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ABSTRACT: Cancer is characterized by disorderly cell proliferation. Upregulation and activation of the Cyclin-Dependent Protein
Kinase 6 (CDKS®) signalling pathway can induce uncontrolled proliferation of breast cancer cells. Therefore, inhibition of CDK6
persists to be developed as a target for the design and development of potential drugs to treat breast cancer. This study aims to
predict the biofunction of anthocyanin compounds from purple corn extract as Cyclin-Dependent Protein Kinase 6 (CDKG6) inhibitors
in silico. The research methods used include data mining, ligand and receptor preparation, molecular docking, docking visualization,
and data analysis. Our results show that six compounds of purple corn extract (cyanidin, cyanidin 3-glucoside, pelargonidin-3-
glucoside, pelargonidin, peonidin, and peonidin-3-glucoside) canbind CDK®6 at the C-terminal and N-terminal domains. The binding
pattern indicated that cyanidin, cyanidin 3-glucoside, pelargonidin-3-glucoside, pelargonidin, peonidin, and peonidin-3-glucoside
bind to the identical site CDKG6 residues as Palbociclib (control). This finding indicated that compounds from purple corn are most
likely competitive inhibitors of CDK®6. Peonidin-3-glucoside showed the lowest binding energy of -282.5 kcal/mol, close to
palbociclib (-329.4 kcal/mol).
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INTRODUCTION

Cancer is a multifactorial and multiphase disease, where the cell cycle plays an essentialrole in regulation at the cellular level.
Dysregulation of the cell cycle can affect the imbalanceof proto-oncogenes, tumour suppressors, and cell cycle-related proteins (1).
Thus, triggering unlimited division and the capacity to metastasize, leading to the development of cancer stages(2). Breast cancer is
a significant health problem experienced by women due to high mortalityand morbidity. The leading causes are genetic factors and
hormonal factors (3). Currently, morethan 85% of breast cancer patients survive more than five years, and about 80% survive more
than ten years after diagnosis (4). In addition, an estimated 2.3 million new cases of breast cancer are diagnosed globally each year.
Current projections suggest that by 2030, the numberof new cases diagnosed worldwide could reach 2.7 million annually, while the
number of deathscould reach 0.87 million (5).

Treatment alternatives for breast cancer include local therapies such as surgery and radiotherapy and systemic therapies such as
chemotherapy, hormonal therapy and targeted therapy. Chemotherapy improves tumour control, increases the chance of cure and
prolongs the life of breast cancer patients (6). Anthracycline-based chemotherapy (ABC) (a combinationof epirubicin or adriamycin
with cyclophosphamide) has shown superior benefits. However, ithas cytotoxic effects that disrupt the cell cycle. As a result, adverse
side effects such as gastrointestinal disturbances, bone marrow suppression, neuropathy, hair loss, fatigue and skindisorders are often
experienced by patients as a result of the treatment received (6-8).

The potential of phytomedicines is a preferred alternative because of its minimal side effects compared to chemotherapy drugs.
Although natural treatments cannot cure breast cancer, maintaining a proper diet, frequent exercise, and adequate sleep will help
fight cancer (9). The bioactive compound anthocyanin has shown a potential to inhibit triple-negative breastcancer (TNBC) in
preclinical studies (10). In addition, anthocyanins also have anticancer

chemopreventive effects related to increased apoptosis, decreased cell proliferation, and cell cycle arrest (11).

Purple corn is one of the food yields rich in anthocyanins. Anthocyanins are water- soluble compounds responsible for the presence
of coloured pigments in grains. Pigmented corn varieties like purple corn are highly valued due to their high phenolic compound
content,such as flavonoids and anthocyanins. The phenolic compound content in purple corn is the totalproanthocyanin (TPA) content
of 1381 pg/g, DW), total anthocyanin (TAC) (780 ug/g DW), total flavonoid (TFC) (1998 pg/g DW) and total polyphenol (TPC)
(4047 pg/g DW) (12). In Indonesia, purple corn has also begun to be cultivated since its potential as a functional food source for
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body health was discovered. Several studies have shown that anthocyanin compounds are beneficial as antioxidants, anti-diabetic,
anti-hypoglycemic, anti-hypertensive,anti-cancer, anti-inflammatory, anti-mutagenic, anti-microbial, anti-obesity, preventing liver
dysfunction and other degenerative diseases (13,14). Cyanidin, pelargonidin, peonidin, cyanidin-3-glucoside, pelargonidin-3-
glucoside and peonidin-3-glucoside are the main anthocyanins contained in purple corn extract (15-18).

Previous studies on the anti-cancer potential of purple corn extract in vitro have been evaluated. Pigmented purple corn inhibits
LNCaP cell proliferation by decreasing Cyclin D1 expression and inhibiting the G1 phase of the cell cycle. In addition, in vivo tests
have been conducted on 36 male transgenic mice induced with prostate adenocarcinoma. The results showed that the administration
of pigmented corn can reduce the incidence of adenocarcinomain the lateral prostate and slow the development of prostate cancer.
Lower Ki67 positive levelsdecreased Cyclin D1 expression, and downregulation of Erk1/2 and p38 MAPK activation wereobserved
in the group consuming purple corn in their diet (18). In vitro and in silico studies have also been conducted and showed that purple
and red corn extracts exhibit anti-proliferative effects on colon cancer cells as indicated by increased apoptosis markers, namely
BAX, Bcl-2, cytochrome ¢, and TRAILR2/D5.

Furthermore, the results of in silico analysis showed the binding energy of cyanidin-3-glucoside complex with non-receptor tyrosine
kinase and peonidin with receptor tyrosine kinase of —7.86 and —7.76 kcal/mol, indicating the potential of purple corn compounds
in inhibiting colon cancer cell proliferation (19). So far, the potential of purple corn extract as ananti-breast cancer agent and its
mechanism is still unknown. Therefore, it is necessary to studythe bio-function of compounds in purple corn to inhibit target genes
involved in the breast cancer gene cascade.

This study aims to predict the biological function of anthocyanin compounds from purple corn extract as inhibitors of molecular
markers of breast cancer cells, namely Cyclin- Dependent Protein Kinase 6 (CDK®) in silico. CDKG® is critical in the cell cycle and
intercellular communication in the oncogenic signalling pathway. CDK®6 binds to D-type cyclins (cyclin D1, cyclin D2, and cyclin
D3). It is specifically involved in promoting the cellular transition from the G1 phase to the S phase of the cell cycle when DNA
synthesis occurs. It is responsible for the initiation, growth, and survival of many types of cancer (20). Upregulation of cyclin-
dependent kinases (CDKSs) 6 causes uncontrolled cell division, which leads to cancer (21). If CDKG6 is inhibited, cancer cells' cell
cycle and proliferation activity willbe disrupted. Thus, CDK®6 inhibitors are needed for the discovery of potent and effective drugsin
treating malignant diseases, especially breast cancer.

METHOD

Materials

The materials used in this study were six main compounds from purple corn, namely cyanidin (CID_128861), cyanidin 3-glucoside
(CID_441667), pelargonidin-3-glucoside (CID_443648), pelargonidin (CID_440832), peonidin (CID_441773), and peonidin-
3-glucoside (CID_443654) which act as ligands. The breast cancer cell marker used in this studywas Cyclin-Dependent Protein
Kinase 6 (CDKS®6), which also acts as a receptor with PDB 1D 5I2i. In addition, the synthetic drug Palbociclib (CID_5330286) was
used as a comparative control in this study. Palbociclib is a first-class synthetic oral drug and is highly selective in advanced breast
cancer (22).

Data Mining

The NCBI PubChem database (https://www.ncbi.nlm.nih.gov/) was used to obtain theligand structures (cyanidin, pelargonidin, and
peonidin) and the structure of Palbociclib in PDFformat. The receptor (Cyclin-Dependent Protein Kinase 6) and its structure were
obtained fromRSCB PDB (https://www.rcsb.org/).

Ligand and Receptor Preparation
The ligand was conditioned using PyRx 0.8 software to underrate energy. Meanwhile,the receptor was designed using Discovery
Studio software. After the preparation was concluded, all were earmarked in .pdb format using Open Babel (23).

Docking Molekuler

Molecular docking between ligands (cyanidin, pelargonidin, peonidin, palbociclib) andCDKG6 receptors was performed using Hex
8.0 software. The setting column was set in Shape+Electro+DARS mode (24). Grid dimension was set to 0.6; solution range 180,
twist range 360, distance range 40, translation step 0.8 and score threshold 0.0.

Data Analysis

The successfully docked ligand and receptor complex is then examined for its amino acid residues. The type and binding energy of
receptor-ligand interactions are identified usingDiscovery Studio software (25). The binding site of amino acid residues, type of
chemical bond, and binding energy are analyzed using Microsoft Excel 2013 software.

RESULTS AND DISCUSSION
The results of molecular docking between bioactive compounds of purple corn extract(cyanidin, cyanidin 3-glucoside, pelargonidin-
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3-glucoside, pelargonidin, peonidin, and peonidin-3-glucoside) with cyclin-dependent protein kinase 6 (CDK®6) are shown by the
binding pattern of amino acid residues, types of chemical bonds, and binding energy. X-ray crystallography studies show that the
overall structure of CDKG® is a bilobal fold consisting ofN-terminal and C-terminal domains. The N-terminal lobe consists of residues
1-100 composedof 5 antiparallel b-sheet strands and aC helices. The C-terminal domain is an a-helix and consists of residues 101
326 (26).

The molecular interaction of the cyanidin-CDK6 complex involves six amino acid residues, namely PHE283, ILE235, LEU278,
ALA259, LEU278, and ILE235. The binding ofthe cyanidin-CDK6 complex is maintained by hydrogen and hydrophobic
interactions. Cyanidin 3-glucoside is able to bind CDK6 at amino acid residues LEU281, ASP275, ILE235,ILE235, ASP242,
LEU278, and LYS279. These interactions (LEU281, ASP275, ILE235,

ILE235, ASP242, LEU278, and LYS279) are stabilized by hydrogen and hydrophobic bonds and electrostatic interactions.
Pelargonidin 3-glucoside is able to bind CDK6 domain at aminoacid residues ARG214, ARG220, PHE265, ARG220, and LY S230.
Hydrogen and hydrophobicinteractions stabilize these interactions (ARG214, ARG220, PHE265, ARG220, and LYS230).There are
six amino acid residues of CDK6 bound by pelargonidin, including ASP242, PHE283, ILE235, LEU278, and ALA259. The
interaction of the pelargonidin-CDK6 complexis maintained by two hydrogen bonds and four hydrophobic interactions (Figure 1).
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Figure 1. Molecular docking results between cyanidin compounds, cyanidin 3-glucoside, pelargonidin 3-glucos ide, and
pelargonidin with Cyclin-Dependent Protein Kinase6 (CDK-6). The ball and stick indicate the ligand, while the yellow
ribbon indicatesthe receptor (CDK®).

The results of molecular docking (Figure 2) show four amino acid residues of CDK6 bound by peonidin, including LYS93, VAL62,
LEU94, and VALBS2. The interaction of the peonidin-CDK6 complex is stabilized by one hydrogen bond and five hydrophobic
interactions. Peonidin-3-glucoside is able to bind CDK6 at amino acid residues LEU281, ASP275, ILE235, LYS287, ASP242,
LEU278, and LYS279. Hydrogen bonds, hydrophobic, and hydrophobic interactions stabilize this peonidin-3-glucoside-CDK6
complex. Our study used Palbociclib (a synthetic drug) as a control. The docking results showed that Palbociclib interacts with
CDKG6 through binding to amino acid residues ASP275, GLU271, LEU278, ILE235, and LYS279. Interestingly, the ASP275 residue
in the Palbociclib-CDK6 complex wasalso found in the Cyanidin 3-glucoside-CDK6 complex and the Peonidin-3-glucoside-CDK6
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complex. In addition, five bioactive compounds from purple corn extract (cyanidin, cyanidin 3-glucoside, pelargonidin-3-glucoside,
pelargonidin, and peonidin-3-glucoside) were found tobind to the same amino acid residue as the control (Palbociclib), namely the
LEU278 residue.The ILE235 residue in the Palbociclib-CDK6 complex was also found in the interaction of cyanidin, cyanidin-3-
glucoside, pelargonidin, peonidin-3-glucoside with CDK®.

Cyanidin-3-glucoside-CDK6 complex and peonidin-3-glucoside-CDK6 complex showed the same binding site as the control
Palbociclib-CDK6 complex, namely at the LYS279residue (Table 1). This interaction indicates that five compounds from purple
corn extract (cyanidin, cyanidin 3-glucoside, pelargonidin-3-glucoside, pelargonidin, and peonidin-3- glucoside) act as competitive
CDKG® inhibitors through hydrogen bond formation and hydrophobic interactions. As a result, the catalytic activity of the enzyme
is inhibited. Interestingly, these four CDK6 amino acid residues (ASP275, LEU278, ILE235, and LYS279)are located at the C-
terminal, which is the catalytic site of CDK®6 (27).

CDKG® is essential in cancer development through (RB)-E2F signalling. Uncontrolled regulation of the cyclin D-CDK4/6-INK4-RB
pathway causes uncontrolled cell cycle and cell growth (28). CDK 6 in a complex with cyclin D and CDK2/cyclin E can induce
phosphorylation of RB so that proliferation and the initiation of cell division occur. If CDKG is inhibited, Rb hyperphosphorylation
does not ensue, so Rb is inhibited from initiating cell division, which is called the G1 restriction point (29).

Peonidin-CDKG6 complex
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Figure 2. Molecular docking results between peonidin, peonidin-3-glucoside, and palbociclib (as a control) with Cyclin-
Dependent Protein Kinase 6 (CDK-6). The ball and stick indicate the ligand, while the yellow ribbon indicates the receptor

(CDKG®).
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Table 1. Interactions of anthocyanidins and major anthocyanins from purple corn withCDK6

Compounds

(kcal/mol)

Point interaction

Chemistry bond

Type

A:PHE283:HN - :LIG1

Hydrogen Bond Pi-Donor Hydrogen Bond

:LIG1 - AlILE235 Hydrophobic  Pi-Alkyl

Cyanidin-CDK6 :LIG1 - A:LEU278 Hydrophobic  Pi-Alkyl 2388
complex ‘LIGL - A:ALA259 Hydrophobic  Pi-Alkyl

:LIG1 - A:LEU278 Hydrophobic  Pi-Alkyl

:LIG1 - AlILE235 Hydrophobic  Pi-Alkyl

:LIG1:H - A:LEU281:0 Hydrogen Bond Conventional Hydrogen Bond

:LIG1:H - A:ASP275:0 Hydrogen Bond Conventional Hydrogen Bond

Cyanidin 3- A:ILE235:CA - :LIG1:0OHydrogen Bond Carbon Hydrogen Bond
glucoside-CDK6  :LIG1:H - A:ILE235:0 Hydrogen Bond Carbon Hydrogen Bond -270
complex A:ASP242:0D? - :LIG1 Electrostatic Pi-Anion

LIG1 - A:LEU278 Hydrophobic  Pi-Alkyl

LIG1 - A:LYS279 Hydrophobic  Pi-Alkyl

A:ARG214:HH11 - :LIG1:0 Hydrogen Bond Conventional Hydrogen Bond

:LIG1:H - A:ARG220:0 Hydrogen Bond Conventional Hydrogen Bond
Pelargonidin3-  A-pHE265 - :LIG1 Hydrophobic  Pi-Pi T-shaped 2808
glucoside-CDK®6

complex :LIG1 - A:ARG220 Hydrophobic  Pi-Alkyl

:LIG1 - A:ARG220 Hydrophobic  Pi-Alkyl

:LIG1 - A:LYS230 Hydrophobic  Pi-Alkyl

:LIG1:H - A:ASP242:0D2 Hydrogen Bond Conventional Hydrogen Bond
A:PHE283:HN - :LIG1 Hydrogen Bond Pi-Donor Hydrogen Bond
Pelargonidin- :LIG1 - A:ILE235 Hydrophobic  Pi-Alkyl 2481
CDKG6 complex | |g1-A:LEu278 ~ Hydrophobic  Pi-Alkyl

:LIG1 - A:ALA259 Hydrophobic  Pi-Alkyl

:LIG1 - A:LEU278 Hydrophobic  Pi-Alkyl

A:LYS93:HZ3 - :LIG1:0 Hydrogen Bond Conventional Hydrogen Bond
A:VAL62:CG2 - :LIG1 Hydrophobic  Pi-Sigma

Peonidin-CDK6 :LIG1 - A:VALG2 Hydrophobic ~ Pi-Alkyl 2413
complex ‘LIG1 - A'LEU94 Hydrophobic ~ Pi-Alkyl

‘LIG1 - A:LEU9%4 Hydrophobic  Pi-Alkyl

:LIG1 - A:VALS82 Hydrophobic  Pi-Alkyl

‘LIG1:H - A:LEU281:0 Hydrogen Bond Conventional Hydrogen Bond

LIG1:H - A:ASP275:0 Hydrogen Bond Conventional Hydrogen Bond
A:ILE235:CA - :LIG1:0 Hydrogen Bond Carbon Hydrogen Bond

Peonidin-3- LIGLH - A'ILE235:0 Hydrogen Bond Carbon Hydrogen Bond 2825
glucoside-CDKG6

complex A:LYS287:NZ - :LIG1 Electrostatic ~ Pi-Cation

A:ASP242:0D2 - :LIG1 Electrostatic Pi-Anion

:LIG1 - A:LEU278 Hydrophobic  Pi-Alkyl

:LIG1 - A:LYS279 Hydrophobic  Pi-Alkyl

:LIG1:H - A:ASP275:0D1 Hydrogen Bond Carbon Hydrogen Bond

‘LIG1:H - A:GLU271:0 Hydrogen Bond Carbon Hydrogen Bond
Palbociclib-CDK6 A:LEU278 - :LIG1 Hydrophobic  Alkyl

complex (as a ‘LIG1:C - A ILE235 Hydrophobic  Alkyl -329.4
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control) LIG1 - A:LEU278 Hydrophobic  Pi-Alkyl
LIG1 - A:LEU278 Hydrophobic  Pi-Alkyl
LIG1 - A:lLYS279 Hydrophobic  Pi-Alkyl

The molecular docking method helps predict the binding orientation of a compound inthe receptor binding domain and its binding
energy. The lower binding energy indicates that the molecule will bind more easily to other molecules and vice versa (30). The
high binding energy of the compound to CDKG6 causes a significant decrease in enzyme activity (28). The results of this study
showed the lowest binding energy in sequence, namely peonidin-3- glucoside (-282.5 kcal/mol), pelargonidin-3-glucoside (-280.8
kcal/mol), cyanidin 3-glucoside(-270 kcal/mol), pelargonidin (-248.1 kcal/mol), peonidin (-241.3 kcal/mol), and cyanidin (-238.8
kcal/mol). Interestingly, peonidin-3-glucoside showed the lowest binding energy (-282.5 kcal/mol), approaching the control
(palbociclib, at -329.4 kcal/mol) (Table 1). This binding shows that peonidin-3-glucoside can act as a competitive CDK®6 inhibitor.

CONCLUSION

In conclusion, five bioactive compounds from purple corn extract (cyanidin, cyanidin 3-glucoside, pelargonidin-3-glucoside,
pelargonidin, and peonidin-3-glucoside) bind to the active site of CDK6 with the same binding pattern as the drug Palbociclib,
namely at residuesASP275, LEU278, ILE235, and LYS279. The strong binding energy of peonidin-3-glucoside shows the most
potential inhibitory activity against CDKG6. Inhibition of CDK6 by compoundsfrom purple corn extract can reduce the accessibility
of enzyme substrates by acting as competitive inhibitors, eventually inhibiting enzymes. This finding led to the discovery of anti-
breast cancer drugs based on natural compounds from purple corn extract.

ACKNOWLEDGEMENT
This research was funded by a Beginner Lecturer Research (PDP) grant from the Directorate General of Vocatidonal Education
(DIKSI) (Number: 010/SP2H/PPKM- PTV/LL7/2024).

REFERENCES

1) DuQ, Guo X, Wang M, Li Y, Sun X, Li Q. The application and prospect of CDK4/6 inhibitors in malignant solid tumors.
J Hematol Oncol [Internet]. 2020 Dec 1;13(1):41. Available from:
https://jhoonline.biomedcentral.com/articles/10.1186/s13045-020- 00880-8

2) Lukasiewicz S, Czeczelewski M, Forma A, Baj J, Sitarz R, Stanistawek A. Breast Cancer—Epidemiology, Risk Factors,
Classification, Prognostic Markers, and Current Treatment Strategies—An Updated Review. Cancers (Basel) [Internet].
2021 Aug25;13(17):4287. Available from: https://www.mdpi.com/2072-6694/13/17/4287

3) Khairani S, Keban SA, Afrianty M. Evaluation of Drug Side Effects Chemotherapy on Quality of Life (QOL) Breast
Cancer Patients at Hospital X in Jakarta. J ILMU KEFARMASIAN Indones [Internet]. 2019 Apr 24;17(1):9. Available
from: http://jifi.farmasi.univpancasila.ac.id/index.php/jifi/article/view/705

4) Heins MJ, de Ligt KM, Verloop J, Siesling S, Korevaar JC, Berendsen A, et al. Adversehealth effects after breast cancer up
to 14 years after diagnosis. The Breast [Internet]. 2022Feb;61:22—-8.Available
from:https://linkinghub.elsevier.com/retrieve/pii/S0960977621010006

5) Pavlovic D, Niciforovic D, Papic D, Milojevic K, Markovic M. CDK4/6 inhibitors: basics, pros, and major cons in breast
cancer treatment with specific regard to cardiotoxicity — a narrative review. Ther Adv Med Oncol [Internet]. 2023 Jan
11;15. Available from: http://journals.sagepub.com/doi/10.1177/17588359231205848

6) Folorunso SA, Abiodun OO, Abdus-salam AA, Wuraola FO. Evaluation of side effectsand compliance to chemotherapy in
breast cancer patients at a Nigerian tertiary hospital.Ecancermedicalscience [Internet]. 2023 Apr 21;17. Available from:
https://ecancer.org/en/journal/article/1537-evaluation-of-side-effects-and-compliance- to-chemotherapy-in-breast-cancer-
patients-at-a-nigerian-tertiary-hospital

7) Moo TA, Sanford R, Dang C, Morrow M. Overview of Breast Cancer Therapy. PET Clin [Internet].
2018 Jul;13(3):339-54. Available from:https://linkinghub.elsevier.com/retrieve/pii/S1556859818300270
8) Dickens E, Ahmed S. Principles of cancer treatment by chemotherapy. Surg [Internet].2018 Mar;36(3):134-8.
Available from:https://linkinghub.elsevier.com/retrieve/pii/S0263931917302673

9) Shrihastini V, Muthuramalingam P, Adarshan S, Sujitha M, Chen JT, Shin H, et al. PlantDerived Bioactive Compounds,
Their Anti-Cancer Effects and In Silico Approaches asan Alternative Target Treatment Strategy for Breast Cancer: An
Updated Overview. Cancers (Basel) [Internet]. 2021 Dec 10;13(24):6222. Available from: https://www.mdpi.com/2072-
6694/13/24/6222

10) Rabelo ACS, Guerreiro C de A, Shinzato VI, Ong TP, Noratto G. Anthocyanins ReduceCell Invasion and Migration through
Akt/mTOR Downregulation and Apoptosis Activation in Triple-Negative Breast Cancer Cells: A Systematic Review and

IJHMR, Volume 3 Issue 12 December 2024 www.ijhmr.com Page 903



http://www.ijhmr.com/
http://www.mdpi.com/2072-6694/13/17/4287
http://jifi.farmasi.univpancasila.ac.id/index.php/jifi/article/view/705
http://journals.sagepub.com/doi/10.1177/17588359231205848
http://www.mdpi.com/2072-6694/13/24/6222
http://www.mdpi.com/2072-6694/13/24/6222

Potential Role of Bioactive Compounds of Purple Corn as Breast Cancer Drug Candidates Through Inhibition
of Cyclin-Dependent Protein Kinase 6 (Cdk6): An In-Silico Approach

Meta- Analysis. Cancers (Basel) [Internet]. 2023 Apr 14;15(8):2300. Available from: https://www.mdpi.com/2072-
6694/15/8/2300

11) Fakhri S, Khodamorady M, Naseri M, Farzaei MH, Khan H. The ameliorating effects of anthocyanins on the cross-linked
signaling pathways of cancer dysregulated metabolism. Pharmacol Res [Internet]. 2020 Sep;159:104895. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S1043661820312032

12) Vilcacundo E, Montalvo V, Sanaguano H, Moran R, Carrillo W, Garcia A. Identificationof Phytochemical Compounds,
Functional Properties and Antioxidant Activity of Germinated Purple Corn Protein Concentrate and Its Gastrointestinal
Hydrolysates. Agronomy [Internet]. 2022 Sep 17;12(9):2217. Available from: https://www.mdpi.com/2073-
4395/12/9/2217

13) Valenza A, Bonfanti C, Pasini ME, Bellosta P. Anthocyanins Function as Anti- Inflammatory Agents in a Drosophila
Model for Adipose Tissue Macrophage Infiltration. Biomed Res Int [Internet]. 2018;2018:1-9. Available from:
https://www.hindawi.com/journals/bmri/2018/6413172/

14) Suarni, Sulistyaningrum A, Agil M. The utilization of young-harvested purple corn fordodol processed to support
functional food diversification. IOP Conf Ser Earth EnvironSci [Internet]. 2021 Nov 1;911(1):012071. Available from:
https://iopscience.iop.org/article/10.1088/1755-1315/911/1/012071

15) Vayupharp B, Laksanalamai V. Antioxidant Properties and Color Stability of Anthocyanin Purified Extracts from Thai
Waxy  Purple Corn Cob. J Food Nutr Res [Internet].2015;3(10):629-36.Available  from:
http://pubs.sciepub.com/jfnr/3/10/2/index.html

16) Tian X, Xin H, Paengkoum P, Paengkoum S, Ban C, Sorasak T. Effects of anthocyanin-rich purple corn (Zea mays L.) stover
silage on nutrient utilization, rumen fermentation,plasma antioxidant capacity, and mammary gland gene expression in dairy
goats. J AnimSci. 2019;97(3):1384-97.

17) Ramos-Escudero F, Mufioz AM, Alvarado-Ortiz C, Alvarado A, Yafiez JA. Purple corn(Zea mays L.) phenolic compounds
profile and its assessment as an agent against oxidative stress in isolated mouse organs. J Med Food. 2012;15(2):206-15.

18) Long N, Suzuki S, Sato S, Naiki-Ito A, Sakatani K, Shirai T, et al. Purple corn color inhibition of prostate carcinogenesis
by targeting cell growth pathways. Cancer Sci [Internet]. 2013  Mar 20;104(3):298-303. Available
from:https://onlinelibrary.wiley.com/doi/10.1111/cas.12078

19) Mazewski C, Liang K, Gonzalez de Mejia E. Inhibitory potential of anthocyanin-rich purple and red corn extracts on human
colorectal cancer cell proliferation in vitro. J Funct Foods [Internet]. 2017 Jul;34:254-65. Awvailable from:
https://linkinghub.elsevier.com/retrieve/pii/S1756464617302281

20) Goel S, Bergholz JS, Zhao JJ. Targeting CDK4 and CDKG6 in cancer. Nat Rev Cancer [Internet]. 2022  Jun
18;22(6):356-72.  Available from:https://www.nature.com/articles/s41568-022-00456-3

21) NiuY, XuJ, SunT. Cyclin-Dependent Kinases 4/6 Inhibitors in Breast Cancer: CurrentStatus, Resistance, and Combination
Strategies. J Cancer [Internet]. 2019;10(22):5504—

17. Available from: http://www.jcancer.org/v10p5504.htm

22) Serra F, Lapidari P, Quaquarini E, Tagliaferri B, Sottotetti F, Palumbo R. Palbociclib inmetastatic breast cancer: current
evidence and real-life data. Drugs Context [Internet]. 2019 Jul 16;8:1-16. Available from:
https://www.drugsincontext.com/palbociclib-in- metastatic-breast-cancer:-current-evidence-and-real-life-data/

23) Agustin AT, Safitri A, Fatchiyah F. An in Silico Approach Reveals the Potential Function of Cyanidin-3-o-glucoside of
Red Rice in Inhibiting the Advanced Glycation End Products (AGES)-Receptor (RAGE) Signaling Pathway. Acta Inform
Medica[Internet].2020;28(3):170-9.Availablefrom:http://dx.doi.org/10.5455/aim.2020.28.170-179

24) Tribudi YA, Agustin AT, Setyaningtyas DE, Gusmalawati D. Bioactive Compound Profile and Biological Modeling
Reveals the Potential Role of Purified Methanolic Extract of Sweet Flag (Acorus calamus L.) in Inhibiting the Dengue Virus
(DENV) NS3 Protease-Helicase. Indones J Chem. 2022;22(2):331-41.

25) Agustin AT, Imroatul Muflihah A, Muflihah I, Mufidah H, Riranto J. MolecularDocking Approach Reveals The Potential
Role Of Psidium Guajava Leaf ExtractCompounds As Quorum-Sensing Inhibitors Targeting Pseudomonas Aeruginosa’s
Lasr.Int J Heal Med Res [Internet]. 2023 Dec 30;02(12).

Available from: https://ijhmr.com/molecular-docking-approach-reveals-the-potential-role-of-psidium-  guajava-leaf-
extract-compounds-as-quorum-sensing-inhibitors-targeting- pseudomonas-aeruginosas-lasr/

26) Tadesse S, Yu M, Kumarasiri M, Le BT, Wang S. Targeting CDK®6 in cancer: State ofthe art and new insights. Vol. 14,
Cell Cycle. 2015. p. 3220-30.

27) Yousuf M, Shamsi A, Anjum F, Shafie A, Islam A, Haque QMR, et al. Effect of pH onthe structure and function of cyclin-
dependent kinase 6. PLoS One [Internet]. 2022;17(2  February):1-12. Available from:
http://dx.doi.org/10.1371/journal.pone.0263693

28) Baig MH, Yousuf M, Khan MI, Khan I, Ahmad I, Alshahrani MY, et al. Investigating the Mechanism of Inhibition of

IJHMR, Volume 3 Issue 12 December 2024 www.ijhmr.com Page 904



http://www.ijhmr.com/
http://www.mdpi.com/2072-6694/15/8/2300
http://www.mdpi.com/2072-6694/15/8/2300
http://www.mdpi.com/2073-4395/12/9/2217
http://www.mdpi.com/2073-4395/12/9/2217
http://www.hindawi.com/journals/bmri/2018/6413172/
http://pubs.sciepub.com/jfnr/3/10/2/index.html
http://www.nature.com/articles/s41568-022-00456-3
http://www.jcancer.org/v10p5504.htm
http://www.drugsincontext.com/palbociclib-in-
http://dx.doi.org/10.5455/aim.2020.28.170-179
http://dx.doi.org/10.1371/journal.pone.0263693

Potential Role of Bioactive Compounds of Purple Corn as Breast Cancer Drug Candidates Through Inhibition
of Cyclin-Dependent Protein Kinase 6 (Cdk6): An In-Silico Approach

Cyclin-Dependent Kinase 6 Inhibitory Potential by Selonsertib: Newer Insights Into Drug Repurposing. Front Oncol
[Internet]. 2022 May 26;12.Available from:https://www.frontiersin.org/articles/10.3389/fonc.2022.865454/full

29) Corona SP, Generali D. Abemaciclib: a CDK4/6 inhibitor for the treatment ofHR+/HER2&ndash; advanced breast
cancer. Drug Des Devel Ther [Internet]. 2018Feb;Volume 12:321-30. Available from:
https://www.dovepress.com/abemaciclib-a-  cdk46-inhibitor-for-the-treatment-of-hrher2-advanced-bre-peer-reviewed-
article- DDDT

30) Agustin AT, Julianto E, Julianus J, Riranto J. Potential Role of Betel Leaf (Piper betle Water Extract as Antibacterial
Escherichia coli Through Inhibition of p-Ketoacyl- [Acyl Carrier Protein] Synthase I. Trop J Nat Prod Res.
2022;6(11):1802-8.

IJHMR, Volume 3 Issue 12 December 2024 www.ijhmr.com Page 905



http://www.ijhmr.com/
http://www.frontiersin.org/articles/10.3389/fonc.2022.865454/full
http://www.dovepress.com/abemaciclib-a-

