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ABSTRACT

Setaria megaphylla a medicinal plant, used in ethnomedicine for the treatment of malaria, diabetes
and inflammatory diseases was investigated for cytotoxic and genotoxic effects on cells of the root
meristem of Allium cepa. Bulbs of Onion were exposed to 2.5 mg/ml, 5mg/ml, and 10 mg/ml
concentrations of the leaf extract for macroscopic and microscopic study. Tap water was used as a
negative control and Methotrexate (0.1 mg/ml) as a positive control. Depending on concentration by
the extract, there was statistically significant (P < .05) inhibition of root growth when compared with
the negative control group. All the tested concentrations of the extract were observed to have
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cytotoxic effects on cell division in A. cepa. The extract- induced micronuclei (MNC) formations and
chromosomal aberrations in A. cepa root tip cells were significant (P < .05) when compared with
control group. The extract treatment further induced, ghost cells, cells membrane damage, cell
death, and bi nucleated cells. These results implies that Setaria megaphylla leaf extract possess
cytotoxic and genotoxic effects on A. cepa which is as a results of its phytochemical constituents.

Keywords: Setaria megaphylla; genotoxicity; cytotoxicity; Alium cepa test.

1. INTRODUCTION

Setaria megaphylla (Steud) Dur & Schinz
(Poaceae), a perennial grass grown in tropical
and subtropical areas of the World [1] is
traditionally used for the treatment of malaria and
diabetes among others [2]. Preliminary reports
have demonstrated that the leaf extract has
antiplasmodial [2,3] antidiabetic, hypoglycaemic
[4,5], anti-inflammatory, analgesic [6], cytotoxic,
immunomodulatory, antileishmanial [71,
antidepressant [8], inhibitory effect on a-amylase
and a-glucosidase [9] activities. Phytochemical
analysis of the leaf extract shows that it contains

compounds such as  1l-triacontanal, 1-
triacontanol, 1-dotriacontanol, 1-triacontyl
cerotate, stigmasterol [5], flavonoid,
carbohydrate, terpenes, saponins, tannins,
anthraquinones, cardiac glycosides (Z,Z2,2)-
8,11,14-eicosatrienoic  acid, phthalic acid,

diisooctyl ester, vitamin E, v-elemene, urs-12-
ene, bicyclogermacrene, a-muurolene,
germacrene-A, and guaiol have been reported
[6,7]. In this study, genotoxic and cytotoxic
potentials of the leaves extract of S. megaphylla
on Allium cepa test are reported.

2. MATERIALS AND METHODS

2.1 Collection and ldentification of Plant
Material

The leaf of Setaria megaphylla was collected
from farms in Uruan area of Akwa lbom State,
Nigeria. A taxonomist in the department of
Botany and Ecological Studies, University of
Uyo, identified the plant and deposited a voucher
specimen (UUPH. 221 d) in the Department of
Pharmacognosy and Natural Medicine herbarium
at the University of Uyo, Uyo, Nigeria.

2.2 Extraction

The plant parts (leaves) were cleaned and air-
dried on laboratory table for 2 weeks. The dried
materials were crushed using a pestle and
mortar. The pulverized material was macerated
in 50% ethanol for 72 hours. A rotary evaporator
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40°C was used to evaporate to dryness the
filtered liquid ethanol extract. The extract was
stored in a refrigerator at 4°C until use for
experiment in this study.

2.3 Allium cepa Test

Small bulbs of onion, A. cepa, were procured
from Jos, Northern region of Nigeria. The outer
scales of the bulbs and the dry bottom plate were
separated without destroying the root primordia
using a small sharp knife and collected in a jar of
water before initiating the test. The plant extract
(20 g) was dissolved in 200 mL of distilled water.
Concentrations of 2.5 mg/mL, 5 mg/mL and 10
mg/mL respectively were prepared differently
from the stock solution. Test concentration of the
plants’ extract at 2.5 mg/mL, 5 mg/mL, and 10
mg/mL concentrations made in 15 mL beakers
were arranged in a series of 5 per test
concentration and filled up for each
concentration. One A. Cepa bulb was placed on
top of each beaker, with the root primordia
downward toward the liquid. Tap water was used
as negative control and Methotrexate (0.1
mg/mL) was used as positive control. After 24
hours, the test samples were changed in the
controls and all test concentrations and
photographs of the growing A. cepa roots were
captured. This continued for 72 hours, after
which the roots were counted per beaker in all
the tested concentrations and mean root number
was calculated. Similarly, the roots’ lengths were
measured using a meter rule and the mean root
length was calculated. These were also done for
the control. Several root tips were cut at a length
of 10 mm from the bulbs at 8:30 am, and
respectively fixed in 3:1 (v/v) ethanol: glacial
acetic acid and 1N HCL before putting them in
sample bottles and storing in a refrigerator just
before usage.

2.4 Microscopy

The root tips were each placed in a test tube with
IN HCL and heated at 50°C for 6 minutes in
order to fix and macerated them. Thereafter, the
root tips were placed on microscopic slides on a
blank background with a forceps and were cut off
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at terminal tips. Two drops of 2% (w/v) orcein
stain was added and mixed with the rootlets
properly by knocking and stirring with a stirring
spatula.

Then a cover slip was placed at 45° to avoid air
bubbles. After that, the cells were squashed by
placing a filter paper on the cover slip and
pressed slight with a thumb. “The cover slip was
sealed with a clear finger nail polish and each
slide was examined using a Light Microscope at
a maghnification of x40. Microphotographs were
taken to show chromosomal aberrations. The
number of aberrant cells per total cells scored at
each concentration of each sample were used to
determine the mitotic index and frequency of
chromosomal aberration” [10]. The mitotic
inhibition was determined using the following
formula:

Number of dividing cells

Mitotic index= x 100

Total number of cells

Number of Aberrant cells

%Aberrant cells = x100

Total number of cells

%root growth of control = Overall mean root
length of test solution / Overall mean root
length of control x 100

To measure the cytotoxicity and genotoxicity, the
following parameters were used: (i) the mitotic
index (MI) was evaluated as the ratio between
the number of mitotic cells and the total number
of cells scored and expressed as percentage and
(i) chromatin aberrations (stickiness, bridges,
breaks and polar deviation) were used as
endpoints for determination of cytogenetic effects
and micronuclei (MNC) were scored in
interphase cells per 500 cells.

2.5 Statistical Analysis

Data obtained from this study were analyzed
statistically using one-way ANOVA followed by
Tukey-Kramer multiple comparison test using
Instat Graphpad software, (San Diego, USA).
Differences between means were considered
significant at 5% level of significance i.e. P < .05.

3. RESULTS
3.1 Physiochemical Analysis

The effect of Setaria megaphylla leaf extract on
different physicochemical parameters (root
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number and root length) of Allium cepa root tips
are presented in Table 1. The results from all the
tested concentrations of Setaria megaphylla leaf
extracts show that it resulted in significant
inhibition in the growth of roots when compared
to negative control and positive control. The
inhibition of root number and root length was
greater as concentrations of the extract
increased. The average root length in negative
and positive control (methotrexate) groups were
4.66+£1.26 and 0.25+0.22 cm respectively.
However, significant decrease in average root
lengths in 10 mg/mL treatment group when
compared the negative control; (0.34+£0.01 cm)
for S. megaphylla (Table 1). Average root lengths
in treatment groups were decreased depending
on concentration, significantly (P < .05) when
compared to negative control. The morphology of
the root was almost normal in the negative
control group, but at 2.5 mg/mL of S. megaphylla
leaf extract treated group, the roots appeared a
little brownish and at 5 and 10 mg/mL of S.
megaphylla leaf extract (Table 1).

3.2 Cytogenetic Analysis

Table 2 shows the effect of Setaria megaphylla
leaf extracts on cytogenetic parameters of Allium
cepa roots. Cytogenetic analysis performed
showed that the extract caused concentration-
dependent and significant (P < .05) decreases in
the mitotic index when in comparison to that of
negative control. The leaf extract of S.
megaphylla at 10 mg/mL had mitotic index of
24.20+ 3.51 as compared to 57.60+12.34
recorded in the negative control group (Table 2).

Cytogenetic alterations caused by the leaf extract
are shown in Table 3. Chromosome and
cytological alterations were observed in negative
control, methotrexate, Setaria megaphylla leaf
extract-treated groups as depicted in Table 3.
An examination of chromosome aberrations
observed showed that in the different treatments,
the fragments were of chromosome type
especially in the highest concentration of the
extract (Table 3) (Fig. 1(a). The chromosome
breaks observed revealed the clastogenic effect
of extract. This was significant (P < .05) when in
comparison to negative control group. Polar
deviations and sticky metaphase (chromosomes
moving in wrong directions) were also observed
(Figs. 1(b)) in the extract-treated groups but were
more frequent in the group treated with the
highest concentration of extract (10 mg/mL).
Sticky metaphase were also observed in the
extract- treated groups. These abnormalities
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were observed to increase with increasing
concentrations of the extract. A concentration-
dependent and statistically significant (P < .05)
increase in total aberrant cells (aberrant cells
consist of chromosome breaks, stickiness and
polar deviation) in comparison with the negative
control (Table 3) was observed with the leaf
extract with the highest concentrations exerting
the highest effect and higher frequencies of
aberrations. Genotoxic activity of the extract
were further demonstrated using A. cepa by
inducing micronuclei in the root tip meristem
cells. Formation of micronucleus in 500 cells for
each slide (%MNC value) was not concentration-
dependent as the groups treated with
methotrexate and 10 mg/mL of S. megaphylla
had highest numbers of cells with micronuclei in
the test compared to negative control, which
were statistically significant (P < .05) (Fig. (c)) .
The increase also developed in the positive
control. In Allium test, an extreme toxic effect of
extract was observed due to great occurrence of
sticky metaphases, leading to cellular death
(reduction in mitotic index). Also, various
frequencies of cells with membrane damage (Fig.
1(d)),binucleated cells (Fig. 1(c)), and nucleus
damage (Figs. 1(d)) were found. Furthermore,
apoptotic cells (Fig. 1(d)) were identified in the
extract-treated groups.

4. DISCUSSION

In this study, toxic effect of Setaria megaphylla
leaf extract was assessed by evaluating root
growth and root morphology of Allium cepa.
Varying concentrations of the extract were
observed to suppress the growth of roots and
these were statistically significant when
compared to control group. Also, the extract
caused colouration of the root tips of Allium cepa
depending on the concentration. This colouration
ranged from light brown to dark brown coloration
of the roots. Cytological parameters such as the
mitotic index and number of chromosome
abnormalities, as well as chromosome breaks,
polar deviations and stickiness were used to
assess geno- and cytotoxicity. The mitotic index
(MI) of meristematic cells of A. cepa treated with
methotrexate (3.00%) was significantly
decreased when compared to control. It was
observed that onion roots treated with S.
megaphylla were significantly (40.40%, 32.20%
and 24.20%) inhibited in comparison to the
negative control were observed (Table 2). The
inhibition of root growth was found to be
dependent on decrease of mitotic index. The
drop in mitotic index below 22% in comparison to
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negative control can have fatal impact on the
organism [11], while a decrease below 50%
usually has less fatal effects [12] referred to as
cytotoxic limit value [13]. “Mitotic index measures
the portion of cells in the M-phase of the cell
cycle and its inhibition could be understood as
cellular death or a delay in the cell proliferation
kinetics” [13]. “This decrease in mitotic activity
could be as a result of inhibition of DNA
synthesis or a blocking in the G2 phase of the
cell cycle thus, prohibiting the cell from entering
mitosis” [14]. “Earlier reports have described
mitodepressive effects of some herbal extracts
as well as the ability to block the synthesis of
DNA and nucleus proteins” [15,16]. Inhibition of
mitosis have been reported with a lot of herbal
extracts. [17,18,19]. “The reduced mitotic index
in roots of A. cepa treated with S. megaphylla
leaf extract maybe due to either disruptions in the
cell cycle or chromatin dysfunction induced by
extracts-DNA interactions. The outcome of this
study implies that the tested extract
concentrations have inhibitory, mito-depressive
effects on root growth and cell division of A.
cepa, hence, it can impede DNA synthesis and
reduce the number of dividing cells in roots
caused by the cytotoxic effects of compounds
found in the extract. The detection of sticky
metaphase reinforces the theory of the toxic
effect of the extract. The normal appearance of
metaphases with sticky chromosome usually
gets lost, and are seen with a sticky “surface,”
initiating chromosome agglomeration” [20]. “It
has been found that stickiness maybe due to the
effect of pollutants and chemical compounds
interacting with the physicochemical properties of
DNA, protein or both, on the formation of
complexes with phosphate groups in DNA, on
DNA abridgment or on production of inter- and
intra-chromatid cross links” [21]. “Changes in
chromosome structure due to a break or
exchange of chromosomal material are referred
to as Chromosomal aberrations (CA). Almost all
CA observed in cells are fatal, but there are
many related aberrations that are viable and that
can affect genes, either somatic or inherited”
[22]. “Chromosome fragments been present in
this study, indicates chromosome breaks, and
can be an aftermath of anaphase/telophase
bridges” [23]. “The extract understudy was found
to interfere with the cell cycle as well as affect
chromatin organization or DNA replication,
leading to chromosome breaks. Recurrence of
total CA increased significantly following
exposure to the extracts which suggests
clastogenic activity (Table 3). The extract
significantly  induced the production of
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micronuclei (MNC) in root cells of A. cepa at
concentrations of 2.5-10 mg/mL. However,
MNC frequency decreased in A. cepa roots
treated at the highest concentration of the
extracts (10 mg/mL), because of high
cytotoxicity. Frequent cells with micronuclei is a
good sign of the cytogenetic effects of tested
chemicals. Micronuclei (MN) often arise from the
acentric fragments or lagging chromosomes that
fail to fuse into the daughter nuclei during
telophase of the mitotic cells and can result in
cellular death due to the deletion of primary
genes” [24,25]. Previous research have
suggested MNC-induced effect of numerous
plant extracts such as Lavandula stoechas and
Ecballium elaterium [17,26], Azadirachta indica
[27], Psychotria species [18].

“In this study, it was observed that membrane
damaged cells occurred in groups treated with 5
mg/mL and 10 mg/mL of the extract. The results
shows that cytotoxicity and membrane damage
may occur with the extract over certain
concentrations may cause cytotoxicity and
membrane damage. These results further
support the cytotoxicity activities reported on
Setaria  megaphylla leaf extracts” [7].
“Multinucleated and bi nucleated cells have been
detected in extracts treated groups. This is due
to the prevention of cytokinesis or formation of
cell plate. Microtubules have been involved in
formation of cell plate and the extracts the
process, resulting in inhibition of cytokinesis.

Ghost cell is a dead cell in which the outline is
usually visible, but its nucleus and cytoplasmic
structures cannot be stained” [26]. Some ghost
cells were observed in different frequencies
following this study (Fig. 1). This could have
been as a result of the activities of the
phytochemical constituents of the extract causing
nucleus impairment and prevention  of
cytoplasmic structures, thus resulting in ghost
cells. Again, the extract also caused DNA
damage and cell death and/or apoptosis in
different frequencies in this study. Furthermore,
high concentrations (5 mg/ml and 10 mg/ml) of
the extract were found to cause the induction of
cell death and/or apoptosis. Cell death is an
essential biological process of living organism
which is induced by high concentrations of such
as toxin, stress, heavy metals, chemicals and
others. In this study, the results shows that the
extract of S. megaphylla can cause cytogenetic
changes (cytoplasmic shrinkage, DNA
fragmentation, nuclear condensation, membrane
blebbing, cytoskeleton alterations and
appearance of apoptotic bodies) and cell death in
A. cepa root tips (Figs. 1(a), 1(b), 1(c), and 1(d)),
suggesting cytotoxic and genotoxic activities of
the extract.

Therefore, proper use of this plant in
ethnomedicine is recommended and high doses
should be avoided as it can cause cytotoxic
and/or genotoxic effects.

Table 1. Cytotoxicity of Setaria megaphylla leaf extract on growing roots of onion (Allium cepa)

Treatment group Concentration of

Average root Number

Average root length

extract (mg/mL) +S.D (cm)+ S.D
Negative control Tap water 34.10+4.62 4.66+1.26
Methotrexate 0.1 8.16+3.282 0.25+0.222
Setaria megaphylla 25 13.60+1.862 3.24+0.30@

5.0 24.40+4.50 1.42+0.122

10.0 13.20+1.802 0.34+0.012

Values are expressed as mean +SEM (n=5). Significant at P < .05 when compared to negative control

Table 2. Total and dividing cells counted following microscopic examination and mitotic
values in control and treatment concentrations

Treatment group Concentration of Total Number Dividing cells M.l (%)x S.E
extract (mg/mL) of cells

Negative control Tap water 500 288 57.60+12.34

Methotrexate 0.1 500 15 3.00+0.682

Setaria megaphylla 2.5 500 202 40.40+4.56
5.0 500 151 32.20+4.952
10.0 500 121 24.2+3.512

Values are expressed as mean +SEM (n=5). Significant at P < .05 when compared to negative control
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Table 3. Chromosomal and mitotic aberrations in the root meristematic cells of Allium cepa after treatment of extract of Setaria megaphylla

Treatment group Concentration of Chromosome Stickiness (%) Polar deviation Aberrant cells MNC (%)+ S.E
extract (mg/mL) breaks (%)+S.E +S.E (%)xS.E (%)xS.E

Negative control Tap water - 0.11+0.08 0.31+0.04 1.05+0.56 -

Methotrexate 0.10 2.34+1.232 21.34+5.382 10.55+2.282 45.13+4.222 2.28+0.862

Setaria megaphylla 2.5 3.45+0.222 18.15+1.04 2 1.88+2.682 30.56+4.572 1.34+0.162
5.0 2.85+0.562 25.18+5.572 3.44+0.242 36.41+5.96 2 1.02+0.382
10.0 3.26+1.062 52.4616.782 2.53+0.282 62.14+6.94 2.66+1.042

Values are expressed as mean +SEM (n=5). Significant at P < .05 when compared to negative control
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(€)

(d)

Fig. 1. Photomicrography showing the mitotic and chromosomal aberrations after the Setaria
megaphylla extract treatments in Allium cepa root tip meristem cells viewed with light
microscopy at magnification X40. (a) visible fragments and polar deviation (b) polar deviations
and stickyness at metaphase (c) micronucleus (d) ghost cells

5. CONCLUSION

The leaf extract of Setaria megaphylla in this
analysis revealed that it possesses cytotoxic and
genotoxic effects, as seen in the effects elicited
by all test concentrations of the plant extract on

the root number, root length, and root
morphology of the Allium cepa meristems after
exposure. The degree of chromosomal
aberrations (based on increasing extract

concentration), the inhibition of cellular mitotic
processes, and the general abnormalities
observed in all root bulbs treated with the extract
further indicate cytotoxic potentials of S.

62

megaphylla leaf not only in experimental plant
tissues, but also quite possibly in animal systems
as well.
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