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Cytogenotoxicity of Luffariella herdmani
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Abstract
Marine sponge extracts are known to contain potentially toxic compounds that have biological activities of possible
pharmacological interest. Thus, it is vital that biological models are used for the preliminary toxicity screening of such
extracts. The present study reports the use of Allium cepa, a low-cost plant-based in vivo model, to assess the cytotoxicity
and genotoxicity of Luffariella herdmani marine sponge crude extract (SCE). Pre-germinated onion bulbs, exposed for
96 hours to different concentrations of SCE (ranging from 0.3125 to 20 μg/ml), were used to determine general cy-
totoxicity. Root length as well as morphological abnormalities were recorded. Genotoxicity was assessed by exposing the
root tips to SCE (0.3125–20 μg/ml) and the appropriate controls for 48 hours, and then staining with acetocarmine. The
Mitotic Index (MI), Mitotic Phase Indices (MPIs) and chromosomal aberrations were evaluated and recorded. SCE inhibited
A. cepa root growth (EC50 = 10.34 μg/ml) and elicited a mitodepressive effect (LC50 = 1.95 μg/ml) in a dose-dependent and
significant manner. In addition, macroscopic alterations as well as chromosomal aberrations were detected. Overall, our
findings indicate that L. herdmani crude extract exhibits cytotoxic and genotoxic activity, suggesting that it might contain
substances with anti-proliferative/anticancer potential that could be subject to further characterisation.
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Introduction

Marine sponges, the most primitive multicellular organ-
isms, are considered a prodigious reservoir of compounds,
and many of these possess various bioactivities. A con-
siderable number of these compounds play a pivotal role in
marine-based pharmacology, which involves the use of
marine sponge-sourced compounds as leads in drug de-
velopment.1 This results in an inspiring and potentially
productive relationship between marine biology and drug
biotechnology. Marine sponge extracts are a rich source of
compounds with antibacterial, antiviral, antifungal, anti-
malarial, antitumour, immunosuppressive and cardiovas-
cular activities.2 As a result, several drug discovery and
development programmes are now focused on marine
sponges to help expedite the discovery of novel therapeutic
entities against various human diseases.3 However, despite
their potential as a source of various drug leads, marine
sponge-derived compounds can be associated with tox-
icity,4 most likely as a consequence of lengthy evolu-
tionary adaptations to resist predators, microbial

pathogens, parasites and anti-biofouling measures, as well
as to restrict overgrowth by other sessile species.5

Although the toxicity of such compounds is usually re-
ported at very high concentrations, at low concentrations
(IC50 ≤ 10 μM, or 4–5 μg/ml), they exhibit numerous bio-
logical activities of pharmacological interest,4 thus war-
ranting their assessment as potential antitumour agents. Over
the years, numerous marine sponge-derived compounds with
anti-proliferative/anticancer properties have been discovered
— for example, isoaaptamine (from Aaptos aaptos) and
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debromohymenialdisine (from Hymeniacidonaldis sp.) are
inhibitors of protein kinase C, which is involved in tumour
growth.6 Other potential candidates for regulating tumour
growth include fucosyltransferase inhibitors, such as octa and
nonaprenylhydroquinone sulphates isolated from Sarco-
tragus sp.6 In addition, several other marine sponge-derived
non-specific cell growth inhibitors — for example, com-
pounds interfering with microtubule formation (halichondrin
B, spongistatin 1, discodermolide, laulimalide), as well as
compounds interfering with actin polymerisation (latrunculin
A, swinholide A), could potentially be developed into an-
ticancer drugs.7

Despite ethical and other concerns, the use of animal
models to test the toxicity of natural and synthetic com-
pounds is still routinely practised on a global level. This use
of animal models has potentially resulted in long delays in
the drug discovery pipeline. For instance, even though
many marine sponge-derived compounds with anticancer
properties have been discovered, only one sponge-derived
anticancer drug, eribulin mesylate (Halaven), has been
developed thus far into a commercially viable product.8 The
continued reliance on in vivo models has faced criticism,
especially directed toward the use of higher animals, such as
rodents.9 It should also be noted that in vivo experimental
procedures, particularly those that inflict pain and distress
on the animals, have the potential to alter the accuracy and
translatability of the experimental results.10 Furthermore,
appropriate anaesthesia and surgery skills are required for
many of these procedures, which are exceedingly time
consuming and might be difficult to repeat for a variety of
reasons; cost may also be a factor.11 Thus, the development
of adequate alternatives to replace and reduce the use of
animal models in this area has been highlighted previously
and is urgently required.

The mechanisms associated with the toxicity of marine
sponge-derived compounds vary widely. Many sponge-
derived anti-proliferative agents induce DNA damage, ar-
rest the cell cycle, and interact with many different targets
involved in cancer development and apoptosis (e.g. the
mitochondrial membrane, cytochrome C).4,8 In preliminary
toxicological tests, DNA damage and cell apoptosis are
usually assessed.12 Cell cytotoxicity refers to the tendency
of certain agents to harm or kill living cells through a variety
of pathways, including cell membrane disruption, preven-
tion of DNA elongation or the inhibition of enzymatic
reactions,13 while genotoxicity refers to the ability to cause
mutations or changes in the structure and composition of the
genetic material.14 Genotoxicity is assessed according to
various endpoints, including the induction of point muta-
tions, variations in chromosome number (polyploidy or
aneuploidy) or changes in chromosome structure.15 As a
result, genotoxicity is often the most difficult adverse effect
to identify. In this context, the Allium cepa (i.e. onion)

model is a promising alternative, as it can be used to detect
both cytotoxicity and genotoxicity with the presence of
chromosomal alterations.16 It is a simple, economical and
easy to perform test, which is considered to be an extremely
efficient indicator of environmental pollution.17 It has also
been effectively used for the testing of cyanobacteria crude
extracts, and to assess the in vivo genotoxicity of medicinal
plants.17

Both the International Programme on Chemical Safety
and the United Nations Environment Programme (UNEP)
have validated the A. cepa model as an effective test for
analysing the genotoxic effects of various substances.18,19

The following characteristics of A. cepa lead it to be
considered as a good non-animal model for use in toxicity
testing:

— sensitive genetic makeup;
— high number of mitotic cells;
— clearly visible mitotic phases;
— low number of large chromosomes (2n = 16);
— stable chromosome number and karyotype;
— diverse chromosome morphology;
— clear and rapid response to toxic substances;
— rare occurrence of chromosomal damage;20,21 and
— high comparability with mammalian test systems.22

However, the use of the A. cepa model to evaluate marine
sponge crude extracts has not been widely adopted. The
current study aims to investigate the potential cytotoxic and
genotoxic effects of Luffariella herdmani sponge extracts
by using the A. cepa bioassay, in order to validate the extract
as a potential therapeutic anti-proliferative/anticancer agent
that warrants further, more comprehensive, research.

Materials and methods

Collection, identification and preparation of the
marine sponge crude extract

Approximately 500 g of sponge material was collected in
Unawatuna, Sri Lanka (6° 000 13.300 N, 80° 140 46.900 E) at a
depth of 9–20 m by a commercial scuba diver (Department of
Wildlife, Sri Lanka, permit number: WL/3/2/64/17). After a
thorough examination of the specimen’s external morphology,
fibre arrangement, ectosomal as well as choanosomal struc-
ture, it was identified as L. herdmani.23,24 The sponge crude
extract (SCE) was prepared by incubating approximately
200 g of sponge material diced into small pieces (∼1×1×1 cm)
in a 1:1 v/v methanol/dichloromethane mixture (Sigma-Al-
drich, St Louis, MI, USA) for 72 hours. It was then filtered
through grade 1 filter paper, and rotary-evaporated (Buchi
type) at 40°C.25 By using the serial half-dilution method, a
dilution series was obtained for the SCE in 5% v/v ethanol.
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The A. cepa bioassay for the evaluation of marine
sponge crude extract cytotoxicity

Equal sized (5–6 g) A. cepa bulbs were visually inspected
and confirmed to be in good condition. The bottom plates
and dead scales were removed and, in order to prevent the
bulbs from rotting, they were suspended in dechlorinated
water with only their basal plates (∼0.1–0.3 cm) touching
the water. The bulbs were incubated at 27 ± 2°C for
48 hours, without exposing them to direct sunlight, and the
water was changed every 24 hours.

After the roots reached approximately 1 cm in length, the
bulbs were suspended in different concentrations of etha-
nolic SCE (20, 10, 5, 2.5, 1.25, 0.625 and 0.3125 μg/ml) for
96 hours with the roots in direct contact with the SCE. Each
test concentration was set up as three replicates, in three
separate containers. The positive control (PC) and negative
(vehicle) control (VC) consisted of 5% v/v dimethyl
sulphoxide (DMSO) and 5% v/v ethanol, respectively; the
negative (water) control (WC) consisted of the dechlori-
nated water used in the initial root-growth step. The test
solutions were renewed every 24 hours.

At the end of the 96-hour exposure period, appropriately
30 roots for each concentration were randomly selected and
their lengths were measured. In addition, visible morpho-
logical abnormalities, i.e. gelling, necrosis, presence of
hooks or twists, swelling and pigmentation, were recorded.
The percentage root growth relative to the negative (vehicle)
control (i.e. VC) was calculated for each sample, as well as
the effective concentration 50 (EC50) value for the SCE.26

Percentage root growth ¼ Mean root length of sample

Mean root length of VC
× 100

The A. cepa bioassay for the evaluation of marine
sponge crude extract genotoxicity

After the roots had reached approximately 1 cm in length
(see previous method section), the bulbs were suspended in
different concentrations (5, 2.5, 1.25, 0.625 and 0.3125 μg/
ml) of ethanolic SCE for 48 hours at 27 ± 2°C. Each test
concentration was set up as three replicates, in three separate
containers. The test solutions were renewed every 24 hours.
The PC was 5% v/v dimethyl sulphoxide (DMSO) and the
VC was 5% v/v ethanol; the WC consisted of the dech-
lorinated water used in the initial root-growth step.

At the end of the 48-hour exposure period, 5–6 root tips
(∼0.5–1 mm) were obtained from each bulb, immediately
placed in a 1:3 solution of 1N HCl: glacial acetic acid
(Breckland Scientific Suppliers, Norfolk, UK), and heated
in a water bath at 60 ± 2°C for 10minutes. The root tips were
then transferred to another container and exposed to a 1%
acetocarmine solution (Sigma-Aldrich) for 15–20 minutes,

or until the root tips were properly stained (as determined by
the presence of deeply stained ends).

One stained root tip was placed on a glass slide with a
drop of distilled water, and a coverslip was placed on top
while applying slight pressure to crush the root tip and
release the cells. The onion root cells were observed with a
compound light microscope under a 400× magnification
(OPTIKA®; 40 × 10). In total, 30 root tips were analysed in
this manner.

The total number of cells and the number of dividing
cells in each mitotic stage were counted. The total number
of cells from each root tip that were evaluated for the
purposes of the calculations, was 1000. The MI, per-
centage mitotic inhibition (PMI), mitotic phase indices
(MPI) for prophase, metaphase, anaphase and telophase,
and the percentage of chromosomal aberrations (PCA)
were calculated by using the formulae listed below. The
lethal concentration 50 (LC50) value for the SCE was also
calculated.27

MI ¼ Total number of cells in division

Total number of analysed cells
× 100

PMI ¼
ðMI of the negative ðvehicleÞ control

–MI of the test sampleÞ
MI of the negative ðvehicleÞ control × 100

MPI ¼ Total number of cells in each phase

Total number of analysed cells
× 100

PCA ¼ Total number of aberrant cells

Total number of analysed cells
× 100

Statistical analysis

Minitab 17 statistical software was used to analyse the
results. The means with 95% confidence limit and standard
error of mean (SEM) for each set of data were calculated.
Pearson’s correlation, one sample t-test and one-way
ANOVA (Tukey’s test) were applied with 95 CI (signifi-
cance at p < 0.05) for results prediction.

Results and discussion

The identification of new anticancer compounds with ap-
propriate pharmaco-toxicological profiles, to be used alone or
in association with conventional chemotherapy strategies, is
essential. In this context, natural compounds — such as
marine sponge-derived bioactive compounds— could play a
pivotal role, since they often show useful activities and are
inexpensive and readily available.8 Toxicological assays for
preliminary screening purposes represent a bottleneck in the
evaluation of any potential bioactive compounds, before they
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can proceed through to preclinical and clinical trials. In
addition, the evaluation of a compound’s effects on malig-
nant cell lines can also prove to be a time-consuming and
resource-intensive process.4

A number of biological models, such as marine-derived
Artemia nauplii and echinoderm eggs/embryos, have been
successfully used for the early assessment of potential in
vivo toxicity of various marine natural products.4 In the
present study, a crude extract of the marine sponge, Luf-
fariella herdmani, was investigated for its in vivo cyto-
toxicity and genotoxicity, by using two assays based on the
use of A. cepa. This plant-based model was chosen for its
ethical and environmental considerations, ease of mainte-
nance, reliability in assessing toxic effects, and widespread
availability to allow reproducible results to be obtained. L.
herdmani crude extract was previously shown by the au-
thors to exert toxic effects against the brine shrimp Artemia
salina.28

Cytotoxicity of the marine sponge crude extract, as
determined by the A. cepa bioassay

The A. cepa model was used to assess general cytotoxicity
of the SCE by measuring the length, form, colour and
turgescence of the roots, after exposure to different con-
centrations of SCE. The roots were assessed for various
macroscopic abnormalities, i.e. gelling, necrosis, presence
of hooks or twists, swelling and yellowish brown pig-
mentation (Figure 1), and the treated samples were com-
pared with the controls. Table 1 summarises the
macroscopic findings.

Root gelling was the most abundant macroscopic ab-
normality, which was observed in all test samples (except in
the VC and the WC). The presence of hooks, swelling and
necrosis was observed in varying numbers of roots, at all
tested concentrations of SCE. Overall, the occurrence of
macroscopic abnormalities was random in nature (i.e.
spontaneous) and lacked any discernible pattern, and
multiple abnormalities were observed in some of the treated
roots at all concentrations of SCE and in the controls
(Table 1). All of these spontaneous alterations are common
(i.e. expected to occur normally), and are consistent with
previous studies.26,29

As the SCE was insoluble in water, 5% ethanol was used
as the solvent for the extract— thus 5% ethanol was used as
the negative (vehicle) control during the experiments. It was
ascertained that the average root length of A. cepa exposed
to 5% ethanol (VC) was not significantly different (one-
sample t-test, p = 0.213) to that exposed to water only (WC)
(2.99 ± 0.04 cm versus 3.05 ± 0.05 cm, respectively).
Dieleman et al.30 stated that the use of ethanol as a solvent
for cytokinins strongly inhibited the growth and develop-
ment of the rose plants used in their study. However, a recent

study by Miller et al.31 demonstrated that, although root
zone ethanol concentrations of 1% to 5% (v/v) reduced the
height of Narcissus tazetta (paper white narcissus), there
was no visible phytotoxicity to the roots. Both Allium
sp. and Narcissus sp. belong to the family Amaryllidaceae,
and numerous studies have used A. cepa to investigate the
toxicity of ethanolic extracts.32,33 As all sample endpoints in
these experiments were compared to those of the ethanol
(i.e. negative (vehicle)) control (VC), the results obtained
take into account any potential effects of ethanol on the
roots.

Increasing concentrations of SCE reduced root growth in
a dose-dependent manner. The dose–response curve ob-
tained by comparing the effects of exposure to different
concentrations of SCE on the percentage root growth
(relative to the VC) is shown in Figure 2. This relative
percentage root growth had a strong negative linear rela-
tionship with increasing concentration of SCE (Pearson’s
r = –0.883, p = 0.008).

The mean root lengths of A. cepa treated with SCE
showed statistically significant differences at all concen-
trations tested, as compared to the VC (p < 0.05), and also
compared to the PC, except at 20 μg/ml (p = 0.656)
(Table 1). Thus, SCE appeared to exert a significant in-
hibitory effect on A. cepa root growth. This could be due to
alterations in various biological processes involved in
cellular expansion, such as water uptake, nitrogen mobi-
lisation, increased sugar synthesis, and plasma and tono-
plast membrane flexibility.34

Determination of the EC50 value: The effective
concentration at which the SCE caused a 50% decline in
root growth compared to the VC (i.e. the EC50 value) was
found to be 10.34 μg/ml. The crude extract of L. herd-
mani that was previously determined as being toxic to A.
salina larvae had an LC50 value of 14.34 μg/ml.28

Overall, the current study further confirms the ex-
tract’s potent toxic nature. The EC50 value can also be
used to select the range of test concentrations for gen-
otoxicity analysis.35 Consequently, in the current study,
all further test concentrations were maintained below the
EC50, since concentrations above 5 μg/ml had direct
cytotoxic effects, causing cellular apoptosis or necrosis.
This, in turn, lowered the number of mitotic divisions
and the number of detectable chromosomal aberrations
(data not shown).

Genotoxicity of the marine sponge crude extract, as
determined by the A. cepa bioassay

The A. cepa assay also enables the assessment of different
genetic endpoints, which include the mitotic index (MI),
mitotic phase indices (MPI), and the number of chromo-
somal aberrations.27
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Mitotic index (MI): In genotoxicity studies, the MI esti-
mates the proportion of cells in theM-phase of the cell cycle.17

A drop in MI value might be viewed as being indicative of
cellular death or a delay in cell proliferation kinetics.36 As the
mitotic division inA. cepa root cells resembles the cell division
in normal human and cancer cells, theMI is a good indicator of
a compound’s antimitotic potential.37

The MI values decreased with increasing concentrations
of SCE and showed a clear negative relationship (Table 2).
The highest MI (22.0 ± 0.86) was obtained after exposure to
0.3125 μg/ml SCE, while the lowest (4.17 ± 0.15) was
obtained with 5 μg/ml SCE (Table 2). The MI obtained for
A. cepa exposed to 5% ethanol (VC) was not significantly
different to that of the water only control (WC) (24.40 ±
0.27 versus 25.47 ± 0.30, respectively). A similar study
carried out with stem bark extracts of the medicinal plant,
Ficus benghalensis, recorded its lowest MI of 28 ± 0.577 at
the highest extract concentration (4 mg/ml) — a concen-
tration which is significantly higher than that of the L.
herdmani extract used in the current study.37

The percentage inhibition of the MI was plotted
against the different concentrations of SCE, as shown in
Figure 3. There was a significant positive linear corre-
lation between the concentration of SCE and the per-
centage of MI inhibition, as indicated by the Pearson’s r
value of 0.879 (p = 0.050).

Mitotic phase indices (MPI): The fact that the MI was
reduced in a dose-dependent manner indicates that the
compounds present in the extract were able to progressively
inhibit the ability of the cells to progress through the cell
cycle phases. Cells might be unable to progress through
mitosis as efficiently as normal for a variety of reasons
— for example, hindrance of the onset of prophase, arrest of
one or more mitotic phases, or retardation of the rate of cell
progression through mitosis.27 Overall, the observed mi-
todepressive nature of the SCE is a strong indicator that it
could potentially exert effects on the cell cycle by blocking
the G1 phase, subsequently inhibiting DNA synthesis and
blocking the G2 phase, preventing the cells from entering
mitosis, or blocking the synthesis of nucleoproteins.27

Figure 1. General toxicity indicators assessed in the A. cepa test system. a) Variation in root lengths after a 96-hour exposure to
different concentrations of SCE and controls (scale bar = 2 cm). (+) = Positive control; (–) = negative (vehicle) control (ethanol). b)
Examples of root gelling (i) and necrosis (ii) are shown in (b); a comparison of a normal root and a hooked root (indicated by the
arrowhead) is shown in (c).
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The mitotic phase indices (MPI) for prophase, meta-
phase, anaphase and telophase, indicating the proportion of
cells observed in each phase of the cell division process, are
shown in Figure 4. Healthy cell division phases (prophase,
metaphase, anaphase and telophase) of A. cepameristematic
cells were clearly visible. In A. cepa cells treated with SCE,
prophase represented the highest proportion of observed
cells, followed by telophase, while metaphase and anaphase
cells were the least observed. Similar results, where

prophase was predominant and other phases were less
common, were obtained in other studies.37

In the current study, the prophase index values showed
statistically significant differences (ANOVA, Tukey’s test,
p < 0.05) compared to the negative control, at all SCE
concentrations except for 0.3125 μg/ml. The prophase index
values showed significant differences compared to the
positive control, only at the lower SCE concentrations
(0.3125 and 0.625 μg/ml). The index values for metaphase

Table 2. Genotoxic effects of SCE exposure on A. cepa root meristem cells.

Sample
concentration MI ± SEM (%)

Mean chromosome aberration ± SEM

PCA ± SEM
(%)c-Mitosis Stickiness

Numerical
aberrations

Laggard/
vagrant

Anaphase
bridge

0.3125 μg/ml 22.00 ± 0.86 8.67 ± 2.33b 6.00 ± 0.58d 5.67 ± 0.88b 0.33 ± 0.33a — 2.07 ± 0.27
0.625 μg/ml 17.4 ± 1.21 22.33 ± 1.67ab 7.33 ± 0.88d 16.00 ± 3.06ab — — 4.57 ± 0.38
1.25 μg/ml 11.33 ± 0.87 32.00 ± 3.00ab 24.00 ± 7.55cd 34.67 ± 2.85ab — — 9.07 ± 0.38
2.5 μg/ml 6.27 ± 0.83 39.00 ± 16.20ab 84.00 ± 24.20b 36.70 ± 16.10ab 1.00 ± 1.00a 1.33 ± 0.88a 16.20 ± 0.67
5 μg/ml 4.17 ± 0.15 26.33 ± 3.53ab 172.00 ± 4.04a 25.33 ± 3.28ab 0.67 ± 0.67a 0.33 ± 0.33a 22.47 ± 0.32
PC 7.97 ± 0.43 51.00 ± 3.79a 68.30 ± 18.80bc 57.30 ± 16.30a 0.33 ± 0.33a 0.33 ± 0.33a 17.73 ± 0.47
VC 24.40 ± 0.27 16.33 ± 1.86b 0.33 ± 0.33d 10.00 ± 3.06b — — 2.67 ± 0.15
WC 25.47 ± 0.30 16.67 ± 2.60b — 1.33 ± 0.33b — — 1.80 ± 0.27

A. cepa roots were exposed to SCE and the root meristem cells were assessed for chromosomal abnormalities. The values shown are the
mean ± SEM (n = 3); values in the same column with the same superscript letters indicates that they are not significantly different from each
other (p 0.05) and vice versa. These letters were generated and assigned by using one-way ANOVA (Tukey’s test) in Minitab 17. The highest and
the lowest values for each type of chromosomal aberration are shown in bold.— denotes absence of microscopic abnormalities; MI = mitotic
index; PCA = percentage chromosomal aberrations; PC = positive control; VC = negative (vehicle) control; WC = water control.

Figure 2. The effect of SCE exposure on A. cepa root growth.
The roots were exposed to SCE at the indicated concentrations for 96 hours. The values shown refer to root growth after exposure to
SCE, relative to that of the negative (vehicle) control (i.e. ethanol).
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and anaphase were significantly different at all SCE con-
centrations, as compared with the negative control, but were
not significantly different when compared with each other.
The telophase index values for all SCE concentrations were
not significantly different, except at the 5 μg/ml

concentration, when compared to the negative control.
Index values for metaphase, anaphase and telophase were
not significantly different, as compared to the positive
control (all ANOVA, Tukey’s test, p > 0.05). Thus, overall,
all the phase indices of the A. cepa root cells treated with

Figure 4. Phase indices of major cell division stages of A. cepa root meristem cells treated with different concentrations of SCE.
A. cepa roots were exposed to different concentrations of SCE (5, 2.5, 1.25, 0.625 and 0.3125 μg/ml), as well as the relevant controls, for
48 hours.WC=water only control; VC = negative (vehicle) control (i.e. ethanol); PC = positive control (i.e. DMSO). Following treatment, the
phase indices, which indicate the proportion of root cells observed in each phase of the cell division process, were determined. Data are
presented as the mean ± SEM.

Figure 3. The effect of SCE exposure on the mitotic index (MI) of A. cepa root meristem cells.
The roots were exposed to SCE at the indicated concentrations for 48 hours and the mitotic index (MI) of the root meristem cells
was calculated. The values shown refer to the percentage inhibition, relative to the negative (vehicle) control (i.e. ethanol).
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SCE showed a decreasing trend with concentration (see
Figure 4).

Determination of the LC50 value: The LC50 value is often
used to evaluate the toxicity of a natural extract, for
comparison in either Meyer’s toxicity index or Clarkson’s
toxicity index.24 Extracts with LC50 values of < 1000 μg/ml
are considered toxic according to Meyer’s toxicity index,
whereas Clarkson’s toxicity index classifies extracts with
LC50 values of 0–100 μg/ml as very toxic.24 According to
both toxicity indices, the L. herdmani crude extract exhibits
potent toxicity. The LC50 value corresponding to a 50%
mitotic inhibition of A. cepa meristem cells by SCE was
1.95 μg/ml. This mitodepressive effect was positively and
significantly correlated with the root length (see Figure 5;
Pearson, r = 0.938, p = 0.019).

A recent study that evaluated the MI inhibitory activities
of extracts derived from two Sri Lankan marine sponge
species (Stylissa carteri and Axinella sp.) determined their
LC50 values to be 94.06 μg/ml and 114.63 μg/ml, respec-
tively. Compared to these values, the crude extract of L.
herdmani evaluated in our study elicited a more potent
mitodepressive effect.38

Chromosomal aberrations: Changes in the structure of
chromosomes due to the break or exchange of chromosomal
material are known as chromosomal aberrations.27 The
assessment of various forms of chromosomal aberrations in
all mitotic phases of SCE-treated samples provides an ef-
fective evaluation of the SCE’s clastogenic, aneugenic and
tubergenic effects.39 The chromosomal abnormalities ob-
served in A. cepa root meristem cells exposed to SCE are
summarised in Table 2 and illustrated in Figure 6. The most

abundant chromosomal aberrations were stickiness,
c-mitosis and numerical aberrations.

Chromosome stickiness may be caused by sub-
chromatid linkage between chromosomes, depolymerisa-
tion of DNA, partial dissolution of nucleoproteins, breakage
and exchanges of the basic folded fibre units of chromatids
or removal of the protein covering of the DNA in the
chromosomes.27 Observation of this effect indicates that the
SCE can cause irreversible toxic effects.40

C-mitosis is a potentially toxic, reversible effect that
occurs as a result of a disrupted spindle apparatus. If not
reversed, it can cause aneuploidy or polyploidy.27 C-mitotic
compounds are also classified as spindle poisons, mitotic
poisons or antimitotic compounds.40 Since microtubules
and microfilaments are crucially active in cell division and
are a primary target in cancer therapy, L. herdmani crude
extract could be further investigated as a potential anti-
mitotic compound.

At higher concentrations of SCE, a few anaphase
bridges, laggard and vagrant chromosomes were de-
tected. In the anaphase and telophase stages, chromo-
somal bridges can form as a result of chromosome
breakage and fusion, as well as during the translocation
of uneven chromatid exchange.41 Vagrant chromosomes
can be induced by a spindle irregularity, resulting in the
formation of irregular-shaped nuclei during interphase
and unequal-sized daughter cells.42 Vagrant chromo-
somes have a weak c-mitotic effect, suggesting that there
might be a chance of aneuploidy.27 Laggard chromo-
somes are those that do not entirely pinch out from their
opposite daughter cell during the process of cell

Figure 5. Correlation between the mitotic index (MI) and mean root length following exposure to SCE.
The roots were exposed to different SCE concentrations for 48 hours and the root tips stained with acetocarmine.
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division.40 Chromosomal breaks were rarely observed in
the current study.

Concentrations of SCE above 5 μg/ml caused abundant
cellular apoptosis or necrosis, which resulted in a reduction
in the number of mitotic divisions and thus in the number of
detectable chromosomal aberrations. The percentage of
chromosomal aberrations increased with increasing SCE
concentration (Pearson’s r = 0.971, p = 0.006; and see
Table 2).

An analysis of crude extracts from Stylissa carteri and
Axinella sp. showed that, respectively, they induced a level
of 11.9% and 7.2% chromosomal aberration at the maxi-
mum concentration tested (100 μg/ml). These aberrations

were mainly characterised as stickiness, c-mitosis, vagrants,
fragments and chromosomal bridges.38 Higher percentages
of aberrant cells were found at both the 5 and 2.5 μg/ml SCE
concentrations in the present study. Furthermore, SCE in-
duced more aneugenic aberrations (stickiness, c-mitosis)
than clastogenic aberrations (breaks and bridges), and also
had the potential for inducing polyploidy. The effects of L.
herdmani SCE on the MI and chromosomal aberrations of
A. cepa root cells are summarised in Table 2.

Similar studies have demonstrated that various medicinal
plant species, including Citrus sinensis,43 Artemisia ver-
lotorum,44 Pterocaulon polystachyum45 and Mikania
glomerata,46 exert cytogenotoxic effects on the A. cepa root

Figure 6. Visualisation of chromosome aberrations in A. cepa root meristem cells, after exposure to SCE.
A. cepameristematic cells were exposed to different concentrations of SCE and stained with acetocarmine, prior to visualisation under
a light microscope. The images shown are representative, and illustrate: a) and b) c-mitosis; c) and d) numerical aberrations; e) and f)
stickiness; g), h) and i) laggard and vagrant chromosomes; j) multi polar anaphase; k) anaphase bridge; and l) necrotic cells.
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system. In contrast to the present study, chromosomal ab-
normalities found to be caused by other plant extracts were
wider ranging, and included anaphase bridges, breakages
and laggards, fragment formations,44–46 as well as binu-
cleated cells and micronuclei.44 These variations in the
types of chromosomal abnormality may have implications
for the genotoxicity of different extracts and their potential
effects on DNA.

Overall, the L. herdmani marine sponge crude extract
was found in the current study to be both cytotoxic and
genotoxic to A. cepa root tips, suggesting potential anti-
proliferative properties. In agreement with these results,
another sea sponge (L. variabilis) has displayed anti-
proliferative effects on a human breast cancer cell line
(MCF7WT) 47 and on the HTLV-1-related leukaemia cell
line (S1T).48 Furthermore, L. geometrica has also shown
moderate anti-proliferative effects on the tumour cell lines
HMO2 and HepG2, with a GI50 (i.e. growth inhibitory
power) of 1.7 and 1.8 μg/ml, respectively.49

Summary and conclusions

Inevitably, a single assay will not be sufficient to evaluate
the potential genotoxicity of a compound, due to the ex-
istence of a wide range of genetic endpoints.40 Plant extracts
of Maytenus ilicifolia and Bauhinia candicans, which
caused a decrease in the MI of A. cepa root cells, produced
similar results in Wistar rat bone-marrow cells.50 Thus, the
current results should be viewed as preliminary, and further
experiments involving different endpoints — such as the
Comet assay, DNA fragmentation, and the testing of anti-
proliferative effects on selective in vitro cell lines (e.g.
OVCAR-3, HCT-116, HCT-115, SK-OV-03) — are rec-
ommended prior to consideration of this extract as a po-
tential drug candidate.

The present study highlighted the successful use of two
A. cepa-based assays, in the preliminary testing of L.
herdmani SCE for cytotoxicity and genotoxicity. The ex-
tract was found to: significantly inhibit A. cepa root growth
(EC50 = 10.34 μg/ml); induce mitodepressive effects on all
stages of cell division (LC50 = 1.95 μg/ml); and induce both
macroscopic and chromosomal aberrations in A. cepa root
cells. The types of chromosomal aberrations induced by the
SCE suggest that it could be aneugenic, and also that it
might have the potential to induce polyploidy. Thus, the
results obtained suggest that the L. herdmani SCE has
potential anti-proliferative properties that are undoubtedly
worthy of further study.
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