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ABSTRACT

Aim: To study the bioactivity of Citrus limon leaf extracts through in vitro
and in silico approaches. Methodology: In this study, the leaves of Citrus
limon were subjected to solvent extraction using ethyl acetate and
ethanol, and also the essential oil by hydro distillation method. Preliminary
phytochemical screening of solvent extracts revealed the presence of
alkaloids, flavanoids, anthocyanins, carbohydrates, triterpenoids, tannins
and coumarins. The extracts and essential oil were then tested for the
antibacterial, antioxidant and anticancer activity. Molecular docking studies
were studied for the proteins namely tyrosine phosphatase, alkaline
protease, and elastase of Pseudomonas aeruginosa whose protein structure
retrieved from the PDB using discovery studio 2.0 version and inhibition
was checked against all the three proteins. Results: The plant extract was
found to inhibit the growth of Microvirga aerilata and Pseudomonas aerugi-
nosa at 100 pg and 50 pg of essential oil and ethanol extract respectively.
Cytotoxicity against Hela cell lines by the crude extracts and essential oil

INTRODUCTION

For a longer period of time, plants have been a larger and valuable source
of natural products. The Indian system of medicine uses plant based
drugs or formulations to treat human disease. These naturally occurring
medicinal plants contain components which have therapeutic values.
Plant extracts used in traditional medicines provide health coverage
for most world’s population. Essential oils and extracts of the medicinal
plants gained a great scientific interest because of their wide range of
organic compounds which include alkaloids, flavanoids, tannins, saponins,
terpenoids, phenolic compounds etc.! Citrus limon commonly known
as lemon is a fruit of small evergreen tree which belongs to the family
Rutaceae? usually seen growing in the tropical and sub-tropical areas.
Citrus limon is the plant taken for our study as it has great economic
value due to its use in food and pharmaceutical industries as flavouring
agents, antioxidants and preservatives. Further the essential oils from the
plant are used in aromatherapy to cure various disorders. All parts of this
plant are used in the day to day life the fruits for instance is a good source
of vitamin C, and also as bleaching agent in domestic practice, as cleansing
agent in cosmetic industry and also as non-toxic pesticide. Lemon tree
flowers have been used as a remedy for the treatment of mild depression,
sedation and heart tonic. Further they do exhibit anti-oxidant, anti-
coagulant, anticancer and antimicrobial activities.* This plant possessing
a multitude utility could be well exploited for its phytoconstituent
responsible for the activity and characterized for the biosafety level

which later could be developed into a value added commercial product.

appeared to be active at the concentration of 50 pg/mL and 100ug/mL
respectively. GCMS studies on the essential oil revealed the presence of
a-pinene, B-pinene, decanal, citral and a-terpineol. Molecular docking studies
revealed that tyrosine phosphatase to interact better than the other two
proteins.
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MATERIALS AND METHODS

Sample Collection

Citrus limon leaves were collected from Tiruchirappalli, Tamil Nadu,
India, were washed thrice with running tap water and shade dried. The
dried leaves were powdered and stored till extraction.

Preparation Of The Extract

Extraction was done with two different solvents individually. 10g of plant
powder was macerated with the respective solvents. The liquid was clari-
fied by filtration and then concentrated. Essential oil was also extracted
by hydro-distillation method.” The two different solvent extracts and the
essential oil were stored at 4°C till further analysis.

Phytochemical Analysis

Chemical tests for the screening and identification of bioactive chemical
constituents in the medicinal plant Citrus limon was carried out using
the standard procedures.**?

Antibacterial Activity

The in vitro antibacterial activity of the plant extracts and essential oil
were evaluated by well diffusion method against Bacillus subtilis and
Brevibacillus brevis and also against two gram negative organisms
Psuedomonas aeruginosa and Microvirga aerilata. The extracts and essential
oil were tested for four different concentrations viz.,20 pg, 40 pg,
60 pg and 80 ug and also for the essential oil by well diffusion method.
Gentamicin was used as positive control and the respective solvent
was used as negative control. Antibacterial activity was evaluated by
measuring the inhibition of bacterial growth around the wells as zone of
inhibition in mm.
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Determination Of Minimum Inhibitory Concentration

Minimum inhibitory concentrations (MICs) of the samples were tested
by the standard procedures.'® Concentration ranging from 20 to 180 ug/mL
was taken for the study. The plates were incubated at 37°C for 24 h and
the tubes were examined for turbidity and MIC values were taken as the
lowest concentration that inhibited the growth of the tested organisms.

Radical Scavenging Activity

Radical scavenging activity of the different fractions was determined
using DPPH radical as a reagent'’ with some modifications. After dark
incubation of different concentration of extracts with DPPH the scav-
enging capacity was read colorimetrically by monitoring the decrease in
absorbance at 517nm. Lower absorbance of the reaction mixture indi-
cates high free radical scavenging activity. Ascorbic acid was used as the
standard."?

DPPH radical scavenging activity (%) = [(A0—A1)(A0)]x100

A0, the absorbance of the control (DPPH radical + methanol); Al,
the absorbance of sample (DPPH radical + sample or standard). The
effective concentration required to scavenge 50% of the DPPH radical
(IC,,) is also calculated.

Cytoxicity Evaluation

HeLa Cell lines were obtained from National center for cell sciences,
Pune (NCCS). The cellular toxicity of the extracts was tested against the
HeLa cells by MTT assay.”* The effect of the samples on the proliferation
of HeLa cells was expressed as the % cell viability, which was calculated
as below:"

% cell viability = mean OD of wells treated with plant extract / mean OD
of control wells x 100%

Separation Of Bioactive Compounds By Thin Layer
Chromatography

The extracts were subjected to thin layer chromatography (TLC) as
per conventional one dimensional ascending method using silica gel.
Suitable solvent system comprising of Acetone, Chloroform and Ethyl
acetate in appropriate proportions were chosen for the study. The move-
ment of the active compound was expressed by its retention factor (R)."

Identification Of Compounds By Gc-Ms Analysis

The active chemical constituents of the Citrus limon plant extract and
essential oil were determined using gas a GC puls-2010 coupled with
GCMS-QP2010 (Shimadzu, Japan), which was fitted with a DB-5MS
polar column [30 mm x 0.25 mm (inner diameter) x 0.25 mm]. The
temperature program started at 70°C for 1 min and increased to 250°C at
6°C/min, and then held for 4 min. The injected sample volume was 1pL
with a split ratio of 20:1. The mass detector was fitted with an electron
ionization source operated at 70 eV with a source temperature of 255°C.
Helium was the carrier gas at a flow rate of 1 mL/min. Identification of
active compounds was based on the mass spectral information in a mass
spectra library (Wiley Registry of Mass Spectra Data, 2000), and sample
peaks were confirmed by the retention indices (RI) and mass spectra.

Molecular Docking

Although the plant had antimicrobial activity against all the microor-
ganisms taken for study notable results were obtained for Pseudomonas
aeruginosa. This gram negative bacterium with its versatile adaptability
has evolved into an opportunistic pathogen prevalent in the immune
compromised individuals. Further these organisms circumvent the huge
antimicrobial arsenal by way of gaining resistance. Considering the
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severity of the infection and high adaptivity of the organism, looking for
an alternative to treat the pathogen is the need of the hour. Henceforth
an attempt is made to screen potential molecular targets by in silico
approach.'® One of the proteins chosen for our study is the Pseudomonas
elastase, a common occurrence at the site of infection which plays a key
role in proteolytic tissue damage in the host system. They are also found
to initiate the biofilm production.'” The second protein chosen for the
study was tyrosine phosphatase, a protein that connects the extracel-
lular quorum sensing signals to polysaccharide production and biofilm
formation ' and intervening this would interrupt the signaling cascade.
The final protein of our study was the Alkaline protease, an important
protein associated with the human gamma interferon degradation and
inhibition. The intensity of infections could be much reduced on targeting
this protein.”

The target proteins were identified and retrieved from the Protein Data
Bank (PDB) with PDB id 4QS. The structure of compound that satisfy
the Lipinski’s rule was obtained from Pubchem database. Binding score
of the ligand and the target proteins were calculated and the bonds
involved in the interaction were visualized and the residues involved in
it were analyzed.

RESULTS AND DISCUSSIONS

Phytochemical Analysis

The phytochemical active compounds of Citrus limon leaf extracts were
qualitatively analyzed Table 1. Presence of alkaloids, caffeine, theobro-
mine, anthocyanin, coumarins, carbohydrates, saponins, flavanoids and
terpenoids were evaluated. These phytochemicals have been found to
possess a wide range of pharmacological activities, which may help in
protection against various human diseases. Epidemiological studies
reported that flavanoids to have cure of coronary heart disease, whereas
saponins to exhibit antibiotic properties and used to treat hypercholes-
terolemia. Terpenoids are known to show the anti-viral, anti-inflamma-
tory and anti-malarial activities.?**!

Antibacterial Activity

The antibacterial activity of Citrus limon plant extracts and essential oil
were tested against four bacterial strain. The bacterial species namely
Bacillus subtilis, Brevibacillus brevis, Pseudomonas aeruginosa, and
Microvirga aerilata expressed differential sensitivity to the plant extracts
as indicated by their zone of inhibitions Table 1. It signifies that the
ethanol extract and essential oil of Citrus limon leaves show higher
inhibition when compared to ethyl acetate extract. The zone of inhibition
was found to be maximum at 100 ug of essential oil against Microvirga

Table 1: Phytochemical Screening of Citrus Plant Extracts

ETHYL ACETATE

S.NO PHYTOCHEMICALS EXTRACT ETHANOL EXTRACT
1. Alkaloids + ++
2 Caffeine - .
3 Theobromine - -
4 Anthocyanins ++ +
5 Coumarins - +
6. Carbohydrates - -
7 Saponins + =
8 Triterpenoids - +
9 Flavanoids i +
10. Tannins A aF
(+) Indicates the presence; (-) Indicates the absence
291



Raji et al.: In vitro and In silico Approaches to Study the Bioactivity of Citrus limon Leaf Extracts

Table 2: Antibacterial Activity

ESSENTIAL OILS (pl) ETHANOLIC EXTRACT (pg) ETHYL ACETATE EXTRACT (ug)
S.N ORGANISM
- 25 50 75 100 25 50 75 100 - 25 50 75 100
1. Bacillus subtilis - - - - - - 2 3 5 - - - - -
2. Brevibacillus 3 2 5 5 4 - - 2 - - - - 2 3
brevis
3. Microvirga 7 - 5 9 19 - 3 6 7 - - - - -
aerilata
4. Pseudomonas 4 2 6 6 7 6 10 5 - - 5 7 8 5
aeruginosa

(-) Indicates no inhibition, (+ve) Indicates positive control (Gentamicin), (-ve) Indicates negative control (solvent)

Table 3: Minimum Inhibitory Concentration of Ethanol Extract of Citrus Limon Leaves

S.NO T CONCENTRATION (pg/mL)
Extract 20 40 60 80 100 120 140 160 180
1. Brevibacillus brevis EE - + + + + + + + +
E.oil - - + o+ + + + + +
2. Bacillus subtilis EJE) - - - - + + + a* 4
E.oil - - - - - + + + +
3. Microvirga aerilata EE] - - - - = + + a* 4
E.oil - - - + + + + + +
4. Pseudomonas aeruginosa BB + + + + + + + + +
E.oil - - + o+ + + + + +

EE - ethanol extract, E.oil - essential oil, + - Presence, (-) Indicates Absence

aerilata whereas for ethanol extract the inhibition was maximum at
50 pg concentration against Pseudomonas aeruginosa. Ethyl acetate
extract exhibited very less inhibition against Pseudomonas aeruginosa
and Brevibacillus brevis and also no activity was shown against Bacillus
subtilis and Microvirga aerilata. In case of essential oil, good inhibitory
activity was found against all the organisms except Bacillus subtilis. Present
study indicated that the essential oil of leaves of Citrus limon plant
showed effective antibacterial activity. Similar observations on the broad
spectrum activity of the essential oil from the citrus peel of orange, sweet
lime and lemon were reported against food borne pathogens Escherichia
coli, Staphylococcus aureus, Salmonella typhi, Shigella species and
Candida albicans.”

Determination Of Minimum Inhibitory Concentration

The minimum inhibitory concentration (MIC) of the ethanol extract and
essential oil of Citrus limon leaves for four different organisms with
different concentration ranged between 20 and 180 pg/mL was deter-
mined. Minimum inhibitory concentration varied for each bacterium
depending on the solvent and concentration. The minimum inhibitory
concentration of the ethanol extract and essential oil of Citrus limon
leaves against the bacterial species like Bacillus subtilis, Brevibacillus
brevis, Microvirga aerilata and Pseudomonasa aeruginosa is depicted in
the Table 3. From the results obtained, it was shown that the minimum
inhibitory concentration of the ethanol extract against Pseudomonas
aeruginosa, Brevibacillus brevis, Bacillus subtilis and Microvirga aerilata
was found to be 20 pg, 80 ug, 60 ug and 100 pg respectively. In case of
essential oil, the MIC was found to be 20 ug for Pseudomonas aeruginosa,
40ug for Brevibacillus brevis, 60 pg for Microvirga aerilata and 120 pg for
Bacillus subtilis.
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Radical Scavenging Activity

The result showed that essential oil of the leaves of Citrus limon exhibited
high anti-oxidant potential when compared to the ethanol and ethyl
acetate extracts of Citrus limon leaves. Figure 1. Thus it was suggested to
be used as a supplementary product to combat the degenerative effects
resulting from the oxidative stress.”

Cytotoxicity Analysis

The plot between the cell viability in the Y-axis and concentration in the
X- axis indicates significant reduction in the cell viability of HeLa cells.
The IC_| values were determined as 4.75 ug for essential oil, 3.09 ug for
ethyl acetate extract and 5.15 pug for ethanol extract. Cytotoxicity of both
the extracts and essential oil appeared to be active at the concentration
of 50 ug/mL and 100 pg/mL. Essential oil of Citrus limon leaves showed
better cytotoxic activity compared to the other two extracts (Figure 2).
The current observations on the activity of the extracts reveal that they
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Figure 1: Radical Scavenging Activity of Essential Oil, Ethyl Acetate and
Ethanol Extracts Of Citrus limon Leaves.
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Figure 2: Cytotoxicity of the Extracts and Essential Oil of Citrus limon Leaves.

a) EE b) EA ¢)EO d) EE e)EA f)EO
Figure 3: Thin Layer Chromatography of Essential Oil, Ethyl Acetate and Etha-
nolic Extracts of Citrus limon using solvent system | (Acetone: Chloroform)
(a-c) Solvent System Il (Ethyl Acetate: Acetone) (d-f).. EE - Ethanol extract, EA
- Ethyl acetate extract, EO - Essential oil.

are dose dependent. It is encouraging to note that the plant has
pronounced antioxidant activity which in a way could be a better choice
to alleviate the worse effects of free radical mediated cellular damage to
the cell control mechanism. More importantly various part of this plant
material is consumed in many parts of the world, thereby making it more
convenient to introduce the benefits of the plant metabolites in the day
to day diet. However differential activity towards the normal and cancer
lines is an inevitable requirement of a successful chemotherapeutic
agent. Henceforth more toxicity based studied to assess the safety and
efficacy of the molecule should be concentrated in the later part of the
work. Similar reports on the cytotoxicity effect of Citrus limon essential
oil was reported against HeLa cell lines.**

Thin Layer Chromatography

TLC analysis of the ethyl acetate extract, ethanol extract and essential oil
of Citrus limon leaves revealed the presence of active compounds that
were visualized in UV. On the combination of Acetone: Chloroform
(solvent system I) the extract resolved to six and seven bands for the
ethanol and ethyl acetate extract. When the two different extracts are
separated by the solvent system II (Acetone: Ethyl acetate), four bands
were separated for ethanol extract and six bands for ethyl acetate.
Essential oil of solvent system I and solvent system II exhibited a range
of R, values between 0.6491 and 0.9123, 0.6935 and 0.9677 respectively.
The R, values of all the three samples are depicted in the Table 4. These
separated bands indicated the presence of active molecules that are present
in the leaves of lemon. The visualized bands are given in the Figure 3.

GAS Chromatography MASS Spectrometry AnalySIS

Limon leaf extracts prepared in ethanol and essential oil extracted by
hydro-distillation, when analyzed using GCMS shows the presence of
following compounds as shown in Figure 4 a & b. Identification of the
components was carried out by comparison of their spectra with stan-
dard spectra in the NIST Library (Wiley). Relative percentage of each
component of the essential oil was obtained according to the surface area
of the corresponding peak on GC chromatogram by normalizing of the
surface. The results showed that 4,9-Dimethoxy-7h-Furo[3,2-G]Chro
(29.27%) and 7H-Furo[3-2 g][1]benzophyren-7-one (29.20%) were the
major component of ethanol extract of Citrus limon leaves whereas 2H-
Benzocyclohepten-2-one (68.02%), 1,6-Octadiene,7-Methyl-3-Dimethyl
(7.17%) and 1,3,7-Octatriene,3,7-Dimethyl (7.29%) were the significant
components of Citrus limon essential oil. Few chemical components of
Citrus limon essential oil identified in this study was found to be similar
with previous reports of Indian and Turkish essential oil of Citrus
limon.® Such components include a-pinene, p-pinene, decanal, citral
and a-terpineol. These compounds that are identified by GCMS analysis
are the bioactive molecules that may be responsible for effective antibac-
terial and anticancer activity.

Molecular Docking

The plant extracts and essential oil of Citrus limon when tested for anti-
bacterial studies gave significant inhibition for Pseudomonas aeruginosa
compared to all the other organisms henceforth the in silico studies was
planned through molecular docking analysis with discovery studio 2.0
version. The level of inhibition of ligands with the bacterial target
protein was identified by GCMS analysis and also through supporting
literature studies.

The proteins namely tyrosine phosphatase, alkaline protease, and elastase
from Pseudomonas aeruginosa were our selected molecular targets and

Table: 4 Retention Factors of Two Different Extracts and Essential Oil in Solvent System | & I

RETENTION FACTOR VALUES
BANDS SOLVENT SYSTEM | SOLVENT SYSTEM Il
OFTAINED Ethanol extract Ethyl acetate Essential oil Ethanol Ethyl acetate Essential oil
extract extract extract
1 0.2941 0.3333 0.6491 0.8070 0.7719 0.6935
2 0.7059 0.5185 0.9123 0.8421 0.8246 0.9677
3 0.7647 0.6852 0.8772 0.8596
4 0.7941 0.7407 0.9649 0.8772
5 0.8382 0.7777 - 0.9123
6 0.9559 0.7963 - 0.9561
7 - 0.9815
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Figure 4: a)Chromatogram of Essential Oil of Citrus limon Leaves by GCMS
Analysis b) Chromatogram of Ethanol Extract of Citrus limon Leaves by GCMS
Analysis.

inhibition was checked for all the three proteins among which tyrosine
phosphatase showed better interaction than the other two proteins.
Hence tyrosine phosphatase was studied in detail to check the bondings,
bond distances and atoms occurring between the protein and ligand.
Eight binding sites were initially located for tyrosine phosphatase. Of
the 14 compounds taken for the study methoxsalen, methacrolein and
2, 6- octadienal had better interactions at active site 3 and 1. These
compounds showing good interactions were analyzed based on the
bonds, bond distances, atoms, dock scores and other scoring values.***

Methoxsalen having the compound id 4114 shows better binding than
the other compounds. The table shows the order of high to low interacting
compounds which is decided based on ligand 1, 2, plpl, 2, pmf, jain,
internal energy and dock score values. The ligand 1 and ligand 2 scores
show the affinity of the ligand and plpl and plp2 values, pmf, jain all
these are scoring functions used to calculate the interaction energy. Thus
the best three compounds are analyzed and listed below.

The Figure 5a and b shows the interaction between the ligand - Methox-
salen and the protein tyrosine phosphatase and the bonds, bond
distance involved between them. The green dotted lines show the hydrogen
bonding between the protein and the ligand, this bonding happens at
the position of (ARG96) arginine residue, and the atoms involved at
this interaction are H22 and O4. The distance between this bonding is
measured as 2.3A°. The other bonds involved are pi-alkyl interactions,
and conventional interactions. The pi-alkyl interaction shows distance
of 4.98A°. The ligand 1 score of 1.85, ligand 2 score of 3.5, plpl value
of 47.72 and plp2 value of 34.94, pmf value of 28.9 and the dock score
of 27.099 with -2908 internal energy was obtained. Thus the compound
4114 shows good interaction and good dock score were obtained, showing
the compound inhibits the protein well. The Figure 5b shows the hydrogen
bond acceptor and hydrogen bond donors and how the ligand is set
inside the cavity. The green patches present denote the hydrogen bond
acceptor and the purple patches represent the hydrogen bond donor, and
it shows how the ligand is present inside the cavity
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Figure 5: a) Interactions between the Target Protein and the Ligand Methox-
salen (compound- 4114) b) Hydrogen Bond Donors and Acceptors between
the Target Protein and the Ligand Methoxsalen (Compound-4114) ¢) Inter-
actions between the Target Protein and the Ligand 2, 6-octadienal (Com-
pound-71318515) d) Hydrogen Bond Donors and Acceptors between the
Target Protein and the Ligand 2, 6-Octadienal (Compound-71318515) e)
Interactions between the Target Protein and the Ligand Methacrolein
(Compound-6562) f) Hydrogen Bond Donors and Acceptors between the Tar-
get Protein and the Ligand Methacrolein (Compound-6562).

The Figure 5¢ shows the interaction between the ligand and the protein
and the bonds, bond distance involved between them. The green dotted
lines show the hydrogen bonding between the protein and the ligand,
this bonding happens at the position of GLN92 residue and ARG96, and
the atoms involved at this interaction are H29,02 and HH21. The
distance between this bonding is measured as 1.98A° and 2.23A° respec-
tively. The other bonds involved are pi-alkyl interactions, carbon and
conventional. This compound shows good interaction with ligand 1 value
of 1.64, ligand 2 value of 2.98, plpl value of 29.42, plp2 value of 25.21,
pmf value of 28.54 and dock score of 19.260 with an internal energy of
-1.53 thus showing good interaction with the protein.

The Figure 5d shows the hydrogen bond acceptor and hydrogen bond
donors and how the ligand is set inside the cavity. The green patches
present denote the hydrogen bond acceptor and the purple patches
represent the hydrogen bond donor, and it shows how the ligand is present
inside the cavity.

The Figure 5e shows the interaction between the ligand and the protein
and the bonds, bond distance involved between them. The green dotted
lines shows the hydrogen bonding between the protein and the ligand,
this bonding happens at the position of lys76 residue and the atoms
involved at this interaction are Hz3 and si. The distance between this
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bonding is measured as 1.78A°. The other bonds involved are carbon
interactions and conventional.

This compound shows good interaction with ligand 1 value of 1.31,
ligand 2 value of 2.64, plp1 value of 21.28, plp2 value of 20.69, pmf value
of 4.81 and dock score of 19.017 with an internal energy of -0.119 thus
showing good interaction with the protein.

The Figure 5f shows the hydrogen bond acceptor and hydrogen bond
donors and how the ligand is set inside the cavity. The green patches
present denote the hydrogen bond acceptor and the purple patches
represent the hydrogen bond donor and it shows how the ligand is present
inside the cavity. These in vivo studies show that the protein tyrosine
phosphatase as a better molecular target that could be chosen for further
studies. Further from the docking studies we could infer that methox-
salen could interfere with the target protein. This molecule should be
characterized and studied for its toxicity profile which could be a potential
drug target.

CONCLUSION

Essential oil and ethanol extract of Citrus limon was found to antibacte-
rial activity against Microvirga aerilata and Pseudomonas aeruginosa at
100 pg and 50 pg respectively. Both the crude extract and essential oil
were found to have anticancer activity against HeLa cell at the concentra-
tion of 50 pg/mL and 100pg/mL respectively. GCMS analysis of essential
oil confirmed the presence of a-pinene, B-pinene, decanal, citral and
a-terpineol. Molecular docking studies against tyrosine phosphatase, al-
kaline protease, and elastase of Pseudomonas aeruginosa revealed that
the compounds of Citrus limon to interact with tyrosine phosphatase
better than the other two proteins.
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