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ABSTRACT 

Apoptosis forms the basis of the drugs targeting cancer cells. The present study aims to explore apoptosis inducing ability of the evergreen forest 
plant Aglaia malabarica in three model cell systems. Allium cepa root meristem treated with the plant extract showed considerable decrease in 
the mitotic index and also revealed increased cytological aberration in a dose dependent manner on treatment with the leaf extract. Evans blue 
staining of the meristem confirmed the apoptotic death induction by the plant extract in a dose dependent way. Erythrocytes were subjected to 
treatment with the plant extract and remarkable apoptotic signs like membrane blebs, membrane distortions etc. were observed. HeLa cells 
were also characterized by the formation of echinoid bodies, membrane blebs, nuclear disintegration, fragmented nucleus etc. after treatment 
with A. malabarica extract. The quantitative estimation of cell viability was done using MTT assay and morphological alterations was studied by 
AO/EB double staining. The plant is proved to be of high potential in inducing apoptosis, in rapidly dividing cells and thereby opens a new 
possibility in drug preparation against uninhibited cell proliferation.  
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INTRODUCTION 

Aglaia, belonging to the family Meliaceae, comprises of over 
120 species of tropical evergreen trees distributed in south-
east Asian region. The genus Aglaia is well marked for the 
presence of rocaglamides, as it is the only natural source of 
these flavaglines.  A large number of species of Aglaia are 
used by the tribal community for its diverse properties. 
Some species are used for its edible fruits, scented flowers 
and medicinal or healing properties like treatment of 
inflammation, fever, diarrhoea and wounds. The extracts of 
some species are also used against infections as bactericides 
and insecticides1. Aglaia malabarica, locally known as 
‘Chuvannakil’, is a sub-canopy wild tree endemic to the 
Western Ghats in India. The plant can be identified by its 
unique lepidote scale on the ventral side of the leaves and 
the golden brown young fronds. A. malabarica is one among 
the least explored species for its bioactivity and 
phytochemical constitution.   

Apoptotic cell death in multicellular organisms has been 
associated with the elimination of unwanted cells, cell 
homeostasis, and response to biotic and abiotic stresses, 
differentiation and aging2,3.  Dysregulation of cell 
homeostasis and controlling mechanism might lead to the 
disruption of the whole system and often results in diseases 
like cancer.  Morphological features such as cytoplasmic 

condensation, nuclear DNA fragmentation, chromatin 
disintegration, membrane blebbing and formation of 
apoptotic bodies are exhibited in the apoptotic cells4.  

Almost every drug targeting the death of the malignant 
tissues are based on their ability to induce apoptosis in 
rapidly dividing cells. Nowadays, developing plant derived 
substitutes for chemotherapeutics is acquiring momentum 
as the plant based products are characterized by low toxicity 
against normal cells. The present study is a novel attempt to 
evaluate the cytotoxicity and apoptosis inducing ability of 
the extracts of Aglaia malabarica in rapidly dividing cells. 

MATERIALS AND METHODS 

Preparation of extracts: The leaves of A. malabarica were 
collected from Wayanad district, Kerala, India. The specimen 
was authenticated at the Department of Botany, University of 
Calicut, Kerala, India (CALI no. 123754).  The leaves were 
shade dried for ten days followed by grinding and later 
stored in an air tight container. Methanolic extract was 
prepared using soxhlet apparatus for 6 h and the filtrate was 
evaporated to dryness under low pressure.  

Cytotoxicity evaluation using Allium cepa meristem: 
Pesticide free Allium cepa bulbs were procured from TNAU, 
Tamil Nadu, India and were grown on moist autoclaved sand. 
Sprouted bulbs were treated after the roots acquired a 
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length of approximately 2 cm. Various concentrations of 
plant extract were used 0.05, 0.1, 0.15, 0.2 and 0.3% for 
different time periods viz., 1 h, 12 h and 24 h. Malathion was 
taken as the positive control while distilled water to be the 
negative. Squash preparations of the healthy roots, after 
excision, were made using standard protocol5 and viewed 
under Leica DM2000 microscope. The microphotographs 
were taken using the top mount camera Leica DMC2900. 

In-situ apoptosis detection: Allium cepa bulbs were treated 
with the different concentrations of the plant extracts viz., 
0.1, 0.2 and 0.3% for 1 h.  Controls were taken as same as 
above. The treated bulbs were soaked in Evans blue solution 
(0.25% w/v) for 15 min.  The roots of equal length were then 
excised and macro-photographed after washing6.  

Eryptosis detection: Human blood was collected in a 
heparinised vial from the blood bank, Calicut, Kerala, India.  
This was centrifuged (8,000 rpm for 15 minutes) at room 
temperature and the filtrate was discarded in order to 
remove the plasma and buffy coat. RBCs were washed three 
times with normal saline (0.9% w/v), and resuspended in 
four times its volume7. 1 mL RBC suspension was incubated 
with equal volume of 0.1% leaf methanolic extract for 1h at 
room temperature. Cell suspension incubated along with 
normal saline was used as the control. Smear of the treated 
cells were prepared followed by staining with May-
Grünwald-Giemsa method8, 9 and the microphotographs 
were taken (Leica DMC2900). 

MTT analysis: HeLa cells were cultured on modified 
Dulbecco’s modified Eagle’s medium (DMEM) up to 70% 
confluence. Various concentrations of plant extracts (6.25, 
12.5, 25, 50 & 100 µg/ml) were prepared in DMEM and the 
cells were incubated in it, after the removal of the previous 
medium, for 24 h. Further observation of the treated cells 
was done using Olympus CKX41 and microphotographs were 

taken using Optika Pro5 CCD camera. Percentage viability 
was calculatedusing the formula: 

                
                      

                        
      

LD50 was also calculated from the values obtained using 
ED50 PLUS V1.0 software. 

Double staining of HeLa cells: The cells were treated with 
the LD50 concentration and were subjected to double 
staining in order to detect apoptosis. These were washed 
with PBS and stained with a mixture of acridine orange and 
ethidium bromide (100 μg/mL w/v) for 15 min. under room 
temperature. Then the cells were washed again with PBS and 
observed under the fluorescent microscope (Olympus 
CKX41). Microphotographs were taken using Optika Pro5 
CCD camera. 

Statistical analyses: The data obtained from the 
experiments were subjected to one way ANOVA and in order 
to validate the results Duncan’s multiple range test was 
performed. The results are expressed as mean ± SE and P < 
0.05 was considered statistically significant.  

RESULTS 

Cytotoxicity evaluation using Allium cepa meristem:  The 
dividing capacity of the cells was hindered by the treatment 
of the cells with the plant extract in a dose dependent 
manner. The mitotic index was found to be decreasing with 
the increasing concentration. The root meristem also 
showed aberrant cells as a result of treatment and the 
percentage aberration was found to be directly proportional 
to the concentration of the extract (Table 1). Meristem after 
the treatment was characterized by micronucleus formation, 
pulverized chromatin, chromatin erosion, disintegration etc. 
which are remarkable features of cells progressing towards 
apoptosis (Fig. 1). 

 

Table 1: Cytotoxicity induced by Aglaia malabarica extracts on Allium cepa meristem 

Concentration Mitotic index (%) Aberration % 
1 hr 

  
0.05 60.76 ± 6.2 55.33 ± 6.9 
0.1 55.84 ± 3.9 57.99 ± 7.0 

0.15 52.96 ± 3.1 65.44 ± 4.8 
0.2 35.11 ± 3.8 87.96 ± 3.2 
0.3 15.53 ± 2.1 92.62 ± 1.5 

Positive 9.76 ± 1.3 92.92 ± 1.1 
Negative 83.76 ± 2.0 1.06 ± 0.5 

  
  

12 hr 
  

0.05 78.79 ± 3.3 23.18 ± 2.6 
0.1 80.61 ± 3.6 33.90 ± 2.4 

0.15 70.18 ± 1.3 63.07 ± 3.8 
0.2 48.27 ± 4.2 60.25 ± 4.0 
0.3 37.73 ± 2.5 77.65 ± 1.7 

Positive 16.88 ± 2.2 94.55 ± 1.8 
Negative 79.64 ± 0.9 2.41 ± 0.6 

  
  

24 hr 
  

0.05 82.29 ± 2.7 23.25 ± 2.0 
0.1 76.19 ± 0.7 37.83 ± 3.0 

0.15 61.36 ± 0.9 57.51 ± 1.6 
0.2 36.82 ± 3.6 68.73 ± 4.2 
0.3 24.17 ± 2.5 84.88 ± 2.6 

Positive 20.46 ± 2.2 89.86 ± 1.6 
Negative 88.46 ± 2.3 0.71 ± 0.71 
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In situ apoptosis detection: The A. cepa root meristem 
treated with the plant extract took up the stain in an 
increasing order of the concentration of the extract. The 
positive control, where the meristem was treated with 
Malathion, stained almost completely thereby denoting high 

apoptotic death while, in the negative control, where it was 
treated with distilled water, minimal staining of the 
meristem was observed. Thus the apoptotic death in the 
meristem treated with the plant extract was found to be dose 
dependent (Fig. 2). 
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Eryptosis detection: The RBCs after treatment with the 
plant extract were characterized by the apoptotic signs like 
membrane blebs, distorted membranes and apoptotic 

bodies, thereby confirming the potential of the plant to 
induce cell death (Fig. 3). 
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MTT analysis: HeLa cell lines treated with the plant extract 
showed death in an increasing rate according to increasing 
concentration. The apoptotic features like condensed nuclei, 
echinoid formation, nuclear fragmentation, blebs etc. were 
prominent in the treated cells. Apoptotic bodies were also 
formed. Cell adherence was considerably minimal in those 
treated with high concentration of the extract (Fig. 4). 
Percentage viability of the cells was found to be inversely 
proportional to the concentration of the extract (Table 2) 
and LD50 was found to be 42.137 μg/mL. 

Table 2: MTT assay result of Aglaia malabarica leaf extract 
on HeLa cell lines 

Sample Concentration 
(µg/mL) 

Average OD at 
540nm 

Percentage 
Viability 

6.25 1.021 81.25 
12.5 0.812 64.62 
25 0.715 56.95 
50 0.613 48.79 

100 0.534 42.55 
Control 1.256 100 

 

 

 

Double staining of HeLa cells: Apoptosis in the treated cells 
were well marked with apoptotic signs and almost half of the 
cells were stained orange denoting the dead cells and others 

green. In contrast, the untreated control cells were observed 
to be stained green completely denoting live cells and 
absence of apoptosis (Fig. 5).  
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DISCUSSION 

Apoptosis is an important process of cell death in a 
programmed manner that has a vital role in metabolism, 
development and even during stress responses. 
Dysregulation of this process leads to uncontrolled cell 
division. Thus, induction of apoptosis forms the basis of 
drugs against cancer development and an effective method 
to suppress tumor progression10.  As the plant products are 
characterized by minimal side effects and negligible 
hindrance to normal metabolism, researchers are focusing 
on them for drug discovery against deadly diseases including 
cancer. Plants and plant products that are potent apoptosis 
inducers are gaining interest in anticancer drug discovery.  

Many species of Aglaia has been reported for its cytotoxic 
potential against rapidly dividing cells. Rocaglamides 
isolated from Aglaia crassinervia11, Aglaia argentea12, Aglaia 
abbreviata13, Aglaia edulis14, Aglaia elliptica15 and Aglaia 
elliptifolia16 are reported to have cytotoxic activity against 
various human cancer cell lines.  This potential of the plant is 
attributed to the presence of flavaglines and benzofurans in 
the leaf and bark extracts which forms the trigger for 
apoptosis, thereby down regulating tumorigenesis. The 
present study revealed the apoptosis inducing ability of 
Aglaia malabarica extract on different rapidly growing cell 
systems. The treated cells showed prominent apoptotic 
symptoms like loss of substrate adhesion, formation of 

apoptotic bodies, chromatin condensation, membrane 
blebbing and nuclear fragmentation. Several reports show 
the effect of flavonoids in the extracts as they are capable of 
influencing several cell functions by cell signal modulation17, 
altering proliferation and cytotoxicity in cancer cell lines18. 
The plant Aglaia malabarica is having considerable amount 
of flavonoids in its leaf methanolic extract and hence, the 
apoptosis inducing ability of plant can be attributed these 
flavonoids. Thus, the plant owes interest as a potential 
apoptotic inducer and a possible anticancer agent and 
thereby becomes the promising part of drug discovery in 
future. 
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