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Abstract

Article Info

In order to investigate the cytological effects of methanolic extracts of three commonly
known medicinal plants: Catharanthus roseus (L.) G.Don, Phyllanthus reticulatus Poir.
and Bacopa monnieri(L.)Pennell was evaluated using Allium cepa L. assay followed by
computational analysis through molecular docking. The study was extended to elucidate
the interactions of the major active principles of the extracts with possible cellular targets
such as histones; in cases where chromatin disruption was exhibited as direct effect of
treatment. Wet lab experiments were performed prior to the computational analysis.
Comparative modelling using modeller v.9.18 was used to obtain the 3D structures of
histones and protein ligand interactions were studied using PATCHDOCK server and
validated using AUTODOCK. Small molecule structures were obtained from PUBCHEM
and were converted to 3D using OPENBABEL. The docked complexes were then
subjected to analysis using PDBSUM to obtain the specific interaction sites. Meta-analysis
was performed using VENNY v.2.0. Results indicate that most of the crude extracts
exerted mitotic arrest at prophase while some chromatoclasic and mitoclasic aberrations
were noted. Computational studies revealed that most of the active constituents had
unique binding sites with histones. This observation indicates that histone-small molecule
interactions might play a role in formation of aberrant cytological phenotypes.

Introduction
From medicines to natural products, impact of medicinal
plants is not alien to us. Catharanthus comprise 130
terpenoid indole alkaloids. Vinblastine is one the chief
components of Catharanthus extract which is reported
to be useful as an anticancer drug (van Der Heijden et
al., 2004). Two dimeric indole alkaloids viz., vinblastine
and vincristine are obtained from Catharanthus roseus.
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Their monomeric precursor molecules are vindoline and
catharanthine. Certain evidences are available now about
the action of vinblastine and vinblastine in mitotic
spindle poisons (Sertel et al., 2011). On the contrary use
of microtubule inhibitors is broadly implemented in
chemotherapy, but mechanisms that link microtubule
disarray to destructive or protective cellular responses
are hardly clear till now. Substances like Vb, Vc, taxol,
and derivative like doxorubicin reported to have
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microtubule disruption (Stone and Chambers, 2000).
Traditionally plants are commonly regarded as the first
component for preparing medicines to deal with. New
drugs are synthesized in their tissues along with plant
specific special structures.
Taxol, camptothecin, vincristine (Vc), Vb are some of
them. Vinca alkaloids have autophagic effect
(Nevalainen, 1975). Advanced bioinformatics softwares
like PASS (Prediction of Activity Spectra for
Substances) are used in recent times to predict the
targets of these anticancer small molecules with more
accuracy (Hashemi et al., 2012).
Different species of Phyllanthus comprise alkaloids like
phyllanthine, quercetin, securinine, etc. (Calixto et al.,
1998). In addition 1-3 g powder of Bacopa monnieri (L.)
Pennell. (Bm) are used to treat several skin diseases
(API, 2009). Bacopa monnieri is a source of bacosides responsible for the memory enhancing property that has
resulted in extensive use of this plant in several
commercial preparations and placed the plant in high
demand (Rahman et al., 2002). Docking of Bacoside-A
with proteins reveal the active binding sites along with
interaction of drugs (Chandrasekar et al., 2013).
Plants are not only unprecedented sources of ample
drugs but also drug precursors in pharmaceutical
chemistry. Production of some biologically active
constituents like vinblastine (Vb), quercetin (Qt), and
bacopasaponin C (BaC) in limited amount in plant
tissues is undoubtedly a challenge especially when it is
bridged with drug discovery (Leonard et al., 2009).
Intercalation along with small-molecule DNA
interaction is always a significant aspect of research for
decades. Regulation of biological functions is dependent
on binding of these small molecules with proteins
(Snyder et al., 2005).
Intercalation, groove binding, noncovalent interactions
between biological molecules are potential factors to
investigate the mechanism of genotoxicity though these
factors were not regarded so significant earlier.
Requirement of such method leads to the generation of
molecular docking and simulation which encompasses
the determination of the nature of interactions between
molecules such as hydrogen bonding , electrostatic
interaction or anything else (Snyder et al., 2013).
These plants are miracle factories of magical
compounds. Use of such chemicals and their mode of

action along with effects have been studied for long
time. Chromosomal damage is one of the aspects of such
effects. Alkaloids and flavonoids have been reported to
have maximum effects on cells along with chromosomes
and histones in comparison to other compounds (Gupta
et al., 2013). Plant extracts have been used for a long
time and statistically it has been reported from various
research works that these compounds are effective
against sleeping sickness, wounds, diarrhoea and
stomach infections including reproductive problems,
circulatory and parasitic infections (Abdel-Magied et al.,
2001; Adewunmi et al., 2001; Ajaiyeoba et al., 2003;
Amegnona et al., 2003; Chattopadhyay, 2003; Ettarh
and Emeka., 2004; Vandna et al., 2005; Chah et al.,
2006; Rakuambo et al., 2006; Obi et al., 2006).
Studies obtained from Allium, Ames, and MTT tests
reveal that aqueous extract of Limonium globuliferum
Kuntze. show mutagenic and genotoxic effects. Further
analysis of Allium test concludes that aqueous extracts
of this species comprise toxicity in a dose-dependent
manner and induce chromosomal anomalies which are
undoubtedly related to formed defects in the spindle
fibres (Erena and Özatab, 2014). According to
chromosome aberration assay of Allium cepa Linn.
treated with aqueous extract of Azadirachta indica
A.Juss. there is a suppression of mitotic index showing
various kinds of aberrations like micronucleus, anaphase
bridges, laggards and stickiness, polyploidy and
disturbed anaphase (Chattopadhyay, 2003).
Qt is generally found in products comprising good
impact on health. Osteoporosis, certain forms of cancer,
pulmonary and cardiovascular diseases are treated with
Qt containing substances. The property of eradicating
substances like peroxynitrite and the hydroxyl radicals
from the body performed by Qt leads these helpful
benefits to our health (Boots et al., 2008). Effects of
these molecules are now subjected to computational
analysis through molecular docking like use of
AUTODOCK in order to investigate their anticancer and
other properties with accuracy at molecular level. This
also helps to identify the nature of formed complexes
with receptor proteins present in cell cycle and other
biological processes (Phosrithong, 2010).
Studies obtained from in-silico molecular docking
contributes to determine potential biomolecular targets
such as phytochemical components of antitrypanosomal
plants. Besides it also helps to determine structural
manifolds of phytochemicals. Synthetic modification of
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biologically active compounds have become possible
because of the availability of structural motifs (Setzer
and Ogungbe, 2012). Pharmacoinformatics greatly
contribute to the field of drug discovery, drug design
along with verification and advancement of drug protein
interaction. Identification of potential drug targets is also
another significant aspect of computational analysis
(Chen et al., 2009).
Identification of binding site of a ligand with its affinity
in a target site of a macromolecule like protein has
become possible because of molecular docking. It is
based on the 3D structure of the target or ligand. In
molecular docking which is ligand based, target site of a
known inhibitor is used in order to get the structural
information in as detail as possible (Yuriev and
Ramsland, 2013).
Extracts of medicinal plants may be used internally and
externally. But to confirm its impacts we need to
perform quantitative and qualitative analysis with
clinical trials. As part of an ongoing study on genetic
safety evaluation of extracts commonly used medicinal
plants. This study was conducted to investigate the
possible genotoxic effects of extracts of Catharanthus
roseus (L.) G.Don. (Cr), Phyllanthus reticulatus Poir.
(Pr) and Bacopa monnieri (L.) Pennell. (Bm) using
widely accepted Allium test. Although more emphasis is
given to the computational and meta-analysis in order to
determine binding affinity along with binding site of the
biologically active compounds with possible cellular
targets like histones.

Whatman No.1 filter paper and was evaporated to
dryness under vacuum below 50ºC to get about 3g
blackish green colored extract. The leaf extract thus
prepared was kept at 4ºC for future use.
Methods
Methods followed while conducting this experiment
were divided in two categories viz., Wet Laboratory
Works and Dry Laboratory Works.
Wet laboratory work
In order to grow roots hydroponic setups of onion bulbs
were made. After keeping it for two days root of
average size of 1cm were grown and then isolated from
the onion. Then root tips suitable for the experiment
were removed. A blank control i.e., water, a negative
control i.e., methanol and two experimental setups were
made. Root tips were kept in each set up for 2 and 4 hrs.
A.N. Sharma protocols were followed to prepare slides.
Dry laboratory work
At the advent of our dry lab work three dimensional
structures of plant histones i.e. H1H, H2AH1, H2AH2,
H2AH3, H2BH, H3H, H3H2, H3H3, H4H, H4H2 and
alkaloids given in Table 1 were determined with the help
of NCBI-PUBCHEM and Openbabel software. After
that all the possible combinations taking one histone and
one alkaloid at a time were made in ‗pdb‘ file format.
Each file was sent to ―PATCHDOCK‖ server in order to
get atomic contact energy values for each combination.

Materials and methods
Medicinal plants used
The medicinal plants used in this study are
Catharanthus roseus (L.). G. Don, Phyllanthus
reticulatus Poir. and Bacopa monnieri (L.) Pennell.
They are collected from the medicinal plant garden in
the campus.
Preparation of extract
Collected samples were cleansed, chopped, air dried at
room temperature and finally grinded into powder. From
each plant sample, 100g powder was macerated with
ethanol (1:5) in a sealed container for 5 days at
room temperature with occasional shaking. Extract
of each sample was filtered separately through

Next each file was sent to ―PDBSUM‘‘ of European
Bioinformatics Institute (EBI). Data obtained from EBIPDBSUM containing number of hydrogen bonds and
non-contact interactions between each histone and
alkaloid was obtained. Simultaneously ―UCSFCHIMERA‖ and ‗ICM BROWSER‘ were used to get
three dimensional model of each combination. Atomic
contact energy values of all alkaloids for each plant are
plotted in line graphs. Eventually ―VENNY‖ software
was used to do a comparative study among different
alkaloids and their interactions mathematically.
Results and discussion
As the entire experiment was performed under dry and
wet lab protocols the outcomes are separately mentioned
below with Tables 1-5 and Figs. 1-6.
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Table 1. Biologically active constituents present in the plants used in the experiment.
Plant
Active constituents
Catharanthus roseus (L.) G. Don
Vinblastine, vincristine, etc.
Phyllanthus reticulatus Poir.
Phyllanthine, securinine, quercetin, etc.
Bacopa monnieri (L.)Pennell
Bacoside A, bacopaside 1, bacopasaponin C, etc.
Table 2. Values of average mitotic indices (M.I.) in different experimental setups with respect to different time duration.
M.I 2 hrs.
M.I 4 hrs.
Water (+ve control)
7.304
5.437
Methanol (-Ve control)
10.20
13.927
Cr
22.801
24.13
Pr
6.146
7.948
Bm
10.61
11.93
Water (+ve control) – prophase
6.83
5.19
Methanol (-ve control) – prophase
12.78
13.21
Cr- prophase
22.52
22.89
Pr- prophase
5.28
6.25
Bm- prophase
9.80
11.66
Water (+ve control) – metaphase
0.23
0.22
Methanol (-ve control) – metaphase
0.61
0.64
Cr- metaphase
0.24
2.00
Pr – metaphase
0.73
0.00
Bm- metaphase
1.19
0.23
Water (+ve control) – anaphase
0.00
0.00
Methanol (-ve control) – anaphase
0.39
0.27
Cr – anaphase
0.06
0.40
Pr – anaphase
1.34
0.00
Bm – anaphase
0.65
0.00
Water (+ve control) – telophase
0.00
0.00
Methanol (-ve control) – telophase
0.17
0.32
Cr– telophase
0.06
0.00
Pr- telophase
0.13
0.00
Bm – telophase
0.24
0.00
Table 3. Aberrations found after treated with methanol extract of plants used in the experiment.
2 Hrs
Normal cells
Aberrations
Mitoclasic
aberrations
Cromatoclasic
aberrations
4 Hrs
Normal cells
Aberrations
Mitoclasic
aberrations
Chromatoclasic
aberrations

+ve control
62
0
0

-ve control
252
0
0

0

0

+ve Control
51
0
0

-ve Control
410
1
0

0

0

Pr
112
7
5 (Clump 3) (Fragmentation
2)
2 (Anaphase bridge 2)
Pr
168
9
7 ( Clump 4)
(Fragmentation 3)
2 (Anaphase bridge 2)

Study of mitotic index
Mitotic index is defined as the ratio between the
numbers of cells in a population undergoing mitosis to
the number of cells not undergoing mitosis. The mitotic
index is simply a measurement to determine the
percentage of cells undergoing mitosis. Mitosis is the

Cr
385
1
0
1 (Anaphase
bridge 1)
Cr
190
0
0
0

Bm
117
3
2 ( Clump 1)
(Fragmentation 1)
1 (Sticky bridge 1)
Bm
210
1
0
1(Sticky bridge)

division of somatic cells when genetic information from
one single cell is equally dispersed into two daughter
cells. Durations of the cell cycle and mitosis vary in
different cell types. The formula generally used is
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Where, (P+M+A+T) are the sum of all cells in phase as
prophase, metaphase, anaphase and telophase,
respectively; N — total number of cells.
Dry lab outcome
Computational studies through molecular docking
provide atomic contact energy values of docked
complexes.
Table 1 shows the biologically active constituents
present in the plants used in the experiment. The
potential genotoxic effects of the extract of
Catharanthus roseus (L.). G. Don., Phyllanthus
reticulatus Poir. and Bacopa monnieri (L.) Pennell. on
Allium cepa Linn. cells were evaluated. These plants are
selected for the experiment as they possess huge
importance in pharmaceutical industry. Mitotic index
obtained from the treatment of Catharanthus roseus
(L.). G. Don (2 hrs) extract and Phyllanthus reticulatus

Poir. (2 hrs) extract is significantly different from
mitotic index of positive control (Table 2; Fig. 1). There
is a recognizable increase in the mitotic index of
prophase in the treatment of Catharanthus roseus (L.).
G. Don in comparison to positive control. Same method
was applied and compared with negative control using
methanol but no significant result was obtained. Though
increase of mitotic arrest in prophase in case of Bacopa
also observed but the number is hardly significant. Thus
we can safely conclude that constituents of the crude
extract are inducing mitotic arrest following prophase.
On the contrary, treatment of 4 hrs Phyllanthus extract
on Allium cells increased the mitotic index of prophase
though the rate is not so significant in comparison to
Catharanthus. Some chromosomal aberrations were
found in all cases (Table 3). Histones are the chief protein
component of chromatin, acting as spools around which
DNA winds. So analysis through bioinformatics was done
in order to study the putative interactions between histones
and active constituents of the crude extracts.

Table 4. Comparative studies between different parameters with respect to each plant.
Average A.C.E
Average no. of H
Average no. of nonPlant
Histone
value
bond(s)
bonded contact(s)
Cr
H1H
-610.29
5
205.5
H2AH1
-559.98
0
200.5
H2AH2
-535.90
1
109
H2AH3
-447.82
0.5
140
H3H
-517.51
0.5
97
H3H2
-517.51
0.5
97
H3H3
-457.88
0
71.5
H2BH
-500.80
3
128
H4H
-571.20
0.5
143
H4H2
-571.20
0.5
143
Pr
H1H
-279.62
4.33
102
H2AH1
-228.05
1.33
37.33
H2AH2
-233.15
0.33
39.33
H2AH3
-219.02
1.67
37.67
H3H
-276.25
0
133
H3H2
-276.25
0
99.67
H3H3
-229.08
0.67
87.67
H2BH
-207.00
0
27
H4H
-205.69
0
65.67
H4H2
-205.69
2
84.33
Bm
H1H
-534.04
2.33
180.67
H2AH1
-461.37
1
135.33
H2AH2
-506.65
0.33
99.33
H2AH3
-443.89
3
133.33
H3H
-448.17
0.33
101.33
H3H2
-404.39
0.33
120.33
H3H3
-516.52
1.33
92.67
H2BH
-485.42
1.33
59.33
H4H
-546.15
0.33
123
H4H2
-546.15
0.66
128.33

A.C.E value per H
bond
-122.05
Undefined
-535.90
-895.64
-1035.02
-1035.02
Undefined
-166.94
-1142.40
-1142.40
-64.58
-171.47
-706.52
-131.15
Undefined
Undefined
-341.91
Undefined
Undefined
-102.85
-64.58
-171.47
-706.52
-131.15
-136.00
-123.00
-341.91
-364.98
-1655.00
-102.85
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Table 5. List of absence of hydrogen bonds between active constituents and histones.
Active constituent
Histones
Vinblastine
H2AH1, H3H3, H2BH.
Vincristine
H2AH1, H2AH3, H3H, H3H2, H3H3, H4H, H4H2.
Phyllanthine
H2AH1, H2AH3, H3H, H3H2, H2BH, H4H2, H4H, H3H3.
Securinine
H2AH2, H3H, H3H2, H4H, H2BH.
Quercetin
H2AH1, H2AH2, H3H, H3H2, H4H, H2BH.
Bacoside A
H2AH1, H2AH2, H4H, H4H2.
Bacopaside 1
H1H, H2BH, H2AH2, H2AH3, H3H, H3H2, H3H3, H4H, H4H2.
Bacopasaponin C
H2AH1, H2AH3, H2BH, H3H, H3H2, H4H, H4H2.

Fig. 1: A and B show mitotic cell divisions of cells of Allium cepa Linn. root tip in water and Bm extract
respectively. Fig. 3: C and D shows mitotic cell divisions in methanol extract medium of Pr and methanol
medium respectively. Fig. E and F shows affected mitotic cell divisions in methanol extract medium of Cr.

Fig. 2: A and B show interaction along with orientation of
atoms between H1H+Vb and H2AH1+Vb respectively. Fig. 2:
C and D show site of attachment between H1H+Vb and
H2AH1+Vb respectively.

Fig. 3: A and B show orientation of atoms of the docked complex
formed between H2BH and Vb. Fig. 3C shows atomic distances
between different positions within the docked complex. Along with
distances between different atoms of the histone and small molecule
are also observed. Fig. 3D represents toggled view of atoms and
residues at different levels of the docked complex.
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Table 4 shows the comparison between different
parameters with respect to each plant. There is no
common interaction site between H1H + Vb and H1H +
Vc. In the histone group H2AH1, H2AH2 and H2AH3
vinblastine forms hydrogen bond with only H2AH3.
Only vincristine forms 6 hydrogen bonds with H2BH
whereas vincristine does not form any bonded
interaction with H2BH. In case of interaction between
H3 and vinblastine only H3H is noticed to interact
through hydrogen bond with vinblastine. Vinblastine
forms only one hydrogen bond with H4H and H4H2
having common sites of interaction. Vincristine forms
bonded contacts with only H2AH2 rather than H2AH1
and H2AH3. Besides this there are 6 hydrogen bonded
interactions in BsA+H1H complex. Interestingly BsA
forms 9 hydrogen bonded interactions with H2AH3
without forming any interaction with H2AH1 and
H2AH2.

Fig. 4: shows graphical analysis of atomic contact energy
values between histones and active constituents.

Fig. 5: Comparison among degree of hydrophobic and
hydrophilic interactions between histones and small molecules
like Vb and Vc.

Fig. 2 A and B show interaction along with orientation
of atoms between H1H+Vb and H2AH1+Vb
respectively. Fig. 2 C and D show site of attachment
between H1H+Vb and H2AH1+Vb respectively. Fig. 3
A and B show orientation of atoms of the docked
complex formed between H2BH and Vb. Fig. 3 C shows
atomic distances between different positions within the
docked complex. Along with distances between different
atoms of the histone and small molecule are also
observed. Fig. 3 D represents toggled view of atoms and
residues at different levels of the docked complex.
Amount of common interactions between small
molecules and histones are found in Fig. 4. Among BsA,
Ba1 and BaC, only Ba1 is observed not to interact with
H1H. Fig. 5 provides the comparison among degree of
hydrophobic and hydrophilic interactions between
histones and small molecules like Vb and Vc. Details of
non-bonded contacts are mentioned in Table 4.
H1H was observed to interact with quercetin with two
hydrogen bonds whereas the interactions with
phyllanthine and securinine were through single
hydrogen bond. Interestingly there were no common
interacting residues in context of either of the three
interactions. Quercetin forms only one hydrogen bond
with only H2AH3 without interacting with H2AH1 and
H2AH2. As phyllanthine forms one hydrogen bond with
only H2AH3 rather than H2AH1 and H2AH2. There is
no question about common sites of interactions. There
are four common hydrogen bonded contacts between
H2AH1 + securinine and H2AH3 + securinine.
Securinine binds with H3H3 forming 2 hydrogen bonds
but having no interaction with H3H1 and H3H2.
Consequently there is no common interaction site.
The slides prepared from wet lab work show anomalies
having cell division arrested in prophase. Presence of
maximum number of cells in interphase is also a part of
anomaly which are treated with extracts of
Catharanthus, Phyllanthus and Bacopa as well.
Maximum
cases
hydrophobic
interaction
is
comparatively higher between molecules and histones.
Certainly the active constituents might have effect on
cell division. Interactions mentioned in the above table
comprise weak interaction of attachment i.e. Van Der
Waal‘s interaction .It can be concluded from the above
discussion that the abnormalities in chromosomes might
be formed due to the complexes of histones and active
constituent molecules having hydrogen bonds rather
than interactions comprising Van Der Wal‘s interaction
as hydrogen bonded interaction is stronger than Van
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Der Wal‘s interaction and thermodynamically hydrogen
bond provides more stable interaction between

molecules which is supported by wet lab observations
(Table 5).

Fig. 6: Percentage of common interaction sites between small molecule and histones.
Abbreviations used in Fig. 6 are listed below:
Original name
Abbreviation
Vinblastine
Vb
Vincristine
Vc
Quercetin
Qt
Phyllanthine
Phy
Securinine
Sq
Bacoside A
BsA
Bacopaside1
Bs1
BacopasaponinC
BaC
Histones
H
Catharanthus roseus(L.) G.Don
Cr
Phyllanthus reticulatus Poir
Pr
Bacopa monnieri (L.) Pennell
Bm
Hydrophobic
Hypho
Hydrophilic
Hyphi
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