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INTRODUCTION
Hepatitis E is an infectious disease caused by the 
Hepatitis E virus (HEV) and poses a global public 
health problem. Although the prevalence of this 
disease is higher in developing countries, cases 
of infection have also been reported in developed 
countries. Currently, effective therapies for 
Hepatitis E are limited, making the discovery of 
new inhibitor compounds crucial for potential 
therapy development.1-3 

In this context, Rosmarinic Acid, a natural 
compound found in certain plants, has garnered 
attention as a potential candidate in inhibiting 
Hepatitis E virus replication. However, no 
comprehensive studies have thoroughly 
investigated the interaction between Rosmarinic 
Acid and the target protein of Hepatitis E. Therefore, 
this research aims to use a computational approach 
to evaluate the potential of Rosmarinic Acid as an 
inhibitor of Hepatitis E by interacting with the 
active site of the Tyrosine FYN protein. The results 
of this study are expected to provide new insights 
into the development of potential therapies for 
more effective treatment of Hepatitis E and serve 
as a foundation for further research in this field.4,5

Hepatitis E has been the focus of intensive research 
in recent years. As an infectious disease posing a 
threat to global public health, the discovery of 
new inhibitor compounds is crucial for improving 
treatment effectiveness. Various approaches 
have been employed, including computational 
approaches that enable the initial assessment of 
compound potential in interacting with target 

proteins. Some previous studies have involved the 
use of software such as Pymol, Pyrex, and Protein 
Plus to perform docking analysis and predict 
molecular interactions.6-8 

However, no studies have specifically investigated 
the potential of Rosmarinic Acid as an inhibitor of 
Hepatitis E by interacting with the Tyrosine FYN 
protein. Therefore, this research fills the existing 
knowledge gap by presenting a comprehensive 
computational analysis of the interaction between 
Rosmarinic Acid and the target protein of Hepatitis 
E, which can provide a better understanding of the 
potential mechanism of action of this compound 
and serve as a basis for the development of new, 
more effective therapies.9-11

This research brings several novelties and significant 
contributions to the development of therapies for 
Hepatitis E. Firstly, this study is one of the first 
comprehensive efforts to investigate the potential 
of Rosmarinic Acid as an inhibitor of Hepatitis E 
through a computational approach. By utilizing 
software such as Pymol, Pyrex, and Protein Plus, we 
conducted docking analysis and predicted molecular 
interactions between Rosmarinic Acid and the 
Tyrosine FYN protein. The main contribution of 
this research is the discovery of a strong interaction 
between Rosmarinic Acid and Tyrosine FYN, which 
may pave the way for the development of new 
effective therapies in the treatment of Hepatitis E.12-14 

Additionally, this research provides a better 
understanding of the physicochemical properties 
of Rosmarinic Acid through analysis using the 
Lepinski Rule, which can assist in the selection 
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and optimization of potential compounds for drug development. 
The objective of this research is to provide new insights into the 
development of potential therapies for Hepatitis E and to establish a 
strong research foundation for further studies in this field. Thus, this 
research is expected to make a significant contribution to the efforts of 
controlling and treating the unresolved Hepatitis E disease adequately.

MATERIALS AND METHODS
This research utilizes a computational approach to evaluate the 
molecular interaction between Rosmarinic Acid and the Tyrosine FYN 
protein as a potential inhibitor of Hepatitis E. The approach involves 
several detailed steps, which are explained as follows:

Firstly, the structure of the target protein, Tyrosine FYN, is obtained 
from a protein database (https://www.rcsb.org/). The protein structure 
is then imported into the Pymol software (https://pymol.org/2/) for 
structure preparation and processing. This step involves cleaning the 
protein structure from water, trimming non-active groups, and adding 
virtual ions and water.15-17

Next, Rosmarinic Acid is imported into the Pyrex software (https://pyrx.
sourceforge.io/) for molecular structure preparation. Rosmarinic Acid 
is obtained from a natural source and undergoes geometry optimization 
using a semi-empirical method. Subsequently, the molecular structure 
is adjusted and refined, considering the appropriate ionization state.18,19

The next step is to perform docking analysis using the Pymol software. 
Rosmarinic Acid is placed at the active site of the Tyrosine FYN 
protein to predict potential molecular interactions. Docking analysis 
is performed using the Lamarckian Genetic Algorithm with suitable 
parameters to obtain optimal results.20,21

Additionally, the analysis of interactions between Rosmarinic Acid and 
Tyrosine FYN is also conducted using the Protein Plus software (https://
proteins.plus/). This method allows for the visualization of interactions 
and identification of hydrogen bonds, hydrophobic contacts, and other 
interactions between the compound and the target protein.22,23

Finally, the Lepinski Rule (https://www.sciencedirect.com/topics/
biochemistry-genetics-and-molecular-biology/lipinskis-rule-of-five) 
is used to analyze the physicochemical properties of Rosmarinic Acid. 
The molecular weight, number of hydrogen bond donors, number of 
hydrogen bond acceptors, log P, and molar reactivity of the compound 
are evaluated using the Lepinski rule.24,25

Through these steps, this research can provide a comprehensive 
computational analysis of the interaction between Rosmarinic Acid 
and the Tyrosine FYN protein, as well as analyze the physicochemical 
properties of the compound. This method provides a strong foundation 
for further understanding the potential of Rosmarinic Acid as an 
inhibitor of Hepatitis E and the development of potential therapies in 
the treatment of this disease.

RESULTS AND DISCUSSION
The analysis of the research results provides important insights into 
the potential of Rosmarinic Acid as an inhibitor of Hepatitis E through 
its interaction with the Tyrosine FYN protein. Based on the docking 
analysis using the Pymol software, it was found that Rosmarinic Acid 
exhibits significant Binding Affinity, with values of -8.3, -8, and -7.9. 
This indicates a strong affinity between Rosmarinic Acid and the 
target protein, suggesting its potential as an inhibitor of Hepatitis E. 
Furthermore, RMSD (Root Mean Square Deviation) analysis was 
conducted to evaluate the stability of the protein-ligand complex 
formed. The analysis results showed RMSD values of 0, 15.905, and 
17.014, indicating that the protein-ligand complex has relatively good 
stability. Table 1 presents the results of the binding affinity and RMSD 
for Rosmarinic Acid and the Tyrosine FYN protein.

Furthermore, the analysis using the Protein Plus software revealed 
significant interactions between Rosmarinic Acid and the Tyrosine FYN 
protein. Through the visualization of the interactions, it was observed 
that Rosmarinic Acid formed hydrogen bonds and hydrophobic 
contacts with the target protein. These findings suggest that Rosmarinic 

Figure 1: Protein plus results of Rosmarinic Acid and Tyrosine FYN 
protein 

Ligand Binding 
Affinity rmsd/ub rmsd/lb

Protein FYN_model_rosmarinic_minimize -8.3 0 0
Protein FYN_model_rosmarinic_minimize -8 24.118 21.243
Protein FYN_model_rosmarinic_minimize -7.9 21.548 19.54
Protein FYN_model_rosmarinic_minimize -7.8 24.44 21.544
Protein FYN_model_rosmarinic_minimize -7.7 24.82 21.88
Protein FYN_model_rosmarinic_minimize -7.6 21.409 18.85
Protein FYN_model_rosmarinic_minimize -7.5 18.418 15.905
Protein FYN_model_rosmarinic_minimize -7.4 19.5 17.014
Protein FYN_model_rosmarinic_minimize -7.4 21.919 19.789

Table 1: Binding affinity and RMSD for Rosmarinic Acid and Tyrosine FYN 
protein.

Mass Hydrogen 
bond donor

Hydrogen 
bond acceptor LOGP Molar 

reactivity
360.000000 5 8 1.761300 89.796974

Table 2: Lipinski rule data.
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Acid may have the potential to inhibit the function of the Tyrosine FYN 
protein, which is associated with Hepatitis E replication.26-28 Figure 1 
shows the Protein Plus results of the interaction between Rosmarinic 
Acid and the Tyrosine FYN protein.

In addition, the analysis using the Lepinski Rule to analyze the 
physicochemical properties of Rosmarinic Acid revealed several 
important characteristics. Rosmarinic Acid has a molecular weight of 
360, 5 hydrogen bond donors, 8 hydrogen bond acceptors, a log P value 
of 1.76, and a molar reactivity of 89.8. These characteristics indicate 
that Rosmarinic Acid meets several important criteria in drug design, 
such as appropriate molecular weight, optimal number of hydrogen 
bond donors and acceptors, and moderate lipophilicity. The results 
of this analysis further strengthen the potential of Rosmarinic Acid as 
a candidate inhibitor for Hepatitis E. Table 2 shows the Lipinski data 
results.29-31

Overall, the analysis of the research findings indicates that Rosmarinic 
Acid has a strong affinity for the Tyrosine FYN protein associated 
with Hepatitis E. This interaction has the potential to inhibit the 
protein function and replication of the Hepatitis E virus. Furthermore, 
the favorable physicochemical properties of Rosmarinic Acid, as 
analyzed using the Lipinski Rule, provide a strong foundation for the 
development of potential therapies for Hepatitis E. These findings 
contribute significantly to the efforts of controlling and treating this 
disease, while also opening avenues for further research to optimize the 
potential of Rosmarinic Acid as a Hepatitis E inhibitor.32-34

The research findings provide important insights into the potential of 
Rosmarinic Acid as a Hepatitis E inhibitor. Through docking analysis 
using Pymol software, it was found that Rosmarinic Acid exhibited a 
strong affinity for the Tyrosine FYN protein associated with Hepatitis 
E. This indicates that Rosmarinic Acid has the potential to be an 
effective inhibitor in inhibiting the replication of the Hepatitis E virus. 
The formed interactions between Rosmarinic Acid and the Tyrosine 
FYN protein through hydrogen bonding and hydrophobic contacts 
also suggest potential mechanisms of action in inhibiting the protein 
function.35-37

Furthermore, the RMSD analysis revealed that the protein-ligand 
complexes formed between Rosmarinic Acid and Tyrosine FYN 
exhibited good stability. This provides an indication that Rosmarinic 
Acid can interact with the target protein with adequate stability, which 
is crucial for the development of effective therapies.38-40

Additionally, the analysis using Protein Plus software demonstrated 
significant interactions between Rosmarinic Acid and Tyrosine 
FYN. Through visualization of the interactions, it was observed that 
Rosmarinic Acid formed hydrogen bonds and hydrophobic contacts 
with the target protein. These findings suggest that Rosmarinic Acid 
may have the potential to inhibit the function of the Tyrosine FYN 
protein associated with Hepatitis E.

Moreover, the analysis of the physicochemical properties of Rosmarinic 
Acid using the Lepinski Rule showed several important characteristics. 
Rosmarinic Acid has a molecular weight of 360, 5 hydrogen bond 
donors, 8 hydrogen bond acceptors, a log P value of 1.76, and a molar 
reactivity of 89.8. These characteristics indicate that Rosmarinic Acid 
fulfills several important criteria in drug design, such as appropriate 
molecular weight, optimal hydrogen bond donor and acceptor counts, 
and moderate lipophilicity. The results of this analysis strengthen 
the potential of Rosmarinic Acid as a Hepatitis E inhibitor. Table 2 
presents the Lipinski data.29-31

In conclusion, the analysis of the research findings indicates that 
Rosmarinic Acid has the potential as a Hepatitis E inhibitor through its 
interaction with the Tyrosine FYN protein. This interaction can inhibit 
the function of the target protein and thereby hinder the replication 

of the Hepatitis E virus. In the context of therapy development, these 
research findings provide important contributions to the search for 
new alternatives in the treatment of Hepatitis E, which currently 
has limited therapeutic options. These findings also open avenues 
for further research in optimizing Rosmarinic Acid as a Hepatitis E 
inhibitor and exploring new therapies for this disease.

This research distinguishes itself from previous studies in several 
aspects. First, many studies related to Hepatitis E have utilized 
experimental approaches to evaluate the potential of new inhibitors. 
This research, on the other hand, adopts a more efficient and fast 
computational approach to predict molecular interactions, allowing 
for a broader virtual assessment of various potential compounds as 
Hepatitis E inhibitors. Thus, this research provides a new contribution 
to the development of therapies for this disease.41,42

Furthermore, this research has the uniqueness of specifically focusing 
on Hepatitis E and the potential of Rosmarinic Acid as an inhibitor. 
In this context, previous research in the field of Hepatitis E has often 
been more general and not focused on specific compounds or targets. 
However, by identifying the specific target protein (Tyrosine FYN), 
this research provides significant contributions to the understanding 
of the potential mechanisms of action and the development of effective 
therapies for Hepatitis E.3,42

This research also enriches our understanding of the stability of 
protein-ligand complexes through RMSD analysis. In previous studies, 
structural analysis of proteins or molecular interaction predictions 
were often the main focus without considering the stability of the 
formed complexes. However, by incorporating RMSD analysis, 
this research provides a more comprehensive understanding of the 
stability and robustness of the interactions between Rosmarinic Acid 
and the Tyrosine FYN protein, which is essential information for the 
development of effective inhibitors.38-40

Additionally, this research involves the analysis of the physicochemical 
properties of Rosmarinic Acid using the Lepinski Rule. Previous 
research in the context of Hepatitis E often focused solely on molecular 

Figure 2: (a) 2D visualization of Rosmarinic Acid ligand (b) 3D visualization 
of Rosmarinic Acid ligand

Figure 3: (a) Tyrosine FYN protein (b) Tyrosine FYN protein



521

Sunadi, et al. Hepatitis E Inhibited by Rosmarinic Acid Extract from Clove Plant (Syzygium Aromaricum) through Computational Analysis

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

REFERENCES
1. Guerra JADAA, Kampa KC, Morsoletto DGB, Junior AP, Ivantes 

CAP. Hepatitis E: a literature review. J Clin Trans Hepatol. 
2017;5(4):376.

2. Kamar N, Izopet J, Pavio N, Aggarwal R, Labrique A, Wedemeyer H, 
et al. Hepatitis E virus infection. Nat Rev Dis Primers. 2017;3(1):1-
16.

3. Nadeem M, Imran M, Aslam Gondal T, Imran A, Shahbaz M, 
Muhammad Amir R, et al. Therapeutic potential of rosmarinic acid: 
A comprehensive review. Appl Sci. 2019;9(15):3139.

4. Luo C, Zou L, Sun H, Peng J, Gao C, Bao L, et al. A review of 
the anti-inflammatory effects of rosmarinic acid on inflammatory 
diseases. Front Pharmacol. 2020;11:153.

5. Marchev AS, Vasileva LV, Amirova KM, Savova MS, Koycheva 
IK, Balcheva-Sivenova ZP, et al. Rosmarinic acid-From bench to 
valuable applications in food industry. Trends in Food Sci Technol. 
2021;117:182-93.

6. Quintero-Gil C, Parra-Suescún J, Lopez-Herrera A, Orduz S. In-silico 
design and molecular docking evaluation of peptides derivatives 
from bacteriocins and porcine beta defensin-2 as inhibitors of 
Hepatitis E virus capsid protein. Virusdisease. 2017;28(3):281-8.

7. Cancela F, Rendon-Marin S, Quintero-Gil C, Houston DR, Gumbis 
G, Panzera Y, et al. Modelling of Hepatitis E virus RNA-dependent 
RNA polymerase genotype 3 from a chronic patient and in silico 
interaction analysis by molecular docking with Ribavirin. J Biomol 
Struct Dyn. 2023;41(2):705-21.

8. Aini NS, Kharisma VD, Widyananda MH, Murtadlo AAA, Probojati 
RT, Turista DDR, et al. In silico screening of bioactive compounds 
from Syzygium cumini L. and moringa oleifera L. against SARS-
CoV-2 via tetra inhibitors. Pharmacogn J. 2022;14(4).

9. Chaudhary M, Nain V, Sehgal D. Molecular docking and dynamic 
simulation analysis of Hepatitis E virus protease in complexing with 
the E64 inhibitor. J Biomol Struct Dyn. 2023;41(4):1342-50.

10. 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).

11. Probojati RT, Utami SL, Turista DDR, Wiguna A, Wijayanti A, 
Rachmawati Y, et al. B-cell Epitope Mapping of Capsid L1 from 
Human Papillomavirus to Development Cervical Cancer Vaccine 
Through In Silico Study.  SAINSTEK Int J Appl Sci Adv Technol 
Inform. 2022;1(2):62-71.

12. Noor S, Mohammad T, Rub MA, Raza A, Azum N, Yadav DK, et al. 
Biomedical features and therapeutic potential of rosmarinic acid. 
Arch Pharm Res. 2022;45(4):205-28.

13. Zhao J, Xu L, Jin D, Xin Y, Tian L, Wang T, et al. Rosmarinic acid and 
related dietary supplements: Potential applications in the prevention 
and treatment of cancer. Biomolecules. 2022;12(10):1410.

14. Aini NS, Kharisma VD, Widyananda MH, Ali Murtadlo AA, Probojati 
RT, Turista R, et al. Bioactive Compounds from Purslane (Portulaca 
oleracea L.) and Star Anise (Illicium verum Hook) as SARS-
CoV-2 Antiviral Agent via Dual Inhibitor Mechanism: In Silico 
Approach. Pharmacogn J. 2022;14(4).

15. Wahyuni DK, Ansori ANM, Vidiyanti F. GC-MS analysis of 
phytocomponents in methanolic extracts of leaf-derived callus of 
Justicia gendarussa Burm.f. Biosci Res. 2017; 14(3): 668-677.

16. Probojati RT, Murtadlo AAA, Ullah ME, Naw SW, Turista DDR. 
Molecular Docking Study of HIV-1 Antiretroviral Candidate via 
Reverse Transcriptase Inhibitor from Zingiber officinale var. 
Roscoe. SAINSTEK Int J Appl Sci Adv Technol Inform. 2022;1(1):26-
31.

interactions without considering the physicochemical characteristics 
of the compounds. However, by analyzing the physicochemical 
properties of Rosmarinic Acid, this research provides deeper insights 
into its molecular weight, hydrogen bond donor and acceptor counts, 
lipophilicity, and molar reactivity. This information can serve as 
important guidance in the design and optimization of potential 
compounds for Hepatitis E drug development.29,43

Furthermore, this research can be compared to previous studies in 
the context of therapy development. Many previous studies have 
focused on in vitro or in vivo testing, while this research employs 
computational approaches to identify the potential of inhibitors 
without the need for complex laboratory testing. This computational 
approach offers advantages in accelerating the discovery process of new 
inhibitor potentials, thus serving as a strong initial foundation for the 
development of potential therapies for Hepatitis E.44-57

Overall, this research provides new contributions to the development 
of therapies for Hepatitis E through computational approaches. 
Compared to previous research, this study combines the advantages 
of efficient and fast computational approaches with a specific focus 
on the potential of Rosmarinic Acid as a Hepatitis E inhibitor. In this 
context, this research offers comprehensive insights into the molecular 
interactions between Rosmarinic Acid and the Tyrosine FYN protein, 
the stability of protein-ligand complexes, and the physicochemical 
characteristics of the compound. The results of this research can 
serve as a solid foundation for the development of more effective and 
efficient potential therapies in the treatment of Hepatitis E. Figures 2 
and 3 depict the Rosmarinic Acid ligand and Tyrosine FYN protein.

CONCLUSION
This study yields important conclusions regarding the potential of 
Rosmarinic Acid as an inhibitor of Hepatitis E through its interaction 
with the Tyrosine FYN protein. In this research, a computational 
approach was utilized to analyze the molecular interactions between 
Rosmarinic Acid and the target protein. The docking analysis results 
demonstrated that Rosmarinic Acid exhibits strong affinity towards the 
Tyrosine FYN protein, with significant Binding Affinity. The RMSD 
analysis also indicated adequate stability of the formed protein-ligand 
complex. Furthermore, the analysis using Protein Plus confirmed 
the presence of interactions between Rosmarinic Acid and Tyrosine 
FYN. The analysis of Rosmarinic Acid's physicochemical properties 
using the Lepinski Rule demonstrated that the compound satisfies 
several important criteria in drug design. These physicochemical 
characteristics further support the potential of Rosmarinic Acid as a 
candidate inhibitor of Hepatitis E.

The main conclusion of this study is that Rosmarinic Acid has the 
potential to inhibit Hepatitis E through its interaction with the 
Tyrosine FYN protein. The discovery of strong interactions between 
Rosmarinic Acid and Tyrosine FYN provides a solid foundation for 
the development of potential therapies in the treatment of Hepatitis E. 
The results of the analysis on the stability of the protein-ligand complex 
and the physicochemical characteristics of Rosmarinic Acid also 
highlight its greater potential in the development of this compound as 
a Hepatitis E inhibitor. This study makes a significant contribution to 
our understanding of the mechanism of action and the development 
of effective therapies for this disease. Further research is needed to 
experimentally test the effectiveness of Rosmarinic Acid and involve 
clinical trials to validate its potential as a clinically applicable therapy 
for Hepatitis E.
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