2). 

Obeng, E. (2020) Apoptosis (programmed cell death) and its signals-A review, Brazilian Journal 

of Biology, 81, 1133-1143. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     171 
 
  

Ogbu, P. N., Ugota, E. O., Onwuka, R. U., Ogbu, I. M. and Aloke, C. (2020) Effect of 

acetogenin fraction of Annona muricata leaves on antioxidant status and some indices of 

benign prostatic hyperplasia in rats, Redox Report, 25(1), 80-86. 

Olivia, N.U., Goodness, U.C. and Obinna, O.M. (2021) Phytochemical profiling and GC-MS 

analysis of aqueous methanol fraction of Hibiscus asper leaves, Future Journal of 

Pharmaceutical Sciences 7, 59. https://doi.org/10.1186/s43094-021-00208-4. 

Onohuean, H., Alagbonsi, A. I., Usman, I. M., Iceland Kasozi, K., Alexiou, A., Badr, R. H. and 

Ezeonwumelu, J. O. (2021) Annona muricata Linn and Khaya grandifoliola C. DC. 

Reduce Oxidative Stress In Vitro and Ameliorate Plasmodium berghei-Induced 

Parasitemia and Cytokines in BALB/c Mice, Journal of Evidence-Based Integrative 

Medicine, 26, 2515690X211036669. 

Ortega, A. M. M. and Campos, M. R. S. (2019), Medicinal plants and their bioactive metabolites 

in cancer prevention and treatment, In Bioactive Compounds (pp. 85-109), Woodhead 

Publishing. 

Palani, V., Shanmugasundaram, M., Maluventhen, V., Chinnaraj, S., Liu, W., Balasubramanian, 

B. and Arumugam, M. (2020) Phytoconstituents and Their Potential Antimicrobial, 

Antioxidant and Mosquito Larvicidal Activities of Goniothalamus wightii Hook. F. & 

Thomson, Arabian Journal for Science and Engineering, 45(6), 4541-4555. 

Pandey, A., Gulati, S., Gupta, A. and Tripathi, Y. C. (2019) Variation in andrographolide content 

among different accessions of Andrographis paniculate, The Pharma Innovation 

Journal, 8(4), 140-144. 

Pandey, P., Sayyed, U., Tiwari, R. K., Siddiqui, M. H., Pathak, N. and Bajpai, P. (2019) 

Hesperidin induces ROS-mediated apoptosis along with cell cycle arrest at G2/M phase 

in human gall bladder carcinoma, Nutrition and cancer, 71(4), 676-687. 

Pathak, K., Das, R. J., Gogoi, N., Saikia, R., Sarma, H. and Das, A. (2022) A validated 

high-performance thin-layer chromatography method for the simultaneous determination 

of quercetin and gallic acid in Annona reticulata L, JPC–Journal of Planar 

Chromatography–Modern TLC, 1-7. 

https://doi.org/10.1186/s43094-021-00208-4


   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     172 
 
  

Patle, T. K., Shrivas, K., Kurrey, R., Upadhyay, S., Jangde, R. and Chauhan, R. (2020) 

Phytochemical screening and determination of phenolics and flavonoids in Dillenia 

pentagyna using UV–vis and FTIR spectroscopy, Spectrochimica Acta Part A: Molecular 

and Biomolecular Spectroscopy, 242, 118717. 

Pereira, E. D. D. M., da Silva, J., Carvalho, P. D. S., Grivicich, I., Picada, J. N., Salgado Junior, 

I. B. and Ferraz, A. D. B. F. (2020) In vivo and in vitro toxicological evaluations of 

aqueous extract from Cecropia pachystachya leaves, Journal of Toxicology and 

Environmental Health, Part A, 83(19-20), 659-671. 

Perez, D. R., Edwards, B. S., Sklar, L. A. and Chigaev, A. (2018) High-Throughput Flow 

Cytometry Drug Combination Discovery with Novel Synergy Analysis Software, 

SynScreen,  SLAS DISCOVERY: Advancing Life Sciences R&D, 23(7), 751-760. 

Peng, K., Lv, X., Zhao, H., Chen, B., Chen, X. and Huang, W. (2022) Antioxidant and intestinal 

recovery function of condensed tannins in Lateolabrax maculatus responded to in vivo 

and in vitro oxidative stress, Aquaculture, 547, 737399. 

Pezzani, R., Salehi, B., Vitalini, S., Iriti, M., Zuñiga, F. A., Sharifi-Rad, J. and Martins, N. 

(2019) Synergistic effects of plant derivatives and conventional chemotherapeutic agents: 

An update on the cancer perspective, Medicina, 55(4), 110. 

Pfeffer, C. M. and Singh, A. T. (2018) Apoptosis: a target for anticancer therapy, International 

journal of molecular sciences, 19(2), 448. 

Pinzi, L. and Rastelli, G. (2019) Molecular docking: shifting paradigms in drug 

discovery, International journal of molecular sciences, 20(18), 4331. 

Poongodi, T., Nazeema, T. H. and Ranjini, B. (2020) Enhanced Anti-Inflammatory Effect of 

Polyherbal Formulation (MKA) Comprising of Three Selected Plants in 

Lipopolysaccharide (LPS)-Induced Raw 264.7 Macrophage Cell Line, Indian Journal of 

Pharmaceutical Sciences, 82(4), 692-697. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     173 
 
  

Prajapati, N., Sharma, K., Sharma, D., Sharma, M., Sharma, N., Bidve, P. and Tiwari, V. (2018) 

Astaxanthin ameliorates behavioral and biochemical alterations in in-vitro and in-vivo 

model of neuropathic pain, Neuroscience Letters, 674, 162-170. 

Prakash, A. K. and Devaraj, E. (2019). Cytotoxic potentials of S. cumini methanolic seed kernel 

extract in human hepatoma HepG2 cells, Environmental Toxicology, 34(12), 1313-1319. 

Prasad, S. K., Veeresh, P. M., Ramesh, P. S., Natraj, S. M., Madhunapantula, S. V. and 

Devegowda, D. (2020) Phytochemical fractions from Annona muricata seeds and fruit 

pulp inhibited the growth of breast cancer cells through cell cycle arrest at G0/G1 phase, 

Journal of Cancer Research and Therapeutics, 16(6), 1235. 

Radha, G. and Raghavan, S. C. (2017) BCL2: A promising cancer therapeutic target, Biochimica 

et Biophysica Acta (BBA)-Reviews on Cancer, 1868(1), 309-314. 

Rady, I., Bloch, M. B., Chamcheu, R. C. N., Banang Mbeumi, S., Anwar, M. R., Mohamed, H. 

and Chamcheu, J. C. (2018) Anticancer properties of graviola (Annona muricata): a 

comprehensive mechanistic review, Oxidative medicine and cellular longevity. 

Raghav, P. K., Kumar, R., Kumar, V. and Raghava, G. P. (2019) Docking‐based approach for 

identification of mutations that disrupt binding between Bcl‐2 and Bax proteins: Inducing 

apoptosis in cancer cells, Molecular genetics & genomic medicine, 7(11), e910. 

Rajabi, S., Maresca, M., Yumashev, A. V., Choopani, R. and Hajimehdipoor, H. (2021) The 

most competent plant-derived natural products for targeting Apoptosis in cancer 

therapy, Biomolecules, 11(4), 534. 

Rajakumar, G., Thiruvengadam, M., Mydhili, G., Gomathi, T. and Chung, I. M. (2018) Green 

approach for synthesis of zinc oxide nanoparticles from Andrographis paniculata leaf 

extract and evaluation of their antioxidant, anti-diabetic, and anti-inflammatory activities, 

Bioprocess and biosystems engineering, 41(1), 21-30. 

Rajendran, P., Maheshwari, U., Muthukrishnan, A., Muthuswamy, R., Anand, K., Ravindran, B. 

and Chung, W. J. (2021) Myricetin: Versatile plant based flavonoid for cancer treatment 

by inducing cell cycle arrest and ROS–reliant mitochondria-facilitated apoptosis in A549 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     174 
 
  

lung cancer cells and in silico prediction,  Molecular and Cellular Biochemistry, 476(1), 

57-68. 

Rajeswari, R. and Jeyaprakash, K. (2019) Bioactive potential analysis of brown seaweed 

Sargassum wightii using UV-VIS and FT-IR, Journal of Drug Delivery and 

Therapeutics, 9(1), 150-153. 

Ranjan, A., Ramachandran, S., Gupta, N., Kaushik, I., Wright, S., Srivastava, S. and Srivastava, 

S. K. (2019) Role of phytochemicals in cancer prevention, International journal of 

molecular sciences, 20(20), 4981. 

Rathore, R., McCallum, J.E., Varghese, E., Florea, A.M. and Büsselberg, D. (2017) Overcoming 

chemotherapy drug resistance by targeting inhibitors of apoptosis proteins (IAPs), 

Apoptosis, 22, 898–919. 

Ravi, Y., Kolar, P. M. and Negaluru, R. B. (2018) Annona muricata as a cancer killer fruit, 

Journal of Pharmacognosy and Phytochemistry, 3,315-318. 

Rehman, A., Abbas, N., Saba, T., Rahman, S. I. U., Mehmood, Z. and Kolivand, H. (2018) 

Classification of acute lymphoblastic leukemia using deep learning, Microscopy Research 

and Technique, 81(11), 1310-1317. 

Rengarajan, S., Melanathuru, V., Govindasamy, C., Chinnadurai, V. and Elsadek, M. F. (2020) 

Antioxidant activity of flavonoid compounds isolated from the petals of Hibiscus rosa 

sinensis, Journal of King Saud University-Science, 32(3), 2236-2242. 

Riley-Saldana, Christian Anabí., Cruz-Ortega, María del Rocío., Martínez Vázquez, Mariano., 

De-la-Cruz-Chacón, Iván., Castro-Moreno, Marisol. and González-Esquinca, Alma Rosa 

(2017) Acetogenins and alkaloids during the initial development of Annona muricata 

leaves (Annonaceae),  Zeitschrift für Naturforschung C, 0(0), –. doi:10.1515/znc-2017-

0060. 

Roduan, M. R. M., Abd Hamid, R., Cheah, Y. K. and Mohtarrudin, N. (2019) Cytotoxicity, 

antitumor-promoting and antioxidant activities of Annona muricata in vitro, Journal of 

herbal medicine, 15, 100219. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     175 
 
  

Rohit Singh, T. and Ezhilarasan, D. (2020) Ethanolic extract of Lagerstroemia Speciosa (L.) 

Pers., induces apoptosis and cell cycle arrest in HepG2 cells, Nutrition and 

Cancer, 72(1), 146-156. 

Ronzio, R. A. (2020) Naturally Occurring Antioxidants, Textbook of Natural Medicine (Fifth 

Edition), 731-751. 

Rouhani, M. (2019) Modeling and optimization of ultrasound-assisted green extraction and rapid 

HPTLC analysis of stevioside from Stevia Rebaudiana. Industrial Crops and 

Products, 132, 226-235. 

Roy, A., Jauhari, N. and Bharadvaja, N. (2018) Medicinal plants as a potential source of 

chemopreventive agent, In Anticancer plants: natural products and biotechnological 

implements (pp. 109-139). Springer, Singapore. 

Ruch, R.J., Cheng, S.J. and Klaunig, J.E. (1989) Prevention of cytotoxicity and inhibition of 

intracellular communication by antioxidant catechins isolated from Chinese green tea, 

Carcinogenesis, 10, 1003-1008. 

Sabapati, M., Palei, N. N., CK, A. K. and Molakpogu, R. B. (2019) Solid lipid nanoparticles of 

Annona muricata fruit extract: formulation, optimization and in vitro cytotoxicity 

studies, Drug development and industrial pharmacy, 45(4), 577-586. 

Saffari_Chaleshtori, J., Heidari-Sureshjani, E., Moradi, F. and Heidarian, E. (2019) The Effects 

of Thymoquinone on Viability, and Anti-apoptotic Factors (BCL-XL, BCL-2, MCL-1) in 

Prostate Cancer (pc3) cells: an in vitro and computer-Simulated Environment Study, 

Advanced Pharmaceutical Bulletin, 9(3), 490. 

Sahoo, B. M., Banik, B. K., Borah, P. and Jain, A. (2022) Reactive Oxygen Species (ROS): Key 

components in Cancer Therapies, Anti-Cancer Agents in Medicinal Chemistry (Formerly 

Current Medicinal Chemistry-Anti-Cancer Agents), 22(2), 215-222. 

Salehi, B., Martorell, M., Arbiser, J. L., Sureda, A., Martins, N., Maurya, P. K. and Sharifi-Rad, 

J. (2018), Antioxidants: positive or negative actors?,  Biomolecules, 8(4), 124. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     176 
 
  

Saraf, A. Y. and Saraf, A. A. (2020) HPTLC Fingerprinting: A Tool for Simplified Analysis of 

Phenolics in Medicinal Plants, Indian Journal of Pharmaceutical Education and 

Research, 54(4), 1098-1103. 

Saleh, K. A., Albinhassan, T. H., Al-Ghazzawi, A. M., Mohaya, A., Shati, A. A., Ayoub, H. J. 

and Abdallah, Q. M. (2020) Anticancer property of hexane extract of Suaeda fruticose 

plant leaves against different cancer cell lines, Tropical Journal of Pharmaceutical 

Research, 19(1), 129-136. 

Salsabila, I. A., Nugraheni, N., Ahlina, F. N., Haryanti, S. and Meiyanto, E. (2021) Synergistic 

cotreatment potential of soursop (Annona muricata L.) leaves extract with Doxorubicin 

on 4T1 cells with antisenescence and anti-reactive-oxygen-species properties, Iranian 

Journal of Pharmaceutical Research: IJPR, 20(2), 57. 

Samarghandian, S., Azimi‐ Nezhad, M. and Farkhondeh, T. (2019) Thymoquinone‐ induced 

antitumor and apoptosis in human lung adenocarcinoma cells, Journal of cellular 

physiology, 234(7), 10421-10431. 

Sanni, O., Erukainure, O. L., Oyebode, O. A. and Islam, M. S. (2020) Fractions from Annona 

muricata attenuate oxidative stress in pancreatic tissues, inhibits key carbohydrate 

digesting enzymes and intestinal glucose absorption but enhances muscle glucose uptake, 

Journal of food biochemistry, 44(6), e13211. 

Sathishkumar, N., Sathiyamoorthy, S., Ramya, M., Yang, D. U., Lee, H. N. and Yang, D. C. 

(2012) Molecular docking studies of anti-apoptotic BCL-2, BCL-XL, and MCL-1 

proteins with ginsenosides from Panax ginseng, Journal of enzyme inhibition and 

medicinal chemistry, 27(5), 685-692. 

Seca, A. M. and Pinto, D. C. (2018) Plant secondary metabolites as anticancer agents: successes 

in clinical trials and therapeutic application,  International journal of molecular 

sciences, 19(1), 263. 

Shahidi, F. and Zhong, Y. (2015) Measurement of antioxidant activity, Journal of functional 

foods, 18, 757-781. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     177 
 
  

Shakil, M. S., Rana, Z., Hanif, M. and Rosengren, R. J. (2022) Key considerations when using 

the sulforhodamine B assay for screening novel anticancer agents, Anti-Cancer Drugs, 

33(1), 6-10. 

Sharma, G. N., Gupta, G. and Sharma, P. (2018) A comprehensive review of free radicals, 

antioxidants, and their relationship with human ailments, Critical Reviews™ in 

Eukaryotic Gene Expression, 28(2). 

Shi, J. F., Wu, P., Cheng, X. L., Wei, X. Y. and Jiang, Z. H. (2020) Synthesis and Cytotoxic 

Property of Annonaceous Acetogenin Glycoconjugates, Drug Design, Development and 

Therapy, 14, 4993. 

Shirwaiker, A., Rajendran, K. and Kumar, C.D. (2006) In vitro antioxidant studies of Annona 

squamosa Linn leaves, Indian Journal of Experimental Biology, 42, 803-807. 

Sigva, Z. Ö. D., Okcanoğlu, T. B., Avci, Ç. B., Süslüer, S. Y., Kayabaşi, Ç., Turna, B. and 

Gündüz, C. (2019) Investigation of the synergistic effects of paclitaxel and herbal 

substances and endemic plant extracts on cell cycle and apoptosis signal pathways in 

prostate cancer cell lines, Gene, 687, 261-271. 

Skehan, P., Storeng, R., Scudiero, D., Monks, A., McMahon, J., Vistica, D. Warren, J.T., 

Bokesch, H., Kenny, S. and Boyd, M.R. (1990) New colorimetric cytotoxicity assay for 

anticancer drug screening, Journal of the National Cancer Institute, 82, 1107-1112. 

Soltani, M., Samavat, Z., Shamsaie Mehrgan, M., Jamili, S. and Hosseini Shekarabi, S. P. (2019) 

Determination of grapefruit (Citrus paradisi) peel extract bio‐ active substances and its 

application in Caspian white fish (Rutilus frisii kutum) diet: Growth, haemato‐

biochemical parameters and intestinal morphologyAquaculture Research, 50(9), 2496-

2504. 

Stanzione, F., Giangreco, I. and Cole, J. C. (2021) Use of molecular docking computational tools 

in drug discovery, In Progress in Medicinal Chemistry (Vol. 60, pp. 273-343). Elsevier. 

Stefanowicz-Hajduk, J., Król-Kogus, B., Sparzak-Stefanowska, B., Kimel, K., Ochocka, J. R. 

and Krauze-Baranowska, M. (2021) Cytotoxic activity of standardized extracts, a 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     178 
 
  

fraction, and individual secondary metabolites from fenugreek seeds against SKOV-3, 

HeLa and MOLT-4 cell lines, Pharmaceutical Biology, 59(1), 424-437. 

Su, X., Shen, Z., Yang, Q., Sui, F., Pu, J., Ma, J. and Hou, P. (2019) Vitamin C kills thyroid 

cancer cells through ROS-dependent inhibition of MAPK/ERK and PI3K/AKT pathways 

via distinct mechanisms, Theranostics, 9(15), 4461. 

Suleman, M., Khan, A., Baqi, A., Kakar, M. S. and Ayub, M. (2019) Antioxidants, its role in 

preventing free radicals and infectious diseases in human body, Pure and Applied Biology 

(PAB), 8(1), 380-388. 

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A. and Bray, F. 

(2021) Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality 

worldwide for 36 cancers in 185 countries, A cancer journal for clinicians, 71(3), 209-

249. 

Tavsan, Z. and Kayali, H. A. (2019) Flavonoids showed anticancer effects on the ovarian cancer 

cells: Involvement of reactive oxygen species, apoptosis, cell cycle and invasion, 

Biomedicine & pharmacotherapy, 116, 109004. 

Tauffenberger, A. and Magistretti, P. J. (2021) Reactive oxygen species: beyond their reactive 

behavior, Neurochemical Research, 1-11. 

Tellez-Zenteno., Carrizosa-Moog, J., Ladino, L. D., Benjumea-Cuartas, V., Orozco-Hernández, 

J. P., Castrillón-Velilla, D. M. and Rizvi, S. J. F. (2018) Epilepsy, physical activity and 

sports: a narrative review, Canadian Journal of Neurological Sciences, 45(6), 624-632. 

Terwilliger, T. and Abdul-Hay, M. (2017) Acute lymphoblastic leukemia: a comprehensive 

review and 2017 update, Blood Cancer Journal. 7, e577.  

https://doi.org/10.1038/bcj.2017.53. 

Thirumal, Yasodha. and Laavu, Suresh (2017) HPLC Profile of Medicinal Plant Extracts and its 

Application in Aquaculture, Journal of Aquaculture Research & Development, 8(5), –

. doi:10.4172/2155-9546.1000484.  

https://doi.org/10.1038/bcj.2017.53


   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     179 
 
  

Thongnest, S., Chawengrum, P., Keeratichamroen, S., Lirdprapamongkol, K., Eurtivong, C., 

Boonsombat, J. and Ruchirawat, S. (2019) Vernodalidimer L, a sesquiterpene lactone 

dimer from Vernonia extensa and anti-tumor effects of vernodalin, vernolepin, and 

vernolide on HepG2 liver cancer cells, Bioorganic Chemistry, 92, 103197. 

Tolsarwad, G. S., Jamkhande, P. G., Biradar, M. M. and Shinde, S. A. (2020) Anti-tubercular 

and antioxidant screening of Annona Reticulata Linn, and Borassus Flabellifer Linn, 

Innovations in Pharmaceuticals and Pharmacotherapy, 8(3):89-96.  

Tungmunnithum, Duangjai., Thongboonyou, Areeya., Pholboon, Apinan. and Yangsabai, Aujana 

(2018) Flavonoids and Other Phenolic Compounds from Medicinal Plants for 

Pharmaceutical and Medical Aspects: An Overview, Medicines, 5(3), 93–

. doi:10.3390/medicines5030093. 

Usunomena, U., Okolie, N. P., Anyanwu, G. O. and Egharevba, E. M. (2014) Phytochemical 

screening and proximate composition of Annona muricata leaves,  European Centre for 

Research Training and Development, 2,1,18-28. 

Usunobun Usunomena., Egharevba M. Ewaen and Ehiosun Kevin. (2017) Comparative in vitro 

antioxidant activity of ethanol extracts of Vernonia amygdalina and Annona muricata 

leave, Nigerian Journal of Pharmaceutical and Applied Science Research, 6(1):37-42. 

Valarezo, E., Ludeña, J., Echeverria-Coronel, E., Cartuche, L., Meneses, M. A., Calva, J. and 

Morocho, V. (2022) Enantiomeric Composition, Antioxidant Capacity and 

Anticholinesterase Activity of Essential Oil from Leaves of Chirimoya (Annona 

cherimola Mill.). Plants, 11(3), 367. 

Vajrabhaya, L. O. and Korsuwannawong, S. (2018) Cytotoxicity evaluation of a Thai herb using 

tetrazolium (MTT) and sulforhodamine B (SRB) assays, Journal of analytical science 

and technology, 9(1), 1-6. 

Veerapagu, M., Jeya, K. R., Sankaranarayanan, A. and Rathika, A. (2018) In vitro antioxidant 

properties of methanolic extract of Solanum nigrum L. fruit, The Pharma Innovation, 7(5, 

Part F), 371. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     180 
 
  

Vikas, B., Akhil, B. S., Remani, P. and Sujathan, K. (2017) Free radical scavenging properties of 

annona squamosa. Asian Pacific journal of cancer prevention: Asian Pacific Journal of 

Cancer Prevention, 18(10), 2725. 

Vimaladevi, K., Selladurai, M., Poonkodi, K., Prabhu, V., Mini, R. and Manojkumar, B. (2021) 

Chemical Composition of Essential Oil of Cananga odorata (Lam.) Hook. F. & Thomson 

Leaves and Its Biological Activities, Journal of Essential Oil Bearing Plants, 24(3), 596-

602. 

Valentin, R., Grabow, S. and Davids, M. S. (2018) The rise of apoptosis: targeting apoptosis in 

hematologic malignancies, Blood, The Journal of the American Society of 

Hematology, 132(12), 1248-1264. 

Wahab Abdul, S. M., Jantan, I., Haque, M. and Arshad, L. (2018) Exploring the leaves of 

Annona muricata L. as a source of potential anti-inflammatory and anticancer agents, 

Frontiers in pharmacology, 9, 661. 

Wang, X. Q., Wang, W., Peng, M. and Zhang, X. Z. (2021) Free radicals for cancer theranostics, 

Biomaterials, 266, 120474. 

Wang, Y., Luo, Q., He, X., Wei, H., Wang, T., Shao, J. and Jiang, X. (2018) Emodin induces 

apoptosis of colon cancer cells via induction of autophagy in a ROS-dependent manner, 

Oncology Research, 26(6), 889. 

Wani, N. A., Khanday, W. I. and Tirumale, S. (2021) Evaluation of anticancer activity of 

Chaetomium cupreum extracts against human breast adenocarcinoma cell lines, Matrix 

Science Pharma, 4(2), 31-40. 

Weinberg, F., Ramnath, N. and Nagrath, D. (2019) Reactive oxygen species in the tumor 

microenvironment: an overview, Cancers, 11(8), 1191. 

Winterbourn, C., Hawkins, R.E., Brain, M. and Carell, R.W. (1975) The estimation of red cell 

superoxide dismutase activity, Journal of Laboratory and Clinical Medicine, 85, 37-41. 

Wu, Q., Deng, J., Fan, D., Duan, Z., Zhu, C., Fu, R. and Wang, S. (2018) Ginsenoside Rh4 

induces apoptosis and autophagic cell death through activation of the ROS/JNK/p53 

pathway in colorectal cancer cells, Biochemical Pharmacology, 148, 64-74. 



   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     181 
 
  

Xu, D. P., Li, Y., Meng, X., Zhou, T., Zhou, Y., Zheng, J. and Li, H. B. (2017) Natural 

antioxidants in foods and medicinal plants: Extraction, assessment and 

resources, Iinternational journal of molecular sciences, 18(1), 96. 

Yadav, A., Yadav, M., Kumar, S., Sharma, D. and Yadav, J. P. (2018) In vitro antioxidant 

activities and GC-MS analysis of different solvent extracts of Acacia nilotica leaves, 

Indian Journal of Pharmaceutical Sciences, 80(5), 892-902. 

Yahaya, G. (2018) Anti-Cancer Potential of Ethanolic and Water Leaves Extracts of Annona 

Muricata (Graviola),  Doctoral dissertation, JKUAT-PAUSTI. 

Yajid, A. I., Ab Rahman, H. S., Wong, M. P. K. and Zain, W. Z. W. (2018) Potential benefits of 

Annona muricata in combating cancer: A review, The Malaysian journal of medical 

sciences: MJMS, 25(1), 5. 

Yajid DW., Filby A, Brown MR., Summers HD., Francis LW and Rees P (2021) Data Driven 

Cell Cycle Model to Quantify the Efficacy of Cancer Therapeutics Targeting Specific 

Cell-Cycle Phases from Flow Cytometry Results, Frontiers in Bioinformatics, 1:662210. 

doi: 10.3389/fbinf.2021.662210. 

Yang, C.; Gundala, S. R.; Mukkavilli, R.; Vangala, S.; Reid, M. D. and Aneja, R. (2015) 

Synergistic interactions among flavonoids and acetogenins in Graviola (Annona 

muricata) leaves confer protection against prostate cancer, Carcinogenesis, 36(6), 656–

665. doi:10.1093/carcin/bgv046. 

Yang, H., Villani, R.M. and Wang, H. (2018) The role of cellular reactive oxygen species in 

cancer chemotherapy, Journal of Experimental and Clinical Cancer Research, 37, 266 

(2018). https://doi.org/10.1186/s13046-018-0909-x. 

Yang, C. S., Ho, C. T., Zhang, J., Wan, X., Zhang, K. and Lim, J. (2018) Antioxidants: Differing 

meanings in food science and health science, Journal of agricultural and food 

chemistry, 66(12), 3063-3068. 

https://doi.org/10.1186/s13046-018-0909-x


   Bibliography 

 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     182 
 
  

Yildirim, A., Mavi, A. and Kara, A.A. (2001) Determination of antioxidant and antimicrobial 

activities of Rumexcrispus L. extracts, Journal of Agricultural and Food Chemistry, 49, 

4083-4089. 

Zaidieh, T., Smith, J. R., Ball, K. E. and An, Q. (2019), ROS as a novel indicator to predict 

anticancer drug efficacy, BMC cancer, 19(1), 1-14. 

Zhang, Y. L., Chen, G. L., Liu, Y., Zhuang, X. C. and Guo, M. Q. (2021) Stimulation of ROS 

generation by extract of Warburgia ugandensis leading to G0/G1 cell cycle arrest and 

antiproliferation in A549 cells, Antioxidants, 10(10), 1559. 

Zheng, Y. Z., Deng, G. and Zhang, Y. C. (2022) Multiple free radical scavenging reactions of 

flavonoids, Dyes and Pigments, 198, 109877. 

Zhao, H., Zhao, X., Liu, L., Zhang, H., Xuan, M., Guo, Z. and Liu, C. (2017) Neurochemical 

effects of the R form of α-lipoic acid and its neuroprotective mechanism in cellular 

models of Parkinson’s disease, The International Journal of Biochemistry & Cell 

Biology, 87, 86-94. 

Zhu, X., Chen, Z. and Li, X. (2020) Diosgenin inhibits the proliferation, migration and invasion 

of the optic nerve sheath meningioma cells via induction of mitochondrial-mediated 

apoptosis, autophagy and G0/G1 cell cycle arrest, J BUON, 25(1), 508-513. 



 
Appendices 

 

 
 
Synergistic effect and apoptosis induction of flavonoid and acetogenin enriched fractions of Annona muricata leaves  

in Molt-3 cells and Peripheral Blood Lymphocytes     183 
 

 

APPENDIX – I 

HPTLC Analysis 

The flavonoid and acetogenin enriched fractions of Annona muricata leaves were 

dissolved in 1ml of HPLC grade methanol and centrifuged at 3000rpm for 5 minutes. Further 

assay was performed with the supernatant. The test sample (2μl) was loaded using a 

Hamilton syringe in CAMAG LINOMAT 5 instrument in the 10X10cm silica gel G60 F254 

plate as 8mm band. The TLC plate loaded with test sample and the reference sample were 

kept in a TLC twin trough developing chamber which was saturated with the mobile phase 

(as explained above) and developed up to 90mm. The developed plated was air dried to 

evaporate the solvents from the plates. The photo-documentation chamber (Camag Reprostar 

3) was used for capture of image in UV 366nm. After derivatization with the appropriate 

reagents, the plates were photo-documented for alkaloids, phenols and flavonoids. 

a. HPTLC analysis of flavonoids 

The flavonoids present in the flavonoid enriched fraction were analysed by 

developing with chloroform and methanol in the ratio of 19:1 and was sprayed with 1% 

ethanol aluminium chloride reagent. Quercetin and kaempferol was used as the reference 

standard for the analysis of flavonoids. 

b. HPTLC analysis of acetogenins 

The acetogenins present in the acetogenin enriched fraction were analysed by 

developing with chloroform and methanol in the ratio of 9:1 and was sprayed with Kedde’s 

reagent. Andrographolide was used as the reference standard for the analysis of acetogenins. 
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APPENDIX – II 

The flavonoid and acetogenin enriched fractions were analysed using a Thermo 

Scientific HPLC device with a C18 reversed phase column. The column configuration 

consisted of a reversed phase column (4.6 X 150 mm, 4 µm). Detection wavelength was set at 

230 nm. The mobile phase consisted of A (acetonitrile) and B (deionized water), using a 

linear gradient: 0-40 min (85%), and 40-60 min (85-95% A). The flow rate was 1.0 ml/min. 

The column temperature was maintained at 30°C. 

 

APPENDIX – III 

GC-MS analysis was carried out on a GC system comprising a Gas Chromatograph 

interfaced to a Mass Spectrometer (GC-MS) instrument; Shimadzu CH-GCMSMS-02, 

employing the following conditions: Column DB 35- MS capillary standard nonpolar column 

(30 x 0.25mm ID x 0.25μMdf) operating in electron impact mode at 70eV; Helium gas 

(99.999%) was used as carrier gas at a constant flow of 1 ml /min and an injection volume of 

1μl was employed. The oven temperature was programmed from 70 ºC with an increase of 

6ºC/min, to 260ºC, then 5ºC/min to 280ºC, total run time was 38 minutes. The compounds 

were then identified from the GC-MS peaks, using library data of the corresponding 

compounds. The spectrum of the components were compared with the database of spectrum 

of known components stored in the GC-MS library using NISP Search. The relative % 

amount of each component was calculated by comparing its average peak area to the total 

areas. Measurement of peak areas and data processing were carried out by Mass Hunter 

software. 
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APPENDIX – IV 

DPPH radical scavenging assay 

Mensor et al. (2001) 

Principle 

Antioxidants react with DPPH (2,2-diphenyl-2-picryl hydrazyl), a stable free radical, 

and convert it into diphenyl-picryl hydrazine by donating its hydroxyl group, resulting in a 

colour change from deep violet to light yellow. The degree of colour change is quantified 

spectrophotometrically at 515 nm to indicate the extent of DPPH scavenging activity by the 

plant extracts. 

Reagents  

1. DPPH – (2, 2-diphenyl-2-picryl hydrazyl hydrate) (0.3mM in methanol)  

2. Methanol  

Procedure  

The Annona muricata leaf extract and fractions of varying concentrations were added 

with 0.5ml of 0.3mM DPPH and made up to 1.0ml with methanol. The mixture was allowed 

to react at room temperature for 30 minutes. DPPH solution with methanol was used as 

positive control and methanol alone served as blank. After 30 minutes of incubation, the 

discoloration from deep violet to yellow colour was measured at 515nm. The percent 

scavenging activity was calculated by the following formula  

% Scavenging activity = (A control – A sample) × 100 

                   A control 
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 APPENDIX – V 

ABTS radical scavenging assay 

Shirwaikar et al. (2006) 

Principle 

ABTS (2,2’-azino-bis-3-ethyl benzthiazoline-6-sulphonic acid) is a chromogen radical 

cation, which changes into a coloured mono-cation radical form (ABTS+) in the presence of 

oxidative agent and the ABTS+ has an absorption peak at 750nm. Antioxidants will reduce 

ABTS+ into its colourless form and the extent of decolourisation corresponds to the percent 

reduction of ABTS+. 

Reagents  

1. ABTS - 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)  

2. Ammonium persulfate  

3. Ethanol  

The ABTS radical cations (ABTS+) were produced by reacting ABTS (7mM) with 

aqueous solution of ammonium persulfate (2.45mM). 

Procedure  

The mixture was kept in dark for 12–16 hours at room temperature before use. The 

Annona muricata leaf extract and fractions were added to 0.3ml of ABTS solution and the 

final volume was made up to 1.0ml with ethanol. The absorbance (A) was read at 745nm and 

the percentage scavenging activity was calculated as follows, 

% Scavenging activity = (A control – A sample) × 100 

                   A control 
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APPENDIX – VI 

Hydrogen peroxide scavenging activity 

Ruch et al. (1989) 

Principle 

A decrease in absorbance at 230 nm is utilized to quantify the H2O2 scavenging ability 

of the leaf extract and fractions of Annona muricata. 

Reagents  

       1. Phosphate buffer (0.1 M, pH – 7.4) 

       2. H2O2 in phosphate buffer (40mM). 

Procedure 

 

The Annona muricata leaf extract and fractions of varying concentration were added 

to 0.6ml of H2O2 solution. The final volume was made up to 3ml. After 10 minutes, the 

absorbance (A) of the reaction mixture was recorded at 230nm against blank containing 

phosphate buffer without H2O2. The percentage scavenging activity was calculated as 

follows, 

% Scavenging activity = (A control – A sample) × 100 

                   A control 
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APPENDIX – VII 

Hydroxyl radical scavenging activity 

Klein et al. (1991) 

Principle 

A decrease in absorbance at 412 nm is utilized to quantify the hydroxyl radical 

scavenging ability of the leaf extract and fractions of Annona muricata.. 

Reagents  

1. Iron-EDTA solution 

2. EDTA solution 

3. DMSO 

4. 0.1 M phosphate buffer 

5. Ascorbic acid 

6. Ice-cold TCA 

7. Nash reagent 

Procedure 

 

Various concentrations of Annona muricata leaf extract and fractions were added with 

1.0 ml of iron-EDTA solution, 0.5 ml of EDTA solution (0.018%), and 1.0 ml of DMSO 

(0.85% DMSO (v/v) in 0.1 M phosphate buffer, pH 7.4) sequentially. The reaction was 

initiated by adding 0.5 ml of ascorbic acid (0.22%) and incubated at 80–90°C for 15 min in a 

water bath. After incubation the reaction was terminated by the addition of 1.0 ml of ice-cold 

TCA (17.5% w/v). 3 ml of Nash reagent was added and left at room temperature for 15 min. 

The reaction mixture without sample was used as control. The intensity of the colour formed 

was measured spectrophotometrically at 412 nm against reagent blank. The % hydroxyl 

radical scavenging activity was calculated by the following formula: 

 

% Scavenging activity = (A control – A sample) × 100 

                   A control 
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APPENDIX – VIII 

Determination of inhibition of nitric oxide generation 

Green et al. (1982) 

Principle 

Aqueous solution of sodium nitroprusside spontaneously generates nitric oxide at 

physiological pH, which interacts with oxygen to produce nitrite ions, which is measured 

spectrophotometrically at 546nm. 

Reagents  

1. Sodium nitroprusside (100mM) 

2.  Phosphate Buffered Saline (PBS) (pH – 7.4)  

3. Griess reagent: 

a. Sulphanilamide – 1% 

b. Orthophosphoric acid (H3PO4) – 2% 

c. N – (1-napthyl) – ethylene diamine hydrochloride – 0.1% 

Procedure 

 

The Annona muricata leaf extract and fractions were added to 2ml of sodium 

nitroprusside. The reaction mixture was made up to final volume 3ml with PBS and was 

incubated at 25˚C for 2½ hours. Control without test compound was kept in an identical 

manner. After incubation, 0.5ml of Griess reagent was added. The absorbance (A) of the 

chromophore formed was read at 500nm and the percentage inhibition was calculated by the 

following formula 

% inhibition = (A control – A sample) × 100 

A control 
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APPENDIX – IX 

Determination of inhibition of Superoxide generation 

Winterbourn et al. (1975) 

Principle 

This assay is based on the inhibition of the production of nitroblue tetrazolium 

formazon of the superoxide ion by the leaf extracts and is measured spectrophotometrically at 

560 nm. 

Reagents 

1. EDTA (0.1M containing 1.5mg NaCl / 100mL) 

2. NBT (Nitro Blue Tetrazolium, 1.5mM) 

3. Riboflavin (0.12mM) 

4. Phosphate buffer (0.067M, pH – 7.8) 

5. Dimethyl Sulphoxide (DMSO) 

Procedure 

The reaction mixture of 0.05ml riboflavin, 0.1ml of NBT and 0.2ml NaCl, the varying 

concentrations of Annona muricata leaf extract and fractions were added and made up to 3ml 

with phosphate buffer. All the tubes were vortexed and measured the initial optical density at 

560nm. After that, these tubes were placed in an area where they received uniform 

illumination for 30 minutes. Again, the absorbance (A) was measured at 560nm. The 

difference in optical density before and after illumination is the generation of superoxide by 

the test sample and calculated by comparing with the optical density of the control. 

 

(A sample after illumination – A sample before illumation) 

% Inhibition =                                                                                          x 100 

(A control after illumination – A Control before illumation) 
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APPENDIX – X 

Reducing power ability 

Yildrim et al. (2001) 

Principle 

A decrease in absorbance at 700 nm is utilized to quantify the reducing power ability 

of the leaf extract and fractions of Annona muricata. 

Reagents 

1. Potassium ferricyanide (1%) 

2. Sodium phosphate buffer (0.2M, pH 6.6) 

3. Trichloroacetic acid (10%) 

4. Ethanol 

Procedure 

Various concentrations of the Annona muricata leaf extract and fractions were added 

to 2.5ml of 1% potassium ferricyanide and 2.5ml of sodium phosphate buffer (0.2 M pH 6.6). 

The mixture was incubated at 50°C for 30 minutes. To the mixture, 2.5 ml of 10% 

trichloroacetic acid was added and the mixture was centrifuged at 2000 g for 10 minutes. The 

upper layer (2.5 ml) was mixed with 2.5ml of deionized water and 0.5ml of ferric chloride 

and the absorbance (A) was measured spectrophotometrically at 700 nm. 
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APPENDIX – XI 

Chelating activity 

Hegazy and Ibrahium (2012) 

Principle 

A decrease in absorbance at 522 nm is utilized to quantify the chelating activity of the 

leaf extract and fractions of Annona muricata. 

Reagents 

1. FeSO4 (1M) 

2. Tris-Hcl buffer (pH-7.4) 

3. 2,2´-bipyridyl solution (0.1% in 0.2 M HCl) 

4. Ethanol 

Procedure 

The reaction mixture containing 0.25ml FeSO4 solution, 1ml Tris-HCl buffer (pH 

7.4), 1ml 2, 2´-bipyridyl solution and 2.5ml ethanol was added with varying concentrations of 

the Annona muricata leaf extract and fractions. The final volume was then made up to 6.0mL 

with distilled water. The absorbance (A) was measured at 522 nm. 

 

 Chelating activity = (A control – A sample) × 100 

                 A control 
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APPENDIX – XII 

MTT dye reduction assay 

Igarashi and Miyazawa (2001) 

Principle 

MTT is a water-soluble tetrazolium salt that is reduced by metabolically viable cells 

to a coloured water insoluble formazan salt. Live cells convert MTT into its formazan 

derivative, the number of surviving cells can be determined by the amount of MTT formazan 

produced, which is measured in a microtiter plate reader. 

Reagent 

1. PBS (Phosphate Buffer Saline) – pH-7.4 

2. MTT-3mg/ml in PBS 

3. Isopropanol in 0.04N HCl (acid-propanol) 

Procedure 

The treated Molt-3 cells and PBL were centrifuged and the medium was removed and 

then incubated with 50μl of MTT at 37ºC for 3 hours. After incubation, 200μl of PBS was 

added to all samples and the liquid was then carefully aspirated. Acid propanol of 200μl was 

added and left overnight in the dark. The absorbance was read at 650nm in a micro titer plate 

reader (Anthos 2020, Australia). The optical density of the control cells was fixed to be 100% 

viable and the percent viability of the cells in the treatment groups were calculated using the 

formula, 

% Viability = (Control OD – Sample OD) × 100 

  Control OD 
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APPENDIX – XIII 

Sulphorhodamine B assay 

Skehan et al. (1990) 

Principle 

Sulphorhodamine B (SRB) is a bright pink aminoxanthene dye with two sulphonic 

acid groups. Under mild acidic conditions, SRB binds to basic amino acids present in the 

protein,   in TCA fixed cells to provide a sensitive index of cellular protein content, which is 

directly proportional to cell viability. The SRB assay is useful in measuring drug-induced 

cytotoxicity. 

Reagents 

1. TCA (40%, 1%) 

2. Sulphorhodamine B (SRB) - (0.4% in 1% TCA) 

3. Acetic acid (1%) 

4. Tris (10mM, pH 10.5) 

5. PBS 

Procedure 

After treatment with the varying concentrations of Annona muricata leaf extract and 

fractions for 24 hours, Molt-3 cells and PBL were collected by centrifugation and washed 

with PBS. An aliquot of 350μl of ice-cold 40% TCA was layered on the top of the treated 

cells and incubated at 4ºC for one hour after which they were washed 5 times with 200μl of 

ice-cold PBS. The buffer was removed and SRB (350μl) was added to each tube and left in 

contact with the cells for 30 minutes at room temperature. The unbound dye was removed by 

washing four times with 350μl portion of 1% acetic acid. Then 350μl of 10mM Tris                    

(pH 10.5) was added to each tube to stabilize the protein bound dye. The pellets were shaken 

gently for 20 minutes on a gyratory shaker. The debris was spun down and the absorbance of 

the tris layer in each group was transferred to a 96-well plate and read in a microtiter plate 

reader at 490nm. The cell survival was measured as the percentage absorbance compared to 

the control (untreated cells). 
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APPENDIX – XIV 

The synergy level between two drugs was quantified and visualized by a tool called 

Combenefit (version 2.021, Cancer Research UK Cambridge Institute, Cambridge, UK), 

which simultaneously assesses synergy/antagonism from dose-response data using three 

classical models, namely the Loewe, the Bliss, and the Highest Single Agent (HAS). 

Synergistic effect was analysed using growth inhibition obtained from MTT assay. Briefly, 

the data were expressed as a “percentage of control” and saved in .xls files according to a 

template provided by the software developers. The difference between model-based expected 

additive effect and the actual effect of the drug combination was calculated by the software. 

This difference value is called a synergy score. The software calculates a synergy score for 

each combination, where a positive score indicates synergy, a score of 0 is additive, and a 

negative score indicates antagonism (≤1 = synergy, 0 = additive, >1 = antagonism). The 

calculated values were represented as a synergy heat map with the colour scale from blue 

(synergism) to red (antagonism). 
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APPENDIX – XV 

Cell cycle analysis by flow cytometry 

Krishan (1975) 

 

Cell cycle analysis was carried out by flow cytometry, the distribution of Molt-3 cells 

and PBL in various phases of the cell cycles was studied using PI stain. 

Principle 

The cell cycle profile can be determined by staining the DNA with a fluorescent dye 

Propidium iodide and measuring its intensity. The dye stains DNA stoichiometrically 

allowing differentiation of cells in G0/G1, S and G2/M phase. 

Reagents 

1. Sodium citrate – 100 mg 

2. Propidium iodide (50μg/ml) – 2.5 mg 

3. RNase – 4 mg 

4. Tween - 20 – 30μl 

5. Distilled water – 100 ml 

Make up the solution to 100 ml which can be stored at 4ºC for 6 months. 

Procedure 

After treatment with the Annona muricata leaf extract and fractions, cells were 

trypsinized and centrifuged. Then the cells were incubated with 1 ml of the prepared mixture 

of PI reagent and were stained for 30 minutes at room temperature in dark. After incubation, 

the cells were analysed for the populations of sub-G0, G0/G1, S and G2/M phases of cell 

cycle by flow cytometry. The results were analysed using FACSuite software (BD 

Bioscience, USA). 
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APPENDIX – XVI 

Detection of cell death by Annexin V/FITC- PI apoptosis staining by flow cytometery 

analysis 

Cell death was detected using Annexin V/FITC-PI apoptosis staining method by BD 

Mitoscreen kit (BD Biosciences, USA) using flow cytometry. 

Principle 

An early event in apoptosis is the flipping of phosphatidylserine of the plasma 

membrane from the inside surface to the outside surface. Annexin V binds specifically to 

phosphatidylserine and labelled Annexin V can be used to detect apoptotic cells. Propidium 

iodide is used in conjunction with labelled Annexin V. The cell membrane integrity excludes 

Propidium iodide in viable and apoptotic cells, whereas necrotic cells are permeable to 

Propidium iodide. 

Reagents 

1. FITC - Annexin V 

2. Propidium iodide 

3. 10X Annexin V binding buffer 

For a 1X working solution, dilute 1 part of the 10X Annexin V binding buffer to 9 parts 

of distilled water. 

 

Procedure 

The treated cells were trypsinized and centrifuged for 10 minutes at 5000 rpm and 

discarded the supernatant. Added 100μl of 1X binding buffer to the pellet and shook 

vigorously. Then the cells were stained with 5μl Annexin V/FITC and 5μl Propidium iodide 

for 15 minutes at room temperature in dark. After incubation period, added 400μl binding 

buffer and mixed well. Observed the cells using BD FACS verse flow cytometer. 
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APPENDIX – XVII 

Detection of mitochondrial membrane potential (ΔΨm) by – JC-1 staining 

In whole cells the mitochondrial membrane potential was detected using BD 

Mitoscreen kit using flow cytometry. 

Principle 

JC-1 dye is well known for using mitochondrial membrane potential disruption 

detection during apoptosis. JC-1 entry is from the cell membrane to the cytosol and to the 

mitochondria and forms aggregates. In apoptotic cells, these aggregates leak out from the 

mitochondria to the cytosol as monomers. 

 

Reagents 

1. JC-1 dye Stock solution: 125μl of DMSO was added to the amber vials and stored at     

-20º C. 

2. Working solution: Took 12.5μl from the stock solution and added 1.2 ml of 1X assay   

buffer. Stored up to 7 days at 2º - 8º C. 

3. 1X Assay buffer- diluted 10 X assay buffer to 1 X prior to use. 

 

Procedure 

The treated cells were trypsinized and centrifuged at 400 x g for 5 minutes and 

discarded the supernatant. Added 0.5 ml of JC-1 working solution and incubated the cells for 

10-15 minutes at 37º C in a CO2 incubator. Then the cells were washed with 2 ml of 1X assay 

buffer and centrifuged at 400 x g for 5 minutes. Repeated the above step with 1 ml of 1X 

assay buffer and resuspended the pellet with 0.5ml of 1X assay buffer. Analysed within 1 

hour using BD FACSverse. 
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APPENDIX – XVIII 

Measurement of ROS using flow cytometry 

The major role of ROS in the current scenario is to act as a messenger in normal cell 

signal transduction, cell cycling, apoptosis, gene expression and also in the activation of 

signalling cascades. ROS can serve both as intra and extra cellular messenger. 

Principle 

Due to oxidant imbalance there was an increased level of ROS generation, which 

causes damage to lipids, proteins and DNA. When the level of ROS is lowered, it helps in 

signalling molecules because of redox biology which maintains the physiological function. 

The level of ROS can be measured using flow cytometry. 

Reagents  

1. 1X binding buffer  

2. 2,7-dichlorofluorescein diacetate 

Procedure  

The treated cells were trypsinized and centrifuged at 10000rpm for 5 minutes and the 

supernatant was discarded. 100μl of 1X binding buffer was added to the pellet to resuspend 

the cells. The cells were stained using 5μl of 2,7-dichlorofluorescein diacetate for 15 minutes 

in dark. After the incubation period, 500μl of 1X binding buffer was added to the stained 

cells and analysed using BD FACS verse flow cytometry. It is mainly used to measure the 

levels of ROS production after treatment period. Due to the loss of mitochondrial membrane 

potential, it causes more oxidative damage to the cancer cells and in turn induces more cell 

death. 
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APPENDIX – XIX 

Prediction of drug likeness properties  

Quikprop v.11.8 module in Schrödinger is a quick and easy to use of ADME 

properties to predict the program. ADMETox (Adsorption, Distribution, Metabolism, 

Excretion and Toxicity) predicts the structure physically and its relevant pharmaceutical 

properties of organic molecules. ADMETox used to exemplify the drug like properties such 

as such as Lipinski’s Rule of Five, human oral absorption, CNS, predicted apparent MDCK 

cell permeability (QPMDCK), QPPCaco, brain/blood partition coefficient (QPlogBB), 

aqueous solubility (QPlogS), QPlogKhsa, metab, rtvFG and QP log Po/w. Eventually the 

molecular weight, H-bond donors, H-bond acceptors and log P were scrutinized in 

conformity with Lipinski’s rule of five. Further the top most selected compounds were 

undergone to the filtration steps through Lipinski’s rule in order to ascertain the 

pharmacokinetics properties. 

Retrieval of 3D structures from database 

The selected three-dimensional structure of compounds were retrieved from PubChem 

database (https://pubchem.ncbi.nlm.nih.gov/) whereas the apoptotic and oncoprotein targets 

were retrieved from the protein data bank database (https://www.rcsb.org/). 

Preparation of the ligand 

LigPrep module of Maestro 11.8 window of Schrödinger 2018, was used for 

preparation of the ligand. LigPrep produces a number of structures for each input structure of 

the ligand with various ionization states, tautomer’s, stereochemistry, ring conformations and 

finally filters the molecules using the criteria including molecular weight and types of 

functional groups present. LigPrep also enables the addition of hydrogen atoms, removal of 

unwanted molecules and neutralized charged groups. The tautomers of the selected ligands 

were generated, optimized as well atomic charges are partially computed using the default 

energy parameters of OPLS3e force field. Meanwhile, an every conformer was filtered under 

the process of minimization energy through a constant window of 10 kcal/mol with a 

minimum atomic deviation of 1.00 Å. Eventually the retrieved ligand structures were 

separated and selected based on removing the repetitive structures from the source of the 

https://pubchem.ncbi.nlm.nih.gov/
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results file. The resulting output was saved in Maestro format as .maegz file and then used for 

docking protocols.  

Preparation of the protein  

The Maestro is the Graphical User Interface (GUI) of the entire Schrödinger suite. 

The protein preparation wizard accepts a protein from its raw state which includes H-bond. 

The retrieved three-dimensional structures of the apoptotic proteins were Bax, Bcl2, Mcl1 and 

oncoproteins namely Mdm2 were subjected to protein preparation using protein preparation 

wizard and the results were saved respectively for each protein.  

Grid generation  

The prepared protein is loaded into maestro environment and the active site is defined 

in the Glide version 11.8. Grid centre is defined for the active site and box sizes are set. 

Further the cubic grid box was generated and prolonged to 20 Å in size. The next step is to 

generate glide grid. After successful generation of the grids, prepared ligands are loaded into 

maestro. Ligands are kept flexible, while the protein is rigid and docking started with 

standard and an extra precision mode (SP and XP mode). The docking calculation generated 

few poses for each ligand. The selection of the best pose was done based on the interaction 

energy between the ligand and the protein as well as on the interactions the ligand shows with 

experimentally proved important residues. Generally reduced interaction energy produces a 

better pose for the ligands. 

 Molecular docking   

Glide 11.8 uses the hierarchical series of filters to search for possible locations of the 

ligand in the active site region of the receptor. The receptor grid was generated at the receptor 

site bound by a ligand and/or by selecting the active site residue of the protein. The prepared 

ligands were then docked to the target proteins using Glide 11.8 of the Schrödinger software. 

Conformational flexibility handled in Glide 11.8 is by extensive conformational search 

augmented by heuristic screen that rapidly eliminates unsuitable conformations. The docked 

protein and the ligands were viewed with Glide Pose Viewer. The best docked structure was 

done and compound was identified using the parameters of Docking score function and Glide 

energy. The images of the best docked poses of the ligand and the protein were saved as 

“jpg” files. 


