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Abstract 
Hematopoietic stem cells (HSCs) transplantation and/or the infusion of 
hematopoietic cells are currently the best alternative for the treatment of a 
wide variety of hematological disorders. Novel modulators of HSCs fate 
continue therefore to be identified in an attempt to optimize the in vitro 
culture of these cells. In this study, main olive leaf components, oleuropein, 
apigenin 7-glucoside, and luteolin 7-glucoside, and their combination, 
were investigated for their effect on the viability, self-renewal and 
differentiation of CD34+ hematopoietic cells. High concentrations of up to 
50 μM of these olive leaf phytochemicals, as well as their combination, did 
not decrease CD34+ cell viability suggesting that these compounds are not 
cytotoxic on HSCs. Flow cytometric analysis revealed a decrease in the 
expression of CD34 on the cell surface of HSCs after 9 days of treatment 
with these compounds indicating a decrease in the proportion of the stem 
population. Results of the colony-forming unit assay showed an increase in 
the number of different colonies following treatment with olive leaf 
phytochemicals. These findings suggest that olive leaf phytochemicals, 
used alone or in combination, enhance the differentiation of hematopoietic 
stem cells rather than stimulating their self-renewal providing the first 
evidence of the potential differentiation effect of main olive leaf 
compounds on HSCs.  
Keywords: Hematopoietic stem cells, olive leaf components, cell viability, 
self-renewal, differentiation. 
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NTRODUCTION 
Hematopoietic stem cells (HSCs) are the cells that 
give rise to all blood cells. As with all stem cells, 

HSCs have the ability for self-renewal and have 
sufficient plasticity to give rise to progenies that has 
the potential to differentiate into at least nine different 
mature blood cell types which function in some 
biological activities such as control of homeostasis 
balance, immune function, and response to 
microorganisms and inflammation [1]. HSCs are found 
in the bone marrow of adults where they represent less 
than 0.01% of all cells [2]. They are also found in 
umbilical cord blood and, in small numbers, in 
peripheral blood. In their un-differentiated state, HSCs 
express some surface markers, one of which is CD34, a 
glycophosphoprotein considered as a hallmark of 
hematopoietic stem/progenitor cells (HSPCs), which 
are accordingly referred as CD34-positive cells (CD34+ 
cells) [3].  
Hematopoietic stem cells (HSCs) are probably the most 
extensively characterized somatic stem cells and are 
the only stem cells that have been clinically used to 
treat diseases such as leukemia, germ cell tumors, and 
congenital immune deficiencies [4]. As HSC 
transplantation and/or the infusion of blood cellular 
components has been proven to be a life-saving 
modality for a broad range of hematological disorders, 
huge efforts have been dedicated to optimize protocols 
for expanding hematopoietic progenitors (CD34+ cells) 
or generating blood cellular components from these 
cells. Great successes have been achieved and several 
cytokines, growth factors and developmental 
regulators have been identified for their effect on HSCs 
fate decision [2]. However, no established methods are 
yet available, and thus thousands of molecules, 
including plant-derived compounds, are being screened 
for their potential role in in-vitro stem cell expansion or 
differentiation [5, 6, 7].  
Olive leaf extract contains many bioactive compounds 
which contribute to its health promoting effects. Olive 
leaf extract has antioxidant, anti-diabetic, anti-
hypertension anti-cancer and neuroprotective effects 
[8, 9, 10, 11].The primary constituents that contribute 
to the health benefits of olive leaves are oleuropein and 
its derivatives, hydroxytyrosol, as well as several other 
flavonoids apigenin 7-glucoside and luteolin 7-
glucoside [12, 13]. In our previous study, olive leaf 
extract from a Tunisian variety, Chemlali, showed anti-
leukemia effect on the chronic myelogenous leukemia 
K562 cells by inducing their differentiation towards the 
monocyte/macrophage lineages [14]. HPLC analysis of 
the extract revealed three main compounds, 
oleuropein, apigenin 7-glucoside and luteolin 7-
glucoside [14]. In this study, we investigated the effect 
of these compounds on the cell viability of 

hematopoietic stem/progenitor cells and we got insight 
into their effects on the self-renewal and differentiation 
of HSPCs.  
MATERIALS AND METHODS 
Sample preparation and cell culture  
Oleuropein (Olp), apigenin 7-glucoside (Api7G) and 
luteolin 7-glucoside (Lut7G) were purchased from 
Sigma Aldrich. Stock solutions of 100 mM of each 
compound were prepared in dimethyl sulfoxide 
(DMSO) and stored at -20 °C until use. Cryopreserved 
CD34+ hematopoietic progenitor cells were purchased 
from Life TechnologiesTM(GIBCO, Life TechnologiesTM) 
and cultured in StemPro®-34 serum-free medium 
supplemented with StemPro®-34 Nutrient 
Supplement. The culture was supplemented with stem 
cell factor (SCF), interleukin-3 (IL-3) and granulocytes 
macrophages colony-stimulating factor (GM-CSF) at 
final concentrations of 100 ng/mL, 50 ng/mL and 25 
ng/mL, respectively (GIBCO, Life TechnologiesTM).  
Cell proliferation assay 
Cell proliferation was investigated using MTT (3-(4,  5-
Dimethylthiazol – 2 – yl ) – 2 , 5 - diphenyltetrazolium 
bromide) assay. CD34+ cells were seeded in 96-well 
plates at 2 × 104 cells/mL and incubated for 24 h before 
treatment. Main olive leaf compounds, Olp, Api7G and 
Lut7G, diluted in growth medium, were then added at 
final concentrations of 5 µM, 10 µM, 25 µM, 50 µM and 
75 µM. In order to see the effect of the combination 
(Comb) of these three compounds, HSPCs were treated 
with a mixture of Olp, Api7G and Lut7G at 55 µM, 5 µM 
and 5 µM, respectively. The concentrations of the 
compounds in the mixture were calculated based on 
the compounds’ actual concentration in the extract and 
the extract’s effective concentration as reported in our 
previous study [14]. Control cells (Control) were 
treated with 0.05% DMSO (vehicle). MTT was added 
after the cells were incubated with the compounds for 
3 days and the resulting formazan was completely 
dissolved by adding 100 µL of 10% sodium dodecyl 
sulfate (SDS). The absorbance was determined at 570 
nm in a multidetection microplate reader (Power-scan 
HT). Absorbance caused by the ability of the sample to 
reduce MTT or by its color, was corrected using plates 
prepared in the same conditions in the absence of cells. 
Cell viability assay 
The viability of HSPCs cells was assessed using flow 
cytometry on the 3rd day of treatment with each 
compound Olp, Api7G and Lut7G, as well as their 
combination (Comb). Briefly, CD34+ cells were 
cultured at 2 × 104 cells/mL in 24-well plates. After 24 
h incubation, CD34+cells were treated with 10 µM, 25 
µM and 50 µM of each compound (Olp, Api7G and 
Lut7G) as well as with their combination (Comb). 
DMSO-treated CD34+ cells served as control cells 
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(Control). After incubation for 3 days, treated cells 
were harvested, suspended in Guava ViaCount reagent 
and allowed to be stained for at least 5 min in darkness. 
The cell number and viability were measured by flow 
cytometry (Guava Technologies). The cells were 
examined under a phase contrast microscope (Leica 
Microsystem) in order to detect any morphological 
changes following treatment with olive leaf 
phytochemicals. The viability of cells treated with 50 
µM of each compound, as well as with their 
combination, for prolonged period (9 days) was 
assessed following the same protocol. 
CD34 marker expression 
To investigate if the primitive forms of hematopoietic 
cells were conserved after treatment with olive leaf 
phytochemicals, we analyzed the treated cells for the 
expression of CD34. Briefly, hematopoietic 
stem/progenitor cells were incubated with olive leaf 
compounds, used alone at 50 µM or in combination 
(Comb), for 9 days. Then, the expanded control and 
treated cells were collected, the number adjusted to 1 × 
105 cells and washed with 1x PBS. After the addition of 
anti-CD34 (Abcam), the cells were incubated for 40 min 
on ice, washed twice with 1x PBS and the expression 
level of CD34 was measured by flow cytometry using 
the Guava Express software of the Guava PCA.  
Colony forming unit assay 
Cells incubated for 9 days ( 2 × 103 cells) treated with 
olive leaf phytochemicals, used alone at 50 µM or 
combined, were suspended in methylcellulose serum-
free medium supplemented with SCF, IL-6, IL-3, GM-
CSF, G-CSF and EPO (R&D Systems), and plated in 
duplicate in 35-mm culture dishes. Each plate was 
scored using an inverted microscope for colony-
forming unit of granulocytes-macrophages (CFU-GM), 
burst-forming unit erythroids (BFU-E) and mixed 
colonies of granulocyte-erythroid-macrophage-
megakaryocytes (CFU-GEMM) after 10 and 14 days of 
incubation at 37°C in humidified incubator containing 
5% CO2. Colonies made up of more than 30 cells were 
scored as “colony-forming units”. 
Statistical analysis 
All data are presented as the mean ± SD of three 
independent experiments. Statistical analyses of the 
differences compared to the control were performed 
using a paired two-tailed Student’s test. A p-value < 
0.05 was considered statistically significant. 
RESULTS  
Effect of olive leaf components on CD34+ cell 
proliferation 
In order to investigate if treatment with olive leaf 
phytochemicals affects the cell growth of HSPCs, CD34+ 
cells were treated for three days with different 
concentrations of Olp, Api7G and Lut7G, or their 
combination (Comb), and the cell proliferation was 

assessed using MTT assay. Results showed that 
treatment with Olp did not affect CD34+ cell 
proliferation even when treated at up to 75 µMOlp 
(Figure 1A). On the other hand, Api7G (Figure 1B) 
showed a slight anti-proliferative effect on CD34+ cells 
when Api7G concentration is 50 µ Mor higher (89.63% 
± 5.57 at 50 µM and 84.36% ± 6.27 at 75 µM compared 
to the untreated or control cells), while the anti-
proliferative effect of Lut7G was observed only when 
the concentration was 75 µM, significantly decreasing 
the cell proliferation by up to 74.37% ± 6.41(Figure 
1C). Treatment with the combination of the compounds 
(Comb)did not have any effect on the proliferation of 
treated CD34+ (Figure 1D).  

 
Figure 1.Cell proliferation of hematopoietic stem/progenitor cells 
cultured with or without olive leaf phytochemicals. Cells were 
treated with oleuropein (Olp), apigenin 7-glucoside (Api7G) or 
luteolin 7-glucoside (Lut7G) used alone (5, 10, 25, 50 and 75 µM) or 
combined (Comb) for 3 days. Cell proliferation was assessed by 
MTT assay. Control represents cells treated with the vehicle (0.05% 
DMSO). Results are presented as the mean ± SD of three 
independent experiments. * and ** significantly different from the 
control (p< 0.05 and p< 0.01 respectively).  

Effect of olive leaf components on CD34+ cell viability 
The MTT assay is based on the mitochondrial enzymes’ 
activity and therefore does not give a clear idea 
whether the decrease in cell proliferation is a result of 
CD34+ cell death or the inhibition of their growth rate. 
To resolve this, we conducted more specific 
cytotoxicity assay using flow cytometric analysis. This 
assay distinguishes between viable and non-viable cells 
based on the differential permeability of DNA-binding 
dye propidium iodide in the ViaCount reagent.CD34+ 
cells were treated with different concentrations of each 
compound from 10 µM up to 50 µM, as well as with the 
combination of the compounds. Results indicated that 
treatment with olive leaf main phytochemicals used 
alone or in combination at the concentrations used, did 
not decrease the CD34+ cell viability (Figure 2A). These 
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findings suggest that olive leaf components, used alone 
at concentrations up to 50 µM or in combination, did 
not exhibit any cytotoxicity on HSPCs. Consistent with 
these results, microscopic observation did not reveal 
any significant morphological changes in the treated 
and control cells. CD34+ cells treated with 50 µM of 
each compound or Comb had the same morphology as 
control cells and no signs of cytotoxicity have been 
detected (Figure 3).Prolonged treatment up to 9 days 
with 50 µM of each compound or with Comb did not 
decrease the cell viability either (Figure 2B). 

 
Figure 2.Cell viability of hematopoietic stem/progenitor cells 
cultured with olive leaf phytochemicals for 3 days (A) and 9 days 
(B).Cells were treated with oleuropein (Olp), apigenin 7-glucoside 
(Api7G) and luteolin 7-glucoside (Lut7G) used alone (at 10, 25 and 
50 µM) or combined (Comb), for 3 days(A). Cell viability was also 
assessed for longer period (for 9 days) after treatment with high 
concentration (50 µM)of Olp, Api7G or Lut7G, as well as with Comb 
(B). Cell viability was measured by flow cytometry. Control 
represents cells treated with 0.05% DMSO. Results are presented as 
the mean ± SD of three independent experiments. * and ** 
significantly different from the control (p < 0.05 and p < 0.01 
respectively). 

 
Figure 3.CD34+ cells cultured with olive leaf phytochemicals for 3 
days. Cells were treated with oleuropein (Olp), apigenin 7-glucoside 
(Api7G) and luteolin 7-glucoside (Lut7G) used alone (50 µM) or 
combined (Comb). Cells were observed under a phase contrast 
microscope at 100X magnification. Scale bars represent 200 µm. 

CD34 expression after treatment with olive leaf 
compounds 
The glycophosphoprotein CD34 is the hallmark of 
HSPCs, and its expression level indicates the presence 
of the primitive forms of hematopoietic cells. Results 
showed that treatment with olive leaf compounds for 9 
days inhibited the expression of CD34 on the cell 
surface of treated cells, especially for cells treated with 
Comb, Olp and Lut7G, indicating a decrease in the 
proportion of the stem population while treatment 
with Api7G did not have the same effect (Figure 4). The 
non-decrease in the cell viability of hematopoietic cells 
after treatment with olive leaf components for 9 days 
(Figure 3B) suggests that the decrease in CD34 
expression is due to the effect of olive leaf compounds 
and not to cytotoxicity after having been in culture for 
9 days.   

 
Figure 4.Expression of CD34 treated with or without olive leaf 
compounds. Cells were treated with oleuropein (Olp), apigenin 7-
glucoside (Api7G) and luteolin 7-glucoside (Lut7G) used alone (at 
50 µM) or in combination (Comb) for 9 days. CD34 expression was 
evaluated using flow cytometry. Control represents cells treated 
with 0.05% DMSO. Results are presented as the mean ± SD of three 
independent experiments. * and ** significantly different from the 
control (p < 0.05 and p < 0.01 respectively). 

CFC potential of CD34+ cells incubated with olive leaf 
compounds 
The colony-forming cell (CFC) assay reveals the 
presence of early progenitors in the culture which form 
different colonies in the presence of a combination of 
growth factors. The CD34+ cells cultured with or 
without olive leaf phytochemicals were seeded in semi-
solid methylcellulose medium as described above. An 
increase in the number of CFU-GM was detected in cells 
treated with Olp and Lut7G. The number of mixed 
colonies, indicative of the presence of more primitive 
and multi-potent progenitors, was increased in CD34+ 
cells cultured with olive leaf phytochemicals. While 
they were absent in control cells, BFU-E colonies were 
detected in cells treated with Olp, Api7G and Lut7G at 
50 µM (Figure 5).   
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Figure 5. Colony-forming unit potential of CD34+ cells cultured 
with olive leaf components. (A) Number of colony-forming unit of 
CD34+ cells cultured with or without olive leaf components. Cells 
were treated with oleuropein (Olp), apigenin 7-glucoside (Api7G) 
and luteolin 7-glucoside (Lut7G) used alone (at 50 µM) or combined 
(Comb) for 9 days before they were cultured in methylcellulose 
medium for 14 days. (B) Example of the obtained colonies 
visualized under a phase contrast microscope at 40X magnification. 
Scale bars represent 500 µm. 

DISCUSSION 
Several lines of evidence suggest that certain nutrients, 
vitamins and flavonoids could have important roles in 
maintaining the self-renewal of stem cells and 
stimulating their differentiation in order to provide the 
continuous replacement of mature cells in blood, brain 
and other tissues. This study was undertaken in order 
to investigate the effect of olive leaf compounds, well 
known for their health benefits, on the cell proliferation 
and viability of HSPCs and to explore their potential for 
stimulating the self-renewal and/or differentiation of 
HSPCs. In olive leaves, the secoiridoidoleuropein is the 
most prominent compound making up to 19% (w/w) 
of olive leaves, followed by flavonoids which represent 
up to 1.8% (w/w) [15]. Oleuropein has several 
pharmacological properties, including antioxidant,  
anti-inflammatory, anti-atherogenic, anti-cancer, 
antimicrobial, and antiviral activities [15]. Oleuropein 
was shown to be a highly bioavailable compound which 
is rapidly absorbed after oral administration[16]. Main 
flavonoids in olive leaves are the apigenin 7-glucoside 
and luteolin 7-glucoside. These flavonoids are absorbed 
in the intestine after hydrolysis to apigenin and luteolin 
which have been recognized as bioactive compounds 
due to their anti-inflammatory, antioxidant and anti-
cancer properties [17, 18, 19].  
Treatment with olive leaf phytochemicals of up to 50 
µM did not affect the proliferation of HSPCs, with the 
exception of Api7G which slightly decreased the cell 
proliferation when used at 50µM. To investigate the 
effect of olive leaf compounds on the viability of HSPCs, 
flow cytometry, a more specific assay compared to the 

MTT assay, was performed. Results showed that olive 
leaf phytochemicals or Comb were not cytotoxic on 
HSPCs at all the tested concentrations. And even 
though 50 uM of Api7G decreased the cell proliferation, 
the cell viability of Api7G-treated cells at the same 
concentration had the same viability as the control 
cells. These findings suggest that the slight decrease in 
cell proliferation was actually a reduction in the growth 
rate of CD34+ cells rather than cell death. These data 
indicate that the main compounds of olive leaf and 
their combination were not cytotoxic on HSPCs. 
Previous studies focusing on the anti-leukemia effects 
of Api7G showed a drastic decrease in cell proliferation 
of leukemia cells after treatment with Api7G or 
apigenin at 50 µM for 3 days, approximating 90% 
decrease in the human promyeolocytic leukemia HL-60 
cells and 60% decrease in the human chronic myeloid 
leukemia K562 cells [20, 21]. A reduction in cell 
viability was also observed in K562 cells treated with 
50 µM apigenin for 3 days [21]. Ruela-de-Sousa et al. 
[22] reported that apigenin both stops cell proliferation 
and drives HL-60 cells into cell death by inhibiting the 
PI3K/PKB pathway and inducing caspase-dependent 
apoptosis, while no significant effect has been observed 
in normal human peripheral blood lymphocytes. 
Takahashi et al.,[23] reported that the growth 
inhibition of luteolin on HL-60 leukemia cells was seen 
at about 50 µM and above. Incubation of HL-60 cells 
with luteolin caused DNA fragmentation, the hallmark 
of apoptosis, which appeared at 20 µM of luteolin 
treatment, and continue dose-dependently from 20 to 
60 µM treatment[24].Oleuropein has been shown to 
inhibit the growth of TF-1a erythroleukemia cells and 
oleuropein-rich extract of olive leaf showed an 
important anti-proliferative effect of the chronic 
myeloid leukemia K562 cells associated with an 
induction of apoptosis and cell differentiation [25, 
14].The results of this study demonstrate that olive leaf 
components are not cytotoxic on hematopoietic stem 
cells even at high concentration of up to 50 µM 
treatment and for prolonged treatment periods of up to 
9 days, while the same treatment-concentration has 
been reported to cause a significant decrease in the cell 
viability of leukemia cells, suggesting that olive leaf 
components cause cell death in leukemia cell lines but 
not on normal hematopoietic stem cells.  
HSCs are characterized by two main features: self-
renewal and multipotency giving rise to all types of 
blood cells. The expression of CD34 on hematopoietic 
cells decreases over time as the cells differentiate, 
while other lineage-specific proteins appear gradually 
on the surface of the committed cells as a mark of their 
differentiated state. Thus, the decrease in CD34 
expression on the 9th day, particularly in cells treated 
with Olp and Lut7G, which implies a decrease in the 
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stem population, could also indicate an increase in the 
differentiated population. This fact is in correlation 
with the increase in the number of BFU-E and CFU-GM 
in methylcellulose cultures suggesting that Lut7G and 
Olp enhance the differentiation of hematopoietic stem 
cells. Even though it did not decrease the expression of 
CD34, Api7G treatment increased the number of CFU-
GEMM and BFU-E suggesting that Api7G enhance the 
differentiation of hematopoietic stem cells without 
inhibiting their self-renewal. Together, these findings 
suggest that olive leaf phytochemicals have the 
potential to enhance the differentiation of 
hematopoietic stem/progenitor cells. 
Despite the decrease in the stem cell population, 
indicating an inhibition of self-renewal, results of the 
colony-forming cell assay, which measure changes in 
the numbers of different subsets of progenitor cells, did 
not imply a decrease in the total colony number 
resulted from cultures with olive leaf compounds 
compared to the control cells. Moreover, the number of 
the CFU-GEMM colonies derived from multi-potent 
progenitors was increased in cultures supplemented 
with olive leaf phytochemicals. These results suggest 
that progenitors from treated cells are likely to be more 
competent to form differentiated cell colonies than 
those of the control cells. This suggests that olive leaf 
phytochemicals had a protective effect on 
hematopoietic progenitors allowing them to survive 
and give rise to different colonies. This is not surprising 
considering that the protective effect of these 
compounds has been previously described but in other 
cell lines and was attributed to their antioxidant 
activity [26, 27, 28]. Shytle et al. (2007) reported that 
natural compounds reduced the oxidative stress-
induced apoptosis of primary murine cells in vitro and 
in vivo which explains the protective effects of these 
compounds on stem cells [29].  
CONCLUSION 
The present study is the first report on the effect of 
olive leaf phytochemicals on hematopoietic stem cells. 
The main components of olive leaf, used alone or 
combined, were not cytotoxic on CD34+ cells. 
Furthermore, we showed that olive leaf phytochemicals 
modulate the fate of hematopoietic stem cells by 
enhancing their differentiation potential rather than 
their self-renewal. This study introduces olive leaf 
components as novel modulators of the fate of 
hematopoietic stem cells and open possibilities for 
more investigations on their differentiation-inducing 
effects on stem cells.  
ACKNOWLEDGMENT 
We acknowledge the support given by the Japan 
International Cooperation Agency (JICA)–Japan Science 
and Technology Agency (JST)’s Science and Technology 
Research Partnership for Sustainable Development 

(SATREPS) under the project entitled “Valorization of 
Bio-resources in Semi-Arid and Arid Land for Regional 
Development”. 
REFERENCES 
[1] Herzog EL, Chai L, Krause DS. Plasticity of marrow-derived stem 
cells.Blood. 2003;102:3483-3493. 
[2] Walasek MA, van Os R, de Haan G. Hematopoietic stem cell 
expansion: challenges and opportunities. Ann N Y Acad Sci. 2012; 
1266:138-150. 
[3] Yokota T, Oritani K, Butz S, Ewers S, Vestweber D, Kanakura Y. 
Markers for hematopoietic stem cells: histories and recent 
achievements. Edited by Rosana Pelayo. In Advances in 
hematopoietic stem cell research, InTech Publisher. 2012. pp. 77-
88. 
[4] Kubota Y, Kimura S. Regulation of hematopoietic stem cell fate: 
self-renewal, quiescence and survival. Edited by RosanaPelayo. In 
Advances in hematopoietic stem cell research. InTech Publisher. 
2012. pp. 39-60. 
[5] Shytle DR, Tan J, Ehrhart J, Smith AJ, Sanberg CD, Sanberg PR, 
Anderson J, Bickford PC. Effects of blue-green algae extracts on the 
proliferation of human adult stem cells in vitro: a preliminary study. 
Med SciMonit. 2010; 16:1-5. 
[6] Bickford PC, Tan J, Shytle RD, Sanberg CD, El-Badri N, Sanberg 
PR. Nutraceuticals synergistically promote proliferation of human 
stem cells. Stem Cells Dev. 2006; 15:118-123. 
[7] Siddiqui NF, Shabrani NC, Kale VP, Limaye LS. Enhanced 
generation of megakaryocytes from umbilical cord blood-derived 
CD34(+) cells expanded in the presence of two nutraceuticals, 
docosahexanoic acid and arachidonic acid, as supplements to the 
cytokine-containing medium. Cytotherapy. 2011; 13:114-128. 
[8] Kontogianni VG, Gerothanassis IP. Phenolic compound and 
antioxidant activity of olive leaf extracts. Nat Prod Res. 
2012;26:186-189. 
[9] Wainstein J, Ganz T, Boaz M, Bar Dayan Y, Dolev E, Kerem Z, 
Madar Z. Olive leaf extract as a hypoglycemic agent in both human 
diabetic subjects and in rats. J Med Food. 2012;15: 605-610. 
[10] Seddik L, Bah TM, Aoues A, Slimani M, Benderdour M. 
Elucidation of mechanisms underlying the protective effects of olive 
leaf extract against lead-induced neurotoxicity in Wistar rats. J 
Toxicol Sci. 2011; 36:797-809. 
[11] Bouallagui Z, Han J, Isoda H, Sayadi S. Hydroxytyrosol rich 
extract from olive leaves modulates cell cycle progression in MCF-7 
human breast cancer cells. Food ChemToxicol. 2011;49:179-184. 
[12] Briante R, Patumi M, Terenziani S, Bismuto E, Febbraio F, and 
Nucci R. Oleaeuropaea L. leaf extract and derivatives: antioxidant 
properties. J Agric Food Chem. 2002;50:4934-4940. 
[13] Goulas V, Exarchou V, Troganis AN, Psomiadou E, Fotsis T, 
Briasoulis E, Gerothanassis IP. Phytochemicals in olive-leaf extracts 
and their antiproliferative activity against cancer and endothelial 
cells. MolNutr Food Res. 2009; 53:600-608. 
[14] Samet I, Han J, Jlaiel L, Sayadi S, Isoda H. Olive (Oleaeuropaea) 
leaf extract induces apoptosis and monocyte/macrophage 
differentiation in human chronic myelogenous leukemia K562 cells: 
insight into the underlying mechanism. Oxid Med Cell Longev. 2014; 
ID927619:1-16. 
[15] Omar SH.Oleuropein in olive and its pharmacological effects.Sci 
Pharm. 2010; 78:133-154.  
[16] Del Boccio P, Di Deo A, De Curtis A, Celli N, Iacoviello L, Rotilio 
D.Liquid chromatography-tandem mass spectrometry analysis of 
oleuropein and its metabolite hydroxytyrosol in rat plasma and 
urine after oral administration.J Chromatogr B AnalytTechnol 
Biomed Life Sci. 2003;785:47-56. 
[17] Shukla S, Gupta S.Apigenin: a promising molecule for cancer 
prevention.Pharm Res. 2010; 27:962-978.  



                              
Imen Samet. et al: Asian Journal of Biomedical and Pharmaceutical Sciences; 4(39) 2014,1-7. 

 

 
© Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved. Volume 4, Issue 39, 2014.              7 

[18] Lin Y, Shi R, Wang X, Shen HM.Luteolin, a flavonoid with 
potential for cancer prevention and therapy.Curr Cancer Drug 
Targets. 2008; 8:634-646. 
[19] López-Lázaro M.Distribution and biological activities of the 
flavonoid luteolin.Mini Rev Med Chem. 2009; 9:31-59. 
[20] Nakazaki E, Tsolmon S, Han J, Isoda H. Proteomic study of 
granulocytic differentiation induced by apigenin 7-glucoside in 
human promyelocytic leukemia HL-60 cells. Eur J Nutr. 2013;52:25-
35. 
[21] Isoda H, Motojima H, Onaga S, Samet I, Villareal M, Han J. 
Analysis of the erythroid differentiation effect of flavonoid apigenin 
on K562 human chronic leukemia cells. ChemBiol Interact. 
2014;220:269-277. 
[22] Ruela-de-Sousa RR, Fuhler GM, Blom N, Ferreira CV, Aoyama H, 
Peppelenbosch MP. Cytotoxicity of apigenin on leukemia cell lines: 
implications for prevention and therapy. Cell Death Dis. 2010;1:e19.  
[23] Takahashi T, Kobori M, Shinmoto H, Tsushida T. Structure-
activity relationships of flavonoids and the induction of 
granulocytic- or monocytic-differentiation in HL60 human myeloid 
leukemia cells. BiosciBiotechnolBiochem. 1998;62:2199-2204. 
[24] Cheng AC, Huang TC, Lai CS, Pan MH. Induction of apoptosis by 
luteolin through cleavage of Bcl-2 family in human leukemia HL-60 
cells. Eur J Pharmacol.2005; 509:1-10.  
[25] Hamdi HK, Castellon R. Oleuropein, a non-toxic olive iridoid, is 
an anti-tumor agent and cytoskeleton disruptor. BiochemBiophys 
Res Commun. 2005; 334:769-778. 
[26] Pasban-Aliabadi H, Esmaeili-Mahani S, Sheibani V, Abbasnejad 
M, Mehdizadeh A, Yaghoobi MM. Inhibition of 6-hydroxydopamine-
induced PC12 cell apoptosis by olive (Oleaeuropaea L.) leaf extract 
is performed by its main component oleuropein. Rejuvenation 
Res.2013; 16:134-142. 
[27]Alirezaei M, Dezfoulian O, Neamati S, Rashidipour M, Tanideh N, 
Kheradmand A. Oleuropein prevents ethanol-induced gastric ulcers 
via elevation of antioxidant enzyme activities in rats. 
PhysiolBiochem. 2012; 68:583-592. 
[28] Psotová J, Chlopcíková S, Miketová P, Hrbác J, Simánek 
V.Chemoprotective effect of plant phenolics against anthracycline-
induced toxicity on rat cardiomyocytes. Part III. Apigenin, 
baicalelin, kaempherol, luteolin and quercetin. Phytother Res. 2004; 
18:516-521. 
[29] Shytle RD, Ehrhart J, Tan J, Vila J, Cole M, Sanberg CD, Sanberg 
PR, Bickford PC. Oxidative stress of neural, hematopoietic, and stem 
cells: protection by natural compounds. Rejuvenation Res. 2007; 
10:173-178. 
 


