10.

11.

DAFTAR PUSTAKA
world health organization. WHO Cancer. 2018;

Kementerian Kesehatan Republik Indonesia. infodatin pusat dasar. badan
penelitian dan pengembangan kesehatan kementerian kesehatan RI. badan

penelitian dan pengembangan kesehatan kementerian kesehatan RI. 2018;

Kementerian Kesehatan Republik Indonesia. riset kesehatan dasar. badan

penelitian dan pengembangan kesehatan kementerian kesehatan RI. 2015;

Nafrialdi. Farmakologi dan terapi edisi 5. Jakarta: Gaya Bar.
DepartemenFarmakologi “dan’ TerapeutlkFakultasKedokteran -Universitas

IndonesiaJakarta; 2007. 732 p.
Lumongga Fitriani. apoptosis. universitas sumatera utara; 2008.

Rastogi RP, Richa, Sinha RP. Apoptosis: Molecular mechanisms and
pathogenicity. EXCLI J. 2009;8:155-81.

Herdiana Y, Wathoni N, Shamsuddin S, Muchtaridi M. a-Mangostin
nanoparticles cytotoxicity and cell death modalities in breast cancer cell

lines. Molecules. 2021;26(17):1-16.

Lee HN, Jang HY, Kim HJ, Shin SA, Choo GS, Park YS, et al. Antitumor
and apoptosis-inducing effects of a-mangostin extracted from the pericarp
of the mangosteen fruit (Garcinia mangostana L.) in YD-15 tongue

mucoepidermoid carcinoma cells. Int J Mol Med. 2016;37(4):939-48.

Zhu X, Li J, Ning H, Yuan Z, Zhong Y, Wu S, et al. a-Mangostin Induces
Apoptosis and Inhibits Metastasis of Breast Cancer Cells via Regulating
RXRa-AKT Signaling Pathway. Front Pharmacol. 2021;12(August):1-11.

Putra PP, Fauzana A, Lucida H. In Silico Analysis of Physical-Chemical
Properties, Target Potential, and Toxicology of Pure Compounds from

Natural Products. Indones J Pharm Sci Technol. 2020;7(3):107.

Pratama, Andri; Rifai, Yusnita, Marzuki A. Dibromometilsesamin.

Docking senyawa Mol Dibromometilsesamin. 2017;21(3):67-9.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Adelin T, - F, Aliza D. Penambatan Molekuler Kurkumin Dan Analognya
Pada Enzim Siklooksigenase-2. ] Med Vet. 2013;7(1).

Asasutjarit R, Meesomboon T, Adulheem P, Kittiwisut S, Sookdee P,
Samosornsuk W, et al. Physicochemical properties of alpha-mangostin

loaded nanomeulsions prepared by ultrasonication technique. Heliyon.

2019;5(9):e02465.

Ibrahim MY, Hashim NM, Mariod AA, Mohan S, Abdulla MA,
Abdelwahab SI, et al. a-Mangostin from Garcinia mangostana Linn: An

updated review of itspharmacological properties. Arab J Chem.

2016;9(3):317-29.' ™

Muchtaridi M, Wijaya CA. Anticancer potential of a-mangostin. Asian J
Pharm Clin Res. 2017;10(12):440-5.

Idawati, Sri, Aliefman Hakim Ya. Isolasi a-Mangostin Dari Kulit Buah
Manggis ( Garcinia Mangostana L.) Dan Uji Aktivitas Antibakteri
Terhadap Bacilus cereus.[2018;4:118-22.

Chi X, Hou B, Yang L,'Zi C, Lv Y, Li J, Et Al. Design , Synthesis And
Cholinesterase Inhibitory Activity Of a -mangostin Derivatives. Nat Prod
Res [Internet]. 2018;0(0):1-9.

American Cancer Society. Cancer Fact & Figures 2020. 2020;
GLOBOCAN! United States Of America Cancer. Prevalence. 2018;

(Riskesdas) RKD. Badan Penelitian dan Pengembangan Kesehatan
Kementerian RI. 2018;

national cancer institute. What Is Cancer? U.S. National Institutes of Health.

2009;
Crosta P. What is cancer? Medical News Today. 2010;

Hanahan, D., Weinberg R. Hallmarks of Cancer: An Organizing Principle
for Cancer Medicine’ in Cancer Principles & Practice in Oncology, eds.

Devita, V., Lawrence, T., Rosenberg, S., Wolters Kluwer, Philadelphia, pp.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

2019;159-90.

Amin, M. and Edge S. AJCC Cancer Staging Manual, 8th ed., American
College of Surgeons, Chicago. 2018;3-30.

Amin, M. and Edge S. AJCC Cancer Staging Manual, 8th ed. Chicago:
American College of Surgeons; 2018. 3-30 p.

Perez HL, Banfi P, Bertrand J, Cai ZW, Grebinski JW, Kim K, et al.
Identification of a phenylacylsulfonamide series of dual Bcl-2/Bcl-xL
antagonists. Bioorganic Med Chem Lett. 2012;22(12):3946-50.

Watuguly TW, Samsuria “IK. 'Aspek 'Dasar Molekuler: Proliferasi dan
Apoptosis. 2018. p. 1,22-30.

Eom YH, Kim HS, Lee A, Song BJ, Chaec BJ. BCL2 as a Subtype-Specific
Prognostic Marker For Breast Cancer. J Breast Cancer. 2016;19(3):252—-60.

Youle RJ, Strasser A. The BCL-2 Protein Family: Opposing Activities That
Mediate Cell Death. Nat Rev Mol Cell Biol. 2008;9(1):47-59.

Mooney LM, Al-Sakkaf KA, Brown BL, Dobson PRM. Apoptotic
Mechanisms in T47D and MCF-7 Human Breast Cancer Cells. Br J Cancer.
2002;87(8):909—17.

Diantini. Sitotoksisitas Kombinasi Ekstrak Puspa ( Schiima wallichii ).

2013;3(1).

Lipinski CA, Loﬁbardo F, Dominy BW, Feeney PJ. Experimental and
Computational Approaches To Estimate Solubility And Permeability In
Drug Discovery And Development Settings. Adv Drug Deliv Rev.
2012;64(SUPPL.):4-17.

Cheng T, Fan T, Wang L. Genetic Constrained Graph Variational
Autoencoder for COVID-19 Drug Discovery. 2021; Available from:
http://arxiv.org/abs/2104.11674

Siswandono Bambang Soekarjdjo. Kimia Medisinal. Surabaya: Airlangga

University Press.; 2000.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Siswandono, Soekardjo B. Kimia Medisinal.Edisi Kedua. Surabaya:

Airlangga University Press; 2000.

Kesuma, D., Siswandono. P. wuji Insilico Aktivitas Sitotoksik Dan
Toksisitas Senyawa Turunan N-(Benzoil)-N - Feniltiourea Sebagai Calon

Obat Antikanker. J Pharm Sci Clin Res BT Hardjon s. 1.

Azizah RN, Alam G, Rifai Y, Lethe C. Aplikasi Komputasi Kimia Dalam
Analisis Hubungan Kuantitatif Struktur-Aktivitas (Hksa) Dari Senyawa
Aktif Antibakteri Analog N-Alkil Imidazol Pada Bakteri (Staphilococcus
Aureus) Dengan Parameter Elektronikmetode Austin Model (Am 1). J Ilm
As-Syifal 22013 3D YFE

Lokhande KB, Nagar S, Swamy KV. Molecular Interaction Studies Of
Deguelin And Its Derivatives With Cyclin D1 And Cyclin E In Cancer Cell
Signaling Pathway: The Computational Approach. Sci Rep. 2019;9(1):1-13.

Rajendran V, Sethumadhavan R. Drug Resistance Mechanism Of Pnca In

Mycobacterium Tuberculesis. J Biomol Struct Dyn. 2014;32(2):209-21.

Ishola AA, Adewole KE." Phytosterols And Triterpenes From Morinda
Lucida Benth. Exhibit Binding Tendency Against Class I HDAC and
HDACT7 Isoforms. Mol Biol Rep. 2019;46(2):2307-25.

Hardjono S. Modifikasi Struktur 1-(Benzoiloksi)urea dan Hubungan
Kuantitatif ;Struktur-Aktivitas .| Sitotoksiknya. Disertasi.- 2012;(Fakultas

Sains dan Teknologi. Universitas Airlangga. Surabaya).

Mutia. Aktivitas Inhibisi Senyawa Seskuiterpen Lakton dari Daun Afrika
( Vernonia amygdalina Del .) Terhadap Ekspresi EGFR , VEGFR dan PI3K.
2018;

Troott, O., and Olson AJ. Software News and Update Autodock Vina:
Improving the Speed and Accuracy of Docking with a New Scoring
Function, Efficient Optimazation, and Multhreading. J Comput Chem.
2009;31:2.

Widodo, Didik H. U., Anggia N. R., Alfiatur H. & AF. Cara Mudah

4



45.

46.

47.

48.

49.

50.

51.

52.

Melakukan Docking Dengan PyRx (Autodock Vina). 2018;(Malang :
Global Science.).

Pires, Douglas E. V. TLB and DBA. pkCSM: Predicting Small-Molecule
Pharmacokinetic and Toxicity Properties Using Graph-Based Signatures. J
Med Chem. 58(9):4066-72.

Pak MA, Markhieva KA, Novikova MS, Petrov DS, Vorobyev IS,
Maksimova ES, et al. Using Alphafold To Predict The Impact Of Single
Mutations On  Protein  Stability = And  Function.  bioRxiv.
2021;2021.09.19.460937.

Jumper J, Evans R, Pritzel A, Green T, Figurndv M, Ronneberger O, et al.
Highly Accurate Protein Structure Prediction With AlphaFold. Nature.
2021;596(7873):583-9.

Mirdita M, Ovchinnikov S, Steinegger M. ColabFold - Making protein
Folding Accessible To All. bioRxiv. 2021. p. 2021.08.15.456425.

Marcou G and Rognan D. Optimizing Fragment And Scaffold Docking By
Use Of Molecular Interaction Fingerprints. J Chem Inf Model.
2007;47(1):195-207.

Sari IW, * J, Dina Pratiwi. Studi Molecular Docking Senyawa Flavonoid
Herba Kumis Kucing (Orthosiphon Stamineus B) Pada Reseptor Alfa
Glukosidase Sebagai Antidiabetes Tipe 2. 2020;VII(2):54-60.

Prasetiawati R, Permana B, Soni D, Agung SN. Molecular Docking Study
of Xanthone Derivative Compound Of Mangosteen Rind (Garcinia
mangostana L.) to ER-a (Estrogen Receptor Alfa) and ER-b (Estrogen
Receptor Beta) as Anti-Breast Cancer. J Ilm Farm Bahari [Internet].

2017;10(1):45-52. Available from: http://www.rscb.org/pdb/,

Sakti Purwanto D, Susanti H, Sugihartini N. Docking Molekuler Potensi
Anti Inflamasi Quersetin Daun Kelor (Moringa oleifera L.) dengan
Autodock-Vina. 2021;4(2):309-13. Available from:
http://jurnal.umpar.ac.id/index.php/makes



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Jaghoori, M.M., Bleijlevens, B., and Olabarriaga SD. 1001 Ways to run
AutoDock Vina for virtual screening. J Comput Aided Mol Des. 2016;30
(3):237-249.

Desiraju. G. R. TS. The Weak Hydrogen Bond In Structural Chemistry
And Biologycal. India: University of Hyderabad Pass; 1999.

Xiao, W., Wang, D., Shen, Z., Li, S., and Ling H. Multi-Body Interactions
in Molecular Docking Program Devised with Key Water Molecules in

Protein Binding Sites. Molecules. 2018;23 (9):1-22.

Abdullah_SS, Putra PP, Antasionastiy, I,; Suoth EJ, Putri R, Abdullah I.
Analisis = Sifat Fisikokimia |, Farmakokinetik Dan Toksikologi Pada
Pericarpium Pala ( Myristica Fragransa ) Secara Artificial Intelligence.

2021;14(2).

Morris GM, Lim-Wilby M. Molecular docking. Methods Mol Biol.
2008;443(1):365-82.

Sundarti LW. Proton Pada Model Membran Komposit Kitosan / Asam
Fosfotungstat Untuk Sistem Direct Methanol Fuel Cell ( Dmfc ) The
Theoretical Study Of Proton Transport Mechanism In A Composite
Membrane Of Chitosan / Phosphotungstic Acid For Direct Methanol Fuel
Cell. 2017;

Dias, R.; de Azevedo, W.F. Molecular, Docking Algorithms. Curr Drug
Target. 2008;9: 1040-7.

L ferencz ML. Identification Of New Superwarfarin-Type Rodenticides By
Structural Similarity. The Docking Of Ligand On The Vitamin K Epoxide
Reductase Enzymes Active Site. 2015;

yahalom. R., Reshef, D., Wiener, A., Frankel, kalisman N. structure-Based
Identification Of Catalytic Residues Protein. 79:1952-63.

Simamora R.E.M. Penambatan Molekul Senyawa Katekin serta
Turunannya Pada Teh Hijau Terhadap Protein Fat Mass Obesity (FMO).

Fakultas Matematika dan Ilmu Pengetahuan Alam Institut Pertanian Bogor;



63.

64.

65.

66.

2015.

Scheiner S, Kar T, Pattanayak J. Comparison Of Various Types Of
Hydrogen Bonds Involving Aromatic Amino Acids. J Am Chem Soc.
2002;124(44):13257-64.

Gomez-Jeria J-S, Robles-Navarro A, Kpotin G, Garrido-Saez N, Nelson G-
D. Some Remarks About The Relationships Between The Common
Skeleton Concept Within The Klopman-Peradejordi-Gomez QSAR Method
And The Weak Molecule-Site Interactions. Chem Res J. 2020;5(2):32-52.

wan-ru zhuang, yi wang;, pengsfei sicuis, Applications of n-m stacking

Interactions In The Design Of Drug-Delivery Systems. 2019;294:311-26.

Damnjanovic 1, Stojanovic S. Possible molecular mechanisms and
pathways involved in BH3 mimetic activity of alpha-lipoic acid on human
colon cancer cell line Possible Molecular Mechanisms And Pathways
Involved In Bh3 Mimetic Activity Of Alpha-Lipoic Acid On Human.
2019;(April).



LAMPIRAN

Lampiran 1. Skema Alur Penelitian

Pencarian Dan Pengunduhan Struktur
Protein BCL-2 dari (www.rcsb.org)

disimpan dalam format.pdb

[

Analisis Pelipatan Protein Menggunakan
Artificial Intelligence Alphafold

{

Pemisahan Native ligan dengan
makromolekul menggunakan
Discovery Studio Visualizer

|

Preparasi protein dan ligan dengan
penambahan hydrogen dan gesteiger
menggunakan Autodock Tools lalu
disimpan dalam format.pdbqt

g

Pembuatan gridbox dan
simulasi docking protein
dengan ligan asli




Struktur senyawa alfa mangostin dan turunannya

digambar dengan menggunakan perangkat lunak

MarvinSketch dan simpan dengan format .mol2

4

Prediksi ADME alfa Mangostin  dan
Turunannya menggunakan pkCSM online tool

J

Optimasi Senyawa Alfa Mangostin

Dan Turunannya aplikasi Avogadro

g

Preparasi Ligan Uji Alfa Mangostin

dan turunannya dengan penambahan

hydrogen dan gesteiger
Ligan uji yang telah dipreparasi protein dan ligan yang telah
dalam format.pdbqt dipreparasi dalam format.pdbqt

{

Docking molekuler
menggunakan Autodock

g

Visualisasi hasil penambatan
menggunakan Discovery
Studio Visualizer




Lampiran 2. Hasil Prediksi ADMET Senyawa Alfa Mangostin Dan Derivate-Derivatnya Menggunakan Aplikasi Pkcsm

Online Tool

Absorbsi
Senyawa Water Caco2 Permeability! ‘Human Intestinal absorbtion P glycoprotein
Solubility (nm/detik) (%)
Alfa -3,805 32,0495 94,512077 Iya
Mangostin
Derivate 1 -3,345 19,5148 92,154716 Iya
Derivate 2 -3,299 18,0842 Iya
75,578992
Derivate 3 -3,664 15,6202 75,578994 Iya
Derivate 4 -3,482 19,2653 | © Iya
90,526822
Derivate 5 -3,531 16,6669 65,352246 Iya
Derivate 6 -3,457 19,289 89,902085 Iya
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Distribusi

Senyawa vd BBB Permeability | Plasma Protein Binding
(log L/kg)

Alfa 0,224 5,34046 97,422116
Mangostin D O] \ AT .
Derivate | 0,175 UNLY —% ~96,119689

4,06151
Derivate 2 -0,01 92,760335
0,27538
Derivate 3 -0,044 91,738860
0,346757
Derivate 4 -0,046 0,485304 91,288943
Derivate 5 0,319 0,0549358
73,215917
Derivate 6 -0,255 0,663653
95,680779
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Metabolisme

Senyawa | CYP3A4 | CYPD6 CYP2C9 | CYP2C19

Inhibition | Inhibition | Inhibition | Inhibition
Alfa Iya Tidak Iya IyaVERS

Mangosti :

n

Derivate | Iya Tidak Iya Iya

1

Derivate | Iya Tidak Iya Iya

2

Derivate | Iya Tidak Iya Iya

3

Derivate | Iya Tidak Iya Iya

4

Derivate | Iya Tidak Iya Iya

5

Derivate | Iya Tidak Iya Iya

6

ITAS

12

Ekskresi

Senyawa | Total Renal
Clearance OCT2
(Log Substrate
MI1/Min/Kg)

Alfa 0,557 Tidak

Mangostin

Derivate 1 | 0,017 Tidak

Derivate 2 | 0,091 Tidak

Derivate 3 | 0,044 Tidak

Derivate 4 | 0,461 Tidak

Derivate 5 | -0,264 Tidak

Derivate 6 | 0,445 Tidak




Lampiran 3. Visualisasi Hasil 2D Interaksi Senyawa Alfa Mangostin dan

Derivate-Derivat Alfa Mangostin Terhadap Makromolekul 4IEH

Nama senyawa Visualisasi 2D
Alfa mangostin ARE
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Derivate 3 alfa mangostin
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Derivate 6 alfa mangsotin
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Lampiran 4. Visualisasi Hasil 2D Interaksi Senyawa Alfa Mangostin dan
Derivate-Derivat Alfa Mangostin Terhadap Makromolekul 4AQ3

Nama senyawa

Visualisasi 2D

Alfa mangostin

K
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Derivate 1 alfa
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Derivate 2 alfa mangostin
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Derivate 5 alfa mangostin
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