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Abstract: The apoptogenic activity of Litchi chinensis leaf extract (LCLE) was investigated against three human leuke-

mic cell lines-U937, K562 and HL-60. LCLE inhibited cell growth and metabolic activity of the leukemic cells and 

showed characteristic features of apoptosis. Flow cytometric analysis showed appreciable number of cells in early and late 

apoptotic stages. While U937 and K562 cell populations were arrested in the G2-M phase, the HL-60 cell population was 

arrested in the G1 phase of cell cycle. LCLE induced apoptosis is mediated through mitochondrial intrinsic pathway in-

volving the release of cytochrome c into the cytosol and activation of caspase-9 and caspase-3. 
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1. INTRODUCTION 

 Drug discovery from medicinal plants has played a very 
important role in the treatment of cancer [1-5]. Litchi 
chinensis is a medium-sized evergreen tree, 15-20 m tall, 
extensively cultivated in the native regions of China and also 
elsewhere in south-east Asia and more recently in United 
States, eastern Australia, South Africa and Mexico mainly 
for its sweet fruits and also grown as an ornamental tree. The 
seeds of the tree were used as anodyne and prescribed in 
neuralgic disorders and orchitis [6]. The litchi fruit pericarp 
extract and its constituents have been reported to possess 
anti-cancer activity against human breast cancer and hepato-
cellular carcinoma in vitro and in vivo [7, 8]. The only study 
with litchi leaf extract has reported the anti-inflammatory, 
analgesic and antipyretic activities of the petroleum ether 
extract [9]. It is well known that tumor promoters recruit 
inflammatory cells to the application site and cancer devel-
opment may act by aggravating inflammation in the tissue 
and vice versa [10]. It is also reported that inflammatory 
cells are capable of inducing genotoxic effects [10]. Moreo-
ver, some anti-inflammatory chemopreventive agents have 
been found to suppress growth and proliferation of trans-
formed or malignant cells through induction of programmed 
cell death or apoptosis [11, 12]. So it is likely that anti-
inflammatory agents may possess anti-cancer activity and 
vice versa. 

 

 

*Address correspondence to this author at the Drug Development Division, 

Indian Institute of Chemical Biology, 4, Raja S.C. Mullick Road, Kolkata-

700032, India; Fax: 91-33-2473-0284/1597;  

E-mail: j_rajan_49@yahoo.com, rajan@iicb.res.in 

 Since it has already been reported that Litchi chinensis 
leaf extract possesses anti-inflammatory activity, it is plausi-
ble that it may possess anti-cancer activity as well. The pur-
pose of the present study was to investigate the cytotoxic and 
apoptogenic activities of the leaf extract of Litchi chinensis 
in human leukemic cell lines and to make efforts to identify 
the possible mechanism of action involved in the anti-
leukemic activity. 

2. MATERIALS AND METHODS 

2.1. Chemicals 

 RPMI 1640 was purchased from Gibco, USA, Caspase-9 
assay kit from US Biological, fetal bovine serum, streptomy-
cin penicillin, L-glutamine, HEPES, Trypan blue, MTT [3-
(4,5-dimethylthiozol-2-il)-2,5-2,5-dipheniltetrazoliumbromide], 
cytosine-arabinoside (Ara-C), acridine orange, ethidium 
bromide, agarose, ethylene diamine tetraacetic acid (EDTA), 
proteinase K, propidium iodide (PI), Hoescht 33342, an-
nexin-V FITC, RNase A, Caspase-3 assay kit and Cyto-
chrome c oxidase assay kit were purchased from Sigma-
Aldrich, USA. All other chemicals and reagents were of ana-
lytical grade and purchased locally. 

2.2. Cell Cultures 

 U937 (human leukemic monocyte lymphoma cell line), 
K562 (human myelogenous leukemia cell line) and HL-60 
(human promyelocytic leukemia cell line) were obtained 
from National Facility for Animal Tissue and Cell Culture, 
Pune, India. The cells were cultured and routinely main-
tained in RPMI 1640 medium supplemented with 10% heat 
inactivated fetal bovine serum and were incubated at 37 °C 
in a humidified atmosphere containing 5% CO2 inside a CO2 
incubator. 



2    The Open Leukemia Journal, 2008, Volume 1 Roy
 
et al. 

2.3. Extraction and Preparation of Test Sample 

 The leaves of Litchi chinensis were collected by local 
supplier from sites around Kolkata, India, during June 2006. 
The plant was identified by Indian Botanical Garden, 
Howrah, India, where a voucher specimen (SR-002) has 
been kept. One kg of Litchi chinensis leaves were sun-dried, 
ground and soaked in 3 l of 50% aqueous methanol for one 
week at room temperature (28-34ºC) with occasional shak-
ing. The supernatant was filtered and to the residue 1 l of 
50% aqueous methanol was added and kept for another one 
week. The methanol portion in the whole supernatant was 
evaporated using a rotary evaporator and then it was lyophi-
lized to remove the water. The solid dark brown residue (35 
g) thus obtained was designated as ‘Litchi chinensis leaf ex-
tract (LCLE)’ and was kept at 4ºC. From 1 mg/ml stock so-
lution of LCLE in phosphate buffered saline (PBS), different 
suitable concentrations like 50, 100 and 150 μg/ml were used 
for different in vitro experiments. 

2.4. Cell Growth Inhibition Study and Cytotoxicity Study 

 U937, K562 and HL-60 cells (1x10
6
) were seeded in 96-

well sterile plates and were treated with different concentra-
tions (50, 100, 150 μg/ml) of LCLE for 24, 48 and 72 h. The 
cell growth inhibition studies were done by trypan blue ex-
clusion method [13] and the cytotoxicity studies were per-
formed by MTT assay [14]. 

2.5. Morphological Studies for Detection of Apoptosis 

2.5.1. Fluorescence Microscopic Studies 

 U937, K562 and HL-60 cells (1x10
6
) treated with 

100 μg/ml of LCLE for 24 h were observed using a fluores-
cence microscope for morphological changes. The untreated 
control cells and the LCLE treated cells were harvested sepa-
rately, washed with PBS and then stained with acridine or-
ange (100 μg/ml) and ethidium bromide (100 μg/ml) (1:1). 
The cells were then immediately mounted on slides and ob-
served under a fluorescence microscope for the morphologi-
cal determination of the cells undergoing apoptosis. 

2.5.2. Confocal Microscopic Studies 

 Leukemic cells (1x10
6
) were treated with 100 μg/ml of 

LCLE for 24 h. After 24 h the untreated control cells and 
LCLE treated cells were harvested and washed with ice cold 
PBS. The cells were then stained with 10 μg/ml of propidium 
iodide and 10 μg/ml of Hoescht 33342 separately for 5 min. 
After mounting on slides the cells were observed to see the 
differences in nuclear morphology between the untreated and 
the LCLE treated leukemic cells under confocal laser scan-
ning microscope (Leica TCS-SP2 system, Leica Microsys-
tem, Heidelberg, Germany) installed with an inverted micro-
scope [Leica DM-7RB] as per Mishell et al’s method [15]. 
Images for propidium iodide and Hoescht 33342 were ac-
quired from argon/krypton laser and UV laser line using 
590 nm long pass filter for propidium iodide and 450 nm 
band pass filter for UV images. 

2.5.3. Study of Phosphatidylserine (PS) Externalization 

 PS externalization was examined after treating the cells 
(1x10

6
) with 100 μg/ml of LCLE for 24 h under confocal 

laser scanning microscope (Leica TCS-SP2 system, Leica 
Microsystem, Heidelberg, Germany). The untreated and the 

LCLE treated cells were harvested separately, washed with 
ice cold PBS and annexin V FITC binding buffer (10 mM 
HEPES, 140 mM NaCl and 2.5 mM CaCl2 2H2O; pH 7.4) 
respectively and they were then stained with 5 μl of annexin 
V FITC for 10 min at room temperature. The cells were 
mounted on slides and the images were captured to observe 
the cells undergoing early apoptosis. 

2.6. Detection of Apoptosis by DNA Fragmentation and 
Agarose Gel Electrophoresis 

 U937, K562 and HL-60 cells were treated with 
100 μg/ml of LCLE and with standard anti-cancer drug AraC 
(200 μg/ml) for 24 h. The cells were harvested and washed 
twice with PBS. The cells were resuspended in 500 μl of 
lysis buffer (50 mM Tris-HCl, pH -8.0, 10 mM EDTA, 0.5% 
SDS), 100 μg/ml of proteinase K was added and incubation 
was done at 50 °C for 1 h and 37 °C overnight respectively. 
DNA extraction was done by following the general phenol-
chloroform extraction procedure [16] and kept at -20 °C 
overnight. After centrifugation, DNA precipitates were 
washed with 70% ethanol, dried and evaporated at room 
temperature and dissolved in TE buffer (pH 8.0) at 4 °C 
overnight. To detect the DNA fragments, the isolated DNA 
samples were electrophoresed overnight at 20 V in 1% aga-
rose gel and stained with ethidium bromide. DNA fragmen-
tation was observed in UV transilluminator. 

2.7. Detection of Apoptosis by Flow Cytometric Analysis 

 In order to investigate the type of cell death induced by 
LCLE, flow cytometric analysis was done by performing dot 
plot assay. The leukemic cells (2x10

6
) were treated with 

150 μg/ml of LCLE for 24 h. The cells were pelleted down, 
centrifuged at 2000 rpm for 8 min at 4 °C and washed with 
annexin V FITC binding buffer (10 mM HEPES, 140 mM 
NaCl and 2.5 mM CaCl2 2H2O; pH 7.4). Again after centri-
fuging at 2000 rpm at 4 °C, the cell pellets were dissolved in 
annexin V FITC binding buffer containing annexin V FITC 
and propidium iodide. After 15 min incubation in dark at 
room temperature flow cytometric analysis was done. All 
data were acquired with a Becton-Dickinson FACS Caliber 
single laser cytometer. Flow-cytometric reading was taken 
using 488 nm excitation and band pass filters of 530/30 nm 
(for FITC detection) and 585/42 nm (for PI detection). Live 
statistics were used to align the X and Y mean values of the 
Annexin-V FITC or PI stained quadrant populations by 
compensation. Data analysis was performed with Cell Quest 
(Macintosh platform) program. 

2.8. Study of Cell Cycle Arrest by Flow Cytometric 
Analysis 

 2x10
6
 cells were treated with 150 μg/ml of LCLE for 48 

h. Cells were washed with PBS, fixed with cold methanol by 
adding methanol drop-wise and kept at -20 °C for 3 min. 
They were then resuspended in cold PBS and kept at 4 °C for 
90 min. Cells were pelleted down, dissolved in cold PBS, 
treated with RNase A for 30 min at 37 °C and stained with 
propidium iodide (20 μl from 50 μg/ml) and kept in dark for 
15 min. Cell cycle phase distribution of nuclear DNA was 
determined on FACS, fluorescence detector equipped with 
488 nm argon laser light source and 623 nm band pass filter 
(linear scale) using Cell Quest software (Becton Dickinson). 
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Analysis of flowcytometric data was performed using Mod-
Fit software. 

2.9. Cytochrome c Oxidase Assay 

 U937, K562 and HL-60 cells (1x10
6
) were treated with 

LCLE (50, 100 and 150 g/ml) for 24 h. The cells were har-
vested, lysed and then cytosolic extracts were prepared sepa-
rately for untreated control and LCLE treated U937, K562 
and HL-60 cells. The cytochrome c oxidase assay was per-
formed according to the instructions provided in the kit. 20 

l of cytosolic extract was added to 950 l of 1X assay 
buffer (10 mM Tris-HCl, pH 7.0, containing 120 mM KCl). 
The reaction volume was made to 1.05 ml with 1X enzyme 
dilution buffer (10 mM Tris-HCl, pH 7.0, containing 250 
mM sucrose) and was mixed by inversion. The reaction was 
started by the addition of 50 l of Ferrocytochrome c sub-
strate solution and mixed by inversion. The O.D was read 
immediately at 550 nm. 

2.10. Caspase-9 Assay 

 The assay was performed using a Caspase-9, Apoptosis 
Detection, Colorimetric BioAssay Kit (US Biological) ac-
cording to the manufacturer’s protocol. U937, K562 and HL-
60 cells (1x10

6
) were treated with 50, 100 and 150 g/ml of 

LCLE for 24 h. The cells were pelleted down and resus-
pended in 50 l of cell lysis buffer (supplied with the kit) 
and incubated on ice for 10 min. After centrifuging at 10,000 
x g for one min, the supernatants (cytosolic extract) were 
transferred to fresh tubes and kept on ice and the caspase-9 
assay was performed according to the supplied kit protocol. 
50 l of 2X reaction buffer (containing 10 mM DTT) was 
added to each sample. 5 l of LEHD-pNA substrate (4 mM) 
(200 M final concentration) was added and incubation was 
done at 37 °C for 1-2 h. Absorbance was read at 405 nm and 
calculations were thereby done. 

2.11. Caspase-3 Assay 

 The assay was performed using a Caspase-3 Assay kit, 
Colorimetric (Sigma) according to the manufacturer’s proto-
col. U937, K562 and HL-60 cells (1x10

6
) were treated with 

50, 100 and 150 μg/ml of LCLE for 24 h. The untreated con-
trol and the treated cells were pelleted down by centrifuga-
tion at 600 x g for 5 min at 4 °C. Supernatants were removed 
and the cell pellets were washed with 1 ml of PBS. The cells 
were again centrifuged and the supernatants were removed 
completely. The cell pellets were suspended in 100 l of 1X 
lysis buffer (50 mM HEPES, pH 7.4, 5 mM CHAPS, 5 mM 
DTT) and incubated on ice for 20 min. The lysed cells were 
centrifuged at 20,000 x g for 15 min at 4 °C and the super-
natants (cell lysates) were analysed for the caspases-3 activ-
ity according to the manufacturer’s protocol. Cell lysates 
were incubated with 2 mM Caspase-3 substrate (Ac-DEVD-
pNA) in 1X assay buffer (20 mM HEPES, pH 7.4, 2 mM 
EDTA, 0.1% CHAPS, 5 mM DTT) for 90 min at 37 °C. The 
absorbance was read at 405 nm and the results were calcu-
lated using a p-nitroaniline calibration curve. 

2.12. Statistical Analysis 

 All data are represented as arithmetic mean ± S.E.M. 
Statistical analysis was done by Student’s t-test. A probabil-
ity value of less than 0.05 was chosen as the criterion of sta-
tistical significance. 

3. RESULTS 

3.1. Cell Growth Inhibition Study and Cytotoxicity Study 

 LCLE at concentrations of 50, 100, 150 μg/ml signifi-
cantly inhibited the growth of U937, K562 and HL-60 cells 
compared with that of the control cells after 24, 48 and 72 h 
of treatment in a concentration-dependent manner (Fig. 1). In 
the MTT assay, there was significant concentration-
dependent reduction in the O.D values after treating the 
U937, K562 and HL-60 cells with 50, 100, 150 g/ml of 
LCLE for 24, 48 and 72 h compared to the control cells (Fig. 
1). These observations provided proof for cytotoxic nature of 
LCLE. 

3.2. Morphological Studies for Detection of Apoptosis 

3.2.1. Fluorescence Microscopic Studies 

 Observations revealed that LCLE treated leukemic cells 
(U937, K562 and HL-60) were stained with both acridine 
orange and ethidium bromide compared with that of the un-
treated control cells, stained with only acridine orange, indi-
cating the fact that the treatment with LCLE brought about 
apoptotic changes in the cells like condensation of chromatin 
and nuclear fragmentation (Fig. 2). 

3.2.2. Confocal Microscopic Studies 

 LCLE induced apoptotic changes in all the three leuke-
mic cells after 24 h of treatment showing chromatin disinte-
gration and formation of apoptotic bodies whereas the un-
treated control cells were with intact nuclei (Fig. 3). 

3.2.3. Study of Phosphatidylserine (PS) Externalization 

 Phosphatidylserine is predominantly accumulated in the 
inner leaflet of plasma membrane of living cells but in the 
apoptotic cells, phosphatidylserine is translocated from inner 
to outer leaflet of plasma membrane. Treatment with LCLE 
caused externalization of phosphatidylserine which after 
binding with annexin V FITC gave green fluorescence (Fig. 
4). 

3.3. Detection of Apoptosis by DNA Fragmentation and 
Agarose Gel Electrophoresis 

 The gel pattern of the DNA samples isolated from un-
treated control U937, K562 and HL-60 cells showed intact 
DNA bands whereas the gel pattern of the DNA samples 
isolated from LCLE treated U937, K562 and HL-60 cells 
showed degraded DNA bands in the form of ladders (Fig. 5). 
So, the observations confirmed that the treatment with LCLE 
caused apoptosis in all the three human leukemic cells i.e., 
U937, K562 and HL-60. 

3.4. Detection of Apoptosis by Flow Cytometric Analysis 

 In the flow cytometric analysis, double labeling tech-
nique, using annexin V FITC and propidium iodide, was 
utilized. Lower left (LL) quadrant (annexin V-/PI-) is re-
garded as the population of live cells, lower right quadrant 
(LR) (annexin V+/PI-) is considered as the cell population at 
early apoptotic stage, upper right (UR) quadrant (annexin 
V+/PI+) represents the cell population at late apoptotic stage  
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Fig. (1). Effect of LCLE (50, 100, 150 g/ml) on cell growth (A-C) and cytotoxicity studies (D-F) in U937, K562 and HL-60 cells. Cell 

count studies after 24, 48 and 72 h. of LCLE (50, 100, 150 g/ml) treatment in U937 cells (A), K562 cells (B) and HL-60 cells (C), Cytotox-

icity studies by performing MTT assays after LCLE (50, 100, 150 g/ml) treatment for 24, 48 and 72 h. in U937 cells (D), K562 cells (E) 

and HL- 60 cells (F). Ara-C (200 g/ml) was used as standard reference anti-cancer drug. 
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Fig. (2). Fluorescence microscopic images of untreated control U937 (A), K562 (C) and HL-60 (E) and LCLE treated U937 (B), K562 (D) 

and HL-60 (F) cells. The control cells were with intact nuclei and gave bright green fluorescence whereas treated cells showed intense or-

ange-red fluorescence showing signs of apoptosis. 
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Fig. (3). Confocal microscopic images of untreated control U937 (A, G), K562 (C, I), HL-60 (E, K) and LCLE treated U937 (B, H), K562 

(D, J) HL-60 (F, L) cells. The control cells were with intact nuclei whereas LCLE treated cells indicated apoptotic changes like nuclear dis-

integration and formation of apoptotic bodies, shown by the arrowheads. A to F are cells stained with propidium iodide and G to L are cells 

stained with Hoescht 33342. 
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Fig. (4). Fluorescence microscopic images of untreated control U937 (A), K562 (C), HL-60 (E) cells and LCLE treated U937 (B), K562 (D) 

HL-60 (F) cells. The LCLE treated cells showed green fluorescent rings of externalized phosphatidylserine indicating sign of apoptosis after 

24 h. of treatment. 
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and upper left (UL) quadrant (annexiv V-/PI+) is considered 
as necrotic cell population. Flow cytometric data analysis 
revealed that after 24 h of treatment with LCLE, 12.11% of 
U937, 23.16% of K562 and 9.21% of HL-60 cells were in 
LR quadrant (early apoptotic stage) and 4.64% of U937 and 
27.65% of K562 and 24.42% HL-60 cells were in UR quad-
rant (late apoptotic stage) (Fig. 6). 

 

Fig. (5). The gel pattern of DNA samples isolated from (A) un-

treated control U937 cells (lane 1), U937 cells treated with 100 

μg/ml of LCLE (lane 2), U937 cells treated with 200 μg/ml of stan-

dard anti-cancer drug, AraC (lane 3), (B) untreated control K562 

cells (lane 1), K562 cells treated with 100 μg/ml of LCLE (lane 2), 

K562 cells treated with 200 μg/ml of standard anti-cancer drug, 

AraC (lane 3), and (C) untreated control HL-60 cells (lane 1), HL-

60 cells treated with 200 μg/ml of standard anti-cancer drug, AraC 

(lane 2) and HL-60 cells treated with 100 μg/ml of LCLE (lane 3). 

Treatment with both the standard anti-cancer drug, AraC and LCLE 

showed distinct DNA ladder formation indicating the process of 

apoptosis in all the three human leukemic cell lines. 

3.5. Study of Cell Cycle Arrest by Flow Cytometric 
Analysis 

 The flow cytometric analysis showed that when com-
pared with that of the untreated control U937 and K562 
cells, 48 h of LCLE treatment caused a progressive increase 
in the number of cells with a 4N and with intermediate DNA 
contents i.e. cells with an irregular DNA distribution, charac-
teristic of apoptotic cell populations. These observations 
revealed that LCLE treatment inhibited the growth of U937 
and K562 cells by arresting the cell populations in the G2-M 
phase of the cell cycle (Fig. 7). But in case of HL-60 cells, 
after 48 h of LCLE treatment, there was a sharp increase in 
the number of cells with a 2N DNA content when compared 
with that of the untreated control cells, indicating that the 
LCLE treatment inhibited the growth of HL-60 cells by cell 
cycle arrest in the G1 phase (Fig. 7). 

3.6. Cytochrome c Oxidase Assay 

 The cytochrome c oxidase colorimetric assay is based on 
observations of the decrease in absorbance at 550 nm of  
 

ferrocytochrome c caused by its oxidation to ferricytochrome 
c by cytochrome c oxidase. The cytosolic extracts of control 
untreated U937, K562 and HL-60 cells showed higher O.D 
values compared with that of LCLE treated cells indicating 
decreased oxidation of ferrocytochrome c to ferricytochrome 
c or in other words, lesser activity of cytochrome c oxidase 
whereas the decreased O.D values of the cytosolic extracts of 
LCLE treated U937, K562 and HL-60 cells implied greater 
cytochrome c oxidase activity resulting in the increased oxi-
dation of ferrocytochrome c to ferricytochrome c (Fig. 8). 
Treatment with 50, 100 and 150 g/ml of LCLE showed 
concentration-dependent response in all the three leukemic 
cell lines (Fig. 8). It might be plausible that increased cyto-
chrome c oxidase activity in the cytosolic extracts of LCLE 
treated U937, K562 and HL-60 cells was associated with the 
process of cell death. 

3.7. Caspase-9 Assay 

 Caspase-9 is one of the main initiator caspases and has 
been linked to the mitochondrial death pathway. To 
investigate whether the treatment with LCLE induced 
apoptosis via intrinsic pathway, caspase-9 assay was 
performed in U937, K562 and HL-60 cells. The experiments 
revealed concentration-dependent increase in the caspase-9 
activity in the cytosolic extract of LCLE (50, 100 and 150 

g/ml) treated U937, K562 and HL-60 cells compared with 
that of the untreated control U937, K562 and HL-60 cells 
respectively (Fig. 9), supporting the fact that apoptosis 
induced by the LCLE treatment might be mediated through 
the intrinsic pathway. 

3.8. Caspase-3 Assay 

 Sequential activation of caspases plays a central role in 
the execution-phase of cell apoptosis. The primary target of 
the caspase-9 is procaspase-3, one of the most deleterious 
effector caspases. To observe whether caspase-9 activated 
caspase-3 after LCLE (50, 100 and 150 g/ml) treatment, 
caspase-3 assay was performed in U937, K562 and HL-60 
cells. Caspase-3 activation was clearly observed in LCLE 
treated U937, K562 and HL-60 cells in a concentration-
dependent fashion when compared with that of the untreated 
control cells (Fig. 10). 

4. DISCUSSION 

 A significant part of drug discovery in the last forty years 
has been focused on agents to prevent or treat cancer. This is 
not surprising because, in most developed countries and, to 
an increasing extent, in developing countries, cancer is 
amongst the three most common causes of death and mor-
bidity. Treatment for cancer involves surgery, radiotherapy 
and chemotherapy and often a combination of two or all 
three is employed [17]. Natural products provide an appre-
ciable percentage of new active lead molecules, clinical can-
didates and drugs despite competition from different meth-
ods of drug discovery. The number of natural product-
derived drugs present in the total drug launches from 1981 to 
2002 was recently analysed [18,19] and it was concluded 
that natural products are still a significant source of new 
drugs, especially in the anti-cancer and anti-hypertensive 
therapeutic areas [18]. Chemoprevention is a novel approach 
emphasizing on the prevention or delay of carcinogenesis by  
 

1      2    3           1     2    3             1    2    3 

                 

A                       B                         C  



10    The Open Leukemia Journal, 2008, Volume 1 Roy
 
et al. 

 

Fig. (6). Flow cytometric analysis of untreated control U937 (A), K562 (C), HL-60 (E) cells and with LCLE (150 μg/ml) treated U937 (B), 

K562 (D), HL-60 (F) cells respectively stained with annexin V FITC and propidium iodide. Dual parameter dot plot of FITC-fluorescence 

(x-axis) vs PI-fluorescence (y-axis) shows logarithmic intensity. 

 
               

A                                                                      B 
 

                
C                                                                 D 

 

                    
E                                                                           F 



Induction of Apoptosis in Human Leukemic Cell Lines U937, K562 and HL-60 The Open Leukemia Journal, 2008, Volume 1    11 

 

Fig. (7). Flow cytometric analysis of untreated control (black 

waves) and treated (green waves) cells. (A) overlay representation 

of untreated control and LCLE (150 μg/ml) treated U937 cells, (B) 

overlay representation of untreated control and LCLE (150 μg/ml) 

treated K562 cells and (C) overlay representation of untreated con-

trol and LCLE (150 μg/ml) treated HL-60 cells. Histograms repre-

sent various contents of DNA with actual number of cells (x-axis 

denotes fluorescence intensity of propidium iodide and y-axis de-

notes count). 

means of pharmacological, biological, and nutritional inter-
vention and recently, cancer chemoprevention with strategies 
using foods and medicinal herbs has been regarded as one of 
the most visible fields for cancer control [20]. 

 

Fig. (8). Effect of LCLE treatment on cytochome c oxidase activity 

in U937, K562 and HL-60 cells. (A) histogram representation of 

cytochrome c oxidase activity in the cytosolic extracts of untreated 

control and LCLE (50, 100 and 150 g/ml) treated U937 cells, (B) 

histogram representation of cytochrome c oxidase activity in the 

cytosolic extract of untreated control and LCLE (50, 100 and 150 

g/ml) treated K562 cells and (C) histogram representation of cyto-

chrome c oxidase activity in cytosolic extract of untreated control 

and LCLE (50, 100 and 150 g/ml) treated HL-60 cells. The SE 

value was < 0.001 at all points. 

 Practical experience has shown that once a plant extract 
is found to possess anti-inflammatory activity, it is better to  
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Fig. (9). Effect of LCLE treatment on Caspase-9 activity in U937, 

K562 and HL-60 cells. (A) histogram representation of caspase-9 

activity in untreated control and LCLE (50, 100 and 150 g/ml) 

treated U937 cells, (B) histogram representation of caspase-9 activ-

ity in untreated control and LCLE (50,100 and 150 g/ml) treated 

K562 cells and (C) histogram representation of caspase-9 activity in 

untreated control and LCLE (50, 100 and 150 g/ml) treated HL-60 

cells. The SE value was < 0.001 in bars where no indication is 

shown for SE. 

test whether it possesses any anti-cancer activity because it is 
now pretty well established that inflammation and cancer go 
hand in hand. Since the anti-inflammatory activity of Litchi 
chinensis leaf extract has already been reported [9], it is 
likely that the extract of Litchi chinensis leaves may also 
have anti-leukemic activity. The present investigation  
 

 

Fig. (10). Effect of LCLE treatment on caspase-3 activity in U937, 

K562 and HL-60 cells. (A) histogram showing caspase-3 activity of 

untreated control and LCLE (50, 100 and 150 g/ml) treated U937 

cells, (B) histogram showing caspase-3 activity of untreated control 

and LCLE (50, 100 and 150 g/ml) treated K562 cells and (C) his-

togram showing caspase-3 activity of untreated control and LCLE 

(50, 100 and 150 g/ml) treated HL-60 cells. The SE value was < 

0.001 in bars where no indication is shown for SE. 

confirmed the cytotoxic activity and apoptosis inducing abil-
ity of aqueous methanolic extract of Litchi chinensis leaves 
(LCLE) against three human leukemic cell lines- U937, 
K562 and HL-60. The anti-proliferative and the cytotoxic 
activities of LCLE were supported by the observations in 
cell growth inhibition studies and in MTT assays respec-
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tively. LCLE inhibited the growth and the metabolic activi-
ties of U937, K562 and HL-60 cells in a concentration-
dependent manner. In a separate study it was found that 
LCLE possesses potent immunomodulatory activity and that 
at concentrations used in the present study it did not show 
any cytotoxic effect in a macrophage cell line, RAW264.7 as 
observed in MTT assay. This finding reveals that LCLE 
preferentially acts on leukemic cells. 

 Apoptogenic activity of LCLE was investigated by dif-
ferent morphological studies like fluorescence microscopic, 
confocal microscopic and phosphatidylserine (PS) externali-
zation studies. The process of apotosis is characterized by 
several morphological changes such as cell shrinkage, mem-
brane blebbing, chromatin condensation, nuclear fragmenta-
tion and formation of apoptotic bodies. Fluorescence micro-
scopic images clearly showed nuclear disintegration of 
LCLE treated leukemic cells compared with that of the un-
treated control cells when stained with acridine orange and 
ethidium bromide. The untreated control cells showed bright 
green fluorescence as the live cells with intact membrane 
excluded ethidium bromide and only acridine orange could 
enter into them. On the contrary LCLE treated cells showed 
more intense orange-red fluorescence and reduced green 
fluorescence since apoptotic and necrotic cells could not 
exclude the dyes and gave a combination of orange-red and 
green fluorescence. So, the observations indicated that the 
treatment with LCLE was inducing apoptosis in the leukemic 
cells. Apoptogenic activity of LCLE was further evidenced 
from the confocal microscopic images of the treated leuke-
mic cells when compared with that of the untreated control 
cells. After LCLE treatment, U937, K562 and HL-60 cells 
showed several signs of apoptosis like chromatin condensa-
tion, nuclear fragmentation and formation of apoptotic bod-
ies whereas the untreated control cells were with intact nu-
clei. 

 Externalization of PS from inner leaflet to outer leaflet of 
the membrane is the hallmark of early phase of apoptosis. 
Externally translocated PS binds with annexin V in a cal-
cium dependent manner [21]. Fluorescence microscopic im-
ages of treated U937, K562 and HL-60 cells showed bright 
green fluorescent rings of externalized PS, supporting the 
fact that treatment with LCLE induced apoptosis in the leu-
kemic cells. Further evidence in support of the apoptogenic 
activity of LCLE was obtained from the gel patterns of aga-
rose gel electrophoresis. LCLE treated cells showed de-
graded DNA bands in the form of ladders, a typical indica-
tion of apoptosis, whereas the untreated control cells showed 
intact DNA bands when observed in UV transilluminator. 
Dual staining with annexin V FITC and propidium iodide in 
dot plot assay made it possible to identify live, early apop-
totic and late apoptotic cells [22, 23]. Experiments showed 
increased number of cells in the early and late apoptotic 
stage after treatment with LCLE implying the fact that apop-
tosis was triggered by the treatment with LCLE in U937, 
K562 and HL-60 cells. Cell cycle analysis revealed that 
treatment with LCLE arrested the U937 and K562 cell popu-
lations in the G2-M phase and HL-60 cell population in the 
G1 phase of cell cycle. 

 There are two major apoptotic pathways known to date, 
initiated by either the mitochondria (the 'intrinsic' pathway) 
or the cell surface receptors (the 'extrinsic' pathway). Mito-

chondria-mediated apoptosis occurs in response to a wide 
range of death stimuli, including activation of tumor sup-
pressor proteins (such as p53) and oncogenes (such as c-
Myc), DNA damage, chemotherapeutic agents, serum starva-
tion, and ultraviolet radiation [24]. In the intrinsic pathway, 
diverse proapoptotic

 
signals converge at the mitochondrial 

level, inducing the translocation
 
of cytochrome c into the 

cytosol. Cytochrome c triggers caspase-9
 
activation initiating 

a downstream caspase cascade through the
 
complex forma-

tion with Apaf-1, dATP, and pro-caspase-9 in the
 
cytosol, 

which ultimately lead to the activation of the executioner
 

caspase-3 and finally cell death [25-30]. 

 In the present study, the release of cytochrome c into the 
cytosol

 
was demonstrated in the cytochrome c oxidase assay. 

The cytochrome c oxidase activity was increased in a con-
centration-dependent way after treatment with LCLE (50, 
100 and 150 l) in U937, K562 and HL-60 cells as repre-
sented by the decreased O.D values when compared with 
that of the untreated control cells. Caspase-9 and caspase-3 
assays showed concentration-dependent increase in the ac-
tivities of caspase-9 and caspase-3 respectively after LCLE 
treatment in U937, K562 and HL-60 cells indicating that the 
cytochrome c release

 
was a preceding event for the activation 

of the mitochondria mediated caspase cascades. The in-
volvement of the caspase cascade in the cytotoxic activity of 
LCLE needs to be confirmed using specific caspase inhibi-
tors. 

 These observations in the present work suggest that 
treatment with LCLE induced apoptosis via mitochondria 
mediated intrinsic pathway in U937, K562 and HL-60 cell 
populations. 

 K562 is an erythroblastic cell line expressing the typical 
hallmark of CML, the Philadelphia (Ph) chromosome, and 
the B3A2 bcr-abl [31] and it has been extensively studied in 
order to investigate CML and the metabolic pathways 
underlying its therapy. K562 cell line has also been the 
object of experiments concerning its resistance to apoptosis- 
inducing drugs [32]. Since the present work confirmed the 
apoptogenic activity of LCLE against multi-drug resistant 
human myelogenous leukemia cell line, K562, it is plausible 
that it may lead to identification of a novel anti-leukemic 
agent against CML. 
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