
 

39 
 

DAFTAR PUSTAKA 

Abarca, Romina L., Francisco J. Rodríguez, Abel Guarda, María J. Galotto, and 
Julio E. Bruna. 2016. “Characterization of Beta-Cyclodextrin Inclusion 
Complexes Containing an Essential Oil Component.” Food Chemistry. doi: 

10.1016/j.foodchem.2015.10.023. 

Ahmed Saeed AL-Japairai, Khater, Syed Mahmood, Samah Hamed Almurisi, 
Jayarama Reddy Venugopal, Ayah Rebhi Hilles, Motia Azmana, and 
Subashini Raman. 2020. “Current Trends in Polymer Microneedle for 
Transdermal Drug Delivery.” International Journal of Pharmaceutics. 

Ahuja, M., P. Verma, and M. Bhatia. 2015. “Preparation and Evaluation of 
Chitosan–Itraconazole Co-Precipitated Nanosuspension for Ocular Delivery.” 
Journal of Experimental Nanoscience. doi: 10.1080/17458080.2013.822108. 

Albadr, Alyaa A., Ismaiel A. Tekko, Lalitkumar K. Vora, Ahlam A. Ali, Garry Laverty, 
Ryan F. Donnelly, and Raghu Raj Singh Thakur. 2022. “Rapidly Dissolving 
Microneedle Patch of Amphotericin B for Intracorneal Fungal Infections.” Drug 
Delivery and Translational Research 12(4):931–43. doi: 10.1007/s13346-021-

01032-2. 

Amareshwar, S. 2017. “Hydrotropic Solubilization Based Suspensions Of.” 
4(11):4425–34. 

Ananda, Putri Wulandari Resky, Diany Elim, Hilman Syamami Zaman, 
Wahdaniyah Muslimin, Muhamad Gilang Ramadhan Tunggeng, and Andi 
Dian Permana. 2021a. “Combination of Transdermal Patches and Solid 
Microneedles for Improved Transdermal Delivery of Primaquine.” 
International Journal of Pharmaceutics 609(August):121204. doi: 

10.1016/j.ijpharm.2021.121204. 

Ananda, Putri Wulandari Resky, Diany Elim, Hilman Syamami Zaman, 
Wahdaniyah Muslimin, Muhamad Gilang Ramadhan Tunggeng, and Andi 
Dian Permana. 2021b. “Combination of Transdermal Patches and Solid 
Microneedles for Improved Transdermal Delivery of Primaquine.” 
International Journal of Pharmaceutics. doi: 10.1016/j.ijpharm.2021.121204. 

Anjani, Qonita Kurnia, Juan Domínguez-Robles, Emilia Utomo, María Font, María 
Cristina Martínez-Ohárriz, Andi Dian Permana, Álvaro Cárcamo-Martínez, 
Eneko Larrañeta, and Ryan F. Donnelly. 2022a. “Inclusion Complexes of 
Rifampicin with Native and Derivatized Cyclodextrins: In Silico Modeling, 
Formulation, and Characterization.” Pharmaceuticals 15(1). doi: 

10.3390/ph15010020. 

Anjani, Qonita Kurnia, Juan Domínguez-Robles, Emilia Utomo, María Font, María 
Cristina Martínez-Ohárriz, Andi Dian Permana, Álvaro Cárcamo-Martínez, 
Eneko Larrañeta, and Ryan F. Donnelly. 2022b. “Inclusion Complexes of 
Rifampicin with Native and Derivatized Cyclodextrins: In Silico Modeling, 
Formulation, and Characterization.” Pharmaceuticals. doi: 

10.3390/ph15010020. 

Anon. 2015. “Mathematical Models of Drug Release.” Strategies to Modify the Drug 
Release from Pharmaceutical Systems 63–86. doi: 10.1016/b978-0-08-



 

40 
 

100092-2.00005-9. 

Ansari, Zubair, Darlene Miller, and Anat Galor. 2013. “Current Thoughts in Fungal 
Keratitis: Diagnosis and Treatment.” Current Fungal Infection Reports 

7(3):209–18. doi: 10.1007/s12281-013-0150-1. 

Batista-Duharte, Alexander, Gisela Jorge Murillo, Ulpiano Marqués Pérez, Enieyis 
Naranjo Tur, Deivys Fuentes Portuondo, Bruno Téllez Martínez, Damiana 
Téllez-Martínez, Juan E. Betancourt, and Oliver Pérez. 2016. “The Hen’s Egg 
Test on Chorioallantoic Membrane.” International Journal of Toxicology. doi: 

10.1177/1091581816672187. 

Benet, Leslie Z., Fabio Broccatelli, and Tudor I. Oprea. 2011. “BDDCS Applied to 
over 900 Drugs.” AAPS Journal 13(4):519–47. doi: 10.1208/s12248-011-

9290-9. 

Brown, Lottie, Astrid K. Leck, Michael Gichangi, Matthew J. Burton, and David W. 
Denning. 2021. “The Global Incidence and Diagnosis of Fungal Keratitis.” The 
Lancet Infectious Diseases 21(3):e49–57. doi: 10.1016/S1473-

3099(20)30448-5. 

Butt, Sania Safdar, Yasmin Badshah, Maria Shabbir, and Mehak Rafiq. 2020. 
“Molecular Docking Using Chimera and Autodock Vina Software for 
Nonbioinformaticians.” JMIR Bioinformatics and Biotechnology 1(1):e14232. 

doi: 10.2196/14232. 

Carrier, Rebecca L., Lee A. Miller, and Imran Ahmed. 2007. “The Utility of 
Cyclodextrins for Enhancing Oral Bioavailability.” Journal of Controlled 
Release 123(2):78–99. doi: 10.1016/j.jconrel.2007.07.018. 

Charumanee, Suporn, Siriporn Okonogi, Jakkapan Sirithunyalug, Peter 
Wolschann, and Helmut Viernstein. 2016. “Effect of Cyclodextrin Types and 
Co-Solvent on Solubility of a Poorly Water Soluble Drug.” Scientia 
Pharmaceutica 84(4):694–704. doi: 10.3390/scipharm84040694. 

Cruz, Ricardo Machado, Tereza Boleslavská, Josef Beránek, Eszter Tieger, 
Brendan Twamley, Maria Jose Santos-Martinez, Ondřej Dammer, and Lidia 
Tajber. 2020. “Identification and Pharmaceutical Characterization of a New 
Itraconazole Terephthalic Acid Cocrystal.” Pharmaceutics. doi: 

10.3390/pharmaceutics12080741. 

Dhanka, Mukesh, Chaitra Shetty, and Rohit Srivastava. 2018. “Methotrexate 
Loaded Gellan Gum Microparticles for Drug Delivery.” International Journal of 
Biological Macromolecules 110:346–56. doi: 10.1016/j.ijbiomac.2017.12.026. 

Elim, Diany, Andi Maqhfirah Nurul Fitri, Muhammad Alif Sya ban Mahfud, Nur 
Afika, Nurul Aisha Fitri Sultan, Hijrah, Rangga Meidianto Asri, and Andi Dian 
Permana. 2023. “Hydrogel Forming Microneedle-Mediated Transdermal 
Delivery of Sildenafil Citrate from Polyethylene Glycol Reservoir: An Ex Vivo 
Proof of Concept Study.” Colloids and Surfaces B: Biointerfaces 

222(November 2022):113018. doi: 10.1016/j.colsurfb.2022.113018. 

Esa, Hamita, Putri Rifka, Nurul Utami, Aliyah Elly, Wahyudin Windy, Winalda 
Oktaviani, and Mukarram Mudjahid. 2022. “Dissolving Microneedle 



 

41 
 

Formulation of Ceftriaxone : Effect of Polymer Concentrations on 
Characterisation and Ex Vivo Permeation Study.” Journal of Pharmaceutical 
Innovation 1176–88. doi: 10.1007/s12247-021-09593-y. 

Gannimani, Ramesh, Amanda Perumal, Muthusamy Ramesh, Karen Pillay, 
Mahmoud E. Soliman, and Patrick Govender. 2015. “Antipyrine-Gamma 
Cyclodextrin Inclusion Complex: Molecular Modeling, Preparation, 
Characterization and Cytotoxicity Studies.” Journal of Molecular Structure. 

doi: 10.1016/j.molstruc.2015.02.017. 

Ghosh, A., S. Biswas, and T. Ghosh. 2011. “Preparation and Evaluation of 
Silymarin β-Cyclodextrin Molecular Inclusion Complexes.” Journal of Young 
Pharmacists 3(3):205–10. doi: 10.4103/0975-1483.83759. 

González-Vázquez, Patricia, Eneko Larrañeta, Maelíosa T. C. McCrudden, 
Courtney Jarrahian, Annie Rein-Weston, Manjari Quintanar-Solares, Darin 
Zehrung, Helen McCarthy, Aaron J. Courtenay, and Ryan F. Donnelly. 2017. 
“Transdermal Delivery of Gentamicin Using Dissolving Microneedle Arrays for 
Potential Treatment of Neonatal Sepsis.” Journal of Controlled Release 

265(May):30–40. doi: 10.1016/j.jconrel.2017.07.032. 

GÖRGÜLÜ, Güvenç, and Bülent DEDE. 2023. “Comparison of The Molecular 
Docking Properties of Three Potentially Active Agents.” International Journal 
of Computational and Experimental Science and Engineering. doi: 

10.22399/ijcesen.1147789. 

Guillot, Antonio José, Ana Sara Cordeiro, Ryan F. Donnelly, M. Carmen 
Montesinos, Teresa M. Garrigues, and Ana Melero. 2020. “Microneedle‐
based Delivery: An Overview of Current Applications and Trends.” 
Pharmaceutics. 

Gupta, Aditya K., Elisabeth Chwetzoff, James Del Rosso, and Robert Baran. 2002. 
“Hepatic Safety of Itraconazole.” Journal of Cutaneous Medicine and Surgery 

6(3):210–13. doi: 10.1007/s10227-001-0048-3. 

Güven, Umay Merve, Murat Sami Berkman, Behiye Şenel, and Yasemin Yazan. 
2019. “Development and in Vitro/in Vivo Evaluation of Thermo-Sensitive in 
Situ Gelling Systems for Ocular Allergy.” Brazilian Journal of Pharmaceutical 
Sciences. doi: 10.1590/s2175-97902019000117511. 

Harron, Dean W. G. 2013. “Technical Requirements for Registration of 
Pharmaceuticals for Human Use: The ICH Process.” in The Textbook of 
Pharmaceutical Medicine. 

He, Jingjing, Zichen Zhang, Xianzi Zheng, Lu Li, Jianping Qi, Wei Wu, and Yi Lu. 
2021. “Design and Evaluation of Dissolving Microneedles for Enhanced 
Dermal Delivery of Propranolol Hydrochloride.” Pharmaceutics. doi: 

10.3390/pharmaceutics13040579. 

Higuchi, Takeru, and Kenneth A. Connors. 1965. “Phase Solubility Techniques.” in 
Advances in Analytical Chemistry and Instrumentation. 

Hoffman, Jeremy J., Simon Arunga, Abeer H. A. Mohamed Ahmed, Victor H. Hu, 
and Matthew J. Burton. 2022a. “Management of Filamentous Fungal Keratitis: 



 

42 
 

A Pragmatic Approach.” Journal of Fungi 8(10). doi: 10.3390/jof8101067. 

Hoffman, Jeremy J., Simon Arunga, Abeer H. A. Mohamed Ahmed, Victor H. Hu, 
and Matthew J. Burton. 2022b. “Management of Filamentous Fungal Keratitis: 
A Pragmatic Approach.” Journal of Fungi. 

Interagency Coordinating Committee on the Validation of Alternative Methods 
(ICCVAM). 2010. “Recommended Test Method Protocol : Hen ’ s Egg Test – 
Chorioallantoic Membrane ( HET-CAM ) Test Method.” ICCVAM Test Method 
Evaluation Report 13(10):B30–38. 

Keserü, György M., and Gergely M. Makara. 2009. “The Influence of Lead 
Discovery Strategies on the Properties of Drug Candidates.” Nature Reviews 
Drug Discovery 8(3):203–12. doi: 10.1038/nrd2796. 

Koks, C. H. W., P. L. Meenhorst, A. Bult, and J. H. Beijnen. 2002. “Itraconazole 
Solution: Summary of Pharmacokinetic Features and Review of Activity in the 
Treatment of Fluconazole-Resistant Oral Candidosis in HIV-Infected 
Persons.” Pharmacological Research 46(2):195–201. doi: 10.1016/S1043-

6618(02)00088-9. 

Kristina Enggi, Cindy, Sulistiawati Sulistiawati, Stephanie Stephanie, Frederika 
Tangdilintin, Alghifary Anas Achmad, Rasma Adelia Putri, Habiburrahim 
Burhanuddin, Andi Arjuna, Marianti A. Manggau, and Andi Dian Permana. 
2023. “Development of Probiotic Loaded Multilayer Microcapsules 
Incorporated into Dissolving Microneedles for Potential Improvement 
Treatment of Vulvovaginal Candidiasis: A Proof of Concept Study.” Journal of 
Colloid and Interface Science. doi: 10.1016/j.jcis.2023.05.165. 

Kumar, Ashish, Ajay Kumar, Abhishek Soni, and Jyoti Devi. 2022. “Development 
and In-Vitro Evaluation of Itraconazole Loaded Nanoemulsion.” Journal of 
Drug Delivery and Therapeutics. doi: 10.22270/jddt.v12i3.5317. 

Kurniawansyah, Insan Sunan, Taofik Rusdiana, Iyan Sopyan, Handrian Ramoko, 
Habibah A. Wahab, and Anas Subarnas. 2020. “In Situ Ophthalmic Gel 
Forming Systems of Poloxamer 407 and Hydroxypropyl Methyl Cellulose 
Mixtures for Sustained Ocular Delivery of Chloramphenicole: Optimization 
Study by Factorial Design.” Heliyon 6(11). doi: 

10.1016/j.heliyon.2020.e05365. 

L, Srinivas. 2014. “Studies on Solubility and Dissolution Enhancement of 
Itraconazole by Complexation with Sulfo-Butyl7 Ether β Cyclodextrin.” Asian 
Journal of Biomedical and Pharmaceutical Sciences 4(38):06–16. doi: 

10.15272/ajbps.v4i38.592. 

Larrañeta, Eneko, Jessica Moore, Eva M. Vicente-Pérez, Patricia González-
Vázquez, Rebecca Lutton, A. David Woolfson, and Ryan F. Donnelly. 2014. 
“A Proposed Model Membrane and Test Method for Microneedle Insertion 
Studies.” International Journal of Pharmaceutics 472(1–2):65–73. doi: 

10.1016/j.ijpharm.2014.05.042. 

Lestner, Jodi, and William W. Hope. 2013. “Itraconazole: An Update on 
Pharmacology and Clinical Use for Treatment of Invasive and Allergic Fungal 
Infections.” Expert Opinion on Drug Metabolism and Toxicology 9(7):911–26. 



 

43 
 

doi: 10.1517/17425255.2013.794785. 

Li, Hui, Guolei Zhang, Wei Wang, Changbao Chen, Lili Jiao, and Wei Wu. 2021. 
“Preparation, Characterization, and Bioavailability of Host-Guest Inclusion 
Complex of Ginsenoside Re with Gamma-Cyclodextrin.” Molecules 26(23). 

doi: 10.3390/molecules26237227. 

Li, Yu, Guoqing Wang, Zehui Guo, Peiqing Wang, and Aimin Wang. 2020. 
“Preparation of Microcapsules Coating and the Study of Their Bionic Anti-
Fouling Performance.” Materials. doi: 10.3390/ma13071669. 

Loh, Gabriel Onn Kit, Yvonne Tze Fung Tan, and Kok Khiang Peh. 2016. 
“Enhancement of Norfloxacin Solubility via Inclusion Complexation with β-
Cyclodextrin and Its Derivative Hydroxypropyl-β-Cyclodextrin.” Asian Journal 
of Pharmaceutical Sciences. doi: 10.1016/j.ajps.2016.02.009. 

Mahfud, Muhammad Alif Sya ban, Andi Maqhfirah Nurul Fitri, Diany Elim, Nurul 
Aisha Fitri Sultan, Mesakh Diki Saputra, Nur Afika, Rissa Ardita Friandini, 
Achmad Himawan, Latifah Rahman, and Andi Dian Permana. 2023. 
“Combination of Synthetic and Natural Polymers on the Characteristics and 
Evaluation of Transdermal Hydrogel-Forming Microneedles Preparations 
Integrated with Direct Compressed Tablets Reservoir Sildenafil Citrate.” 
Journal of Drug Delivery Science and Technology. doi: 

10.1016/j.jddst.2023.104611. 

Miller, Darlene, and Eduardo C. Alfonso. 2014. “Management of Fungal Keratitis: 
Topical or Systemic Therapy?” Vision Pan-America 13(3):73–77. 

Mir, Maria, Andi Dian Permana, Naveed Ahmed, Gul Majid Khan, Asim ur Rehman, 
and Ryan F. Donnelly. 2020. “Enhancement in Site-Specific Delivery of 
Carvacrol for Potential Treatment of Infected Wounds Using Infection 
Responsive Nanoparticles Loaded into Dissolving Microneedles: A Proof of 
Concept Study.” European Journal of Pharmaceutics and Biopharmaceutics 

147(October 2019):57–68. doi: 10.1016/j.ejpb.2019.12.008. 

Mofidfar, Mohammad, Behnam Abdi, Samad Ahadian, Ebrahim Mostafavi, Tejal A. 
Desai, Farhang Abbasi, Yang Sun, Edward E. Manche, Christopher N. Ta, 
and Charles W. Flowers. 2021. “Drug Delivery to the Anterior Segment of the 
Eye: A Review of Current and Future Treatment Strategies.” International 
Journal of Pharmaceutics 607. doi: 10.1016/j.ijpharm.2021.120924. 

Morrison, Peter W. J., and Vitaliy V. Khutoryanskiy. 2014. “Advances in Ophthalmic 
Drug Delivery.” Therapeutic Delivery. 

Mudjahid, Mukarram, Firzan Nainu, Rifka Nurul Utami, Anwar Sam, Ardiyah Nurul, 
Fitri Marzaman, Tri Puspita Roska, Rangga Meidianto Asri, Achmad 
Himawan, Ryan F. Donnelly, and Andi Dian Permana. 2022. “Enhancement 
in Site-Specific Delivery of Chloramphenicol Using Bacterially Sensitive 
Microparticle Loaded Into Dissolving Microneedle : Potential For Enhanced 
Effectiveness Treatment of Cellulitis.” doi: 10.1021/acsami.2c16857. 

Mudjahid, Mukarram, Sulistiawati, Rangga Meidianto Asri, Firzan Nainu, and Andi 
Dian Permana. 2023. “Validation of Spectrophotometric Method to Quantify 
Chloramphenicol in Fluid and Rat Skin Tissue Mimicking Infection 



 

44 
 

Environment: Application to in Vitro Release and Ex Vivo Dermatokinetic 
Studies from Dissolving Microneedle Loaded Microparticle Sensitive.” 
Spectrochimica Acta - Part A: Molecular and Biomolecular Spectroscopy. doi: 

10.1016/j.saa.2023.122374. 

Munnangi, Siva Ram, Ahmed Adel Ali Youssef, Nagarjuna Narala, Preethi Lakkala, 
Sagar Narala, Sateesh Kumar Vemula, and Michael Repka. 2023. “Drug 
Complexes: Perspective from Academic Research and Pharmaceutical 
Market.” Pharmaceutical Research 40(6):1519–40. doi: 10.1007/s11095-023-

03517-w. 

Nakarani, Mahendra, Ambikanandan Misra, Jayvadan Patel, and Subhash 
Vaghani. 2010. “Itraconazole Nanosuspension for Oral Delivery: Formulation, 
Characterization and in Vitro Comparison with Marketed Formulation.” Acta 
Pharmaceutica Sciencia 52(3):305–14. 

Peeters, Jef, Peter Neeskens, Jan P. Tollenaere, Pieter Van Remoortere, and 
Marcus E. Brewster. 2002. “Characterization of the Interaction of 2-
Hydroxypropyl-β-Cyclodextrin With Itraconazole at PH 2, 4, and 7.” Journal of 
Pharmaceutical Sciences 91(6):1414–22. doi: 10.1002/jps.10126. 

Permana, Andi Dian, Alejandro J. Paredes, Fabiana Volpe-Zanutto, Qonita Kurnia 
Anjani, Emilia Utomo, and Ryan F. Donnelly. 2020a. “Dissolving Microneedle-
Mediated Dermal Delivery of Itraconazole Nanocrystals for Improved 
Treatment of Cutaneous Candidiasis.” European Journal of Pharmaceutics 
and Biopharmaceutics 154(July):50–61. doi: 10.1016/j.ejpb.2020.06.025. 

Permana, Andi Dian, Alejandro J. Paredes, Fabiana Volpe-Zanutto, Qonita Kurnia 
Anjani, Emilia Utomo, and Ryan F. Donnelly. 2020b. “Dissolving Microneedle-
Mediated Dermal Delivery of Itraconazole Nanocrystals for Improved 
Treatment of Cutaneous Candidiasis.” European Journal of Pharmaceutics 
and Biopharmaceutics. doi: 10.1016/j.ejpb.2020.06.025. 

Permana, Andi Dian, Ismaiel A. Tekko, Maelíosa T. C. McCrudden, Qonita Kurnia 
Anjani, Delly Ramadon, Helen O. McCarthy, and Ryan F. Donnelly. 2019. 
“Solid Lipid Nanoparticle-Based Dissolving Microneedles: A Promising 
Intradermal Lymph Targeting Drug Delivery System with Potential for 
Enhanced Treatment of Lymphatic Filariasis.” Journal of Controlled Release 

316:34–52. 

Permana, Andi Dian, Rifka Nurul Utami, Patricia Layadi, Achmad Himawan, Nana 
Juniarti, Qonita Kurnia Anjani, Emilia Utomo, Sandra Aulia Mardikasari, Andi 
Arjuna, and Ryan F. Donnelly. 2021. “Thermosensitive and Mucoadhesive in 
Situ Ocular Gel for Effective Local Delivery and Antifungal Activity of 
Itraconazole Nanocrystal in the Treatment of Fungal Keratitis.” International 
Journal of Pharmaceutics 602(April):120623. doi: 

10.1016/j.ijpharm.2021.120623. 

Putri, Hamita Esa, Rifka Nurul Utami, Aliyah, Elly Wahyudin, Windy Winalda 
Oktaviani, Mukarram Mudjahid, and Andi Dian Permana. 2021. “Dissolving 
Microneedle Formulation of Ceftriaxone: Effect of Polymer Concentrations on 
Characterisation and Ex Vivo Permeation Study.” Journal of Pharmaceutical 
Innovation (0123456789). doi: 10.1007/s12247-021-09593-y. 



 

45 
 

Putri, Hamita Esa, Rifka Nurul Utami, Aliyah, Elly Wahyudin, Windy Winalda 
Oktaviani, Mukarram Mudjahid, and Andi Dian Permana. 2022. “Dissolving 
Microneedle Formulation of Ceftriaxone: Effect of Polymer Concentrations on 
Characterisation and Ex Vivo Permeation Study.” Journal of Pharmaceutical 
Innovation. doi: 10.1007/s12247-021-09593-y. 

Rahman, Latifah, Reni Sriyani Lembang, Subehan Lallo, Sri Resky Handayani, 
Usmanengsi, and Andi Dian Permana. 2021. “Bioadhesive Dermal Patch as 
Promising Approach for Improved Antibacterial Activity of Bioactive 
Compound of Zingiber Cassumunar Roxb in Ex Vivo Staphylococcus Aureus 
Skin Infection Model.” Journal of Drug Delivery Science and Technology. doi: 

10.1016/j.jddst.2021.102522. 

Roska, Tri Puspita, Sartini, Mukarram Mudjahid, Ardiyah Nurul Fitri Marzaman, 
Nana Novriana Payung Datu, and Andi Dian Permana. 2022. “Development 
of Chloramphenicol Wound Dressing Protein-Based Microparticles in 
Chitosan Hydrogel System for Improved Effectiveness of Dermal Wound 
Therapy.” Biomaterials Advances 143(October):213175. doi: 

10.1016/j.bioadv.2022.213175. 

Roy, Girdhari, Rohini Devi Galigama, Veda Suresh Thorat, Lakshmi Sruthi Mallela, 
Sanhita Roy, Prashant Garg, and Venkata Vamsi Krishna Venuganti. 2019. 
Amphotericin B Containing Microneedle Ocular Patch for Effective Treatment 
of Fungal Keratitis. Vol. 572. Elsevier B.V. 

Sahay, Pranita, Deepali Singhal, Ritu Nagpal, Prafulla K. Maharana, Marjan Farid, 
Rachel Gelman, Rajesh Sinha, Tushar Agarwal, Jeewan S. Titiyal, and 
Namrata Sharma. 2019. “Pharmacologic Therapy of Mycotic Keratitis.” 
Survey of Ophthalmology 64(3):380–400. doi: 

10.1016/j.survophthal.2019.02.007. 

Sareen, Swati, Lincy Joseph, and George Mathew. 2012. “Improvement in 
Solubility of Poor Water-Soluble Drugs by Solid Dispersion.” International 
Journal of Pharmaceutical Investigation. doi: 10.4103/2230-973x.96921. 

Sharma, Om Prakash, Viral Patel, and Tejal Mehta. 2016. “Nanocrystal for Ocular 
Drug Delivery: Hope or Hype.” Drug Delivery and Translational Research 

6(4):399–413. doi: 10.1007/s13346-016-0292-0. 

Shende, Pravin, and Minaxi Salunke. 2019. “Transepidermal Microneedles for Co-
Administration of Folic Acid with Methotrexate in the Treatment of Rheumatoid 
Arthritis.” Biomedical Physics and Engineering Express 5(2). doi: 

10.1088/2057-1976/aafbbb. 

Shim, Woo Sun, Young Min Hwang, Sun Gyoo Park, Cheon Koo Lee, and Nae 
Gyu Kang. 2018. “Role of Polyvinylpyrrolidone in Dissolving Microneedle for 
Efficient Transdermal Drug Delivery: In Vitro and Clinical Studies.” Bulletin of 
the Korean Chemical Society 39(6):789–93. doi: 10.1002/bkcs.11476. 

Singh, Amandeep, and Alka Bali. 2016. “Formulation and Characterization of 
Transdermal Patches for Controlled Delivery of Duloxetine Hydrochloride.” 
Journal of Analytical Science and Technology. doi: 10.1186/s40543-016-

0105-6. 



 

46 
 

Sohaimy, Mohd Ibnu Haikal Ahmad, and Mohd Ikmar Nizam Mohamad Isa. 2020. 
“Natural Inspired Carboxymethyl Cellulose (Cmc) Doped with Ammonium 
Carbonate (Ac) as Biopolymer Electrolyte.” Polymers. doi: 

10.3390/polym12112487. 

Sun, Xiaowen, Junxiang Zhu, Chengqin Liu, Dongfeng Wang, and Chang Yun 
Wang. 2022. “Fabrication of Fucoxanthin/2-Hydroxypropyl-β-Cyclodextrin 
Inclusion Complex Assisted by Ultrasound Procedure to Enhance Aqueous 
Solubility, Stability and Antitumor Effect of Fucoxanthin.” Ultrasonics 
Sonochemistry 90(October):106215. doi: 10.1016/j.ultsonch.2022.106215. 

Suriyaamporn, Phuvamin, Praneet Opanasopit, Worranan Rangsimawong, and 
Tanasait Ngawhirunpat. 2022. “Optimal Design of Novel Microemulsions-
Based Two-Layered Dissolving Microneedles for Delivering Fluconazole in 
Treatment of Fungal Eye Infection.” Pharmaceutics 14(3). doi: 

10.3390/pharmaceutics14030472. 

Syafika, Nur, Sumayya Binti Abdul Azis, Cindy Kristina Enggi, Hanin Azka Qonita, 
Tiara Resky Anugrah Mahmud, Ahmad Abizart, Rangga Meidianto Asri, and 
Andi Dian Permana. 2023. “Glucose-Responsive Microparticle-Loaded 
Dissolving Microneedles for Selective Delivery of Metformin: A Proof-of-
Concept Study.” Molecular Pharmaceutics. doi: 

10.1021/acs.molpharmaceut.2c00936. 

Tekko, Ismaiel A., Andi Dian Permana, Lalitkumar Vora, Taher Hatahet, Helen O. 
McCarthy, and Ryan F. Donnelly. 2020. “Localised and Sustained Intradermal 
Delivery of Methotrexate Using Nanocrystal-Loaded Microneedle Arrays: 
Potential for Enhanced Treatment of Psoriasis.” European Journal of 
Pharmaceutical Sciences 152(July):105469. doi: 

10.1016/j.ejps.2020.105469. 

Del Valle, E. M. Marti. 2004. “Cyclodextrins and Their Uses: A Review.” Process 
Biochemistry 39(9):1033–46. doi: 10.1016/S0032-9592(03)00258-9. 

Vijetha, Joan R., Virendra Bhatt, and Correspondence R. Joan Vijetha. 2019. “A 
Review on: Formulation of Nanosuspension Intended for Ophthalmic Use.” ~ 
477 ~ The Pharma Innovation Journal. 

Vora, Lalit K., Ryan F. Donnelly, Eneko Larrañeta, Patricia González-Vázquez, 
Raghu Raj Singh Thakur, and Pradeep R. Vavia. 2017. “Novel Bilayer 
Dissolving Microneedle Arrays with Concentrated PLGA Nano-Microparticles 
for Targeted Intradermal Delivery: Proof of Concept.” Journal of Controlled 
Release 265:93–101. doi: 10.1016/j.jconrel.2017.10.005. 

Vora, Lalit K., Kurtis Moffatt, Ismaiel A. Tekko, Alejandro J. Paredes, Fabiana 
Volpe-Zanutto, Deepakkumar Mishra, Ke Peng, Raghu Raj Singh Thakur, and 
Ryan F. Donnelly. 2021. “Microneedle Array Systems for Long-Acting Drug 
Delivery.” European Journal of Pharmaceutics and Biopharmaceutics 

159(November 2020):44–76. doi: 10.1016/j.ejpb.2020.12.006. 

Waghule, Tejashree, Gautam Singhvi, Sunil Kumar Dubey, Murali Monohar 
Pandey, Gaurav Gupta, Mahaveer Singh, and Kamal Dua. 2019. 
“Microneedles: A Smart Approach and Increasing Potential for Transdermal 
Drug Delivery System.” Biomedicine and Pharmacotherapy. 



 

47 
 

Wang, Chuhan, and Yan Pang. 2023. “Nano-Based Eye Drop: Topical and 
Noninvasive Therapy for Ocular Diseases.” Advanced Drug Delivery 
Reviews. 

Wang, Qi Lei, Jia Wei Ren, Bo Zhi Chen, Xuan Jin, Can Yang Zhang, and Xin 
Dong Guo. 2018. “Effect of Humidity on Mechanical Properties of Dissolving 
Microneedles for Transdermal Drug Delivery.” Journal of Industrial and 
Engineering Chemistry 59:251–58. doi: 10.1016/j.jiec.2017.10.030. 

Wu, Yu, Lalitkumar K. Vora, Ryan F. Donnelly, and Thakur Raghu Raj Singh. 2022. 
“Rapidly Dissolving Bilayer Microneedles Enabling Minimally Invasive and 
Efficient Protein Delivery to the Posterior Segment of the Eye.” Drug Delivery 
and Translational Research 2142–58. doi: 10.1007/s13346-022-01190-x. 

Yan, Qinying, Weiwei Wang, Jiaqi Weng, Zhenghan Zhang, Lina Yin, Qingliang 
Yang, Fangyuan Guo, Xingang Wang, Fan Chen, and Gensheng Yang. 2020. 
“Dissolving Microneedles for Transdermal Delivery of Huperzine A for the 
Treatment of Alzheimer’s Disease.” Drug Delivery 27(1):1147–55. doi: 

10.1080/10717544.2020.1797240. 

Zafar, Ameeduzzafar, Nabil K. Alruwaili, Syed Sarim Imam, Omar Awad Alsaidan, 
Faisal K. Alkholifi, Khalid Saad Alharbi, Ehab M. Mostafa, Abdullah S. Alanazi, 
Sadaf Jamal Gilani, Arafa Musa, Sultan Alshehri, Alenazy Rawaf, and Ali 
Alquraini. 2021. “Formulation of Genistein-Hp β Cyclodextrin-Poloxamer 188 
Ternary Inclusion Complex: Solubility to Cytotoxicity Assessment.” 
Pharmaceutics. doi: 10.3390/pharmaceutics13121997. 

Zhang, Yong, Meirong Huo, Jianping Zhou, and Shaofei Xie. 2010. “PKSolver: An 
Add-in Program for Pharmacokinetic and Pharmacodynamic Data Analysis in 
Microsoft Excel.” Computer Methods and Programs in Biomedicine. doi: 

10.1016/j.cmpb.2010.01.007. 

Zhang, Yong, Meirong Huo, Jianping Zhou, Aifeng Zou, Weize Li, Chengli Yao, 
and Shaofei Xie. 2010. “DDSolver: An Add-in Program for Modeling and 
Comparison of Drug Dissolution Profiles.” AAPS Journal. doi: 

10.1208/s12248-010-9185-1. 

Zoghbi, Abdelmoumin, and Bo Wang. 2015. “CARVEDILOL SOLUBILITY 
ENHANCEMENT BY INCLUSION COMPLEXATION AND SOLID 
DISPERSION: REVIEW.” Journal of Drug Delivery and Therapeutics. doi: 

10.22270/jddt.v5i2.1074. 



 

48 
 

Lampiran 1. Skema kerja Penelitian 
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Lampiran 2. Linearitas Kurva Standar Pengukuran ITZ pada Berbagai 

Media Pengukuran 
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Lampiran 3. Analisis phase solubility pada berbagai konsentrasi larutan β-siklodekstrin 

Konsentrasi Absorbansi Faktor 
Pengenceran 

Konsentrasi 
(mg/mL) 

Rata-Rata 
(mg) 

SD Mol mMol Rata-Rata 
(mg) 

SD 

0 mMol 0,405 25 2,0195 2,0578 0,040 2,86E-06 0,0028 0,002916 5,68336E-05 

0,421 25 2,0995 2,98E-06 0,0029 

0,412 25 2,0545 2,91E-06 0,0029 

0.5 mMol 0,309 50 3,0845 3,0211 0,221 4,37E-06 0,0043 0,004281 0,000314446 

0,278 50 2,7745 3,93E-06 0,0039 

0,321 50 3,2045 4,54E-06 0,0045 

1 mMol 0,407 50 4,0645 4,0878 0,025 5,76E-06 0,0057 0,005793 3,56642E-05 

0,409 50 4,0845 5,79E-06 0,0057 

0,412 50 4,1145 5,83E-06 0,0058 

1.5 mMol 0,481 50 4,8045 5,1211 0,281 6,81E-06 0,0068 0,007257 0,000399409 

0,522 50 5,2145 7,39E-06 0,0073 

0,535 50 5,3445 7,57E-06 0,0075 

2 mMol 0,627 50 6,2645 6,2611 0,035 8,88E-06 0,0088 0,008873 4,97688E-05 

0,623 50 6,2245 8,82E-06 0,0088 

0,63 50 6,2945 8,92E-06 0,0089 

4 mMol 0,377 150 11,3045 10,984 0,283 1,60E-05 0,0160 0,015567 0,000401832 

0,359 150 10,7645 1,53E-05 0,0152 

0,363 150 10,8845 1,54E-05 0,0154 

6 mMol 0,566 150 16,9745 15,8445 1,004 2,41E-05 0,0240 0,022454 0,001423022 

0,517 150 15,5045 2,20E-05 0,0219 

0,502 150 15,0545 2,13E-05 0,0213 
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8 mMol 0,864 150 25,9145 25,3145 0,572 3,67E-05 0,0367 0,035875 0,000811127 

0,842 150 25,2545 3,58E-05 0,0357 

0,826 150 24,7745 3,51E-05 0,0351 
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Lampiran 4. Analisis saturation solubility  

Formula  Replikasi Absorbansi Faktor 
Pengenceran 

Konsentrasi 
(mg/ml) 

Rata-Rata 
(mg) 

SD 

Pure ITZ 1 0,32 150 9,5945 9,0745 0,4503 

2 0,294 150 8,8145 

3 0,294 150 8,8145 

F1 1 0,804 150 24,115 24,205 0,1559 

2 0,813 150 24,385 

3 0,804 150 24,115 

F2 1 0,712 200 28,475 28,661 0,1617 

2 0,719 200 28,755 

3 0,719 200 28,755 

F3 1 0,769 200 30,755 30,995 0,3487 

2 0,771 200 30,835 

3 0,785 200 31,395 

F4 1 0,786 250 39,295 39,328 0,1041 

2 0,789 250 39,445 

3 0,785 250 39,245 

F5 1 0,762 250 38,095 38,428 0,293 

2 0,771 250 38,545 

3 0,773 250 38,645 

F6 1 0,768 250 38,395 38,361 0,0577 
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2 0,766 250 38,295 

3 0,768 250 38,395 

F7 1 0,791 250 39,545 38,761 0,6898 

2 0,77 250 38,495 

3 0,765 250 38,245 

F8 1 0,771 250 38,545 38,578 0,0577 

2 0,771 250 38,545 

3 0,773 250 38,645 

F9 1 0,765 250 38,245 38,361 0,1258 

2 0,77 250 38,495 

3 0,767 250 38,345 

F10 1 0,76 250 37,995 38,628 0,5508 

2 0,778 250 38,895 

3 0,78 250 38,995 
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Lampiran 5. Uji Kekuatan Mekanik Formula DMN Setelah Aplikasi 

pada Lapisan Parafilm 

Formula Sebelum Sesudah Rata-rata 
(%Reduction) 

SD 

Rep 1 Rep 2 Rep 3 Rep 1 Rep 2 Rep 3 

F1 698,14 700,59 706,8 580,17 594,58 600,54 15,68 1,049 

F2 696,55 691,86 699,9 626,94 614,16 608,08 11,44 1,574 

F3 703,09 697,46 701,05 633,39 625,73 618,53 10,65 0,982 

F4 700,18 699,86 700,86 650,16 659,87 663,84 6,04 0,974 

F5 701,05 698,41 693,31 650,74 637,64 664,09 6,69 2,281 

Contoh perhitungan persentase penurunan tinggi needle 

%reduksi tinggi needle = 
𝑇𝑖𝑛𝑔𝑔𝑖 𝑠𝑒𝑏𝑒𝑙𝑢𝑚 𝑘𝑜𝑚𝑝𝑟𝑒𝑠𝑖−𝑡𝑖𝑛𝑔𝑔𝑖 𝑠𝑒𝑡𝑒𝑙𝑎ℎ 𝑘𝑜𝑚𝑝𝑟𝑒𝑠𝑖

𝑇𝑖𝑛𝑔𝑔𝑖 𝑠𝑒𝑏𝑒𝑙𝑢𝑚 𝑘𝑜𝑚𝑝𝑟𝑒𝑠𝑖
 × 100% 

   = 
698,14−580,17

580,17
 × 100% 

= 15,68 % 

Lapisan F1 F2 F3 F4 F5 

1 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

2 88 74 81 82 77 87 100 100 99 100 100 100 100 100 100 

3 37 42 46 71 57 63 88 89 72 90 89 77 97 99 100 

4 0 0 0 0 0 0 14 12 18 34 17 26 88 67 71 

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Lampiran 6. Penentuan Kandungan Obat dalam Sistem DMN 

a. Data hasil penentuan densitas DMN 

Formula Ukuran Balok DMN (mm) Volume 
(mm) 

Berat 
(mg) 

Densitas (mg/mm) 

Panjang Lebar Tinggi Densitas Rata-
rata 

SD 

F1 10 10 5,74 574 563 1,02 1,01 0,009 

10 10 8,69 869 866 1,00 

10 10 5,23 523 513 1,01 

F2 10 10 5,95 595 567 1,05 1,03 0,020 

10 10 8,85 885 876 1,01 

10 10 5,35 535 513 1,04 

F3 10 10 5,85 585 554 1,06 1,03 0,022 

10 10 9,05 905 895 1,01 

10 10 5,03 503 485 1,04 

F4 10 10 5,86 586 573 1,02 1,02 0,004 

10 10 9,03 903 877 1,03 

10 10 5,13 513 502 1,02 

F5 10 10 5,81 581 566 1,03 1,02 0,005 

10 10 9,15 915 898 1,02 

10 10 5,22 522 514 1,02 

Contoh perhitungan volume 

Panjang (mm) 10 

Lebar (mm) 10 

Tinggi (mm) 5,74 

Volume = P × L × T (mm3) 574 

Contoh perhitungan densitas 

Volume (mm3) 574 

Bobot (mg) 563 

ρ = 
𝒃𝒐𝒃𝒐𝒕

𝒗𝒐𝒍𝒖𝒎𝒆
 1,01 

 

b. Data hasil penentuan LOD (Loss on drying) DMN 

Formula B.Basah 
(mg) 

B. 
Kering 
(mg) 

LOD (%) Jumlah ITZ dalam massa 
kering (%) LOD (%) Rata-rata SD 

1 515 291 43,49 42,64 0,960 34,87 

509 291 42,83     

512 299 41,60     

2 511 324 36,59 37,76 1,333 32,13 
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510 310 39,22     

515 322 37,48   
 

3 505 333 34,06 33,03 0,889 29,87 

511 345 32,49     

513 346 32,55     

4 501 361 27,94 27,81 0,165 27,71 

506 365 27,87     

514 372 27,63     

5 500 377 24,60 25,72 0,979 26,93 

503 371 26,24     

501 369 26,35     

Contoh perhitungan densitas 

Bobot basah (mg) 515 

Bobot kering (mg) 291 

% LOD= 
𝒃𝒐𝒃𝒐𝒕 𝒃𝒂𝒔𝒂𝒉−𝒃𝒐𝒃𝒐𝒕 𝒌𝒆𝒓𝒊𝒏𝒈

𝒃𝒐𝒃𝒐𝒕 𝒃𝒂𝒔𝒂𝒉
𝒙 𝟏𝟎𝟎% 

            = 
𝟓𝟏𝟓−𝟐𝟗𝟏

𝟓𝟏𝟓
𝒙𝟏𝟎𝟎% 

43,49 

Contoh perhitungan persentase jumlah ITZ-KI dalam massa kering 

Konsentrasi ITZ-KI (%) 515 

LOD (%) 291 

Jumlah ITZ dalam massa kering (%) 

= 
𝒃𝒐𝒃𝒐𝒕 𝑰𝑻𝒁

𝟏𝟎𝟎−𝑳𝑶𝑫
𝒙𝟏𝟎𝟎% 

= 
𝟐𝟎

𝟏𝟎𝟎−𝟒𝟑,𝟒𝟗
𝒙𝟏𝟎𝟎% 

35,39 

 

c. Data hasil penentuan volume dan bobot jarum (needles) 

Formula Bobot needle kering (mg) Rata-
rata 
(mg) 

SD 

F1 0,95 0,94 0,95 0,95 0,008 

F2 0,98 0,94 0,97 0,96 0,019 

F3 0,99 0,94 0,97 0,97 0,020 

F4 0,99 0,94 0,95 0,95 0,006 

F5 0,99 0,95 0,95 0,95 0,005 

d. Data hasil penentuan bobot Kompleks Inklusi ITZ 

Formula Jumlah Kompleks 
Inklusi (mg) 

Rata-rata Standar Deviasi 

F1 0,33 0,33 0,002 

0,33 
  

0,33 
  

F2 0,32 0,31 0,006 
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0,30 
  

0,31 
  

F3 0,29 0,29 0,007 

0,29 
  

0,28 
  

F4 0,29 0,27 0,015 

0,26 
  

0,26 
  

F5 0,26 0,26 0,004 

0,26 
  

0,26 
  

Contoh perhitungan penentuan volume, bobot jarum (needle), dan bobot 

itrakonazol 

Volume satu needle 0,00934 mm3 

Volume 100 needle 0,00934 × 100 = 0,934 mm3 

Bobot 100 needle = Volume 100 needle × densitas 

= 0,934 mm3 × 1,01 

= 0,94334 mg 

Jumlah ITZ-KI dalam massa 

kering 

= % ITZ-KI bobot 100 needle 

= 35,39 × 0,943 

= 0,33 mg 

e. Data Hasil Penentuan Jumlah Kompleks Inklusi dalam Jarum 

Formul
a 

Jumlah ITZ 
dalam massa 

kering (%) 

Bobot 
Needle 
kering 

Jumlah Kompleks 
Inklusi (mg) 

Rata-
rata 

Standar 
Deviasi 

F1 35,39 0,95 0,33 0,33 0,002 
 

34,98 0,94 0,33 
  

 
34,24 0,95 0,33 

  

F2 31,54 0,98 0,32 0,31 0,006 
 

32,90 0,94 0,3 
  

 
31,98 0,97 0,31 

  

F3 30,33 0,99 0,29 0,29 0,007 
 

29,62 0,94 0,29 
  

 
29,65 0,97 0,28 

  

F4 27,75 0,99 0,29 0,27 0,015 
 

27,72 0,94 0,26 
  

 
27,63 0,95 0,26 

  

F5 26,52 0,99 0,26 0,26 0,004 
 

27,11 0,95 0,26 
  

 
27,15 0,95 0,26 
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f. Data hasil perhitungan itrakonazol teoritis 

Formula Jumlah ITZ (mg) Rata-rata Jumlah ITZ (µg) Rata-rata 

F1 0,079 0,079 78,920 77,608 
 

0,078 
 

77,696 
 

 
0,079 

 
78,937 

 

F2 0,075 0,074 74,880 73,796 
 

0,072 
 

72,090 
 

 
0,074 

 
74,417 

 

F3 0,070 0,069 70,028 69,038 
 

0,070 
 

70,028 
 

 
0,067 

 
67,058 

 

F4 0,069 0,065 68,778 64,635 
 

0,063 
 

62,917 
 

 
0,062 

 
62,208 

 

F5 0,063 0,062 62,869 61,726 
 

0,061 
 

61,381 
 

 
0,061 

 
60,928 

 

g. Data hasil perhitungan ITZ dalam 100 jarum (needle) 

Formula Absorbansi Konsentrasi 

1 2 3 1 2 3 

F1 0,422 0,438 0,446 15,164 15,745 16,036 

F2 0,403 0,406 0,41 14,472 14,582 14,727 

F3 0,391 0,365 0,387 14,036 13,090 13,891 

F4 0,351 0,36 0,344 12,582 12,909 12,327 

F5 0,338 0,346 0,339 12,109 12,400 12,145 

Contoh perhitungan jumlah ITZ dalam jarum (needle) 

Drug loading (DL) ITZ dalam Kompleks inklusi 23,80% 

Bobot Kompleks inklusi ITZ dalam jarum 0,33 mg 

Jumlah ITZ dalam formula = Bobot KI di needle × DL ITZ 

= 0,33 mg × 23,80% 

= 0,079 mg 

Contoh perhitungan kandungan ITZ dalam jarum 

Persamaan kurva baku Y = 0,0275x + 0,005 

Absorbansi 0,422 

Bobot teoritis ITZ 0,0079 mg 

Konsentrasi = 
𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑠𝑖−𝑏

𝑎
 

= 
0,422−0,005

0,0275
 

= 15,163 µg/mL 
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h. Data hasil penentuan Drug Content Recovery 

Formula Jumlah 
ITZ (µg) 

Jumlah 
ITZ dalam 

5 mL 

 % Recovery Rata- 
rata 

SD 

1 2 3 

F1 77,608 15,703 96,069 101,328 101,577 99,65 3,110 

F2 73,796 14,759 96,639 101,136 98,951 98,90 2,249 

F3 69,038 13,807 100,219 93,468 103,573 99,08 5,146 

F4 64,635 12,926 91,466 102,588 99,080 97,71 5,686 

F5 61,726 12,345 96,304 101,008 99,669 98,99 2,423 

Contoh perhitungan persentase Recovery 

Konsentrasi ITZ 15,163 µg/mL 

Konsentrasi ITZ dalam 5 mL 15,784 µg/5mL 

% Recovery = 
15,163

15,784
𝑥 100% 

= 96,069 % 

 

Lampiran 7. Tabel uji pengukuran Surface pH 

Formula Bobot Nilai pH Rata-
Rata 

SD 

I II II I II III 

F1 0,0224 0,0221 0,0224 7,47 7,44 7,43 7,45 0,02 

F2 0,0228 0,023 0,0231 7,43 7,31 7,37 7,37 0,06 

F3 0,0222 0,0223 0,0222 7,33 7,38 7,29 7,33 0,04 

F4 0,0277 0,0278 0,0275 7,38 7,33 7,32 7,34 0,03 

F5 0,0286 0,0281 0,0283 7,3 7,1 7,11 7,17 0,11 
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Lampiran 8. Tabel Uji Permeasi Ex-vivo 

Formula 1 

Jam Replikasi Absorbansi Konsentrasi 
(µg/mL) 

Dilution 
Factor 

13 mL 
(mg) 

Faktor 
Koreksi 

Jumlah 
Terpermeasi (mg) 

Rata-
Rata        

SD 

15 1 0 0 2 0 0 0 0 0 
 

2 0 0 2 0 0 0 
  

 
3 0 0 2 0 0 0 

  

30 1 0,034 1,34 2 0,034 0 0,034 0,102 0,06 
 

2 0,058 6,14 2 0,159 0 0,159 
  

 
3 0,049 4,34 2 0,112 0 0,112 

  

45 1 0,046 3,74 2 0,097 0,001 0,098 0,168 0,08 
 

2 0,055 5,54 2 0,144 0,006 0,150 
  

 
3 0,076 9,74 2 0,253 0,004 0,257 

  

1 1 0,077 9,94 2 0,258 0,005 0,263 0,234 0,02 
 

2 0,069 8,34 2 0,216 0,011 0,228 
  

 
3 0,065 7,54 2 0,196 0,014 0,210 

  

2 1 0,103 15,14 2 0,393 0,015 0,408 0,376 0,04 
 

2 0,099 14,34 2 0,372 0,020 0,392 
  

 
3 0,086 11,74 2 0,305 0,021 0,326 

  

3 1 0,09 12,54 2 0,326 0,030 0,356 0,405 0,09 
 

2 0,088 12,14 2 0,315 0,034 0,35 
  

 
3 0,119 18,34 2 0,476 0,033 0,510 

  

4 1 0,089 12,34 2 0,320 0,042 0,363 0,431 0,06 
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2 0,101 14,74 2 0,383 0,046 0,429 

  

 
3 0,114 17,34 2 0,450 0,051 0,502 

  

5 1 0,106 15,74 2 0,409 0,055 0,464 0,521 0,05 
 

2 0,118 18,14 2 0,471 0,061 0,532 
  

 
3 0,123 19,14 2 0,497 0,069 0,566 

  

6 1 0,127 19,94 2 0,518 0,070 0,589 0,601 0,04 
 

2 0,138 22,14 2 0,575 0,079 0,655 
  

 
3 0,118 18,14 2 0,471 0,088 0,559 

  

7 1 0,142 22,94 2 0,596 0,090 0,687 0,668 0,02 
 

2 0,139 22,34 2 0,580 0,101 0,682 
  

 
3 0,129 20,34 2 0,528 0,106 0,635 

  

8 1 0,138 22,14 2 0,575 0,113 0,689 0,781 0,08 
 

2 0,157 25,94 2 0,674 0,123 0,798 
  

 
3 0,168 28,14 2 0,731 0,126 0,858 

  

24 1 0,228 40,14 2 1,043 0,135 1,179 1,117 0,05 
 

2 0,208 36,14 2 0,939 0,149 1,089 
  

 
3 0,206 35,74 2 0,929 0,154 1,084 

  

 

Formula 2 

Jam Replikasi Absorbansi Konsentrasi 
(µg/mL) 

Dilution 
Factor 

13 mL 
(mg) 

Faktor 
Koreksi 

Jumlah 
Terpermeasi (mg) 

Rata-Rata ± SD 

15 1 0,045 3,54 2 0,092 0 0,092 0,052 0,03 
 

2 0,035 1,54 2 0,040 0 0,040 
  

 
3 0,032 0,94 2 0,024 0 0,024 
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30 1 0,056 5,74 2 0,149 0,003 0,152 0,156 0,06 
 

2 0,069 8,34 2 0,216 0,001 0,218 
  

 
3 0,046 3,74 2 0,097 0,000 0,098 

  

45 1 0,086 11,74 2 0,305 0,009 0,314 0,294 0,03 
 

2 0,074 9,34 2 0,242 0,009 0,252 
  

 
3 0,087 11,94 2 0,310 0,004 0,315 

  

1 1 0,11 16,54 2 0,430 0,021 0,451 0,422 0,04 
 

2 0,109 16,34 2 0,424 0,019 0,444 
  

 
3 0,096 13,74 2 0,357 0,016 0,373 

  

2 1 0,098 14,14 2 0,367 0,037 0,405 0,454 0,09 
 

2 0,097 13,94 2 0,362 0,035 0,398 
  

 
3 0,129 20,34 2 0,528 0,030 0,559 

  

3 1 0,099 14,34 2 0,372 0,051 0,424 0,473 0,04 
 

2 0,113 17,14 2 0,445 0,049 0,495 
  

 
3 0,114 17,34 2 0,450 0,050 0,501 

  

4 1 0,118 18,14 2 0,471 0,066 0,537 0,557 0,03 
 

2 0,118 18,14 2 0,471 0,066 0,538 
  

 
3 0,129 20,34 2 0,528 0,068 0,596 

  

5 1 0,13 20,54 2 0,534 0,084 0,618 0,612 0,05 
 

2 0,138 22,14 2 0,575 0,084 0,660 
  

 
3 0,118 18,14 2 0,471 0,088 0,560 

  

6 1 0,147 23,94 2 0,622 0,104 0,727 0,705 0,02 
 

2 0,145 23,54 2 0,612 0,106 0,718 
  

 
3 0,136 21,74 2 0,565 0,106 0,671 

  

7 1 0,153 25,14 2 0,653 0,128 0,782 0,777 0,08 
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2 0,134 21,34 2 0,554 0,130 0,685 

  

 
3 0,169 28,34 2 0,736 0,128 0,865 

  

8 1 0,2 34,54 2 0,898 0,153 1,051 0,946 0,10 
 

2 0,178 30,14 2 0,783 0,151 0,935 
  

 
3 0,161 26,74 2 0,695 0,156 0,851 

  

24 1 0,362 66,94 2 1,740 0,188 1,928 1,526 0,41 
 

2 0,291 52,74 2 1,371 0,181 1,553 
  

 
3 0,203 35,14 2 0,913 0,183 1,096 

  

 

Formula 3 

Jam Replikasi Absorbansi Konsentrasi 
(µg/mL) 

Dilution 
Factor 

13 mL 
(mg) 

Faktor 
Koreksi 

Jumlah 
Terpermeasi (mg) 

Rata-Rata ± SD 

15 1 0,104 15,34 2 0,398 0 0,398 0,372 0,05 
 

2 0,106 15,74 2 0,409 0 0,409 
  

 
3 0,087 11,94 2 0,310 0 0,310 

  

30 1 0,11 16,54 2 0,430 0,015 0,445 0,435 0,05 
 

2 0,097 13,94 2 0,362 0,015 0,378 
  

 
3 0,118 18,14 2 0,471 0,011 0,483 

  

45 1 0,101 14,74 2 0,383 0,031 0,415 0,460 0,04 
 

2 0,116 17,74 2 0,461 0,029 0,490 
  

 
3 0,113 17,14 2 0,445 0,030 0,475 

  

1 1 0,12 18,54 2 0,482 0,046 0,528 0,532 0,01 
 

2 0,118 18,14 2 0,471 0,047 0,519 
  

 
3 0,124 19,34 2 0,502 0,047 0,550 
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2 1 0,116 17,74 2 0,461 0,065 0,526 0,570 0,05 
 

2 0,135 21,54 2 0,560 0,065 0,625 
  

 
3 0,122 18,94 2 0,492 0,066 0,559 

  

3 1 0,132 20,94 2 0,544 0,083 0,627 0,629 0,02 
 

2 0,128 20,14 2 0,52364 0,087 0,610 
  

 
3 0,136 21,74 2 0,56524 0,085 0,650 

  

4 1 0,153 25,14 2 0,65364 0,103 0,757 0,719 0,03 
 

2 0,144 23,34 2 0,60684 0,107 0,714 
  

 
3 0,139 22,34 2 0,58084 0,107 0,688 

  

5 1 0,151 24,74 2 0,64324 0,128 0,772 0,838 0,05 
 

2 0,173 29,14 2 0,75764 0,130 0,888 
  

 
3 0,167 27,94 2 0,72644 0,129 0,856 

  

6 1 0,135 21,54 2 0,56004 0,153 0,713 0,850 0,12 
 

2 0,179 30,34 2 0,78884 0,159 0,948 
  

 
3 0,168 28,14 2 0,73164 0,157 0,889 

  

7 1 0,219 38,34 2 0,99684 0,175 1,172 1,173 0,07 
 

2 0,231 40,74 2 1,05924 0,190 1,249 
  

 
3 0,203 35,14 2 0,91364 0,185 1,099 

  

8 1 0,234 41,34 2 1,07484 0,213 1,288 1,348 0,06 
 

2 0,257 45,94 2 1,19444 0,230 1,425 
  

 
3 0,241 42,74 2 1,11124 0,220 1,332 

  

24 1 0,485 91,54 2 2,38004 0,254 2,634 2,542 0,12 
 

2 0,436 81,74 2 2,12524 0,276 2,401 
  

 
3 0,475 89,54 2 2,32804 0,26354 2,59158 
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Formula 4 

Jam Replikasi Absorbansi Konsentrasi 
(µg/mL) 

Dilution 
Factor 

13 mL 
(mg) 

Faktor 
Koreksi 

Jumlah 
Terpermeasi (mg) 

Rata-Rata ± SD 

15 1 0,223 39,14 2 1,017 0 1,017 0,984 0,07  
2 0,226 39,74 2 1,033 0 1,033 

  

 
3 0,201 34,74 2 0,903 0 0,903 

  

30 1 0,219 38,34 2 0,996 0,039 1,035 1,052 0,01  
2 0,224 39,34 2 1,022 0,039 1,062 

  

 
3 0,224 39,34 2 1,022 0,034 1,057 

  

45 1 0,262 46,94 2 1,220 0,077 1,297 1,307 0,02  
2 0,259 46,34 2 1,204 0,079 1,283 

  

 
3 0,271 48,74 2 1,267 0,074 1,341 

  

1 1 0,314 57,34 2 1,490 0,124 1,615 1,6427 0,03  
2 0,326 59,74 2 1,553 0,125 1,678 

  

 
3 0,318 58,14 2 1,511 0,122 1,634 

  

2 1 0,357 65,94 2 1,714 0,181 1,896 1,897 0,008  
2 0,355 65,54 2 1,704 0,185 1,889 

  

 
3 0,359 66,34 2 1,724 0,180 1,905 

  

3 1 0,371 68,74 2 1,787 0,247 2,034 2,021 0,03  
2 0,374 69,34 2 1,802 0,250 2,053 

  

 
3 0,36 66,54 2 1,730 0,247 1,977 

  

4 1 0,382 70,94 2 1,844 0,316 2,160 2,175 0,02  
2 0,389 72,34 2 1,880 0,320 2,200 

  

 
3 0,383 71,14 2 1,849 0,313 2,163 

  

5 1 0,392 72,94 2 1,896 0,387 2,283 2,326 0,03  
2 0,404 75,34 2 1,958 0,392 2,351 

  

 
3 0,404 75,34 2 1,958 0,384 2,343 

  

6 1 0,402 74,94 2 1,948 0,460 2,408 2,449 0,03  
2 0,409 76,34 2 1,984 0,467 2,452 

  

 
3 0,417 77,94 2 2,026 0,460 2,486 

  

7 1 0,422 78,94 2 2,052 0,535 2,587 2,654 0,09  
2 0,424 79,34 2 2,062 0,544 2,606 
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3 0,456 85,74 2 2,229 0,538 2,767 

  

8 1 0,458 86,14 2 2,239 0,614 2,853 2,957 0,08  
2 0,487 91,94 2 2,390 0,623 3,013 

  

 
3 0,485 91,54 2 2,380 0,624 3,004 

  

24 1 0,485 91,54 2 2,380 0,700 3,080 3,386 0,32  
2 0,606 115,74 2 3,009 0,715 3,724 

  

 
3 0,535 101,54 2 2,640 0,715 3,355 

  

 

Formula 5 

Jam Replikasi Absorbansi Konsentrasi 
(µg/mL) 

Dilution 
Factor 

13 mL 
(mg) 

Faktor 
Koreksi 

Jumlah 
Terpermeasi (mg) 

Rata-Rata ± SD 

15 1 0,226 39,74 2 1,033 0 1,033 1,040 0,006 
 

2 0,228 40,14 2 1,043 0 1,043 
  

 
3 0,228 40,14 2 1,043 0 1,043 

  

30 1 0,274 49,34 2 1,282 0,039 1,322 1,329 0,006 
 

2 0,276 49,74 2 1,293 0,040 1,333 
  

 
3 0,276 49,74 2 1,293 0,040 1,333 

  

45 1 0,288 52,14 2 1,355 0,089 1,444 1,488 0,038 
 

2 0,3 54,54 2 1,418 0,089 1,507 
  

 
3 0,301 54,74 2 1,423 0,089 1,513 

  

1 1 0,349 64,34 2 1,672 0,141 1,814 1,842 0,027 
 

2 0,354 65,34 2 1,698 0,144 1,843 
  

 
3 0,359 66,34 2 1,724 0,144 1,869 

  

2 1 0,396 73,74 2 1,917 0,205 2,122 2,126 0,002 
 

2 0,396 73,74 2 1,917 0,209 2,127 
  

 
3 0,396 73,74 2 1,917 0,210 2,128 
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3 1 0,428 80,14 2 2,083 0,279 2,362 2,352 0,027 
 

2 0,429 80,34 2 2,088 0,283 2,372 
  

 
3 0,419 78,34 2 2,036 0,284 2,321 

  

4 1 0,437 81,94 2 2,130 0,359 2,489 2,402 0,116 
 

2 0,394 73,34 2 1,906 0,363 2,270 
  

 
3 0,428 80,14 2 2,083 0,363 2,446 

  

5 1 0,459 86,34 2 2,244 0,441 2,686 2,685 0,003 
 

2 0,459 86,34 2 2,244 0,437 2,682 
  

 
3 0,459 86,34 2 2,244 0,443 2,688 

  

6 1 0,476 89,74 2 2,333 0,527 2,860 2,848 0,018 
 

2 0,476 89,74 2 2,333 0,523 2,856 
  

 
3 0,469 88,34 2 2,296 0,529 2,826 

  

7 1 0,498 94,14 2 2,447 0,617 3,065 3,056 0,007 
 

2 0,496 93,74 2 2,437 0,613 3,050 
  

 
3 0,496 93,74 2 2,437 0,617 3,055 

  

8 1 0,486 91,74 2 2,385 0,711 3,096 3,154 0,051 
 

2 0,506 95,74 2 2,489 0,707 3,196 
  

 
3 0,5 94,54 2 2,458 0,711 3,169 

  

24 1 0,609 116,34 2 3,024 0,803 3,828 3,785 0,215 
 

2 0,556 105,74 2 2,749 0,802 3,551 
  

 
3 0,637 121,94 2 3,170 0,806 3,976 
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