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INTRODUCTION
B and T cell proliferation plays a crucial role in 
the body's immune response, but under certain 
conditions, such as autoimmune diseases and 
certain types of cancer, this proliferation can 
become uncontrolled and harmful. In an effort to 
find new effective treatments for these conditions, 
researchers have sought molecules capable of 
inhibiting B and T cell proliferation.1-3 One primary 
target in this search is Interleukin-2 (IL-2), a 
cytokine that plays a crucial role in the growth and 
differentiation of B and T cells. Cloves (Syzygium 
aromaticum) are one of the plants long used in 
traditional medicine and known to contain various 
bioactive compounds. One compound found in 
cloves is sitogluside.4,5

In recent in-silico research, sitogluside, a compound 
found in the clove plant (Syzygium aromaticum), 
has been identified as a potential IL-2 inhibitor. This 
study employed various bioinformatics methods 
like Swiss Target Prediction, Pymol, Pyrex, Protein 
Plus, and Lipinski's rule to predict the biological 
activity and pharmacokinetic characteristics of 
sitogluside.6,7 Sitogluside demonstrated strong 
interactions with IL-2 and fulfilled Lipinski's rule, 
indicating good potential for bioavailability in 
biological systems. Moreover, sitogluside's potential 
as an IL-2 inhibitor underscores the importance of 
further exploration of the therapeutic potential of 
the clove plant and other plants in the treatment of 
diseases involving immune system dysfunction.8,9 
Although phytotherapy research has been 
conducted for thousands of years, there are still 
many plants and natural compounds yet to be 
fully explored for their potential in treating human 
diseases.

The latest in-silico research on sitogluside as a 
potential interleukin-2 inhibitor shows promising 
results. Nevertheless, there are several crucial gaps 
that need to be addressed. First, in-vitro and in-
vivo validation has not been performed. So far, 
research has only predicted the biological activity 
and pharmacokinetic characteristics of sitogluside, 
but it has not been verified through laboratory tests 
or animal models. Second, the precise mechanism of 
action of sitogluside as an IL-2 inhibitor is not fully 
understood.10-12 

While the study identified strong interactions 
between sitogluside and IL-2, a deeper understanding 
of how sitogluside functions to inhibit T and B cell 
proliferation needs to be developed. Furthermore, 
no clinical trials have been conducted to ensure the 
effectiveness and safety of sitogluside in patients. All 
these gaps underline the need for further research 
to delve deeper into the potential of sitogluside.13,14 
This study showcases the novelty in identifying 
sitogluside, a compound found in the clove plant, 
as a potential Interleukin-2 (IL-2) inhibitor. The 
primary objective of this research is to explore the 
potential of sitogluside as a new therapy in inhibiting 
B and T cell proliferation, which could have 
significant applications in treating diseases involving 
hyperactivity or dysfunction of these cells, such as in 
cases of autoimmune diseases and cancer.

MATERIALS AND METHODS

Ligan-Protein preparation
Ligand-Protein Preparation At the initial stage of 
this research, sitogluside isolated from the clove 
plant (Syzygium aromaticum) was prepared for 
analysis. The chemical structure of sitogluside was 
analyzed and translated into a format suitable for 

ABSTRACT
This research discusses an in-silico study of sitogluside found in the clove plant (Syzygium aromaticum) 
as a potential inhibitor of B and T cell proliferation through interaction with Interleukin-2. This study utilizes 
methods such as Swiss Target Prediction, Pymol, Pyrex, Protein Plus, and Lipinski's Rule to predict the 
biological activity and pharmacokinetic characteristics of sitogluside. From the docking simulation results, 
sitogluside exhibited strong interactions with interleukin-2 with RMSD values of 0, 1.637, and 2.299, and 
Binding Affinities of -5.7, -5.5, and -5.5, indicating its potential effectiveness as an inhibitor. In addition, 
sitogluside fulfills Lipinski's rule with a molecular mass of 520, 4 hydrogen bond donors and acceptors, 
a log P value of 2.3, and a molar reactivity of 133, indicating a high potential for good bioavailability 
in biological systems. These results suggest that sitogluside from the clove plant holds potential as a 
new therapy in inhibiting B and T cell proliferation, however further research is needed to validate these 
findings and explore its potential in clinical treatments.
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computational analysis using the Swiss Target Prediction software.16,17 
Subsequently, the 3D structure of interleukin-2 (IL-2) was also prepared. 
This structure data was obtained from the Protein Data Bank (https://
www.rcsb.org/) and processed using Pymol and Pyrex to prepare the 
docking target. On the other hand, masilinic acid, a compound found 
in the clove plant (Syzygium aromaticum), was selected as the ligand 
based on its antiviral potential. The structural information of the ligand 
was taken from the PubChem compound database (https://pubchem.
ncbi.nlm.nih.gov/).

Molecular docking 
Molecular Docking In the implementation phase, a molecular docking 
simulation was carried out between sitogluside and IL-2 using Protein 
Plus (https://proteins.plus/). This involved placing sitogluside into the 
IL-2 binding site and evaluating the interactions that occurred. The 
preparation process involved cleaning the structure, adding hydrogen 
atoms, and optimizing the geometry using the AutoDock Tools 
software (http://autodock.scripps.edu/). After preparation, molecular 
docking was performed using AutoDock Vina (http://vina.scripps.
edu/), a software that can predict how and how strongly a ligand binds 
with a protein.18-20

Ligan-Protein interaction analysis
Ligand-Protein Interaction Analysis Visualization programs such as 
PyMOL (https://pymol.org/2/) were used to observe the interactions 
between sitogluside and the interleukin-2 protein. In the interpretation 
phase, the results obtained from the molecular docking simulation 
and pharmacokinetic prediction were interpreted. RMSD and Binding 
Affinity were used to assess the effectiveness of sitogluside as an IL-2 
inhibitor. The lower the RMSD and the higher the Binding Affinity, the 
more effective sitogluside acts as an inhibitor. The pharmacokinetic 
profile predicted by Lipinski's rule (https://www.sciencedirect.com/
topics/biochemistry-genetics-and-molecular-biology/lipinskis-rule-
of-five) was used to assess whether sitogluside qualifies as a potential 
drug in terms of bioavailability.21-25

RESULTS AND DISCUSSION
PyMol is a molecular visualization tool often utilized in bioinformatics 
and structural research, including in-silico studies such as this one. In 
the context of this research, PyMol was employed for visualization and 
3D structure analysis of Interleukin-2 (IL-2), the molecular target for 
sitogluside.26-29 Figure 1a and 1b display the 3D visualization of the 
sitogluside ligand using the PyMol application.

Before being employed in the molecular docking process, the IL-2 
protein required preprocessing to ensure only the relevant segments 
of the protein were analyzed. For instance, the structures downloaded 
from the Protein Data Bank (PDB) often contain water molecules, ions, 
or other molecules that might not contribute to the protein-ligand 
interaction. In PyMol, these components can be removed to purify the 
protein.30-32

Furthermore, proteins sometimes have more than one conformation 
or chain. In this scenario, the researcher needs to select which 
conformation or chain is most relevant to their docking study. This 
process, called protein purification, is critical for ensuring the molecular 
docking results accurately reflect the interaction between sitogluside 
and IL-2, rather than artifacts from irrelevant protein structures or 
other components that might be present in the PDB file.33-36 Figures 2a 
and 2b display the unpurified state of the interleukin-2 protein, while 
figures 3a and 3b illustrate the interleukin-2 protein after purification 
in the PyMol application.

Protein Plus is a web-based tool used in this study for performing 
molecular docking processes between sitogluside (ligand) and 
Interleukin-2 (protein). The fundamental principle of molecular 
docking is to find the best position and orientation of the ligand when 
bound to the protein's active site. Using optimized algorithms, Protein 
Plus tests various ligand positions and conformations in the protein 
binding site and then scores them based on binding affinity and other 
interaction features.37-40

Figure 1: (a) 2D Visualization of Cytogluside Ligand (b) 3D Visualization of Cytogluside Ligand

Figure 2: (a) Interleukin-2 Protein is not pure (b) Protein Interleukin-2 is not pure
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In this study, the obtained Binding Affinity value of -5.7 indicates that 
sitogluside binds strongly with IL-2, signalling a robust interaction 
between the ligand and protein. This suggests that sitogluside has 

the potential to inhibit IL-2 activity, ultimately reducing B and T 
cell proliferation. Table 1 presents the docking results in the form of 
binding affinity and RMSD obtained in the Pyrex application, and 
Figure 4 displays the visualization results of the interaction between the 
sitogluside ligand and interleukin-2 protein on Protein Plus.

The Lipinski rule, or "Rule of Five," is a guideline used in this study to 
evaluate sitogluside's potential as an effective drug. According to this 
rule, a compound typically has drug potential if it has a molecular mass 
of less than 500 Daltons, no more than 5 hydrogen bond donors, no 
more than 10 hydrogen bond acceptors, and a logP value of no more 
than 5.41,42

In the case of sitogluside, this compound has a molecular mass of 520, 
4 hydrogen bond donors, 4 hydrogen bond acceptors, and a logP of 
2.3. While the molecular mass is slightly over the limit proposed by 
Lipinski's rule, the other values fall within the set limits. Thus, according 
to the Lipinski rule, sitogluside potentially has good bioavailability in 
biological systems, a key criterion in drug discovery. Table 2 displays 
the Lipinski data results.42

The in-silico experimental results suggest that sitogluside has potential 
as an inhibitor of B and T cell proliferation due to its strong binding 
affinity with IL-2. However, in-vitro and in-vivo studies are required 
to confirm this hypothesis and fully understand the mechanism of 

Figure 3: (a) Interleukin-2 protein after purification (b) Interleukin-2 protein after purification

Figure 4: Visualization of the interaction between cytogluside ligands and interleukin-2 protein

Ligand Binding 
Affinity rmsd/ub rmsd/lb

Interleukin-2-steril_sitogluside-minimize -5.7 0 0
Interleukin-2-steril_sitogluside-minimize -5.5 12.02 5.512
Interleukin-2-steril_sitogluside-minimize -5.5 12.374 5.549
Interleukin-2-steril_sitogluside-minimize -5.5 12.592 5.025
Interleukin-2-steril_sitogluside-minimize -5.2 11.827 5.739
Interleukin-2-steril_sitogluside-minimize -5.2 2.299 1.637
Interleukin-2-steril_sitogluside-minimize -5.1 12.183 5.155
Interleukin-2-steril_sitogluside-minimize -4.9 11.824 5.193
Interleukin-2-steril_sitogluside-minimize -4.5 12.161 5.024

Table 1: Results of binding affinity and rmsd docking of cytogluside and 
interleukin-2.

Mass Hydrogen 
bond donor

Hydrogen 
bond acceptor LOGP Molar 

reactivity
520.000000 4 6 2.320830 133.161133

Table 2: Lipinski data results for Sitogluside.
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action of sitogluside. Furthermore, other properties such as ADMET 
(absorption, distribution, metabolism, excretion, and toxicity) profile 
need to be assessed to determine the safety and efficacy of sitogluside as 
a drug. Additionally, it will be crucial to compare sitogluside's efficacy 
and safety with existing IL-2 inhibitors to determine its potential for 
clinical use.43,45-57

CONCLUSION
This research utilized an in-silico approach to study the potential of 
sitogluside as an inhibitor of Interleukin-2, a cytokine responsible for B 
and T cell proliferation. Our findings suggest that sitogluside strongly 
binds to IL-2, indicating a possible inhibitory action. Furthermore, 
sitogluside largely adheres to Lipinski's Rule of Five, suggesting good 
bioavailability in biological systems.

However, these findings are preliminary, and the potential of sitogluside 
as a drug cannot be confirmed through in-silico studies alone. To truly 
determine its therapeutic potential, further studies are needed. In-vitro 
and in-vivo experiments should be conducted to verify the inhibitory 
action of sitogluside on IL-2 and to further understand its mechanism 
of action. Additionally, its ADMET profile needs to be examined to 
ensure the compound's safety and efficacy.

Further, it would be beneficial to compare the performance of sitogluside 
with existing IL-2 inhibitors to understand how it stands in the current 
therapeutic landscape. Ultimately, these additional studies can lead to 
a more comprehensive understanding of sitogluside's potential as a 
novel therapeutic option in conditions involving excessive B and T cell 
proliferation, such as autoimmune diseases and certain cancers.

REFERENCES
1. Hui E, Cheung J, Zhu J, Su X, Taylor MJ, Wallweber HA, et al. T cell 

costimulatory receptor CD28 is a primary target for PD-1–mediated 
inhibition. Science. 2017;355(6332):1428-33.

2. Garnelo M, Tan A, Her Z, Yeong J, Lim CJ, Chen J, et al. Interaction 
between tumour-infiltrating B cells and T cells controls the 
progression of hepatocellular carcinoma. Gut. 2017;66(2):342-51.

3. Wijaya RM, Hafidzhah MA, Kharisma VD, Ansori ANM, Parikesit 
AA. Covid-19 in silico drug with Zingiber officinale natural product 
compound library targeting the mpro protein. Makara J Sci. 2021; 
25(3): 162-171.

4. Vicidomini C, Roviello V, Roviello GN. Molecular basis of the 
therapeutical potential of clove (Syzygium aromaticum L.) and clues 
to its anti-COVID-19 utility. Molecules. 2021;26(7):1880.

5. Idowu S, Adekoya AE, Igiehon OO, Idowu AT. Clove (Syzygium 
aromaticum) spices: A review on their bioactivities, current use, 
and potential application in dairy products. J Food Meas Charac. 
2021;15(1):3419-35.

6. Pang KL, Mai CW, Chin KY. Molecular Mechanism of Tocotrienol-
Mediated Anticancer Properties: A Systematic Review of the 
Involvement of Endoplasmic Reticulum Stress and Unfolded 
Protein Response. Nutrients. 2023;15(8):1854.

7. Balachandran A, Choi SB, Beata MM, Małgorzata J, Froemming 
GRA, Lavilla CA Jr, et al. Antioxidant, Wound Healing Potential 
and In Silico Assessment of Naringin, Eicosane and Octacosane. 
Molecules. 2023;28(3):1043. 

8. Wai SN, How YH, Saleena LAK, Degraeve P, Oulahal N, Pui LP. 
Chitosan-Sodium Caseinate Composite Edible Film Incorporated 
with Probiotic Limosilactobacillus fermentum: Physical Properties, 
Viability, and Antibacterial Properties. Foods. 2022;11(22):3583.

9. Rahman AT, Jethro A, Santoso P, Kharisma VD, Murtadlo AAA, 
Purnamasari D, et al. In Silico Study of the Potential of Endemic 
Sumatra Wild Turmeric Rhizomes (Curcuma Sumatrana: 
Zingiberaceae) As Anti-Cancer. Pharmacogn J. 2022;14(6).



579 Pharmacognosy Journal, Vol 15, Issue 4, July-Aug, 2023

Rosalina L, et al. In Silico Study on the Inhibition of Sitogluside from Clove Plant (Syzygium aromaticum) on Interleukin 2 in B and T Cell Proliferation

27. Schiffrin B, Radford SE, Brockwell DJ, Calabrese AN. PyXlinkViewer: 
A flexible tool for visualization of protein chemical crosslinking 
data within the PyMOL molecular graphics system. Protein Sci. 
2020;29(8):1851-7.

28. Kharisma VD, Ansori ANM, Dian FA, Rizky WC, Dings TGA, Zainul 
R, et al. Molecular Docking And Dynamic Simulation Of Entry 
Inhibitor From Tamarindus Indica Bioactive Compounds Against 
Sars-Cov-2 Infection Via Viroinformatics Study. Biochem Cell Arch. 
2021;21(2):3323-7.

29. Müller C, Krone M, Huber M, Biener V, Herr D, Koch S, et al. 
Interactive molecular graphics for augmented reality using hololens. 
J Integr Bioinform. 2018;15(2):201800005.

30. Silva DA, Yu S, Ulge UY, Spangler JB, Jude KM, Labão-Almeida C, et 
al. De novo design of potent and selective mimics of IL-2 and IL-15. 
Nature. 2019;565(7738):186-91.

31. Ren J, Chu AE, Jude KM, Picton LK, Kare AJ, Su L, et al. Interleukin-2 
superkines by computational design. Proceed Nat Acad Sci. 
2022;119(12):e2117401119.

32. Han J, Geng L, Lu C, Zhou J, Li Y, Ming T, et al. Analyzing the 
mechanism by which oyster peptides target IL-2 in melanoma 
cell apoptosis based on RNA-seq and m6A-seq. Food Function. 
2023;14(5):2362-73.

33. Jabir NR, Rehman MT, Alsolami K, Shakil S, Zughaibi TA, Alserihi RF, 
et al. Concatenation of molecular docking and molecular simulation 
of BACE-1, γ-secretase targeted ligands: in pursuit of Alzheimer’s 
treatment. Ann Med. 2021;53(1):2332-44.

34. Listiyani P, Kharisma VD, Ansori ANM, Widyananda MH, Probojati RT, 
Murtadlo AAA, et al. In silico phytochemical compounds screening 
of Allium sativum targeting the Mpro of SARS-CoV-2. Pharmacogn 
J. 2022;14(3).

35. Torres PHM, Sodero ACR, Jofily P, Silva-Jr FP. Key topics in molecular 
docking for drug design. Int J Mol Sci. 2019;20(18):1-29.

36. Vyse S, Huang PH. Targeting EGFR exon 20 insertion mutations in non-
small cell lung cancer. Signal Transd Targeted Ther. 2019;4(1):1-10.

37. Muhammed MT, Aki-Yalcin E. Homology modeling in drug discovery: 
Overview, current applications, and future perspectives. Chem Biol 
Drug Design. 2019;93(1):12-20.

38. RCSB PDB - 2XYH_ Caspase-3_CAS60254719.

39. Mawaddani N, Sutiyanti E, Widyananda MH, Kharisma VD, Turista 
DDR, Tamam MB, et al. In Silico Study of Entry Inhibitor from 
Moringa oleifera Bioactive Compounds against SARS-CoV-2 
Infection. Pharmacogn J. 2022;14(5).

40. Syahdi RR, Iqbal JT, Munim A, Yanuar A. HerbalDB 2.0: Optimization 
of construction of three-dimensional chemical compound structures 
to update Indonesian medicinal plant database. Pharmacogn J. 
2019;11(6):1189-94.

41. Chen X, Li H, Tian L, Li Q, Luo J, Zhang Y. Analysis of the 
physicochemical properties of acaricides based on Lipinski's rule of 
five. J Comput Biol. 2020;27(9):1397-406.

42. Ivanović V, Rančić M, Arsić B, Pavlović A. Lipinski’s rule of five, 
famous extensions and famous exceptions. Popular Sci Article. 
2020;3(1):171-7.

43. Khairullah AR, Solikhah TI, Ansori ANM, Fadholly A, Ramandinianto 
SC, Ansharieta R, Widodo A, Riwu KHP, Putri N, Proboningrat A, 
Kusala MKJ, Rendragraha BW, Putra ARS, Anshori A. A review of 
an important medicinal plant: Alpinia galanga (L.) Willd. Syst Rev 
Pharm. 2020; 11(10): 387-395. 

44. Ansori ANM, Kharisma VD, Parikesit AA, Dian FA, Probojati RT, 
Rebezov M, et al. Bioactive compounds from mangosteen (Garcinia 
mangostana L.) as an antiviral agent via dual inhibitor mechanism 
against SARSCoV-2: an in silico approach. Pharmacogn J. 2022;14(1).

45. Rabaan AA, Halwani MA, Aljeldah M, Al Shammari BR, Garout M, 
Aldali J, et al. Exploration of potent antiviral phytomedicines from 
Lauraceae family plants against SARS-CoV-2 RNA-dependent RNA 
polymerase. J Biomol Struc Dynam. 2023;1-21.

46. Rahmah, Salimo H, Wasita B, Pamungkasari EP, Cilmiaty R, 
Soetrisno. Mesona palustris BL: the potential antioxidant. Bali Med 
J. 2023;12(1):560-2.

47. Agung IGAA, Wahjuni S, Wedagama DM, Weta IW, Lestari AAW. 
Nutraceuticals of nano-betel (Piper betle L.) leaves: prevent 
COVID-19 and oral cavity disease. Bali Med J. 2022;11(2):844-9. 

48. Purnawati S, Wrasiati LP, Jaya Lesmana CB, Megantara S, 
Lesmana R. A study of molecular docking of l-tryptophan ligand as 
a compound in pineapples and bananas binding with the human 
serotonin transporter (SERT). Bali Med J. 2022;11(3):1243-9.

49. Listari KM, Az-Zahra T, Hasanah A, Agistasari Y. Jatropha multifida 
L stem sap gel versus Aloe vera gel to post-gingivectomy healing 
process. Bali Med J. 2023;12(1):432-6. 

50. Nora H, Rajuddin, Hafizudin, Suhanda R, Indirayani I. Curcumin, a 
potential oral herbal male contraceptive: a review article. Bali Med 
J. 2022;12(1):82-6. 

51. Rosita E, Prasetyo SA, Riwanto I, Atmodjo WL. The effect of 
Epigallocatechin-3-Gallate (EGCG) combined with low dose 
sorafenib in apoptosis and Platelet-Derived Growth Factor Receptor 
(PDGFR) expression in hepatocellular carcinoma rats. Bali Med J. 
2022;11(1):216-22. 

52. Sulistyowati E, Aziz MR. Systematic literature review: potential anti 
hyperglycemia Imperata cylindrica. Bali Med J. 2022;11(2):752-6.

53. Abbas N, Al-Shamary, Abbas S, Al-Mizraqchi. The Combination 
Effects of Honey and Nicotine on the Acid Production of Oral 
Mutans Streptococci. J Med Chem Sci. 2023;6(6):1410-8.

54. Abdullah SM, AL-Hamdani AAS, Ibrahim SM, Al-Zubaid LA, Rashid 
FA. An Evaluation of Activity of Prepared Zinc Nanoparticles with 
Extract Green Plant in Treatments of Diclofenac, Levofloxacin, and 
Tetracycline in Water. J Med Chem Sci. 2023;6(6):1323-35.

55. Yedelli K, Pathangi RK. Assessment of Anti-Diabetic and Antioxidant 
Activities of Rourea Minor Stems in Streptozotocin-Induced Diabetic 
Rats. J Med Chem Sci. 2023;6(6):1370-82.

56. Hamzah BF, Taha I, Najm ZM, Husseini MD, Noor SK, Al-Khafaji. 
Synthesis, Characterization, and Antibacterial Activity of Some New 
Oxazepine Derivatives. J Med Chem Sci. 2023;6(6):1239-45.

57. Qasim MA, Yaaqoob LA. Evaluation of Antibacterial Activity of Iron 
Oxide Nanoparticles Synthesis by Extracellular Lactobacillus against 
Pseudomonas Aeruginosa. J Med Chem Sci. 2023;6(5):1100-11.



580

Rosalina L, et al. In Silico Study on the Inhibition of Sitogluside from Clove Plant (Syzygium aromaticum) on Interleukin 2 in B and T Cell Proliferation

Pharmacognosy Journal, Vol 15, Issue 4, July-Aug, 2023

Cite this article: Rosalina L, Purnamasari D, Verawati R, Suryani O, Ghifari MA, Lubis AP, et al. In Silico Study on the Inhibition of 
Sitogluside from Clove Plant (Syzygium aromaticum) on Interleukin 2 in B and T Cell Proliferation. Pharmacogn J. 2023;15(4): 575-580.

GRAPHICAL ABSTRACT

ABOUT AUTHORS

Dr. dr. Linda Rosalina, S.Ked., M. Biomed., was born in Jakarta, September 9, 1974. Graduated 
Bachelor Degree of Faculty of Medicine, UPN Veterans Jakarta, graduated in 2002, then continued 
the studies at the Masters in Biomedicine, Faculty of Medicine, UNAND Padang, graduated in 
2010, then continued the doctoral degree in Biomedics, Faculty of Medicine, UNAND, Padang, 
graduated in 2017. Linda is a Lecturer at Padang State University, precisely at the Faculty of 
Tourism and Hospitality since 2011 until now who does the publishing of the articles, books, and 
papers.

Rahadian Zainul is a Professor in Physical Chemistry and researcher in CAMPBIOTICS, Universitas 
Negeri Padang, Indonesia. His research projects are related to virology, bioinformatics, advanced 
material and also in computational chemistry. He was published more than 71 papers in Scopus 
and WOS with more than 150 researchers in the world as collaborator. 


	Title
	Abstract

