Sintesis, Penambatan Molekul, dan Uji Sitotoksik Senyawa Nanosuspensi Analog Kurkumin
1-benzil-3,5-bis(3,4-dimetoksibenzilidin)-4-piperidon sebagai Kandidat Antikanker Payudara
Nova Hafizha Aulia Rachmawati, Dr. Endang Astuti, M.Si. ; Prof. Drs. Jumina, Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Agu, P. C., Afiukwa, C. A., Orji, O. U., Ezeh, E. M., Ofoke, 1. H., Ogbu, C. O.,
Ugwuja, E. L., & Aja, P. M. 2023. Molecular Docking as a Tool for the
Discovery of Molecular Targets of Nutraceuticals in Diseases Management.
Sci. Rep., 13(1), 1-18.

Astuti, E., Joko Raharjo, T., Makmur Boangmanalu, P., Satria Raditya Putra, 1.,
Satria Wira Waskitha, S., & Solin, J. 2021. Synthesis, Molecular Docking,
and Evaluation of Some New Curcumin Analogs as Antimalarial Agents.
Indones. J. Chem., 21(2), 452-461.

Astuti, E., Kultsum, J. A., Aulia, Z., Rahmawari, F., Gurning, K., Triono, S.,
Haryadi, W., & Pranowo, H. D. 2025. Synthesis of Three Novel Curcumin
Analog Compounds and Their Activity Tests Against Breast Cancer Based on
In Vitro, Network Pharmacology, and Molecular Docking Assessments. J.
Appl. Pharm. Sci., 15(10), 68—80.

Astuti, E., Rahmawari, F., Gurning, K., Kultsum, J. A., Aulia, Z., Triono, S.,
Wahyuningsih, T. D., Haryadi, W., Pranowo, H. D., Astuti, E., Rahmawari,
F., Gurning, K., Kultsum, J. A., Aulia, Z., Triono, S., Wahyuningsih, T. D.,
Haryadi, W., & Pranowo, H. D. 2025. Synthesis and Exploration of Breast
Cancer Agent from Curcumin Analogs Based on 3-Benzyloxybenzaldehyde.
J. King Saud Univ. Sci., 37(8), 1-11.

Astuti, E., Rahmawati, H. A., Aqilah, &, & Latiifah, H. 2026. Synthesis and In
Vitro Evaluation of Curcumin Analog Compunds Derived from p-
Dimethylaminobenzaldehyde on Vero and T47D Cell Lines, and In Silico
Studies on EGFR, Bcl-2, and p53 Mutant Proteins. /nt. J. Chem., 18(1), 51—
62.

Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R. L., Soerjomataram, 1., &
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(3), 229-263.

Clusan, L., Ferriére, F., Flouriot, G., & Pakdel, F. 2023. A Basic Review on
Estrogen Receptor Signaling Pathways in Breast Cancer. Int. J. Mol. Sci.,
24(7), 1-19.

Danaei, M., Dehghankhold, M., Ataei, S., Hasanzadeh Davarani, F., Javanmard,
R., Dokhani, A., Khorasani, S., & Mozafari, M. R. 2018. Impact of Particle
Size and Polydispersity Index on the Clinical Applications of Lipidic
Nanocarrier Systems. Pharmaceutics, 10(2), 57.

Das, D. R., Kumar, D., Kumar, P., & Dash, B. P. 2020. Molecular Docking and its
Application in Search of Antisickling Agent from Carica Papaya. J. Appl.
Biol. Biotechnol., 8(1), 105-116.

44



Sintesis, Penambatan Molekul, dan Uji Sitotoksik Senyawa Nanosuspensi Analog Kurkumin
1-benzil-3,5-bis(3,4-dimetoksibenzilidin)-4-piperidon sebagai Kandidat Antikanker Payudara
Nova Hafizha Aulia Rachmawati, Dr. Endang Astuti, M.Si. ; Prof. Drs. Jumina, Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

GADJAH MADA
) 45

Elanthendral, G., Shobana, N., Meena, R., P, P., & Samrot, A. V. 2021. Utilizing
Pharmacological Properties of Polyphenolic Curcumin in Nanotechnology.
Biocatal. Agric. Biotechnol., 38, 1-17.

Elmowafy, M., Shalaby, K., Al-Sanea, M. M., Hendawy, O. M., Salama, A.,
Ibrahim, M. F., & Ghoneim, M. M. 2021. Influence of Stabilizer on the
Development of Luteolin Nanosuspension for Cutaneous Delivery: An In
Vitro and In Vivo Evaluation. Pharmaceutics, 13(11), 1812.

Fikroh, R., Matsjeh, S., Anwar, C., & Nurohmah, B. 2023. Green Synthesis of
Halogen Substitued Chalcone Against Cervical Cancer (HeLa) Cell Lines.
INSECTA, 4(1), 1-8.

Gao, Y., Li, Z., Sun, M., Guo, C., Yu, A., Xi, Y., Cui, J., Lou, H., & Zhai, G. 2011.
Preparation and Characterization of Intravenously Injectable Curcumin
Nanosuspension. Drug Deliv., 18(2), 131-142.

Govindammal, M., Prasath, M., Kamaraj, S., Muthu, S., & Selvapandiyan, M.
2021. Exploring the Molecular Structure, Vibrational Spectroscopic,
Quantum Chemical Calculation and Molecular Docking Studies of Curcumin:
A Potential PI3K/AKT Uptake Inhibitor. Heliyon, 7(4), 1-15.

He, Y., Sun, M. M., Zhang, G. G., Yang, J., Chen, K. S., Xu, W. W., & Li, B. 2021.
Targeting PI3K/Akt Signal Transduction for Cancer Therapy. Signal
Transduct. Target Ther., 6(1), 1-17.

Huang, L., Hu, W., Yue, P., Liao, Y., Chen, H., & Chen, Y. 2025. Development
and Evaluation of Tween-80 Modified Breviscapine Nanocrystals for
Enhanced Oral Absorption. J. Drug Deliv. Sci. Technol., 107, 1-13.

Jacob, S., Nair, A. B., & Shah, J. 2020. Emerging Role of Nanosuspensions in Drug
Delivery Systems. Biomater. Res., 24(3), 1-16.

Jessica, M. A., Budiati, T., & Caroline. 2025. Pengaruh Gugus Hidroksi pada
Sintesis Senyawa 4,4’-Dihidroksibenzalaseton dan Aktivitasnya sebagai
Antioksidan. J. Pharm. Sci. Pract., 12(1), 54—63.

Jia, Z., Li, J., Gao, L., Yang, D., & Kanaev, A. 2023. Dynamic Light Scattering: A
Powerful Tool for In Situ Nanoparticle Sizing. Colloids Interfaces, 7(1), 15.

Kaur, K., Al-Khazaleh, A. K., Bhuyan, D. J,, Li, F., & Li, C. G. 2024. A Review
of Recent Curcumin Analogues and Their Antioxidant, Anti-Inflammatory,
and Anticancer Activities. Antioxidants, 13(9), 1-34.

Kesisoglou, F., Panmai, S., & Wu, Y. 2007. Nanosizing — Oral Formulation
Development and Biopharmaceutical Evaluation. Adv. Drug Deliv. Rev.,
59(7), 631-644.

Liu, H., He, S., Wang, T., Orang-Ojong, B., Lu, Q., Zhang, Z., Pan, L., Chai, X.,
Wu, H., Fan, G., Zhang, P., Feng, Y., Song, Y. S., Gao, X., Karas, R. H., &
Zhu, Y. 2018. Selected Phytoestrogens Distinguish Roles of ERa
Transactivation and Ligand Binding for Anti-Inflammatory Activity.
Endocrinology, 159(9), 3351-3364.



Sintesis, Penambatan Molekul, dan Uji Sitotoksik Senyawa Nanosuspensi Analog Kurkumin
1-benzil-3,5-bis(3,4-dimetoksibenzilidin)-4-piperidon sebagai Kandidat Antikanker Payudara
Nova Hafizha Aulia Rachmawati, Dr. Endang Astuti, M.Si. ; Prof. Drs. Jumina, Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA 46

Lubis, I. A., & Bestari, R. 2023. Evaluasi Aktivitas Sitotoksik dan Indeks
Selektivitas Daun Afrika (Vernonia amygdalina) terhadap Model Sel Kanker
Kolon Secara In Vitro. BEST, 6(2), 675—681.

Lukasiewicz, S., Czeczelewski, M., Forma, A., Baj, J., Sitarz, R., & Stanistawek,
A. 2021. Breast Cancer—Epidemiology, Risk Factors, Classification,
Prognostic Markers, and Current Treatment Strategies—An Updated Review.
Cancers, 13(17), 1-30.

Martis, E. A. F., & Téletchéa, S. 2025. Ten Quick Tips to Perform Meaningful and
Reproducible Molecular Docking Calculations. PLOS Comput. Biol., 21(5),
1-18.

MaruYama, T., Yamakoshi, H., Iwabuchi, Y., & Shibata, H. 2023. Mono-Carbonyl
Curcumin Analogs for Cancer Therapy. Biol. Pharm. Bull., 46(6), 756-763.

Masand, V. H., Al-Hussain, S. A., Alzahrani, A. Y., Al-Mutairi, A. A., Hussien, R.
A., Samad, A., & Zaki, M. E. A. 2024. Estrogen Receptor Alpha Binders for
Hormone-Dependent Forms of Breast Cancer: e-QSAR and Molecular
Docking Supported by X-ray Resolved Structures. ACS Omega, 9(14),
16759-16774.

Mayo, B., Penroz, S., Torres, K., & Simo6n, L. 2024. Curcumin Administration
Routes in Breast Cancer Treatment. Int. J. Mol. Sci., 25(21), 1-21.

Mohankumar, K., Pajaniradje, S., Sridharan, S., Singh, V. K., Ronsard, L.,
Banerjea, A. C., Benson, C. S., Coumar, M. S., & Rajagopalan, R. 2014.
Mechanism of Apoptotic Induction in Human Breast Cancer Cell, MCF-7, by
an Analog of Curcumin in Comparison with Curcumin — An In Vitro and In
Silico Approach. Chem. Biol, Interact., 210(1), 51-63.

Miiller, R. H., Jacobs, C., & Kayser, O. 2001. Nanosuspensions as Particulate Drug
Formulations in Therapy: Rationale for Development and What We Can
Expect for the Future. Adv. Drug Deliv. Rev., 47(1), 3—19.

Oztiirk, K., Kaplan, M., & Calis, S. 2024. Effects of Nanoparticle Size, Shape, and
Zeta Potential on Drug Delivery. Int. J. Pharm., 666, 1-17.

Prasetyaningrum, P. W., Bahtiar, A., & Hayun, H. 2018. Synthesis and
Cytotoxicity Evaluation of Novel Asymmetrical Mono-Carbonyl Analogs of
Curcumin (AMACSs) against Vero, HeLa, and MCF7 Cell Lines. Sci. Pharm.,
86(2), 1-13.

Purkayastha, H. D., & Hossian, S. K. 1. 2019. Nanosuspension: A Modern
Technology Used in Drug Delivery System. Int. J. Curr. Pharm. Res., 11, 1—
3.

Putri, I. B. P. 2023. Penambatan Molekuler terhadap Enzim PfENR, Sintesis
Senyawa Analog Kurkumin Berbahan Dasar 3,4-Dimetoksibenzaldehida
dengan Variasi Keton, dan Uji In Vitro sebagai Antiplasmodium. Skripsi,
Departemen Kimia FMIPA UGM, Yogyakarta.



UNIVERSITAS
GADJAH MADA

Nova Hafizha Aulia Rachmawati, Dr. Endang Astuti, M.Si. ; Prof. Drs. Jumina, Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

47

Renggana, H., Sadino, A., Susanti, R., Rahmi, & Sujana, D. 2022. Sitotoksisitas
Ekstrak Etanol dan Fraksi-Fraksi Daun Pepaya (Carica papaya L.) terhadap
Sel Kanker Prostat DU 145 dengan Metode MTT Assay. Med. Sains, 7(2),
119-128.

Roy, P. S., & Saikia, B. J. 2016. Cancer and Cure: A Critical Analysis. Indian J.
Cancer, 53(3), 441-442.

Saghatelyan, T., Tananyan, A., Janoyan, N., Tadevosyan, A., Petrosyan, H.,
Hovhannisyan, A., Hayrapetyan, L., Arustamyan, M., Arnhold, J., Rotmann,
A. R., Hovhannisyan, A., & Panossian, A. 2020. Efficacy and Safety of
Curcumin in Combination with Paclitaxel in Patients with Advanced,
Metastatic Breast Cancer: A Comparative, Randomized, Double-blind,
Placebo-Controlled Clinical Trial. Phytomedicine, 70, 1-19.

Sancha, S. A. R., Szemerédi, N., Spengler, G., & Ferreira, M. J. U. 2023. Lycorine
Carbamate Derivatives for Reversing P-glycoprotein-Mediated Multidrug

Resistance in Human Colon Adenocarcinoma Cells. Int. J. Mol. Sci., 24(3),
1-22.

Sari, Y. P., Ali, H., & Asri, A. 2018. Identifikasi Ekspresi Gen Myc pada Subkultur
MCF-7 Breast Cancer Cell Line dengan Sel Punca. J. Kesehat. Andalas, 7(3),
424-429.

Sedov, I. A., & Zuev, Y. F. 2025. Protein—Ligand Interactions: Recent Advances
in Biophysics, Biochemistry, and Bioinformatics. Int. J. Mol. Sci., 26(19), 1—
5.

Sholikhah, E. N., Jumina, Widyarini, S., Hadanu, R., & Mustofa. 2018. In Vitro
Anticancer Activity of N-Benzyl 1,10-Phenanthroline Derivatives on Human
Cancer Cell Lines and Their Selectivity. Indones. J. Biotechnol., 23(2), 68—
73.

Tefa, M., Yudhawardana, H., Jewaru, A. A. L., & Maubuthy, M. S. K. 2025.
Memahami T1 dan T2 melalui Pulsed NMR. JURRIMIPA, 4(2), 62—74.

Telang, N. T. 2022. The Divergent Effects of Ovarian Steroid Hormones in the
MCF-7 Model for Luminal A Breast Cancer: Mechanistic Leads for Therapy.
Int. J. Mol. Sci., 23(9), 1-13.

Tran, V., Kim, R., Maertens, M., Hartung, T., & Maertens, A. 2021. Similarities
and Differences in Gene Expression Networks Between the Breast Cancer
Cell Line Michigan Cancer Foundation-7 and Invasive Human Breast Cancer
Tissues. Front. Artif. Intell., 4, 1-10.

Tufail, M., Hu, J. J., Liang, J., He, C. Y., Wan, W. D., Huang, Y. Q., Jiang, C. H.,
Wu, H., & Li, N. 2024. Predictive, Preventive, and Personalized Medicine in
Breast Cancer: Targeting the PI3K Pathway. J. Transl. Med., 22(1), 1-37.

Vogler, M., Braun, Y., Smith, V. M., Westhoff, M. A., Pereira, R. S., Pieper, N.
M., Anders, M., Callens, M., Vervliet, T., Abbas, M., Macip, S., Schmid, R.,
Bultynck, G., & Dyer, M. J. S. 2025. The BCL2 Family: from Apoptosis

Sintesis, Penambatan Molekul, dan Uji Sitotoksik Senyawa Nanosuspensi Analog Kurkumin
1-benzil-3,5-bis(3,4-dimetoksibenzilidin)-4-piperidon sebagai Kandidat Antikanker Payudara



Sintesis, Penambatan Molekul, dan Uji Sitotoksik Senyawa Nanosuspensi Analog Kurkumin
1-benzil-3,5-bis(3,4-dimetoksibenzilidin)-4-piperidon sebagai Kandidat Antikanker Payudara
Nova Hafizha Aulia Rachmawati, Dr. Endang Astuti, M.Si. ; Prof. Drs. Jumina, Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA 43

Mechanisms to New Advances in Targeted Therapy. Signal Transduct. Target
Ther., 10(1), 1-31.

Widyanto, R. M., Putri, J. A., Rahmi, Y., Proborini, W. D., & Utomo, B. 2020.
Aktivitas Antioksidan dan Sitotoksisitas In Vitro Ekstrak Metanol Buah
Nanas (Ananas comosus) pada Sel Kanker Payudara T-47D. JPA4, 8(2), 95—
103.

Wijianto, B., Purnomo, H., & Nurrochmad, A. 2020. Curcumin Mono-carbonyl
Analogs as Potent Antibacterial Compounds: Synthesis, Biologica Evaluation
and Docking Simulation Study. Rasayan J. Chem, 13(2), 1153—1165.

Williams, M. M., & Cook, R. S. 2015. Bcl-2 Family Proteins in Breast
Development and Cancer: Could Mcl-1 Targeting Overcome Therapeutic
Resistance?. Oncotarget, 6(6), 3519-3530.

Wiratama, M., & Budimarwanti, C. 2025. Synthesis and Molecular Docking Study
of Dibenzal Monocarbonyl (Curcumin Analog) and Its Potential as Anti-
Inflammatory. J. Kim. Sains Apl., 28(2), 68—72.

Xia, S., & Lin, Q. 2022. Estrogen Receptor Bio-Activities Determine Clinical
Endocrine Treatment Options in Estrogen Receptor-Positive Breast Cancer.
Technol. Cancer Res. T., 21, 1-19.

Yang, Y., & Wang, X. 2024. Nano-Drug Delivery Systems (NDDS) in Metabolic
Dysfunction-Associated Steatotic Liver Disease (MASLD): Current Status,
Prospects and Challenges. Front. Pharmacol., 15, 1-18.

Yuan, Y., Long, H., Zhou, Z., Fu, Y., & Jiang, B. (2023). PI3K—AKT-Targeting
Breast Cancer Treatments: Natural Products and Synthetic Compounds.
Biomolecules, 13(1), 1-23.

Zamrus, S. N. H., Akhtar, M. N., Yeap, S. K., Quah, C. K., Loh, W. S., Alitheen,
N. B., Zareen, S., Tajuddin, S. N., Hussin, Y., & Shah, S. A. A. 2018. Design,
Synthesis and Cytotoxic Effects of Curcuminoids on HeLa, K562, MCF-7 and
MDA-MB-231 Cancer Cell Lines. Chem. Cent. J., 12(1), 4-10.

Zhou, Y., Gong, J., Deng, X., Shen, L., Wu, S., Fan, H., & Liu, L. 2024. Curcumin
and Nanodelivery Systems: New Directions for Targeted Therapy and
Diagnosis of Breast Cancer. Biomed. Pharmacother., 180(3), 1-29.



	DAFTAR PUSTAKA



