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Abstract 

Little information about the biological activities of Citrus limon (lemon) leaves has 

been reported, whereas the fruit of Citrus limon (lemon) has been well-documented to 

contain various pro-health bio-functional compounds. In the present study, the 

antiproliferative activities of the lemon leaves were evaluated using several cancer 

cell lines. From the n-hexane, chloroform, ethyl acetate, n-butanol, and water 

fractions of methanolic extract of the leaves, the chloroform fraction of lemon leaves 

(CFLL) showed the most potent antiproliferative activity in the AGS human gastric 

cancer cells. The current study demonstrates that CFLL induces apoptosis in AGS 

cells, as evidenced by an increase in apoptotic bodies, cell population in the sub-G1 

phase, Bax/Bcl-2 ratio, and cleavage of poly (ADP-ribose) polymerase (PARP), 

caspase-3 and caspase-9. Compositional analysis of the CFLL using gas 

chromatography mass spectrometry (GC-MS) resulted in the identification of 27 

compounds including trans,trans-farnesol (3.19%), farnesol (3.26%), vanillic acid 

(1.45%),  (-)-loliolide (5.24%) and palmitic acid (6.96%). Understanding the modes 

of action of these compounds individually and/or synergistically would provide 

useful information about their applications in cancer prevention and therapy. 
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1. Introduction 

 

According to the World Health Organization (WHO), cancer is the uncontrolled 

growth and spread of cells that can affect almost any part of the body. Growths often 

invade surrounding tissue and can metastasize to distant sites (Wogan et al., 2004). In 

the year 2000, gastric cancer was the second most frequent cause of cancer death 

worldwide. Compared with other cancer types, gastric cancer was the fourth most 

common cancer with an estimated 650,000 deaths and 880,000 new cases per year. 

Almost two-thirds of these new cancer cases occurred in developing countries 

(Stewart and Kleihues, 2003). 

Apoptosis (programmed cell death) is initially described by its morphological 

characteristics, including cell shrinkage, membrane blebbing, chromatin condensation 

and nuclear fragmentation (Kerr et al., 1972; Wyllie et al., 1980; Kerr et al., 1994). In 

the last two decades, basic cancer research has produced remarkable advances in our 

understanding of cancer biology and cancer genetics. Among the most important of 

these advances is the realization that mutations disrupt apoptosis genes leading to 

tumor initiation, progression or metastasis (Lowe and Lin, 2000). Activation of a 

caspase cascade occurs in apoptosis (Green, 2000). The induction of mitochondrial 

permeability transition and subsequent release of cytochrome c. Procaspase-9, 

cytochrome c, and oligomerised Apaf-1 form massive complexes, which known as 

the apoptosomes, resulting in the activation of the initiator procaspase-9. Active 
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caspase-9 activates the downstream executioners procaspase-3. Active caspase-3 

cleaves the 116 kDa PARP proteins into an 89 kDa fragment a characteristic marker 

of apoptosis. As cancer is characterized by proliferation disorders and hindered 

apoptosis, many efforts have been made to isolate apoptosis-inducing agents from 

natural products for their potential use in new anti-tumor drugs (Kelloff et al., 2000; 

Sporn and Suh, 2000). 

Since ancient times, the role of natural products has been recognized as a source 

for remedies (Farnsworth et al., 1985; Cragg et al, 1997). Natural products are known 

as rich source of agents valuable to medicine (Newman and Cragg, 2007). More than 

half of currently-available drugs are natural compounds or are related to natural 

products. In the case of cancer pharmaceuticals, this proportion surpasses 60%. This 

results in high interest from pharmaceutical companies and institutions in developing 

new natural based anticancer drugs (Wilson and Danishefsky, 2006; Wilson and 

Danishefsky, 2007). Experimental agents derived from natural products offer a great 

opportunity to evaluate not only totally new chemical classes of anticancer agents, but 

also novel and potentially-relevant mechanisms of action (da Rocha et al., 2001). 

Citrus plants are the most important fruit tree crop in the world, with an annual 

production of approximately 1.02 hundred million tons (Hwang et al., 2012). While 

the fruit was described to have antioxidant activity and its flavonoids were described 

to have anticancer effect (Miyake et al., 1997; Ogata et al., 2000), leaves are major 

pruning waste that may be reused (Torres et al., 2015). However, in Tunisia, Citrus 
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leaves are used in traditional cuisine due to positive health effects (Hosni et al., 2013). 

Most aerial Citrus tissues and organs have oil glands that contain and emit a wide 

diversity of volatile terpenoids, such as hemiterpenes, monoterpenes, and 

sesquiterpenes, including their alcohol, ester, and acetate derivatives (Sawamura, 

2000; Vekiari et al., 2002). Among the many kinds of citrus fruits, lemon (Citrus 

limon) fruit has been known as a healthy food for ages as it contains various bio-

functional compounds (González-Molina et al., 2010). However, there is not much 

known about biological activity of lemon leaves and the potentially beneficial natural 

compounds contained within. 

In this study, the antiproliferative activities of lemon leaves were evaluated using 

several cancer cell lines. The chloroform fraction of lemon leaves (CFLL) strongly 

inhibited the viability of AGS human gastric cancer cells among the tested cell lines. 

Cell death mechanism caused by CFLL on AGS cells was investigated by Hoechst 

33342 nuclear staining, cell cycle analysis and western blotting. The CFLL induced 

formation of apoptotic bodies, increase in sub-G1 phase, change in the ratio of 

Bax/Bcl-2 in favor of apoptosis, and cleavage of Bax, poly (ADP-ribose) polymerase 

(PARP), caspase-3 and -9. Analyses of the CFLL by gas chromatograpy-mass 

spectrometry (GC-MS) tentatively identified 27 compounds, including trans,trans-

farnesol (3.19%), farnesol (3.26%), vanillic acid (1.45%), (-)-loliolide (5.24%) and 

palmitic acid (6.96%). Our results provide the first evidence that chloroform fraction 

of a lemon leaf extract can induce the apoptosis in the AGS cells. 
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2. Materials and Methods 

 

2.1. Lemon leaves extraction and fractionation 

Nine kg of air dried lemon leaves were pulverized using electric mixer machine then 

extracted using 80% methanol by stirring for three days at room temperature. The 

extract was filtered and concentrated with a vacuum rotary evaporator under reduced 

pressure at 40ºC, giving (1,375 g) of methanolic extract. Then, 344 g of the 

methanolic extract dried powder was suspended in 4 liters of distilled water and 

fractionated individually by n-hexane, chloroform, ethyl acetate and n-butanol (1:1) 3 

times each respectively in stepwise manner. Each fraction was dried by rotary 

evaporator at 40°C under vacuum, lyophilized and dissolved in dimethyl sulfoxide 

(DMSO) at a concentration of 100 mg/mL, which was used for subsequent 

experiments. 

2.2. Reagents 

DMEM medium, RPMI 1640 medium, fetal bovine serum (FBS), Hoechst 33342 dye 

and trypsin/EDTA were purchased from Invitrogen (Grand Island, NY). 3-(4,5-

Dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) were purchased from 

AMRESCO (Cleveland, OH). Propidium iodide (PI) and RNase A were purchased 

from Sigma Chemical Co. (St. Louis, MO). 

2.3. Cell lines and culture mediums 

AGS, MDA-MB-231, and SNU-1 cells were obtained from the Korean Cell Line 
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Bank (Seoul, Korea) and A549 human lung adenocarcinoma cell line was kindly 

provided by Professor Min Young Kim of the Department of Biotechnology, Jeju 

National University, Korea. AGS and SNU-1 were cultured in RPMI-1640, MDA-

MB-231 cells were cultured in DMEM medium and F12K medium for the A549 cell 

line. Cultured media were supplemented with 1% antibiotic and 10% heat-inactivated 

fetal bovine serum (FBS). All cultures were maintained in a humidified incubator 

with 5% CO2 at 37ºC. 

2.4. Cell viability assay 

Cells were plated in 96-well plates at an initial density of (5 × 10
4
 cells/mL) cells/mL 

per well in a 100 µL medium containing 10% heat-inactivated FBS. The cells were 

left to be attached overnight then treated with various concentrations of lemon leaves 

fractions or quercetin for 48 h. After treatment, 20 µL MTT reagent (5 mg/mL) was 

added, and cells were incubated for 4 h. The medium was carefully removed and 150 

µL DMSO was added. All experiments were conducted in quadruplicate. Cell 

viability was determined by measuring absorbance at 570 nm using a Sunrise 

microplate reader (Sunrise, Tecan, Salzburg, Austria). Cell viability is represented as 

the percentage of control cell viability (mean ± standard deviation [SD]). 

2.5. Morphology 

AGS (5 × 10
4
 cells/mL) were plated in 6-well plates and treated with CFLL for 24 h. 

After 24 h, cells were stained with 10 µM Hoechst33342 and observed under a 

florescence microscope (Olympus, Essex, UK). 
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2.6. Flow cytometric analysis 

To analyze cell cycle distribution and apoptosis, cells (5 × 10
4
 cells/mL) were plated 

in 6-well plates and treated with CFLL or quercetin 100 µM for 24 h. For the 

cytometric analysis of cell cycle, cells were harvested, washed with phosphate-

buffered saline (PBS), fixed with ethanol 70%, rehydrated in 2 mM EDTA-PBS, 

treated with RNase A (25 µg/mL), and stained with PI (40 µg/mL). Samples were 

analyzed with Cell Quest software (Becton Dickson, USA). Each experiment was 

repeated at least 3 times. 

2.7. Western blot analysis 

Cells were seeded and treated with the indicated concentrations of CFLL or quercetin 

100 µM. Cells were then harvested, lysed in RIPA buffer and kept on ice for 30 min. 

A BCA assay was carried out and equal amounts of protein were loaded into each 

well. Aliquots of the lysates were separated on sodium dodecyl sulfate (SDS)-

polyacrylamide gels and transferred to PVDF membranes using a glycine transfer 

buffer. After blocking with 5% non-fat dried milk, membranes were treated with 

primary antibodies and incubated overnight, and then for 1 h with secondary 

antibodies in milk containing Tris-buffered saline (TBS) and 0.5% Tween 20. All 

primary antibodies (except the anti-β-actin antibody) were used at a dilution of 

1:1,000. The anti-β-actin primary and secondary antibodies (horseradish peroxidase 

[HRP]-conjugated goat anti-rabbit IgG respectively) (Vector Laboratories, USA) were 

used at a dilution of 1:10,000. Protein bands were detected using the BS ECL plus kit 
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(Biosesang, Gyeonggi-do, Korea). 

2.8. GC-MS analysis 

Chromatographic analysis was carried out by Shimadzu gas chromatography mass 

spectrometry (GC-MS; Model QP-2010, Shimadzu Co., Kyoto, Japan) in Electron 

Impact (EI) mode. The ionization voltage was 70 eV, and injector and interface 

temperatures were 250°C and 290°C, respectively. The capillary column was an Rtx-

5MS (30 m length, 0.25 mm i.d., and 0.25 µM, film thickness). The oven temperature, 

programmed at 60°C (isothermal for 2 min), was ramped to 250°C at 5°C/min and 

310°C at 8°C/min (isothermal for 12 min). Helium, the carrier gas, was used at a flow 

rate of 1 mL/min with 57.4 kPa pressure and an injector volume of 1 µL using 

splitless mode. Mass range was from m/z 40-500 amu. The GC-MS spectral data 

were compared within WILEY9 and NIST05 libraries.  

2.9. Statistical analysis 

Data are expressed as mean ± standard deviation of three independent determinations. 

The significance of differences between groups was determined through one-way 

analysis of variance (ANOVA). 
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3. Results   

 

3.1. Effect of CFLL on cell viability 

To test the anticancer effect of different lemon leaves fractions (80% methanol extract 

fraction of lemon leaves “MFLL”, n-hexane fraction of lemon leaves “HFLL”, 

chloroform fraction of lemon leaves “CFLL”, ethyl acetate fraction of lemon leaves 

“EFLL”, n-butanol fraction of lemon leaves “BFLL” and water fraction of lemon 

leaves “WFLL”), several cancer cells were treated with various concentrations of 

each fraction. MTT cell viability assay was performed after treating human breast 

cancer cell line MDA-MB-231 (Fig. 1A), human non-small lung cancer cell line 

A549 (Fig. 1B), human gastric cell lines AGS (Fig. 1C), and SNU-1 (Fig. 1D) for 48 

h with 12.5 µg/mL, 25 µg/mL, 50 µg/mL, and 100 µg/mL of each fraction and 

DMSO was used as negative control. Our data demonstrate that among the tested 

fractions CFLL had the highest antiproliferative activity. Moreover, our data also 

show that among the tested cells, human gastric cancer cell line AGS was the most 

affected after the 48 h treatment in all concentrations treated. 
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Figure. 1. Cell growth inhibition. Cell viability was assessed based on MTT 

reduction. Cells were treated for 48 h with different concentrations of lemon leaf 

fractions: , methanol fraction of lemon leaves (MFLL); , n-hexane fraction of 

lemon leaves (HFLL); , chloroform fraction of lemon leaves (CFLL); , ethyl 

acetate fraction of lemon leaves (EFLL); , n-butanol fraction of lemon leaves 

(BFLL); and , water fraction of lemon leaves (WFLL). DMSO was used as 

negative control. (A) MDA-MB-231, (B) SNU-1, (C) A549 and (D) AGS. (E) Effect 

of CFLL on AGS comparing with quercetin with the same experimental conditions 

mentioned above. Data correspond to the mean ± standard deviation (SD) from three 

independent experiments. The statistically significant differences are presented as 

*p< 0.05. 
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3.2. CFLL induces nuclear fragmentation and condensation in AGS cells. 

A possible mechanism of the antiproliferative activity of CFLL on AGS cells is the 

induction of apoptosis. Nuclear fragmentation, condensation and formation of 

apoptotic bodies are considered as signs of apoptosis (Kerr et al., 1972; Wyllie et al., 

1980; Kerr et al., 1994). To elucidate whether CFLL-induced inhibition of cell 

viability was attributable to apoptosis, AGS cells were treated for 24 h with 

increasing concentrations of the CFLL or 100 µM (30.22 µg/mL) quercetin as a 

positive control. Quercetin has been previously reported to effectively induce 

apoptosis in AGS cells with concentration 100 µM (Kim, 2014). Moreover, cell 

proliferation assay data shows that 100 µM has a similar effect on AGS cell 

proliferation, compared with 100 µg/mL CFLL (Fig. 1E). After 24 h, cells were 

treated with 10 µM nuclear staining Hoechst 33342 and observed under microscope. 

The data (Fig. 2A and 2B) show that CFLL induce nuclear fragmentation and 

condensation after 24 h of treatment.  
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Figure. 2. Chloroform fraction of lemon leaves (CFLL) induces nuclear fragmentation and 

condensation on AGS cells. Cells were seeded and incubated overnight to allow attaching 

then treated with different concentrations of CFLL, DMSO as negative control and 

100 µM quercetin (Q) as positive control for 24 h. (A) Cells were stained with 10 µM 

Hoechst 33342 and observed under a microscope. (B) Percentage of apoptotic bodies 

formed of total observed cells. Data correspond to the mean ± standard deviation (SD) 

from three independent experiments. The statistically significant differences are 

presented as *p< 0.05. 
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3.3. CFLL increases the percentage of AGS cells in the sub-G1 fraction.  

The cell cycle is known to be major regulatory mechanism for cell growth. Cellular 

DNA content identifies cell position in the cell cycle. Fractional cellular DNA content 

(sub-G1 cells) is a marker of apoptotic cells (Gamet et al., 2000), thus we detected 

changes in cell cycle which might occur with treatments of CFLL. We determined 

sub-G1 populations in AGS cells treated with increasing concentrations of CFLL and 

quercetin for 24 h. The data show that treatment with 100 µg/mL of CFLL increased 

the sub-G1 population up to 25.27% (Fig. 3) comparing with negative control 2.7% 

and quercetin 28.36%, indicative of apoptosis. 
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Figure. 3. Effect of the chloroform fraction of lemon leaves (CFLL) on AGS cell 

cycle progression. Cells were seeded and incubated overnight to allow attaching then 

treated with different concentrations of CFLL for 24 h. (A) DMSO as negative 

control. (B) CFLL 12.5 µg/mL. (C) CFLL 25 µg/mL. (D) CFLL 50 µg/mL. (E) CFLL 

100 µg/mL. (F) 100 µM quercetin (Q) as positive control. The percentage of AGS 

cells in the sub-G1 was calculated. Data correspond to the mean ± standard deviation 

(SD) from three independent experiments. 

A B 

E F 

D C 
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3.4. Western blot analysis of apoptosis-related proteins. 

The expressions of proteins involved in apoptotic cell death were detected by western 

blotting. The balance between the expression of the proapoptotic protein Bax and the 

antiapoptotic protein Bcl-2 is considered a good indicator of the apoptotic activity of 

tumor cells (Martínez et al., 2003). The cleavage of Bax is known to enhance its 

proapoptotic function (Wood and Newcomb, 2000). The changes of Bax/Bcl-2 ratio 

were investigated. Our western blotting analysis data show that after treatment with 

CFLL for 24 h, an obvious increase in Bax expression was not apparent. However, 

the cleaved form was detected in the cells treated with 50, 100 µg/mL CFLL, and 100 

µM quercetin. Also treatment decreases the Bcl-2 levels compared with the negative 

and positive controls resulting in an overall increase of Bax/Bcl-2 ratio on CFLL 

treated cells. We also investigated the effect of CFLL on caspase levels, as it is 

known that degradation of procaspase-3 and procaspase-9 is a sign of apoptosis 

(Kitamura et al., 2002). Our data show that CFLL significantly degrades caspase-3 

and caspase-9 with progressive increasing concentrations. In case of caspase-9, the 

CFLL showed a higher effect comparing to 100 µM quercetin treated cells. Our data 

also shows that CFLL dose dependently decreases the PARP level and increases the 

PARP cleaved form. The striking increase in the cleaved form of PARP in 100 

µg/mL CFLL treated cells might explain the dramatic increase of apoptotic bodies 

and sub-G1 population. These data (Fig. 4A and 4B) indicates that CFLL induces 
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apoptosis through altering Bax/Bcl-2 ratio in favor of apoptosis, cleavage of PARP 

caspase-3 and caspase-9. 
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Figure. 4. Chloroform fraction of lemon leaves (CFLL) induces apoptosis on AGS by altering the 

Bax/Bcl-2 ratio in favor of apoptosis cleavage of PARP and degradation of procaspases. Cells 

were seeded incubated overnight to allow attaching then treated with different 

concentrations of CFLL, DMSO as negative control and 100 µM qurecetin (Q) as 

positive control for 24 h. Then cells were lysed following incubation with CFLL at 

the indicated concentrations for 24 h. Cellular proteins were separated by SDS-PAGE 

and probed with appropriate primary antibodies. β-actin served as an internal control. 

(A) Cells were lysed after incubation with CFLL at the indicated concentrations for 

24 h. (B) Fold change of apoptosis related proteins. Data correspond to the mean ± 

standard deviation (SD) from three independent experiments. The statistically 

significant differences are presented as *p< 0.05. 
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3.5. Compositional analysis by GC–MS. To investigate which compounds cause the 

apoptotic effect induced by the CFLL, compositional analysis by GC-MS was 

performed. Analyses of the CFLL identified 27 compounds, including acetic acid 3-

methyl-6-oxo-9-oxa-bicyclo[3.3.1]non-2-yl ester (8.63%), palmitic acid (6.9%), 

cyclohexaneacetic acid (5.79%) (Table 1). Several of these 27 compounds are 

reported to have anticancer effects. Trans,trans-farnesol was reported to induce 

apoptosis in human lung carcinoma cells H460 (Joo et al., 2015), farnesol to inhibit 

colon carcinogenesis in rats (Rao et al., 2002), palmitic acid to show anticancer effect 

on human leukemic cells (Harada et al., 2002). Moreover, (-)-loliolide was reported 

to have antioxidant activity and a protective effect on a monkey kidney fibroblast cell 

line (Yang et al., 2011) and vanillic acid was reported to have antioxidant (Chou et al., 

2010) and anti-inflammatory effects (Kim et al., 2011) effects. These data puts 

spotlight on the synergistic and additive effect of natural compounds in cancer 

therapy.  
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Table 1. Compounds identified from the chloroform fraction of lemon leaves 

(CFLL) by GC-MS  

RT 
a)

 Name 
b)

 Area % 
c)
 

11.5 2-hexenoic acid 2.04 

19.535 3-pyrrolidinecarboxylic acid, 2,4-dioxo-, methyl ester 3.75 

20.747 Acetic acid 3-methyl-6-oxo-9-oxa-bicyclo[3.3.1]non-2-yl 

ester 

8.63 

20.95 Decanoic acid 1.73 

21.136 Cyclopentan, 2-(1-hydroxy-2-propyl)-1,3-dimethyl- 2.11 

22.008 Methylbenzoate 1.72 

23.183 4-isopropenyl-4,7-dimethyl-1-oxa-spiro[2.5]octane 4.36 

23.353 10,10-dimethyl-3-oxatricyclo[7.1.1.0]undecan-4-one 4.99 

26.024 Cis,cis-isopropenyl-2-methyl-3-cycloh 1.63 

26.593 Trans,trans-farnesol 3.19 

26.684 Cyclohexaneacetic acid 5.79 

26.864 Methyl cinnamate 1.41 

27.213 3,5-dimethoxy-4-trimethylsilyloxybenzaldehyde 2.77 

28.106 Farnesol  3.26 

28.527 Vanillic acid 1.45 

28.904 (-)-Loliolide 5.24 

29.032 Methyl cinnamate 5.52 

29.167 Unknown 2.27 

32.267 P-coumaryl alcohol 3.14 

34.155 Palmitic acid 6.96 

35.168 Trimethylsilyl (trans)-4-(trimethylsilyl)-3-acetyloxycaffeate 3.45 

43.741 Palmitinic acid-glycerin-(2)-monoester 2.00 

44.37 Palmitinic acid-glycerin-(1)-monoester 5.58 

47.182 2-Monostearin ether 3.08 

47.766 1-monostearin 4.65 

51.221 Erythritol  2.27 

53.333 Unknown 2.52 

55.138 Hexadecamethylheptasiloxane 2.75 

57.196 Sf 96-50 1.74 
a) 

Retention time 

b)
 Compounds tentatively identified based on parent molecular ions, retention times, retention 

indices and elution order, and fragmented spectra compared with the literature 

c)
 Peak area percentage (peak area relative to the total peak area %) 

 

4. Conclusion  
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In conclusion, the CFLL suppresses the proliferation of the AGS human gastric 

cancer cell line via induction of apoptosis by altering Bax/Bcl-2 ratio in favor of 

apoptosis, cleavage of Bax, PARP, caspase 3 and caspase 9. To gain a better 

understanding of the anticancer activity of CFLL, compositional analysis using GC-

MS was performed. The reported anticancer active components of the CFLL were 

trans,trans-farnesol (3.19%), farnesol (3.26%), vanillic acid (1.45%), (-)-loliolide 

(5.24%) and palmitic acid (6.96%). The modes of action of these bioactive 

compounds combined are still unclear and understanding the detailed mechanisms of 

their action will be helpful in providing useful information for their possible 

application in both cancer prevention and in cancer therapy. 
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