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ABSTRACT

 Several plants have been recently reported to possess anticancer potential. Allium cepa root tip assay is a preliminary 
study to assess the cytotoxic effect of  plant extracts. The cytotoxic activity of  plants can be correlated to their 
anticancer potential. Cytotoxic potential of  Pogostemon heyneanus (Lamiaceae) was evaluated using A. cepa root 
meristematic cells. This study was aimed at analyzing cytotoxic potential of  P. heyneanus using Allium cepa root tip assay. 
Four different concentrations of  the aqueous leaf  extracts at three different durations were examined. Distilled water 
was used as control. The extract was found to be cytotoxic at all tested concentrations, when compared to control. 
Mitotic index was found to be decreasing with the increase in extract concentrations and treatment durations. The 
aqueous extract of  P. heyneanus was found to be an effective cytotoxic agent, inducing various clastogenic and non-
clastogenic aberrations such as chromosome gaps, bridges, multipolar anaphase, fragments, nuclear budding and 
lesions, hyperchromasia, laggards and mitotic pairing. 
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INTRODUCTION

Recent years have witnessed the importance of  
plant-derived herbal medicines against many 
dreadful diseases. The cytotoxic potential of  plant 
extracts can be tested preliminarily for their 
anticancer activity using  assay. Allium cepa
P. heyneanus, commonly called as Java Patchouli, is 
an aromatic species of  Lamiaceae family. The 
plant is used to make the pungent, dark amber 
colored Patchouli oil, containing patchoulene, 
patchouli alcohol and eugenol as the major 
components. The oil possesses antibacterial 
activity against , , Escherichia coli Staphylococcus aureus
Streptococcus pyogenes Bacterium coli Bacterium typhosum, ,  
and . It is also used in Mycobacterium tuberculosis
insect-repellent preparations. Essential oil 
extracted from the leaf  was reported to possess 
remarkable larvicidal potential against Aedes 
albopictus (Anjana & Thoppil 2013). Another 
species of  the genus,  has been reported to P. cablin,
be having anticancer properties (Jeong .  2013).et al

A wide variety of  secondary metabolites 
obtained from medicinal plants possesses the 
ability to treat cancer. They exhibit cytotoxic 
effect by interfering with cell-cycle kinetics (Gali-
Muhtasib & Bakkar 2002). These medications are 
effective against proliferating cells. These 
medications   produce cytotoxic effect either 
by damaging the cell DNA during the S-phase 
of  the cell cycle or by blocking the formation 
of  mitotic spindle (Sehgal . 2006). Plant et al
cytotoxic bioassays have a good correlation 
with mammalian test systems, validating the 
application of  plant-based medications for 
genotoxic assays (Jovtchev . 2002; Yi & Meng et al
2003; Çelik & Äslanturk 2006, 2007).  
Toxicological tests using  was found to Allium cepa
have high correlation with other test systems 
(MIT-217 cell test with mice, rats or humans in 
vivo) and could be used in toxicological research 
(Lubini . 2008).et al

There are no previous reports on the cytotoxic 
activities of   and therefore, the present P. heyneanus
study was aimed at evaluating the cytotoxic and 
antimitotic properties of  P. heyneanus.
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MATERIALS AND METHODS

Collection of  Plant Materials

 Plant materials of  P. heyneanus was obtained 
from the Centre of  Medicinal Plants Research, 
Arya Vaidya Sala, Kottakkal, Kerala, India. The 
collected plant materials were maintained in the 
greenhouse and authenticated by Dr A.K. 
Pradeep, Assistant Professor, Department of  
Botany, University of  Calicut, Kerala India. A 
voucher specimen was deposited at the Calicut 
University Herbarium (CALI  123733).

Preparation of  Leaf  Extracts 

 Fresh leaves of  P. heyneanus were collected from 
the plants grown in the greenhouse and were 
rinsed thoroughly, shade dried and then ground 
into powder. The crude extract was prepared by 
boiling the dried powdered material in distilled 
water for 30 minutes. The extracts were prepared 
in four different concentrations (0.5, 0.1, 0.05 and 
0.01%). The extracts were then filtered to remove 
particulate matter.

Allium cepa Root Tip Assay

 Fresh and healthy bulbs of  Allium cepa were 
obtained from the local market. The bulbs were 
germinated over water before being transferred to 
the test plant extracts. When the roots were about 
5 mm long, the bulbs were placed on beakers 
containing P. heyneanus leaf  extracts of  four 
different concentrations (0.5, 0.1, 0.05 and 
0.01%), such that the roots were immersed in the 
extracts. The roots were immersed for 3 different 
durations, i.e. 2, 1 and ½ hours. The sprouted 
roots were also treated with distilled water, which 
served as control. The experimental set up had 
five replicates.
 The root tips were fixed in Carnoy's fluid 
(1 part of  glacial acetic acid: 2 parts of  absolute 
alcohol) after the treatment. These roots were 
then hydrolyzed in 1N HCl for 5 minutes. After 
hydrolysis, the roots were washed in distilled 
water.  Root tips were cut into 1 -  2 mm long 
pieces and placed on a glass slide.  A small drop of   
2% aceto-orcein was placed on the root tip and the 
root tip was squashed. The slides were then 
scanned under Leica DM 1000 trinocular  
research  microscope  and   photomicrographs  
were  taken.

 The numbers of  cells, dividing and non-
dividing, were recorded. The degree of  
chromosomal aberration was expressed as the 
percentage of  aberrant cells, which was calculated 
as the number of  aberrant cells to the total 
number of  cells examined. Mitotic Index (MI) 
was calculated by expressing the numbers of  
dividing cells as a percentage of  total cells 
counted for each treatment and the control.                 

                                   Numbers of  aberrant cells
_____________________Percentage aberration =   x  100

                                      Total number of  cells

                                 Numbers of  dividing cells
____________________________Mitotic Index =  x 100 

                                    Total number of  cells

Statistical Analysis

 The data were analyzed using one way analysis 
of  variance (One-way ANOVA).  Means of  the 
mitotic indices and chromosome aberrations with 
standard errors for each concentration of  the 
extracts were calculated. Duncan's multiple range 
test was performed to determine the significant 
differences between the different treatments made. 
Statistical significance was accepted for 
p < 0.05 (Auti et al. 2010). All statistical analyses 
were carried out using SPSS 17.0 statistical package.

RESULTS AND DISCUSSION

 Mitosis was normal in the root tips kept as 
control, whereas the mitotic indices of  all A. cepa 
roots treated with P. heyneanus leaf  extracts were 
significantly lower than the mitotic index of  
control (Table 1).
 The mitotic index rates were found to be 
decreasing with the increasing concentrations of  
the aqueous extract compared with the control 
(Table 1). Chromosome aberrations were 
observed in all stages of  mitosis. Major 
clastogenic abnormalities observed were nuclear 
budding and lesions, chromosome fragments and 
gaps, ring chromosomes, chromosome bridges, 
stickiness, hyperchromasia and non-clastogenic 
aberrations including stellate anaphase, ball 
t e l o p h a s e ,  e q u a t o r i a l  s e p a r a t i o n  o f  
chromosomes,  chromosome lag gards,  
misorientation at metaphase, hyperploids and 
hypoploid cells, double metaphase, early ball 
metaphase, mitotic pairing at metaphase, 
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Table 1 Percentage of  mitotic indices and chromosomal aberrations observed in Allium cepa root meristems treated with 
P. heyneanus  leaf   extracts

 

Concentration 

                     Mitotic index (+ SE)                                          % of  aberrant cells (+  SE)  

½ hour                 1 hour             2 hours                    ½ hour              1 hour            2  hours  

Control                26.00+ 0.86a          23.14+ 0.94a      25.47 + 0.09a                    0a                        0a                     0a   

0.01%                 17.11 + 3.00b    
         16.37 + 1.50b   

    16.23 + 1.39b 
          36.03+0.75b

      41.81+0.56b
      46.07+1.30b

 

 
0.05%    

             
15.67 +

 
0.34b    

           
15.10+

 
0.93b    

    
15.09 +

 
0.80b    

          
39.16+1.32bc   

  
43.64+1.82bc

       
48.14+0.93bc

  

0.1%      
             

14.32 +
 

1.31b    

          
14.30 +

 
1.31b   

    
13.83 +0.50bc  

          
39.50+1.86bc

     
47.98+3.07c       

    
51.60+2.61c

  

0.5 %    
              

13.39+
 

0.62b

           
12.89+

 
1.12b     12.14 +

 
0.52c

          
42.88+2.88c

       
48.32+1.61c

       
62.85+1.91d

 
Note:  Numbers followed by the same letters in the same column are not significantly different at p < 0.05

action on DNA biosynthesis (Majewska et al. 
2003). Nuclear buds were observed to originate 
from the nuclear envelope in situ at certain regions 
of  the interphase nucleus of  the treated cells and 
these might be a result of  the excessive 
production of  nucleic acids and proteins, induced 
by cytotoxicants (Akaneme & Iyioke 2008).
 Stickiness (Fig. 1T) might result from 
improper folding of  chromosome fibers which 
made the chromatids connected by means of  
subchromatid bridges (Hellgren & Morre 1992). 
Chromosome gaps (Fig. 1D), which were 
distributed at random on the chromosomes, 
were formed by the action of  mutagenic 
substances (McGill et al. 1974). Chromosome 
bridges (Fig. 1B & 1T) and fragments (Fig. 1C) 
were clastogenic effects, resulting from 
chromosome and chromatid breaks (Fiskesjo 
1997). Ring chromosomes (Fig. 1R) might arise 
due to the spontaneous breakage of  
chromosomal ends, followed by the joining of  the 
raw ends of  the chromosomes (Singh 2003). Ball 
metaphase (Fig. 1G) might be due to the localized 
activity of  spindle apparatus at the centre, so that 
the centromeres remained at the equator and 
arms radiated in different directions, in the form 
of  a ball. In ball telophase (Fig. 1A), the sister 
chromatids separated into a hollow ball of  
chromosomes that resulted from the early 
cleavage divisions in some aberrant cells (Morgan 
2006).
 Separation of  daughter chromosomes parallel 
to the equator rather than towards the poles (Fig. 
1H) was an acute aberrant condition that arose as 

multipolar anaphase, pole to pole arrangement at 
metaphase and vagrant chromosomes at 
metaphase (Fig. 1).
 There were significant differences (p < 0.05) 
between treated groups and control group in 
mitotic index. Low mitotic index observed in the 
treated root tips might be due to direct genotoxic 
effect of  P. heyneanus extract. The percentage of  
mitotic indices and chromosomal aberrations 
induced by different concentrations of  the extract 
at different treatment durations are summarized 
in Table 1.
 Decrease in mitotic index rates explained 
cytotoxicity of  the aqueous extract. This might be 
due to the obstruction of  the onset of  prophase, 
the arrest of  one or more mitotic phases, or the 
slowing of  the rate of  cell progression through 
mitosis (Fiskesjo & Levan 1993). Reduction in the 
mitotic activity could also be due to inhibition of  
DNA synthesis or a blocking in the G2 phase of  
the cell cycle, preventing the cell from entering 
mitosis (Christopher & Kapoor 1988).
 Chromosomal aberrations are changes in 
chromosome structure resulting from a break or 
exchange of  chromosomal material. Most of  
chromosomal aberrations observed in cells are 
lethal, but there are many corresponding 
aberrations that are viable and can cause genetic 
effects, either somatic or inherited (Sudhakar et al. 
2001; Akinboro & Bakare 2007).
 Aberrations observed at the interphase stage 
included nuclear lesions (Fig. 1F) and nuclear 
budding (Fig. 1P). The presence of  nuclear lesions 
offers cytological evidence for the inhibitory 
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Figure 1 Chromosomal aberrations induced by different concentrations of   aqueous leaf  extracts of    P. heyneanus

Notes: A) Ball telophase; (B) Chromosome bridge at anaphase; (C) Chromosome fragment at metaphase; (D) Chromosome gaps at 
metaphase; (E) Double metaphase; (F) Double nuclear lesion; (G) Early ball metaphase; (H) Equatorial separation at anaphase; (I) 
Hyperchromasia; (J) Hyperploid cell; (K) Hypoploid cell; (L) Laggards at anaphase; (M) Misorientation at metaphase; (N) Mitotic 
pairing at metaphase;  (O) Multipolar anaphase; (P) Nuclear budding at interphase; (Q) Pole to pole arrangement at metaphase; 
(R) Ring and vagrant chromosomes at metaphase;  (S) Stellate anaphase; (T) Sticky double chromosome bridge at anaphase
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a result of  errors in the mitotic spindle assembly 
and dynamics (Ford & Correll 1992). Stellate 
arrangement (Fig. 1S) of  chromosomes might be 
due to the clumping of  daughter chromosome 
groups in a star like manner and might be 
occurring as a result of  the complete disturbance 
of  spindle (Raj & Rao 1972).
 Hyperchromasia (Fig. 1I) was an extremely 
condensed and deeply staining state of  interphase 
nucleus induced by toxic environmental chemicals 
or incompatible conditions, which might be 
caused by progressive heterochromatinization 
(Gernand . 2005). Misorientation of  et al
chromosomes (Fig. 1M) could be due to a 
distortion of  the spindle apparatus or a tilt in the 
equator ia l  organizat ion of  metaphase 
chromosomes (Selim . 1981). The occurrence et al
of  hyperploid (Fig. 1J) cells might be attributed to 
spindle inhibition, lack of  anaphase movement or 
failure of  cell plate formation (Meske & 
Hartmann 1995).
 Abnormal pole to pole orientation of  
chromosomes (Fig. 1Q) at metaphase leading to 
equatorial separation of  chromosomes at 
anaphase was an acute aberrant condition that 
arose as a result of  irregular pathways of  spindle 
assembly and abnormal spindle activity (Waters & 
Salmon 1997). Multipolar anaphases (Fig. 1O) 
were consequences of  weak C-mitosis and could 
lead to aneuploidy (Fiskesjo 1988). The induction 
of  vagrant chromosomes (Fig. 1R) led to the 
separation of  unequal number of  chromosomes 
in the daughter nuclei and subsequently formation 
of  daughter cells with unequal sized or irregularly 
shaped nuclei at interphase (El-Ghamery . et al
2003). Laggards were whole chromosomes that 
failed to migrate to either pole at anaphase 
because of  possible damage to the kinetochore 
(Asita & Mokhobo 2013). Presence of  hypoploid 
cells (Fig. 1K) might be due to the occurrence of  
multipolar mitosis or lagging chromosomes 
(Seoana . 2000). Mitotic pairing (Fig. 1N) was a et al
rare abnormality which might be due to an 
increase in RNA content (Wen . 1989).et al
 Mitotic Index (MI) measured the proportion 
of  cells in the M-phase of  the cell cycle.  The 
inhibition of  M-phase could be considered as 
cellular death or a delay in the cell proliferation 
kinetics (Nagpal & Grover 1994; Ribeiro . et al
2016).

 The decrease in mitotic index and the presence 
of  these chromosomal aberrations in  root A. cepa
tips treated with  extract when P. heyneanus
compared with the control might be attributed to 
the presence of  phytochemical constituents in the 
crude extract of  . is rich in P. heyneanus P. heyneanus 
volatile oils containing compounds like patchouli 
alcohol, nerolidol, -pinene  (Murugan . β etc. et al
2010). Patchouli alcohol, isolated from  P. cablin
was found to exhibit antitumor effect against 
human lung cancer cell lines (Lu . 2016)et al .

CONCLUSIONS

 The aqueous extract of  P. heyneanus possesses a 
dose dependent inhibitory effect on cell division 
of  Allium cepa. Further studies are required to 
characterize and isolate the cytotoxic agents 
present in P. heyneanus.
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