SINTESIS ASAM O-ASETILFERULAT, UJI INHIBISINYA TERHADAP ENZIM ALFA-AMILASE DAN
EFEK SINERGITASNYA

DENGAN ETIL FERULAT

Muh Fiki Fachriyanto, Prof. Dr. Chairil Anwar; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Abdulkadri, A., Floyd, S., Mkrtchyan, I., Marajh, G., Gonzales, C., Cunningham-
Mpyrie, C., 2021, Addressing The Adverse Impacts of Non-Communicable
Diseases on The Sustainable Development of Caribbean Countries, Studies
and Perspectives Series-ECLAC Subregional Headquarters for The
Caribbean, United Nations, Santiago.

Adisakwattana, S., Chantarasinlapin, P., Thammarat, H., and Yibchock-Anun, S.,
2009, A Series of Cinnamic Acid Derivatives and Their Inhibitory Activity
on Intestinal a-Glucosidase, J. Enzyme Inhib. Med. Chem., 24(5), 1194—1200.

Aditiyarini, D., and Wahyuningsih, T.D., 2015, Acetylation of Eugenol , Isoeugenol
and Vanillin by Sonochemistry Method, Paper, Departemen Kimia FMIPA
UGM, Yogyakarta.

Altay, M., 2022, Acarbose is Again on The Stage, World J. Diabetes, 13(1), 1-4.

Anastas, P., and Eghbali, N. 2010, Green Chemistry: Principles and Practice, Chem.
Soc. Rev., 39(1), 301-312.

Andres, S., Pevny S., Ziegenhagen, R., Bakhiya, N., Schafer, B., Hirsch-Ernst, K.I.,
and Lampen, K., 2018, Safety Aspects of The Use Of Quercetin as A Dietary
Supplement, Mol. Nutr. Food Res., 62(1), 1-15.

Anselmi, C., Centini, M., Andreassi, M., Buonocore, A., La Rosa, C., Facino, R.M.,
Sega, A., and Tsuno, F., 2004, Conformational Analysis: A Tool for The
Elucidation of The Antioxidant Properties of Ferulic Acid Derivatives In
Membrane Models, J. Pharm. Biomed. Anal, 35(5), 1241-1249.

Anthony, P., Attih, E., Eseyin, O.A., and Johnson, E.C., 2022, Synthesis of Some
Esters of Cinnamic Acid and Evaluation Of Their In Vitro Antidiabetic and
Antioxidant Properties, Trop. J. Pharm. Res.,21(1), 131-136.

Antonopoulou, 1., Sapountzaki, E., Rova, U., and Christakopoulos, P., 2022, The
Inhibitory Potential of Ferulic Acid Derivatives Against The SARS-CoV-2
Main Protease: Molecular Docking, Molecular Dynamics, and ADMET
Evaluation, Biomedicines, 10(1787), 1-51.

Anuradha, C., 2009, Aminoacid Support In The Prevention of Diabetes and
Diabetic Complications, Curr. Protein Pept. Sci., 10(1), 8-17.

Arbain, N.H., dan Salimon, J., 2011, The Effect of Various Acid Catalyst on the
Esterification of Jatropha Curcas Oil based Trimethylolpropane Ester as
Biolubricant Base Stock, E-J. Chem., 8, 33-40.

Aziz, S., Soemardji, A.A., Yaman, E., and Sukrasno., 2020, Molecular Docking,
Synthesis and Biological Evaluation of Ergosteryl-Ferulate as A HMG-CoA
Reductase Inhibitor, Pak. J. Pharm. Sci., 33(3), 997-1003.

Bao, X., Li, W, Jia, R., Meng, D., Zhang, H., and Xia, L., 2023, Molecular
45



SINTESIS ASAM O-ASETILFERULAT, UJI INHIBISINYA TERHADAP ENZIM ALFA-AMILASE DAN
EFEK SINERGITASNYA

DENGAN ETIL FERULAT

Muh Fiki Fachriyanto, Prof. Dr. Chairil Anwar; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Mechanism of Ferulic Acid and Its Derivatives In Tumor Progression,
Pharmacological Reports, 1-16.

Castillo, E.A., Miura, H., Hasegawa, M., and Ogawa, T., 2004, Synthesis of Novel
Polyamides Starting From Ferulic Acid Dimer Derivative, Des Monomers
Polym., 7(6), 711-725.

Cicih, A., Aligita, W., and Susilawati, E., 2022, A Review: The Pharmacokinetics
and Pharmacodynamics of Metformin-Herb Interactions, Jurnal Ilmiah
Farmasi, 18(1), 13-25.

Dai, A., Huang, Y., Yu, L., Zheng, Z., and Wu, J., 2022, Design, Synthesis, and
Bioactivity of Ferulic Acid Derivatives Containing An B-Amino Alcohol,
BMC Chemistry, 16(1), 1-15.

Dandekar, P.D., Kotmale, A.S., Chavan, S.R., Kadlag, P.P., Sawant, S.V., Dhavale,
D.D., and Ravikumar, A., 2021, Insights Into The Inhibition Mechanism of
Human Pancreatic o-Amylase, a Type 2 Diabetes Target, by
Dehydrodieugenol B Isolated from Ocimum tenuiflorum, ACS Omega, 6,
1780-1786.

Dominguez-Mendoza, E.A., Cornejo-Garrido, J., Burgueno-Tapia, E., and Ordaz-
Pichardo, C., 2016, Antidiabetic Effect, Antioxidant Activity, and Toxicity
Of 3'.4'-Di-O-acetyl-cis-khellactone In Streptozotocin-Induced Diabetic
Rats, Bioorg. Med. Chem., 26(16), 4086—4091.

Du, X., L1, Y., Xia, Y.L., A1, S.M., Liang, J., Sang, P., Ji, X.L., and Liu, S.Q., 2016,
Insights into Protein-Ligand Interactions: Mechanisms, Models, and
Methods, Int. J. Mol. Sci., 17(2), 144.

Feng, S., 2020, Research Progress In The Synthesis of Esters, IOP Conf. Ser. Earth
Environ. Sci., 440, 1-7.

Fu, Y., Zhao, J., and Chen, Z., 2018, Insights into the Molecular Mechanisms of
Protein-Ligand Interactions by Molecular Docking and Molecular Dynamics
Simulation: A Case of Oligopeptide Binding Protein, Comput. Math.
Methods. Med., 1, 1-12.

Gongalves, S. and Romano, A., 2017, Inhibitory Properties of Phenolic Compounds
Against Enzymes Linked with Human Diseases, Phenolic Compounds -
Biological Activity, 6, 100-118.

Hidalgo, M.E., Rosa, C.D.L., Carrasco, H., Cardona, W., Gallardo, C., and
Espinoza, L., 2009, Antioxidant Capacity Of Eugenol Derivatives, Quim.
Nova, 32(6), 1467-1470.

Hollman, P.C.H., 2004, Absorption, Bioavailability, and Metabolism of
Flavonoids, Pharmaceutical Biology, 42(1), 74-83.

Hsiao, S.H., Liao, L.H., Cheng, P.N., and Wu, T.J., 2006, Hepatoxixicty Associated
with Acarbose Therapy, Annals of Pharmacotherapy, 40(1), 151-154.



SINTESIS ASAM O-ASETILFERULAT, UJI INHIBISINYA TERHADAP ENZIM ALFA-AMILASE DAN
EFEK SINERGITASNYA
DENGAN ETIL FERULAT

Muh Fiki Fachriyanto, Prof. Dr. Chairil Anwar; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

Jafari-Vayghan, H., Varzhozas, P., Hajisadeh-Sharavabad, F., Razmi, H.R.,
Amirpour, M., Tavakoli-Rouzbehani, O.M., Alizadeh, M., and Maleki, V.,
2020, A Comprehensive Insight Into The Effect of Glutamine
Supplementation on Metabolic Variables In Diabetes Mellitus: A Systematic
Review, Nutr. Metab., 17(1), 1-14.

Jiang, S., Zhang, Y., and Li, Z., 2019, A New Industrial Process of NaHCO3 and
Its Crystallization Kinetics by Using The Common lon Effect Of NaxCO3, J.
Chem. Eng., 360, 740-749.

Kaikini, A.A., Muke, S., Peshattiwar, V., Bagle, S., Dighe, V., and Sathaye, S.,
2021, Ethyl Ferulate, A Lipophilic Phenylpropanoid, Prevents Diabetes-
Associated Renal Injury In Rats By Amelioration of Hyperglycemia-Induced
Oxidative Stress Via Activation of Nuclear Factor Erythroid 2-Related Factor
2,J. Food Biochem., 45(4), 1-14.

Kar, S., Sarderson, H., and Roy, K., 2022, Green Chemistry in The Synthesis of
Pharmaceuticals, Chemical reviews, 122(3), 3637-3710.

Kaur, N., Kumar, V., Nayak, S.K., Wadhwa, P., Kaur, P., and Sahu, S.K., 2021,
Alpha-Amylase As Molecular Target for Treatment of Diabetes Mellitus: A
Comprehensive Review, Chem. Biol. Drug. Des., 98(4), 539-560.

Kazeem, M.I., Ogunbiyi, J. V. and Ashafa, A.O.T., 2013, In Vitro Studies On The
Inhibition of a-Amylase and a-Glucosidase by Leaf Extracts of Picralima
Nitida (Stapf), Trop. J. Pharm. Res., 12(5), 719-725.

Khan, Z., Javed, F., Shamair, Z., Hafeez, A., Fazal, T., Aslam, A., Zimmerman,
W.B., and Rehman, F., 2021, Current Developments in Esterification

Reaction: A Review on Process and Parameters, J. Ind. Eng. Chem., 103, 80—
101.

Kim, J.K., and Park, S.U., 2018, Quercetin and Its Role in Biological Functions:
An Updated Review, EXCLI J., 17, 856—863.

Kumar, N., Kumar, S., Abbat, S., Nikhil, K., Shondhi, S.M., Bharatam, P.V., Roy,
P., and Pruthi, V., 2016, Ferulic Acid Amide Derivatives as Anticancer and
Antioxidant Agents: Synthesis, Thermal, Biological and Computational
Studies, Med. Chem. Res., 25(6), 1175-1192.

Li, N.G,, Shi, Z.H., Tang, Y.P., Li, B.Q., and Duan, J.A., 2009, Highly Efficient
Esterification of Ferulic Acid Under Microwave Irradiation, Molecules,
14(6), 2118-2126.

Lin, X., Xu, Y., Pan, X., Xu, J., Ding, Y., Sun, X., Song, X., Ren, Y., and Shan,
P.F., 2020, Global, Regional, and National Burden and Trend of Diabetes in
195 Countries and Territories: An Analysis From 1990 to 2025, Sci. Rep.,
10(1), 1-11.

Lugemwa, F.N., Shaikh, K., and Hochstedt, E., 2013, Facile and Efficient
Acetylation of Primary Alcohols and Phenols with Acetic Anhydride



SINTESIS ASAM O-ASETILFERULAT, UJI INHIBISINYA TERHADAP ENZIM ALFA-AMILASE DAN
EFEK SINERGITASNYA
DENGAN ETIL FERULAT

Muh Fiki Fachriyanto, Prof. Dr. Chairil Anwar; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

Catalyzed by Dried Sodium Bicarbonate, Catalysts, 3(4), 954-965.

McConkey, B.J., Sobolev, V., and Edelman, M., 2002, The Performance of Current
Methods in Ligand-Protein Docking, Curr. Sci., 83(7), 845-856.

Meng, X.Y., Zhang, H.X., Mezei, M., and Cui, M., 2022, Over View on Molecular
Docking: A Powerful Approach for Structure Based Drug Discovery, Int. J.
Pharm. Sci. Rev. Res., 77(2), 146—-157.

Mobini-Dehkordi, M., and Afzal Javan, F., 2012, Application of Alpha-Amylase in
Biotechnology, J. Biol. Today's World, 1(1), 39-50.

Mukusheva, G.K., Zhamsybekova, A.R., Seidakhmetova, R.B., Nurkenov, O.A.,
Akishina, E.A., Petkevich, S.K., Dikusar, E. A., and Potkin, V.I., 2022,

Quinine Esters with 1,2-Azole, Pyridine and Adamantane Fragments,
Molecules, 27(3476), 1-15.

Murakami, A., Nakamura, Y., Koshimizu, K., Takahashi, D., Matsumoto, K.,
Hagihara, K., Taniguchi, H., Nomura, E., Hosoda, A., Tsuno, T, Maruta, Y.,
Kim, H.W., Kawabata, K., and Ohigashi, H., 2002, FA15, a Hydrophobic
Derivative of Ferulic Acid, Suppresses Inflammatory Responses and Skin

Tumor Promotion: Comparison with Ferulic Acid, Cancer Lett., 180, 121—
129.

Narasimhan A., Chinnaiyan, M., and Karundevi,B., 2015, Ferulic Acid Exerts Its
Antidiabetic Effect by Modulating Insulin Signalling Molecules in The Liver
of High Fat Diet and Fructose — Induced Type-2 Diabetic Adult Male Rat,
Appl. Physiol. Nutr. Metab., 40(8), 1-37.

Nomura, E., Kashiwada, A., Hosoda, A., Nakamura, K., Morishita, H., Tsuno, T.,
and Taniguchi, H., 2003, Synthesis of Amide Compounds of Ferulic Acid,
and Their Stimulatory Effects on Insulin Secretion In Vitro, Bioorg. Med.
Chem., 11(17), 3807-3813.

Ogunyemi, O.M., Gyebi, G.A., Saheed, A., Paul, J., Nwanarie-Chidozie, V.,
Olurundare, O., Adebayo, J., Koketsu, M., Aljarba, N., Alkahtani, S., Batiha,
G.E.S., and Olaiya, C.O., 2022, Inhibition Mechanism of Alpha-Amylase, a
Diabetes Target, by a Steroidal Pregnane and Pregnane Glycosides Derived
From Gongronema latifolium Benth, Front. Mol. Biosci, 9, 1-19.

Okutan, L., Kenneth, T., Kongstad, Anna, K., Jager, and Staerk, D., 2014, High-
Resolution a-Amylase Assay Combined with High-Performance Liquid
Chromatography-Solid-Phase  Extraction-Nuclear Magnetic Resonance
Spectroscopy for Expedited Identification of a-Amylase Inhibitors: Proof of

Concept and a-Amylase Inhibitor in Cinnamon, J. Agric. Food Chem.,
62(47), 11465-11471.

Ozougwu, O., 2013, The Pathogenesis and Pathophysiology of Type 1 and Type 2
Diabetes Mellitus, Journal of Physiology and Pathophysiology, 4(4), 46-57.



SINTESIS ASAM O-ASETILFERULAT, UJI INHIBISINYA TERHADAP ENZIM ALFA-AMILASE DAN
EFEK SINERGITASNYA
DENGAN ETIL FERULAT

Muh Fiki Fachriyanto, Prof. Dr. Chairil Anwar; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

Paiva, L.B., Santos, W.D.D., Goldbeck, R., and Squina, F.M., 2013, Ferulic Acid
and Derivatives: Molecules with Potential Application In The Pharmaceutical
Field, Braz. J. Pharm. Sci., 49(3), 395-411.

Pei, K., Ou, J., Huang, C., and Ou, S., 2015, Derivatives of Ferulic Acid: Structure,
Preparation and Biological Activities, Annual Research & Review in Biology,
5(6), 512-528.

Peres, D.D.A., Sarruf, F.D., de Oliveira, C.A, Velasco, M.V.R.V., and Baby, A,R,,
2018, Ferulic Acid Photoprotective Properties in Association With UV
Filters: Multifunctional Sunscreen With Improved SPF and UVA-PF, J.
Photochem. Photobiol. B, Biol., 185, 46-49.

Pérez, S., and Tvaroska, 1., 2014, Carbohydrate-Protein Interactions: Molecular
Modeling Insights, Advances in Carbohydrate Chemistry and Biochemistry,
Constantine The Philosopher University, Nitra.

Prabhakar, P.K., Prasad, R., Ali, S., and Doble, M., 2013, Synergistic Interaction of
Ferulic Acid with Commercial Hypoglycemic Drugs in Streptozotocin
Induced Diabetic Rats, Phytomedicine, 20(6), 488—494.

Rathi, J., Faujdar, S., Dhiman, A., Yadav, R., and Kumar, P., 2023, Molecular
Docking Based Antidiabetic Screening of Curcuma Caesia ROXB, Eur.
Chem. Bull., 12(5), 914-929.

Rivera-Mancia, S., Trujillo, J., and Chaverri, J.P., 2018, Utility of Curcumin for
The Treatment of Diabetes Mellitus: Evidence from Preclinical and Clinical
Studies, J. Nutr. Intermed. Metab., 14, 29-41.

Saeedi, P., Petersohn, 1., Salpea, P., Malanda, B., Karuranga, S., Unwin, N,
Colagluri, S., Guariguata, L., Motala, A.A., Ogursova, Shaw, J.E., Birght, D,
and Williams, R., 2019, Global and Regional Diabetes Prevalence Estimates
for 2019 and Projections for 2030 and 2045: Results From The International
Diabetes Federation Diabetes Atlas, 9th edition, Diabetes Res. Clin. Pract.,
57, 1-10.

de Sales, P.M., de Souza, P.M., Simeoni, L.A., Malgalhaes, P.D.O, and Siliveira,
D., 2012, a-Amylase Inhibitors: A Review of Raw Material and Isolated
Compounds From Plant Source, World J. Pharm. Pharm. Sci., 15(1), 141—
183.

Scriven, E.F.V., 1983, 4-Dialkylaminopyridines: Super Acylation and Alkylation
Catalyst, Reilly Tar and Chemical Corporation, Indianapolis.

Shoskes, D.A., Zeitlin, S.I., Shahed, A., and Rajfer, J., 1999, Quercetin In Men
With Category III Chronic Prostatitis: A Preliminary Prospective, Double-
Blind, Placebo-Controlled Trial., Urology, 54(6), 960-963.

Smith, M.E., and Morton, D.G., 2010, The Mouth, Salivary Glands and
Oesophagus, Churchill Livingstone, London.



SINTESIS ASAM O-ASETILFERULAT, UJI INHIBISINYA TERHADAP ENZIM ALFA-AMILASE DAN
EFEK SINERGITASNYA

DENGAN ETIL FERULAT

Muh Fiki Fachriyanto, Prof. Dr. Chairil Anwar; Dr. M. Idham Darussalam Mardjan, S.Si., M.Sc.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

de Souza, P.M., and de Oliveira Magalhaes, P., 2010, Application of Microbial a-
Amylase in Industry - A review, Braz. J. Microbiol., 41(4), 850-861.

Srinivasan, P., Vijayakumar, S., Kothandaraman, S., and Palani, M., 2018, Anti-
Diabetic Activity of Quercetin Extracted From Phyllanthus emblica L. fruit:
In Silico and In Vivo Approaches, J. Pharm. Anal., 8(2), 109-118.

Sundarram, A., and Murthy, T.P.K., 2014, o-Amylase Production and
Applications : A Review, Appl. Environ. Microbiol., 2(4), 166—175.

Tee-Ngam, P., Nunant, N., Rattanarat, P., Siangproh, W., and Chailapakul, O.,
2013, Simple And Rapid Determination of Ferulic Acid Levels in Food and
Cosmetic Samples Using Paper-Based Platforms, Sensors, 13(10), 13039—
13053.

Voisin-Chiret, A.S., Bazin, M.A., Lancelot, C.J., and Rault, S., 2007, Synthesis of
New L-Ascorbic Ferulic Acid Hybrids, Molecules, 12, 2544-2545.

Wenk, G.L., Mc-Gann-Gramling, K., Hauss-Wegrzyniak, B., Ronchetti, D.,
Maucci, R., Rosi, S., Gasparini, L., and Ongini, E., 2004, Attenuation of
Chronic Neuroinflammation by a Nitric Oxide-Releasing Derivative of The
Antioxidant Ferulic Acid, J. Neurochem, 89(2), 484—493.

Xiao, Z., Storms, R., and Tsang, A., 2006, A Quantitative Starch-lodine Method for
Measuring Alpha-Amylase and Glucoamylase Activities, Anal. Biochem.,
351, 146-148.

Zdunska, K., Dana, A., Kolodziejczak, A., and Rotsztejhn, H., 2018, Antioxidant
Properties of Ferulic Acid and Its Possible Application, Skin Pharmacology
and Physiology, 31(6), 332-336.

Zheng, Y., Tian, J., Yang, W., Chen, S., Liu, D., Fang, H., Zhang, H., and Ye, X.,
2020, Inhibition Mechanism of Ferulic Acid Against a-Amylase and a-
Glucosidase, Food Chemistry, 317, 1-13.

Zhu, Y., and Wei, Y.. 2013, Solvent-Controlled Copper-Catalyzed Oxidation of
Benzylic Alcohols To Aldehydes And Esters, Eur. JOC, 2013(21), 4503—
4508.



	DAFTAR PUSTAKA

