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INTRODUCTION
Medicinal plants have been used for centuries throughout the 

world. Th e fact is that plants being natural and people think that 
they no negative eff ect. Th ey do not take into account the harmful 
consequences that could be linked to dosage or duration of therapy. 
Recently, study showed that methanolic extracts of M. senegalensis 
(Celastraceae) have in vitro anti-sickle-cell properties at 5 mg/mL [1].

Celastraceae is a family of plants including Maytenus senegalensis, 
widely distributed around the world and used in traditional medicine. 
It includes more than 90 genera with more than 1,200 recognized 
species [2]. Maytenus senegalensis is a plant species localized and 
widespread in Saharan and sub-Saharan Africa. Diff erent parts of 
the plant are widely used in traditional medicine for the treatment 
of infectious and infl ammatory disease [3,4]. It is a small thorny tree 
with several active substances like triterpenes, sterols, saponosids, 
alkaloids and tannins which have been identifi ed, particularly in the 
roots [5,6]. Many of these substances have biological activities which 
were confi rmed in pharmacology assays.

Extracts of M. senegalensis are said to have anti-infl ammatory, 
antioxidant, anti-plasmodial, anti-leishmanial and anti-bacterial 
activities In vitro [7-10)]. Some composites are believed to have anti-
carcinogenic properties but with high toxicity [11,12]. In Senegal, M. 
senegalensis is one of the most important medicinal plants; its roots 
especially, are purchased in the markets of traditional medicines to 
cure various diseases in the population [4,11]. Th e local population 
uses this plant against malaria, fever, chest pains, rheumatism, 
dysmenorrhea, diarrhea, dyspepsia eye infections, wounds, and snake 
bites. Its leaves are used for asthma, cough, and as remedy for sores on 
the tongue [4]. Th e same traditional uses of M. senegalensis are also 
reported from other African countries namely Benin, Ivory Coast, 
Kenya, Tanzania, Sudan, Zambia, and Zimbabwe [11]. 

With regard to toxicity, only a few studies have been described 
in the literature [11,13,14] despite the widespread use of this plant 
for many diseases. Th e present study was undertaken to provide 
additional data on cytotoxicity and apoptotic activities of crude 
methanolic extract of M. senegalensis by MTT and Neutral red tests, 
LDH activity but also to study DNA-fragmentation.

MATERIALS AND METHODS
Chemicals and reagents

MTT reagent (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl 
tetrazolium bromide); Neutral Red (NR), sterile cell culture media: 
Dulbecco’s Modifi ed Eagle’s Medium (DMEM) and Minimum 
Essential Medium (MEM); Dimethyl sulfoxid (DMSO), Fetal Bovine 
Serum (FBS) were purchased from Sigma-Aldrich (USA). Th e 
Lactate Dehydrogenase (LDH) Cytotoxicity Assay Kit was obtained 
from Promega (USA). Methanol and other chemicals used in this 

study were analytical grade and were purchased from VWR Prolabo 
Chemicals (UK).

Cells lines and culture conditions

Cells were obtained from the American Type Culture Collection 
(ATCC). Caco-2 was cultured in DMEM and HepG2 in MEM. 
Mediums were supplemented of 10% fetal bovine serum (Sigma, 
France), 2% L-glutamine (8 mM) (Sigma, France), 1% penicillin-
streptomycin stock solution (10,000 units of penicillin and 10mg of 
streptomycin in 0.9% NaCl) (Sigma, France) and 1% Neomycin (250 
μg/ml) (Sigma, France), 1% Non-Essential Amino Acid (NEAA) for 
MEM. All cell lines were cultured at 37°C in a humidifi ed incubator 
with 5% CO2 atmosphere. Th e experiments were carried out during 
the exponential phase of cell growth.

Plant and preparation of extract

Roots of Maytenus senegalensis were collected from a natural 
habitat in Sangalkam, Dakar, Senegal. Th e plants were identifi ed 
at the Plant Biology Laboratory of the Faculty of Medicine and 
Pharmacy of Cheikh Anta Diop University in Dakar, Senegal. Roots 
were washed and shade- dried for fi ve (5) days and pulverized using 
a plant mill. A double extraction by maceration. For this, the roots 
powder weighing 200 g was dissolved in 1.5 liter of methanol in a 
3-liter stoppered container, for a period of 72 hours with agitation at 
room temperature. Th e resulting mixtures were fi ltered using cotton 
wool, then Whatman fi lter paper (Size No1). Th e extraction and 
fi ltration procedures were repeated with further 750 ml of methanol. 
Th e resulting methanol fi ltrate was concentrated to dryness in-vacuo 
using an evaporator and the resulting powder was kept in an air–tight 
container and refrigerated.

In vitro assays procedure 

Th e cytotoxicity was determined by measurement of cell viability 
employing an MTT, NR assay and LDH activity determination. 
Apoptotic activity was evaluated by the DNA-fragmentation study 
on agarose gel.

Preparation of extract stock solution: Stock solution of 1 mg/
ml was prepared by dissolving extract in 5% of methanol in free 
medium which served as the vehicle. From this stock solution, series 
of dilutions in free medium of 5, 10, 20, 40, 80 and 160 μg/ml for 
MTT and NR assays; 5, 10, 20, 40 and 100 μg/mL for LDH activity 
were prepared.

Evaluation of cell viability:

MTT assay: MTT test was performed using MTT assay as 
described as previously by Mosmann [15]. As described, about 1×106 
ml-1 cells (Caco-2 and HepG2) in their exponential growth phase 
were seeded in a fl at-bottomed 96-well plate at a concentration of 
2-3×104 cells/well in 100 μl culture medium and were incubated for 
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24 h at 37°C in 5% CO2 humidifi ed incubator. Aft er incubation, the 
medium was replaced by extract at desired concentrations for 48h. 
Th e supernatant was removed, the cells were washed once using PBS, 
and an MTT solution of 100 μl of MTT at a fi nal concentration 1mg/
ml was added to each well. Th e plates were incubated for 45 min in 
order to form formazan crystals which are then re-dissolved in 200 
μl of DMSO. Aft er 5-10 min of incubation at 37°C, cell viability was 
detected by measuring the Optical Density (OD) at the absorbance of 
545 nm using LT-4000 Labtech Microplate Readers.                    

Neutral red assay: Neutral Red test was performed using assay 
as described as previously [16]. Caco2 and HepG2 cells were seeded 
in a 96 well plate, at a rate of 1.5-2×104 cells per well. Th e cells were 
then incubated for 24 hours at 37°C in 5% CO2 humidifi ed incubator. 
Th e spent media was removed and the cells were washed with PBS 
then exposed at diff erent concentrations of extract. Th e plates were 
then incubated for 48 h at 37°C in a humidifi ed incubator with a 5% 
CO2. Aft er the time of incubation, the supernatant was removed, the 
cells were washed with PBS then 100μl of 1% neutral red at 3.3 g/L 
in free medium were added to each well and the plates were further 
incubated for 4 hours. Liquid solution was removed from the wells by 
fl ipping the plates, and 150 μl of elution medium (EtOH 50% diluted 
in water/Ac-COOH; 99/1) into each well followed by gentle shaking 
for 10 min to obtain complete dissolution. Absorbance was read at 
545 nm using a LT-4000 Labtech Microplate. 

LDH activity assay: LDH activity assay PROMEGA- kit. 
Released LDH in culture supernatants is measured with a 30-min 
coupled enzymatic assay, which results in conversion of a tetrazolium 
salt into a red formazan product. Th e amount of colored product 
formed is proportional to the number of lysed cells in culture 
supernatants. Th is assay measures the activity release by cytoplasmic 
Lactate Dehydrogenase (LDH) from damaged cells. Th e cells were 
prepared, as described previously, and then incubated in various 
concentrations of extract for 48 hours. Aft er time of exposure, the 
plates were centrifuged 5 min at room temperature using a Th ermo 
Scientifi c Sorvall ST-16R centrifuge. Th e supernatant was collected 
then incubated with reaction mixture to measure the released LDH. 
Test was performed according to the recommendations of the 
manufacturer and quantifi cation was performed using a LT-4000 
Labtech Microplate at 450 nm.

Assessment of DNA damage (DNA fragmentation) in agarose 
gel: 3-5x105 cells per well were incubated in 6 fl at-wells plate. Aft er 24 
hours incubation, the culture medium was removed from each well 
and plant extracts at concentrations of 10; 40; and 100 μg/ml were 
added in duplicated well. Control has been carried out with culture 
medium containing 5% methanol. Aft er 24h incubation, the liquid 
was removed, and cells were washed with 5ml PBS. Aft er addition of 
3 ml SDS lysis buff er (in 100 mM Tris-HCl pH 8.0; 50 mM EDTA; 1% 
SDS) (plate placed on ice), 3 μl RNase (> 6 μg/mL fi nal concentration) 
was added and mixed by pipetting up and down. Aft er incubation time 
of 10 min at RT, 30 μl of proteinase K (10mg/ml) were added then the 
supernatant was collected in 1.5 ml Eppendorf tube, incubated 1h at 
37°C, and carefully shaked each 10 min.

Aft er centrifugation at 25,000 g for 10 min, at 20°C, DNA was 
extracted with phenol/chloroform/isoamyl alcohol (25/24/1). DNA 
was then centrifuged at > 6000 g for 5 mn at 20°C, before being 
precipitated in two equivalent volumes of isopropyl alcohol. Aft er 1h 
at -20°C, DNA was pelleted (> 6000 g, 45mn, 4°C), then washed with 
ethanol 70°C, dried and resuspended in 50-200 μl of deionized water 

depending on DNA concentration. Purity of DNA was measured by 
absorbance read at 260nm and 280nm (1U of OD260 = 50 μg/ml of 
double-stranded DNA). DNA fragments were electrophoretically 
separated on a 2% (w/v) agarose gel containing 1μg/ml ethidium 
bromide and visualize by ultraviolet transillumination.

Statistical analysis

All experiments were performed three times in triplicate (except 
as mentioned in the text specifi cally) and data was statistically 
analyzed with GraphPad prism 6 soft ware. Th e Mean Standard 
Errors (SEM) and Standard Deviation (SD) of the samples were 
calculated. Analysis of Variance (one-way ANOVA) followed by 
multiple comparison assays (two-sided Dunnett test) was performed 
to determine signifi cant diff erences between exposed or non-exposed 
cells (using a p ≤ 0.05). Th e IC50 values were then calculated for each 
experiment.

Each result represents the mean viability + Standard Deviation 
(SD) as described in M&M. Cell viability was calculated as a 
percentage of the untreated viable cells.

RESULTS
Cell viability

Th e results of cell viability (48h) are shown in fi gure 1 (a) (b); 
fi gure 2 (a) (b) and fi gure 3 (a) (b) respectively, for MTT assay, Neutral 
Red assay, and LDH activity on Caco2 (a) and HepG2 (b) cell lines. 

MTT assay: Results of MTT method, show a signifi cant reduction 
in cell viability depending on concentration up to 80 μg/mL .Similar 
results were found with Caco2 and HepG-2 cell line (Figure 1a and 
fi gure 1b).Th erefore, results found with the MTT assay demonstrate 
that the crude extract from M. senegalensis roots is toxic from 10 
μg/mL for both cell line viability with an IC50 of 29.07 μg/mL and 
39.40 μg/mL for Caco2 and HepG2, respectively. Although there is 
a slight diff erence for IC50, but is not statistically signifi cant. Th us, 
cytotoxicity of extract showed no cell type selectivity.

Neutral red assay: Figure 2a and 2b show the eff ects of M. 
senegalensis extract on the cell viability, as measured by Neutral 
red test. Cells were aff ected by the extract from 80μg/mL and the 
IC50 was estimated at 60.95 μg/mL and 75.24 μg/mL for Caco2 and 
HepG2 respectively. Overall cell viability decreased with increasing 
concentrations up to 80μg/mL, as previously observed. In contrast, 
Neutral Red assay gives higher IC50 with the cell viability that can be 
observed at a concentration up to 75 μg/mL.

LDH assay: LDH activity determination in cells (Caco-2 and 
HepG2) treated by extract for 48 hours showed similar results in 
both cell lines with a toxicity from 10 μg/mL Th e IC50 are 25.38 μg/
mL (Figure 3b) and 24.40 μg/mL (Figure 3b) for Caco-2 and HepG2, 
respectively. Th e cytotoxicity was concentration dependent and cell 
type independent. Th is result is similar to those shown in MTT test.

Th e table 1 shown IC50 obtained with MTT, Neutral Red and LDH 
assays.

DNA damage

DNA fragmentation assay shows typical pattern of apoptosis 
DNA fragmentation (Figure 4). Control cell DNA appeared 
unfragmented, whereas DNA fragments size from 200 kb could be 
seen with incrementation of 200 bp, in both cell lines Caco-2 and 
HepG2, exposed with 10 μg/mL and 100 μg/mL methanolic extracts, 
respectively.
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Figure 1: Effect of M. senegalensis roots methanolic extract on viability of Caco 2 (a) and HepG-2 (b) cells using MTT assay; data are mean ± SEM of three values. 
**** p <0.001; *** p <0.001; ** p <0.01; * p <0.05; versus controls.
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a) b)

Figure 2: Effect of M. senegalensis roots methanolic extract on viability of Caco-2 (a) and HepG2 (b) cells using Neutral Red assay; data are mean±SEM of three 
values. . **** p <0.001; *** p <0.001; ** p <0.01; * p <0.05; versus controls.
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Figure 3: Effect of M. senegalensis roots methanolic extract on cell death of Caco-2 (a) and HepG2 (b) cells (data are mean±SEM of three values. **** p <0.001; 
*** p <0.001; ** p <0.01; * p <0.05; versus controls).

DISCUSSION
In a previous work [10], Maytenus senegalensis roots was 

successively extracted with methanol, n-hexane, and ethyl acetate. 
Th e corresponding extracts were further screened to reduce in vitro 
formation of sickle-shaped red blood cells  and the methanolic extract 
was shown to be the most eff ective.

In this study, following incubation with methanolic root extract, 
the cytotoxicity and apoptotic activity on the HepG2 and Caco-2 

cells lines have been evaluated using cell proliferation, cell membrane 
integrity, and DNA fragmentation assays.

Cells lines were exposed for 48 hours to increasing concentrations 
of extract in a range from [1μg mL-1 to 1000 mg mL-1], but for 
convenience we reported results ranging from [5 μg. mL-1 to 100 or 
160 mg mL-1].

At each series of concentrations, there were signifi cant cytotoxicity 
eff ects is produced starting from 10μg/mL Th e cell viability results 
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indicate that M. senegalensis roots are toxic to all of the cells lines 
tested and globally is not cell line dependent as it can be found in 
literature.

Results of cytotoxic cell assay, based with diff erent methods, 
shows very small variation among MTT, and LDH assays. Th e 
IC50 found were similar with lower values for HepG2 cells. HepG2 
cell appear to be relatively more sensitive than Caco-2 cell line. In 
contrast, Neutral Red assay results were diff erent, Caco-2 cells appear 
relatively more sensitive and the IC50 higher than tests mentioned 
above. In comparison to MTT and LDH methods, these results seem 
to suggest that the Neutral Red method would be much less sensitive. 
It may be that the dosing principles are diff erent.

Th e results clearly point at mitochondria as a target of the 
M. senegalensis extract on the two cell lines HepG2 and Caco-2 in 
approximately the same range (HepG2 IC50 =29.07 μg/mL and Caco-2 
IC50 = 39.40 μg/mL).

Neutral Red is a dye that stains lysosomes in viable cells that can 
take up neutral red via active transport and incorporate the dye into 
their lysosomes. Neutral Red assay point at mechanisms that perturb 
the accumulation of the dye in lysosomal compartment, because non-
viable cells cannot absorb this chromophore [16,17]. As for MTT, both 
cell lines are equally aff ected and in the same range by the methanolic 
extract (IC50 = 75.24 μg/mL and IC50 = 60.95 μg/mL respectively). In 
our experiments, the active processes for the traffi  cking uptake and 
accumulation of the dye seem to be stopped in most of the cells. Th is 
is partially occurring by cell lysis (necroptosis) mechanism as seen by 
LDH release. 

Th e IC50 which represents the concentration of xenobiotics 
responsible for the 50% decrease in cell viability is a parameter 
conventionally used in cellular toxicology. Th e results presented 
in these studies did reveal 50% decrease in the viability (IC50) from 
24 μg/mL to 40μg/mL for MTT and LDH test, respectively and 

60 μg/mL to 76 μg/ml for RN. Crude methanolic roots extract of 
M. senegalensis which was tested showed IC50 more or less high, 
suggesting moderate cytotoxicity. Th ese results are consistent with 
previous investigations performed with work of Nabende [18] 
which showed that the methanol extract from the stem bark of M. 
senegalensis had moderately high toxicity against breast cancer (4T1) 
cell lines. Investigation in Kenya has further revealed that, some 
isolated compounds of Maytenus extract showed cytotoxicity on 
Vero E6 cells at IC50 = 37.5 ng/mL a for others at IC50 > 39.52 μg/
mL [8]. However, an earlier study in Tanzania found that extract of 
root of M. senegalensis have high cytotoxic activity [14]. Furthmore, 
maytansine compound isolated from the Maytenus. genus is known 
for its marked cytotoxic eff ect [11].

Th e pathway of cell death by apoptosis was also determined by 
DNA fragmentation assay which is employed to identify a possible 
apoptotic eff ect at diff erent concentrations for 24 hours. Th e results 
showed clearly an apoptotic eff ect at 10 and 100 μg/mL, suggesting 
that extract induces apoptosis on Caco-2 and HepG2 cell lines. At low 
concentration of extract, apoptosis (Figure 4) seems to be abundant. 
Th en with the diff erent concentrations of M. senegalensis extract, it 
appears that apoptosis decreases drastically while the release of LDH, 
showing the necroptosis, is now very important. Th is suggests that 
with the concentration M. senegalensis extract the cell lysis increases 
(necroptosis and by consequence the release of pro-infl ammatory 
molecules) and outweighs the apoptosis, this further strongly suggests 
that the extract preparation becomes much more toxic for cells with 
higher concentration.

Th e toxicity of roots of M. senegalensis although very used in 
traditional medicine, is not well reported in the literature. It is known 
that the roots are widely used in Senegal, but the scientifi c evidence is 
not clear enough to establish their safety. Furthermore, a recent study 
focused on the eff ect of the methanolic extract of M. senegalensis roots 
on the reversibility of sickling revealed that the best result (77% in 
120 min) was found from 10 mg/ml [1]. Th is dose, supposed to be 
the pharmacological one, is well above the toxic doses for our cells. 
Hence in vivo studies must be conducted which could give us more 
information about the toxicity.

CONCLUSION
Th e main purpose of this study is to identify the potential 

toxicity of M. senegalensis root extract in an In vitro system, and to 

Table 1: Estimated IC50 from curves using graph pad program (standard error: 
20% of the mean value at maximum).

Assay Caco-2
(μg.mL-1)

Hep G-2
(μg.mL-1)

MTT 39.40 29.07

Neutral Red 60.95 75.24

LDH 25.38 24.40

a) b)

Figure 4: Effect of root barks methanolic extracts of Maytenus senegalensis on DNA fragmentation in Caco-2 cells (a) and HepG2 cells (b); from lane left to right, 
200 bp DNA ladder, control, extract concentration: 1 μg.mL-1, 10 μg.mL-1, 100 μg.ml-1.
These results show a characteristic “DNA ladder” in which each band in the ladder is separated in size by approximately 200 base pairs. Apoptosis would be 
involved in the cytotoxicity extract-induced.
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provide additional information for safe use. Th e study has shown 
concentration-dependent cytotoxicity up to 80μg/mL. Th en, there is 
an increase in cell viability which can be explained by the fact that the 
substance is naturally colored or by possible compensatory cellular 
proliferation in response to cytotoxicity. In addition, the cytotoxicity 
was observed at doses below the pharmacological doses found. 
However, these results are not enough; they have to be complemented 
given the interesting pharmacological activities of this plant and his 
use by population. Although our studies provide information on the 
cytotoxicity of the extract and part of the mechanism of toxicity, more 
research is needed to reveal the toxicity In vivo, in order to predict 
and identify the adverse eff ect profi les of the substance.
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