Sintesis dan Penambatan Molekul Senyawa Analog Kurkumin dari Sinamaldehida dengan
1-benzil-4-piperidon serta Aktivitas Sitotoksiknya Terhadap Sel Kanker Payudara T47D
WIDYA RAHMAWATI, Dr. Endang Astuti, M.Si.; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

N Q 5
G0
%Y
UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Abhire, V., Das, D., Mishra, K.P., Kulkarni, G., dan Ackland, L., 2016, Inhibition of The
P53 Y220C Mutant by 1-Hydroxy-2-Methylanthraquinone Derivatives: A Novel
Strategy For Cancer Therapy, J. Environ. Pathol. Toxicol. Oncol.,4(35), 355-364.

Anisa, N.D., Anwar, C., dan Afriyani, H., 2020, Sintesis Senyawa Analog Kurkumin
Berbahan Dasar Veratraldehida dengan Metode Ultrasound, Analit:Analytical and
Environmental Chemistry, 1(5), 74-81.

Anselmo, D.B., Polaquini, C.R., Marques, B.C., Ayusso, G.M., Assis, L.R., Torrezan,
G.S., Rahal, P., Fachin, A.L., Calmon, M.F., Marins, M.A., dan Regasini, L.O.,
2021, Curcumin-Cinnamaldehyde Hybrids as Antiproliferative Agents Against
Women’s Cancer Cells, Med. Chem. Res., 11(30), 2007-2015.

Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R.L., Soerjomataram, I., dan
Jemal, A., 2024, Global Cancer Statistics 2022: GLOBOCAN Estimates of
Incidence and Mortality Worldwide for 36 Cancers in 185 Countries, CA: Cancer
J. Clin., 74, 229-263.

Brown, J.S., Amend, S.R., Austin, R.H., Gatenby, R.A., Hammarlund, E.U., dan Pienta,
K.J., 2023, Updating the Definition of Cancer, Mol. Cancer Res., 11(21), 1142-
1147.

Dawson, S.J., Makretsov, N., Blows, F.M., Driver, K.E., Provenzano, E., Le Quesne, J.,
Baglietto, L., Severi, G., Giles, G.G., Mclean, C.A., dan Callagy, 2010, BCL2 in
Breast Cancer: A Favourable Prognostic Marker Across Molecular Subtypes and
Independent of Adjuvant Therapy Received, Br. J. Cancer, 5(103), 668-675.

Dawoud, N.T.A., El-Fakharany, E.M., Abdallah, A.E., EI-Gendi, H., dan Lotfy, D.R.,
2022, Synthesis, and Docking Studies of Novel Heterocycles Incorporating The
Indazolylthiazole Moiety as Antimicrobial and Anticancer Agents, Sci. Rep.,
12, 1-17.

Debela, D.T., Muzazu, S.G.Y., Heraro, K.D., Ndalama, M.T., Mesele, B.W., Haile,
D.C,, Kitui, S.K., dan Manyazewal, T., 2021, New Approaches and Procedures for
Cancer Treatment: Current Perspectives, SAGE Open Medicine, 9, 1-10.

Dhiwar, P.S., Purawarga Matada, G.S., Pal, R., Singh, E., Ghara, A., Maji, L., Sengupta,
S., dan Andhale, G., 2024, An Assessment Of EGFR and HER2 Inhibitors with
Structure Activity Relationship of Fused Pyrimidine Derivatives for Breast Cancer:
A Brief Review, J. Biomol. Struct. Dyn., 42, 1564-1581.

Dona, R., Sulistyani, N., dan Nurani, L.H., 2016, Uji Sitotoksisitas dan Antiproliferatif

Ekstrak Etanol Daun Leunca (Solanum Nigrum, L) Terhadap Sel Raji,
Pharmaciana, 2(6), 181-190.

42



Sintesis dan Penambatan Molekul Senyawa Analog Kurkumin dari Sinamaldehida dengan
1-benzil-4-piperidon serta Aktivitas Sitotoksiknya Terhadap Sel Kanker Payudara T47D
WIDYA RAHMAWATI, Dr. Endang Astuti, M.Si.; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

GeR
G
UNIVERSITAS
GADJAH MADA 43

Eryanti, Y., Hendra, R., Herlina, T., Zamri, A. dan Supratman, U., 2015. Synthesis of
Curcumin Analogue, NH and N-benzil-4-piperidone and Their Cytotoxic Activity,
Procedia Chemistry, 17, 224-229.

Fan, J., Fu, A., dan Zhang, L., 2019, Progress in Molecular Docking, Quantitative
Biology, 7, 83-89.

Fathima, A.A., Kumaravel, V., Jonathan, D.R., Sadasivam, S.K., Yuvashri, R., dan
Usha, G., 2024, Synthesis, Structural Examination, Molecular Interaction Analysis,
Invitro and Insilico Anticancer Activity Investigation of A New Curcumin
Derivative: 1- (4— Chlorobenzoyl)-3,5-Bis((E)-4-Methoxybenzylidene)Piperidin-
4-0One, Chem. Phys. Impact, 8, 1-12.

Fikroh, R.A., Matsjeh, S., Anwar, C., dan Nurohmah, B.A., 2023, Green Synthesis of
Halogen Substituted Chalcone Against Cervical Cancer (Hela) Cell Lines, Insecta,
1(4), 1-8.

Fitriatuzzakiyyah, N., Sinuraya, R.K., dan Puspitasari, I.M., 2017, Cancer Therapy with
Radiation: The Basic Concept of Radiotherapy and Its Development in Indonesia,
Indones. J. Clin. Pharm, 4(6), 311-320.

Galvao, J., Davis, B., Tilley, M., Normando, E., Duchen, M.R., dan Cordeiro, M.F.,
2014. Unexpected low-dose toxicity of the universal solvent DMSO. FASEB
J., 3(28), 1317-1330.

Gayatri, D., Wardhani, C.T., dan Nuraini, T., 2022, Perbandingan Skoring Kualitas
Hidup Pasien Kanker dengan Menggunakan EORTC QLQ-C30 dan FACT-G, J.
Kes. Vo., 1(7), 61-69.

Goldberg, J., Pastorello, R.G., Vallius, T., Davis, J., Cui, Y.X., Agudo, J., Waks, A.G.,
Keenan, T., McAllister, S.S., Tolaney, S.M., Mittendorf, E.A., dan Guerriero, J.L.,
2021, The Immunology of Hormone Receptor Positive Breast Cancer,
Front. Immunol., 12, 1-22

Gupta, A.P., Khan, S., Manzoor, M.M., Yadav, A.K., Sharma, G., Anand, R., dan Gupta,
S., 2017, Anticancer Curcumin: Natural Analogues and Structure-Activity
Relationship, Stud. Nat. Prod. Chem., 54, 355-401.

Hapsari, N., 2018, Sintesis Analog Kurkumin Monoketon Berbahan Dasar Turunan
Benzaldehida dengan Aseton dan Uji In Vitro Antikanker Terhadap Sel Kanker
Payudara (T47D) dan Serviks (HeLa), Skripsi, Sarjana Kimia Fakultas Matematika
dan llmu Pengetahuan Alam, Universitas Gadjah Mada, Yogyakarta

Hawaiz, F.E. dan Omer, S.D.A., 2017, Ultrasound-assisted Synthesis of Some New
Curcumin Analog and Their Corresponding Pyrazoline Derivatives, 1(5), 30-35.



@Q% Sintesis dan Penambatan Molekul Senyawa Analog Kurkumin dari Sinamaldehida dengan
sy 1-benzil-4-piperidon serta Aktivitas Sitotoksiknya Terhadap Sel Kanker Payudara T47D
@@ WIDYA RAHMAWATI, Dr. Endang Astuti, M.Si.; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.
UNIVERSITAS

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/
GADJAH MADA
! 44

Hidayah, H., Widyaningsih, A., Pangestu, A.D. dan Dewi, S.R., 2023. Literatur Riview:
Flavonoid Activity As an Anti-Cancer Compound., MAHESA: Malahayati Health
Student Journal, 5(3), 1255-1263.

Idowu, S.0., 2021. Lipophilicity Descriptors Correlate Uniquely With Pharmacokinetic
and Blood-Brain Barrier Penetration Parameters For Selected Antipsychotic
Drugs, Afr. J. Biomed. Res., 2(24), 173-179.

Kalontong, P.K., Safithri, M., dan Tarman, K., 2022, Penambatan Molekul Senyawa
Aktif Spirulina platensis sebagai Inhibitor TMPRSS2 untuk Mencegah Infeksi
SARS-COV-2, JPHPI, 2(25), 253-267.

Kazmi, 1., Altayb, H.N., Al-Abbasi, F.A., Alharbi, K.S., Almalki, N.A.R., Moglad, E.,
Al-Qahtani, S.D., Bawadood, A.S., dan Sayyed, N., 2024, Rosiridin Prevents
Cisplatin-Induced Renal Toxicity by Inhibiting Caspase-3/NF-Kb/ Bcl-2 Signaling
Pathways In Rats and In Silico Study, Naunyn-Schmiedeberg’s Arch. Pharmacol.,
1-9.

Koohpar, Z.K., Entezari, M., Movafagh, A. dan Hashemi, M., 2015. Anticancer Activity
of Curcumin on Human Breast Adenocarcinoma: Role of Mcl-1 gene. Iran. J.
Cancer Prev., 8(3).

Lipinski, C. A., Lombardo, F., Dominy, B. W., dan Feeney, P. J., 2001, Experimental
and computational approaches to estimate solubility and permeability in drug
discovery and development settings, Adv. Drug Deliv. Rev., 46, 3-26.

Liu, A.B.E.R.H., 2022, Penambatan Molekul, Sintesis, dan Uji In Vitro Senyawa Analog
Kurkumin Monoketon Berbahan Dasar 3-Klorobenzaldehida Sebagai Antikanker,
Tesis, Pascasarjana Kimia Fakultas Matematika dan Ilmu Pengetahuan Alam,
Universitas Gadjah Mada, Yogyakarta.

Liu, D. dan Chen, Z., 2013, The Effect of Curcumin on Breast Cancer Cells, J. Breast
Cancer, 2(16), 133-137.

Malki, A., Elbayaa, R.Y., Ali, O., Sultan, A. dan Youssef, A.M., 2017. Novel
quinuclidinone derivatives induced apoptosis in human breast cancer via targeting
p53. Bioorganic Chemistry, 72, 57-63.

Marbawati, D. dan Sarjiman, 2015, Konsentrasi Aman Kurkumin dan PGV-0 terhadap
Sel Vero Berdasarkan Hasil Uji Sitotoksik, J. Kefarmasian Indones., 2(5), 67-73.

Mardianingrum, R., Bachtiar, K.R., Susanti, S., Aas Nuraisah, A.N., dan Ruswanto, R.,
2021, Studi In Silico Senyawa 1,4-Naphthalenedione-2-Ethyl-3-Hydroxy sebagai
Antiinflamasi dan Antikanker Payudara, ALCHEMY Jurnal Penelitian Kimia,
1(17), 83-95.



@Q% Sintesis dan Penambatan Molekul Senyawa Analog Kurkumin dari Sinamaldehida dengan
sy 1-benzil-4-piperidon serta Aktivitas Sitotoksiknya Terhadap Sel Kanker Payudara T47D
@@ WIDYA RAHMAWATI, Dr. Endang Astuti, M.Si.; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.
UNIVERSITAS

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/
GADJAH MADA
! 45

Mardianis, Y., Anwar, C., dan Haryadi, W., 2017, Synthesis of Curcumin Analogues
Monoketone From Cinnamaldehyde and Their Inhibition Assay Against Alpha-
Glucosidase Enzyme, J. Sains Dasar, 2(6) 123-132.

Martha, R.D., Wahyuningsih, T.D. dan Anwar, C., 2020. Sintesis Analog Kurkumin 2,
6-Bis-((E)-4-Hidroksi-3-Metoksi Benzilidin)-Sikloheksa-1-On Berbahan Dasar
Vanilin dengan Katalis Hcl, J. Penelit. Saintek., 2(25), 195-204.

Mock, C.D., Jordan, B.C., dan Selvam, C., 2015, Recent Advances of Curcumin and its
Analogues in Breast Cancer Prevention And Treatment, RSC Advances, 5, 75575—
75588.

Mohamed, M., Abrigach, F., Kadiri, S. El, hassane, S.O., Abdellattif, M.H., dan Touzani,
R., 2023, Pyrazole, Idazole and Triazole: In Silico, Docking and ADMET Studies
Against SARS-Cov-2., Material Today:proceedings, 72, 3686—3695.

Mulyati, B. dan Panjaitan, R.S., 2021, Studi Penambatan Molekul Flavonoid Pada
Reseptor a-Glukosidase Menggunakan Plants, Jurnal Kimia Mulawarman, 2(18),
68-76.

Mustika, C.R., Astuti, E., dan Mardjan, M.1.D., 2024, Molecular Docking, Synthesis and
In Vitro Antiplasmodium Assay of Monoketone Curcumin Analogous from
2-Chlorobenzaldehyde, Indones. J. Chem., 3(24), 638-651.

Nicoletto, R.E. dan Ofner, C.M., 2022, Cytotoxic Mechanisms of Doxorubicin at
Clinically Relevant Concentrations in Breast Cancer Cells, Cancer Chemother.
Pharmacol, 3(89), 285-311.

Noviardi, H., Yuningtyas, S., dan Suwarni, D., 2019, Sitotoksisitas Kombinasi Ekstrak
Daun Petai Cina dan Kulit Jengkol Terhadap Sel Kanker Payudara dan Serviks,
Biopropal Industri, 2(10), 109-117.

Nurani, L.H., Widyarini, S., dan Mursyidi, A., 2015, Uji Sitotoksik dan Uji Kombinasi
Fraksi Etil Asetat Ekstrak Etanol Akar Pasak Bumi (Eurycoma Longifolia Jack.,)
dan Doksorubisin Pada Sel Limfosit, J. Trop. Pharm. Chem. 2(3), 138-147.

Oglah, M.K., Mustafa, Y.F., Bashir, M.K., dan Jasim, M.H., 2020, Curcumin and its
Derivatives: A Review ff Their Biological Activities, Syst. Rev. Pharm, 3(11), 472—
481.

Pires, D.E.V., Blundell, T.L., dan Ascher, D.B., 2015, Pkcsm: Predicting Small-
Molecule Pharmacokinetic and Toxicity Properties Using Graph-Based Signatures,
J. Med. Chem., 9(58), 4066—-4072.

Pratama, R.R., Andika, dan Nashihah, S., 2021, Studi Penambatan Molekuler Senyawa
Flavonoid Daun Jambu Biji (Psidium Guajava L.) Terhadap Sars-Cov-2 3cl
Protease, Medical Sains, 1(6), 2548-2114.



Sintesis dan Penambatan Molekul Senyawa Analog Kurkumin dari Sinamaldehida dengan
1-benzil-4-piperidon serta Aktivitas Sitotoksiknya Terhadap Sel Kanker Payudara T47D
WIDYA RAHMAWATI, Dr. Endang Astuti, M.Si.; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

GeR
G
UNIVERSITAS
GADJAH MADA 46

Qian, S., Wei, Z., Yang, W., Huang, J., Yang, Y., dan Wang, J., 2022, The Role of BCL-
2 Family Proteins in Regulating Apoptosis and Cancer Therapy, Front. Oncol., 12,
1-16.

Rahmawari, F., 2024, Penambatan Molekul, Admet, Sintesis Analog Kurkumin
Monoketon Berbahan Dasar N-Metil-4-Piperidon dan Aktivitas Sitotoksik
Terhadap T47d Cell Line, Tesis, Program Pascasarjana Kimia Fakultas Matematika
dan llmu Pengetahuan Alam, Universitas Gadjah Mada, Yogyakarta.

Rahmawati, E.N., Teruna, H.Y., dan Zhamri, A., 2018, Perbedaan Derivatif Dan Analog
Kurkumin, Photon, 9(1), 151-158.

Rodrigues, F.C., Anil Kumar, N. V., dan Thakur, G., 2019, Developments in The
Anticancer Activity Of Structurally Modified Curcumin: An up-to-date review,
Eur. J. Med. Chem, 177, 76-104.

Rodrigues, F.C., Kumar, N.V.A., Hari, G., Pai, K.S.R., dan Thakur, G., 2021, The
Inhibitory Potency of Isoxazole-Curcumin Analogue for The Management of
Breast Cancer: A Comparative In Vitro and Molecular Modeling Investigation,
Chem. Pap., 75, 5995-6008.

Safitri, R.A., Saptarini, O., Sunarni, T., Let, J., dan Sutoyo, J., 2020, Uji Aktivitas
Sitotoksik , Ekspresi p53 mutan , dan Bcl-2 dari Ekstrak Fraksi Herba Kelakai
(Stenochleana palustris (Burm. F.) Bedd.) terhadap Sel Kanker Payudara T47D,
Jurnal Biotek Medisiana Indonesia, 9, 113-127.

Sahu, P.K., 2016, Design, Structure Activity Relationship, Cytotoxicity and Evaluation
of Antioxidant Activity of Curcumin Derivatives/Analogues, Eur. J. Med. Chem.,
121, 510-516.

Sharma, V.K., Nandekar, P.P., Sangamwar, A., Pérez-Sanchez, H., and Agarwal, S.M.,
2016, Structure Guided Design and Binding Analysis of EGFR Inhibiting
Analogues Of Erlotinib and AEE788 Using Ensemble Docking, Molecular
Dynamics And MM-GBSA, RSC Adv., 70(6), 65725-65735.

Singh, A., Singh, J.V., Rana, A., Bhagat, K., Gulati, H.K., Kumar, R., Salwan, R.,
Bhagat, K., Kaur, G., Singh, N. dan Kumar, R., 2019. Monocarbonyl Curcumin-
Based Molecular Hybrids As Potent Antibacterial Agents. ACS omega, 7(4),
11673-11684.

Soleimani, M. dan Sajedi, N., 2020, Myricetin Apoptotic Effects on T47D Breast Cancer
Cells is a P53-Independent Approach, Asian Pac. J. Cancer Prev., 12( 21), 3697—
3704.

Stanzione, F., Giangreco, l., dan Cole, J.C., 2021, Use of Molecular Docking
Computational Tools In Drug Discovery, Prog. Med. Chem., 60, 273-343.



Sintesis dan Penambatan Molekul Senyawa Analog Kurkumin dari Sinamaldehida dengan
1-benzil-4-piperidon serta Aktivitas Sitotoksiknya Terhadap Sel Kanker Payudara T47D
WIDYA RAHMAWATI, Dr. Endang Astuti, M.Si.; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

GeR
G
UNIVERSITAS
GADJAH MADA 47

Sun,Y.S., Zhao, Z., Yang, Z.N., Xu, F., Lu, H.J., Zhu, Z.Y., Shi, W., Jiang, J., Yao, P.P.,
dan Zhu, H.P., 2017, Risk Factors and Preventions of Breast Cancer,
Int. J. Biol. Sci., 11(13), 1387-1397.

Tomeh, M.A., Hadianamrei, R., dan Zhao, X., 2019, A Review of Curcumin and its
Derivatives as Anticancer Agents, Int. J. Mol. Sci., 5(20), 1033.

Tripathi, A. dan Bankaitis, V.A., 2018, Molecular Docking: From Lock and Key to
Combination Lock, J. Mol. Med. Clin. Appl., 1(2), 1-19.

Wang, H., Guo, M., Wei, H., dan Chen, Y., 2023, Targeting p53 Pathways: Mechanisms,
Structures, and Advances In Therapy, Signal Transduct.Target. Ther., 1(8), 1-35.

Wee, P. dan Wang, Z., 2017, Epidermal Growth Factor Receptor Cell Proliferation
Signaling Pathways, Cancers, 5(9), 1-45.

Wu, W.K.K., Wang, X.J., Cheng, A.S.L., Luo, M.X.M., Ng, S.S.M., To, K.F., Chan,
F.K.L., Cho, C.H., Sung, J.J.Y., dan Yu, J., 2013, Dysregulation and Crosstalk of
Cellular Signaling Pathways in Colon Carcinogenesis, Critical Reviews in
Oncology/Hematology, 3(86), 251-277.

Wulandari, F., Novitasari, D., Kirihata, M., Kato, J.Y., dan Meiyanto, E., 2020, New
Curcumin Analog, CCA-1.1, Synergistically Improves the Antiproliferative Effect
of Doxorubicin Against T47D Breast Cancer Cells, Indones. J. Pharm., 244-256.

Yu, S., Kim, T., Yoo, K.H., and Kang, K., 2017, The T47D Cell Line is An Ideal
Experimental Model to Elucidate The Progesterone-Specific Effects of A Luminal
A Subtype of Breast Cancer, Biochem. Biophys. Res. Commun., 3(486), 752—758.

Yuan, X., Li, H., Bai, H., Su, Z., Xiang, Q., Wang, C., Zhao, B., Zhang, Y., Zhang, Q.,
Chu, Y., dan Huang, Y., 2014, Synthesis of Novel Curcumin Analogues for
Inhibition of 11p-Hydroxysteroid Dehydrogenase Type 1 with Anti-Diabetic
Properties, Eur. J. Med. Chem, 77, 223-23.



