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Abstract: It was decided to conduct this investigation to 

evaluate the anti-cancerous activity of ethanolic concentrate of 

Citrus limon plants grown in two different locations in 

Southern Tamil Nadu (Site I Nagercoil of Kanyakumari 

district and Site II Kudunkulam of Tirunelveli district). The 

anti-cancerous activity was determined using the MTT assay, 

tetrazolium reduction assay in MCF-7 cells, and in silico 

studies. Using the Raw 264.7 macrophage cell line, the 

percentage of cell viability was determined and reported. In the 

first experiment, the ethanolic fruit extract of Citrus limon 

from plants at Site I generated an IC 50 value of 218.72 g/ml, 

while the second experiment yielded an IC 50 value of 65.08 

g/ml for the ethanolic fruit extract of Citrus limon from plants 

at Site II. According to the findings, the ethanolic fruit extract 

of Citrus limon from Site II displayed greater action against 

MCF-7 (Human Breast Adenocarcinoma) cell lines, which 

was manifested as a suppression of cancer cell growth. This 

research shown that when exposed to MCF-7 cell lines 

culture, all of the tested extracts reduced cancer cell viability 

only in a concentration – dependent way, regardless of the 

kind of extract studied. A molecular docking approach was 

used to evaluate the binding capability of two bioactive 

compounds, Indole-2-one-2,3-di hydro-N-hydroxy-4-methoxy-

3, 3-di methyl from an ethanolic fruit extract of Citrus limon 

from Site I and Urs-12-en-3-ol, acetate, (3.beta) from an 

ethanolic fruit extract of Citrus limon from Site II, with cyclin 

dependent kinase 4. (CDK4). With the target Arg 200 sharing 

two hydrogen bonds with the oxygen atoms of CD1, the 

compound Indole-2-one, 2,3-di hydro – N-hydroxy -4 – 

methoxy -3, 3-dimethyl (CD1) possessed the lowest binding 

energy of -5.46, while the compound Urs-12-en-3-ol, acetate, 

(3.beta)- (CD2) possessed the least binding energy of -7.17. In 

contrast to the control medication, 5-flurouracil, both of the 

compounds demonstrated higher binding affinity for the target 

molecule than the control drug. The fact that CD1 displays less 

binding energy during docking indicates that the connection 

between the protein and the ligand is stronger. This discovery 

has cleared the path for future research into medication 

creation employing components derived from common plants 

such as Citrus limon in order to combat the ever-increasing 

number of cancer cases for the benefit of all humanity. 

Key Words: Citrus limon, Anticancerous activity, Breast 
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Introduction: 

As a member of the Rutaceae family, citrus limon is 

believed to have natural chemicals that have a 

variety of health advantages. Commercial citrus 

varieties such as sweet orange, grapefruit, lime, 

and lemon are believed to contain natural 

chemicals that also have a number of health 

benefits. Citrus fruits are one of the most important 

fruits with significant medicinal potential, and they 

have long been used as the basis of traditional 

treatments in a number of Asian nations, 

particularly in the Philippines. Apart from being 

used as medicine, citrus fruits are also employed in 

the preparation of salad dressings, sauces, jams 

and vinegar, as well as fresh fruits in their full 

form. Large-scale scientific study has been carried 

out on these compounds because of their medicinal 

and economic importance, and the results have 

provided a comprehensive knowledge of their 

chemical composition and bioactivities. There is 

widespread recognition that citrus fruits contain 

significant levels of bioactive substances. 

According to Wang et al. (2018), such fruits 

include folate, vitamin C, dietary fibre, and 

bioactive chemicals such as flavonoids, which are 

found in both the pulp and the peel. Despite the fact 

that flavonoids are found in high quantities in 

fragrant plants such as mint and tea, they are also 

found in large concentrations in citrus fruits and 

their peels. In spite of the fact that it includes 

carotenes, essential oils, pectin, and a variety of 

polyphenolic chemicals, citrus peel has significant 

untapped potential as a source of therapeutic 

substances (Tsitsagi et al., 2018). According to 

Cirmi et al. (2016), epidemiological research have 

revealed that a high intake of fruits and vegetables 

(>400 g/d) may lower cancer risk by a factor of 

around 20%. The Mediterranean diet is high in 

fruit pulp and juice, and the high consumption of 

fibre, antioxidants, and polyphenol chemicals that 

is associated with it has been related to a 

decreased risk of cancer in certain studies 

(Smeriglio et al 2019). 

Materials and Methods  

Cell culture and MTT assay: 

 For the cell cytotoxicity experiment, RAW 

264.7 macrophage cells were used. These cells 

were obtained from NCCS (Pune, India) and 

cultured in Dulbecco's Modified Eagle Medium 

(DMEM; Himedia, India), which was 

supplemented with 10% foetal bovine serum 

(FBS), 100 units per millilitre of penicillin and 100 

nanograms per millilitre of streptomycin, and 

incubated at 37°C under 5% CO2. Cells from RAW 

macrophages were co-treated with 1 g/mL of LPS 

and various doses (ranging from 25 to 500 g/mL) 

of the test chemical. The vitality of the cells was 

determined after 12 hours of treatment, and the 

Griess reaction was performed to determine the 

amount of nitrite present in the cell culture media. 

The MTT test was carried out in order to measure 

cell viability. The RAW cells were treated with 

MTT solution at a final concentration of 0.5 
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mg/mL for 4 hours before being washed with PBS. 

A microplate reader was used to measure the 

absorbance at 570 nm after the supernatant was 

removed and the formazan crystals were dissolved 

in 100 millilitres of DMSO (Alere AM 2100, 

India). It was necessary to plate the Breast Cancer 

cell line (MCF-7) separately in 96 well plates at a 

density of 1 104 cells/well in EMEM media 

supplemented with 1 X Antibiotic Antimycotic 

Solution and 10 percent foetal bovine serum 

(Himedia, India) in a CO2 incubator at 37 degrees 

Celsius with 5 percent CO2. A total of 200 mL of 

1X PBS was used to wash the cells, after which 

they were cultured for 24 hours with different test 

concentrations of the chemical in serum-free 

medium. At the conclusion of the treatment period, 

the media was aspirated from the cells. 0.5 mg/mL 

MTT produced in 1X PBS was added and 

incubated at 37 °C for 4 hours in a CO2 incubator 

before the results were obtained. The media 

containing MTT was removed from the cells and 

washed twice with 200 mL of PBS after the 

incubation time was completed. The crystals that 

were formed were dissolved in 100 mL of DMSO 

and thoroughly mixed together. At a wavelength of 

570nm, the growth in colour intensity was seen. 

The colour of the formazan dye changes to a purple 

blue. With a microplate reader, the absorbance was 

measured at 570 nm at a certain wavelength. 

Docking Studies 

Retrieval of protein and ligands 

RCSB Protein Data Bank (https://www.rcsb.org/) 

provided the three-dimensional crystal structure of 

the target CDK4 (PDB ID: 6PH8), which was 

downloaded for this study. 

Preparation of protein and ligands 

In order to perform effective docking, high-quality 

receptor and ligand coordinates are required. In 

order to do this, the protein was separated from the 

solvent and non-standard residue, a polar hydrogen 

atom was added to the protein, and the force field 

was repaired by adding a Gasteiger charge to the 

protein. The Molecular format of the ligand 

coordinates is transformed into the.pdb format by 

utilising the OpenBabel chemical toolbox (O'Boyle 

et al., 2011), which is a chemical toolbox. 

Molecular representations in AutoDock are 

simplified representations of the molecules that are 

saved in a modified PDB file format, known as 

PDBQT. 

Molecular docking 

Grid-based molecular docking using Autodock was 

performed on the compounds from C. limon that 

were chosen for further study and evaluation (Huey 

and Morris 2008). The grid boxes were created 

using the dimensions X=127; Y=127; Z=127 as the 

starting point. The docking operation was carried 

out with the help of the Lamarckian genetic 

algorithm for a total of 100 runs. One of the finest 

conformations created by autodock was chosen 

from a pool of ten possible conformations. The 

complex structures with the lowest binding energy 

and ligand efficiency, as well as the highest number 

of hydrogen bonds, were chosen for their superior 

performance. 

Analysis of docking  

 A visualisation tool called Discovery 

studio (DS) was used to analyse and depict 

interactions between protein-ligand complexes, 

including their amino acid location in relation to 

bond lengths and the kinds of bonds that were 

involved (BIOVIA, 2021). Discovery studio 

visualizer is a powerful molecular modelling 

programme that allows you to see and analyse large 

amounts of macromolecular data. DS generates 

maps of protein-ligand interactions on its own. It 

generates visual representations of protein-ligand 

interactions for a specified protein-ligand 

interaction database (PDB). Hydrogen bonds are 

shown by dashed lines connecting the atoms 

involved, while hydrophobic interactions are 

represented by an arc with spokes extending 

towards the ligand atoms, they touch in the DS 

representation. The atoms that have been touched 

are portrayed with spokes that radiate back. 

Results 

Cytotoxicity and Anticancer Activity of citrus 

lemon ethanol extract 

As a member of the Rutaceae family, 

citrus limon is believed to have natural chemicals 

that have a variety of health advantages. 

Commercial citrus varieties such as sweet orange, 

grapefruit, lime, and lemon are believed to contain 

natural chemicals that also have a number of 

health benefits. Citrus fruits are one of the most 

important fruits with significant medicinal 

potential, and they have long been used as the basis 

of traditional treatments in a number of Asian 

nations, particularly in the Philippines. Apart from 

being used as medicine, citrus fruits are also 

employed in the preparation of salad dressings, 

sauces, jams and vinegar, as well as fresh fruits in 

their full form. Large-scale scientific study has 

been carried out on these compounds because of 

their medicinal and economic importance, and the 

results have provided a comprehensive knowledge 

of their chemical composition and bioactivities. 

Some of the chemical constituents in citrus fruits, 

such as vitamins, dietary fibre, carotenoids, 

flavonoids, lipids, and essential oils, may be 

responsible for their health-promoting properties. 

High quantities of monoterpenes and flavanones 

found in citrus fruits are assumed to be responsible 
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for the fruit's anticancer effects, which are expected 

to cut the incidence of digestive system cancer by 

half, according to research. These chemicals 

reduce the likelihood of developing cancer in two 

ways. The drugs block inflammation, which is a 

critical stimulant for cancer cell growth, and they 

also interfere with a number of processes that are 

necessary for cancer cell growth, making tumour 

formation more challenging. Citrus has a wide 

range of compounds that are not found in other 

plants, and some of these chemicals have been 

demonstrated to be effective against a number of 

cancer cell lines in studies. 

The MTT test (3- (4,5 dimethylthiazol-2-

yl) 2,5 diphenyltetrazolium bromide) tetrazolium 

reduction assay) was used to assess the cell 

viability of ethanolic fruit extract of Citrus limon 

obtained from two different chosen sites (Site I and 

Site II). The percentage of cell viability against the 

Raw 264.7 macrophage cell line was determined at 

five different concentrations (Fig. 1 & 2). 

It was discovered that the cell viability of 

treated cells was 86.36 percent at 500 g/mL, 90.48 

percent at 250 g/mL, and 92.99 percent at 100 

g/mL. 50 g/ml yields 95.71 percent cell viability of 

Raw 264.7 cell lines cultures; however, 25 g/ml 

yields 99.43 percent cell viability when exposed to 

the ethanol extract of Citrus limon fruits from site 

II (Fig A: Plate 1). When employing an ethanol 

extract of Citrus limon fruits from site II at a 

concentration of 500 g/ml, cell viability was found 

to be 83.84 percent. After being exposed to the 

ethanol extract of Citrus limon fruits from site I, 

87.93 percent cell viability is achieved at 250 

grammes per millilitre, 90 percent at 100 grammes 

per millilitre, 97.10 grammes per millilitre at 50 

grammes per millilitre, and 97.90 grammes per 

millilitre at 25 grammes per millilitre ( Plate 1). 

 

In the study of anticancer activity of 

ethanol extracts of Citrus limon fruits extracts from 

plants from sites I and II against MCF 7 cells, it 

was shown that the concentration of fruit extract 

increased significantly with increasing 

concentration of fruit extract (Fig. 1). Cell viability 

of cancer cells was reduced to 18.43 percent when 

the fruit extract from plants from site I was used at 

500 g/ml, 30.82 percent when the extract was used 

at 250 g/ml, and 43.81 percent when the extract 

was used at 100 g/ml. Cancer cell viability was 

57.70 percent at 50 g/ml and 65.56 percent at 25 

g/ml when the concentrations were used (Fig C: 

Plate 1). It was discovered that the viability of 

cancer cells increased when the concentration of 

the extract was lowered. Cancer cell viability was 

only 27.79 percent at 500 g/ml of the fruit extract 

from plants at site II, 44.41 percent at 250 g/ml, 

and 66.77 percent at 100 g/ml of the fruit extract 

from plants at site II. MCF-7 cells were found to 

have roughly 82.18 percent viability when 50g/ml 

of fruits extract was used, whereas 25g/ml of fruits 

extract exhibited 91.84 percent cancer cell viability 

when used (Fig 3& 4: Plate 2). 

Docking  Studies 

Results of this study revealed that the chemicals 

Indole-2-one, 2, 3-dihydro-4-methoxy-3, 3-

dimethyl- (CD1) and Urs-12-en-3-ol acetate, 

(3.beta.)- (CD2), derived from the chosen plant, 

have significant anti-cancer activity. 5-flurouracil 

was used as a control agent in the in silico tests, 

and both compounds demonstrated higher binding 

affinity for the target molecule than this medication 

(Table 1). The residues ILE117 (4.18 and 4.31 ) 

and GLU115 (1.9 ) were found to interact with 

CD1; ARG29 (2.16 ), ARG123 (5.31 ), LEU287 

(5.17 ), HIS65 (5.48 and 4.30 ), PHE127 (4.84 ), 

and PHE284 (5.0 ) were found to interact with CD2 

(Fig. ). ILE117 (4.18 and 4.31 Hydrogen bonding 

interactions, alkyl interactions, and pi-orbital 

interactions are some of the most important 

interactions that contribute to excellent binding 

affinity. 

Table 1: Docking results of the selected 

phytochemicals with CDK4 

Ligand 
Binding 
Energy 

Ligand 

Efficienc

y 

Inhibiti

on 
Consta

nt 

Electro

static 

Energy 

RefR
MS 

5-
Fluorour

acil 

-2.88 -0.32 7.79 
mM 

-0.2 72.6
8 

Indole-2-

one, 2,3-
dihydro-

N-

hydroxy-
4-

methoxy-

3,3-
dimethyl- 

(CD1) 

-3.51 -0.23 
2.66 
mM 

-0.05 
72.6
2 

 Urs-12-

en-3-ol, 

acetate, 

(3.beta.)- 
(CD-2) 

-5.59 -0.16 5.53 -0.19 
60.2
4 

 

 

Fig.  5-  A) 3D structure of CDK-4 protein, 2D structure of 

ligands    B) 5-Fluorouracil,   C) Urs-12-en-3-ol, acetate, 

(3.beta.) (CD-2),    D) Indole-2-one, 2, 3-dihydro-N-hydroxy-4-
methoxy-3, 3-dimethyl- (CD-1) 
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Fig. 6-  Interaction of 5-fluorouracil (control) with CDK4. A) 5-
flurouracil and CDK4 complex. The protein is represented in 

pink and green represents the ligand. B) 2D plot of the complex 

generated by DS visualizer. 

 

 

Fig. 7- Interaction of CD1 with CDK4. A) CD1-CDK4 complex. 
The protein is represented in pink and green represents the 

ligand. B) 2D plot of the complex generated by DS visualizer. 

 

 

Both CD1 and CD2 exhibited high binding affinity 

for the target CDK4, which was seen in both 

compounds. The lower the binding energy of the 

protein, the better the interaction between the 

protein and the ligand. When comparing the 

binding energy of the compound and the control, it 

is obvious from Table 1 that the compound 

demonstrated more binding affinity than the 

control. CD1 and GLU115 establish a typical 

hydrogen bond, as shown by the docked result of 

the complex shown in Fig. 5. The interatomic 

distance between CD1 and GLU115 is within the 

desired range. CD1 and ILE-117 also share two 

alkyl hydrophobic bonds, which is a rare 

occurrence. CD2 has the lowest binding energy of -

5.59 kcal/mol. ARG29 and the oxygen atoms of 

CD2 form hydrogen bonds that are shared by both 

molecules. Furthermore, this shared Alkyl and pi-

Alkyl interactions with the molecule were 

discovered. In the presence of CD2, the residues 

ARG123 and LEU287 established alkyl 

connections with one another. It has been shown 

that the aromatic ring interacts with the positively 

charged arginine (ARG123) and histidine (HIS65) 

residues, as well as with LEU287, which is typical 

of aromatic ligands. 

 

Fig. 8- Interaction of CD2 with CDK4. A) CD2-CDK4 complex. 

The protein is represented in pink and green represents the 

ligand. B) 2D plot of the complex generated by DS visualizer. 
Black labelled residues 

 

Discussion 

Anticancer Activity  

The majority of cancer medications are 

supplemented with a degree of natural 

improvements. Therapeutic plants have a positive 

influence on cancer patients' financial well-being. 

Natural remedies are used into a few therapies to 

enhance the overall quality of life. A broad range of 

regular compounds derived from plants, such as 

flavonoids, terpenes, alkaloids, and other 

phytochemicals, have received considerable 

attention in recent years because of their major 

pharmaceutical capabilities, which include 

cytotoxic and malignant growth chemo preventive 

effects (Shoeb, 2006). The discovery and 

development of vinca alkaloids such as 

leurocristine and vincaleukoblastine, as well as the 

isolation of the cytotoxic naphtho, dioxol-6(5aH)-

one, marked the beginning of the hunt for disease 

specialties derived from plant sources in the 1950s. 

It has been shown that natural chemicals derived 

from restorative plants have a significant influence 

on the treatment of illness (Cho et al., 2003). Plant-

based medication has undoubtedly been found to 

perform a role in sickness recovery 

(chemotherapy), and the component of interaction 

between many phytochemicals and malignant 

development cells has been studied extensively. In 

particular, there is growing interest in the 

pharmacological evaluation of many plants that are 

used in Indian customary treatment arrangements. 

There are more than 270,000 higher plants on our 

planet, which is a significant number. However, 

only a little amount of photosynthesis research has 

been conducted. As a result, it is anticipated that 

plants would provide potential bioactive mixes for 

the development of novel pushes to combat 

malignant infections (Oskoueian et al., 2011). 

Mavundza et al. (2010) conducted a phytochemical 

screening of lemon and discovered the presence of 

a variety of material combinations, including 

alkaloids, flavonoids, glycosides, phenolics, 

steroids, tannins, and terpenoids. Therapeutic plants 

may include a variety of various types of substance 

segments, and their organic activities are not 

always attributed to a single moiety or a single 

compound. A research was conducted to determine 

the cytotoxic activity of fruit ethanol extract from 

C. limon plants grown in two different locations 

around Tamil Nadu. A study was conducted to 

determine the cytotoxic potential of C. limon 

organic product ethanolic concentrate against the 

Raw 264.7 and MCF-7 cell lines. 

Citrus fruits' positive properties, according 

to Abudayeh et al.,2019, may be attributed to their 

antioxidant properties. Polyphenolic compounds 
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are made up of a variety of bioactive chemicals, 

including flavonoids, limonoids, coumarins, 

phenolic acids, terpenoids, tannins, stilbenes, 

lignans, and carotenoids. Flavonoids are the most 

abundant kind of bioactive component in plants. 

The high concentrations of monoterpenes and 

flavanones found in these fruits are likely to 

contribute to their anticancer qualities, which are 

expected to cut the incidence of digestive system 

cancer by around half. Several of these compounds 

reduce the likelihood of developing cancer in two 

different ways: either by inhibiting inflammation, 

which is an important stimulant for cancer cell 

growth, or by interfering with several of the 

processes required for cancer cell growth, thereby 

making tumour development more difficult. Citrus 

has a wide range of compounds that are not found 

in other plants, and some of its constituents have 

been demonstrated to be effective against a number 

of cancer cell lines. 

Cell viability of RAW cell lines grown in 

medium containing ethanolic fruit extract of C. 

limon plants grown at two separate locations (Site I 

and Site II) was determined in the present 

investigation. Cell viability was found to be 

concentration dependent, with the highest cell 

viability observed at 500 g/ml of ethanolic fruit 

extract of C. limon fruits from site I, which came to 

be 86.36 percent, and the highest cell viability 

observed at the same concentration of the extract 

from site II, Cell growth was inhibited in MCF 7 

cell cultures when they were cultured in media 

containing ethanolic fruit extracts from plants from 

sites I and II, according to the findings. Only 18.43 

percent and 27.79 percent cell viability were seen 

in the fruits extract from plants from sites I and II, 

respectively, at 500 g/ml, with a maximum of 65.56 

percent and 91.84 percent cell viability observed at 

25 g/ml of the extract, respectively. It was 

discovered that the viability of the MCF-7 cell line 

rose when the concentration of the extract was 

lowered. The cytotoxic impact of each extract 

varied depending on the concentration used. This 

might be owing to the bioactive mixes and range of 

phytochemicals such as phenolics and flavonoids 

present in the cells, which could cause the 

cytotoxic activity of this restorative plant. 

Mavundza and colleagues (2010). Oskoueian and 

colleagues (2011) revealed the ability of flavonoids 

and phenolic combinations to act as anticancer 

specialists in a variety of cancers. The degrees of 

activity of ethanolic fruit extracts from various 

geographical regions on MCF -7 cell lines are 

variable. A combination of environmental 

conditions and extract chemicals may be 

responsible for this action, or it may be a tissue-

specific response to a single extract chemical. The 

contribution of the samples to MCF-7 proliferation 

is assessed in terms of percent cell viability. Plants 

at site I produced an ethanol fruit extract of C. 

limon that had an IC 50 value of 218.72 g/ml, while 

plants at site II produced an ethanol fruit extract 

that had an IC 50 value of 65.08 grammes per 

millilitre (g/ml). Because of the phytochemical 

components present in the fruit extract, including 

flavonoids and terpenoids, the fruit extract has 

demonstrated anticancer activity against breast 

cancer cell lines. These phytochemical components 

are also responsible for the possible cytotoxic 

effect against breast cancer cell lines. This study 

confirms previous research on the phytochemical 

contents of citrus fruits, which found the presence 

of flavonoids and terpenoids, which is further 

supported by the results of the present study. 

According to Sak (2012), nanovesicles 

derived from C. limon were shown to inhibit 

malignant cell proliferation in a variety of tumour 

cell lines. As an added bonus, the nanovesicles 

from C. limon smother chronic myeloid leukaemia 

(CML) tumour growth in vivo by specifically 

reaching the tumour location and activating 

TRAIL-interceded apoptotic cell measures (Sak K, 

2012). Because of the aglycones and glycosides of 

limonoids and flavonoids included in the Citrus 

concentrate, it is possible that it will serve as a 

chemo preventive specialist for breast cancer in the 

future (Atjanasuppat et al., 2009). 

The degrees of activity of ethanolic fruit 

extracts from various geographical regions on MCF 

-7 cell lines are variable. A combination of 

environmental conditions and extract chemicals 

may be responsible for this action, or it may be a 

tissue-specific response to a single extract 

chemical. The contribution of the samples to MCF-

7 proliferation is assessed in terms of percent cell 

viability. In the first study, the ethanol fruit extract 

of C. limon from site I produced an IC 50 value of 

218.72 g/ml, whereas the second study produced an 

IC 50 value of 65.08 g/ml using the same extract 

from the second site. C. limon fruit extract from 

site II was discovered to exhibit significant anti-

tumour action against MCF -7 (Human Breast 

Adenocarcinoma) cell lines, as well as the ability to 

promote cell growth. The vast majority of 

chemotherapy medications are not only cytotoxic to 

cancer cells, but they are also poisonous to healthy 

cells and have immune suppressing side effects as 

well. As a result, the development of new 

chemicals that are not only cytotoxic to cancer cells 

but are also non-toxic to healthy cells and have the 

ability to modulate the immune response has 

emerged as a major research objective in the 

biomedical sciences (Manassero et al., 2013). The 

results of the current investigation shown that all of 

the tested extracts significantly reduced cell 

viability in a concentration-dependent way in both 

MCF-7 and Raw 264.7 cell lines, as well as in 

MCF-7 cells. Citrus peels have been shown to have 
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anticancer action in the form of single compounds 

or as a combination of chemicals, depending on the 

study (Wang et al., 2014; Rawson et al., 2014). 

Essential oils from lemon and grapefruit peel, for 

example, have been shown to have medium-to-

weak cytotoxicity against human prostate cancer 

cell lines PC-3, lung cancer cell lines A549), and 

breast cancer cell lines MCF-7 (Zu et al., 2010; 

Diab et al., 2015). Furthermore, the ethanolic 

extract from orange peel and its fractions were 

shown to have a modest to moderate cytotoxic 

effect on HL-60 cells when tested (Raimondo et al., 

2015). Our findings imply that the presence of 

limonoid may be responsible for the increased 

cytotoxicity of the ethanol extracts. The 

phytochemical components included in the fruit 

extract, particularly flavonoids and terpenoids, are 

thought to be responsible for the probable cytotoxic 

action on breast cancer cell lines, in accordance 

with these findings. This study confirms previous 

research on the phytochemical contents of citrus 

fruits, which found the presence of flavonoids and 

terpenoids, which is further supported by the results 

of the present study. 

The increased mortality linked with cancer, along 

with the high expense of cancer therapy, 

necessitates ongoing research into new anticancer 

medications that are more effective at treating 

cancer while also having fewer adverse effects. 

Secondary metabolites such as phenols, flavonoids, 

alkaloids, and tannins have all been proven to have 

anticancer activities in animal and human studies 

(Kim et al., 2012). An investigation into the 

anticancer effects of the ethanolic extract of lemon 

against the human cancer cell lines MCF7 (breast) 

and Raw 264.7 was carried out. It was discovered 

that the extracts had cytotoxic effects on the cell 

lines in a concentration dependent manner (Kooti et 

al., 2017) and that the concentration dependent 

pattern was seen. Also in agreement with the 

results of this research is a report by Rawson, Ho, 

and Li (2014), who discovered that citrus peel 

extracts inhibited the formation of PC3 xenograft 

tumours in immune-deficient mice, even at modest 

doses of citrus peel extract. When compared to the 

standard curcumin, the IC50 values of the 

petroleum ether and ethyl acetate rind extracts in 

prostate and breast cancer cells, respectively, were 

not statistically significant. 

The observed cytotoxicity, yet low selectivity for 

breast cancer cells due to significant cytotoxicity to 

normal cells, could be due to trace amounts of 

organic solvents in the extracts. This could explain 

the observed cytotoxicity, yet low selectivity for 

breast cancer cells due to significant cytotoxicity to 

normal cells. According to Jamalzadeh et al. 

(2016), certain organic solvents, although effective 

in enhancing solubility, may cause some harmful 

interference in cellular-based tests, despite their 

usefulness in raising solubility. Furthermore, the 

reduced selectivity for MCF-7 cells when 

compared to Raw 264.7 cells might be related to 

the fact that breast cancer cells have a usually 

lower cytotoxicity (Badisa et al., 2006). It is 

possible that this is due to the fact that MCF-7 is a 

hormone-dependent cell line, while Raw 264.7 is 

not. Certain phytohormones have been proven to 

stimulate the development of cancer cells that are 

reliant on hormones. The phytoestrogen Genistein, 

according to a research conducted by Kwon (2014), 

increased the development of estrogen-dependent 

MCF-7 cells in vitro when administered at modest 

dosages, but had no influence on the growth of 

hormone-independent breast cancer cells MDA-

MB231. Naringenin, which is present in certain 

citrus fruits and is 79 regarded as a predecessor to 

genistein, was shown to have anti-tumour potential, 

according to a study published in 2017 by Ganna 

and colleagues (Garg, 2015). However, according 

to a research conducted by Zhang et al. (2016), 

naringenin has the ability to suppress the 

development of breast cancer cells by reducing the 

release of Transforming Growth Factor TGF-1, 

which is a protein that is responsible for cell 

growth and proliferation. In conclusion, our work 

has shown that a variety of C. limon components 

have anticancer action in vitro. 

In order to better understand the anti-cancer 

properties of citrus phytochemicals, a molecular 

docking technique was performed using the 

selected ligands and the cyclin dependent kinase, 

CDK4, as the target enzyme. CDK4 is an essential 

CDK cell cycle regulator that regulates the passage 

of the cell cycle from the G1 to the S phase by 

forming a complex with cyclin-D during the G1 

phase (Ingham and Schwartz, 2017; Bloom and 

Cross, 2007). Several malignancies, including non-

small cell lung cancer, colorectal cancer, 

melanomas, and breast cancers, have low amounts 

of endogenous CDK inhibitors, but high levels of 

CDK4 in their cells (Sher et al., 2016; Lim et al., 

2016). Aside from that, cyclin D1, a CDK4-related 

cyclin, is frequently up-regulated in a wide range of 

cancer types including breast and lung cancers as 

well as bladder and gastro intestinal tract cancers 

(VanArsdale et al., 2015). CDK4 inhibition has 

been found as a promising method for the targeted 

therapy of a variety of malignancies by arresting 

the cell cycle during the G1 phase, as previously 

reported (Parylo et al., 2019). 

Both compounds had favourable interactions with 

the target, which was similar to the control 

medication. Their contact with the target is 

strengthened because they share a single hydrogen 

bond with an interatomic distance in the optimal 

range. Furthermore, they have weak contacts, such 

as alkyl hydrophobic interactions, which are similar 

to those of the control drug, and this plays a 
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significant role in defining the structure and 

function of proteins. It has been discovered that the 

aromatic structure of CD2 forms pi-alkyl 

interactions with particular residues of the target. 

There have been many reports of the interaction of 

pi-cation with proteins and ligands in protein-

ligand complexes, including X-ray crystallography 

and computational investigations (Biot and 

colleagues, 2003; Zacharias and Dougherty, 2002). 

Summary and Conclusion 

 Proteomics is becoming more 

important in research in this post-genomic age. 

Explorations in both experimental and 

computational approaches are being made to 

generate and analyse enormous amounts of 

information produced from 3D protein structures, 

with the ultimate objective of making a scientific 

and economic breakthrough in drug development. 

Cancer is a complex illness in which the key causal 

variables include a certain genetic background, 

extended exposure to a variety of environmental 

exposures, and an inadequate nutritional intake. 

Molecular alterations or mutations of essential 

proteins caused by any of these risk factors will 

eventually result in the development of cancer. 

CDK4, which is a cyclin dependent kinase, has 

been discovered to be overexpressed in the 

majority of malignancies. Therefore, there is a need 

for effective inhibitors of the Cyclin D1/CDK4-

mediated pathway. Because citrus extract had 

significant anticancer action, we investigated the 

anticancer potential of the two phytochemicals that 

were chosen. 

It is obvious from the docking data that the 

compounds had the lowest binding energy with the 

target when compared to the control medication. 

The sort of interaction that was observed, as well as 

the residues with which it interacted, indicated that 

they had a high binding affinity for the target 

protein. As a result, the Citrus compounds CD1 and 

CD2 might be regarded as a potential source for the 

isolation, identification, and development of 

effective anticancer medicines in the future. 

However, more experimental validation is required, 

which will be carried out in the near future via 

molecular biology studies that will take into 

account the structural aspects that may make it 

possible for the molecules to be used as anti-cancer 

lead molecules in the future. 
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