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rhizophoroides, two endemic species widely used in 

traditional medicine in Madagascar 
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Abstract 
Smilax kraussiana and Anthocleista rhizophoroides are endemic plant species widely distributed in 
Madagascar and are used as herbal remedies. But their cytotoxicity has never been investigated. We 
evaluated the cytoxicity of extracts from these species on normal, cervical and skin cancer cell lines. The 
cell panel analyzed consisted of cervical cancer cell lines (HeLa cells containing the HPV18, SiHa cells 
carrying the HPV16), Human fibroblast cell (CCL-110), and mouse normal fibroblast cell (NIH3T3). 
Transformed NIH3T3 carrying oncogenes E6 and E7 were developed. Taxol was used as reference drug. 
Effects of plant extracts at different dosages and Taxol were analyzed using microscope observations, try 
pan blue test, and conventional MTT assay. The cytotoxicity activity was inferred by the presence of cell 
membrane blebbingin the cells treated with plant extracts compared to controls. These characteristics 
were different from observations made for Taxol that generated trypsinized-like rounded cells. The 
extracts from S. kraussiana (1.1 mg/kg) and A. rhizophoroides (1.2 mg/kg) exhibited higher cytotoxicity 
properties on both normal and cancer cell lines from fibroblast and cervix. Their effect was comparable 
to that of the reference drug Taxol used at low dose. Insertion of E6 and E7 oncogenes in normal 
fibroblast cells increases their resistance to low dose of plant extracts. All the assays showed dose-
dependent responses for the cell lines tested. The extracts in the present study like many others currently 
used in traditional medicine show general toxicity due to a lack of specificity for cancer cells. This 
prevents their consideration for clinical trials. 
 
Keywords: Cytotoxicity; Smilax kraussiana, Anthocleista rhizophoroides; cervical cancer and fibroblast 
cell lines 
 
1. Introduction 
Cervical cancer is the second most common cancer in women worldwide, with about 500 000 
new cases and 250 000 deaths each year [1]. In Madagascar, since the early 90s, it has become 
a major health issue and one of the principal causes of death among women between 15 and 44 
years old representing the population at risk [2]. The main causes and risk factors for cervical 
cancer have been well characterized. They include the human papillomavirus (HPV) infection, 
having many sexual partners, smoking, taking birth control pills, and engaging in early sexual 
contact [1, 3, 4]. HPV infection may also cause cervical dysplasia. In general, cervical cancer in 
its early or precancerous stages does not cause any symptoms at all and it is often undetected 
until it has reached advanced stages. These cancerous cells could be completely removed or 
cured if detected at early stage of development [5, 6].  
Typical treatment includes targeting the tumor with ionizing radiation, surgical removal of 
tumor tissue, and chemotherapy [5]. These methods are expensive and cause severe systemic 
side effects [5]. For this reason, recent research has focused on the search for alternative drugs 
extracted from plant-based sources. The use of alternative medicines, especially when 
combined with conventional cancer treatments, can minimize many of the side effects [7–9]. 
Since these drugs are primarily extracts of naturally occurring flora, their bioavailability can 
strengthen the immune system and sometimes enhances the uptake of conventional drugs [10]. 
Medicinal plants have been of paramount importance in the treatment of many diseases in 
different parts of the world, owing to the challenges confronting the appropriate delivery of 
official health care to millions of people in remote and rural communities [11–13]. The World 
Health Organization (WHO) has called for the identification, sensible exploitation, scientific 
development and appropriate use of herbal medicines which provide safe and effective 
remedies in therapies.  
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This is based on the inherent value of herbal remedies to 
primary care and the fact that over three quarters of the 
world’s population rely on plants for medical care [12, 14–16]. 
Hence, therapeutic evaluations are critical in drug 
development [17].  
Toxicity of herbal plants has been reported in many studies 
[18–25]. But studies comparing effects of natural products on 
normal and cancer cells are limited. Smilax kraussiana and 
Anthocleista rhizophoroides are endemic plant species widely 
distributed in Madagascar. An ethnobotanical surveythat we 
conducted among traditional healers in Madagascar revealed 
that these two species are traditionally used as herbal 
remedies to treat cancer and venereal diseases. 
The main objectives of the present study is to determine the 
cytoxicity of Smilax kraussiana and Anthocleista 
rhizophoroides extracts on normal, cervical and skincancer 
cell lines. 
 
2. Materials and methods: 
2.1. Preparation of ethanolic extracts from Smilax 

kraussiana and Anthocleista rhizophoroides 
Smilax kraussiana leaves and Anthocleista rhizophoroides 
roots were collected from Antsirabeand Manjakandrianaareas 
(Madagascar), respectively. The plants were dried at room 
temperature in a ventilated area protected from light for better 
preservation. Ethanol extracts of each plant sample were 
prepared as follows: 100 g of dried plants were soaked in 250 
ml of 70 % ethanol for 3 days at room temperature. The 
mixtures were then filtered through Whatman No. 1 filter 
paper to remove particulate matters. The filtrates were 
evaporated under reduced pressure at 24°C using a rotary 
evaporator that produced gummy concentrates of ethanol 
extracts. 
Dried extracts were dissolved in DMSO to prepare a stock 
solution with a concentration of100mg of dry matter/ml of 
DMSO. They were diluted directly in cell culture media and 
tested on the cancer cell lines at concentration ranging from 
0.7 to 1.2 mg/mL. DMSO without plant extracts was used as 
negative control. Taxol or paclitaxel, one of the most 
conventional products widely prescribed for cancer treatment 
was used as a reference compound in measuring the efficacy 
of the plant extracts. 
 
2.2. Cell Lines 
Two human cervical cancer cell lines (HeLa and SiHa), 
Human fibroblast cell (CCL-110), and mouse normal 
fibroblast cell (NIH3T3) were used for this study. These cell 
lines were purchased from ATCC (Rockville, MD, USA). 
Transformed cell lines obtained by transfection of NIH3T3 
and CCL-110 were also included in this study. The cells were 
cultured and grown at 37°C and 5% CO2 in sterile DMEM 
medium with 10% fetal bovine serum, after the addition of 
1% of penicillin-streptomycin. Cells were grown in standard 
tissue culture flasks and were passaged with a solution of 
0.25% trypsin-EDTA upon reaching 80% confluence.  
 
2.3. Construction of recombinant DNA and transfection 
The goal was to construct a recombinant eukaryotic 
expression plasmid pCDNA3 containing the E6 and E7 viral 
oncogenes that can be expressed in mouse fibroblast NIH3T3 
cells and human skin fibroblast CCL-110 cells. Therefore 
DNA extraction was performed from Hela and SiHa cells by 
using the QIAamp kit provided by Qiagen. A dynamic 
template PCR technique was used to amplify and to 
synthesize the sequence of interest. The PCR program 
included pre-denaturation at 95°C for 5 minutes, 30 

amplification cycles each consisting of denaturation at 94°C 
for 30 seconds, annealing at 55°C for 60 seconds, and 
extension at 72°C for 50 seconds; followed by further 
extension at 72°C for 5 minutes [26]. A Kozak sequence 
GCCACC was inserted at the 5’ end of E6 and E7 before the 
ATG start codon [27]. A BamH1 restriction site was set up just 
before the Kozak sequence of E6and an EcoR1 restriction site 
was inserted after the E7 stop codon. The plasmid vector 
pCDNA3 was digested by EcoR1 and BamH1. The digested 
products were checked on a 1.5% agarose gel electrophoresis 
and ligated with the previous nucleotide to form the 
recombinant DNA. The recombinant plasmid vector pCDNA3 
was amplified in Escherichia coliHB101 and DH5 alpha 
competent cells and then extracted by a DNA purification 
system (Promega) according to the manufacturer’s 
instructions. NIH3T3 and CCL-110 cells at 60-80% 
confluency were transfected with pCDNA3 recombinant 
using phosphate-calcium transfection technique [28]. After 6-
hours exposure, the normal culture medium, Dulbecco's 
Modified Eagle Media (DMEM), supplemented with 10% 
fetal bovine serum (Gibco, USA) was added into cells. Forty 
eight hours later, cells were exposed to 450 and 500 µg/mL 
G418 (Gibco, USA) for three days for each concentration. 
After 18 days of selection, G418-resistant clones were 
randomly picked up, and cultured in new flasks. Thus, only 
transfected cells from single clones that were stable were 
selected for the toxicity assays [29]. For this step, NIH3T3 cells 
and CCL-110 cells that were transfected with pCDNA3.0 
were used as controls. The human fibroblast transformed 
CCL-110 cells were not included in future toxicity assays 
because of the lack of cell resistance (high mortality rate) 
after completion of transfection process.  
 
2.4. Measuring cytotoxicity 
Each of the cell lines (HeLa, SiHa, NIH3T3, CCL-110, 
transfected NIH3T3) underwent different treatments including 
DMSO, Taxol, Smilax kraussiana extracts at doses of 1.1 mg 
/ ml, 1 mg / ml and 0.7 mg / ml, Anthocleista rhizophoroides 
extracts at doses of 1.2 mg / ml, 1.1 mg / ml and 0.8 mg / ml. 
Three different methods were used to measure the effects of 
extracts on cell lines in culture. They include morphological 
analysis, cell counts, and MTT test.  
 
2.4.1. Morphological analysis 
Cytotoxicity test was conducted to check the extracts ability 
to kill cancerous cells. From the different cell lines, the 
normal media was removed and then 100uL of the medium 
containing the extract was added. After 24 hours of 
incubation, the culture was observed under microscope to 
identify any morphological change. Photographs were taken 
at 100x magnification. 
 
2.4.2. Trypan blue test/ Dye exclusion 
A cell suspension (approximatively 10,000 cells) was 
prepared for the trypan blue test. Clean hemocytometer slides 
and cover slips were used; 100 μl /well of cell suspensions 
were seeded in 96 well micro titer plates and incubated at 
37˚C. The medium wasthen removed from each well. Extract 
mixed with media was added to each well and allowed to 
incubate for 24 hours. The well content was then emptied and 
50 μlof trypan blue was added. This dye was then completely 
removed from the well after 30 sec and the stained well 
content was observed under microscope. The number of 
stained cells and the total number of cells were counted. 
Viable cells exclude trypan blue, while dead cells will uptake 
the dye and will stain blue. The experiment was performed in 
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triplicate. The following formula was used to calculate the 
concentration of viable cells per well: Cell concentration per 
ml = NT x 2500 x dilution factor (NT = total number of cells 
counted in the four outer perimeters). 
 
2.4.3. Cytotoxicity Analysis with MTT Assay 
The analysis was performed as described in Chan et al. [10] 

Cytotoxicity of the plant extracts on the cell lines was 
determined using the MTT Proliferation Assay kits from 
Invitrogen. Cells were seeded in 96-well flat bottom tissue 
culture plates at a density of approximately 5,000-
10,000 cells/well and allowed to attach for 24 hours at 37°C. 
They were then incubated with 100 μL of extracts at 
100 μg/mL for 24 hours to 120 hours. Control cultures 
received 100 μL of medium, and blank wells without cells 
contained 100 μL of medium. After treatment with plant 
extracts, the cells were grown for additional 24 hours in 
extract-free fresh medium. A volume of 10 μL of the MTT 
reagent was then added to each well, and the plate was 
incubated for 4 h at 37°C. The MTT crystals were then 
solubilized overnight with 100 μL of the MTT detergent 
reagent. Absorbance measurements were made at 570 nm 
using a Spectrophotometer. Cytotoxicity was expressed as the 
percentage of cells surviving relative to untreated cultures. 
The percentage of cell viability was calculated using the 
following formula: Percentage cell viability = (OD of the 
experiment samples/OD of the control) × 100 [30]. All MTT 
experiments were performed in triplicate and repeated twice. 
 
2.5. Statistical Analysis 
Cell survival data were analyzed using SPSS 20 for Windows, 
with all data being transformed using a log10 transformation to 
achieve a normal distribution. ANOVA, followed by Tukey’s 
HSD multiple comparison analysis, were performed to 
determine significant differences among treatments (P ≤ 
0.05). 
 
3. Results and Discussion 
The cell panel analyzed consisted of cervical cancer cell lines 
(HeLa cells containing the HPV18, SiHa cells carrying the 
HPV16), CCL-110 (Human fibroblast cell), and NIH3T3 

(mouse normal fibroblast cell). Previous research has shown 
that E6 and E7 oncoproteins involved in cervical cancer 
development are responsible for the deregulation of cellular 
control system, by suppressing their anti-proliferative 
response and engaging the cells into an unbridled growth [31, 

32]. Thereby the transforming property has been investigated 
by creating two new cell lines (transformed cells of NIH3T3 
mouse normal fibroblast cells and of CCL-110 human normal 
skin fibroblast cells) with E6 and E7 oncogenes using a 
Calcium-Phosphate transfection technique. Microscopic 
characteristics of normal NIH3T3 and transfected NIH3T3 are 
illustrated in figure 1. Effects on growth rate, morphology and 
viability of cells were analyzed using a range of approaches 
that include microscope observation, trypan blue test, and 
conventional MTT assay.  
 

 
 

Fig 1: Microscopic illustrations of a) NH3T3 normal cell lines and 
b) transfected NH3T3 cell lines 
 
3.1. Cell morphology 
Microscopic observation of cultures during the treatment 
period revealed that untreated cells were elongated in shape 
(Figure 2). 

 

 
 

Fig 2: Microscopic illustrations of a) normal Hela cells b) HeLa cells after 120 hours treatment with Smilax Kraussiana(1,1mg/ml) after 120 
hours; c) HeLa cells after 120 hours treatment with Taxol (10 nM); d) SiHa normal cells; e)SiHa cells after 120 hours treatment with 

Anthocleista rhizophoroides (1,2 mg/ml); f) SiHa cells after 120 hours treatment with Taxol (10 nM). 
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The cytotoxicity activity was inferred by the presence of cell 
membrane blebbing (transient detachment of the cell) in the 
cells treated with plant extracts compared to controls. Cells 
treated with extracts of plants at high dose shrunk in size and 
lost their cytoplasm. They were distorted by the mechanism of 
apoptosis or natural cell death and their overall morphology 
resembled cellular debris. Irregularly shaped, these cells were 
floating on the surface of culture media. These cell 
characteristics are different from observations made for Taxol 
that generated trypsinized rounded cells (Figure 2). 
Toxicity against cells can result in either apoptosis that 
characterizes a cellular program induced by phytochemicals 

that cause specific or nonspecific killing of cells[30]. Thus, 
quantitative measurements of proteins associated with this 
phenomenon as Bax, Bcl-2, Caspase-3 and PARP-1 may be 
carried out by immunoblot analysis. 
 
3.2. Cell counts 
The number of viable cells for a given cell line varies with 
different treatments. Tables 1 to 5show that the presence of 
DMSO in the culture medium does not significantly modify 
cell growth and proliferation 5 days after the treatment 
compared to the untreated cells.  

 
Table 1: Viable transfected HeLa cells per µl of suspension after extract treatments. 

 

    Smilax kraussiana Anthocleista rhizophoroides 
Days Non treated DMSO Taxol 1.1 mg/ml 1 ml/ml 0.7mg/ml 1.2mg/ml 1 mg/ml 0.8mg/ml 

0 1035a 1013a 998a 1026a 1020a 1021a 1033a 1029a 1014a

1 1224a 1203a 723b 755b 888b 1232a 782b 912ab 1295a 
2 1426a 1417a 452b 389b 724b 1475a 418b 771b 1430a 
3 1701a 1692a 201b 183b 586b 1624ac 223b 524b 1583a 
4 1954a 1923a 54b 64b 465b 1873a 101b 448b 1725a 
5 2112a 2129a 5b 2b 364c 1980ad 84b 387c 1757d 

Mean values with the same letter are not significantly different based on Tukey’s HSD multiple comparison test (P ≥ 0.05). 
 

Table 2: Viable SiHa cells per µl of suspension after extract treatments. 
 

    Smilax kraussiana Antholeistica rhizophoroides 
Days No treatment DMSO Taxol 1.1 mg/ml 1 mg/ml 0.7 mg/ml 1.2 mg/ml 1 mg/ml 0.8 mg/ml 

0 910a 895a 873a 915a 884a 896a 868a 875a 905a

1 1245a 1222a 557b 641bc 702c 1014c 614b 732c 1286a

2 1564a 1546a 340b 422eb 563c 1272d 548ec 575c 1492a 
3 1875a 1725b 115c 186c 402d 1417e 319d 402d 1723b 
4 2153a 1998ab 47c 48c 257d 1692e 124dc 365d 1886b 
5 2355a 2334a 13b 14b 184c 1800d 92bc 215c 2038e

Mean values with the same letter are not significantly different based on Tukey’s HSD multiple comparison test (P ≥ 0.05). 
 

Table 3: Viable normal NIH3T3 cells per µl of suspension after extract treatments. 
 

    Smilax kraussiana Antholeistica rhizophoroides 
Days No treatment DMSO Taxol 1,1 mg/ml 1 mg/ml 0,7 mg/ml 1,2 mg/ml 1 mg/ml 0,8 mg/ml 

0 752a 760a 810a 795a 780a 804a 820a 807a 824a

1 1086a 1187b 502c 441c 645df 737e 659f 719ef 916g

2 1402a 1492a 326b 318b 583c 721d 386b 572c 734d

3 1763a 1738a 154b 128b 357c 462d 143b 311c 769e

4 1994a 1989a 38b 12b 141b 506c 85b 146b 541c

5 2127a 2120a 0b 0b 32b 555c 0b 94b 632c

Mean values with the same letter are not significantly different based on Tukey’s HSD multiple comparison test (P ≥ 0.05). 
Table 4: Viable transfected CCL-10cells per µl of suspension after extract treatments. 

 

.    Smilax kraussiana Antholeistica rhizophoroides 
Days No treatment DMSO Taxol 1.1 mg/ml 1 mg/ml 0.7 mg/ml 1.2 mg/ml 1 mg/ml 0.8 mg/ml 

0 1020a 1008a 980a 994a 1001a 983a 991a 1013a 982a

1 1247a 1256a 687bc 623b 776c 1045d 654b 839c 1117d

2 1518a 1572a 416b 484bcd 539d 1259e 467bd 553cd 1375f

3 1721a 1783a 201b 312c 497d 1584e 354c 487d 1505f

4 1866a 1878a 45b 123c 245d 1668e 181f 326g 1726h

5 1995a 1996a 1b 46bc 187d 1752e 62c 204d 1884f

Mean values with the same letter are not significantly different based on Tukey’s HSD multiple comparison test (P ≥ 0.05). 
 

Table 5: Viable transfected NIH3T3 cells per µl of suspension after extract treatments. 
 

    Smilax kraussiana Antholeistica rhizophoroides 
Days No treatment DMSO Taxol 1.1 mg/ml 1 mg/ml 0.7 mg/ml 1.2 mg/ml 1 mg/ml 0.8 mg/ml 

0 529a 550a 558a 534a 532a 546a 553a 528a 557a

1 745a 837bf 386c 365c 427cd 763a 396ce 441de 790abf

2 996a 1018a 259b 242b 389c 932ad 275b 382c 884d

3 1279a 1322a 163b 157b 253c 1276a 164b 269c 1036d

4 1342a 1649a 47b 28b 125b 1431a 79b 183b 1352a

5 1763a 1884b 0c 0c 74d 1587e 25c 92d 1613e

Mean values with the same letter are not significantly different based on Tukey’s HSD multiple comparison test (P ≥ 0.05). 
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The effect of Taxol resembles that of 1.1 mg / ml of S. 
kraussiana leaf extracts and to some extend to 1.2 mg / ml of 
A. rhizophoroides root extracts after 5 days of treatment of the 
HeLa, SiHa, CC1-110, NIH3T3 fibroblast and transfected 
cells. There were no significant differences among the lowest 
dose of S. kraussiana and A. rhizophoroides plant extracts and 
the negative control (untreated and DMSO) cells from the 
first day (day 0) to 5 days after treatments. 
 
3.3. MTT assays 
The dose-dependent responses for all the cells tested are 
illustrated in figure 3. As expected, treatments with DMSO 
resulted in the highest level of viability for all the cell lines. 

The cell viability for the lowest dose of plant extracts varies 
between 80% and 100% with the exception of normal 
NIH3T3 cell line that showed a sensitivity to a low dose of 
plant extracts with a survival rate of less than 40% after 5 
days of treatments. Transfected NIH3T3 cells were resistant 
to low doses of plants extracts with a cell survival rate similar 
to that of HeLa, SiHa, and CCL-110 cells. Taxol produced the 
same high toxicity response as the 1.1 mg / ml of S. 
kraussiana and 1.2 mg / ml of A. rhizophoroides after 5 days 
of treatment for all the cells lines with survival rates of < 1%. 
The other doses (D2 and d2) showed also significant 
cytotoxicity and affected cell growth and survival at different 
degrees (Figure 3). 

 

 
 

Fig 3: Cell survival rates after five days of treatments in a MTT assay using extracts from Smilax kraussiana(D1, 1.1 mg/ml) (D2, 1 mg/ml)(D3, 
0.7 mg/ml) and Anthocleista rhizophoroides(d1, 1.2 mg/ml ) (d2, 1 mg/ml) (d3, 0.8mg/ml) on different cell lines; HeLa cells (A), SiHa cells (B), 
NIH3T3 cells (C), CCl-110 cells (D), Transfected NIH3T3 cells (E). Taxol-treated cells were used as positive control groups and DMSO-treated 

cells as negative control groups. 
 
Transfection of CCL-110 Human fibroblast cells with E6 and 
E7 resulted in severe cell toxicity and inhibition of cell 
proliferation. Hence, the transformed CCL-110 cell line was 
not included in the toxicity assays. 
The effect of extracts of transfected NIH3T3 cells is different 
from the normal NIH3T3 cells. The presence of oncogenes E6 
and E7 conferred resistance to this cell line. In fact the 
transformed and normal NIH3T3 were equally affected by the 
extracts at higher doses. But the lowest dose at each 
respective extract (0.7 mg / ml and 0.8 mg / ml) was 
ineffective against the rapid proliferation of transfected 
NIH3T3. In contrast, normal NIH3T3 cells remained sensitive 
even at the lowest dose. This demonstrates once again that 
these cells have acquired specific characteristics of cancer 
cells. It is interesting to note that the normal human fibroblast 
cells CCl-110 have a relatively high resistance compared to 
NIH3T3 cells. Indeed, the cell viability at 0.7 mg/ml for S. 
kraussiana and at 0.8 mg/ml for A. rhizophoroides was 100% 
for CCL-110 and < 40% for NIH3T3. The induction of 
resistance to low dose of plant extracts observed in toxicity 
assays involving NIH3T3 transfected with oncogenes E6 and 

E7 could be related to a phenomenon similar to that of cancer 
drug resistance. The most common reason for acquisition of 
resistance to anticancer drugs is expression of one or more 
energy-dependent transporters that detect and eject anticancer 
drugs from cells. Other known mechanisms of resistance that 
probably play an important role in acquired anticancer drug 
resistance include insensitivity to drug-induced apoptosis [33]. 
This is the most likely mechanism of resistance to the extracts 
at low doses. The activation of drug transporters is much less 
valid in this situation given the known effects of these viral 
oncogenes.  
The difference between cytotoxicity levels of the two plant 
extracts based on different essays performed may suggest that 
they contain different chemicals causing cell toxicity. 
Phytochemical analysis of S. kraussiana revealed the presence 
of glycosides, flavonoids, and anthraquinones [12]. Analysis of 
rhizome extracts from Smilax domingensis a, a relative of S. 
kraussiana, detected flavonoids, saponins, sequiterpene 
lactones, coumarins, and tannins [34]. Further, Petrica et al., [35] 

reported that quercetin-3-O-α-Lramnopyranoside (1-6)-O-β-
D-glucopyranoside, and quercetin- 3-O-β-D-
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galactopyranoside are the main flavoides in Smilax 
fluminensis leaves. Phytochemical study of Anthocleista 
djalonensis, a close relative of A. rhizophoroides revealed that 
these plant leaf extracts contains alkaloids, tannins, 
flavonoids, cardiac glycoside, and saponin [12, 36]. Several lab 
screening tests illustrated antibacterial and antifungal 
properties of these plant extracts [12, 36]. The present study 
showed for the first time the cytotoxicity effects of S. 
kraussiana (1.1 mg/mg) and A. rhizophoroides (1.2 mg /ml) 
on human normal and cancer cell lines.  
Taxol at concentration of 10 nMused in this study was as 
toxic as the high concentrations of S. kraussiana (1.1 mg/mg) 
and A. rhizophoroides (1.2 mg /ml). Cancerous and normal 
cells were equally sensitive to these three compounds five 
days after treatments. Taxol is a mitotic spindle poison 
extracted from the bark of Taxus brevifolia [37, 38]. It is widely 
used in the treatments of ovarian, breast, and lung cancer [38]. 
Taxol at low concentrations ranging from 10 to 50nM showed 
a cytotoxic effect against neoplastic cells but not normal 
fibroblasts cells [39]. Taxol decreases the critical concentration 
of microtubule protein required for microtubule assembly [40]. 
At low concentration, the principal effect of Taxol is 
suppression of microtubule dynamics without altering the 
polymer mass [40, 41]. Analysis of several studies revealed that 
the mitotic effects of Taxol is dose – dependent [40, 42]. At 
lower concentration of Taxol (5 – 10 nM) in the treatment of 
human cancer, cells exhibit aberrant mitosis such as 
aneuploidy while at high concentrations of Taxol (>20 nM), 
the cell cycled is blocked at metaphase by spindle checkpoint 
activity. Surprisingly, in the present study, all the cells were 
killed at low concentration of Taxol (10 nM) used suggesting 
that response to this drug might be tissue (cell) specific. The 
results suggest that the high concentrations of the plant 
extracts have the same effect as the low concentration of 
Taxol.  
Although a number of plant extracts have shown much 
promise as potential drugs in cancer phyto therapies based on 
cytotoxicity studies, most of them are not approved by any 
governing agency. This is because the majority of these 
natural products show general toxicity due to a lack of 
specificity for cancer cells. This prevents their consideration 
for clinical trials.  
  
4. Conclusion 
The two extracts from Smilax kraussianaand Anthocleista 
rhizophoroides exhibited higher cytotoxicity properties on 
normal skin and cervical cells. In fact, the activity is 
comparable to that of the reference drug Taxol at low dose. 
Insertion of E6 and E7 oncogenes in normal cells increases 
their resistance to low dose of plant extracts used. Further 
studies are required to isolate and characterize bioactive 
secondary metabolites with cytotoxic properties in the two 
targeted plant species.  
 
Conflict of Interest 
Authors have no conflict of interest to declare 
 
Acknowledgement 
This work was supported by a grant from Global Affairs 
Canada – Development Division (formerly Canadian 
International Development Agency under partnership 
agreement with Association of Universities and Colleges of 
Canada and Laurentian University (Ontario, Canada). 
 
References 
1. Winer RL, Lee S-K, Hughes JP, Adam DE, Kiviat NB, 

Koutsky LA. Genital Human Papillomavirus Infection: 
Incidence and Risk Factors in a Cohort of Female 
University Students. Am J Epidemiol. 2003; 157(3):218-
26. 

2. Ratinahirana S, Razanamparany P-V, Razafintsalama B, 
Randriamampandry A, Ravaoarison J, Rabarijaona L et 
al. Étude de 79 dossiers de cancers invasifs du col utérin 
dans le Service de cancérologie d’Antananarivo Peut-on 
améliorer les délais diagnostiques ? Cah d’études Rech 
Francoph / Santé. 1995; 5(3):195-8.  

3. Moscicki A-B, Palefsky J, Gonzales J, Schoolnik GK. 
Human Papillomavirus Infection Sexually Active 
Adolescent Females: Prevalence and Risk Factors. 
Pediatr Res. International Pediatrics Research 
Foundation, Inc. 1990; 28(5):507-13.  

4. Ratiarson A. Le cancer du col: une maladie virale 
transmise sexuellement? Le Clin. 1998; 13(3):139-43.  

5. Bosch FX, Qiao Y-L, Castellsagué X. CHAPTER 2 The 
epidemiology of human papillomavirus infection and its 
association with cervical cancer. Int J Gynecol Obstet. 
2006; 94:S8-21.  

6. Faridi R, Zahra A, Khan K, Idrees M. Oncogenic 
potential of Human Papillomavirus (HPV) and its relation 
with cervical cancer. Virol J. 2011; 8(1):269. 

7. Wang J, Li Q, Ivanochko G, Huang Y. Anticancer effect 
of extracts from a North American medicinal plant--wild 
sarsaparilla. Anticancer Res. 2006; 26(3A):2157-64. 

8. Talib WH, Mahasneh AM. Antiproliferative activity of 
plant extracts used against cancer in traditional medicine. 
Sci Pharm. 2010; 78(1):33-45. 

9. Gali K, Ramakrishnan G, Kothai R, Jaykar B. in-vitro 
anti-cancer activity of Methanolic extract of leaves of 
Argemone Mexicana Linn. Int J Pharm Tech Res. 2011; 
3(3):1329-33.  

10. Chan LL, George S, Ahmad I, Gosangari SL, Abbasi A, 
Cunningham BT et al. Cytotoxicity effects of Amoora 
rohituka and chittagonga on breast and pancreatic cancer 
cells. Evidence-based Complement Altern Med. 2011, 8.  

11. Bara E, Belaud S, Delavigne V. Les traitements du 
cancer invasif du col de l’utérus. Inst Natl du Cancer. 
2011, 1-84.  

12. Hamid AA, Aiyelaagbe OO. The Screening of 
Phytoconstituents, Antibacterial and Antifungal 
Properties of Smilax kraussiana Leaves. Der Pharm Sin. 
2011; 2(4):267-73.  

13. Ducerf G. L’encyclopédie des plantes bio-indicatrices 
alimentaires et médicinales: guide de diagnostic des sols. 
2nd ed. Promonature. 2008, 351. 

14. Cragg GM, Newman DJ. International collaboration in 
drug discovery and development from natural sources. 
Pure and Applied Chemistry. 2005, 1923-42. 

15. Cragg GM, Newman DJ. Plants as a source of anti-cancer 
agents. J Ethnopharmacol. 2005; 100(1):72-9.  

16. Cragg GM, Newman DJ. Biodiversity: A continuing 
source of novel drug leads. Pure and Applied Chemistry. 
2005, 7. 

17. Ekor M. The growing use of herbal medicines: issues 
relating to adverse reactions and challenges in monitoring 
safety. Front Pharmacol. 2013; 4:10. 

18. George S, Bhalerao SV, Lidstone EA, Ahmad IS, Abbasi 
A, Cunningham BT et al. Cytotoxicity screening of 
Bangladeshi medicinal plant extracts on pancreatic 
cancer cells. BMC Complement Altern Med. 2010; 
10(1):52.  

19. Karagöz A, Turgut-Kara N, Çakır Ö, Demirgan R, Arı Ş. 
Cytotoxic Activity of Crude Extracts from Astragalus 



 

~ 91 ~ 

International Journal of Herbal Medicine 
Chrysochlorus (Leguminosae). Biotechnol Biotechnol 
Equip. 2007; 21(2):220-2. 

20. Van Slambrouck S, Daniels A, Hooten C, Brock S, 
Jenkins A, Ogasawara M et al. Effects of crude aqueous 
medicinal plant extracts on growth and invasion of breast 
cancer cells. Oncol Rep. 2007; 17(6):1487-92. 

21. De Mesquita ML, de Paula JE, Pessoa C, de Moraes MO, 
Costa-Lotufo LV, Grougnet R et al. Cytotoxic activity of 
Brazilian Cerrado plants used in traditional medicine 
against cancer cell lines. J Ethnopharmacol. 2009; 
123(3):439-45. 

22. Machana S, Weerapreeyakul N, Barusrux S, Nonpunya 
A, Sripanidkulchai B, Thitimetharoch T. Cytotoxic and 
apoptotic effects of six herbal plants against the human 
hepatocarcinoma (HepG2) cell line. Chin Med. 2011; 
6(1):39. 

23. Pamok S, Saenphet S, Vinitketkumnuen U, Saenphet K. 
Antiproliferative effect of Moringa oleifera Lam. and 
Pseuderanthemum palatiferum (Nees) Radlk. extracts on 
the colon cancer cells. J Med Plants Res. 2012; 6(1):139-
45.  

24. Sriwiriyajan S, Ninpesh T, Sukpondma Y, Nasomyon T, 
Graidist P. Cytotoxicity screening of plants of genus 
Piper in breast cancer cell lines. Trop J Pharm Res. 2014; 
13(6):921-8.  

25. Tantengco OAG, Jacinto SD. Cytotoxic activity of crude 
extracts and fractions from Premna odorata (Blanco), 
Artocarpus camansi (Blanco) and Gliricidia sepium 
(Jacq.) against selected human cancer cell lines. Asian 
Pac J Trop Biomed. 2015; 5(12):1037-41. 

26. Mullis KB. Target amplification for DNA analysis by the 
polymerase chain reaction. Ann Biol Clin (Paris). 1990; 
48(8):579-82.  

27. Kozak M. At least six nucleotides preceding the AUG 
initiator codon enhance translation in mammalian cells. J 
Mol Biol. Academic Press. 1987; 196(4):947-50.  

28. Sambrook J, Russel D. Molecular Cloning: A Laboratory 
Manual. 3rd ed. Sambrook J, Russel D, editors. New 
York: Cold Springs Harbor Laboratory Press. 2001, 152-
164.  

29. Kingston RE, Chen CA, Rose JK. Calcium Phosphate 
Transfection. In: Ausubel F, Massachusetts, Brent R. HF, 
editor. Current Protocols in Molecular Biology. third. 
Hoboken, New Jersey: John Wiley & Sons. 2003, 9.1.1-
9.1.11.  

30. Mahata S, Maru S, Shukla S, Pandey A, Mugesh G, Das 
BC et al. Anticancer property of Bryophyllum pinnata 
(Lam.) Oken. leaf on human cervical cancer cells. BMC 
Complement Altern Med. 2012; 12(1):15. 

31. Zhang B, Chen W, Roman A. The E7 proteins of low- 
and high-risk human papillomaviruses share the ability to 
target the pRB family member p130 for degradation. Proc 
Natl Acad Sci U S A. National Academy of Sciences. 
2006; 103(2):437-42. 

32. Zare Shahneh F, Baradaran B, Orangi M, Zamani F. In 
vitro Cytotoxic Activity of Four Plants Used in Persian 
Traditional Medicine. Adv Pharm Bull. Tabriz University 
of Medical Sciences. 2013; 3(2):453-5. 

33. Gottesman MM. Mechanisms of Cancer Drug Resistance. 
Annu Rev Med. Annual Reviews. 2002; 53(1):615-27.  

34. Cáceres A, Cruz SM, Martínez V, Gaitán I, Santizo A, 
Gattuso S et al. Ethnobotanical, pharmacognostical, 
pharmacological and phytochemical studies on Smilax 
domingensis in Guatemala. Brazilian J Pharmacogn. 
2012; 22(2):239-48.  

35. Petrica EEA, Sinhorin AP, Sinhorin VDG, Júnior GMV. 

First phytochemical studies of japecanga (Smilax 
fluminensis) leaves: flavonoids analysis. Revista 
Brasileira de Farmacognosia. 2014.  

36. Ojiako EN, Okoye IE. Phytochemical studies and 
antimicrobial activity of Anthocleista djalonensis 
(Okpokolo leaf). J Chem Pharm Res. 2015; 7(5):70-2.  

37. Silvestrini R, Zaffaroni N, Orlandi L, Oriana S. In vitro 
cytotoxic activity of taxol® and taxotere on primary 
cultures and established cell lines of human ovarian 
cancer. Stem Cells. 1993; 11(6):528-35.  

38. Weaver BA. How Taxol/paclitaxel kills cancer cells. Mol 
Biol Cell. 2014; 25(18):2677-81. 

39. Matsuoka H, Furusawa M, Tomoda H, Seo Y. Difference 
in cytotoxicity of paclitaxel against neoplastic and normal 
cells. Anticancer Res. 1994; 14(1A):163-7.  

40. Orr GA, Verdier-Pinard P, McDaid H, Horwitz SB. 
Mechanisms of Taxol resistance related to microtubules. 
Oncogene. 2003; 22:7280-95.  

41. Derry WB, Wilson L, Jordan MA. Substoichiometric 
binding of taxol suppresses microtubule dynamics. 
Biochemistry. 1995; 34(7):2203-11. 

42. Ikui AE, Yang C-PH, Matsumoto T, Horwitz SB. Low 
Concentrations of Taxol Cause Mitotic Delay Followed 
by Premature Dissociation of p55CDC from Mad2 and 
BubR1 and Abrogation of the Spindle checkpoint, 
Leading to Aneuploidy. Cell Cycle. 2005; 4(10):1385-8. 


