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ABSTRACT 

Dangyuja is a citrus fruit of Jeju Island in Korea, which is known to have a high content of 

flavonoids with health-related properties. Although recent experimental data have revealed 

the anticancer potency of some Citrus species, the underlying molecular mechanisms of this 

apoptotic activity have not yet been studied in detail. In the present study, chloroform 

fraction (CF) of Dangyuja leaves was investigated on the inhibition of growth on human 

cervical carcinoma cells. It was found that the exposure of HeLa cells to CF resulted in 

growth inhibition and the induction of apoptosis in a dose-dependent manner. The CF 

treatment induced the down regulation of anti-apoptotic Bcl-2 expression which was 

associated with the proteolytic activation of caspases and the concomitant degradation of 

poly (ADP ribose) polymerase (PARP) protein. Arrested cell growth and the induction of 

apoptosis were confirmed by flow cytometry and DNA fragmentation analysis. Moreover, a 

new and rapid high performance liquid chromatography technique with an UV photodiode-

array detector was used to analyze the major components of CF which were identified as 

sinensetin, nobiletin, tangeretin and 4’,5,6,7-tetramethoxyflavone by using electrospray 

ionisation mass spectrometry (ESI-MS). This is the first report, showing the possible 

mechanism of antiproliferative effect of Dangyuja leaves for the prevention of cervical 

cancer in cell culture models. Our results suggested that CF of Dangyuja leaves is excellent 
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sources of functional polymethoxyflavones that may help prevent female cancer and a 

potentially useful agent for the treatment of certain malignancies. 
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요약문 

제주도에서 재배되는 당유자 (Citrus grandis Osbeck)는 많은 양의 플라보노이드 

함량을 포함한다. 최근 연구에서 몇몇 감귤류에서 항암 효과를 가진 것으로 밝혀졌지만, 

apoptosis를 통한 분자수준의 메커니즘은 아직 자세하게 보고되지 않았다.  

이번 연구에서는, 당유자 잎의 클로로포름 분획물 (CF)이 human cervical 

carcinoma cell인 HeLa 세포의 성장억제에 대하여 조사하였다. 그 결과, CF를 처리한 

HeLa 세포에서 농도의존적으로 세포 성장 억제와 apoptosis 유도를 확인하였다. CF가 

처리된 HeLa 세포에서 anti-apoptotic 단백질인 Bcl-2의 down regulation과 caspase

의 기질인 PARP 단백질의 degradation을 확인하였다. Flow cytometry를 통하여 CF가 

처리된 HeLa 세포의 arrest와 DNA fragmentation을 확인하였다. LC-MS/MS를 이용

하여 CF의 성분을 분석한 결과, polymethoxyflavone 계통인 sinensetin, 4’,5,6,7-

tetramethoxyflavone, nobiletin과 tangeretin을 동정하였다. 이러한 연구 결과는 처음 

보고 되는 것으로, 당유자 잎의 클로로포름 분획물 (CF)이 자궁경부암세포모델에서의 

세포 성장 억제 및 항암활성의 메커니즘에 관여하는 것으로 사료된다.  

본 연구는 여성 암을 예방하고 종양 치료에 도움을 줄 수 있을 것이라고 사료되는 

polymethoxyflavone화합물을 제공하는 훌륭한 자원으로서 당유자 잎 클로로포름 분획

물의 우수성을 잘 시사해준다. 
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1. Introduction 

 

Cancer is a class of diseases in which a group of cells display uncontrolled growth, 

invasion, and sometimes metastasis. These three malignant properties of cancers differentiate 

them from benign tumors, which are self-limited, and do not invade or metastasize. Cancer 

may affect people at all ages, even fetuses, but the risk for most varieties increases with age 

(Cancer Research UK, 2007). Cancer causes about 13 % of all human deaths (WHO, 2006).  

According to the American Cancer Society, 7.6 million people died from cancer in the 

world during 2007 (American Cancer Society, 2007). Cervical carcinoma still remains most 

common female malignancy worldwide, despite gradual fall in its frequency in Western 

countries (Greenlee et al., 2001; Smith et al., 2000). Present treatments include surgery, 

radiation, drugs and other therapies. However the majority of cases, especially for advanced 

stage cancer, are still treated with conventional chemotherapy (Smith et al., 2000). Many 

researchers have been trying to find more efficient drugs to treat it.  

In the last decade, advances in cancer research have enhanced our understanding of 

cancer biology and genetics. Among the most important of these is that the genes that control 

apoptosis have a major effect on malignancy through the disruption of the apoptotic process 

that leads to tumor initiation, progression, and metastasis. Therefore, one mechanism of 
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tumor suppression by natural products may be to induce apoptosis thereby providing a 

genetic basis for cancer therapy by natural products.  

Anticancer effects may be exhibited through selective cytotoxicity, antiproliferative 

actions and apoptosis. Natural products or phytochemicals can be defined as substances 

found in edible fruits and vegetables that, may exhibit a potential for modulating human 

metabolism in a manner favorable for the prevention of chronic and degenerative diseases. 

Nowadays, many studies are carried out on different phytochemicals that may protect against 

degenerative pathologies, such as cancer and atherosclerosis (Hertog et al., 1992; Keys, 

1995).  

Apoptosis, also called programmed cell death, is a type of cell death regulated in an 

orderly way by a series of signal cascades under certain situation. It plays an important role 

in the regulation of cell growth, tissue development and homeostasis (Green and Reed, 1998; 

Hengartner, 2000; Kaufmann and Hengartner; 2001). It is also an important way by which 

organisms can maintain a constant amount of cells in order to live successfully. The 

induction and execution of apoptosis require the cooperation of a series of molecules, 

receptors, enzymes and gene regulating proteins. Among them, the caspase-cascade signaling 

system, regulated by various molecules such as the inhibitor including of apoptosis protein, 

Bcl-2 family proteins, and calpain, is vital in the process of apoptosis (Launay et al., 2005).  
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Apoptotic cells can be recognized by stereotypical morphological changes: the cell 

shrinks, shows deformation and looses contact to its neighboring cells. Its chromatin 

condenses and marginates at the nuclear membrane, the plasma membrane is blebbing or 

budding, and finally the cell is fragmented into compact membrane-enclosed structures, 

called ‘apoptotic bodies’ which contain cytosol, the condensed chromatin and organelles 

(Van Cruchten and Van Den Brock, 2000). Those morphological changes are a consequence 

of characteristic molecular and biochemical events occurring in an apoptotic cell, most 

notably the activation of proteolytic enzymes which eventually mediate the cleavage of DNA 

into oligonucleosomal fragments as well as the cleavage of a multitude of specific protein 

substrates which usually determine the integrity and shape of the cytoplasm or organelles 

(Saraste and Pulkki, 2000).  

Citrus plants are of great interest because their fruits and leaves accumulate large 

amount of flavonoid glycosides, whose aglycones are early intermediates in the flavonoid 

biosynthetic pathway. Most Citrus species accumulate abundant quantities of flavonoids and 

limonoids (Castillo et al., 1992) and focus on changes in the flavonoids and limonoid content 

during fruit growth, and on the level of antioxidants a in the fruits of the species(Sun et al., 

2005; Mokbel and Hashinaga, 2006; Lim et al., 2006). Moreover, Citrus pectin gets attention 

of researcher for its wonderful activity against various cancer cell lines. Pectin from Citrus 



 - 4 - 

has inhibition of metastasis in a rat prostate cancer model and anticancer activity induced 

apoptosis on several cancer cells (Pienta et al., 1995; Olano-Martin et al., 2003). In recent 

literature on Citrus flavonoids, a broad spectrum of biological activity including 

anticarcinogenic and antitumor activities has been discussed (Attaway, 1994; Sugiyama et al., 

1993; Benavente-Garcı´a et al., 1997). Citrus flavonoids exert their anticancer effects 

through a number of these diverse mechanisms (Manthey et al., 2001). Flavonoids can be 

potentially involved in carcinogenesis: 1. DNA damage (induction), 2. Tumor development 

(promotion), 3. Invasion (proliferation). In vitro, flavonoids inhibit several human neoplastic 

cellular line proliferations: lymphoid and myeloid leukemia (Larocca et al., 1990), gastric 

carcinoma (Yoshida et al., 1990), ovarian carcinoma (Scambia et al., 1990), prostate 

carcinoma (Peterson and Barnes, 1993) and squamous-cellular carcinoma (Kandaswami et 

al., 1991). It has been observed that the polymethoxylated flavonoids (nobiletin and 

tangeretin) inhibit tumoral cell development in a dose-dependent manner. These data indicate, 

therefore, that the polymethoxylated flavonoids can be considered anticancer substances 

(Kandaswami et al., 1991). Polymethoxyflavones (PMFs) also show chemopreventive 

potential in antimutagenic and antitumor properties (Li et al., 2007; Li et al., 2009a, 2009b; 

Walle, 2007). Various Citrus species present different composition of PMFs (Green et al., 

2006; Hirata et al., 2009; Li, Pan, et al., 2007; Mizuno et al., 1991). As PMFs are widely 
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distributed in Citrus genus with wide dynamic range, the rapid and sensitive characterization 

of these constituents in such samples is necessary.  

Dangyuja, the local name of Citrus grandis Osbeck, is cultivated mainly in Jeju Island 

in South Korea and utilized for a long time as a traditional herb medicine in Jeju. The flesh is 

usually separated from the skin of the segments and is eaten with or without sugar whereas 

the leaves are used as food flavoring. Previously, there were some studies that anticancer, 

antioxidant and antidiabetic activity (Lim, et al., 2009; Lim, et al., 2006; Kim, et al., 2009), 

metabolomic profiling (Cho et al., 2009), analysis of limonoid content (Boo et al., 2007) in 

fruits. However, about the leaves, only a few studies reported biological effect, anti-

inflammatory effect, antioxidant, anticancer activity and its compositional analysis using GC 

and GC-MS (Yang et al., 2008; Kim et al., 2008; Moon et al., 2009). But, approximately 

80 % of all known natural compounds are nonvolatile or thermally unstable and therefore 

incompatible with GC. When coupled with photodiode-array UV–Vis absorbance detection, 

HPLC began to serve as a powerful tool for the rapid characterization of natural product 

extracts. HPLC–ESI-MS has been successfully applied to the determination of compounds 

present in material from a variety of natural product sources. HPLC–ESI-MS offered a 

significant advance over earlier techniques not only because of the increased stability and 

efficiency of ionization in the ESI source, but also because it was capable of directly 
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correlated with the corresponding UV–Vis absorbance and MS information.  

The aim of this study was to investigate whether Dangyuja leaves inhibit cell 

proliferation and to determine the biochemical mechanisms via apoptosis in human cervical 

carcinoma cell line, HeLa cells. Therefore we conducted the effect of various fractions of 

Dangyuja leaves on cell viability using the 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay. Through the Hoechst 33342 staining, DNA 

fragmentation assay and determination of cell cycle analysis, we confirmed that CHCl3 

fraction induced apoptosis in HeLa cells. The expression of apoptosis-related protein was 

verified by western blotting. Moreover to determine which compounds were constituted in 

CHCl3 fraction and what compounds contributed to its anticancer activity, a compositional 

analysis of CHCl3 fraction was conducted by a liquid chromatography-electrospray 

ionization tandem mass spectrometry (LC-ESI-MS/MS).  
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2. Materials and methods 

 

2. 1. Materials 

Dangyuja (Citrus grandis Osbeck) leaves were collected from the National Institute of 

Subtropical Agriculture, Jeju Province, Korea. Botanical samples were taxonomically 

identified previously (Kim, 1988), and a voucher specimen (number SKC.070531) was 

deposited in the laboratory of Dr. S.K. Cho at the College of Applied Life Sciences, Jeju 

National University.  

Solvents, HPLC grade acetonitrile, water and trifluoroacetic acid (TFA) was purchased 

Merck (Darmstadt, Germany) and Fisher Scientific Ltd. (MA, USA). Dulbecco’s modified 

Eagle’s medium (DMEM), trypsin/EDTA, fetal bovine serum (FBS), penicillin, streptomycin, 

Hoechst 33342 dye and Trizol were purchased from Invitrogen Life Technologies Inc. (NY, 

USA). Dimethyl sulfoxide (DMSO), MTT was purchased from Amresco (OH, USA). 

Quercetin, propidium iodide (PI) and caspase-3 activity assay kit were purchased from 

Sigma (MO, USA). Antibodies for western blotting were purchased from Cell signaling (MA, 

USA), R&D systems (MN, USA) and Santa cruz, (MA, USA). Nobiletin as a standard was 

purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). All other reagents were 

used in analytical grade. 
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2. 2. Preparation of extracts 

Air-dried Dangyuja (Citrus grandis Osbeck) leaves were pulverized and extracted with 

80 % methanol by sonicating for 3 days at room temperature (RT). After filtered, the extract 

was concentrated with a vacuum rotary evaporator under reduced pressure, and lyophilized. 

The methanol extract was suspended in water and further fractionated with four 

different solvents in a stepwise manner, as previously described (Lim et al., 2006). The 

resulting fractions were: n-hexane fraction, chloroform fraction, ethyl acetate fraction, n-

butanol fraction and water fraction. The extract powder was dissolved in dimethyl sulfoxide 

(DMSO) and diluted with phosphate buffered saline (PBS, pH 7.4) to give the final 

concentrations (Scheme 1). 

 

   Scheme 1. Flow diagram of fractionization of Dangyuja leaves extract. 
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2. 3. Cell culture 

The HeLa cells, human cervical cancer cells, were purchased from the Korea Cell Line 

Bank (Seoul, Korea). HeLa cells were maintained in a nutrient medium, DMEM, 

supplemented with 10 % (v/v) heat-inactivated FBS, 100 U/mL of penicillin and 100 μg/mL 

of streptomycin in a humidified incubator at 37 °C in a 5 % CO2 atmosphere. 

 

2. 4. Cell viability assay 

The effect of the fractions of Dangyuja leaves on the HeLa cell viability was 

determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) 

assay, which is based on the conversion of MTT to formazan crystals by mitochondrial 

dehydrogenases (Mosmann, 1983). In brief, cells were plated in 96-well plates at an initial 

density of 2×103 cells per well. After 16 h, cells were incubated for 72 h in the presence of 

various concentrations (from 50 to 200 μg/mL) of the Dangyuja leaves fractions. Then 0.1 

mg of MTT was added to each well and the cell incubated at 37 °C for 4 h. The medium was 

removed, and then 200 μL of DMSO was added to each well to dissolve the formazan 

crystals. Absorbance was read at 570 nm on a microplate reader (Tecan, Salzburg, Austria). 
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2. 5. DNA fragmentation assay 

HeLa cells (5×104 cells per well) were treated with different concentration of 

chloroform fraction of Dangyuja leaves (CF) for 24 h. After harvested, cells were washed 

with PBS and then centrifuged. Lysis buffer [10 mM of Tris-HCl (pH 8.0), 0.1 M of EDTA 

and 0.5 % of sodium dodecyl sulfate] and protease K were added to the pellet, then pellet 

was incubated for overnight at 50 °C. DNA was extracted adding phenol: chloroform: 

isoamylalcohol (25:24:1) and precipitated with 5 M sodium chloride and absolute ethanol. 

Same amounts of extracted DNA were separated by 1.8 % agarose gel. To visualize the 

agarose gel was containing ethidium bromide. 

 

2. 6. Analysis of morphological changes 

HeLa cells (1×104 cells per well) were treated with CF in a dose-dependent. After 24 h, 

10 μM of Hoechst 33342, a DNA-specific fluorescent dye, was added to medium, and the 

cells were incubated for 10 min at 37 °C. Then the stained cells were observed using 

Olympus fluorescence microscope.  
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2. 7. Western blot analysis 

HeLa cells (5×105 cells) treated with various concentration of CF were harvested and 

washed with PBS twice. The cells were lysed in a lysis buffer containing 40 mM of Tris-HCl 

(pH 8.0), 120 mM of NaCl and 0.1 % NP-40. We used the following protease inhibitors: 25 

μg/mL of aprotinin, 25 μg/mL of leupeptin and 0.2 mM of PMSF. The cells were kept on ice 

for 30 min. After centrifugation for 30 min at 4 °C, the supernatant was collected. Protein 

concentrations were determined using the BCA assay (Pierce, IL, USA). For Western 

blotting analysis, equal amounts of protein (μg) were separated by 8-12 % SDS-

polyacrylamide gel electrophoresis and transferred to polyvinylidene fluoride (PVDF) 

microporous membrane (Millipore, MA, USA) with a glycine transfer buffer [192 mM 

glycine, 25 mM Tris-HCl (pH 8.8), 20 % MeOH (v/v)]. The block was blocked in blocking 

buffer (5 % nonfat dried milk) for 2 h at room temperature, and then incubated with primary 

antibodies for 2 h followed by incubation with the secondary antibody for 30 min in TBS-

Tween buffer. Human anti –caspase 9, -caspase 7, –caspase 3, -poly ADP-riboxyl polymerase 

(PARP), -cleaved caspase 9, -Bid (Cell signaling), -caspase 8 (R&D systems), -Bcl-2, -Bax 

(Santa cruz), antibodies were used at 1:1000 dilution and HRP - goat anti-rabbit IgG (H+L) 

conjugate and HRP – goat anti-mouse IgG (Invitrogen) was used at 1:5000 dilution as 

secondary antibody. The PVDF membrane was then exposed to X-ray film (AGFA, Mortsel, 



 - 12 - 

Belgium), and the protein bands were detected using a WEST-ZOL® plus Western Blot 

Detection System (iNtRON, Gyeonggi-do, Korea). 

 

2. 8. Flow cytometry analysis 

HeLa cells (5×104 cells per well) treated with CF were harvested and washed with PBS 

twice. The cells were fixed in ice-cold 70 % ethanol and kept at 4 °C. Then cells were 

centrifuged, washed twice with 2 mM EDTA-PBS. The supernatant discarded, cells were 

resuspended in 0.5 ml of DNA staining solution (40 μg/mL of propidium iodide, 250 μg/mL 

of RNase in PBS-2 mM EDTA) for 30min at 37 °C. DNA contents were analyzed by 

FACScan flow cytometer (BD Bioscience, CA, USA). The population of cells in each cell-

cycle phase was determined using CellQuest software (BD Bioscience). The sub-G1 

population indicated apoptosis-associated chromatin degradation (Tounekti et al., 1995) 
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2. 9. Caspase-3 colorimetric assay 

Caspase-3 activity was assayed by using a commercially available kit (Sigma) 

according to the manufacturer’s protocol. The caspase-3 colorimetric assay is based on the 

hydrolysis of the peptide substrate acetyl-Asp-Glu-Val-Asp p-nitroanilide (Ac-DEVD-pNA) 

by caspase-3, resulting in the release of the p-nitroaniline (pNA) moiety. p-Nitroaniline has a 

high absorbance at 405 nm. The concentration of the pNA released from the substrate is 

calculated from the absorbance values at 405 nm or from a calibration curve prepared with 

defined pNA solution. HeLa cells were lysed with cold lysis buffer after treatment with CF 

(0, 100, 200 µg/mL) for 24 h. The protein concentration was measured by BCA protein assay 

kit (Pierce). All mixtures were incubated overnight in a humidified environment at 37 °C, 

and the concentration of the p-nitroaniline released from the substrate was measured with a 

microplate reader (Tecan) at 405 nm. The values were calculated using a p-nitroaniline 

calibration curve. The caspase-3 activity was calculated following formula:  

Activity = (μmol pNA × d)/(t×v) 

v = volume of sample in mL 

d = dilution factor 

t = reaction time in minutes 
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2. 10. LC-ESI-MS/MS analysis 

The LC-MS/MS used for this study was LXQ system (Thermo Scientific Inc., MA, 

USA) equipped with electrospray ionization ion source (ESI). ESI is provided by a hollow 

needle through which effluent flows, and an electric field at the tip of the needle produces a 

cone-shaped meniscus from which a spray of highly charged droplets emerges, with 

subsequent evaporation of the droplets resulting in the formation of ions which can be 

measured through the use of a variety of detection systems such as quadrupole, ion trap, and 

time-of-flight. High purity nitrogen was used as the nebulizer and auxiliary gas; helium was 

used as the collision gas.  
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2. 10. 1. HPLC 

HPLC system  : Thermo Scientific Surveyor™ MS pump with Surveyor autosampler 

Column : 100×2.1 mm ID. packed with 1.9 μm silica particles 

Mobile phase : A:- Water with TFA 0.05 % 

 B:- Acetonitrile with TFA 0.05 % 

Run time : 45 min. 

UV-detector : PDA, D2 and W lamps, 10 mm flow cell, 20Hz. 

Scans : 200 -500 nm with Channel A (220nm), Channel B (280 nm) and Channel 

C (350nm) 

Column Temp : 40 °C  

Injection : 2 μL from 25 μL sample loop. 

  

2. 10. 2. Gradient 

Time (mins.) % A (Water) %B (ACN) Flow rate (μL/min.) 

0 90 10 200 

25 40 60 200 

27 40 60 200 

35 2 98 200 

37 2 98 200 

43 90 10 200 

45 90 10 200 
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2. 10. 3. Mass Spectrometer conditions 

Mass spectrometer: LTQ linear ion trap mass spectrometer 

Ionization mode: Positive and Negative electrospray ionization (ESI) 

Capillary temperature: 350 °C 

Spray voltage: 4.93 kV 

Sheath gas: 30 Units.  

Sweep gas: 10 units.  

 

2. 10. 4. Software 

Instrument operation and data collection and manipulation was achieved through the use of 

commercially available software such as Xcalibur (Finnigan Corp., CA, USA). 

 

2. 11. Statistical analysis 

All results were expressed as the mean ± standard deviation. One-way analysis of variance 

(ANOVA) with a Tukey’s test using SPSS v. 12.0 software package was applied. A 

difference at *: p<0.05; **: p<0.01; ***: p<0.001 was considered to be statistically 

significant. All assays were performed in triplicate.
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3. Results and discussion  

 

3. 1. Effect of fractions from Dangyuja leaves on cell viability in 

human cell line HeLa cells 

To investigate the effect of Dangyuja leaves fraction on HeLa cell viability, MTT assay 

was conducted. HeLa cells were incubated with different concentration of various fractions 

from Dangyuja leaves and quercetin, well-known that protected cancer, for 72 h (Fig. 1 (A) 

and (B)). As shown in Fig. 1 (A), the cell viability reduced dose-dependently by hexane and 

chloroform fraction. The cell viabilities of HeLa cells treated with 100 μg/mL of hexane, 

chloroform, ethyl acetate, n-butanol, water, 80 % methanol fractions and quercetin were 

29.84 %, 7.15 %, 91.92 %, 87.98 %, 114.59 %, 95.68 % and 46.40 %, respectively when cell 

viability in the absence of treatment was taken as 100 % (Fig. 1). The IC50 value of 

chloroform fraction was 68.08 μg/mL and that of quercetin was 117.61 μg/mL. The 

chloroform fraction had the most effect to inhibit cell proliferation. Fig. 1 (C) showed that 

CF didn’t show any toxicity on CCD25Lu cells, lung fibroblast. Table 1 showed the IC50 

value of Dangyuja leaves fractions on HeLa cells. We conducted next experiments examined 

apoptosis with chloroform fraction from Dangyuja leaves (CF). 
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Figure 1. Effect of Dangyuja leaves fraction on the cell viability. Cells were treated for 72 

h in the presence of various fractions (A) and quercetin (B), as a positive control, in the 

medium. Chloroform fraction of Dangyuja leaves had an effect decreased cell viability 

during incubation. Cell viability was determined by MTT assay. Cell viability without 

treatment was taken as 100 %. Data expressed as mean ± S.D. (n=5). (C) CCD25Lu cells, 

lung fibroblast, were treated with CF dose-dependently. (*: p<0.05, ***: p<0.001 compared 

with non-treatment (0 μg/mL)) 
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Table 1. IC50 value of Dangyuja leaves fractions on HeLa cells. 

Fractions of Dangyuja leaves Concentration at IC50 value 

Hexane 92.95 μg/mL 

Chloroform 68.08 μg/mL 

Ethyl acetate < 100 μg/mL 

n-Butanol < 100 μg/mL 

Water N/A* 

80 % Methanol < 100 μg/mL 

*: N/A : not available 
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3. 2. Effect of CF on DNA laddering 

While apoptosis, DNA was cleaved into oligonucleosomal fragments (Saraste and 

Pulkki, 2000). To confirm that CF induced cell apoptosis, we conducted DNA fragmentation 

assay. Exposure of HeLa cells to CF from 50 to 200 μg/mL for 24 h led to evident DNA 

fragmentation as indicated by the formation of DNA ladder in the agarose gel containing 

ethidium bromide. From cells treated with 50 μg/mL of CF, ladder pattern was shown, 

whereas control indicated no evident DNA ladder (Fig. 2). This result suggested that CF 

induced apoptosis in HeLa cells. 
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Figure 2. Effect of CF on DNA fragmentation in HeLa cells. DNA fragmentation of HeLa 

cells treated with CF in a dose-dependent manner for 24 h. Ladder patterns reflecting the 

presence of DNA fragment were viewed on agarose gel stained ethidium-bromide. 

(
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3. 3. Effect of CF on the cell morphology 

Morphological changes such as cell shrinkage, condensed and fragmented chromatin, 

associated with apoptotic cell death. In order to characterize the apoptosis induced by CF, we 

treated with various concentration of CF for 24 h. The morphology and chromatin of the 

cells were examined by fluorescence microscopy after Hoechst 33342 staining. In a dose-

dependent manner, results indicated that morphological changes of treated cells were found. 

Fig. 3 resulted that treated cells had cell shrinkage, condensed and fragmented chromatins 

and apoptotic bodies (arrows) by contrast with non-treated cells (control). 
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Figure 3. Effect of CF on cell morphological change in HeLa cells. Morphological 

changes of HeLa cells after CF treatment for 24 h followed Hoechst 33342 staining. Arrows 

indicate that cells shrinkage condensed and fragmented chromatins such as apoptotic bodies. 
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3. 4. Effect of CF on expression of apoptosis-related proteins 

Activation of a caspase cascade occurs in apoptotic events. As an initiation of apoptosis, 

procaspase-8 is cleaved to create an active form of caspase-8. Once activated, caspase-8 

cleaves procaspase-3, 7 to create an active form of caspase-3, 7 for execution of apoptosis. 

Procaspase-9 formed massive complex known as apoptosome with cytochrome c and 

oligomerized Apaf-1 together. Thereby, apoptosome activated initiator procaspase protein, 

procaspase-9. And then, the activated caspase-9 molecules activated down stream 

executioner procaspase-3, 7. The active caspase-3 cleaved 116 kD of PARP protein into 89 

kD fragment, that is characteristic marker of the execution of apoptosis. Caspase-8 cleaved 

Bid into tBid. tBid translocated to mitochondria, where it inhibits anti-apoptotic Bcl2 

proteins, and triggered the aggregation of pro-apoptotic BH123 proteins, thereby amplifying 

the death signal. To certify whether CF induces the activation these caspases, HeLa cells 

treated with various concentrations of CF for 24 h. Western blotting results showed that 

precursors of caspase-9, caspase-8, caspase-3, caspase-7 were decreased to active and 

proteolytic cleavage of PARP resulted in the characteristic shift of the protein from 116 to 89 

kDa. These results suggested that caspase-9, 8, 3, 7 and PARP were involved in CF-induced 

cell death. BH3-only protein, Bid, decreased cleavaging to tBid by caspase-8, and 

inactivated anti-apoptotic Bcl-2 protein. β-actin was used internal control (Fig. 4). 
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Figure 4. Effect of CF on apoptosis-related protein expression in HeLa cells. Western 

blotting analysis of protein extract obtained from HeLa cells treated with 0, 50, 100, 150, 

200 μg/mL of CF, respectively. Total protein lysates were prepared after treatment for 24 h, 

and analyzed with antibodies to caspase-9, caspase-8, caspase-3 and caspase-7, Bcl-2, Bid 

and PARP. The β-actin was used as internal control. 
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3. 5. Dose-dependent effect of CF on cell cycle distribution 

To investigate that CF induces apoptosis in HeLa cells, we evaluated DNA content and 

cell-cycle phase distribution by flow cytometry with PI staining. The percentage of cells in 

G0/G1, S and G2/M phases were calculated using CellQuest software. When cells undergo 

apoptosis, sub-G1 phase was increased. Sub-G1 population indicated apoptotic-associated 

chromatin degradation (Tounekti et al., 1995). HeLa cells were treated with CF in a dose-

dependent course (0, 50, 100, 150, 200 μg/mL for 24 h). As compared to control, the sub-G1 

phase significantly increased after expose of HeLa cells to CF (Fig. 5). These results 

suggested that chloroform fraction could induce HeLa cell cycle to be arrested in G2/M 

phase and trigger apoptosis in HeLa cells with dose-dependent manner. Tables indicated each 

of sub-G1 phase ratios (Table 1).  
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Figure 5. Dose-dependent effect of CF on cell cycle distribution using flow cytometry. 

HeLa cells were treated with different concentration of CF for 24 h analyzed. Sub-G1 phase 

increased in a dose-dependent manner. 
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Table 2. Sub-G1 phase ratio of HeLa cells treated CF in a dose-dependent manner. 

Concentration Sub-G1 (%) 

0 μg/mL 9.32 ± 1.76 

50 μg/mL 30.36 ± 1.44** 

100 μg/mL 38.34 ± 3.46*** 

150 μg/mL 50.72 ± 11.43*** 

200 μg/mL 71.74 ± 1.41*** 

**: p<0.01, ***: p<0.001 compared with non-treatment (0 μg/mL)
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3. 6. Effect of CF on caspase-3 activity 

As shown in Fig. 7, caspase-3 activity was also increased by the CF in a dose-dependent 

manner. These results suggest that the apoptotic effects of the CF in HeLa cells are 

associated with an increase in the Bax/Bcl-2 ratio and caspase activation. 
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Figure 6. Effect of CF on caspase-3 activity in HeLa cells. Cell lysate prepared from cell 

treated with CF for 24 h were assayed for in vitro caspase-3 activity. The rate of cleavage of 

the caspase substrate DEVD-pNA was measured at 405 nm. The results showed as the mean 

± SD. *: p<0.05 compared with non-treatment (0 μg/mL; control). 
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3. 7. Compositional analysis of CF by LC-MS/MS   

To know what are the responsible active ingredients in CF of Dangyuja leaves, HPLC-

PAD-MS was used. Among the four different solvent fractions, chloroform fraction (CF) 

exhibited anticancer activity. Therefore, CF was used for further investigations towards 

identification by HPLC-PAD-MS. The HPLC-PAD analysis of CF of Dangyuja leaves 

revealed the presence of phenolic acids including polymethoxy flavone compounds. The 

MS/MS parameters like ion mode, capillary voltage, cone voltage, collision energy and 

dwell times were optimized to maximize the overall sensitivity, as estimated from the peak 

areas of the analytes. All compounds were identified by matching retention times and mass 

spectra with those of the reported and comparing with the web-based database.  

Table 3 showed chromatographic and spectral (MS and UV) information of compounds 

which were identified based on their UV spectra, molecular and fragmented ions. The 

presence of these compounds was observed distinctly in CF. CF represented the most diverse 

source due to presence of polymethoxylated flavones (PMFs), nobiletin and tangeretin, along 

with some phenolic acids in its leaves extract.  

PMFs have the basic aglycone structure with maximum seven substituents such as 

methoxyl group (OCH3) and/or hydroxyl group (OH) on its A, B and C rings. In addition, 

PMFs have characteristic dissociation pattern, they can lose one or two methyl radicals 
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(CH3
•) to produce radicals [M+H−15.0235]+ or[M+H−2×15.0235]+ as predominant 

fragments. The regular elemental composition and characteristic dissociation pattern, 

determined by exact mass measurements, should be used to form the diagnostic mass 

spectrometric fingerprint (MSFP) of the species for structural identification. A typical 

chromatographic profile of CF is shown in Fig. 8 where major identified compounds were 

reconstructed with their corresponding molecular mass ion and matched with the total scans 

of ESI positive mode (150-1000 m/z). The ions 164.1, 197.2, 371.4, 354.2, 373.24, 343.2, 

403.2, 373.26 and 389.5 were the representative parent ions [M+H]+ of p-amino-cinnamic 

acid, methyl veratrate, 7-acetoxy-3,3’4’ trimethoxy flavone, chlorogenic acid, sinensetin, 

4’,5,6,7-tetramethoxyflavone, nobiletin, tangeretin and geneposide, respectively; using single 

ion monitoring approach (HPLC/ESI/SIM/MS). 

Fig. 9 showed a representative chromatogram of the PMFs of CF from Dangyuja leaves, 

monitored at 280 nm and four PMF, sinensetin, 4’,5,6,7-tetramethoxyflavone, nobiletin and 

tangeretin were detected. These compounds have been identified according to their retention 

time, UV pattern and the spectral characteristics of their peaks compared to those of 

published data as well as by spiking the sample with standards. Nobiletin and tangeretin 

were detected to be the major PMF component in the CF contributing about 11.3 % and 2 % 

to the total amount, respectively,  
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The MS spectra showed the protonated molecule [M+H]+ and sodium-adduct molecule 

[M+Na]+ of the PMFs analyzed (Fig. 10). The accurate mass and isotopic pattern of 

precursors and their fragmented ions were observed closely to the theoretical value, which 

means that they can reflect the exact elemental composition. Moreover, the diagnostic 

dissociation pattern of PMFs was acquired too. [M+H−CH3
•]+ and [M+H−2×CH3

•]+ were the 

most predominant fragment ions in MS/MS spectra for both PMF references. The MS data of 

sinensetin, 4’,5,6,7-tetramethoxyflavone, nobiletin and tengeretin proveed that the 

characteristic MSFP for PMFs, consisting of elemental composition and dissociation pattern, 

were obtainable by exact mass measurements using HPLC-ESI/MS.  

Early reported methods for analysis of PMFs were based on high-performance liquid 

chromatography (HPLC) separation coupled with ultraviolet (UV) detection Rouseff and 

Ting, 1979; Mouly et al., 1998]. The methods are limited to the detection of a number of 

known compounds with purified standard. Recently, the methods based on LC–MS/MS have 

overcome the limitation and allow the identification of PMFs in crude and partially purified 

samples even without any need for purified standard (Li et al., 2006; Wang et al., 2007; 

Zhou et al., 2007). The accurate mass data is a key information for structural elucidation 

using mass spectrometry, as which can confirm the molecular formula of a compound (Gross, 

1994). Therefore, HPLC-PAD-ESI-MS/MS provides an attractive alternative. Since the 
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combination of HPLC-PAD-MS/MS offers high chromatographic resolution with exact mass 

measurement for both UV and MS/MS, then provides significant advantages concerning 

flexibility, selectivity, sensitivity, accuracy and speed for rapid screening for target 

compounds in plant samples. We have performed a direct and rapid method for qualitative 

analysis of flavonoids in a Citrus leaves extract, with a very simple sample treatment. 

Confirmation of results was achieved by applying LC/MS technique 

Although many studies on PMFs from different Citrus species (e.g. Citrus aurantium, 

Citrus sinensis) have been reported and most PMFs have been confirmed by UV, IR, MS, 1H 

NMR and 13C NMR (Hirata et al., 2009; Kurowska and Manthey, 2004; Li et al., 2007; Li 

et al., 2006; Li et al., 2007; Wang et al., 2007), there is no systematic study on PMFs from 

Dangyuja. In order to screen resources possessing high functional PMF content, the present 

study performs the isolation of PMFs in Dangyuja leaves based on high-speed 

chromatography and preparative high performance liquid chromatography, identification of 

structures by electrospray ionisation mass spectrometry (ESI-MS).  

To our knowledge this is the first study that reports PMF presence in a leaves of C. 

grandis Osbeck. Due to the rapid sample preparation and analysis, this method can be 

applied in quality assurance routine analysis for flavonoids detection in Citrus species.  
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Table 3. List of phytochemicals identified in CF of Dangyuja leaves in LC-MS/MS. 

Chemical analysis of CHCl3 fraction of Dangyuja (C. grandis Osbeck) leaves from HPLC-PAD-MS/MS data 

Peak Rt (min) UV λmax 
ESI 

[M+H]+ 

MS/MS2 

(rel. Int) 
Compound 

Molecular 

formula 

Relative 

area (%) 
Ref. 

1 6.16 - 164.1 - p-amino-cinnamic acid C9H9NO2 3.20 SDBSa) and Litc). 

2 7.73 - 197.2 - Methyl veratrate C10H12O4 1.32 SDBS and Lit. 

3 10.41 - 371.4 - 7-acetoxy-3,3’,4’-trimethoxyflavone C20H20O11 1.41 SDBS and Lit. 

4-8 
11.0-

15.25 
- - - Unknown - - - 

9 15.45 - 354.2 - Chlorogenic acid C16H18O9 3.86 Mass bank) and Lit. 

10 15.78 - - - Unknown - 3.68 - 

11 16.6 264, 333 373.24 - Sinensetin C20H20O7 1.73 Mass bank and Lit. 

12 17.10 270, 333 343.20 - 
4’,5,6,7-Tetramethoxyflavone 

(Scutellarein tetramethylether) 
C19H18O6 1.25 Mass bank and Lit. 

13 18.22 
249, 270, 

334 
403.20 388, 373 Nobiletin C21H22O8 11.40 Mass bank and Lit. 

14 20.10 271, 324 373.26 - Tangeretin C20H20O7 1.99 Mass bank and Lit. 

15 21.21 - 389.5 - 
Geneposide 

(iridoid glycoside) 
C17H24O10 1.18 Mass bank and Lit. 

a) SDBS: Spectral Database for Organic compounds; b) Mass bank: High resolution mass spectral database; c) Lit: Literatures 
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Figure 7. TIC spectrum of positive ESI of CF with reconstructed mass ion of identified phytochemicals.
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Figure 8. Expanded and 3D view of PDA and re-constructed total ion chromatograms 

of four major polymethoxyflvones from CF of Dangyuja leaves. 
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Figure 9. Product ion mass spectra of [M+H]+ of sinensetin ([M+H]+ ; 373) (A), 4’,5,6,7-

tetramethoxyflavone ([M+H]+ ; 343) (B), nobiletin ([M+H]+ ; 403) (C) and tangeretin 

([M+H]+ ; 373) (D) of CF. 

.
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4. Conclusion 

In conclusion, present study showed that CF of Dangyuja leaves had antiproliferation 

activity in a dose-dependent manner. It was confirmed that CF had effects of DNA 

fragmentation, chromatin condensation and apoptotic body formation in HeLa cells. Through 

the western blotting, it was verified that the level of caspase-9, -7, -3, -8 and PARP decreased. 

The ratio of pro-apoptotic protein, Bax/pro-survival protein, Bcl-2 was increased. The 

caspase-3 activity was increased. In cell cycle, subG-1 phase increased in a dose-manner.  

As a result of this, it was demonstrated that CF of Dangyuja leaves induced apoptosis in 

HeLa cells through the intrinsic and extrinsic pathway. In addition, phytochemical analysis 

was conducted by LC-MS/MS spectrometry and 4 polymethoxyflavones, sinensetin, 

4’,5,6,7-tetramethoxyflavone, nobiletin and tangeretin, were identified including few 

phenolic acids. The apoptotic activity of CF of Dangyuja leaves could be attributed to the 

presence of various phytochemicals that might to interact among themselves, resulting in a 

synergistic or canceling effect on anticancer action. These results suggested that Dangyuja 

leaves is excellent sources of functional polymethoxyflavones that may help prevent female 

cancer and a potentially useful agent for the treatment of certain malignancies. However, 

additional studies are needed to determine the molecular mechanisms of the active 

components and to evaluate the potential in vivo anticancer activity of extract. 
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