
124 
 

 

 

 

 

 

 

 

 

 

 

6 References 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



125 
 

1. Coyle, K.M., J.E. Boudreau, and P. Marcato, Genetic mutations and epigenetic 
modifications: driving cancer and informing precision medicine. BioMed 
research international, 2017. 2017(1): p. 9620870. 

2. Kroemer, G., et al., Immunosurveillance in clinical cancer management. CA: A 
Cancer Journal for Clinicians, 2024. 74(2): p. 187-202. 

3. Swanton, C., et al., Embracing cancer complexity: Hallmarks of systemic disease. 
Cell, 2024. 187(7): p. 1589-1616. 

4. Liu, L. and K. Shah, The potential of the gut microbiome to reshape the cancer 
therapy paradigm: A review. JAMA oncology, 2022. 8(7): p. 1059-1067. 

5. Kroemer, G., et al., Bodywide ecological interventions on cancer. Nature 
medicine, 2023. 29(1): p. 59-74. 

6. Chen, S., et al., Estimates and projections of the global economic cost of 29 
cancers in 204 countries and territories from 2020 to 2050. JAMA oncology, 
2023. 9(4): p. 465-472. 

7. Ferlay, J., et al., Global cancer observatory: cancer today (Version 1.0). 
International Agency for Research on Cancer; 2024. Cited Here, 2024. 

8. Times, U., Unsettled Lives: Shaping our Future in a Transforming World. Human 
development report, 2021. 2022. 

9. Cancer, I.A.f.R.o., Global cancer burden growing, amidst mounting need for 
services. Saudi Med J, 2024. 45(3): p. 326-327. 

10. Sung, H., et al., Global cancer statistics 2020: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 countries. CA: a cancer 
journal for clinicians, 2021. 71(3): p. 209-249. 

11. Wéber, A., et al., Lung cancer mortality in the wake of the changing smoking 
epidemic: a descriptive study of the global burden in 2020 and 2040. BMJ open, 
2023. 13(5): p. e065303. 

12. Alonso, R., et al., Lung cancer incidence trends in Uruguay 1990 2014: an age-
period-cohort analysis. Cancer epidemiology, 2018. 55: p. 17-22. 

13. Torre, L.A., et al., Global cancer statistics, 2012. CA: a cancer journal for 
clinicians, 2015. 65(2): p. 87-108. 

14. Bray, F., et al., Global cancer statistics 2018: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. CA: a cancer journal 
for clinicians, 2018. 68(6): p. 394-424. 

15. Ariel, I.M., Breast cancer, a historic review: is the past prologue. Breast Cancer 
Diagnosis and Treatment. New York: McGraw-Hill, 1987: p. 3-26. 

16. Sandison, A., The first recorded case of inflammatory mastitis Queen Atossa of 
persia and the physician Democêdes. Medical History, 1959. 3(4): p. 317-322. 

17. Faguet, G.B., 
knowledge database. International journal of cancer, 2015. 136(9): p. 2022-2036. 

18. Prates, C., et al., Prostate metastatic bone cancer in an Egyptian Ptolemaic 
mummy, a proposed radiological diagnosis. International Journal of 
Paleopathology, 2011. 1(2): p. 98-103. 

19. EF, L., The surgical treatment of breast cancer: an historical and collective 
review. Surgery, 1953. 34(5): p. 904-953. 

20. Breasted, J.H., The Edwin Smith Surgical Papyrus: published in facsimile and 
hieroglyphic transliteration with translation and commentary in two volumes. 
1970. 

21. Yapijakis, C., Hippocrates of Kos, the father of clinical medicine, and 
Asclepiades of Bithynia, the father of molecular medicine. in vivo, 2009. 23(4): 
p. 507-514. 



126 
 

22. Lyons, A.S. and R.J. Petrucelli, Medicine: an illustrated history. 1978. 
23. Watson, J.D. and F.H. Crick, Molecular structure of nucleic acids: a structure for 

deoxyribose nucleic acid. Nature, 1953. 171(4356): p. 737-738. 
24. Ghossain, A. and M.A. Ghossain, History of mastectomy before and after 

Halsted. Le Journal medical libanais. The Lebanese medical journal, 2009. 57(2): 
p. 65-71. 

25. Chang, J.Y., Stereotactic ablative radiotherapy: aim for a cure of cancer. Annals 
of translational medicine, 2015. 3(1): p. 12. 

26. De Moulin, D., A short history of breast cancer. 2012: Springer Science & 
Business Media. 

27. Ekmektzoglou, K.A., et al., Breast cancer: from the earliest times through to the 
end of the 20th century. European Journal of Obstetrics & Gynecology and 
Reproductive Biology, 2009. 145(1): p. 3-8. 

28. Crowther, J., Röntgen centenary and fifty years of x-rays. Nature, 1945. 
155(3934): p. 351-353. 

29. McAleer, S., A history of cancer and its treatment: Presidential Address to the 
Ulster Medical Society. 7th October 2021. The Ulster Medical Journal, 2022. 
91(3): p. 124. 

30. Sakorafas, G. and M. Safioleas, Breast cancer surgery: an historical narrative. 
Part II. 18th and 19th centuries. European journal of cancer care, 2010. 19(1): p. 
6-29. 

31. Slamon, D., et al., Adjuvant trastuzumab in HER2-positive breast cancer. New 
England journal of medicine, 2011. 365(14): p. 1273-1283. 

32. McCarthy, E.F., The toxins of William B. Coley and the treatment of bone and 
soft-tissue sarcomas. The Iowa orthopaedic journal, 2006. 26: p. 154. 

33. Panel, N.I.o.H.C.D., Special report. Treatment of primary breast cancer. N Engl 
J Med, 1979. 301: p. 340. 

34. Sparano, J.A., et al., Prospective validation of a 21-gene expression assay in 
breast cancer. New England Journal of Medicine, 2015. 373(21): p. 2005-2014. 

35. Giuliano, A.E., et al., Sentinel lymphadenectomy in breast cancer. Journal of 
Clinical Oncology, 1997. 15(6): p. 2345-2350. 

36. Holmström, H., The free abdominoplasty flap and its use in breast reconstruction: 
An experimental study and clinical case report. Scandinavian journal of plastic 
and reconstructive surgery, 1979. 13(3): p. 423-427. 

37. Rozen, W.M., et al., Post-mastectomy breast reconstruction: a history in 
evolution. Clinical breast cancer, 2009. 9(3): p. 145-154. 

38. Abdelmohsen, K., et al., Phosphorylation of HuR by Chk2 regulates SIRT1 
expression. Molecular cell, 2007. 25(4): p. 543-557. 

39. Min, J., et al., Crystal structure of a SIR2 homolog NAD complex. Cell, 2001. 
105(2): p. 269-279. 

40. Araki, T., Y. Sasaki, and J. Milbrandt, Increased nuclear NAD biosynthesis and 
SIRT1 activation prevent axonal degeneration. Science, 2004. 305(5686): p. 
1010-1013. 

41. Anderson, R.M., et al., Nicotinamide and PNC1 govern lifespan extension by 
calorie restriction in Saccharomyces cerevisiae. Nature, 2003. 423(6936): p. 181-
185. 

42. Imai, S., et al. Sir2: an NAD-dependent histone deacetylase that connects 
chromatin silencing, metabolism, and aging. in Cold Spring Harbor symposia on 
quantitative biology. 2000. Cold Spring Harbor Laboratory Press. 



127 
 

43. Baur, J.A., Biochemical effects of SIRT1 activators. Biochimica et biophysica acta 
(Bba)-proteins and proteomics, 2010. 1804(8): p. 1626-1634. 

44. Avalos, J.L., J.D. Boeke, and C. Wolberger, Structural basis for the mechanism 
and regulation of Sir2 enzymes. Molecular cell, 2004. 13(5): p. 639-648. 

45. Bonkowski, M.S. and D.A. Sinclair, Slowing ageing by design: the rise of NAD+ 
and sirtuin-activating compounds. Nature reviews Molecular cell biology, 2016. 
17(11): p. 679-690. 

46. Finkel, T., C.-X. Deng, and R. Mostoslavsky, Recent progress in the biology and 
physiology of sirtuins. Nature, 2009. 460(7255): p. 587-591. 

47. Yang, Y., et al., Regulation of SIRT1 and its roles in inflammation. Frontiers in 
immunology, 2022. 13: p. 831168. 

48. Khan, R.I., S.S.R. Nirzhor, and R. Akter, A review of the recent advances made 
with SIRT6 and its implications on aging related processes, major human 
diseases, and possible therapeutic targets. Biomolecules, 2018. 8(3): p. 44. 

49. Belenky, P., et al., Nicotinamide riboside promotes Sir2 silencing and extends 
lifespan via Nrk and Urh1/Pnp1/Meu1 pathways to NAD+. Cell, 2007. 129(3): p. 
473-484. 

50. Hsu, C.-P., et al., Nicotinamide phosphoribosyltransferase regulates cell survival 
through NAD+ synthesis in cardiac myocytes. Circulation research, 2009. 105(5): 
p. 481-491. 

51. Imai, S.-i. and L. Guarente, Ten years of NAD-dependent SIR2 family 
deacetylases: implications for metabolic diseases. Trends in pharmacological 
sciences, 2010. 31(5): p. 212-220. 

52. Biersack, B., B. Nitzsche, and M. Höpfner, Histone deacetylases in the regulation 
of cell death and survival mechanisms in resistant BRAF-mutant cancers. Cancer 
Drug Resistance, 2025. 8: p. 6. 

53. Kaeberlein, M., M. McVey, and L. Guarente, The SIR2/3/4 complex and SIR2 
alone promote longevity in Saccharomyces cerevisiae by two different 
mechanisms. Genes & development, 1999. 13(19): p. 2570-2580. 

54. Kohsaka, A., et al., High-fat diet disrupts behavioral and molecular circadian 
rhythms in mice. Cell metabolism, 2007. 6(5): p. 414-421. 

55. Kitamura, Y.I., et al., 
NeuroD and MafA induction. Cell metabolism, 2005. 2(3): p. 153-163. 

56. Jin, X., et al., SIRT1 promotes formation of breast cancer through modulating Akt 
activity. Journal of Cancer, 2018. 9(11): p. 2012. 

57. Lagouge, M., et al., Resveratrol improves mitochondrial function and protects 
against metabolic disease by activating SIRT1 and PGC-  Cell, 2006. 127(6): 
p. 1109-1122. 

58. Marton, O., et al., Aging and exercise affect the level of protein acetylation and 
SIRT1 activity in cerebellum of male rats. Biogerontology, 2010. 11(6): p. 679-
686. 

59. Michishita, E., et al., Evolutionarily conserved and nonconserved cellular 
localizations and functions of human SIRT proteins. Molecular biology of the cell, 
2005. 16(10): p. 4623-4635. 

60. Onyiba, C.I., C.J. Scarlett, and J. Weidenhofer, The mechanistic roles of sirtuins 
in breast and prostate cancer. Cancers, 2022. 14(20): p. 5118. 

61. Michishita, E., et al., SIRT6 is a histone H3 lysine 9 deacetylase that modulates 
telomeric chromatin. Nature, 2008. 452(7186): p. 492-496. 

62. Yu, L., et al., The dual role of sirtuins in cancer: Biological functions and 
implications. Frontiers in Oncology, 2024. 14: p. 1384928. 



128 
 

63. Shen, H., et al., Mitochondrial sirtuins in cancer: a revisited review from 
molecular mechanisms to therapeutic strategies. Theranostics, 2024. 14(7): p. 
2993. 

64. Nakahata, Y., et al., Circadian control of the NAD+ salvage pathway by CLOCK-
SIRT1. Science, 2009. 324(5927): p. 654-657. 

65. Nemoto, S., M.M. Fergusson, and T. Finkel, Nutrient availability regulates SIRT1 
through a forkhead-dependent pathway. Science, 2004. 306(5704): p. 2105-2108. 

66. Nie, Y., et al., STAT3 inhibition of gluconeogenesis is downregulated by SirT1. 
Nature cell biology, 2009. 11(4): p. 492-500. 

67. Oberdoerffer, P., et al., SIRT1 redistribution on chromatin promotes genomic 
stability but alters gene expression during aging. Cell, 2008. 135(5): p. 907-918. 

68. Roca, P., et al., Phytoestrogens and mitochondrial biogenesis in breast cancer. 
Influence of estrogen receptors ratio. Current pharmaceutical design, 2014. 
20(35): p. 5594-5618. 

69. Anandhi Senthilkumar, H., J.E. Fata, and E.J. Kennelly, Phytoestrogens: The 
current state of research emphasizing breast pathophysiology. Phytotherapy 
research, 2018. 32(9): p. 1707-1719. 

70. Ko, K.-P., et al., Plasma phytoestrogens concentration and risk of colorectal 
cancer in two different Asian populations. Clinical Nutrition, 2018. 37(5): p. 
1675-1682. 

71. Classification and biological activity of phytoestrogens: A 
review. Adv. Technol, 2017. 6: p. 96-106. 

72. Cos, P., et al., Phytoestrogens: recent developments. Planta medica, 2003. 69(07): 
p. 589-599. 

73. Diwan, A. and A. Panche, Flavonoids: an overview. J nutr Sci, 2016. 5: p. 1-15. 
74. Graf, B.A., P.E. Milbury, and J.B. Blumberg, Flavonols, flavones, flavanones, 

and human health: epidemiological evidence. Journal of medicinal food, 2005. 
8(3): p. 281-290. 

75. Konar, N., Non-isoflavone phytoestrogenic compound contents of various 
legumes. European Food Research and Technology, 2013. 236(3): p. 523-530. 

76. Dagdemir, A., et al., Breast cancer: mechanisms involved in action of 
phytoestrogens and epigenetic changes. in vivo, 2013. 27(1): p. 1-9. 

77. Hostetler, G.L., R.A. Ralston, and S.J. Schwartz, Flavones: Food sources, 
bioavailability, metabolism, and bioactivity. Advances in Nutrition, 2017. 8(3): 
p. 423-435. 

78. Hsieh, C.-J., et al., Molecular mechanisms of anticancer effects of phytoestrogens 
in breast cancer. Current Protein and Peptide Science, 2018. 19(3): p. 323-332. 

79. Obiorah, I.E., P. Fan, and V.C. Jordan, Breast cancer cell apoptosis with 
phytoestrogens is dependent on an estrogen-deprived state. Cancer prevention 
research, 2014. 7(9): p. 939-949. 

80. Yang, C.S. and H. Wang, Cancer preventive activities of tea catechins. 
Molecules, 2016. 21(12): p. 1679. 

81. Bilal, I., et al., Phytoestrogens and prevention of breast cancer: The contentious 
debate. World journal of clinical oncology, 2014. 5(4): p. 705. 

82. Charalambous, C. and A.I. Constantinou, Equol enhances tamoxifen's antitumor 
effect by induction of caspase-mediated apoptosis in MCF-7 breast cancer cells. 
Cancer Research, 2012. 72(8_Supplement): p. 577-577. 

83. Suliman, F.A., et al., Renoprotective effect of the isoflavonoid biochanin A 
against cisplatin induced acute kidney injury in mice: effect on inflammatory 



129 
 

burden and p53 apoptosis. International immunopharmacology, 2018. 61: p. 8-
19. 

84. Salehi, B., et al., The therapeutic potential of naringenin: a review of clinical 
trials. Pharmaceuticals, 2019. 12(1): p. 11. 

85. Caley, A. and R. Jones, The principles of cancer treatment by chemotherapy. 
Surgery (Oxford), 2012. 30(4): p. 186-190. 

86. Caltagirone, S., et al., Flavonoids apigenin and quercetin inhibit melanoma 
growth and metastatic potential. International Journal of Cancer, 2000. 87(4): p. 
595-600. 

87. Santandreu, F.M., et al., Resveratrol potentiates the cytotoxic oxidative stress 
induced by chemotherapy in human colon cancer cells. Cellular Physiology and 
Biochemistry, 2011. 28(2): p. 219-228. 

88. Xue, J.-P., et al., Synergistic cytotoxic effect of genistein and doxorubicin on drug-
resistant human breast cancer MCF-7/Adr cells. Oncology Reports, 2014. 32(4): 
p. 1647-1653. 

89. Liang, G., et al., Green tea catechins augment the antitumor activity of 
doxorubicin in an in vivo mouse model for chemoresistant liver cancer. 
International journal of oncology, 2010. 37(1): p. 111-123. 

90. Blomquist, C.H., P.H. Lima, and J.R. Hotchkiss, -hydroxysteroid 
-HSD) activity of human lung microsomes by genistein, 

daidzein, coumestrol and C18-, C19-and C21-hydroxysteroids and ketosteroids. 
Steroids, 2005. 70(8): p. 507-514. 

91. Naik, M.M., R.E. Patre, and S.G. Tilve, Coumestans: Synthesis, isolation, and 
bioactivity. Asian Journal of Organic Chemistry, 2025. 14(4): p. e202400564. 

92. Amin, A. and M. Buratovich, The anti-cancer charm of flavonoids: a cup-of-tea 
will do! Recent Patents on Anti-Cancer Drug Discovery, 2007. 2(2): p. 109-117. 

93. Chan, K.K., et al., Estrogen receptor modulators genistein, daidzein and ERB-
041 inhibit cell migration, invasion, proliferation and sphere formation via 
modulation of FAK and PI3K/AKT signaling in ovarian cancer. Cancer cell 
international, 2018. 18(1): p. 65. 

94. Mun, B.-G., et al., A potential role of coumestrol in soybean leaf senescence and 
its interaction with phytohormones. Frontiers in plant science, 2021. 12: p. 
756308. 

95. Peirotén, Á., D. Bravo, and J.M. Landete, Bacterial metabolism as responsible of 
beneficial effects of phytoestrogens on human health. Critical Reviews in Food 
Science and Nutrition, 2020. 60(11): p. 1922-1937. 

96. Botlagunta, M., et al., Classification and diagnostic prediction of breast cancer 
metastasis on clinical data using machine learning algorithms. Scientific 
Reports, 2023. 13(1): p. 485. 

97. Ding, K., et al., A large-scale synthetic pathological dataset for deep learning-
enabled segmentation of breast cancer. Scientific Data, 2023. 10(1): p. 231. 

98. Drury, A., et al., Consensus views on an advanced breast cancer education 
curriculum for cancer nurses: A Delphi study. Nurse Education Today, 2023. 124: 
p. 105757. 

99. El-Tanani, M., et al., Cellular and molecular basis of therapeutic approaches to 
breast cancer. Cellular signalling, 2023. 101: p. 110492. 

100. Cho, Y., et al., SPC-180002, a SIRT1/3 dual inhibitor, impairs mitochondrial 
function and redox homeostasis and represents an antitumor activity. Free 
Radical Biology and Medicine, 2023. 



130 
 

101. Finkel, T., Deng Cx Mostoslavsky R. Recent progress in the biology and 
physiology of sirtuins. Nature, 2009. 460(7255): p. 587-591. 

102. Yuan, H. and R. Marmorstein, Structural basis for sirtuin activity and inhibition. 
Journal of Biological Chemistry, 2012. 287(51): p. 42428-42435. 

103. Chen, B., et al., The chemical biology of sirtuins. Chemical Society Reviews, 
2015. 44(15): p. 5246-5264. 

104. Michan, S. and D. Sinclair, Sirtuins in mammals: insights into their biological 
function. Biochemical Journal, 2007. 404(1): p. 1-13. 

105. Wu, Q.-J., et al., The sirtuin family in health and disease. Signal Transduction 
and Targeted Therapy, 2022. 7(1): p. 402. 

106. Wang, Z. and W. Chen, Emerging roles of SIRT1 in cancer drug resistance. 
Genes & cancer, 2013. 4(3-4): p. 82-90. 

107. Choi, H.-K., et al., SIRT1-mediated FoxO1 deacetylation is essential for 
multidrug resistance-associated protein 2 expression in tamoxifen-resistant 
breast cancer cells. Molecular pharmaceutics, 2013. 10(7): p. 2517-2527. 

108. Simmons Jr, G.E., et al., Frizzled 7 expression is positively regulated by SIRT1 
-catenin in breast cancer cells. PloS one, 2014. 9(6): p. e98861. 

109. McGlynn, L.M., et al., SIRT2: tumour suppressor or tumour promoter in operable 
breast cancer? European Journal of Cancer, 2014. 50(2): p. 290-301. 

110. Kim, H.-B., et al., Sensitization of multidrug-resistant human cancer cells to 
Hsp90 inhibitors by down-regulation of SIRT1. Oncotarget, 2015. 6(34): p. 
36202. 

111. Kuo, S.-J., et al., SIRT1 suppresses breast cancer growth through downregulation 
of the Bcl-2 protein. Oncology reports, 2013. 30(1): p. 125-130. 

112. SIRT3 silencing sensitizes breast cancer cells to cytotoxic 
treatments through an increment in ROS production. Journal of cellular 
biochemistry, 2017. 118(2): p. 397-406. 

113. Huang, Y.C., et al., Hypoxia inhibits the spontaneous calcification of bone 
 Journal of Cellular Biochemistry, 2012. 

113(4): p. 1407-1415. 
114. Roth, M. and W. Chen, Sorting out functions of sirtuins in cancer. Oncogene, 

2014. 33(13): p. 1609-1620. 
115. Zhao, W., et al., Negative regulation of the deacetylase SIRT1 by DBC1. Nature, 

2008. 451(7178): p. 587-590. 
116. Wahi, A., et al., Progress in discovery and development of natural inhibitors of 

histone deacetylases (HDACs) as anti-cancer agents. Naunyn-Schmiedeberg's 
Archives of Pharmacology, 2023: p. 1-28. 

117. Khater, S.I., et al., Autophagy characteristics of phytoestrogens in management 
and prevention of diseases: A narrative review of in-vivo and in-vitro studies. 
Journal of Advanced Veterinary and Animal Research, 2023. 10(2): p. 308. 

118. Canivenc-Lavier, M.-C. and C. Bennetau-Pelissero, Phytoestrogens and health 
effects. Nutrients, 2023. 15(2): p. 317. 

119. Torrens-Mas, M. and P. Roca, Phytoestrogens for cancer prevention and 
treatment. Biology, 2020. 9(12): p. 427. 

120. Patisaul, H.B., Endocrine disruption by dietary phyto-oestrogens: impact on 
dimorphic sexual systems and behaviours. Proceedings of the Nutrition Society, 
2017. 76(2): p. 130-144. 

121. Patisaul, H.B. and W. Jefferson, The pros and cons of phytoestrogens. Frontiers 
in neuroendocrinology, 2010. 31(4): p. 400-419. 



131 
 

122. Tempfer, C.B., et al., Side effects of phytoestrogens: a meta-analysis of 
randomized trials. The American journal of medicine, 2009. 122(10): p. 939-946. 
e9. 

123. Chen, M., C. Lin, and C. Liu, Efficacy of phytoestrogens for menopausal 
symptoms: a meta-analysis and systematic review. Climacteric, 2015. 18(2): p. 
260-269. 

124. Lecomte, S., et al., Phytochemicals targeting estrogen receptors: beneficial 
rather than adverse effects? International Journal of Molecular Sciences, 2017. 
18(7): p. 1381. 

125. Chavez, K.J., S.V. Garimella, and S. Lipkowitz, Triple negative breast cancer 
cell lines: one tool in the search for better treatment of triple negative breast 
cancer. Breast disease, 2010. 32(1-2): p. 35. 

126. Walerych, D., et al., The rebel angel: mutant p53 as the driving oncogene in 
breast cancer. Carcinogenesis, 2012. 33(11): p. 2007-2017. 

127. Xu, Y., et al., SIRT1 promotes proliferation, migration, and invasion of breast 
cancer cell line MCF-7 by upregulating DNA polymerase delta1 (POLD1). 
Biochemical and biophysical research communications, 2018. 502(3): p. 351-357. 

128. Ghanbari-Movahed, M., et al., Anticancer Potential of Apigenin and Isovitexin 
with Focus on Oncogenic Metabolism in Cancer Stem Cells. Metabolites, 2023. 
13(3): p. 404. 

129. Madureira, M.B., et al., Naringenin and Hesperidin as Promising Alternatives for 
Prevention and Co-Adjuvant Therapy for Breast Cancer. Antioxidants, 2023. 
12(3): p. 586. 

130. Mezban, S.A.-T. and S.W. Fox, Genistein and coumestrol reduce MCF-7 breast 
cancer cell viability and inhibit markers of preferential metastasis, bone matrix 
attachment and tumor-induced osteoclastogenesis. Archives of Biochemistry and 
Biophysics, 2023. 740: p. 109583. 

131. Song, B., et al., Inhibitory Potential of Resveratrol in Cancer Metastasis: From 
Biology to Therapy. Cancers, 2023. 15(10): p. 2758. 

132. Hatwik, J., H.N. Patil, and A.M. Limaye, -positive 

transcriptomic landscape. Gene, 2023. 881: p. 147640. 
133. Shahbaz, M., et al., Anticancer, antioxidant, ameliorative and therapeutic 

properties of kaempferol. International Journal of Food Properties, 2023. 26(1): 
p. 1140-1166. 

134. Gholizadeh Siahmazgi, Z., et al., Xanthohumol hinders invasion and cell cycle 
progression in cancer cells through targeting MMP2, MMP9, FAK and P53 
genes in three-dimensional breast and lung cancer cells culture. Cancer Cell 
International, 2023. 23(1): p. 153. 

135. Sinha, S., et al., Structure-based identification of novel sirtuin inhibitors against 
triple negative breast cancer: An in silico and in vitro study. International journal 
of biological macromolecules, 2019. 140: p. 454-468. 

136. Kudo, N., et al., Identification of a novel small molecule that inhibits deacetylase 
but not defatty-acylase reaction catalysed by SIRT2. Philosophical Transactions 
of the Royal Society B: Biological Sciences, 2018. 373(1748): p. 20170070. 

137. Disch, J.S., et al., Discovery of thieno [3, 2-d] pyrimidine-6-carboxamides as 
potent inhibitors of SIRT1, SIRT2, and SIRT3. Journal of medicinal chemistry, 
2013. 56(9): p. 3666-3679. 



132 
 

138. Sun, Y., et al., Ligand-based virtual screening and inductive learning for 
identification of SIRT1 inhibitors in natural products. Scientific Reports, 2016. 
6(1): p. 19312. 

139. Hui, Q., et al., Discovery of 2-(4-acrylamidophenyl)-quinoline-4-carboxylic acid 
derivatives as potent SIRT3 inhibitors. Frontiers in Chemistry, 2022. 10: p. 
880067. 

140. Maheshwari, D., et al., Structural and biophysical characterization of Rab5a from 
Leishmania donovani. Biophysical Journal, 2018. 115(7): p. 1217-1230. 

141. Dindi, U.M.R., et al., In-silico and in-vitro functional validation of imidazole 
derivatives as potential sirtuin inhibitor. Frontiers in Medicine, 2023. 10. 

142. Morris, G.M., et al., AutoDock4 and AutoDockTools4: Automated docking with 
selective receptor flexibility. Journal of computational chemistry, 2009. 30(16): 
p. 2785-2791. 

143. Bhanukiran, K., et al., Vasicinone, a pyrroloquinazoline alkaloid from Adhatoda 
vasica Nees enhances memory and cognition by inhibiting cholinesterases in 
Alzheimer's disease. Phytomedicine Plus, 2023. 3(2): p. 100439. 

144. Onufriev, A.V. and D.A. Case, Generalized Born implicit solvent models for 
biomolecules. Annual review of biophysics, 2019. 48(1): p. 275-296. 

145. Kandeel, M., et al., Comprehensive in silico analyses of flavonoids elucidating 
the drug properties against kidney disease by targeting AIM2. Plos one, 2023. 
18(5): p. e0285965. 

146. Daina, A., O. Michielin, and V. Zoete, SwissADME: a free web tool to evaluate 
pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small 
molecules. Scientific reports, 2017. 7(1): p. 42717. 

147. Sinha, S., et al., Emerging role of sirtuins in breast cancer metastasis and 
multidrug resistance: Implication for novel therapeutic strategies targeting 
sirtuins. Pharmacological Research, 2020. 158: p. 104880. 

148. Razick, D.I., et al., The Role of Sirtuin 1 (SIRT1) in Neurodegeneration. Cureus, 
2023. 15(6). 

149. Yousafzai, N.A., et al., Recent advances of SIRT1 and implications in 
chemotherapeutics resistance in cancer. American Journal of Cancer Research, 
2021. 11(11): p. 5233. 

150. El-Ashmawy, N.E., et al., Suppression of epithelial-mesenchymal transition and 
SIRT1/AKT signaling pathway in breast cancer by montelukast. International 
Immunopharmacology, 2023. 119: p. 110148. 

151. Patra, S., et al., Targeting SIRT1-regulated autophagic cell death as a novel 
therapeutic avenue for cancer prevention. Drug Discovery Today, 2023: p. 
103692. 

152. Ruteaga-Navarro, T.C., M.A. Reyes-Romero, and Q.L. Torres-Salazar, Effect of 
sitagliptin on down-regulation of KAT7 and SIRT1 gene expression in breast 
cancer cell line MCF7. Cirugía y cirujanos, 2023. 91(3): p. 334-338. 

153. Xue, J., X. Hou, and H. Fang, Structure, functions, and recent advances in the 
development of SIRT2 inhibitors. Pharmaceutical Science Advances, 2023: p. 
100010. 

154. Pereira, J.M., et al., Infection reveals a modification of SIRT2 critical for 
chromatin association. Cell Reports, 2018. 23(4): p. 1124-1137. 

155. Clemente-Suárez, V.J., et al., Mitochondria and Brain Disease: A Comprehensive 
Review of Pathological Mechanisms and Therapeutic Opportunities. 
Biomedicines, 2023. 11(9): p. 2488. 



133 
 

156. Cai, H., et al., Discovery of Novel SIRT1/2 Inhibitors with Effective Cytotoxicity 
against Human Leukemia Cells. Journal of Chemical Information and Modeling, 
2023. 63(15): p. 4780-4790. 

157. Wu, L., et al., Sirt3 restricts tumor initiation via promoting LONP1 deacetylation 
and K63 ubiquitination. Journal of Translational Medicine, 2023. 21(1): p. 1-13. 

158. Carrico, C., et al., The mitochondrial acylome emerges: proteomics, regulation 
by sirtuins, and metabolic and disease implications. Cell metabolism, 2018. 
27(3): p. 497-512. 

159. Amano, H., et al., Telomere dysfunction induces sirtuin repression that drives 
telomere-dependent disease. Cell metabolism, 2019. 29(6): p. 1274-1290. e9. 

160. Li, G., K. Shao, and C.S. Umeshappa, Recent progress in blood-brain barrier 
transportation research. Brain targeted drug delivery system, 2019: p. 33-51. 

161. Ganeshpurkar, A., et al., Structure-based screening and molecular dynamics 
simulation studies for the identification of potential acetylcholinesterase 
inhibitors. Molecular Simulation, 2020. 46(3): p. 169-185. 

162. Zafar, A., S. Singh, and I. Naseem, Cytotoxic activity of soy phytoestrogen 
coumestrol against human breast cancer MCF-7 cells: Insights into the molecular 
mechanism. Food and Chemical Toxicology, 2017. 99: p. 149-161. 

163. Pant, K., et al., Butyrate induces ROS-mediated apoptosis by modulating miR-
22/SIRT-1 pathway in hepatic cancer cells. Redox Biology, 2017. 12: p. 340-349. 

164. Zhang, L., et al., Identification of Sirtuin 3, a mitochondrial protein deacetylase, 
as a new contributor to tamoxifen resistance in breast cancer cells. Biochemical 
pharmacology, 2013. 86(6): p. 726-733. 

165. Jayachandran, P., et al., Breast cancer and neurotransmitters: emerging insights 
on mechanisms and therapeutic directions. Oncogene, 2023: p. 1-11. 

166. Johnsson, A., et al., Side Effects and Its Management in Adjuvant Endocrine 
Therapy for Breast Cancer: A Matter of Communication and Counseling. Breast 
Cancer: Basic and Clinical Research, 2023. 17: p. 11782234221145440. 

167. Breast cancer epidemiology, risk factors, classification, 
prognostic markers, and current treatment strategies an updated review. 
Cancers, 2021. 13(17): p. 4287. 

168. Tang, D., et al., The expression and clinical significance of the androgen receptor 
and E-cadherin in triple-negative breast cancer. Medical oncology, 2012. 29: p. 
526-533. 

169. Leo, C.P., C. Leo, and T.D. Szucs, Breast cancer drug approvals by the US FDA 
from 1949 to 2018. Nat. Rev. Drug Discov, 2020. 19(11). 

170. Will, M., et al., Therapeutic resistance to anti-oestrogen therapy in breast cancer. 
Nature Reviews Cancer, 2023: p. 1-13. 

171. Eslami, M., M. Memarian, and B. Yousefi, ERX-41; Promising compound by 
targeting LIPA is a new Achilles heel therapeutic strategy for hard-to-treat solid 
tumors by induction of endoplasmic reticulum stress. Vacunas, 2023. 

172. Katzenellenbogen, J.A., et al., Structural underpinnings of oestrogen receptor 
mutations in endocrine therapy resistance. Nature Reviews Cancer, 2018. 18(6): 
p. 377-388. 

173. Shen, K., et al., 
breast cancer progression. Pharmacology & Therapeutics, 2023: p. 108350. 

174. Szukiewicz, D., Insight into the Potential Mechanisms of Endocrine Disruption 
by Dietary Phytoestrogens in the Context of the Etiopathogenesis of 
Endometriosis. International Journal of Molecular Sciences, 2023. 24(15): p. 
12195. 



134 
 

175. Park, S., et al., Protective Effects of Coumestrol on Metabolic Dysfunction and Its 
Estrogen Receptor-Mediated Action in Ovariectomized Mice. Nutrients, 2023. 
15(4): p. 954. 

176. Malar, T.J., et al., In-vitro phytochemical and pharmacological bio-efficacy 
studies on Azadirachta indica A. Juss and Melia azedarach Linn for anticancer 
activity. Saudi journal of biological sciences, 2020. 27(2): p. 682-688. 

177. Xie, Q., et al., Genistein inhibits DNA methylation and increases expression of 
tumor suppressor genes in human breast cancer cells. Genes, Chromosomes and 
Cancer, 2014. 53(5): p. 422-431. 

178. Krazeisen, A., et al., -hydroxysteroid 
dehydrogenase type 5. Molecular and cellular endocrinology, 2001. 171(1-2): p. 
151-162. 

179. Ionescu, V.S., et al., Dietary phytoestrogens and their metabolites as epigenetic 
modulators with impact on human health. Antioxidants, 2021. 10(12): p. 1893. 

180. Kuang, W., et al., Plant derived coumestrol phytochemical targets human skin 
carcinoma cells by inducing mitochondrial-mediated apoptosis, cell cycle arrest, 
inhibition of cell migration and invasion and modulation of m-TOR/PI3K/AKT 
signalling pathway. Saudi Journal of Biological Sciences, 2021. 28(5): p. 2739-
2746. 

181. Nicoletto, R.E. and C.M. Ofner, Cytotoxic mechanisms of doxorubicin at 
clinically relevant concentrations in breast cancer cells. Cancer Chemotherapy 
and Pharmacology, 2022. 89(3): p. 285-311. 

182. Hanahan, D., Hallmarks of cancer: new dimensions. Cancer discovery, 2022. 
12(1): p. 31-46. 

183. Schmidt, D.R., et al., Metabolomics in cancer research and emerging 
applications in clinical oncology. CA: a cancer journal for clinicians, 2021. 71(4): 
p. 333-358. 

184. Lima, A.R., et al., GC-MS-based endometabolome analysis differentiates prostate 
cancer from normal prostate cells. Metabolites, 2018. 8(1): p. 23. 

185. Pluskal, T., et al., MZmine 2: modular framework for processing, visualizing, and 
analyzing mass spectrometry-based molecular profile data. BMC bioinformatics, 
2010. 11(1): p. 1-11. 

186. Wishart, D.S., et al., HMDB: the human metabolome database. Nucleic acids 
research, 2007. 35(suppl_1): p. D521-D526. 

187. Chong, J., et al., MetaboAnalyst 4.0: towards more transparent and integrative 
metabolomics analysis. Nucleic acids research, 2018. 46(W1): p. W486-W494. 

188. Sahu, D., et al., 
 Cancer medicine, 2017. 6(9): p. 

2106-2120. 
189. Dai, X., et al., Breast cancer cell line classification and its relevance with breast 

tumor subtyping. Journal of Cancer, 2017. 8(16): p. 3131. 
190. Lefort, N., et al., 1H NMR metabolomics analysis of the effect of dichloroacetate 

and allopurinol on breast cancers. Journal of pharmaceutical and biomedical 
analysis, 2014. 93: p. 77-85. 

191. Moestue, S.A., et al., Distinct choline metabolic profiles are associated with 
differences in gene expression for basal-like and luminal-like breast cancer 
xenograft models. BMC cancer, 2010. 10(1): p. 1-12. 

192. Long, J., et al., Lipid metabolism and carcinogenesis, cancer development. 
American journal of cancer research, 2018. 8(5): p. 778. 



135 
 

193. Stadler, S.C., U. Hacker, and R. Burkhardt, Cholesterol metabolism and breast 
cancer. Current Opinion in Lipidology, 2016. 27(2): p. 200-201. 

194. Pietkiewicz, D., et al., Free amino acid alterations in patients with gynecological 
and breast cancer: a review. Pharmaceuticals, 2021. 14(8): p. 731. 

195. Vettore, L., R.L. Westbrook, and D.A. Tennant, New aspects of amino acid 
metabolism in cancer. British journal of cancer, 2020. 122(2): p. 150-156. 

196. Wei, Z., et al., Metabolism of amino acids in cancer. Frontiers in cell and 
developmental biology, 2021. 8: p. 603837. 

197. Li, H., et al., The landscape of cancer cell line metabolism. Nature medicine, 
2019. 25(5): p. 850-860. 

198. Chen, W.-L., et al., GLUT5-mediated fructose utilization drives lung cancer 
growth by stimulating fatty acid synthesis and AMPK/mTORC1 signaling. JCI 
insight, 2020. 5(3). 

199. Lingwood, D. and K. Simons, Lipid rafts as a membrane-organizing principle. 
science, 2010. 327(5961): p. 46-50. 

200. Song, C.W., et al., Metformin kills and radiosensitizes cancer cells and 
preferentially kills cancer stem cells. Scientific reports, 2012. 2(1): p. 362. 

201. Kumar, H., et al., A review of biological targets and therapeutic approaches in 
the management of triple-negative breast cancer. Journal of Advanced Research, 
2023. 54: p. 271-292. 

202. Balkwill, F. Chemokine biology in cancer. in Seminars in immunology. 2003. 
Elsevier. 

203. Obidiro, O., G. Battogtokh, and E.O. Akala, Triple negative breast cancer 
treatment options and limitations: future outlook. Pharmaceutics, 2023. 15(7): p. 
1796. 

204. Haigis, M.C. and L.P. Guarente, Mammalian sirtuins emerging roles in 
physiology, aging, and calorie restriction. Genes & development, 2006. 20(21): 
p. 2913-2921. 

205. Blander, G. and L. Guarente, The Sir2 family of protein deacetylases. Annual 
review of biochemistry, 2004. 73(1): p. 417-435. 

206. Frye, R.A., Characterization of five human cDNAs with homology to the yeast 
SIR2 gene: Sir2-like proteins (sirtuins) metabolize NAD and may have protein 
ADP-ribosyltransferase activity. Biochemical and biophysical research 
communications, 1999. 260(1): p. 273-279. 

207. Liszt, G., et al., Mouse Sir2 homolog SIRT6 is a nuclear ADP-ribosyltransferase. 
Journal of Biological Chemistry, 2005. 280(22): p. 21313-21320. 

208. Vaquero, A., et al., SirT2 is a histone deacetylase with preference for histone H4 
Lys 16 during mitosis. Genes & development, 2006. 20(10): p. 1256-1261. 

209. Jeong, J., et al., SIRT1 promotes DNA repair activity and deacetylation of Ku70. 
Experimental & molecular medicine, 2007. 39(1): p. 8-13. 

210. Yeung, F., et al., 
by the SIRT1 deacetylase. The EMBO journal, 2004. 23(12): p. 2369-2380. 

211. Brunet, A., et al., Stress-dependent regulation of FOXO transcription factors by 
the SIRT1 deacetylase. science, 2004. 303(5666): p. 2011-2015. 

212. Motta, M.C., et al., Mammalian SIRT1 represses forkhead transcription factors. 
Cell, 2004. 116(4): p. 551-563. 

213. Bouras, T., et al., SIRT1 deacetylation and repression of p300 involves lysine 
residues 1020/1024 within the cell cycle regulatory domain 1. Journal of 
Biological Chemistry, 2005. 280(11): p. 10264-10276. 



136 
 

214. Vaziri, H., et al., hSIR2SIRT1 functions as an NAD-dependent p53 deacetylase. 
Cell, 2001. 107(2): p. 149-159. 

215. Luo, J., et al., 
stress. Cell, 2001. 107(2): p. 137-148. 

216. Gao, F., et al., Neddylation of a breast cancer-associated protein recruits a class 
-dependent transcription. Nature cell 

biology, 2006. 8(10): p. 1171-1177. 
217. Cohen, H.Y., et al., Calorie restriction promotes mammalian cell survival by 

inducing the SIRT1 deacetylase. science, 2004. 305(5682): p. 390-392. 
218. Ouyang, S., et al., The double-edged sword of SIRT3 in cancer and its therapeutic 

applications. Frontiers in pharmacology, 2022. 13: p. 871560. 
219. Kenny, T., et al., Selected mitochondrial DNA landscapes activate the SIRT3 axis 

of the UPRmt to promote metastasis. Oncogene, 2017. 36(31): p. 4393-4404. 
220. Aguilar, H., et al., Biological reprogramming in acquired resistance to endocrine 

therapy of breast cancer. Oncogene, 2010. 29(45): p. 6071-6083. 
221. Yue, W., et al., Mechanisms of acquired resistance to endocrine therapy in 

hormone-dependent breast cancer cells. The Journal of steroid biochemistry and 
molecular biology, 2007. 106(1-5): p. 102-110. 

222. Notte, A., L. Leclere, and C. Michiels, Autophagy as a mediator of chemotherapy-
induced cell death in cancer. Biochemical pharmacology, 2011. 82(5): p. 427-
434. 

223. Peng, F., et al., Regulated cell death (RCD) in cancer: key pathways and targeted 
therapies. Signal transduction and targeted therapy, 2022. 7(1): p. 286. 

224. Mizushima, N. and M. Komatsu, Autophagy: renovation of cells and tissues. Cell, 
2011. 147(4): p. 728-741. 

225. Gómez-Virgilio, L., et al., Autophagy: A Key Regulator of Homeostasis and 
Disease: An Overview of Molecular Mechanisms and Modulators. Cells. 2022; 
11 (15): 2262. 

226. Yenigul, M. and E.B.a. Gencer Ak ok, Histone deacetylase inhibition and 
autophagy modulation induces a synergistic antiproliferative effect and cell death 
in cholangiocarcinoma cells. ACS omega, 2023. 8(24): p. 21755-21768. 

227. Keri, R.S., et al., A comprehensive review in current developments of 
benzothiazole-based molecules in medicinal chemistry. European Journal of 
Medicinal Chemistry, 2015. 89: p. 207-251. 

228. Ammazzalorso, A., et al., 2-substituted benzothiazoles as antiproliferative 
agents: Novel insights on structure-activity relationships. European Journal of 
Medicinal Chemistry, 2020. 207: p. 112762. 

229. Law, C.S.W. and K.Y. Yeong, Current trends of benzothiazoles in drug 
discovery: A patent review (2015 2020). Expert Opinion on Therapeutic Patents, 
2022. 32(3): p. 299-315. 

230. Huang, G., T. Cierpicki, and J. Grembecka, 2-Aminobenzothiazoles in anticancer 
drug design and discovery. Bioorganic chemistry, 2023. 135: p. 106477. 

231. Kalavagunta, P.K., et al., Design and green synthesis of 2-(diarylalkyl) 
aminobenzothiazole derivatives and their dual activities as angiotensin 
converting enzyme inhibitors and calcium channel blockers. European Journal of 
Medicinal Chemistry, 2014. 83: p. 344-354. 

232. Kojja, V., et al., Identification of phytoestrogens as sirtuin inhibitor against 
breast cancer: Multitargeted approach. Computational Biology and Chemistry, 
2024. 112: p. 108168. 



137 
 

233. Release, S., 1: Maestro Desmond interoperability tools. Schrödinger: New York, 
NY, USA, 2020. 

234. Jawarkar, R.D., et al., QSAR, molecular docking, MD simulation and MMGBSA 
calculations approaches to recognize concealed pharmacophoric features 
requisite for the optimization of ALK tyrosine kinase inhibitors as anticancer 
leads. Molecules, 2022. 27(15): p. 4951. 

235. Morris, B.J., Seven sirtuins for seven deadly diseases ofaging. Free Radical 
Biology and Medicine, 2013. 56: p. 133-171. 

236. Wang, J., et al., Sirtinol, a class III HDAC inhibitor, induces apoptotic and 
autophagic cell death in MCF-7 human breast cancer cells. International journal 
of oncology, 2012. 41(3): p. 1101-1109. 

237. Aubrey, B.J., et al., How does p53 induce apoptosis and how does this relate to 
p53-mediated tumour suppression? Cell death & differentiation, 2018. 25(1): p. 
104-113. 

238. Tang, Y., et al., The role of SIRT1 in autophagy and drug resistance: unveiling 
new targets and potential biomarkers in cancer therapy. Frontiers in 
Pharmacology, 2024. 15: p. 1469830. 

239. Zhang, W., et al., SIRT1 modulates cell cycle progression by regulating CHK2 
 Cell Death & Differentiation, 2020. 27(2): p. 482-

496. 
240. Bissantz, C., B. Kuhn, and M. Stahl, 

interactions. Journal of medicinal chemistry, 2010. 53(14): p. 5061-5084. 
241. Medina-Franco, J.L., O. Méndez-Lucio, and K. Martinez-Mayorga, The interplay 

between molecular modeling and chemoinformatics to characterize protein
ligand and protein protein interactions landscapes for drug discovery. Advances 
in protein chemistry and structural biology, 2014. 96: p. 1-37. 

242. Fu, W., A. Sun, and H. Dai, Lipid metabolism involved in progression and drug 
resistance of breast cancer. Genes & Diseases, 2025. 12(4): p. 101376. 

243. Bian, X., et al., Lipid metabolism and cancer. Journal of Experimental Medicine, 
2020. 218(1): p. e20201606. 

244. Snaebjornsson, M.T., S. Janaki-Raman, and A. Schulze, Greasing the wheels of 
the cancer machine: the role of lipid metabolism in cancer. Cell metabolism, 
2020. 31(1): p. 62-76. 

245. Guerra, I.M., et al., -oxidation disorders: from disease 
to lipidomic studies a critical review. International journal of molecular 
sciences, 2022. 23(22): p. 13933. 

246. Amat, R., et al., SIRT1 controls the transcription of the peroxisome proliferator-
activated receptor- -activator- -
the PGC-  Journal of 
Biological Chemistry, 2009. 284(33): p. 21872-21880. 

247. Chen, W.Y., et al., Tumor suppressor HIC1 directly regulates SIRT1 to modulate 
p53-dependent DNA-damage responses. Cell, 2005. 123(3): p. 437-448. 

248. Kalle, A.M., et al., Inhibition of SIRT1 by a small molecule induces apoptosis in 
breast cancer cells. Biochemical and biophysical research communications, 
2010. 401(1): p. 13-19. 

 

 



138 
 

 

 

 

 

 

 

 

 

7 Chapter: Publications 

 

 

 

 

 

 

 

 

 

 

 

 



139 
 

7.1 Research papers: 

Kojja V, Kumar D, Kalavagunta PK, Bhukya B, Tangutur AD, Nayak PK. 2-

(Diarylalkyl) aminobenzothiazole derivatives induce autophagy and apoptotic death 

through SIRT inhibition and P53 activation In MCF7 breast cancer cells. Computational 

Biology and Chemistry. 2025 Jun 1; 116:108395. 

Kojja V, Rudraram V, Kancharla B, Siva H, Tangutur AD, Nayak PK. 

Identification of phytoestrogens as sirtuin inhibitor against breast cancer: Multitargeted 

approach. Computational Biology and Chemistry. 2024 Oct 1; 112:108168. 

Venkateswarlu K, 

microglial cells cultured on electrospun matrices using laser scanning confocal 

microscopy. Biotechnology and Bioengineering. 2020 Oct;117(10):3108-23.  

7.2 Co-author papers: 

Nagireddy PK, Kumar D, Kommalapati VK, Pedapati RK, Kojja V, Tangutur AD, 

tubulin polymerization in cervical cancer. Drug Development Research. 2022 

May;83(3):605-14. 

Kakarla R, Karuturi P, Siakabinga Q, Kasi Viswanath M, Dumala N, Guntupalli C, 

Nalluri BN, Venkateswarlu K, Prasanna VS, Gutti G, Yadagiri G. Current 

understanding and future directions of cruciferous vegetables and their phytochemicals 

to combat neurological diseases. Phytotherapy Research. 2024 Mar;38(3):1381-99. 



140 
 

Ramakrishna K, Nalla LV, Naresh D, Venkateswarlu K, Viswanadh MK, Nalluri 

BN, Chakravarthy G, Duguluri S, Singh P, Rai SN, Kumar A. WNT-

as a potential therapeutic target for neurodegenerative diseases: current status and future 

perspective. Diseases. 2023 Jun 25;11(3):89. 

7.3 Book Chapters: 

Ramakrishna K, Viswanadh MK, Dumala N, Chakravarth G, Venkateswarlu K, Gutti 

G, Yadagiri G, Duguluri S, Rai SN. Advanced Biomaterials in Neuroprotection: 

Innovations and Clinical Applications. InBiomaterials and Neurodegenerative Disorders 

2025 Jan 23 (pp. 69-92). Singapore: Springer Nature Singapore. 

 

 

 

 

 

 

 

 

 

 

 



141 
 

 

 

 

 

 

Chapter 8: Appendix 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



142 
 

Table S1: Autodock4 Docking results displaying binding energy of ligands against 

SIRT1-3 receptor. 

No. Name of 
Compounds 

SIRT1 SIRT2 SIRT3 
Binding 
energy 

(kcal/mol) 

Ligand 
efficiency 

Binding 
energy 

(kcal/mol) 

Ligand 
efficiency 

Binding 
energy 

(kcal/mol) 

Ligand 
efficiency 

1 Apigenin 8.97 -0.5 -8.56 -0.43 -8.92 -0.45 

2 Coumestrol -10.9 -0.5 -9.95 -0.43 -9.85 -0.44 

3 Cyanidine -9.5 -0.51 -8.43 -0.4 -8.5 -0.44 

4 Enterolactone -9.7 -0.48 -9.12 -0.41 -8.9 -0.46 

5 Epicatchin -9.5 -0.49 -8.69 -0.41 -8.91 -0.42 

6 Genestine -9.0 -0.55 -8.92 -0.45 -9.11 -0.46 

7 Kaemferol -9.26 -0.52 -8.85 -0.42 -9.06 -0.44 

8 Naringenin -8.9 -0.54 -9.04 -0.45 -9.16 -0.46 

9 Resveratrol -9.31 -0.55 -8.48 -0.5 -8.62 -0.51 

10 Xanthohumol -9.1 -0.49 -9.2 -0.4 -9.4 -0.41 

11 EX527 -10.26 -0.57 - - - - 

12 NPD11033 - - -11.19 -0.3 - - 

13 EX-A3489 - - - - -10.73 -0.4 

 

Table S2: Schrodinger Docking results displaying binding energy of ligands against 

SIRT1-3 receptor. 

No. Name of Compounds SIRT1 G-Score 
(kcal/mol) 

SIRT2 G-Score 
(kcal/mol) 

SIRT3 G-Score 
(kcal/mol) 

 

1 Apigenin -6.416 -9.026 -7.514  

2 Coumestrol -7.912  -9.463  -8.991   

3 Cyanidine -7.182 -8.154 -7.665  

4 Enterolactone -7.202 -9.14 -7.297  

5 Epicatchin -7.187 -9.367 -8.374  
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6 Genestine -7.315 -7.561 -7.373 

7 Kaemferol -7.569 -8.866 -8.221 

8 Naringenin -6.861 -8.87 -7.583 

9 Resveratrol -5.946 -8.317 -7.764 

10 Xanthohumol -7.651 -8.962 -7.924 

11 EX527 -9.256 - - 

12 NPD11033 -  -9.563 - 

13 EX-A3489 - - -8.90 

 

Table S4: Physicochemical parameters of Coumestrol: 

S.No Physicochemical properties Coumestrol 
1 Molecular formula C15H8O5 
2 Molecular weight 268.22 g/mol 
3 Log P (o/w) 2.46 
4 H-bond acceptors 5 
5 H-bond donors 2 
6 Heavy atoms 20 
7 Rotatable bonds 0 

 

Table S5: Pharmacokinetic parameters of Coumestrol 
S.No ADME parameters Coumestrol 

1 BBB penetration 0.756056 
2 CYP3A4 inhibition Inhibitor 
3 CYP3A4 substrate 0.047334 
4 CYP2C19 inhibition Inhibitor 
5 P-glycoprotein inhibition Substrate 
6 In-vitro plasma protein binding (%) 100 

 

Table S6: Toxicity parameters of Coumestrol. 
 S.No Toxicity parameters Coumestrol 
1 Acute fish toxicity minnow 0.00379246 
2 Acute fish toxicity medaka 0.007014 
3 Acute algae toxicity 0.047334 
4 HERG-invitro inhibition Medium risk 
5 Carcinogenicity to mouse Negative 
6 Carcinogenicity to Rat Negative 
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Table S7: binding interactions of phytoestrogens with Sirtuin proteins. 
Compound Sirt 1  Sirt 2 Sirt 3 

Apigenin A:ILE347, A:ILE347(Pi-
Sigma) 
A:PHE273, A:PHE297, 
A:PHE297 (Pi-Pi T-
shaped) A:ASP348 
(H bond) 

A:ASP170, 
A:PHE131(Conventional 
Hydrogen Bond) 
A:PHE190 (Pi-Pi T-
shaped 
Pi-Pi Stacked) 
A:LEU134, ALA135 
(Amide-Pi Stacked) 
A:ALA135, A:LEU134 
(Pi-Alkyl) 

A:PHE157 (Conventional 
Hydrogen Bond) 
A:ASP156 (Carbon 
Hydrogen Bond) 
A:ILE230 (Pi-Sigma 
) 
A:PHE157, 
A:PHE180, 
A:HIS248 ((Pi-Pi Stacked) 

Coumestrol  A:ASP348, 
A:VAL412(Conventional 
Hydrogen Bond) 
A:ILE347 (Pi-Sigma) 
A:PHE273,  
A:PHE297 (Pi-Pi T-
shaped) 
 A:ILE316, A:ALA262,  
A:ILE347, A:ILE411 
(Pi-Alkyl) 

 A:ASP170,  A:PHE131 
(Conventional Hydrogen 
Bond) 
A:ALA135 (Pi-Sigma) 
A:PHE131, A:PHE190 
(Pi-Pi T-shaped) 
A:LEU134, ALA135 
(Amide-Pi Stacked) 
 A:ALA135, A:LEU138, 
A:PRO140,  
A:LEU134(Pi-Alkyl) 

A:PHE157, A:ILE230 
(Conventional Hydrogen 
Bond) 
A:SER149, A:ASP156,  
A:ASN229 (Carbon 
Hydrogen Bond) 
A:ALA146(Pi-Sigma) 
A:PHE157(Pi-Pi Stacked) 
 

Cyadine A:ILE347(Pi-Donor 
Hydrogen Bond) 
A:PHE273, A:PHE297 
(Pi-Pi T-shaped) 
 A:ILE347, A:ILE270, 
A:ILE316 (Pi-Alkyl) 

A:VAL233, A:ASN168 
(Conventional Hydrogen 
Bond) 
A:ASN168(Pi-Sigma) 
A:PHE119, 
A:HIS187(Pi-Pi T-
shaped) 
 A:ARG97, A:ILE169, 
A:ALA85(Pi-Alkyl) 

A:ASP231 (Conventional 
Hydrogen Bond) 
A:ALA146(Pi-Sigma) 
A:PHE157(Pi-Pi Stacked) 
 A:ILE230, A:ILE154(Pi-
Alkyl) 

Enterolactone A:TYR317 
(Conventional Hydrogen 
Bond) 
A:PHE273, A:PHE297 
(Pi-Pi T-shaped) 
A:ILE270, A:ILE316, 
A:ILE411, A:ILE347(Pi-
Alkyl) 

A:PHE96(Pi-Pi Stacked) 
A:ILE93(Pi-Alkyl) 
A:ILE169, 
A:LEU138(Conventional 
Hydrogen Bond) 

A:ALA146, A:ILE154, 
A:ILE230(Pi-Sigma) 
A:PHE157 (Pi-Pi Stacked) 
A:PHE180 (Pi-Pi T-shaped) 
A:ASN229 (Carbon 
Hydrogen Bond) 

Epicatchin A:ILE270, A:ILE316,  
A:ASN346 (Pi-Sigma) 
A:PHE273 (Pi-Pi T-
shaped) 
A:ALA262, 
A:ILE347(Alkyl) 

A:PHE96, A:ARG97, 
A:ILE169 (Conventional 
Hydrogen Bond) 
A:ALA85 (Pi-Sigma) 
A:PHE119 (Pi-Pi T-
shaped) 

A:ASP231(Conventional 
Hydrogen Bond) 
A:ILE230(Pi-Donor 
Hydrogen Bond) 
A:HIS248(Pi-Pi Stacked) 
A:ILE230(Alkyl) 
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 A:PHE96, ARG97 
(Amide-Pi Stacked) 
A:ALA85, A:ILE169 
(Alkyl)  

A:PHE157, A:HIS248 (Pi
Alkyl) 
 

genistein A:ASN346 (Carbon 
Hydrogen Bond) 
A:ILE347(Pi-Donor 
Hydrogen Bond) 
A:ILE347(Pi-Sigma) 
A:PHE273(Pi-Pi T-
shaped) 
A:ALA262(Alkyl) 
 

A:HIS187(Carbon 
Hydrogen Bond) 
A:PHE235(Pi-Pi T-
shaped) 
A:ARG97(Alkyl) 
A:HIS187(Pi-Alkyl) 

A:TYR165 (Conventional 
Hydrogen Bond) 
A:PHE180 (Pi-Pi Stacked)
A:PHE180 (Pi-Alkyl) 
 

kaempferol A:ASN346 (Carbon 
Hydrogen Bond) 
A:ILE347 (Pi-Donor 
Hydrogen Bond) 
 A:ILE316, A:ILE347, 
A:ILE411(Pi-Alkyl) 

A:PHE190 (Pi-Pi 
Stacked) 
A:ALA135, A:LEU134 
(Conventional Hydrogen 
Bond) 
A:LEU138(Pi-Alkyl) 

A:ASN229(Carbon 
Hydrogen Bond) 
A:PHE157, A:PHE180 (Pi
Pi Stacked) 
 A:ALA146, A:ILE230(Pi
Alkyl) 

Narigenin A:ILE347(Pi-Sigma) 
A:PHE297(Pi-Pi T-
shaped) 
A:ILE411, A:ALA262, 
A:ILE270, A:ILE347 
(Pi-Alkyl) 
 
 

A:PHE190(Pi-Pi 
Stacked) 
A:LEU134, A:ALA135, 
A:LEU206(Pi-Alkyl) 
 

A:PHE180(Pi-Pi Stacked)
A:ILE230, A:ALA146, 
A:ILE230(Pi-Alkyl) 
A:TYR165(Conventional 
Hydrogen Bond) 

Resvestrol A:PHE273(Pi-Pi 
Stacked) 
A:PHE273, 
A:PHE297(Pi-Pi T-
shaped) A:ILE316, 
A:ILE347, A:ILE411(Pi-
Alkyl) 

A:ARG97, 
A:HIS187(Carbon 
Hydrogen Bond) 
A:ALA85, A:ILE93(Pi-
Sigma) 
A:ALA85, A:ARG97(Pi-
Alkyl) 

A:ALA146, A:ILE154, 
A:ASN229(Pi-Sigma) 
A:ALA146, A:ILE230(Pi-
Alkyl) 
 

Xanthohumol A:ILE270, 
A:PHE297(Pi-Sigma) 
A:PHE273(Pi-Pi T-
shaped) 
A:ALA262(Alkyl) 
A:HIS363, A:ILE347 
(Pi-Alkyl) 
 

A:ILE169(Pi-Donor 
Hydrogen Bond) 
A:ALA135(Alkyl) 
A:PHE119, A:PHE131, 
A:PHE143, A:PHE190 
(Pi-Alkyl) 
 A:ASN168, 
A:ALA135(Conventional 
Hydrogen Bond) 

A:ALA146(Pi-Sigma), 
A:PHE157, A:PHE180(Pi
Pi Stacked) 
A:HIS248, A:PHE157, 
A:HIS248, A:PHE294, 
A:PHE294(Pi-Alkyl) 
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Table S8: Binding interactions of 7ab and 7ba with Sirtuin proteins: 

Compoun
d 

SIRT1 SIRT2 SIRT3 

RN7-AB A:ASP348, 
A:ILE347(Conve
ntional hydrogen 
bond) 
A:ILE270 Pi-
Sigma bond, 
A:PHE273 Pi-
Sulfur bond, 
A:ILE316, 
A:PHE321,A:ILE
279(Pi-Alkyl 
bond)A:ALA262, 
A:PHE413(Pi-Pi 
T shaped) 

A:PHE96, 
A:ARG97(Conventional hydrogen 
bond) 
A:ILE93, A:ALA85(Halogen) 
A:PHE235,A:PHE119(PI-Pi 
stacked,PI-Pi T shaped) 
A:ILE169,A:LEU134,A:LEU138,
A:LEU103, 
A:ALA 135,A:PHE131(Alkyl and 
PI-Alkyl bond) 

A:GLN228(Convent
ional hydrogen 
bond) A:PHE294, 
A:PHE157(Pi-
Sigma, Pi-Pi 
stacked, Pi-Pi T 
sigma) A:ALA146, 
A:ILE154, 
A:TYR165(Alkyl, 
Pi-Alkyl) 
A:ARG168(Halogen
) 

RN7-BA A:ILE347,A:ILE
270(Pi-sigma) 
A:PHE273(Pi-
Sulfur)A:PHE29
7(Pi-Pi T shaped) 
A:ILE316, 
A:ILE411, 
A:PHE321, 
A:VAL412, 
A:HIS363, 
A:ALA262 
(Alkyl, Pi- Alkyl) 

A:PHE96(Conventional hydrogen 
bond)A:PHE235, A:PHE119(Pi-
Satcked, Pi-Pi T shaped) 
A:ALA85, 
A:ILE93(Halogen)A:SER96(Carb
on hydrogen) A:ILE232, 
A:ILE169, A:ALA135, 
A:LEU134, PHE131(Alkyl, Pi-
Alkyl) 

A:THR320(Carbon 
hydrogen bond) 
A:VAL292(Halogen
) A:ARG158(Pi-
Cation) 
A:HIS248, 
A:PHE157(Pi-Pi 
stacked) 
A:ALA146(Pi-
Sigma) A:PHE180, 
A:ILE291, 
A:ILE230(Alkyl, Pi-
Alkyl) 

 

 

Table S9: Docking results displaying binding energy of ligands against SIRT1-3 
receptor: 

Sl.No 
Name of 

Compounds 

SIRT1 SIRT2 SIRT3 
Binding 
energy 
(kcal/mol) 

Ligand 
efficiency 

Binding 
energy 
(kcal/mol) 

Ligand 
efficiency 

Binding 
energy 
(kcal/mol) 

Ligand 
efficiency 

1 RN-7AB -12.44 0.43 -12.08 0.42 -12.03 0.42 
2 RN-7BA -12.07 0.4 -12.91 0.43 -11.86 0.4 
3 Ex-527 -10.26 0.36     
4 NPD11033   -11.19 0.39   
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5 EX-A3489     -10.73 0.4 
 
 

Table S10: Physicochemical parameters of 7ab and 7ba: 

S.No Physicochemical properties RN7ab RN7ba 
1 Molecular formula C24H15Cl3N2OS C24H16BrClN2OS 
2 Molecular weight 485.81 g/mol 495.82 g/mol 
3 Log P (o/w) 4.24 4.16 
4 H-bond acceptors 2 2 
5 H-bond donors 2 2 
6 Heavy atoms 31 30 
7 Rotatable bonds 4 4 

 

Table S11: ADME parameters of 7ab and 7ba: 

S.No ADME parameters RN7ab RN7ba 
1 BBB penetration No No 
2 CYP3A4 inhibition No No 
3 CYP2C19 inhibitor Yes Yes 
4 CYP2D6 inhibitor No No 
5 P-gp substrate No Yes 

 

Table S12: Toxicity parameters of 7ab and 7ba: 

S.No Toxicity parameters RN7ab RN7ba 
1 Acute fish toxicity minnow 1.45406e-006 4.30574e-006 
2 Acute fish toxicity medaka 2.72876e-007 7.88181e-007 
3 Acute algae toxicity 0.000451153 0.000814179 
4 HERG-invitro inhibition Medium risk Medium risk 
5 Carcinogenicity to mouse Negative Negative 
6 Carcinogenicity to Rat Negative Positive 
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Figure S1: list of selected phytoestrogen compounds molecular structures.

Figure S2: COU effects the cellular morphology of MCF-7 and MDAMB-231 cell line. 

A, cell morphology of MCF-7 cells treated with or without COU (46µM) and EX-527 

(50 µM), B, cell morphology of MDAMB-231 cells treated with or without COU (46µM) 

and EX-527 (50 µM).
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Figure S4: Binding interaction of COU and standards at SIRT1-3 active sites. A) and D) 

were interaction of SIRT1 with COU and EX527, B and E were interaction of SIRT2 

with COU and NPD11033, and C) and F) were interactions of SIRT3 with COU and EX-

A3489. (COU: Coumestrol; SIRT: Sirtuins)



150

Figure S4: Binding interaction of COU and standards at SIRT1-3 active sites. A) and D) 

were interaction of SIRT1 with COU and EX527, B and E were interaction of SIRT2 

with COU and NPD11033, and C) and F) were interactions of SIRT3 with COU and EX-

A3489. (COU: Coumestrol; SIRT: Sirtuins)

Figure S5: Coumestrol interactions with SIRT-1 protein A), Timeline of the interactions 

and contacts (H-bonds, Hydrophobic, Ionic, Water bridges). B), Ligand protein 

interactions C), Ligand Torsions plot (0.00 through 100.00 sec).
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Figure S6: Coumestrol interactions with SIRT-2 protein A), Timeline of the interactions 

and contacts (H-bonds, Hydrophobic, Ionic, Water bridges). B), Schematic of detailed 

ligand atom interactions with the protein residues. C), Ligand torsions plot (0.00 through 

100.00 sec).
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Figure S7: Coumestrol interactions with SIRT-3 protein A), Timeline of the interactions 

and contacts (H-bonds, Hydrophobic, Ionic, Water bridges). B), Schematic protein ligand 

interactions. C, Ligand torsions plot (0.00 through 100.00 sec).

Figure S8: EX527 interactions with SIRT-1 protein A), Timeline of the interactions and 

contacts (H-bonds, Hydrophobic, Ionic, Water bridges). B), Ligand protein interactions 

C), Ligand Torsions plot (0.00 through 100.00 sec).
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Figure S9: NPD11033 interactions with SIRT-2 protein A), Timeline of the interactions 

and contacts (H-bonds, Hydrophobic, Ionic, Water bridges). B), Ligand protein 

interactions C), Ligand Torsions plot (0.00 through 100.00 sec).
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Figure S10: EX-A3489 interactions with SIRT-3 protein A), Timeline of the interactions 

and contacts (H-bonds, Hydrophobic, Ionic, Water bridges).  B), Ligand protein 

interactions C), Ligand Torsions plot (0.00 through 100.00 sec).
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Figure S11: Binding interaction of 7ab and 7ba and reference compounds at SIRT1-3 

active sites. Reference compounds were EX527 for SIRT1, NPD11033 for SIRT2 and 

EX-A3489 For SIRT3.
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Figure S12: The ligand torsions plot of 7ab with SIRT1 summarizes the conformational 

evolution of every rotatable bond (RB) in the ligand throughout the simulation trajectory 

(0.00 through 100.00 nsec).
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Figure S13: Protein secondary structure elements of 7ab with SIRT1 (SSE) like alpha-

helices and beta-strands are monitored throughout the simulation. 
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Figure S14: The ligand torsions plot of 7ba with SIRT1 summarizes the conformational 

evolution of every rotatable bond (RB) in the ligand throughout the simulation trajectory 

(0.00 through 100.00 nsec).
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Figure S15: Protein secondary structure elements of 7ba with SIRT1 (SSE) like alpha-

helices and beta-strands are monitored throughout the simulation. 
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Figure S16: The ligand torsions plot of EX527 with SIRT1 summarizes the 

conformational evolution of every rotatable bond (RB) in the ligand throughout the 

simulation trajectory (0.00 through 100.00 nsec).
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Figure S17: Protein secondary structure elements of EX527 with SIRT1 (SSE) like 

alpha-helices and beta-strands are monitored throughout the simulation. 

 


