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ABSTRACT 9 
Aim: The present investigation was aimed at assessing the antiproliferative and apoptotic potential of the 10 
hydroalcoholic extract of X. strumarium on HeLa cell line.  11 
Study design: Antitumour activity of Xanthium strumarium was checked by testing against cultured HeLa 12 
cells. 13 
Place and duration of the study: Department of Zoology BMTC and Human Genetics, University School 14 
of Sciences,  Gujarat University,Ahmedabad, Gujarat, India between January 2012 and October 2012. 15 
Materials and Methods: Antiproliferative activity was evaluated by MTT assay in a dose and time 16 
dependant manner after treatment with the Xanthium extract. Trypan blue viability assay was also 17 
performed. Apoptosis induction in the cells post treatment was determined by DNA fragmentation assay 18 
by diphenylamine method, Agarose gel electrophoresis and Acridine orange / Ethidium bromide dual 19 
staining. The results were compared to that of untreated cells. Effect of treatment on HeLa cellular protein 20 
level was determined by colourimetric assay. Also, the proteins were isolated and analyzed on 21 
polyacrylamide gel. 22 
Results: The extracts inhibited growth and proliferation of HeLa cells through induced cell death, which 23 

was dose and time dependant. The IC50 value was found to be 34.64 µg/ml after 48 hours of treatment. 24 
The induction of DNA fragmentation and the increase in number of apoptotic cells post treatment suggest 25 
the possibility of apoptosis induction. A significant decrease in protein level was also observed. 26 
Conclusion: Although further study of the chemotherapeutic effect of this plant is required, the results 27 
raise the possibility that the extract of Xanthium strumarium is a potent chemotherapeutic agent for 28 
treatment of various cancers.  29 
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1. INTRODUCTION: 34 
Cancer refers to a diversity of diseases characterized by the uncontrolled proliferation of cells into a 35 
different form against the normal complement of the organism [1]. The incidence of cancer is increasing 36 
worldwide and it is the single most common cause of death in both developed and developing countries. 37 
In 2008 approximately 12.7 million cancers were diagnosed and 7.6 million people died of cancer 38 
worldwide [2]. Cancers as a group account for approximately 13% of all deaths each year [3]. In India, 39 
around 5,55,000 people died of cancer in 2010, according to estimates published in The Lancet today [4]. 40 
Treatment options for cancer majorly include surgery, chemotherapy and radiation therapy which have 41 
their own limitations and side effects. Approximately five decades of systemic drug discovery and 42 
development have established a respectable armamentarium of useful chemotherapeutic agents [5, 6] as 43 
well as a number of important successes in the treatment and management of human cancer [7]. 44 
Nevertheless, the need for more effective antineoplastic agents remains. The most common tumors of the 45 
adult are resistant to available antineoplastic drugs [8, 5] and the majority of these agents have only 46 
limited anti-solid tumor activity [5, 6]. Furthermore, these agents have little impact on survival rates 8. As 47 
the conventional cancer therapies fail to completely fulfill the criteria for a successful cancer therapy due 48 
to certain limitations and side effects, the use of naturally developed anticancer agents has evolved as an 49 
alternative safe, low-cost and convenient one. Since extracts prepared from the whole plant or its part(s) 50 
are non-toxic to humans, scientists have devised a novel strategy to utilize it by fortifying with an 51 
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optimized amount of the purified bioactive agent(s) for a selective chemosensitization of the tumor cells. 52 
Hence, such non-toxic chemoprevention agents from natural resources are being studied by researchers 53 
for this purpose. Natural compounds have the capacity to prevent, inhibit or reverse carcinogenesis or 54 
prevent the development of invasive cancer with limited side effects. Hence, thousands of herbal and 55 
traditional compounds are being screened worldwide to validate their use as anti-cancer drugs. Our aim 56 
was to develop new and cost effective drugs against cancer. Taking this into consideration, we have 57 
selected plant Xanthium strumarium in our study. It has been used priorly as a cure for leucoderma, 58 
biliousness, epilepsy, salivation, fever and poisonous bites of insects. The plant of Xanthium yields 59 
xanthinin which acts as a plant growth regulator [9]. There have been reports of in vivo Antitumour activity 60 
of the plant in transplantable tumors in mice [10]. 61 

 62 

 63 

2. MATERIALS AND METHODS 64 

2.1. Plant extract 65 
Fruits of Xanthium were collected washed and shade dried under ambient temperature. After complete 66 
drying the plants were sliced and ground using a steel blender. 50 gm defatted plant material was 67 
capsulated in filter paper and kept in the thimble, 500 ml solvent (water : methanol) (70 : 30) was added 68 

into the flask and continuous extraction was carried out in the soxhlet apparatus for 72 hours at 60-70° C 69 

till the colour in the siphon became colourless. The extract was dried at 60° C under fumehood. The yield 70 

collected after drying was weighed and kept at 4°C until further use, as the hydroalcoholic extract. 71 
The plant extracts for dosing were prepared with the concentrations 1 mg/ml in the media with 5% DMSO 72 
and used further with various dilutions. 73 
 74 

2.2. Cancer cell culture 75 

For cancer cell culture, HeLa cervix cell line was obtained from National Centre for Cell Science (NCCS), 76 
Pune. Cells were cultured in Minimum essential medium (MEM) with 10% fetal bovine serum and 77 
antibiotic antimycotic solution. All these supplements were procured from Hi-Media Laboratories. Cell 78 

cultures were maintained in a low temperature incubator at 37°C. All the assays were carried out in the 79 
growth phase of the cells. For all the assays a definite number of cells i.e. 2 x 10

6
/ ml were used. 80 

 81 

2.3. MTT Assay 82 
The effect of the extracts on cell growth (metabolically active cells) was determined by the MTT [3-(4,5-83 
dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide] assay as described by modified method of 84 
Mosmann (1983)[11].

 
The cells were seeded in the 96 well plate and treated with plant extract with the 85 

concentrations 50 µg/ml, 25 µg/ml, 12.5 µg/ml respectively for 24, 48 and 72 hours for initial screening. 86 
0.5% (v/v) MTT was added to the culture medium at the end of incubation period (at each interval). The 87 
cells were incubated for a further 2 h at 37°C. The yellow MTT dye is reduced by succinic dehydrogenase 88 
in the mitochondria of viable cells to purple formazan crystals, which are then solubilised in DMSO. The 89 
absorbance was read at 540 nm against a DMSO blank. Cell numbers per well were extrapolated from 90 
calibration curves for individual cell lines. The percentage cell viability per well was calculated as follows: 91 
 92 

Corrected mean Absorbance of sample 
% Inhibition 100 – 100

Corrected mean Absorbance of control
= ×  93 

 94 
Three independent assays in triplicate were done, and percentage of growth inhibition was calculated. 95 
 96 
 97 

2.4. Cell viability assay (Trypan blue dye exclusion assay): 98 
Cells were seeded in the 24 well plates. Sterility was maintained throughout the procedure. The plant 99 
extract was added with the concentrations 12.5 µg/ml, 25 µg/ml and 50 µg/ml respectively for 24, 48 and 100 
72 hours to check the effect of doses on the viability of the cells. A cell suspension was made in a fixed 101 
volume of cells (2 x 10

6
 cells/ ml). At each time interval the cells were trypsinized and removed from the 102 

well. Trypsin was removed by centrifugation and cells suspended in the fresh growth media. In the 103 

UNDER PEER REVIEW



microfuge tubes, a fixed concentration of cell suspension was taken and mixed with an equal volume of 104 
trypan blue solution, and was mixed well using a pipette. Then it was transferred to a hemocytometer and 105 
the clear cells were counted as live and blue stained cells were considered as dead. After staining with 106 
trypan blue solution, counting was commenced within 5 minutes. Percent viability was calculated using 107 
formula: 108 
 109 

Live cell count
% Viability 100

Total cellcount
= ×  110 

 111 
Three independent assays in triplicate were done. The viability is depicted as mean percentage here. 112 
 113 
 114 

2.5. DNA fragmentation Assay (Diphenyl Amine Assay): 115 
DNA fragmentation as an index of percentage apoptosis was measured spectrophotometrically by 116 
Diphenyl Amine (DPA) method [12]. As IC50 value was obtained after 48 hours incubation, this dose and 117 
time interval is considered further. 2 x 10 

6
 cells/ ml cells were taken and treated with extract for 48 hours. 118 

Cells were then harvested by trypsinization in centrifuge tubes and centrifuged. Supernatant was 119 
discarded and Phosphate Buffered Saline (PBS) was added to the cell pellets and again centrifuged. 120 
Supernatants were taken in separate tubes labeled S and the pellet was suspended in Tris Triton EDTA 121 

(TTE) buffer and centrifuged at 20,000 rpm for 10 min at 4° C. The supernatant was transferred in new 122 
tubes labeled T. Pellets obtained again were suspended in TTE and the tubes were labeled B. 25% TCA 123 

was added to the tubes and tubes were vortexed vigorously. Tubes were kept overnight at 4° C. Next day 124 

tubes were again centrifuged all at 20,000 rpm for 10 minutes at 4° C. The supernatant was discarded 125 

and the pellet was hydrolyzed by adding 5% TCA and the tubes were kept at 90° C in a boiling water bath 126 
for 15 minutes. Freshly prepared Diphenyl Amine (DPA) was added to the tubes and they were kept 127 

overnight at 37° C. Absorbance of the solution was read at 600 nm in an ELISA reader and the 128 
percentage of DNA fragmentation was calculated by the formula: 129 
 130 

S T
% of fragmented DNA 100

S T B

+
= ×

+ +
 131 

 132 
Three independent assays in triplicate were done and the values are depicted as mean percentage of 133 
fragmentation here. 134 
 135 

2.6. Agarose Gel Electrophoresis: 136 

DNA fragmentation was assessed by electrophoresis of extracted genomic DNA from HeLa cells as 137 
described by Muller et al. (1996) [13] with slight modifications. Briefly, 2 × 10

6
 cells were incubated with 138 

the extract at its IC50 concentration at 48 hours and washed with PBS containing 10 mM EDTA. The pellet 139 
was lysed in lysis buffer containing NaCl, EDTA, Tris-HCl, Triton X-100, SDS), and incubated at 37

o
 C for 140 

90 min followed by 1 hr incubation with proteinase-K at 50
o 

C. DNA was extracted with phenol: 141 
chloroform: isoamyl alcohol for 1 min and centrifuged at 12000 rpm for 3 min. The aqueous phase was 142 
further extracted with chloroform and centrifuged. DNA was precipitated from aqueous phase with 3 143 
volumes of chilled alcohol containing 0.3 M sodium acetate. The precipitate was centrifuged at 12000 rpm 144 
for 3 min. DNA pellet was washed with 70% alcohol, dried, dissolved in TE buffer and electrophoresed. 145 
 146 
 147 

2.7. Acridine orange/ Ethidium Bromide double staining: 148 
25 µl of cell suspension (2.0 × 10

6
 cells/ml) after treatment with the extract at 48 hours with 149 

concentrations 12.5 µg/ml, 25 µg/ml and 50 µg/ml was incubated with 1 µl of Acridine Orange/Ethidium 150 
Bromide solution and was mixed gently. Each sample was mixed just prior to microscopy and 151 
quantification. Samples were evaluated immediately [14]. 10 µl of cell suspension was placed onto a 152 
microscopic slide and covered with a glass coverslip, and examined in a fluorescence microscope using a 153 
fluorescein filter and a 10 X objective. At least 300 total cells were examined for each experiment. 154 
Apoptotic cell percentage was calculated as follows 155 
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 156 

Apoptotic cell count
% Apoptotic cell 100

Total cell count
= ×  157 

 158 
Three independent assays were done and the values are depicted as mean percentage of apoptotic cells 159 
here. 160 
 161 

2.8. Protein Estimation 162 

For protein estimation, cells after dosing with previously mentioned concentrations (12.5 µg/ml, 25 µg/ml, 163 
50 µg/ml) of the extract for 48 hours, were then removed with the help of cell scraper and washed with 164 

PBS twice. PBS was discarded and cells were suspended in 500 µl RIPA Buffer and kept on ice for 20 165 

minutes. Cells centrifuged for 15 minutes at 14000 rpm at 4°C. The supernatant was taken into another 166 
tube for further analysis [15, 16]. 167 
 168 
The concentration of proteins was determined by Lowry’s method [17] using the Folin-Ciocalteau reagent, 169 
with crystalline Bovine Serum Albumin as the standard. 170 
 171 

Three independent assays in triplicate were done and Protein levels were expressed as µg / 2 x 172 
10

6
 cells. 173 

 174 

2.9. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS PAGE): 175 

Slab gel electrophoresis was performed for protein separation [18]. Cells were treated with the extract at 176 
IC50 concentration for 48 hours and protein was extracted from the cells by the above mentioned protocol. 177 
The protein sample was prepared by mixing sample obtained, with sample buffer containing glycerol, 178 

SDS, Bromophenol blue dye, Tris-Cl  and β- Mercapto ethanol. Samples were loaded the wells after the 179 
polymerization of gel and were run on the electrophoresis unit. The gels were fixed and then stained 180 
0.25% Coomassie brilliant Blue. After overnight staining, the gels were destained and then photographed 181 
and analyzed. 182 
 183 

2.10.  Statistical analysis 184 

Each parameter was performed in triplicate and the results were expressed as Mean ± Standard Error 185 
(S.E.). The data was the statistically analyzed by Students‘t’ test and values of P< 0.05 were considered 186 
statistically significant. In all the parameters, resultant effects of treated cells were compared with 187 
untreated control cells.  188 
 189 

3. RESULTS  190 

3.1. Proliferation Assay 191 
HeLa cells were grown in 96 well plates for 24, 48 and 72 hours with different concentrations (12.5– 50 192 

µg/ml) of crude plant extract. The formazan crystals were formed, following the reduction of MTT by 193 
metabolically active (Viable) cells. The percentage decrease of growth proliferation after treatment with 194 
the Xanthium extract is given in Figure 1 compared with control as baseline. The IC50 value was 195 
calculated by plotting the graph of concentration against % inhibition in Microsoft Excel (2003) and was 196 

found to be 34.64 µg/ml at 48 hours. There was a significant increase in percentage of inhibition of growth 197 
proliferation with increase in the dose and time duration as compared to untreated control cells (p < 198 
0.001).  199 
 200 
 201 
 202 
 203 
 204 
 205 
 206 
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 207 

Figure 1. Showing the effect of Xanthium strumarium extract on the percentage decrease of 208 
growth proliferation in HeLa cells.  209 
Values are mean ± S.E.M for three individual experiments. Values are % of growth inhibition. ***= p <0.001 210 
 211 
 212 

3.2. Viability Assay 213 

The viability assay conducted by Trypan blue dye exclusion method showed that there was a decrease in 214 
viability with increase in time duration and concentration in the extract treated HeLa cells as compared to 215 

untreated control cells (Figure 2). Highly significant decrease in viability was seen at high dose (50 µg/ml) 216 
of the extract (p < 0.001).  217 
 218 
 219 

 220 

 221 

Figure 2. Showing the effect of Xanthium strumarium extract on the percentage viability of HeLa 222 
cells.  223 
Values are mean ± S.E.M for three individual experiments. Values are % viability of cells.***= p <0.001 224 
 225 
 226 
 227 
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3.3. DNA fragmentation 228 
DNA fragmentation was determined to measure a late event in cellular apoptosis at 48 hours with the 229 

concentration 34.64 µg/ml (IC50 dose). Proliferating HeLa (untreated control) cells showed no signs of 230 
strand breaks, whereas growth-arrested cells were positive. The extracts induced significant increase in 231 
DNA strand breaks (Figure 3).  232 
 233 

 234 

Figure 3. Showing the percentage of DNA fragmentation caused by Xanthium strumarium extract 235 
in HeLa cells.  236 
Values are mean ± S.E.M for three individual experiments. Values are % of DNA fragmentation. ***= p <0.001 237 
 238 
 239 

3.4. Agarose-gel electrophoresis  240 

Cleavage of chromosomal DNA into oligonucleosomal size fragments is an integral part of apoptosis. 241 
Shearing of DNA was observed in treated cells. Untreated cells did not show fragmentation and a single 242 
clear band was observed on the agarose gel. When compared with a marker, a band was observed in all 243 
the lanes of treated just below 250 bp regions, which suggests that band might be of approximately 180-244 
200 bp fragments (Figure 4).  245 
 246 
 247 
 248 
 249 
 250 
 251 
 252 
 253 
 254 
 255 
 256 
 257 
 258 
 259 
 260 
 261 
 262 
 263 
 264 
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 266 

Figure 4. Showing DNA pattern of treated and untreated HeLa cells at 48 hours after dosing, along 267 
with marker on Agarose gel electrophoresis.  268 
Lane 1 – Showing effect of Xanthium strumarium at IC50 concentrations on HeLa cell DNA,  Lane 2 – Untreated 269 
control HeLa cell DNA, Lane 3 – DNA Marker 270 
 271 

3.5. Acridine Orange/ Ethidium Bromide double staining: 272 

When stained with acridine orange and ethidium bromide dual stain, the live cells took up green colour, 273 
and the necrotic or dead cells took orange red colour (Figure 6). The apoptotic cells were seen as 274 
yellowish orange with signs of fragmented nuclei. The results obtained depicted that there was a 275 
significant increase (p <0.001) in number of apoptotic cells with increase in time duration (Figure 5).  276 
 277 

 278 

Figure 5. Showing the percentage of apoptotic cells after treatment with Xanthium strumarium 279 
extract compared with untreated control HeLa cells.  280 
Values are mean ± S.E.M for three individual experiments. Values are % of Apoptotic cells.  ***= p <0.001 281 

→ 
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A. 

↑ 

                 B.   282 
                  283 

Figure 6. Showing live, apoptotic and necrotic cells with Acridine orange and Ethidium Bromide 284 
double staining.  285 
Green cells seen are live cells. Orange arrow shows apoptotic cells and white arrow shows necrotic cell.  A. Showing 286 
untreated control cells. B. Showing cells treated with 34.64 µg/ml (IC50 dose concentration) Xanthium extract 287 
concentration for 48 hours.  288 
 289 
 290 

3.6. Protein estimation 291 

Cells treated with the extracts showed a significant decrease in the protein levels as compared to 292 
untreated control HeLa cells (Figure 7).  293 
 294 
 295 

 296 

Figure 7. Showing alterations in levels of total proteins after treatment with Xanthium strumarium 297 
extract compared with untreated control HeLa cells.  298 
Values are mean ± S.E.M for three individual experiments. Values are µg / 2 x10

6 
cells. ***= p <0.001 299 

 300 
 301 
 302 
 303 
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3.7. SDS PAGE 304 
The results of SDS PAGE had shown clear dark bands of proteins having an approximate molecular 305 
weight of 42 kDa, 51 kDa, 70 kDa and 124 kDa and three faint bands between 124 kDa and 315 kDa in 306 
the control HeLa cells. A prominent band of approximate molecular weight of 70 kDa and a faint band of 307 
approximate molecular weight 51 kDa were observed in the gel pattern after cells were treated with IC50 308 
concentration for 48 hours with the extract of Xanthium (Figure 8). 309 
 310 
1        2        3 311 

 312 

Figure 8. Showing separated protein pattern of treated and untreated HeLa cells at 48 hours after 313 
dosing, along with marker on Polyacrylamide gel electrophoresis.  314 
Lane 1 – Showing effect of Xanthium strumarium at IC50 concentrations on HeLa cell protein, Lane 2 –Untreated 315 
control HeLa cell protein  and Lane 3– Protein Marker. 316 

 317 
 318 

4. DISCUSSION 319 

Plants by virtue of their wide use in traditional medicine and less toxic implications have been drawing the 320 
attention of researchers around the world in the recent past.  Control of cell cycle progression in cancer 321 
cells is considered to be a potentially effective strategy for the control of tumor growth [19-20]

 
as the 322 

molecular analysis of human cancers have revealed that cell cycle regulators are frequently mutated in 323 
most common malignancies [21-22]. Our in vitro data indicated that treatment of HeLa cells with 324 
Xanthium extract resulted in significant inhibition in proliferation of the HeLa cells. Theoretically, any 325 
reduction in the number of metabolically active proliferating cells might mean that the proliferation 326 
pathway itself was halted (cell cycle arrest), or that a fraction of the cells went through a death pathway. 327 
Therefore, a viability test was necessary to determine which of these two options may play a role in this 328 
study. The trypan blue dye exclusion test was used to determine the plant extract-mediated cell death. 329 
The unstained cells (viable) and the blue stained (dead) were counted separately, and the percent cell 330 
viability was calculated as previously described with the same cell-extract combinations as in the 331 
proliferation assay. The percent viability of normally grown cells from the same types was determined for 332 
comparison with extract-treated cells and time and concentration dependant reduction in viability was 333 
observed. The results obtained could be correlated with MTT assay. These compatible results suggest 334 
that reduction in the metabolically active HeLa cells in consequence to Xanthium strumarium extract 335 
treatment is due to cell death.  336 

One of the goals of anticancer potential of any drug/extract is the induction of apoptosis in cancer 337 
cells [23]. Apoptosis or programmed cell death is one of the most important targets for cancer treatment 338 
comprising chemotherapy as well as chemoprevention. Deficiencies in the apoptotic pathways may lead 339 
to chemoresistance. It is characterized by DNA fragmentation, alteration in membrane symmetry and 340 
various morphological changes which lead to activation of cascade of caspases [24]. Chromosomal DNA 341 
and mitochondrial dysfunctions play a role on mammalian cell death. The major biochemical dysfunction 342 
of chromosome is the presence of an ordered cleavage of the DNA backbone. Mammalian cell death can 343 
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be induced through chromosomal DNA damage by oxidative stresses such as induced by anticancer 344 
drugs and various DNA adduct inducing substances [25]. DNA fragmentation was determined by the 345 
diphenylamine method to measure a late event in cellular apoptosis. Proliferating HeLa cells that is 346 
control cells showed very less signs of strand breaks, whereas growth-arrested treated cells were positive 347 
and showed higher percentage of DNA fragmentation. When the cells were treated with the IC50 348 
concentration of the extracts and the DNA was isolated, DNA fragments were observed on agarose gel. 349 
Ladder like pattern was observed comprising of large high molecular weight fragments, and when 350 
compared with a marker, a band of approximately 180-200 bp was observed giving rise to the possibility 351 
of digestion of genomic DNA by an endonuclease into oligonucleosomal size fragments, generating a 352 
ladder of small fragments of double-stranded DNA. Once the cells have fragmented their DNA they are 353 
committed to die and cannot be rescued by removal of the apoptotic signal. There have been reports of 354 
various fractions of Nigella sativa (methanolic, n-hexane and chloroform) inducing apoptosis on HeLa 355 
cells resulting in DNA fragmentation in a similar fashion [26]. When the cells were stained with Acridine 356 
Orange and Ethidium Bromide, it was observed that live cells showed bright green colour whereas, green 357 
or orange-red nuclei with condensed chromatin/fragmented DNA indicates apoptotic cells. And bright red 358 
necrotic cells were observed. Percentage of apoptotic cells was counted and the results indicate increase 359 
in apoptotic cells.  Apoptotic cells were seen more in number and only few necrotic cells were observed. 360 
Hence, it can be concluded that the extract induced apoptosis, but not necrosis, in HeLa cancer cells. It 361 
may be established that the extract might be inducing DNA breaks by cleavage of poly (ADP-ribose) 362 
polymerase (PARP) which in turn might have activated caspases such as –9,–8, and –3 and this action in 363 
directly induced apoptosis resulting in DNA Fragmentation [27]. The results from protein estimations 364 
showed the significant decrease of protein levels due to effect of the extracts. When the cells were 365 
treated with extracts at their IC50 concentrations, it was evident that there was a drastic loss of some 366 
proteins as seen on the polyacrylamide gel which might have been damaged due to effect of the 367 
Xanthium extract. 368 
 369 

5. CONCLUSION 370 
The findings of our present investigation indicate that the Hydroalcoholic extract of the plant Xanthium 371 
strumarium showed positive anticarcinogenic effect against HeLa cancer cell line leading to inhibition of 372 
proliferation and the loss of viability, which might be the result of induction of apoptosis via signaling of 373 
caspase activation mechanism. Though further role of the extract and its exact mechanism of action 374 
remains to be explored, it can be suggested that Xanthium strumarium extract can be considered as a 375 
possible therapeutic agent against human carcinomas. 376 
 377 
 378 
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