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Introduction

Leukemia is a type of cancer caused by the unregulated 
proliferation of immature blood cells derived from mutant 
hematopieotic stem cell. Leukemia is estimated to account 
for about 3% of incident cases of cancer worldwide [1]. 
The treatments for leukemia depend on type, severity of 
the leukemia, age, overall health, and other factors. Some 
possible treatments might be including are chemotherapy, 
radiation therapy and stem cell transplant. The goals of 
leukemia treatment are related to the type of leukemia. 
In acute leukemia, the therapeutic goal is to eradicate 
completely the leukemia cells and restore normal 
hematopoiesis. In chronic leukemia, the goal is somewhat 
different. In most instances, the intent is not cure but 
rather control of the disease with restoration of normal 
or near-normal hematopoiesis [2]. 
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Virotherapy also called oncolytic virotherapy, is a 
treatment using an oncolytic virus (a virus that infects 
and breaks down cancer cells while leaving normal cells 
unharmed) [3]. Viral therapy for cancer has significantly 
been identified to show some promise in cancer therapy. 
Oncolytic virus therapy may make it easier to kill tumor 
cells with chemotherapy and radiation therapy. It is a type 
of targeted therapy. Some viruses such as adenovirus, 
herpes simplex virus (HSV), reovirus, rabies virus, 
poliovirus, measles virus, vesicular stomatitis virus, 
hepatitis A virus and Newcastle Disease Virus (NDV) are 
able to destroy cancer cells. One important attribute to 
consider virus as a good anti-cancer agent is that the virus 
must selectively infect, replicate in, and destroy human 
tumour cells, but should not initiate a symptom-free illness 
or only cause mild, well-characterised human disease [4]. 
The ability to infect and replicate in only particular types 
of cells is a natural characteristic of viruses and is known 
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as cellular tropism of a virus [5].
Newcastle Disease Virus(NDV) is used as an 

antineoplastic and immunostimulatory agent in clinical 
tumor therapy [6]. NDV has been used as an anticancer 
agent for more than 30 years. The perception that NDV 
can replicate up to 10,000 times better in human cancer 
cells than in most normal cells, has prompted much interest 
in this virus as a potential anticancer agent. NDV has 
pleiotropic immune stimulatory properties in addition to 
good cell binding and selective proliferation in replicating 
cells. Multiple studies have demonstrated that NDV caries 
oncolytic potential due to its predilection for infection and 
replication in human cancer cells while sparing normal 
cells. Newcastle Disease Virus at the Forefront of Cancer 
Immunotherapy Most important for its use as an adjuvant 
in human cancer vaccines is its ability to introduce T- cell 
co-stimulatory activity and induce cytokines such as 
IFN-α, IFN-β and TNF-α that affect T-cell recruitment and 
activation [7]. The first intentional use of NDV to treat 
cancer in humans was documented in the early 1950s, 
where NDV and adenovirus were injected directly into 
uterine carcinoma, which underwent partial necrosis and 
sloughing followed by regrowth [8]. Many strains of 
NDV (73-T, MH68, Italian, Ulester, Rokin, PV701 and 
HUJ) have been shown to exhibit oncolytic activity [9, 
10]. In addition, the oncolytic effects of six Malaysian 
strains of NDV (AF2240, 01/C, Ijuk, S, F, and V4) have 
also been studied on several tumor cell lines activity [9, 
11, 12]. Furthermore NDV as a shuttle vector to deliver 
suicide genes into tumors of the xenographic mice for 
cancer therapy was reported by Zheng et al. [13] The 
CD/5-FC significantly improves the anti-tumor effect of 
the lengtogenic NDV.

Apoptosis is an active or programmed form of 
cell death [14], with participation of the cell along the 
pathway towards death through a process requiring 
energy. Apoptosis of mammalian cells is accompanied 
by various morphological characteristics including cell 
shrinkage, membrane blebbing, nuclear condensation and 
the emergence of apoptotic bodies [15, 16]. The oncolytic 
effects of NDV AF2240 have also been studied on several 
tumor cell lines. The Aim of this study was to characterize 
the nature of cell death mode (apoptosis and necrosis) 
caused by NDV strain AF 2240 in WEHI 3B cells line 
using Scanning electron microscope and Transmission 
Electron Microscopy.

Materials and Methods

Propagation and Purification of NDV Strain AF2240
NDV was propagated in allantoic fluid of 9–11 

days-old embryonated chicken eggs at 37 °C for 48 h. 
The allantoic fluid was harvested and the presence of 
virus was confirmed by the haemaglutination test [17]. 
NDV purified as previously described by Chambers and 
Samson,1980 [18]. 

MTT Cytotoxicity Assay
WEHI-3B lines was cultured in DMEM (Sigma, 

USA) containing 10% fetal bovine serum (FBS), 100 U/
mL penicillin and 100 μg/mL streptomycin at 37 °C in a 

humidified atmosphere of 5% CO2 in air. The cells were 
grown to confluence and sub-cultured at three to four days’ 
interval before the experiments. WEHI-3B inhibition by 
NDV was measured using Microtitration cytotoxicity [19]. 
About 150 μL complete medium were added into of flat-
bottom 96–well plate (Nunclon™, Denmark) and 50 μL 
of the 2-folded serial virus dilution were added into the 
wells. In the last well, 50 μL of PBS were added instead 
of the virus, which represented as control. Then 50 μL of 
5 × 105 cells of WEHI-3B was added to top up the final 
volume to 200 μL and the plate was incubated at 37 °C 
in an atmosphere of 5% CO2. Seventy-two hours later, 
20 μL of MTT (5 mg/mL) in PBS solution was added to 
each well then the plate was further incubated for 4 h. 
Most of the medium was removed and 100 μL of DMSO 
(dimethyl sulfoxide) was added into the wells to soluble 
the crystals. Finally, the OD was measured by (ELISA) 
reader at wavelength of 570 nm. Then graphs of percentage 
of viable cells versus virus titer HAU were plotted. The 
value of CD50 was determined from the graphs obtained 
at the concentration that cause 50% cell reduction as 
compared with controls. 

Cell Proliferation and Growth Rate Inhibition using BrdU 
Cell Proliferation Assay

BrdU proliferation assay for treated and untreated 
WEHI-3B cells (1 × 106 cells/mL) was carried out 
using BrdU Cell Proliferation assay kit according to 
manufactures instructions (CHEMICON, USA). WEHI-
3B cells were treated at different virus titer HAU (CD 
25, CD 50, and CD 75) of NDV. Then the plates were 
incubated in an atmosphere of 5% CO2 at 37 °C for 24, 48 
and 72 h. After incubation periods, the cells were washed 
with PBS twice. The plates were read using ELISA reader. 
The OD of samples was plotted against time to determine 
the growth rates of cells in a given value.

Morphological changes
Scanning Electron Microscopy 

WEHI 3B cell at concentration of 1 x105 cell/ml in 2 
ml culture medium containing 10% FBS was seeded into 
6 well plates (Nunclon™, Nunc) and treated with NDV 
AF 2240 at CD50 concentrations (2 HA units). Then, 
the plates were incubated in an atmosphere of 5% CO2 
at 37°C for 24, 48 and 72 hrs. After 24, 48 and 72 hrs 
incubation, the cells were spun down at 600 xg for 10 min. 
The supernatant was discarded and the pellet was washed 
with PBS twice. The cells were primarily fixed in 1.5% 
buffered glutaraldehyde at pH 7.4 for 12 to 24 hrs at 4°C. 
The cells were then washed with 0.1 M sodium cacodylate 
buffer for three changes of 10 min each. Subsequently, 
they were subjected to post-fixation of samples in 1% 
buffered osmium tetroxide for 2 hours at 4°C and washed 
again with 0.1 M sodium cacodylate buffer. The sample 
was dehydrated in a series concentration of acetone - 35%, 
50%, 75%, 90% and 100%. Each step was left for 10 min 
at room temperature except for 100% acetone, which 
required three changes of 10 min each. Since the cells 
were in the form of suspension, they were centrifuged at 
every step of washing, fixation and dehydration. At the 
final stage of dehydration, the cells were resuspended in 
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Results

MTT Cytotolytic assay of NDV Strain AF2240 
In this study, the cytolytic effects of Newcastle 

disease virus strains AF2240 on mouse myelomonocytic 
leukemia (WEHI-3B) was determined by measuring the 
cytotoxic dose that kill 50% of the cell population as 
compared to the untreated control for various periods 
using colorimetric cytotoxicity assay (MTT). The assay 
was repeated three times. The results obtained showed 
cytolytic effect of NDV AF2240 on WEHI-3B cell and 
titer of virus that killed 50% (CD50) of WEHI-3B cells, 
compared to untreated cells after 72 h of treatment was 2 
± 0.2 Haemagglutinating Units (HAU) (Table 1). 

Cell Proliferation and Growth Rate Inhibition using BrdU 
Cell Proliferation Assay

Cell proliferation of WEHI 3B cells based on the 
DNA synthesis phase were investigated using BrdU cell 
proliferation assay. The results obtained showed that 
there was a decrease in optical density (OD) of WEHI 3B 
cells after treated with NDV in a time and concentration-
dependent manner (Figure 1). As shown as in Figure 2 
untreated WEHI 3B cells exhibited an increase in OD 
from 24 Hrs 1 to 72 h compared to WEHI-3B cells treated 
with CD 25, CD 50. The percentage of non-viable WEHI-
3B cells treated with CD25 value was 16% (24 h), 25% 
(48h) and 36% (72 h). But the percentage of non-viable 
WEHI-3B cells treated with CD50 values of were 28% 
(24 h), 44% (48h) and 55% (72 h).

Morphological changes
This assay is the most straightforward method to 

determine the mode of cell death of WEHI 3B cells 
caused by NDV strain AF 2240 based on morphological 
changes. Two different kinds of microscopes were used 
for this observation: Scanning electron microscopy and 
Transmission electron microscopy. 

Scanning Electron Microscopy 
In this study, morphological changes of apoptosis and 

necrosis in WEHI 3B cells treated with AF 2240 at 24, 48, 
and 72 hrs compared to untreated WEHI 3B cells were 
determined. At 24 and 48 hrs post-inoculation, membrane 
blebbing on the treated cell surface as compared to 
untreated normal cells was observed. Furthermore, at 
72 hrs post-inoculation, budding apoptotic cells together 
with cells that exhibit severe lesions on the membrane, 
which could be cells undergoing necrosis, were observed 
by using scanning microscopy (Figure 2). 

a small volume of absolute acetone (Merck, Germany). 
The cell suspension in absolute acetone was dropped 
slowly onto a 0.8 cm² aluminum foil coated with albumin 
(1 portion of egg white and 49 portion of distilled water) 
and left at room temperature until all the acetone had 
evaporated from the aluminum foil. Each specimen was 
then transferred into a separate specimen basket and put 
into a critical point dryer (HCP-2 Critical Dryer, Japan) 
for about 30 min. Then, the foil was mounted onto the 
stub using a double sided tape or colloidal silver followed 
by gold coating using a sputter coater (Palaron E5100 
SEM Coating Unit, UK). The cells were examined under 
a scanning electron microscope. 

Transmission Electron Microscopy 
WEHI 3B leukemia cell at concentration of 1 x105 

cell/ml were treated with NDV AF 2240 at CD50 
concentrations (2 HA units) and incubated for 24, 48, 
and 72 h at 37C. The cultured cells were harvested using 
trypsin and centrifuged for 10 min at 1,500 rpm. The 
pellets were fixed in 4% (v/v) glutaraldehyde in 0.1 M 
coccadylate buffer (pH 7.4) for 4 h at 4C. The fixed cells 
were centrifuged, and the pellets were blocked in serum 
which was later fixed in glutaraldeyde overnight at 4C. 
The specimens were washed in three changes of sodium 
coccadylate buffer (pH 7.4) for 10 min each, postfixed in 
1% osmium tetraoxide at 4C. The specimens were then 
washed in three changes of sodium coccadylate buffer (pH 
7.4) for 10 min each and dehydrated with a graded series 
of acetone (35, 50, 75, 95, and 100%). The cells were 
then infiltrated with acetone and resin and embedded with 
100% resin in beam capsule, and left to polymerize at 60 
C for 48 h. The area of interest in the embedded cells resin 
block was chosen using the toluidine blue staining and 
later examined using light microscope. The selected area 
was cut in ulltrathin sections using ultramicrotome. The 
sections were placed into a grid and stained with uranyl 
acetate for 10 min followed by 50% filtered acetone, 
and finally stained using lead which was then washed 
twice with distilled water. The stained samples were then 
viewed under transmission electron microscopy (Phillips, 
Eindhoven, and The Netherlands).

Statistical Analysis
The data were presented as means + SEM and 

analyzed using one-way ANOVA and repeated measure 
one-way ANOVA in SPSS window program version 14.0 
(Chicago, SPSS Inc). P value at 0.05 was considered as 
the level of significance. Tukey HSD post-hoc analysis 
was followed by ANOVA with p value of less than 0.05. 

Cell line Duration (hours) Cytotoxicity assay CD50 from MTT (HAU)
Mouse Myelomoncytic leukemia (WEHI 3B) 24 10± 0.6 
Mouse Myelomoncytic leukemia (WEHI 3B) 48 3.8± 0.1
Mouse Myelomoncytic leukemia (WEHI 3B) 72 2± 0.2
Normal peripheral blood lymphocyte 72 >150
Normal mouse fibroblast cell line (3T3) 72 >150

Table 1. IC50 Values Obtained after NDV AF 2240 Virus Strain g Treatment on Mouse Myelomoncytic Leukemia 
(WEHI 3B) and Normal Cell Lines.  
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Figure 1. BrdU Proliferation assay of WEHI 3B Cells Treated with NDV at Different Virus titer HAU (CD 25 and CD 
50). The viable and non-viable percentage of WEHI-3B cells in population at various time courses. (A) cells treated 
with CD25 value of (B) Cells treated with CD50 value). (C) Cells without treatment (control). 

Figure 2. Scanning Electron Microscope Photo-Micrographs Showing WEHI 3B Cells at Various Stages of Apoptosis 
and Necrosis after Treatment with NDV Strain AF 2240 at CD50 Value after 24, 48 and 72 hrs (Magnification x 4000).
(A) Untreated cells showing Viable cells (V) (B, and C) WEHI 3B cells treated with CD50 (2 HAU) of NDV AF 2240 
showing Cell blebbing (P). (F) WEHI 3B cells treated with CD50 (2 HAU) of NDV AF 2240 showing Necrotic cell 
(N). 

Transmission Electron Microscopy 
The ultra-structural examination of the WEHI 3B 

cells treated with NDV strain AF 2240 showed different 
stages of apoptosis and necrosis. In this study, at the 
early stage of apoptosis, chromatin began to condense, 
microvilli that were present originally disappeared and 
blebbing on the cell surface started to develop. In some 
cells, the protuberances, which were formed on the cell 
surface, had begun to separate producing a cluster of 
membrane bounded apoptotic bodies of roughly spherical 
or ovoid shapes of varying sizes and compositions. In 
some cells, cell membrane lyses and cell destruction were 
observed after 72 hours post-inoculation. Furthermore, 
WEHI 3B cells treated with NDV strain AF 2240 

showed shrinkage compared to untreated WEHI 3B 
cells. Condensation of chromatin and disintegration of 
nucleus were clearly seen after 24, 48 and 72 hrs. At 
24 hrs post-inoculation, cytoplasmic organelles such as 
intact mitochondria, membrane blebbing, cell shrinkage, 
chromatin condensation and intact rough endoplasmic 
reticulum were noted (Figure 4). The changes in the 
cells became more prominent at 48 hrs post-inoculation, 
where numerous mitochondria, membrane blebbing 
without disintegration of the cellular membrane, nucleus 
fragmentation and early stages of apoptotic bodies 
formation were observed (Figure 5). At 72 hrs post-
inoculation, late stages of apoptotic cells formation, deep 
convolution of nuclear membrane, and necrosis cells were 
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Figure 3. Transmission Electron Microscope Photo-Micrographs Showing WEHI 3B Cells at Various Stages of 
Apoptosis after Treatment with NDV Strain AF 2240 at CD50 Value (2 HAU) for 24 hrs (Magnification x 6800). (A) 
Untreated cell (B, C, and D) treated cell at early stage of apoptosis. Cell membrane blebbing (black arrow), nuclear 
fragmentation (F), crescent nucleolus (CN), apoptotic bodies (P) and condensed chromatin (C) 
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Figure 4. Transmission electron microscope photo-micrographs showing WEHI 3B cells at various stages of apoptosis 
after treatment with NDV strain AF 2240 at CD50 value (2 HAU) for 48 hrs (Magnification x 7000). (A) Untreated 
cell (B, C, and D) treated cell at second stage of apoptosis. Nuclear fragmentation (F), crescent nucleolus (CN) and 
condensed chromatin (C) 
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Figure 5. Transmission Electron Microscope Photo-Micrographs Showing WEHI 3B Cells at Various Stages of 
Apoptosis after Treatment with NDV Strain AF 2240 at CD50 Value (2 HAU) for 72 hrs (Magnification x 6000). (A) 
Untreated cell (B) treated cell showed condensation and intra-cytoplasmic vacuolation at the second stage of apoptosis. 
(C and D) cell undergo necrosis with swollen mitochondria containing flocculent densities, ruptured of cytoplasm and 
nuclear membrane. Nuclear fragmentation (F), disintegration of nucleus (DN) and cytoplasmic vacuoles (V) 

observed. Some apoptotic bodies eventually degenerated, 
when obvious damage in the cells with extensive vacuole 
was detected (Figure 5). On the other hand, Untreated 
WEHI 3B cells appeared in normal morphology of viable 
cells with intact nucleus and clear cytoplasm containing 
numerous mitochondria and endoplasmic reticulum, 
which were in their regular shape Figure 3, 4 and 5). 

Discussion

Development of biologically targeted agents that 
exploit differences between cancerous and normal cells 
and permit greater specificity for cancer cells with less 
damage to normal cells is still the ultimate goal in the 
field of antineoplastic drug discovery [20]. The results 
obtained from this study showed that NDV AF2240 strain 
have cytolytic effect and the ability to induce apoptosis 
in (WEHI-3B) murine myelomoncytic leukemia cell 
line. By using MTT, NDV AF 2240 showed cytolyitic 
effects on the WEHI-3B cells. This finding was consistent 
with the results of many previous studies which stated 
that the effectiveness of NDV strains AF2240 and V4 
UPM as an oncolytic agent was found on breast cancer 
cell lines (MCF-7 and MDA-231), leukemia cell lines 
(WEHI 3B, HL-60 and CEM-SS) and brain tumor cell 
line (DBTRG.5MG and U87MG) [9, 11]. 

Furthermore, apoptosis induction in WEHI-3B was 
determined using electron microscope and methods. To 
further confirm the potential of NDV strains AF2240 

induced cell death on WEHI 3B cells, a BrdU cell 
proliferation assay was performed. The cell proliferation 
percentage was measured by the incorporation of the 
thymidine analogue bromodeoxyuridine into DNA. In 
treated WEHI 3B cells, the cell proliferation rate was 
reduced in a concentration dependent manner after the 
addition of NDV, compared to untreated control cells. The 
antiproliferative effects of NDV at CD50 concentrations 
against WEHI 3B were noticed at all the time points, 
percentage of viable cells had declined from 24 hours 
to 72 hours. Inhibition of DNA synthesis at the highest 
concentration is also time-dependent. 

Moreover, the morphological changes of WEHI 
3B cells especially at the plasma membrane could be 
readily detected using a scanning electron microscope. 
Convolution of nuclear and plasma membranes had 
occurred progressively with chromatin condensation, 
giving the cell a bubbling surface as seen by the 
scanning electron microscopy. Apoptotic cells were 
easily distinguishable from necrotic cells using scanning 
electron microscope in this approach. Surface blebbing 
is considered a hallmark pattern specific to apoptosis. 
It is due to a deep cytoskeleton rearrangement, causing 
progressive changes in cell shape and organelle 
distribution. The final stage of this process is the cell 
splitting in numerous cellular portions, termed apoptotic 
bodies, whose most common final fate in vivo is to be 
engulfed by phagocytes. Bleb is occasionally described 
on the surface of cells undergoing necrosis, but in this 
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condition, they are followed by the rapid appearance of 
membrane discontinuities, causing water influx and strong 
ion distribution. No cell splitting appears in the course of 
necrosis, but a general cell hydration occurs, followed by 
cell swelling and disruption [21]. 

Ultra-structural morphology of mitochondria and 
nuclei in entire cells could be performed by TEM [21]. 
Briefly, after treatment of WEHI-3B cells with NDV 
strain AF2240, some cells showed typical morphologic 
changes of apoptosis, including shrinkage and membrane 
blebbing. Intracellular and plasma membrane structural 
modifications have been widely recognized as crucial 
factors involved in cell injury and death. Changes in 
nuclear morphology and in organelle structure as well as 
specific phenomena at the cell surface, namely surface 
smoothing and surface blebbing, are often considered 
as markers associated with cell pathology [22]. TEM 
analysis could reveal the changes of cell ultrastructure 
during the apoptotic process [23]. By means of TEM the 
results in this study showed that untreated cells showed no 
changes and exhibited intact nucleus with clear cytoplasm 
while after leukemia cell line treating with NDV strain 
AF2240 the typical morphological features of apoptotic 
cells appeared, including chromatin condensation in 
dense masses under the nuclear membrane, compaction 
of the cytoplasm, crowding of organelles and surface 
protuberances. This study agreed with a previous study, 
which showed that in the unaffected healthy cell, the 
cytoplasm of cells contained membranous organelles 
such as rod or round-shaped mitochondria, endoplasmic 
reticulum and golgi apparatus, that were embedded in a 
pool of ribonucleoprotein particles, which gave rise to 
the dark colour of the cytoplasm [24]. These findings also 
were consistent with previous study reported by Pesce and 
De Felici, [25] and Ali-Saeed et al. [26] which showed 
that the typical morphological features of apoptotic cells 
included protrusions known as blebs formed on the 
plasma membrane and the nucleus was often displaced 
to one edge of the cells; chromatin condensation in 
dense masses under the nuclear membrane; compaction 
of the cytoplasm; crowding of organelles and surface 
protuberances. The cells then broke up into discrete 
fragments (apoptotic bodies) which would eventually 
degenerate by secondary necrosis. Therefore, the results 
obtained from scanning and transmission microscopes 
confirmed apoptosis was the main mode of cell death 
induced by NDV strain AF 2240. Therefore, this result 
confirmed apoptosis was the main mode of cell death 
induced by NDV strain AF 2240. 

In summary, the induction of apoptosis by NDV 
AF 2240 strain was evident from the morphological 
examination of the treated WEHI 3B cells by using 
scanning, transmission electron microscopes and 
BrdU cell proliferation assay techniques. These results 
confirmed that NDV strain AF2240 has a potent antitumor 
agent and has ability to induce apoptosis pathway in 
WEHI 3B leukemia cell line.
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