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Background: Klebsiella pneumoniae is known as an extended spectrum beta (β)-lactamases (ESBLs)-producing bacteria, 
which produces enzymes that cause resistance to β-lactam antibiotics by degrading β-lactam ring.  A solution is needed 
to prevent the degradation of the β-lactam ring. In this in silico study, combining β-lactam antibiotics with secondary 
metabolites has the possibility to inhibit the active site of the β-lactamase enzyme. This study aimed to explore the potential 
of the essential oil of yellow bamboo (Bambusa vulgaris) leaves as inhibitors of β-lactamase.
Materials and methods: This research was conducted by simulating molecular docking to determine the interaction of 
ligands with proteins, pharmacological tests of compounds based on the Lipinski’s rule of five, and ligand toxicity tests with 
pkCSM.
Results: The free bond energy values (∆G) were in the range of -4.3 to -8.0 kcal/mol. The ligands with the best ∆G value were 
sulfur pentafluoride (-8.0 kcal/mol), squalene (-7.3 kcal/mol), 3-aminodibenzofuran (-7.1 kcal/mol), and 2- monolaurin (-5.5 
kcal/mol). Secondary metabolites from the essential oil of B. vulgaris leaves fulfilled Lipinski’s rule of five, so that oral use 
can be carried out except for squalene and tridecane. 
Conclusion: Secondary metabolite compounds in the essential oil that have potential as oral drugs based on the Lipinski 
pharmacological test and the pkCSM toxicity test are dipivaloylmethane, β-ocimene, 2-monolaurin, and undecane.
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Introduction

In 2019, infections caused by multidrug resistance result in 
the death of 44,000 people in the United States. One of the 
causes of multidrug resistance is Gram-negative bacteria that 
produce extended spectrum beta (β)-lactamases (ESBLs).1,2 

This is evidenced by 50% of ESBL cases in the United 
States is caused by Enterobacteriaceae.3 A study based on 
data from Indonesia, Thailand, the Philippines, Malaysia 
and Singapore shows the prevalence of Klebsiella spp. 
which produce β-lactamase reaches 46.7% with Indonesia 
having the highest prevalence (64%).4

Mol Cell Biomed Sci. 2022; 6(3): 147-54
DOI: 10.21705/mcbs.v6i3.278



  148

In silico Study of Bambusa vulgaris LeavesAnggini PW, et al.

	 Klebsiella pneumoniae is known as one of the 
pathogenic bacteria that causes nosocomial infections due 
to the virulence and antibiotic resistance of these bacteria.5 

K. pneumoniae is a Gram-negative bacterium classified in 
Enterobacteriaceae family and commonly found in urinary 
tract, lower respiratory tract and bloodstream infection.6,7 
A research conducted at Dr. Soeradji Tirtonegoro Hospital, 
Klaten, Central Java shows that around 52.98% of clinical 
isolates identified in the hospital are ESBL-producing 
K. pneumoniae.4 A study conducted by Sanglah Hospital, 
Denpasar shows that the prevalence of β-lactam antibiotics 
resistance in the K. pneumoniae group reaches 69.2%.8 

Another study shows that K. pneumoniae isolates are resistant 
to ampicillin (78.3%), cefalotin (75%), ceftriaxone (32%), 
and cefotaxime (24%) from 75 samples.9 K. pneumoniae is 
also discovered to be resistant against ceftazidime, another 
β-lactam drug.10

	 β-lactam antibiotics are a class of antibiotics that 
have the β-lactam ring and are generally used to treat 
bacterial infections.11 These antibiotics have a mechanism 
as bactericidal by inhibiting bacterial cell wall synthesis. 
The antibiotic binds to penicillin-binding proteins (PBPs), 
leading to incomplete transpeptidation reaction, although 
cell wall formation is continued.12 There is no cross-link 
formation in the cell wall synthesis, and the peptidoglycan 
is inadequately formed, hence it is weaker and easily 
degraded. The result is the activation of lytic enzymes that 
causes bacterial cell death.13 
	 K. pneumoniae has the ability to produce extended 
spectrum β-lactamases (ESBLs), which are encoded by a 
gene on the conjugative plasmid determining resistance 
to β-lactam antibiotics.9 β-lactamases cause antibiotic 
resistance by hydrolyzing the β-lactam ring and changing 
the structure of the drug when binding to PBPs. Changes 
in the structure of the drug cause inactivation of the drug.14 
Therefore, a solution is needed to prevent the degradation 
of the β-lactam ring. One of them is by combining 
β-lactam antibiotics with secondary metabolites to inhibit 
the active site of the β-lactamase. Previous studies have 
mentioned that clavulanic acid, one of the metabolites 
produced by Streptomyces clavuligerus is an effective 
treatment for many diseases caused by pathogens, such as 
Klebsiella spp, when combined with amoxicillin, a β-lactam 
antibiotic.15 In addition, polyphenolic compounds, such as 
epigallocatechin-3-gallate and caffeic acid can synergize 
with gentamicin, ciprofloxacin and tetracycline in inhibiting 
the growth of ESBL-producing K. pneumoniae.16

	 Compounds that are contained in the essential oil of 
yellow bamboo (Bambusa vulgaris) leaves were used in 
this study. Phytochemical screening of B. vulgaris shows 
the presence of alkaloids, flavonoids, saponins, and tannins, 
as well as several minerals, indicated by the presence 
of calcium and iron in B. vulgaris leaves.17 This in silico 
study aimed to explore the potential of essential oil from B. 
vulgaris leaves in inhibiting the β-lactamase enzyme.  

Materials and methods

Ligands and Target Protein Preparation
This research was conducted in silico by utilizing the protein 
and ligand database available on the website. The target 
protein used in the study was β-lactamase (PDB ID: 6M5P), 
which was downloaded via the Protein Data Bank (PDB) 
(www.rcsb.org) in .pdb format. This protein was prepared 
using PyMol software based on Autodock Vina 4.2 (Scripps 
Research, La Jolla, CA, USA). In the preparation of this 
molecule, the removal of the H2O group, the separation of 
the native ligands contained in the protein molecule, and 
the addition of hydrogen atoms were conducted. Then, the 
file was saved in pdbqt format. The test ligands used in this 
study were secondary metabolites found in the essential oil 
of B. vulgaris leaves. The ligands were downloaded from 
PubChem (www.pubchem.ncbi.nlm.nih.gov) in SDF format 
and converted to PDB format by PyMol software. 

Molecular Docking
The binding of ligands and protein molecules was carried 
out using the Autodock Vina-based PyRx program. The 
tethering results obtained were binding affinity (kcal/
mol) and root mean square deviation (RMSD) value. The 
molecular docking test results require verification of the 
reliability of the method on the docking area used through 
RMSD value.18,19 After validation, docking simulation 
between ligands and target protein was carried out. 

Docking Visualization
Determination of the docking ligand conformation (the 
best pose) was done by selecting the ligand conformation 
that has the lowest bond energy. Parameters analyzed 
included amino acid residues, hydrogen bonds, predicted 
inhibition constants, and bond free energies. Binding sites 
and molecular interactions of secondary metabolites with 
target proteins were visualized in two-dimensional (2D) and 
three-dimensional (3D) structures using Biovia Discovery 
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Studio 2020 (BIOVIA, California, USA). The visualization 
of the molecular docking results was used to determine the 
interaction of amino acid residues from β-lactamase with 
secondary metabolites in the essential oil extract of B. 
vulgaris leaves.

Pharmacological and Toxicity Test
The physicochemical and pharmacological properties 
of secondary metabolites in the essential oil extract of B. 
vulgaris were analyzed by Lipinski's rule of five. This 
law predicts the absorption, distribution, metabolism, and 
excretion performance of a compound as a drug.20 The 
toxicity of secondary metabolites were tested using the 
pkCSM method. 

Results

Compounds Found in B. vulgaris Leaves Essential Oil
A total of 8 compounds with the highest composition based 
on a previous study21 were identified in B. vulgaris essential 
oil (Table 1).

Molecular Docking Results
Molecular docking results of the test ligands against 
β-lactamase showed that there were 9 tested ligands, 
consisting of 8 ligands from the essential oil of B. vulgaris 
leaves and 1 native ligand (Table 2). The native ligand used 
in this study was clavulanic acid (PubChem ID: 5280980). 
The docking results showed that the free bond energy values 
(∆G) were in the range of -4.3 to -8.0 kcal/mol. The ligand 
with the best ∆G value was sulfur pentafluoride (-8.0 kcal/
mol). The results of docking visualization were shown in 
Figure 1.

Pharmacological and Toxicity Analysis Results
Pharmacological properties prediction of secondary 
metabolites contained in the essential oil was analyzed 
by Lipinski's rule of five, while the toxicity of secondary 
metabolites was tested using the pkCSM method. Based 
on Lipinski's analysis, it was found that all test ligands 
complied with Lipinski's rule, except squalene and tridecane 
(Table 3). Prediction of secondary metabolite toxicity was 
carried out using the pkCSM test which included AMES 
toxicity test, maximum tolerated dose (MTD), human ether-
a-go-go-related gene (hERG) I and II inhibitor, acute oral 
rat toxicity (median lethal dose; LD50), hepatotoxicity, skin 
sensitization, and Minnow toxicity (Table 4).

Discussion

Research related to the extraction and identification of 
compounds contained in B. vulgaris essential oil has been 
carried out previously, in which fresh and dry B. vulgaris 
leaves are distilled for 4 hours, and the oil obtained is 
dried using anhydrous sodium sulfate (Na2SO4). Then, 
gas chromatography-mass spectrometry (GC-MS) and the 
identification of chemical compounds contained in the B. 
vulgaris leaves essential oil based on the retention index of 
each compound are carried out.21

	 The molecular docking process was started with 
validation based on the RMSD value. The RMSD value 
is said to be good if <2 Å. The larger the deviation of 
the value, the greater the error in the prediction of ligand 
interactions with macromolecules. The best RMSD value is 
close to 0 Å.22 Validation results indicated that the RMSD 
values of the molecular docking performed in this study 
were 0 Å. Based on the binding affinity value, ligand with 

Identified Compound Chemical Formula PubChem ID

Sulfur pentafluoride C7H5ClF5NOS 9602898
Dipivaloylmethane C11H20O2 70700

3-aminodibenzofuran C12H9NO 20061
β-ocimene C10H16 18756

2-monolaurin C15H30O4 74297
Undecane C11H24 14257
Squalene C30H50 638072
Tridecane C13H28 12388

Table 1. Chemical compounds found in essential oil of B. vulgaris 
leaves.21
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the best value was sulfur pentafluoride (∆G=-8.0 kcal/
mol), squalene (∆G=-7.3 kcal/mol), 3-aminodibenzofuran 
(∆G=-7.1 kcal/mol), and 2-monolaurin (∆G=-5.5 kcal/mol). 
Meanwhile, clavulanic acid had a ∆G value of -5.7 kcal/
mol. Clavulanic acid, a commercial drug with the ability 
to inhibit β-lactamase, was used as a comparison ligand.23 

Sulfur pentafluoride, squalene, and 3-aminodibenzofuran 
had more potential, since these compounds have lower ∆G 

values compared to the native ligand. Lower ∆G value means 
that the bond between the ligand and macromolecule is 
more stable24, since the stability and strength of noncovalent 
interactions can be analyzed based on the amount of free 
energy generated when the enzyme and the ligand interact.25 
	 Research related to the potential of natural compounds 
as β-lactamase inhibitors has been carried out previously. 
The molecular docking of microalgae compounds shows 

Lower Bound Upper Bound

Sulfur pentafluoride 281.633 -8 0 0
Dipivaloylmethane 184.279 -5.1 0 0

3-aminodibenzofuran 183.21 -7.1 0 0
β-ocimene 136.238 -5 0 0

2-monolaurin 274.401 -5.5 0 0
Undecane 156.313 -4.3 0 0
Squalene 410.73 -7.3 0 0
Tridecane 184.367 -4.6 0 0

Clavulanic acid (native) 199.162 -5.7 0 0

Ligand
Molecular Weight 

(g/mol)
Binding Affinity 

(kcal/mol)
RMSD (Å)

Table 2. Molecular docking results between ligands and β-lactamase.

Figure 1. The 3D interaction between compounds from 
essential oil of B. vulgaris leaves and β-lactamase. A: 
sulfur pentafluoride; B: squalene; C: 3-aminodibenzofuran; 
D: 2-monolaurin; E: clavulanic acid (native).

A B

C D

E
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that phenylacridine (4-Ph), quercetin (Qn), and cryptophycin 
(Cryp) exhibit a better binding score and binding energy 
than commercial clinical medicine β-lactamase inhibitors, 
such as clavulanic acid, sulbactam, and tazobactam.26 
Moreover, the molecular docking of eight L2-β-lactamase 
inhibitors shows that these compounds possess ∆G values 
(lowest to the highest) as follows: relebactam -6.8 kcal/
mol, meropenem -6.54 kcal/mol, nitrocefin -6.28 kcal/
mol, avibactam -6.14 kcal/mol, imipenem -5.34 kcal/mol, 
carbapenem -5.24 kcal/mol, ceftazidime -4.83 kcal/mol, 
and aztreonam -4.6 kcal/mol, respectively.27 Based on 
the  binding affinity values obtained in the present  study, 
compounds from B. vulgaris, namely sulfur pentafluoride, 
squalene, and 3-aminodibenzofuran were more potential as 
β-lactamase inhibitors than those compounds as indicated 
by lower ∆G values. 
	 A good drug must follow Lipinski's rule. The drug 
administered to the patient will be eliminated from the 
body due to various factors that can eliminate the drug or 
prevent it from reaching the desired target site. These four 

factors, namely absorption, distribution, metabolism, and 
excretion, are called pharmacokinetics or the ability of 
the body to respond to drugs. Pharmacokinetic aspects are 
very important to be considered during drug design, since a 
drug cannot interact with the target if it does not reach the 
target. Therefore, Lipinski's rule of five is developed. Drugs 
capable of reaching the target when administered orally 
must meet the following requirements: molecular weight 
<500 Daltons, the number of hydrogen bond donor groups 
is no more than 5, the number of bond acceptor groups is 
no more than 10, has high lipophilicity (logP<5) and molar 
refractivity in the range of 40-130.28

	 Based on the results of Lipinski's rule analysis, 
secondary metabolites of B. vulgaris essential oil complied 
with Lipinski's rule, hence these compounds can be 
administered orally, except for squalene and tridecane. 
Squalene did not meet Lipinski's rule because it had a 
logP>5 and a molar refractivity >140. Meanwhile, tridecane 
did not meet Lipinski's rule because it had a logP>5. The 
logP value is related to the hydrophobicity of the drug 

Ligand Molecular Mass 
(Dalton)

Hydrogen Bond 
Donor

Hydrogen Bond 
Acceptor

LogP Molar 
Refractivity

Sulfur pentafluoride 281.5 0 1 3.48 47.64
Dipivaloylmethane 184 0 2 2.61 53.54

3-aminodibenzofuran 183 2 2 3.17 58.13
β-ocimene 136 0 0 3.47 48

2-monolaurin 274 2 4 2.8 75.9
Undecane 156 0 0 4.54 52.9
Squalene 410 0 0 10.61 140.06
Tridecane 184 0 0 5.32 62.13

Clavulanic acid (native) 199 2 6 -1.09 42.93

Table 3. Lipinski’s rule of five analysis results.

Ligand
 LD50 

(mol/kg)
Hepatotoxicity

Skin 
Sensitization

Minnow Toxicity 
(log mM)

AMES 
Toxicity

MTD (Human; 
log mg/kg/day)

hERG I 
Inhibitor

hERG II 
Inhibitor

Sulfur pentafluoride 2.762 No Yes 0.886 Yes 0.49 No No
Dipivaloylmethane 1.626 No Yes 0.797 No 0.846 No No

3-aminodibenzofuran 2.945 No No 0.404 Yes 0.196 No No
β-ocimene 1.636 No No 0.784 No 0.636 No No

2-monolaurin 1.405 No Yes 0.511 No 0.651 No No
Undecane 1.597 No Yes -0,134 No 0.389 No No
Squalene 1.848 No No -3.485 No -0.393 No Yes
Tridecane 1.542 No Yes -0.674 No 0.269 No No

Clavulanic acid (native) 1.546 Yes No 3.966 No 1.35 No No

Table 4. pkCSM test results.



  152

In silico Study of Bambusa vulgaris LeavesAnggini PW, et al.

molecule. High logP indicates higher hydrophobicity.29 One 
of the requirements  for  a  compound  that  can  be  used 
as a drug is it should not be too hydrophobic, which will 
affect the longer shelf-life in the lipid bilayer. This causes 
drug compounds to be retained for a long duration and are 
widely distributed in the body, causing the reduction of 
binding selectivity to the target protein. A logP value that is 
too negative is also not recommended because if the drug is 
too hydrophilic, the drug will not be able to pass through the 
lipid bilayer.30

	 AMES toxicity test is generally used to determine the 
mutagenic potential of a compound through bacteria testing. 
Positive results in this test indicate that the compound may 
be mutagenic and potentially carcinogenic.31 Secondary 
metabolites of B. vulgaris essential oil did not cause 
mutagenic effects, except for sulfur pentafluoride and 
3-aminodibenzofuran (Table 4). The MTD test is used as a 
recommendation for drug dosing. The MTD value of 0.477 
log mg/kg/day is categorized as low MTD. MTD value will 
be categorized as high MTD if it is higher than 0.477 log 
(mg/kg/day).32 The hERG I and II inhibitor test is used to 
test the inhibitory ability of a compound against hERG. 
Compounds that are inhibitors of hERG I or II may cause 
fatal ventricular arrhythmias. All compounds used in the 
present study did not act as inhibitors of hERG I and II, 
except for squalene.
	 LD50 is the amount of compounds that can cause the 
death of 50% of the experimental animals. Compounds  that 
are predicted to have an LD50 ranging from 300–2,000 mg/
kg are included in toxicity class 4 and 2,000–5,000 mg/
kg are included in toxicity class 5 based on the Globally 
Harmonized System. Toxicity class 5 compounds have a 
low acute toxicity effect, while toxicity class 4 means their 
toxicity is relatively low.33  Rat is selected as an animal 
model because there is a large amount of experimental 
data and it is often taken as representative of human 
LD50. This species is an ideal choice for evaluating acute 
toxicity by the oral and inhalation routes according to 
Classifying, Labelling and Packaging (CLP) regulation 
(Regulation (EC) No. 1272/2008). The in silico mammalian 
acute toxicity prediction is developed using mathematical 
approaches, starting  from  large  training  sets,  and  
sufficient  explanations  of  the  model. The  models are 
based  on  the  mathematical  relationship  between  the  
chemical’s  quantitative  molecular  descriptors  and  its  
toxicological  activities.  However,  when  assessing  the  
accuracy  of  a  predictive  model  (in  silico  or  in  vitro), we 

must bear in mind that it is closely related to the uncertainty 
and variability of the original data of the standard model. If 
uncertainty and variability are high, we cannot expect high 
accuracy.34 
	 Hepatotoxicity test was done to see the effect of 
a compound on normal liver function. It was predicted 
that compounds from B. vulgaris leaves essential oil will 
not interfere with liver function. Skin sensitization test 
was performed to predict the effect of a compound on the 
skin. In this test, 3-aminodibenzofuran, β-ocimene, and 
squalene showed negative results, which means that these 
compounds were not predicted to induce skin allergies and 
dermatitis. Skin sensitivity test is more commonly carried 
out on compounds that will be used as topical preparations, 
not oral preparations. Skin allergic reactions are not 
commonly observed in drugs administered via the oral 
route. Though they may share similar mechanisms, caution 
should be taken when extrapolating the compounds from 
skin sensitization potential for topically applied chemicals 
to predict “allergic potential” of drugs.35 Moreover, research 
has been conducted to examine whether skin testing is 
necessary before re-administering penicillin to patients with 
nonimmediate reactions (NIR). The result of this research 
shows that administering penicillin orally without preceding 
skin testing is safe and sufficient to exclude penicillin 
allergy after NIR developing during penicillin treatment.36 A 
small toxicity test showed a prediction of having high acute 
toxicity if the log median lethal concentration (LC50) value 
<-0.3. In the present study, the test results showed that all 
compounds from B. vulgaris essential oil did not have high 
acute toxicity, except for squalene and tridecane.

Conclusion

The essential oil of B. vulgaris leaves has a potency as 
β-lactamase inhibitor based on docking simulations with 
∆G values in the range of -4.3 to -8.0 kcal/mol. Secondary 
metabolite compounds in B. vulgaris essential oil that have 
potential as oral drugs based on the Lipinski pharmacological 
test and the pkCSM toxicity test are dipivaloylmethane, 
β-ocimene, 2-monolaurin, and undecane.

References

1.	 Noerwidayati E, Dahesihdewi A, Sianipar O. Screening of extended-
spectrum β-lactamases (ESBL)-producing Klebsiella pneumoniae 
with ChromID ESBL media. Indones Biomed J. 2018; 10(3): 217-
21. 



153

Print ISSN: 2527-4384, Online ISSN: 2527-3442
DOI: 10.21705/mcbs.v6i3.278Molecular and Cellular Biomedical Sciences, Vol.6 No.3, November 2022, p.147-54

2.	 Moehario LH, Robertus T, Karuniawati A, Sedono R, Lestari DC, 
Yasmon A. Gene families of AmpC-producing Enterobacteriaceae 
present in the intensive care unit of Cipto Mangunkusumo Hospital 
Jakarta. Indones Biomed J. 2019; 11(1): 107-12.

3.	 Centers for Disease Control and Prevention. Antibiotic Resistance 
Threats in the United States, 2019. Atlanta: U.S. Department 
of Health and Human Services, Centers for Disease Control and 
Prevention; 2019.

4.	 Suwantarat N, Carroll KC. Epidemiology and molecular 
characterization of multidrug-resistant Gram-negative bacteria in 
Southeast Asia. Antimicrob Resist Infect Control. 2016; 5: 15. doi: 
10.1186/s13756-016-0115-6.

5.	 Wei J, Wenjie Y, Ping L, Na W, Haixia R, Xuequn Z. Antibiotic 
resistance of Klebsiella pneumoniae through β-arrestin recruitment-
induced β-lactamase signaling pathway. Exp Ther Med. 2018; 
15(3): 2247-54.

6.	 Khasanah RN, Puspitasari I, Nuryastuti T, Yuniarti N. Prevalensi 
multidrug-resistant Klebsiella pneumonia dan evaluasi kesesuaian 
antibiotik empiris berdasarkan nilai prediksi farmakokinetik 
terhadap outcome klinis di RSUP Dr Soeradji Tirtonegoro Klaten. 
Maj Farm. 2019; 16(1): 27-33.

7.	 Puspitasari D, Rusli EA, Husada D, Kartina L. Escherichia coli and 
Klebsiella pneumonia as the most common bacteria causing catheter 
associated urinary tract infection. Mol Cell Biomed Sci. 2021; 5(3): 
121-6.

8.	 Manuaba IA, Iswari IS, Pinatih KJ. Prevalensi bakteri Escherichia 
coli dan Klebsiella pneumoniae penghasil extended spectrum beta 
lactamase (ESBL) yang diisolasi dari pasien pneumonia di RSUP 
Sanglah periode tahun 2019-2020. J Med Udayana. 2021; 10(12): 
51-7.

9.	 Ayatollahi J, Sharifyazdi M, Fadakarfard R, Shahcheraghi SH. 
Antibiotic resistance pattern of Klebsiella pneumoniae in obtained 
samples from Ziaee Hospital of Ardakan, Yazd, Iran during 2016 to 
2017. Iberoam J Med. 2020; 2: 32-6.

10.	 Paramita DA, Nasution K, Lubis NZ. Microbial patterns and 
antimicrobial susceptibility on pediatric patients with pressure 
ulcers. Mol Cell Biomed Sci. 2019; 3(1): 17-21.

11.	 Arslan I. Trends in antimicrobial resistance in healthcare-associated 
infections: A global concern. Encycl Infect Immun. 2021; 4: 652-
61.

12.	 Bush K, Bradford PA. β-lactams and β-lactamase inhibitors: An 
overview. Cold Spring Harb Perspect Med. 2016; 6(8): a025247. 
doi: 10.1101/cshperspect.a025247.

13.	 Wivagg CN, Bhattacharyya RP, Hung DT. Mechanisms of β-lactam 
killing and resistance in the context of Mycobacterium tuberculosis. 
J Antibiot. 2014; 67(9): 645-54.

14.	 Biutifasari V. Extended spectrum beta-lactamase (ESBL). Oceana 
Biomed J. 2018; 1(1): 1-11.

15.	 López-Agudelo VA, Gómez-Ríos D, Ramirez-Malule H. Clavulanic 
acid production by Streptomyces clavuligerus: Insights from 
systems biology, strain engineering, and downstream processing. 
Antibiotics. 2021; 10(1): 84. doi: 10.3390/antibiotics10010084.

16.	 Dey D, Ghosh S, Ray R, Hazra B. Polyphenolic secondary 
metabolites synergize the activity of commercial antibiotics against 
clinical isolates of β-lactamase-producing Klebsiella pneumoniae. 
Phytother Res. 2016; 30(2): 272-82.

17.	 Ayeni MJ, Oyeyemi SD, Kayode J, Abanikanda AI. Phytochemical, 
proximate and mineral analyses of the leaves of Bambusa vulgaris 
L. and Artocarpus altilis L. Ghana J Sci. 2018; 59: 69-77.

18.	 Munawaroh HS, Gumilar GG, Nurjanah F, Yuliani G, Aisyah S, 
Kurnia D, et al. In-vitro molecular docking analysis of microalgae 
extracted phycocyanin as an anti-diabetic candidate. Biochem Eng 
J. 2020; 161: 107666. doi: 10.1016/j.bej.2020.107666.

19.	 Girsang E, Lister INE, Ginting CN, Khu A, Samin B, Widowati W, 
Wibowo S, Rizal R. Chemical constituents of snake fruit (Salacca 
zalacca (Gaert.) Voss) peel and in silico anti-aging analysis. Mol 
Cell Biomed Sci. 2019; 3(2): 122-8.

20.	 Karami TK, Hailu S, Feng S, Graham R, Gukasyan HJ. Eyes on 
Lipinski's rule of five: A new "rule of thumb" for physicochemical 
design space of ophthalmic drugs. J Ocul Pharmacol Ther. 2022; 
38(1): 43-55.

21.	  Atewolara-Odule OC, Olubomehin OO, Adesanya EA, Hashimi 
AM, Ogunmoye AO. Chemical composition of essential oils from 
Bambusa vulgaris leaf (fresh and dried) Schrad. Ex J.C. Wendl. 
[Poaceae] obtained in Nigeria. J Res Rev Sci. 2018; 5(1): 8-13.

22.	 Listyani TA, Herowati R. Analisis docking molekuler senyawa 
derivat phthalimide sebagai inhibitor non-nukleosida HIV-1 reverse 
transcriptase. J Farm Indones. 2018; 15(2): 123-34.

23.	 Carcione D, Siracusa C, Sulejmani A, Leoni V, Intra J. Old and new 
beta-lactamase inhibitors: Molecular structure, mechanism of 
action, and clinical use. Antibiotics. 2021; 10(8): 995. doi: 10.3390/
antibiotics10080995.

24.	 Suhadi A, Rizarullah R, Feriyani F. Simulasi docking senyawa aktif 
daun binahong sebagai inhibitor enzyme aldose reductase. SEL J 
Penelit Kesehat. 2019; 6(2): 55-65.

25.	 Kartasasmita RE, Herowati R, Harmastuti N, Gusdinar T. Quercetin 
derivatives docking based on study of flavonoids interaction to 
cyclooxygenase-2. Indones J Chem. 2009; 9(2): 297-302.

26.	 Pestana-Nobles R, Aranguren-Díaz Y, Machado-Sierra E, Yosa J, 
Galan-Freyle NJ, Sepulveda-Montaño LX, et al. Docking and 
molecular dynamic of microalgae compounds as potential inhibitors 
of beta-lactamase. Int J Mol Sci. 2022; 23(3): 1630. doi: 10.3390/
ijms23031630.

27.	 Sharma R, Jade D, Mohan S, Chandel R, Sugumar S. In-silico virtual 
screening for identification of potent inhibitor for L2-β-lactamase 
from Stenotrophomonas maltophilia through molecular docking, 
molecular dynamics analysis study. J Biomol Struct Dyn. 2021; 
39(18): 7123-37.

28.	 Sen DJ, Nandi K, Saha D. Rule of five: The five men army to cross the 
blood brain barrier for therapeutically potent. World J Adv Healthc 
Res. 2021; 5(3): 206-11.

29.	 Setiawan T, Ambarsari L, Sumaryada TI. Anticancer Study of 
Wonogiri’s Curcuma xanthorhiza roxb Ethanol Fraction as Jamu by 
Flexible Docking Methods. Int J Hybrid Inf Technol. 2017; 10(1): 
277-88.

30.	 Choy YB, Prausnitz MR. The rule of five for non-oral routes of drug 
delivery: Ophthalmic, inhalation and transdermal. Pharm Res. 
2011; 28(5): 943-8.

31.	 Kesuma D, Purwanto BT, Hardjono S. Uji in silico aktivitas sitotoksik 
dan toksisitas senyawa turunan N-(benzoil)-N’-feniltiourea sebagai 
calon obat antikanker. J Pharm Sci Clin Res. 2018; 3(1): 1-11.

32.	 Rowaiye AB, Ogugua AJ, Ibeanu G, Bur D, Asala MT, Ogbeide OB, 
et al. Identifying potential natural inhibitors of Brucella melitensis 
methionyl-tRNA synthetase through an in-silico approach. PLoS 
Negl Trop Dis. 2022; 16(3): e0009799. doi: 10.1371/journal.
pntd.0009799.

33.	 El-Din HM, Loutfy SA, Fathy N, Elberry MH, Mayla AM, Kassem 
S, et al. Molecular docking based screening of compounds against 



  154

In silico Study of Bambusa vulgaris LeavesAnggini PW, et al.

VP40 from ebola virus. Bioinformation. 2016; 12(3): 192-6.
34.	 Diaza RG, Manganelli S, Esposito A, Roncaglioni A, Manganaro A, 

Benfenati E. Comparison of in silico tools for evaluating rat oral 
acute toxicity. SAR QSAR Environ Res. 2015; 26(1): 1-27.

35.	 Ouyang Q, Wang L, Mu Y, Xie XQ. Modeling skin sensitization 
potential of mechanistically hard-to-be-classified aniline and phenol 

compounds with quantum mechanistic properties. BMC Pharmacol 
Toxicol. 2014; 15(1): 1-9.

36.	 Confino-Cohen R, Rosman Y, Meir-Shafrir K, Stauber T, Lachover-
Roth I, Hershko A, et al. Oral challenge without skin testing 
safely excludes clinically significant delayed-onset penicillin 
hypersensitivity. J Allergy Clin Immunol Pract. 2017; 5(3): 669-75.


