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ABSTRACT 

Immunotherapy is a promising cancer treatment that enhances the body's 

immune system by targeting immune checkpoint receptors. One of these 

receptors, CTLA-4, suppresses the activity of T lymphocytes. Several active 

compounds derived from herbs, including astragaloside IV, flindersine, n-

butylidenephthalide, and xanthorrhizol, have demonstrated potential in 

anticancer immunotherapy. The objective of this study is to investigate the 

interaction between these active compounds and the CTLA-4 receptor using 

molecular docking simulation. This experimental research was conducted from 

January – June 2023 in the pharmaceutical chemistry laboratory at Al-Irsyad 

Cilacap University with methods including ligand and receptor preparation, 

blind molecular docking, RMSD validation, and visualization of the structure. 

Our findings indicate that all four active compounds can interact with the 

CTLA-4 receptor and inhibit it with bond energies of astragaloside IV -7.3, 

flindersine -5.7, n-butylidenephthalide -5.0, and xanthorrhizol -4.9, at RMSD 0. 

However, the interaction does not involve the same amino acid residues as the 

comparator ligand ipilimumab due to differences in bond area. 
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1. INTRODUCTION  

Immunotherapy has evolved into a potent clinical method for cancer treatment. The 

quantity of immunotherapy medicine approvals has increased, and a variety of treatments are 

currently under clinical and preclinical stage of development. Agents are employed in cancer 

immunotherapy to activate or increase the immune system’s ability to fight cells with cancer 

through natural mechanisms (Riley et al., 2019). This technology has increased the chances of 

patient survival in cancer and higher therapeutic efficacy (Falzone et al., 2018; Waldman et al., 

2020). When immune checkpoint inhibitors are stimulated, they dampen the immune response 

activated by cancer cells. Immune checkpoints function physiologically to maintain adequate 

immune responses and to protect the healthy tissue from immunological attacks (Lawrenti, 

2018; Ong et al., 2018).  

Cytotoxic T Lymphocyte Associated Protein 4 (CTLA-4) is a frequent immune checkpoint 

inhibitor receptor. Cancer can use the CTLA-4 receptor to grow. The receptor can bind to CD80 

and CD86 on antigen-presenting cells (APCs), causing immunosuppression and inhibiting T 

lymphocyte function (Sobhani et al., 2021). Immunotherapy aims to suppress cancer 

proliferation by inhibiting or blocking CTLA-4 expression on T lymphocytes, limiting CTLA-4 
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interaction with CD80 and CD86. A decrease in the immunosuppressive response will increase 

the immune response of active T lymphocytes to inhibit tumor and cancer growth (Destiawan et 

al., 2021; Sugawara et al., 2021). 

As an immunomodulator, Ipilimumab acts on the CTLA4 receptor in T cells (Usama et al., 

2019). Ipilimumab is the first anti-CTLA-4 drug to bind and inhibit the interaction of CTLA-4 

with its ligand and has been approved by the US FDA (Biorad, 2015; Lawrenti, 2018). 

However, as of September 30, 2020, there were 22,451 adverse events reported for ipilimumab. 

The most severe adverse events reported to the FDA database were myocarditis, pneumonitis, 

hypophysitis, and hepatitis (Jacob et al., 2021). 

Indonesian people have used natural resources for medicinal purposes in their daily lives. 

Therapy of complicated and multivariate physiological imbalances, as well as several other 

health problems, including cancer, is carried out globally using compounds derived from 

medicinal plants (Banerjee et al., 2023; Kusnul, 2019). Active substances with potential as anti-

cancer, specifically immunotherapy, include astragaloside IV from the Huang qi plant 

(Astragalus membranaceus), flindersine from the Ki Sampang plant (Melicope denhamii), n-

butylidenephthalide from the female ginseng plant (Angelica sinensis), and xanthrorrhizol from 

the ginger plant (Curcuma xanthorrhiza) (Banerjee et al., 2023; Saputri et al., 2018). In silico 

research can be used to find more relevant and successful candidates with low side effects 

through the exploration of natural chemicals that have the potential to prevent cancer growth 

and reduce side effects (Amalina et al., 2020).  

Molecular docking is a structure-based drug design approach that simulates molecular 

interactions and evaluates the contacts and affinities between ligands and receptors (Fan et al., 

2019). Astragaloside IV, flindersine, n-butylidenephthalide, and xanthorrhizol are compounds 

derived from alkaloids, saponins, terpenoids, and phthalides that can generally be found in 

various plants. These four compounds have the potential to inhibit cancer cell growth by 

reducing the risk of metastasis as well as inducing apoptosis in cancer (Banerjee et al., 2023; 

Saputri et al., 2018). This research has urgency in overcoming side effects and providing more 

effective cancer treatment through immunotherapy with astragaloside IV, flindersine, n-

butylidenephthalide, and xanthorrhizol compounds against CTLA-4 receptors determined using 

molecular docking to determine affinity and interactions that occur. 

 

2. METHODS 

This study is an experimental study conducted in January – June 2023 in the 

pharmaceutical chemistry laboratory at Al-Irsyad Cilacap University. This study uses in silico 

analysis methodology through blind molecular docking to predict the activity of molecules with 

selected receptors. This research method includes materials and tools, preparation stage, 

analysis stage, and interpretation stage. 

2.1. Material and Tools 

The 3-dimensional structures of astragaloside IV, flindersine, n-butylidenephthalide, and 

xanthorrizhol were downloaded from https://pubchem.ncbi.nlm.nih.gov/. The structures of the 

CTLA-4 receptor and the comparator ligand ipilimumab (PDB ID: 6RP8) were downloaded 

from the PDB (protein data bank) website, https://www.rcsb.org/. This study used the computer 

with Windows 10 64-bit specifications equipped with PyRx, Discovery Studio, and PyMol 

programs. HDOCK server to perform protein-protein docking. 

2.2. Preparation Stage 

2.2.1. Ligands and Receptor Preparation 

The 3-dimensional structures of astragaloside IV, flindersine, n-butylidenephthalide, and 

xanthorrizhol compounds were prepared with the Pyrx application. The compound preparation 

was optimized through the open babel section until it was visible in pdbqt format. Preparation of 

the 3-dimensional structure of comparator ligand ipilimumab and Cytotoxic T Lymphocyte 
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Associated Protein 4 (CTLA-4) receptor was carried out by separating the two and adding polar 

hydrogen to the receptor using the Discovery Studio program. 

2.3. Analysis Stage 

2.3.1. Lipinski’s Rule of Five Analysis 

The compounds obtained can be examined in physicochemical tests with Lipinski's Rule of 

Five. The website to do the analysis is 

https://www.scfbioiitd.res.in/software/drugdesign/lipinski.jsp. The compounds examined are 

inputted in SDF or PDB format at normal pH (7) and then submitted. 

2.3.2. Docking Ligand to Receptor  

Docking the comparator ligand ipilimumab to CTLA-4 via protein-protein docking using 

the HDOCK server. When docking the test ligand to CTLA-4, PyRx-Autodock Vina software 

was used with a customized grid box on the active side of the receptor. Docking of molecules 

generates Gibbs free energy, which indicates the capacity of the ligand to bind to the receptor. 

The stronger the bond between the receptor and ligand, the lower the binding affinity value 

(Purwanto et al., 2021). 

2.4. Interpretation Stage 

2.4.1. RMSD Validation 

The RMSD value is a validation parameter of the molecular docking method. The RMSD 

value reflects how much the surface interaction of the ligand in the structure varies before and 

after docking. In the docking simulation, the RMSD value ≤ 2.0 is used as a reference; if the 

RMSD value ≤ 2.0, it can proceed to the next stage; otherwise, it must be reconfigured 

(Nursanti et al., 2022). 

2.4.2. Visualization of Molecular Docking 

The visualization stage of the molecular docking process is used to determine the optimal 

configuration of the ligand with the receptor. The 3D visualization study was performed using 

the Discovery Studio application for the test ligand and Pymol for the comparison ligand 

docking. The parameters analyzed were amino acid residues and ligand-receptor interactions. 

 

3. RESULTS AND DISCUSSION  

3.1. Ligands and Receptor Preparation 

3.1.1. Test Ligands Preparation 

The structures of the active herbal compounds astragaloside IV, flindersine, n-

butylidenephthalide, and xanthorrizhol were prepared in 3-dimensional form. The results of the 

preparation of active herbal compounds are shown in Table 1. 

 
Table 1. Test Ligands 3D Structure 

Test Ligands CID 3D Structure 

Astragaloside IV 

(C41H68O14) 

13943297  

Flindersine 

(C14H13O2) 

68230  

https://pubchem.ncbi.nlm.nih.gov/compound/13943297
https://pubchem.ncbi.nlm.nih.gov/compound/68230
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N-Butylidenephthalide 

(C12H12O2) 

 

642376  

Xanthorrhizol 

(C15H22O) 

93135  

 
3.1.2. Comparator Ligand and Receptor Preparation 

The structure of the ipilimumab-CTLA4 complex was downloaded through the PDB on the 

crystal structure with the code 6RP8. The structure with code 6RP8 has the classification of 

immune system and homo sapiens organism. This structure has three protein sub-units with 

ligands bound by X-ray diffraction results at a large enough resolution distance (2.60 Ǻ). The 

6RP8 identify structure was chosen because the CTLA-4 receptor already binds to a therapeutic 

ligand, ipilimumab, which was the first anti CTLA-4 drug developed. 

The Cytotoxic T Lymphocyte Associated Protein 4 (CTLA-4) receptor structure is 

separated from the comparative ligand ipilimumab by removing the solvent, preferably water, so 

that the ligand and receptor do not interfere during the docking process. In the CTLA-4 receptor 

that has been separated, hydrogen atoms are added to adjust the docking atmosphere to 

approach the atmosphere in the body at pH 7 (Harir, 2022; Sari et al., 2020). Then, each 

structure of the comparator ligand and receptor was stored separately (PDB format). The 

preparation of ipilimumab and CTLA-4 is shown in Figure 1. 

 

    

 (a) (b) (c) 

 

Figure 1. (a) Complex CTLA4-Ipilimumab, 

(b) CTLA-4 Receptor, (c) Comparator Ipilimumab 

 

3.2. Analysis Stage 

3.2.1. Lipinski’s Rule of Five Analysis 

To evaluate the absorption character of a substance in the body, a ligand that has been 

produced in three-dimensional structure is tested physicochemically using Lipinski's Rule of 

Five. According to Lipinski's rule, the physicochemical prerequisites of a molecule are five: 

molecular weight < 500 Da, number of hydrogen bond donors < 5, total hydrogen bond 

acceptors < 10, log P value < 5, and molar refractivity in its range of 40-130 (Lipinski, 2004).  

Molecular weights greater than 500 g/mol cannot diffuse through the cell membrane. The 

H donor and H acceptor parameters illustrate how the greater the hydrogen bonding capacity, 

the greater the energy required for the sorption process. Negative log P values are also 

https://pubchem.ncbi.nlm.nih.gov/compound/642376
https://pubchem.ncbi.nlm.nih.gov/compound/93135
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undesirable because molecules cannot cross the lipid bilayer membrane (Rukmono et al., 2019). 

The polarizability of a pharmaceutical molecule is measured by its molar refractivity. In 

general, Lipinski’s rule characterizes a substance’s ability to infiltrate the cell membrane 

through passive diffusion (Alfathin et al., 2021).  

Analysis of the Lipinski test showed that the compounds flindersine, n-

butylidenephthalide, and xanthorrhizol fit the criteria. The astragaloside IV compound, on the 

other hand, does not fit the Lipinski criteria because it has a mass or molecular weight of 784 (> 

500 Da), hydrogen bond acceptor of 14 (> 10), and MR of 182.72 (> 130). The results of 

Lipinski's five-rule test are shown in Table 2. 

 

Table 2. Lipinski’s Rule of Five Analysis 

Test Ligands Parameters Qualification 

Mass H Bond 

Donors 

H Bond 

Acceptors 

Log P 

Value 

Molar 

Refractivity 

Astragaloside IV 784 1 14 1,94 182,72 Not Qualified 

Flindersine 227 1 3 2,71 66,29 Qualified 

N-Butylidenephthalide 118 0 2 2,99 54,74 Qualified 

Xanthorrhizol 218 1 1 4,6 69,92 Qualified 

 

3.2.2. Docking Ligand to Receptor 

PyRx-Autodock software was used to tether the test ligands astragaloside IV, flindersine, 

n-butylidenephthalide, and xanthorrizhol. The grid box was determined to ensure that the 

docking molecule corresponds to the active site of the receptor used (Hasan et al., 2022). 

Determination of the grid box on the molecular docking of astragaloside IV, flindersine, n-

butylidenephthalide, and xanthrorrhizol compounds to the Cytotoxic T Lymphocyte Associated 

Protein 4 (CTLA-4) receptor was adjusted at the center coordinate x = -2.9520; y = -2.3046; and 

z = -90.4265 and in dimensions (Angstrom) x = 39.7028; y = 25.0000; and z = 48.7110. 

The molecular docking process of active herbal compounds to CTLA-4 receptors is carried 

out through PyRx-Autodock. After the molecular docking is completed, the affinity energy is 

obtained. The molecular docking performed on the CTLA-4 receptor, both the test ligand and 

comparator ligand, resulted in affinity energy displayed in Table 3. 

 

Table 3. Docking Affinity Energy 

Ligands Affinity Energy (kcal/mol) 

Ipilimumab -314,38 

Astragaloside IV -7,3 

Flindersine -5,7 

N-Butylidenephthalide -5,0 

Xanthorrhizol -4,9 

 

When the test and comparison ligands are molecularly tethered to the CTLA-4 receptor, 

various bonding conformations are formed, from which one has the lowest binding energy value 

is chosen. The ligand is more stable and the reaction is more spontaneous when the free energy 

of Gibbs is negative. According to the given data, all of ligand-CTLA-4 receptor interactions 

have an affinity energy of < 0. If the Gibbs index value is < 0, more spontaneous binding occurs 

(Sinurat et al., 2021).  

The binding results for the comparison ligand were significantly different from the test 

ligand as this is a protein-protein binding, The docking of the ipilimumab comparator ligand to 

the CTLA-4 receptor through the HDOCK server is necessary because the ligand and receptor 

molecules are protein forms, thus requiring the use of a program capable of performing protein-

protein docking. However, it was stated that since the score has not been calibrated with 

experimental data, it cannot be considered as the true binding affinity (Yan et al., 2020).  
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3.3. Interpretation Stage  

3.3.1. RMSD Validation 

Validation of the RMSD of the ligand against the receptor was performed as a parameter of 

the deviation of the docking result pose distance compared to the 3D pose of the target ligand 

(PDB code structure) calculated and visualized using an application for molecular graphics 

visualization. The value is said to be qualified because it is ≤ 2,0 Å (Nursanti et al., 2022). The 

RMSD value obtained for all test ligands astragaloside IV, flindersine, n-butylidenephthalide, 

and xanthorrizhol was 0, while the RMSD of the comparator ligand ipilimumab was 1.34. The 

following RMSD validation values of the comparator ligand and test ligand against the CTLA-4 

receptor are shown in Table 4. 

Table 4. RMSD Validation 

Ligands RMSD Value (Å) Qualification (≤ 2,0 Å) 

Ipilimumab 1,34 Qualified 

Astragaloside IV 0 Qualified 

Flindersine 0 Qualified 

N-Butylidenephthalide 0 Qualified 

Xanthorrhizol 0 Qualified 

 

3.3.2. Visualization of Molecular Docking 

Visualization of molecular docking aims to see the similarity of amino acid residues and 

ligand-receptor interactions in test ligands with comparator ligands. Visualization of the test 

ligands of the active herbal compounds astragaloside IV, flindersine, n-butylidenephthalide, and 

xanthorrizhol using the Discovery Studio program and can be seen the bonds that occur in 2D. 

The following visualization results of ligand molecular docking to CTLA-4 receptors are shown 

in Table 5. 

 

Table 5. Visualization of Molecular Docking 

Ligands Binding Site Ligand-Receptor Interaction 

Ipilimumab 

 

 

Astragaloside IV 
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Based on the visualization table above, the docking regions and ligand-receptor 

interactions produced are different. The interactions that occur are conventional hydrogen 

bonds, carbon-hydrogen, alkyl, pi-alkyl, pi-sigma, pi-anion, and unbound bonds. The chemical 

bonds that occur show the characteristics of the ligand in binding to receptors in the body.  

Hydrogen bonds have the power to bind to receptors and can also be unbonded after 

bonding and the chemical reactions involved. Conventional hydrogen bonding is a subset of 

hydrogen bonding. The value of hydrogen bond donors and acceptors is related to the biological 

activity of a drug molecule. Carbon hydrogen bond interaction is considered as a weaker 

hydrogen bond where the donor is a polarized carbon atom. Carbon atoms are considered 

donors if they are in acetylene groups or adjacent to oxygen or nitrogen atoms (Gómez-Jeria et 

al., 2020).  

Unbound interactions are events between atoms that are not connected by covalent bonds 

(Waidyasooriya et al., 2017). Pi-anion interactions are referred to as favorable non-covalent 

contact bonds between electron-deficient aromatic systems (π-acids) and anions (Schottel et al., 

2008). Hydrophobic bonds that play a role in stabilizing drug-receptor complexes include alkyl, 

pi-alkyl, and pi-sigma bonds (Gómez-Jeria et al., 2020).  

Hydrophobic bonding is the mechanism of connecting non-polar sections of drug 

molecules with the non-polar areas of biological receptors, increasing entropy and resulting in a 

decrease in free energy, which stabilizes the drug-receptor complex (Rollando, 2017; 

Siswandono, 2016). The docking of compound molecules to receptors results in affinity energy, 

chemical bonds and amino acid residues. The amino acid residues in ligand-receptor 

interactions are shown in Table 6. 

 

 

 

 

Flindersine 

 

 

 

N-

Butylidenephthalide 

 

 
 

Xanthorrhizol 
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Table 6. Ligand-Receptor Interaction 

Ligands Amino Acid Residues Ligand-Receptor Interaction 

Ipilimumab TYR 

ARG 

MET 

MET 

GLU 

GLU 

LEU 

ILE 

LYS 

104 

35 

3 

99 

33 

97 

106 

108 

95 

Hydrogen Bond 

Unbound Interaction 

Hydrogen Bond 

Hydrogen Bond 

Hydrogen Bond 

Hydrogen Bond 

Hydrogen Bond 

Hydrogen Bond 

Hydrogen Bond 

 

Astragaloside IV ALA 

THR 

ASP 

 

GLN 

86 

89 

43 

 

113 

Hydrogen Bond 

Hydrogen Bond 

Hydrogen Bond and 

Carbon Hydrogen Bond 

Hydrogen Bond 

 

Flindersine ASP 

VAL 

ILE 

88 

49 

67 

Pi-Anion Bond 

Pi-Alkyl Bond 

Pi-Alkyl Bond 

 

N-Butylidenephthalide ASP 

VAL 

ILE 

88 

49 

67 

Pi-Anion Bond 

Pi-Alkyl Bond 

Pi-Alkyl Bond 

 

Xanthorrhizol ASP 

VAL 

ILE 

88 

49 

67 

Pi-Anion Bond 

Pi-Alkyl Bond 

Pi-Alkyl Bond 

 

Table 6 reveals that when astragaloside IV, flindersine, n-butylidenephthalide, and 

xanthrorrhizol test ligands bind with CTLA-4 receptors, they do not yield the same amino acid 

residues as when ipilimumab ligands interact with CTLA-4 receptors. The amino acid 

interaction allows for connection between the substance that binds and its receptor, resulting in 

inhibitory activity. The binding site is the region of protein that binds to the ligand and affects 

the protein's conformation and function. Binding sites provide the amino acid residues which 

have an important role in creating interactions among macromolecules and ligands (Sari et al., 

2020).  

The results of the molecular docking study of the test ligands astragaloside IV, flindersine, 

n-butylidenephthalide, and xanthorrhizol against the CTLA-4 receptor demonstrate that the test 

ligand compounds bind to the same binding sites. The interaction of amino acid residues are 

different than ipilimumab. However, the binding site of CTLA-4 enclosed by the active 

compound. This suggests that the active compounds can bind to the CTLA-4 receptor. However, 

it remains unknown if the various binding sites will inhibit CTLA-4 interaction with CD80 and 

CD86 just like the comparator ligand ipilimumab, that enhancing the immune system's potential 

to suppress cancer progression. 

 

4. CONCLUSION  

The active herbal compounds astragaloside IV, flindersine, n-butylidenephthalide, and 

xanthorrhizol showed interaction with CTLA-4 receptor. Molecular docking towards CTLA-4 

receptors creates different bond energies with the highest result in astragaloside IV compound, 

which is -7.3 kcal/mol. The interaction that occurs between the active compounds of herbal 

plants and CTLA-4 receptor does not produce the same amino acid residue similarity with the 

comparator ligand ipilimumab due to differences in binding area. 

 



Darlene Nabila Zetta et al., 2025 

Page | 9  
JFSP Vol.11, No.1, January-April 2025, Page: 1-10 
 

5. ACKNOWLEDGMENT 

The authors would like to thank Al-Irsyad Cilacap University for its support so this 

research can be carried out properly. We would also like to express our gratitude to our family, 

friends, and all those who cannot be mentioned one by one for their support and assistance in 

this research. 

 

6. CONFLICT OF INTEREST  

All authors declared that there was no conflict of interest. 

 

7. REFERENCES  

Alfathin, M. F., Herawati, D., & Faqih, T. M. (2021). Studi In Silico Senyawa Turunan 

Ftalosianin terhadap Reseptor InhA pada Mycobacterium tuberculosis sebagai Kandidat 

Senyawa Photosensitizer. Prosiding Farmasi, 7(2), 284–291. 

http://dx.doi.org/10.29313/.v0i0.28107 

Amalina, N. D., Suzery, M., Cahyono, B., & Bima, D. N. (2020). Mengungkap Potensi 

Metabolit Sekunder Tanaman Herbal Indonesia untuk Menghentikan Metastasis Kanker 

Payudara: Pendekatan in-silico. Indonesian Journal of Chemical Science, 9(3), 155–159. 

Banerjee, S., Nau, S., Hochwald, S. N., Xie, H., & Zhang, J. (2023). Anticancer properties and 

mechanisms of botanical derivatives. Phytomedicine Plus, 3(1), 100396. 

https://doi.org/10.1016/j.phyplu.2022.100396 

Biorad. (2015). The Role of Immune Checkpoints in Immunity and Cancer. Bio-Rad 

Laboraories, 80, 1–8. 

Destiawan, R. A., Wijaya, A. F., Arif, M. E., & Rahmawati, S. E. (2021). Regulasi Reseptor 

Cytotoxic T Lymphocyte Associated Protein 4 Limfosit T Terhadap Kanker dan 

Autoimun: Literature Review. Jurnal Biosains Pascasarjana, 23(2), 49. 

https://doi.org/10.20473/jbp.v23i2.2021.49-54 

Falzone, L., Salomone, S., & Libra, M. (2018). Evolution of cancer pharmacological treatments 

at the turn of the third millennium. Frontiers in Pharmacology, 9(NOV). 

https://doi.org/10.3389/fphar.2018.01300 

Fan, J., Fu, A., & Zhang, L. (2019). Progress in molecular docking. Quantitative Biology, 7(2), 

83–89. https://doi.org/10.1007/s40484-019-0172-y 

Gómez-Jeria, J.-S., Robles-Navarro, A., Kpotin, G., Gómez-Jeria, J. S., Kpotin, G. A., Garrido-

Sáez, N., & Gatica-Díaz, N. (2020). Some remarks about the relationships between the 

common skeleton concept within the Klopman-Peradejordi-Gómez QSAR method and the 

weak molecule-site interactions. Chemistry Research Journal, 5(2), 32–52. 

Harir, F. (2022). Docking Senyawa Heparin 2S dan 2SNS 2-12 Sakarida Konformasi IDS 4C1 

pada Kompleks Protein FGF2-FGFR1 sebagai Antikanker menggunakan Autodock. In 

Universitas islam Negeri Maulana Malik Ibrahim Malang. 

Hasan, A. E. Z., Safithri, M., Huda, A. S., & Kurniasih, R. (2022). In Silico, To Determine the 

Active Compounds of Black Tea and Turmeric in Increasing the Activity of the Enzyme 

Sod. Indonesian Journal of Applied Research (IJAR), 3(1), 32–45. 

https://doi.org/10.30997/ijar.v3i1.187 

Jacob, J. B., Jacob, M. K., & Parajuli, P. (2021). Review of immune checkpoint inhibitors in 

immuno-oncology. In Advances in Pharmacology (1st ed., Vol. 91). Elsevier Inc. 

https://doi.org/10.1016/bs.apha.2021.01.002 

Kusnul, Z. (2019). Prediksi Interaksi Molekular CAPE dengan IL-2, CD25, IL-10, CTLA-4, 

IDO, TGFβ, and CCL2 dengan Software Docking Molekuler. SAINTEKBU: Jurnal Sains 

Dan Teknologi, 11(1), 12–19. 

Lawrenti, H. (2018). Perkembangan Imunoterapi untuk Kanker. Cermin Dunia Kedokteran, 

45(8), 616–622. http://www.cdkjournal.com/index.php/CDK/article/download/634/405 

Lipinski, C. A. (2004). Lead- and drug-like compounds: The rule-of-five revolution. Drug 

Discovery Today: Technologies, 1(4), 337–341. 

https://doi.org/10.1016/j.ddtec.2004.11.007 

Nursanti, O., Wardani, I., & Hadisoebroto, G. (2022). Validasi Penambatan Molekuler 

(Docking) (Zingiber Officinale) dan (Cymbopogon citratus) Sebagai Ligan Aktif Reseptor 

Pparγ. Jurnal Farmasi Higea, 14(1), 79. https://doi.org/10.52689/higea.v14i1.469 



Darlene Nabila Zetta et al., 2025 

Page | 10  
JFSP Vol.11, No.1, January-April 2025, Page: 1-10 
 

Ong, K. S., Lim, Z. S., & Setiawan, B. (2018). Cancer Immunotherapy and CAR T Cells. CDK-

271, 45(12), 909–915. https://doi.org/10.18585/inabj.v10i3.635 

Purwanto, D. S., Susanti, H., & Sugihartini, N. (2021). Docking Molekuler Potensi Anti 

Inflamasi Quersetin Daun Kelor (Moringa oleifera L.) dengan Autodock-Vina. Jurnal 

Ilmiah Manusia Dan Kesehatan, 4(2), 309–313. http://jurnal.umpar.ac.id/index.php/makes 

Riley, R. S., June, C. H., Langer, R., & Mitchell, M. J. (2019). Delivery technologies for cancer 

immunotherapy. Nature Reviews Drug Discovery, 18(3), 175–196. 

https://doi.org/10.1038/s41573-018-0006-z 

Rollando. (2017). Kimia Medisinal. 

Rukmono, R., Fajriaty, I., Riza, H., & Handini, M. (2019). Virtual Screening Metabolit Aktif 

Senyawa Asam dari Pacar Air (Impatiens balsamina L.) terhadap Reseptor Sulfonilurea. 

Jurnal Mahasiswa Farmasi Fakultas Kedokteran UNTAN, 4(1). 

https://jurnal.untan.ac.id/index.php/jmfarmasi/article/view/35293 

Saputri, R. D., Tjahjandarie, T. S., Tanjung, M., Products, N., Division, O. C., & Airlangga, U. 

(2018). Alkaloid Kuinolin dari Melicope denhamii dan Uji Aktivitas Antikankernya. 

Jurnal Sains Dan Kesehatan, 1(9), 505–509. https://doi.org/10.25026/jsk.v1i9.61 

Sari, I. W., Junaidin, J., & Pratiwi, D. (2020). Studi Molecular Docking Senyawa Flavonoid 

Herba Kumis Kucing (Orthosiphon stamineus B.) Pada Reseptor α-Glukosidase Sebagai 

Antidiabetes Tipe 2. Jurnal Farmagazine, 7(2), 54. https://doi.org/10.47653/farm.v7i2.194 

Schottel, B. L., Chifotides, H. T., & Dunbar, K. R. (2008). Anion-Π interactions. Chemical 

Society Reviews, 37(1), 68–83. https://doi.org/10.1039/b614208g 

Sinurat, M. R., Rahmayanti, Y., & Rizarullah*, R. (2021). Uji Aktivitas Antidiabetes Senyawa 

Baru Daun Yakon (Smallanthus sonchifolius) sebagai Inhibitor Enzim DPP-4: Studi in 

Silico. Jurnal IPA & Pembelajaran IPA, 5(2), 138–150. 

https://doi.org/10.24815/jipi.v5i2.20068 

Siswandono, S. (2016). Kimia Medisinal 1, Edisi Kedua. Airlangga University Press. 

Sobhani, N., Tardiel-cyril, D. R., Davtyan, A., Generali, D., & Roudi, R. (2021). CTLA-4 in 

Regulatory T Cells for Cancer Immunotherapy. Cancers, 13(1440), 1–18. 

Sugawara, K., Iwai, M., Ito, H., Tanaka, M., Seto, Y., & Todo, T. (2021). Oncolytic herpes 

virus G47Δ works synergistically with CTLA-4 inhibition via dynamic intratumoral 

immune modulation. Molecular Therapy - Oncolytics, 22, 129–142. 

https://doi.org/10.1016/j.omto.2021.05.004 

Usama, M. M., Mir, T. M., Fida, A. M., & Mohsin, S. U. M. (2019). Ipilimumab-Induced 

Hypophysitis. American Journal of Therapeutics, 2, 1–2. 

Waidyasooriya, H. M., Hariyama, M., & Kasahara, K. (2017). An FPGA accelerator for 

molecular dynamics simulation using OpenCL. International Journal of Networked and 

Distributed Computing, 5(1), 52–61. https://doi.org/10.2991/ijndc.2017.5.1.6 

Waldman, A. D., Fritz, J. M., & Lenardo, M. J. (2020). A guide to cancer immunotherapy: from 

T cell basic science to clinical practice. Nature Reviews Immunology, 20(11), 651–668. 

https://doi.org/10.1038/s41577-020-0306-5 

Yan, Y., Tao, H., He, J., & Huang, S. Y. (2020). The HDOCK server for integrated protein–

protein docking. Nature Protocols, 15(5), 1829–1852. https://doi.org/10.1038/s41596-020-

0312-x 

 

 

 


