BAB 5
KESIMPULAN DAN SARAN

5.1. Kesimpulan

Berdasarkan data dari 8 kajian pustaka berupa artikel ilmiah terkait
dengan efektivitas macam-macam metode pengujian secara in vitro pada
antivirus remdesivir dalam  menghambat replikasi virus SARS-CoV-2
untuk terapi COVID-19 dapat disimpulkan bahwa metode pengujian in vitro
yang dapat dijadikan standar atau efektif dalam pengujian remdesivir
sebagai terapi COVID-19 adalah uji Gluccia Luciferase dan uji TR-FRET
NP.

5.2. Saran

Berdasarkan data hasil kajian pustaka dari 8 artikel ilmiah yang
telah dilakukan maka dapat diberikan saran bahwa perlu dilaksanakan
penelitian kajian pustaka lebih lanjut mengenai penentuan parameter
statistik HTS dari uji HiBit Luminescence, Imunofluoresensi,
Imunohistokimia dan  Nano-Glo Luciferase. Parameter statistik HTS
berperan penting karena dapat digunakan untuk evaluasi kualitas pengujian,

optimalisasi dan validasi pengujian.

57



DAFTAR PUSTAKA

Adan, A., Kiraz, Y. and Baran, Y. 2016, Cell proliferation and cytotoxicity
assays, Current Pharmaceutical Biotechnology, 17(14): 1213-
1221. doi: 10.2174/1389201017666160808160513.

Alanagreh, L., Alzoughool, F. and Atoum, M. 2020, The human
coronavirus disease covid-19: Its origin, characteristics, and
insights into potential drugs and its mechanisms, Journal
Pathogens, 9(5): 331. doi: 10.3390/pathogens9050331

Alsobaie, S. 2021, Understanding the molecular biology of SARS-CoV-2
and the COVID-19 pandemic: A review, Infection and Drug
Resistance, 14: 2259-2268. doi: 10.2147/IDR.S306441.

Amanat, F., White, M. K., Miorin, L., Strohmeier, S., McMahon, M.,
Meade, P., Liu, W., Albrecht, A. R., Simon, V., Sobrido-Martinez,
L., Moran, T., Satre-Garcia, A., and Krammer, F. 2020, An in vitro
microneutralization assay for SARS-CoV-2 serology and drug
screening, Current Protocols in Microbiology, 58:1-15, doi:
10.1002/cpmc.108

Anand, U., Jakhmola, S., Indari, O., Jha, H. C., Chen, Z. S., Tripathi, V.
and Lastra, J. M. P. 2021, Potential therapeutic targets and vaccine
development for SARS-CoV-2/COVID-19 pandemic management:
a review on the recent update, Frontiers in Immunology. 12:
658519. doi : 10.3389/fimmu.2021.658519.

Boursier, M. E., Levin, S., Zimmerman, K., Machleidt, T., Hurst, R., Butler,
B. L., Eggers, C. T., Kirkland, T. A., Wood, K. V. and Ohana, R. F.
2020, The luminescent hibit peptide enables selective quantitation
of g protein—coupled receptor ligand engagement and
internalization in living cells, Journal of Biological Chemistry.295
(15): 5124-5135. doi: 10.1074/jbc.RA199.011952.

Burhan, E., Susanto, A. D., Isbaniah, F., Nasution, S. A., Ginanjar, E.,
Pitoyo, C. W., Susilo, A., Firdaus, I., Santoso, A., Juzar, A. A,
Arif, S. K., Wulung, N. G. H., Muchtar, F., Pulungan, A. B.,
Yanuarso, P. B., Sjakti, H. K., Prawira, Y. dan Putri, N. D. (eds).
2022, Pedoman tatalaksana COVID-19 edisi 4, Perhimpunan
Dokter Paru Indonesia (PDPI), Perhimpunan Dokter Spesialis
Kardiovaskular Indonesia (PERKI), Perhimpunan Dokter Spesialis
Penyakit Dalam Indonesia (PAPDI), Perhimpunan Dokter

58



Anestesiologi dan Terapi Intensif Indonesia (PERDATIN), Ikatan
Dokter Anak Indonesia (IDALI), Jakarta.

Cai, L., Qin, X., Xu, Z., Song, Y., Jiang, H., Wu, Y., Ruang, H. and Chen,
J. 2019, Comparison of cytotoxicity evaluation of anticancer drugs
between real-time cell analysis and CCK-8 method, American
Chemical  Society = Omega, 4(7); 12036-12042. doi:
10.1021/acsomega.9b01142.

Chang, C., Parsi, K. M., Somasundaran, M., Vanderleeden, E., Liu, P.,
Cruz, J., Cousineau, A., Finberg, R. W. and Jones, E. A., A newly
engineered A549 cell line expressing ACE2 and TMPRSS2 is
highly permissive to SARS-CoV-2, including the delta and omicron
variants, Viruses, 14(7): 1-14. doi: 10.3390/v14071369.

Choi, S. W., Shin, J. S,, Park, S. J., Jung, E., Park, Y. G., Lee, J., Kim, S. J.,
Park, H. J., Lee, J. H., Park, S. M., Moon, S. H., Ban, K. and Go, Y.
Y. 2020, Antiviral activity and safety of remdesivir against SARS-
CoV-2 infection in human pluripotent stem cell-derived
cardiomyocytes,  Antiviral  Research,  184:104955.  doi:
10.1016/j.antiviral.2020.104955.

Choi, Y. J. and Smith, M. D. 2021, SARS-CoV-2 variants of concern.
Yonseli Medical Journal, 62(11): 961-968. doi:
10.3349/ymj.2021.62.11.961.

Eastman, T. R., Roth, S. J., Brimacombe, R. K., Simeonov, A., Shen, M.,
Patnaik, S. and Hall, D. M. 2020, Remdesivir: A review of its
discovery and development leading to emergency use authorization
for treatment of COVID-19, American Chemical Society Central
Science, 6:672-683. doi: 10.1021/acscentsci.0c00489.

Ergin, E., Dogan, A., Parmaksiz, M., Elcin, A. E. and Elcin, Y. M. 2016,
Time-resolved fluorescence resonance energy transfer [TR-FRET]
assays for biochemical processes, Current Pharmaceutical
Biotechnology, 17:1222-1230. doi:
10.2174/1389201017666160809164527.

Fahnoe, U., Pham, L. V., Antunez, C. F., Costa, R., Rangel, L. R. R., Galli,
A., Feng, S., Mikkelsen, L. S., Gottwein, J. M., Scheel, T. K. H.,
Ramirez, S. and Bukh, J. 2022, Versatile SARS-CoV-2 reverse-
genetics systems for the study of antiviral resistance and replication,
Viruses, 14(2): 172. doi: 10.3390/v14020172.

59


https://doi.org/10.1021/acsomega.9b01142
https://doi.org/10.3390/v14020172

Gorshkov, K., Vasquez, D. M., Chiem, K., Ye, C., Tran, B. N., Torre, J. C.,
Moran, T., Chen, C. Z., Sobrido, L. M. and Zheng, W. 2022,
SARS-CoV-2 nucleocapsid protein TR-FRET assay amenable to
high throughput screening, American Chemical Society
Pharmacology & Translational Science, 5(1): 8-19. doi:
10.1021/acsptsci.1c00182.

Guo, S., Liu, K. and Zheng, J. 2021, The genetic variant of SARS-CoV-2:
Would it matter for controlling the devastating pandemic?,
International Journal of Biological Sciences, 17(6): 1476-1485.
doi: 10.7150/ijbs.59137.

Hannah, R., Beck, M., Moravec, R. and Riss, T. 2001, CellTiter-Glo™
luminescent cell viability assay: A sensitive and rapid method for
determining cell viability, Promega Cell Notes, 2:11-13.

Hartono dan Yusuf, Y. 2021, Tinjauan molekuler dan epidemiologi mutasi
pada virus SARS-CoV -2, Jurnal Bionature, 22(1): 43-49. doi:
10.35580/bionature.v22il.22379.

Hawley, T. S. and Hawley, R. G. 2004, Flow cytometry protocols, Methods
in Molecular Biology, 263(2). ISBN: 1-58829-235-5.

Helmy, A. Y., Fawzy, M., Elaswad, A., Sobieh, A., Kenney, P. S. and
Shehata, A. A. 2020, The covid-19 pandemic: A comprehensive
review of taxonomy, genetics, epidemiology, diagnosis, treatment,
and control, Journal of Clinical Medicine, 9(4): 1225. doi:
10.3390/jcm9041225.

Humeniuk, R., Mathias, A., Kirby, J. B., Lutz, D. J., Cao, H., Osinusi, A.,
Babusis, D., Porter, D., Wei, X., Ling, J., Reddy, S. Y and German,
P. 2021, Pharmacokinetic, pharmacodynamic, and drug-interaction
profile of remdesivir, a SARS-CoV-2 replication inhibitor, Clinical
Pharmacokinetics, 60: 569-583. doi: 10.1007/s40262- 021-00984-5.

Im, K., Mareninov, S., Diaz, M. F. P. and Yong, W. H. 2019, An
introduction to performing immunofluorescence, Biobanking, 1897:
299-311. doi: 10.1007/978149398935526.

Iversen, P. W., Eastwood, B. J., Sittampalam, G. S. and Cox, K. L. 2006, A
comparison of assay performance measures in screening assays:
signal window, z’ factor and assay variability ratio, Journal of
Biomolecular Screening, 11(3): 247-252. doi:
10.1177/1087057105285610.

60



Kiani, R., Arzani, A. and Maibody, S. A. M. M. 2021, Polyphenals,
flavonoids, and antioxidant activity involved in salt tolerance in
wheat, Aegilops cylindrica and their amphidiploids, Frontiers in
Plant Science, 12: 1-13. doi: 10.3389/fpls.2021.646221.

Kim, S. W., Roh, J. and Park, C. S. 2016, Immunohistochemistry for
pathologists: Protocols, pitfalls, and tips, Journal of Pathology and
Translational Medicine, 50: 411-418. pISSN: 2383-7837, elSSN:
2383-7845.

Kokic, G., Hillen, S. H., Tegunov, D., Dienemann, C., Seitz, F.,
Schmitzova, J., Farnung, L., Siewert, A., Hobartner, C. and
Cramer, P. 2021, Mechanism of sars-cov-2 polymerase stalling by
remdesivir, Journal Nature Communications, 12: 279.
d0i:10.1038/s41467020205420.

Kotaki, T., Xie, X., Shi, P. Y. and Kameoka, M. 2021, A PCR amplicon-
based sars-cov-2 replicon for antiviral evaluation, Scientific
Reports, 11(1): 1-7. doi: 10.1038/s41598021820550.

Lei, C., Yang J., Hu J. and Sun X., 2021, On the calculation of TCIDs, for
quantitation of virus infectivity, Virologica Sinica, 36(1): 141-144.

Lima, A. M., Skidmore, M., Khanim, F. and Richardson, A. 2021,
Development of a nano-luciferase based assay to measure the
binding of SARS-CoV-2 spike receptor binding domain to ACE-2,
Journal Biochemical and Biophysical Research Communications,
534:485-490. doi : 10.1016/j.bbrc.2020.11.055.

Moreno, S., Alcazar, B., Duenas, C., Castillo, J. G., Olalla, J. and Antela,
A. 2022, Use of antivirals in SARS-CoV-2 infection. Critical
review of the role of remdesivir, Drug Design, Development and
Therapy, 16: 827. doi: 10.2147/DDDT.S356951.

Muralidar, S., Ambi, S. V., Sekaran, S. and Krishnan, U. M. 2020, The
emergence of covid-19 as a global pandemic: Understanding the
epidemiology, immune response and potential therapeutic targets of
sars-cov-2, Biochimie, 179: 85-100. doi:
10.1016/j.biochi.2020.09.018.

Neerukonda, S. S. and Katneni, U. 2020, A review on SARS-CoV-2
virology, pathophysiology, animal models, and anti-viral
interventions, Journal Pathogens, 9(6): 426. doi:
10.3390/pathogens9060426.

61


https://doi.org/10.1016/j.bbrc.2020.11.055

Odell, I. D. and Cook, D. 2013, Immunofluorescence techniques, Journal
of Investigative Dermatology, 133: 1-4. doi:10.1038/jid.2012.455.

Pamphilon, D., Selogie, E., McKenna, D., Peres, J. C., Szczepiorkowski,
M. Z., Sacher, R., Mcmannis, J., Eichler, H., Garritsen, H.,
Takanashi, M., Watering, L. V. D., Stroncek, D. and Reems, J.
2013, Current practices and prospects for standardization of the
hematopoietic Colony-Forming-Unit (CFU) assay: A report by the
cellular therapy team of the Biomedical Excellence for Safer
Transfusion (BEST) collaborative, Cytotherapy, 15(3): 255-262.
doi: 10.1016/j.jcyt.2012.11.013.

Parasher, A. 2020, COVID-19: Current understanding of its
pathophysiology, clinical presentation and treatment, Postgraduate
Medical Journal, 97(1147): 312-320. doi: 10.1136/postgradmedj-
2020-138577.

Philippeos, C., Hugjes, R. D., Dhawan, A. and Mitry, R. R. 2012,
Introduction to cell culture, In Human Cell Culture Protocols,
Human Press, 1:1-13.

Ramirez S., Antunez, C. F., Galli, A., Underwood, A., Pham, L. V.,
Ryberg, L. A., Feng, S., Pedersen, M. S., Mikkelsen, L. S,
Belouzard, S., Dubuisson, J., Solund, C., Weis, N., Gottwein, J. M.,
Fahnoe, U. and Bukh J. 2021, Overcoming culture restriction for
SARS-CoV-2 in human cells facilitates the screening of compounds
inhibiting  viral  replication, Antimicrobial Agents and
Chemotherapy, 65(7): 1-21. doi:10 .1128/AAC.00097-21.

Rosa, B. R., Dantas, M. W., do Nascimento, F. C. J., da Silva, V. M., de
Oliveira, N. R. and Pena, J. L. 2021, In vitro and in vivo models for
studying SARS-CoV-2, the etiological agent responsible for
COVID-19 pandemic, Viruses, 13:379, doi: 10.3390/v13030379.

Rossi, A. G., Sacco, O., Mancino, E., Cristiani, L. and Midulla, F. 2020,
Differences and similarities between SARS-CoV and SARS-CoV-
2: Spike receptor-binding domain recognition and host cell
infection with support of cellular serine proteases, Infection, 48:
665-669, doi: 10.1007/s15010020014865.

Rothan, A. H. and Byrareddy, N. S. 2020, The epidemiology and
pathogenesis of coronavirus disease (COVID-19) outbreak, Journal
of Autoimmunity, 109: 102433. doi: 10.1016/j.jaut.2020.102433.

62



Rumlova, M. and Ruml, T. 2018, In vitro methods for testing antiviral
drugs,  Biotechnology = Advances, 36: 557-576.  doi:
10.1016/j.biotechadv.2017.12.016.

Sfarcic, |, Bui, T., Daniels, E. C. and Troemel, E. R. 2019,
Nanoluciferase-based method for detecting gene expression in
caenorhabditis  elegans, Genetics, 213(4):  1197-1207.  doi:
10.1534/genetics.119.302655.

Shun, T. Y., Lazo, J. S., Sharlow, E. R. and Johnston, P. A. 2011,
Identifying actives from HTS data sets: Practical approaches for the
selection of an appropriate HTS data-processing method and quality
control review, Journal of Biomolecular screening, 16(1):1-14. doi:
10.1177/1087057110389039.

Siddaway, P. A., Wood, M. A. and Hedges, V. L. 2019, How to do a
systematic review: A best practice guide for conducting and
reporting narrative reviews, meta-analyses and meta-synthesis,
Annual Review of Phychology, 70:747-770. doi: 10.1146/annurev-
psych-010418-102803.

Simonis, A., Theobald, S. J., Fatkenheuer, G., Rybniker, J. and Malin, J. J.
2021, A comparative analysis of remdesivir and other repurposed
antivirals against SARS-CoV-2, EMBO Molecular Medicine, 13:1-
15. doi: 10.15252/emmm.202013105.

Siswanto. 2010, Systematic review sebagai metode penelitian untuk
mensintesis hasil-hasil penelitian (sebuah pengantar), Buletin
Penelitian Sistem Kesehatan, 13(4): 326-333. ISSN : 1410-2935, e-
ISSN : 2354-8738.

Sui and Wu, 2007, Alternative statistical parameter for high-throughput
screening assay quality assessment, Jurnal Skrining Biomolekuler,
12(2): 229-234. doi: 10.1177/1087057106296498.

Tannous, B. A. 2009, Gaussia luciferase reporter assay for monitoring of
biological processes in culture and in vivo, Nature Protocols, 4(4):
582-591. doi: 10.1038/nprot.2009.28.

Tian, D., Sun, Y., Xu, H. and Ye, Q. 2022, The emergence and epidemic
characteristics of the highly mutated SARS-CoV-2 omicron variant,
Journal of Medical Virology, 1-8. doi: 10.1002/jmv.27643.

Vasireddy, D., Vanaparthy, R., Mohan, G., Malayala, S. V. and Atluri, P.
2021, Review of COVID-19 variants and COVID-19 vaccine
efficacy: What the clinician should know?, Journal of Clinical

63


https://doi.org/10.1016%2Fj.biotechadv.2017.12.016
https://doi.org/10.1534/genetics.119.302655

Medicine Research, 13(6): 317-325. doi: 10.14740/jocmr4518.

Wrapp, D., Wang, N., Corbett, S. K., Goldsmith, A. J., Hsieh, L. C..,
Abiona, O., Graham, S. B. and MeLellan, S. J. 2020, Cryo-EM
structure of the 2019-ncov spike in the prefusion conformation,
Science, 367(6483): 1260-1263.

Xu, Y., Barauskas, O., Kim, C., Babusis, D., Murakami, E., Kornyeyev, D.,
Lee, G., Stepan, G., Perron, M., Bannister, R., Schultz, B. E.,
Sakowicz, R., Porter, D., Cihlar, T. and Feng, J. Y. 2021, Off-
target in vitro profiling demonstrates that remdesivir is a highly
selective antiviral agent, Antimicrobial Agents and Chemotherapy,
65(2): 1-14. doi : 10.1128/AAC.02237-20.

Yin, L. M., Wei, Y., Wang, Y., Xu, Y. D. and Yang, Y. Q. 2013, Long
term and standard incubations of WST-1 reagent reflect the same
inhibitory trend of cell viability in rat airway smooth muscle cells,
International Journal of Medical Sciences, 10(1): 68-72. doi:
10.7150/ijms.5256.

Zhao, J., Guo, S., Yi, D,, Li, Q., Ma, L., Zhang, Y., Wang, J., Li, X., Guo,
F., Lin, R, Liang, C., Liu, Z. and Cen, S. 2021, A cell-based
assay to discover inhibitors of SARS-CoV-2 RNA dependent RNA
polymerase, Antiviral Research, 190: 1-9. doi:
10.1016/j.antiviral.2021.105078.

64


https://doi.org/10.1016/j.antiviral.2021.105078

