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 Medicinal plant drug discovery continues to provide a new and important remedy 
against various pharmacological targets including cancer. Two of the most common 

anti-cancer drugs which are derived from Catharanthus roseus, which are vinca 

alkaloids of vincristine and vinblastine have since contributed significantly in the 
development of antileukemic drugs. This study was conducted to determine the protein 

expression of ethanolic extract of Catharanthus roseus towards Jurkat Cell (T-

Leukemic cells)). The cytotoxicity assay was determined via the MTS (3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) 

assay while the protein analysis was determined by using one-dimensional gel 

electrophoresis. The extract was able to reduce the Jurkat cell proliferation with the 
median inhibition concentration, IC50 value at 7.02µg/ml and was used as a 

concentration of ethanol extract to treat the cells. In 1-D electrophoresis, the lysate of 

treated cells show 32 bands as compared to 35 for the untreated and 28 for the 
vincristine control. Data from this study suggest that the possible mechanism by which 

the ethanolic extract C.roseus inhibits Jurkat cells proliferation by down regulation of 

an associated protein.  
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INTRODUCTION 

 

 Medicinal plant drug discovery continues to provide a new and important remedy against various 

pharmacological targets including cancer. The demand of using traditional medicine has overwhelmingly grown 

therefore the need to provide further research of this area is really in need [10]. Catharanthus roseus is one of 

the earliest plants that contain natural products which exhibit anticancer properties [11,15]. This plant of 

Apocynaceae family is rich in alkaloids of vincristine and vinblastine [18], is the most extensively investigated 

drugs of alkaloids that is used to treat leukemia. Screening for changes in protein expression has been one of the 

approaches in determination of the effects of various products on cancer cells. Comparative analysis of protein 

alteration between treated and untreated cells using the high throughput proteome technology has allowed us to 

find the special treatment-related protein and thus developing the new molecular-based therapy [2]. 

 As the genomic era has achieved significant contribution towards the understanding of therapeutics, it is 

now a challenge to understand the interpretation of genome to protein which is referred to as proteomics 

[13].Proteomics or proteome analysis has become an increasingly important part of the life sciences, especially 

after the complete sequencing of the human genome. In contrast with genome, which is remains the same 

throughout the whole life, the proteome is highly variable, that depend not only on the genes, but also on 

external factors, for instance the state of development, metabolic state, tissue type or interaction with other 

organisms or chemical substances. Most biological samples contain highly-abundant proteins thus requiring 

highly efficient protein separation method in order to quantify thousands of proteins in samples. The need for 

better separation of these samples or protein is important in order to produce higher reproducibility, sensitivity, 

resolution, and high throughput analysis. A common method used for protein separation is gel electrophoresis 

which consists of sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and two-dimensional 
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gel electrophoresis (2D-PAGE). SDS-PAGE is useful for resolving mixtures of protein, whereas 2D-PAGE can 

provide more sensitive resolution [5]. Therefore,the aim of this study is to use simple 1D and 2D techniques to 

predict global proteomic profile of selected cell treated with ethanolic extract of this plant. 

 

MATERIALS AND METHODS 

 

Materials: 

 Catharanthus roseus was obtained from Kuala Lumpur. Vincristine sulphate injection was obtained from 

Mayne Pharma Limited while Jurkat cell was obtained from European Collection of Cell Cultures (ECACC). 

Fetal bovine serum, penicillin/streptomycin and L-glutamine were from Gibco. Dithiothreitol, 30% 

Acrylamide/Bis Solution, 37.5:1, overlay agarose, TEMED, CHAPS, Biosafe Coomassie G-250 stain, Bio-Lyte 

3/10 Ampholyte, 40%, 1D SDS-PAGE Standards, broad range, iodoacetamide, bromophenol blue, ammonium 

persulphate, IPG-Ready Strips, pH 3-6 and urea were purchased from  BioRad. Ethanol, dimethyl sulfoxide, 

phenylmethylsulfonylfluoride and RPMI-1640 were from Sigma. Thiourea and 2D-Quant kit were purchased 

from GE Healthcare. Glycerol was from R&M Chemicals while glycine and sodium dodecyl sulfide were 

bought from Fisher Chemicals. Syringe and needle (Terumo, Philippines), Whatman 0.2µ PVDF filter, 

ammonium acetate (Fisher Scientific, UK) and methanol (Merck,Germany) were used for HPLC analysis. All 

analytical reagents used are the analytical grades which are quality tested and certified.  

 

Methods: 

1. Plant extraction: 

 Fourty gram of ground powder of the plant [14] was soaked in 400ml of 100% ethanol. After 24 hours, the 

supernatant was filtered through Whatman filter paper. The pellet was soaked again with 400 ml ethanol. The 

filtrate was stored in -200C. The process was continued until day 5. The collected filtrate was centrifuged at 

3600 rpm for 15 minutes. The supernatant was collected and evaporated by using rotary evaporator for 3 hours. 

Then, the collected sample was stored at -20
0
C. 

 

2. Chromatographic analysis by HPLC:   

 HPLC analysis of the plant extract was performed using HPLC Agilent 1200 series system (Agilent 

Technologies, Germany) that consisting of quaternary pump, auto sampler and photo diode array detector. 

Reversed-phase Zorbax Eclipse XDB-C18 (4.6mm x 150mm, 5micron) column was used for sample separation. 

Twenty microliter of the injected samples (100ug/mL) was detected at 254nm. HPLC gradient mobile phase was 

applied by using HPLC grade ammonium acetate pH6.508 and methanol pH6.508 at a flow rate of 1.0 ml/min at 

30
0
C using the modified method from previous report [21]. The volume of ammonium acetate over methanol 

was: 0-20 min, linear gradient from 80: 20 to 20:80 (v/v), 20-23 min, linear gradient with 40:60(v/v) and 

60:40(v/v) at 23-27 min while at 27-30 min, the ratio was 80:20 (v/v). Total analysis time was 30 minutes with 

triplicate injections for each sample. The data was acquired by Agilent Chemstation software. Solvents used 

were filtered and degassed with sonicator for 15 minutes. 

 

3. Cell cytotoxicity assay: 

3.1 Cell culture: 

 Frozen Jurkat cells (ATCC, USA) were thawed and grown in RPMI-1640 medium supplemented with 10% 

fetal calf serum, 1% L-glutamine and 1% penicillin-streptomycin (Gibco,USA) at 37
0
C in 5% CO2 environment. 

The cells were subcultured twice per week until the cells become stable to be treated. The cells were counted 

and the concentration of the cells used was 4x10
5
cells/ml for each well.  

 

3.2 MTS assay: 

 Cells were cultured at the concentrations of 4x10
5
 cells per well and the cells were treated with C.roseus 

ethanol extract as double dilution method modified from previous study [17] at 0.976µg/ml, 1.953µg/ml, 

3.906µg/ml, 7.812µg/ml, 15.625µg/ml, 31.25µg/ml, 62.5µg/ml, 125µg/ml, 250µg/ml and  500µg/ml in flat 

bottomed 96-well plates while the standard used, vincristine, was treated with the cells at 50µg/ml, 25µg/ml, 

12.5µg/ml, 6.25µg/ml, 3.125µg/ml, 1.563µg/ml, 0.781µg/ml,0.391µg/ml and 0.195µg/ml. Untreated cells were 

used as control. After 72 hours, viability of the cells were determined in sextuplicate with CellTiter 96® 

AQueous Non-Radioactive Cell Proliferation Assay (Promega, Madison, WI) which was added to each well 

according to the manufacturer’s instructions.  After 4 hours, the plates were read by measuring the absorbance at 

490nm using ELISA plate-reader (Bio Tek, USA). The percentage of cells viability was determined as the 

extract and vincristine treated cells showing 50% of cells growth inhibition to obtain the IC50 that was calculated 

by multiplying the ratio absorbance of the sample with control by 100.  All data expressed as mean +SD and 

Student’s t-test was done for statistical analysis. 
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4. Protein profile: 

4.1 Sample preparation: 

 Jurkat cells with concentration of 4x10
5
cells/ml were grown in 75cm3 flasks and the cells were treated with 

7.02ug/ml of the ethanol extract and 1.124ug/ml of vincristine. Jurkat cells without any treatment were used as 

negative control. The cells were incubated for 72 hours in the incubator with 5% CO2 and 95% air humidity. 

Cells were extracted by transferring cells into centrifuge tube and centrifuged for 5 minutes at 420 x g. The 

supernatant was discarded and washed twice with phosphate buffer saline for 5 minutes at 420 x g. The pellets 

were resuspended in lysis buffer containing 7M urea, 2M thiourea, 4% CHAPS, 0.5% DTT, 0.2% biolyte 3/10 

ampholyte and 1Mm PMSF and leaved for 30 minutes in ice. The tube was vortexed a few seconds and 

incubated at room temperature for 10 minutes and subsequently centrifuged at 15000 x g at 40C for 30 minutes. 

The protein solution were collected and stored at -80
0
C until used. Protein concentrations were determined using 

2D-Quant protein assay kit (GE Healthcare,UK) with bovine serum albumin (BSA) standard solution provided. 

 

4.2 1D-SDS PAGE: 

 SDS-PAGE was carried out using 10% acrylamide resolving gel and the stacking gel was 4% acrylamide 

(BioRad). The concentrations of protein used was 25µg for each samples which were Catharanthus roseus 

treated cells, vincristine treated cells and untreated cells. Each sample were diluted with Laemmli sample buffer 

(BioRad) to give a final volume of 30µl and heated at 95
0
C for 5 minutes. Electrophoresis was performed on 

Mini-PROTEAN II system and run at constant voltage of 120V for 1 hour until the bromophenol blue frontiers 

reached the bottom of the gels. The gel was stained by using Bio-Safe Coomassie G-250 stain (BioRad) and 

destained until no visible background stain remains. Precision Plus standard dual colour (BioRad) was used as a 

ladder to determine molecular weight of protein. 

 

4.3 Image analysis: 

 The images of the gels were captured by Versa Doc Imaging System (BioRad) and densitometric analysis 

data were analyzed by Quantity One analysis software (BioRad).  

 

RESULTS AND DISCUSSION 

 

 
 

Fig. 1: Chromatogram of ethanol extracts of Catharanthus roseus. 

 

 
 

Fig. 2: UV spectra of alkaloids determined in ethanol extracts of Catharanthus roseus.  

 

 In this study, high performance liquid chromatography was performed for the analysis of alkaloids in 

ethanol extract of C.roseus (Figure 1). As has been shown in Figure 2, three alkaloids has been determined 

based on their UV spectra that were catharantine , serpentine and vindoline at retention time 4.918min, 

12.653min and 19.799min respectively. UV spectra of each of the alkaloids were determined using PDA 

detector were similar as has been obtained in previous study done [9]. 
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 HPLC analysis of the extract had shown that there were three alkaloids that were catharanthine, vindoline 

and serpentine been determined in which the retention time and comparison of UV spectra with the authentic 

standards were approach according to previous study [6, 17]. However, in the previous study [17], serpentine 

was the compound detected at retention time of 7.8min followed by vindoline and catharantine with retention 

time of 13.5min and 14.5min respectively. On the other hand, another study [15] had shown catharanthine was 

the first compound detected followed by vindoline at retention time 4.45min and 4.55min respectively therefore 

indicates that the finding of this study is parallel with the study done [15].Nevertheless, variation in the retention 

time among these studies may be due to different conditions of chromatography system that had been used. The 

different protocols may result in significant variabilities in the test results [7]. Catharantine can be found in the 

leaf wax exudates outside of the leaf epidermis and on the other hand, vindoline is found within leaf cells 

[15].Previous study [16] had shown that vindoline and catharanthine had produced cytotoxic activity on cancer 

cell line. In another study, the function of vindoline has been shown against Eagle’s 9KB carcinoma and P-388 

lymphocytic leukemia [12]. As reported in previous study done [8], vindoline and catharantine may represent 

precursors of vincaleukoblastine and leurosine that exhibit antitumor effects on P-1534 acute lymphocytic 

leukemia. This may suggest that the plant used was young as they are the precursors of the other alkaloids that 

may have anticancer agents in Catharanthus roseus. This plant also produces antihypertensive compounds that 

are ajmalicine and serpentine, instead of widely used anticancer drugs vinblastine and vincristine [17]. 

 

2. Cell cytotoxicity assay:  

 MTS assay at 72 hours incubation showed that Jurkat cells were susceptible to the C.roseus ethanol extract 

as the extract significantly inhibited the growth of Jurkat cells (p<0.001) as the dose increased (0.976µg/ml, 

1.953µg/ml, 3.906µg/ml, 7.812µg/ml, 15.625µg/ml, 31.25µg/ml, 62.5µg/ml, 125µg/ml, 250µg/ml and 

500µg/ml). From the growth inhibition rate curve (Figure 3) we determined the IC50 value of C.roseus ethanol 

extract and vincristine treated cells were 7.02µg/ml and 0.11µg/ml (Figure 4) respectively. The results showed 

that the toxicity of the cells increased with increased concentrations of the extract and the standard as the 

concentration-dependent manner applied. This finding may conclude that the extract that contained the above 

alkaloids stated, had the effects on cancer cells used in this study. 

 

 
 

Fig. 3: Growth inhibitory curve of ethanol extract of C.roseus. 

 

 
 

Fig. 4:  Growth inhibitory curve of vincristine. 

 

 Cytotoxicity assay was done to determine cell proliferation by determining the live number of cells in order 

to screen cytotoxicity agents [16]. This assay was done in this study to determine the in vitro toxicity level of the 

extract prior to proteomic profiling. MTS assay is the method of choice for cytotoxicity assay as it is widely is 

used method in determining toxicity of the product [1]. This assay measures cells viability based on the activity 

of mitochondria of living cells that reduce yellow tetrazolium salt MTT to solubilized formazan crystals [16].  

This study demonstrated dose dependent cytotoxicity of the ethanol extract of C.roseus when screened on Jurkat 

cells where with increase concentration of the extract, there is a decrease in cell proliferation as the extract 

significantly inhibited the growth of Jurkat cells (p<0.001) as the dose increased. The IC50 value of C.roseus 
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ethanol extract and vincristine treated cells were 7.02µg/ml and 0.11µg/ml respectively after 72 hours of 

incubation. This result is parallel with by previous study [14], where the extract is significantly inhibited the 

proliferation of Jurkat cells in dose and time-dependent manner. In addition, the HPLC result may suggest that 

the compounds detected may contribute to the inhibition of proliferation of Jurkat cells. However, vincristine 

was chosen as positive control because it is most extensively investigated drugs of alkaloids derived from 

C.roseus to treat leukemia instead of vinblastine. This finding may conclude that the extract has the effects on 

cancer cells used in this study and required a low dosage to inhibit the proliferation of cancer cell. 

 

3. One Dimensional Gel Electophoresis: 

 The formation of protein bands were detected by SDS-PAGE at molecular weight of about 20kD to 250kD 

(Figure 5). SDS-PAGE electrophoretic patterns were observed to exhibit number of bands produced for 

vincristine treated cells and Catharanthus roseus treated cells were 28 and 32 bands respectively. Otherwise, for 

untreated cells, 35 bands were observed. From the analysis, we can detect that there are changes in the protein 

profile after we treat with the extract and vincristine as compared to the untreated cells. 

 

 
 

Fig. 5: Protein profile of SDS-PAGE. 

 

 The proteome profile obtained showed that ethanol extract of C.roseus caused significant changes after 

treated on 1D and 2D profile of Jurkat cell lines as have been shown in Figure 5, Figure 6 and Table 1. 

Differential protein expression may result from regulation of many proteins simultaneously as proteins generally 

functions in groups in many biological pathways [4]. The use of 1D SDS-PAGE can ease the running time and 

running condition of the sample as several samples of protein can be run concurrently in the same gel where 

direct comparison of protein profiles can be done efficaciously [9]. Based on the investigations, it can be 

concluded that the technique used in this study has been able to show variation in protein level between the 

treated and untreated cells. This investigation supports that the changes of protein expression by using 

proteomic technology may played important role that will contribute to the understanding of protein changes of 

cells treated with specimen under investigation. An understanding of the proteome would give us a systematic 

overview of the actual biological processes which occur in the biological systems [3]. 

 

Conclusions: 

 This study demonstrated that this extract displayed promising anticancer activities in Jurkat cell lines as has 

been shown in the protein profile of cells treated with the extract. The results can be a stepping stones to 

advance proteomic study which is the identification of the protein to determine amino acid sequence by using 

mass spectrometry. 
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