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We report here the in vitro effect of the toluene, methyl tert-butyl ether (MtBE), ethyl acetate (EtOAc), n-
buthanol (n-BuOH) and H2O  extracts from Morinda morindoides (rubiaceae) leaves against a human 
leukemic cell line, K562, and two murine leukemic cell lines, P388 and L1210. We found that both 
toluene and MtBE extracts exhibited a significant cytotoxic effect on these murine cell lines. The 
highest cytotoxicity was obtained with toluene extract in P388 (6.0 ± 1.4 µg/ml) and L1210 cells (6.5 ± 
2.1 µg/ml). By contrast, EtOAc, n-BuOH and H2O extracts did not affect cell viability of the three cell 
lines tested. Effect of toluene and MtBE extracts was also examined on apoptosis induction in K562 
human erythroleukemia cells. The results of this preliminary study have shown that the cytotoxic 
effects of toluene and MtBE extracts from Morinda morindoides leaves observed in K562 cells were 
mediated through the induction of apoptosis. Possible mechanisms responsible for the induction of 
apoptosis are discussed. 
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INTRODUCTION 
 
Plants have been used to prevent and treat various human 
diseases throughout history. Epidemiological studies 
suggest that a reduced risk of cancer is associated with 
increased consumption of vegetables and fruits (Block et 
al., 1992; Wattenberg, 1992; Willet, 1994). The beneficial 
effects observed in these studies have been attributed to 
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Abbreviations: MtBE: Methyl tert-butyl ether; EtOAc: ethyl 
acetate; n-BuOH: n-buthanol; MeOH: methanol; FBS: foetal 
bovine serum; DMSO: dimethyl sulfoxide; MTT, 3-(4,5-
dimethylthiazolyl-2)-2,5-diphenyltetrazoliumbromide; PBS:  
phosphate-buffered saline; IC50: half maximal inhibitory 
concentration. 

the presence of numerous polyphenolic compounds with 
antioxidant and free radical scavenging properties (Surh, 
1999). In addition, among the active polyphenol compounds, 
flavonoids   have  been   shown to  have  antioxidative  
andanticarcinogenic properties (Birt et al., 2001; Rachel 
et al., 2002). 

Morinda morindoides (Baker) Milne-Redhead, a plant 
from the rubiaceae family also known as Kongobololo in 
Republic of Congo, is largely used in traditional medicine. 
The decoction of M. morindoides leaves is traditionally 
used to treat diseases and ailments such as malaria, 
worms, amoebiasis, haemorroids, gonorrhoea and scabies 
(Kambu, 1990; Bouquet, 1969). It was also reported that 
juice from M. morindoides leaves is typically applied for 
the treatment of cutaneous infections (Kambu, 1990). 
Besides the use of M. morindoides leaves in traditional  



 

 
 
 
 
medicine (Cimanga et al., 1995), the structure of some 
flavonoids from the 80% methanolic (MeOH) extract of 
the leaves of M. morindoides can be isolated and deter-
mined (Cimanga et al., 1999these flavonoids exhibited 
various biological activities including inhibition of xanthine 
oxidase and scavenging of superoxide anions (Cimanga 
et al.1999), anticomplementary activity (Cimanga et al., 
1995; Cimanga et al., 1997; Cimanga  et  al., 2003) or 
antiamoebic activity (Tona et al., 1998; Cimanga et al., 
2006). It was also found that crude extracts from M. 
morindoides exhibited in vitro and in vivo antimalarial 
activity (Tona et al., 1999; Tona et al., 2001, 2004; Mbatchi 
et al., 2006). Cimanga et al. have recently reported the 
cytotoxic effect of flavonoids from the 80% MeOH extract 
of M. morindoides leaves in MT-4 cells (Cimanga et al., 
2006). However, there is little data in literature examining 
the cytotoxic effect and the type of cell death induced by 
flavonoids from the leaves of M. morindoides against 
leukemia cell lines. In the present study, we report the 
cytotoxic effect of toluene, MtBE (methyl tert-butyl ether), 
EtOAc (etyl acetate), n-BuOH (n-buthanol) and H2O 
extracts from M. morindoides leaves in human 
erythroleukemia K562 cells and the murine leukemia 
P388 and L1210 cell lines. Induction of apoptosis with 
toluene and MtBE extracts on K562 cells is also reported.  
 
 
MATERIALS AND METHODS 
 
Cell lines and culture conditions 
 
The human chronic myeloid leukemia K562 cell line and the murine 
leukaemia  P388 and L1210 cell lines were grown in RPMI 1640 
medium (Invitrogen, Cergy-Pontoise, France) supplemented with 
10% heat-inactivated foetal bovine serum (FBS) (Invitrogen) and 
antibiotics (100 units/ml penicillin, 100 µg/ml streptomycin, Invitrogen). 
They were maintained in a 5% CO2 atmosphere at 37°C. 
 
 
Plant material 
 
M. morindoides leaves were provided by Dr Marcel Motom. They 
were collected in the south of Brazzaville by the tradipractioners. 
Leaves were authenticated by the botanist of the Centre d’Etudes 
des Ressources Végétales, Brazzaville, Congo (CERVE). Voucher 
specimens were deposited in the Congo Brazzaville National 
Herbarium. 

 
 
Preparation of the extracts 
 
One hundred grams of dried leaf powder were extracted with 2 L of 
acetone / water solution (6:4) on lixiviation column during 17 h at 
room temperature and then eluted for 2 h. The eluted fraction was 
evaporated under vacuum at 50°C to remove acetone and the 
resulting aqueous phase was filtered. The filtrate was successively 
and exhaustively extracted with toluene (1:1), MtBE (1:1), EtOAc 
(1:1) and n-BuOH. Residues obtained after removing each organic 
phase were completely dried. We obtained toluene extract (0.053 
g), MtBE extract (0.096 g), EtOAc extract (0.137 g) and n-BuOH 
extract (0.611 g). Finally, evaporation and lyophilisation of the later 
aqueous phase gave the aqueous extract (3.356 g). These extracts 
were dissolved in dimethyl sulfoxide (DMSO, Sigma, Saint Quentin  
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Fallavier, France) and subsequently diluted to appropriate working 
concentrations. The final concentration of DMSO in the medium 
never exceeded 0.5% and did not affect cell growth. 

 
 
Cytotoxicity assay 
 
The effect of extracts from M. morindoides and doxorubicin on 
viability of K562, P388 and L1210 cells was evaluated by determining 
the mitochondrial reductase function on the basis of their ability to 
reduce tetrazolium salt (MTT, Sigma) into formazan crystals, as 
described elsewhere (Sandhya and Mishra, 2005). The formation is 
proportional to the number of functional mitochondria in living cells. 
Briefly, cells were plated at a density of 1 x 10

4
 cells per well of a 

96-well plate in RPMI/10% FBS. Cells were cultured in the 
presence of different concentrations of M. morindoides leaves 
extracts (5 - 80 µg/ml) or with 0.1% DMSO in a final volume of 200 
µl. Doxorubicin (0.01 - 10 µg/ml, Teva Classics, Paris, France) was 
used as a reference cytotoxic drug. After 72 h of incubation, cells 
were washed twice in RPMI and 200 µl of fresh culture medium 
containing MTT (0.5 mg/ml) were added to each well for colorimetric 
assay during 3 h at 37°C. The plates were then centrifuged (1000 
rpm, 10 min), the supernatants were discarded and DMSO (200 µL) 
were added to solubilize formazan crystals. Cell viability was deter-
mined by measuring absorbance at 560 nm using a microplate 
reader (Bio-rad, Marnes la Coquette, France). The viable cell 
fraction was determined by dividing the mean absorbance of 
treated samples by the mean absorbance of control samples. Using 
the dose-response curve, we defined the IC50 (dose that inhibit 
viability of 50%) after 3 days of treatment with extracts from M. 
morindoïdes leaves. 
 
 
Apoptosis staining assay 
 
Apoptotic or necrotic cell death was characterized by using Hoecht 
33342 (Sigma) and propidium iodide (PI) (Sigma) double staining 
as previously described (Zang et al., 2005), which permits the 
simultaneous quantification of living, apoptotic and necrotic cells. 
Briefly, human K562 cells (5 x 10

5
cells/ml) were incubated with 

toluene and MtBE extracts (0, 12.5, 25 and 50 µg/ml) for 24 h. 
Then, 2 x 10

5
 cells were collected, washed twice with PBS, 

resuspended in 500 µl PBS containing 10 µg/ml Hoechst 33342 and 
50 µg/ml PI for 15 min at room temperature in the dark. After 
washing with PBS, about 200 randomly selected cells were counted 
for each sample and visually examined under fluorescence 
microscope. Viable cells were identified by their intact nuclei with 
blue fluorescence (Hoechst 33342), necrotic cells by their intact 
nuclei with yellow-red fluorescence (Hoechst 33342 + PI) and 
apoptotic cells by their fragmented nuclei, exhibiting either a blue 
(Hoechst 33342; early apoptosis) or yellow-red fluorescence (Hoechst 
33342 + PI; late apoptosis). The percentage of apoptotic cells was 
calculated with the following formula: (apoptotic cells number / total 
counted cell number) x100. 

 
 

RESULTS AND DISCUSSION 
 
Although several beneficial properties from M. morindoides 
leaf extracts have been described, the antitumor activity 
has never been assessed up till now. For each cell line, 
the cytotoxic effects of extracts from M. morindoides 
leaves and doxorubicin were determined by using the 
MTT assay. As shown in Table 1, the viability of K562, 
P388 and L1210 cells exposed to increasing concen- 
trations  of  toluene  and  MtBE  extracts  (5 - 40 µg/ml)  from 
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Table 1.  Cytotoxic activity of toluene, MtBE, EtOAc, n-BuOH, H20 extracts and 
doxorubicin on K562, P388 and L1210 cells. Cells were cultivated with extracts (10 - 
100 µg/ml) for 72 h. IC50 were determined by MTT assay as described in materials and 

methods. Data represent means ±  SEM of three independent experiments. 
 

Leave extract 
IC50

 
(µg/ml) 

P388 L1210 K562 

Toluene 6.0 ± 1.4 6.5 ± 2.1 12.2 ± 1.7 

MtBE extract 13.0 ± 2.8 19.5 ± 3.5 17.5 ± 3.5 

EtOAc 37.5 ± 3.5 57.7 ± 3.1 60.0 ± 2.8 

n-BuOH extract ND ND ND 

H2O extract ND ND ND 

Doxorubicin 0.03 ± 0.01 0.04 ± 0.01 0.05 ± 0.03 
 

ND: Not determined. 
 
 
 

 
 
Figure 1. Toluene extract induces apoptosis in K562 cells. Apoptosis was determined by 
fluorescence staining as described in materials and methods. Cells were treated without (a) or with 
12.5 (b), 25 (c) and 50 µg/ml (d) toluene extract for 24 h. Stained nuclei were observed under a 
fluorescence microscope. Arrows in panels b, c and d show apoptotic nuclei. These are 
representative results from three independent experiments. 

 
 
 

M. morindoides leaves was reduced compared to 
untreated cells. Toluene extract had a potent effect on 

P388 and L1210 cells (6.0 ± 1.4 and 6.5 ± 2.1 µg/ml, 
respectively) while K562 cells were slightly less sensitive 

to the exposure of toluene extract (12.2 ± 1.7 µg/ml). 
MtBE was slightly less efficient than toluene extract in all 
tested cell lines. IC50 of MtBe extract on P388 and 

L1210cells were respectively doubled and tripled (13 ± 

2.8 and 19.5 ± 3.5µg/ml) compared to those obtained 
with toluene extract. There was a 1.42 fold increase of 

IC50 on K562 cells (17.5 ± 3.5 µg/ml with toluene extract 

versus 12.2 ± 1.7 µg/ml with MtBE extract). By contrast, 
according to the criteria of the American National Cancer 
Institute, EtOAc extract was considered to have no 
significant effect on cell viability with the three cell lines, with 
IC50 values superior to 30µg/ml (Suffness and Pezzuto, 
1990). In addition, n-BuOH and H2O extracts did not inhibit 
the growth of all cell lines tested. Doxorubicin, a reference 
cytotoxic drug largely used in cancer chemotherapy, 
remained  the  most  efficient  compound  and   markedly  
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Figure 2. Morphological changes induced by MtBE extract treatment in K562 cells was determined 
by fluorescence staining as detailed in materials and methods. Cells were incubated in the absence 
(a) or in the presence of 12.5 (b), 25 (c) and 50 µg/ml (d) MtBE extract for 24 h. Stained nuclei were 
then observed under fluorescent microscope. Arrows in panels b, c and d shows an apoptotic 
nucleus. These are representative results from three independent experiments. 

 
 
 

affected viability of the three cell lines.  
To determine whether the cytotoxicity induced after 

the treatment with toluene and MtBE extracts was 
mediated through apoptosis, K562 cells incubated  for  24 h  
with increasing doses of toluene and MtBE extracts (0-50 
µg/ml)were stained with Hoechst and PI and the 
appearance of chromatine condensation and fragmen-
tation was monitored. Morphological features revealed a 
large number of nuclei with chromatin condensation in 
cells treated either with toluene (Figure 1) or MtBE 
(Figure 2) extracts. The percentage of apoptotic cells with 
condensed chromatin increased in a concentration-
dependent manner, whereas no apoptotic nuclei were 
found in untreated cells. The relationship between the 
percentage of apoptotic cells and the concentration of 
toluene and MtBE extracts is shown in Figure 3. Counting 
of apoptotic nuclei showed that 19.5% of K562 cells 
exhibited an apoptotic phenotype when treated with 12.5 
µg/ml toluene extract (Figure 3A). When increasing doses 
of toluene extract were used (25 or 50 µg/ml), the 
percentage of apoptotic nuclei reached 35%. Necrotic 
cells percentage only increased from 7.65 to 12.25% in 
the presence of increasing doses of toluene extract. 
When K562 cells were cultured in the presence of MtBE 
extract, a slight increase in the number of apoptotic nuclei 

was observed. The highest apoptotic cells percentage 
(12.4%) was reached after treatment with 50 µg/ml MtBE 
extract (Figure 3B), which is in agreement with the results 
of cytotoxic activity showing that toluene extract is more 
efficient that MtBE extract. Moreover, necrotic cells 
percentage was unchanged after treatment with MtBE 
extract, in whatever concentrations used. This difference 
in the efficiency of these two extracts to induce cytotoxic 
effects may be related to the properties of metabolites 
found in each extract, which should be identified. These 
results support other investigations showing that apoptosis 
induction is a major effect of leaf extracts and isolated 
compounds from these extracts in several tumour cell 
lines (Lopèz-Lazaro et al., 2003; Lopèz et al., 2002). In 
some studies, leaf extracts induced a caspase-dependent 
apoptosis (De Leo et al., 2006). De Leo et al. also 
reported apoptosis induction involving a decrease in Bcl-
2 level and an increase in Bax level (De Leo et al., 2006). 
Therefore, the apoptosis pathway of M. morindoides leaf 
extracts was triggered and remained to be identified. 

In conclusion, the present study report for the first time 
the cytotoxic effect of M. morindoides leaf extracts on 
several leukemia cell lines. This effect was mediated by 
the induction of apoptosis. However, the pathway leading 
to cell death remains unknown and will have to be Motom 
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Figure 3. Apoptotic and necrotic evaluation after fluorescence microscopy analysis with 
Hoechst 33342 and propidium iodide (PI) double staining. Cells were incubated for 24 h 
in the presence of various concentrations of toluene (A) or MtBE extract (B). Data 

presented are means ± SEM of three independent experiments 
 
 
 

for providing the plant materials Bernard Richard for the 
technical assistance. elucidated. Finally, isolation of 
different compounds from these extracts is under 
investigation and may be isolated from these extracts and 
might have relevance in cancer therapy. 
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