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A B S T R A C T

Previous studies showed that Ziziphus mauritiana is ethnomedicinally beneficial against various diseases, how-
ever the cytotoxic and genotoxic effects of this plant have not been well investigated. Therefore this study was
undertaken to investigate cytotoxic and genotoxic effects of four different solvents extracts of Ziziphus mauritiana
(Lam) leaf at different concentrations (20, 40, 60, 80, and 100 mg/L) using Allium cepa model. The cytotoxicity
and genotoxicity parameters evaluated were mitotic index, root tip growth length and chromosomal aberration
respectively. The result revealed a decrease in mitotic index percentage (%MI) and a dose dependent decrease in
root tip length with increase in extracts concentration for all the extracts studied - with the ethanol extract
showing the most significant effect in mitotic index. Furthermore, the effective concentrations (EC50) obtained
were 81.30, 52.01, 90.68 and 112.30 mg/l for aqueous, ethanol, ethyl acetate and hexane extract respectively.
Finally chromosomal aberrations such as vagrant chromosome, c-mitosis, bridged anaphase, sticky telophase
were also observed in all four extracts and the percentage chromosomal aberration were observed to decrease
with increased concentrations of extracts. Therefore based on the result obtained in this study it may be con-
cluded that the plant (Ziziphus mauritiana (Lam)) extracts are cytotoxic and genotoxic in nature and the observed
decrease in percentage chromosomal aberration may be as a result of antimutagenic bioactive principles present
in the plant extracts. Hence care must be taken in its consumption and use in folk medicine.

1. Introduction

The use of medicinal plants has always been part of human culture
from time immemorial. However, indiscriminate use of herbal pre-
parations in developing countries has become common due to lack of
access to better healthcare, affordable orthodox drugs and other factors
[1]. In Nigeria a large percentage of the populace are dependent on
herbal medicines because orthodox medicines are becoming increas-
ingly expensive and out of reach [2,3]. Plant extracts of various plant
parts have been reported to be effective in treating various conditions
such as sleeping sickness, wounds, diarrhoea, reproductive and liver
problems, circulatory and respiratory problem and parasitic infections
with few reports of toxicity [4,5].

Ziziphus is a genus of about 40 species of spiny shrubs and small
trees in the buckthorn family, Rhamnaceae, distributed in the warm-
temperate and subtropical regions throughout the world [6]. The family

contains 50–60 genera and approximately 870–900 species. Ziziphus
mauritiana Lam. belongs to one of the Ziziphus genus’ species [7]. It is
called jujube tree or Indian jujube [8,9]. The plant is commonly known
as magarya in Hausa and whuya in Kilba (Nigeria) [10], Chinese apple
or Indian Jujube in English [11]. The leaves of the plant are used in the
treatment of diarrhoea, wounds, abscesses, swelling and gonorrhoea
[12] also used in the treatment of liver diseases, asthma and fever [11].
The Allium cepa test has been used by many researchers mainly as a
bioindicator of environmental pollution [13,14], testing crude extracts
of cyanobacteria, as well as to evaluate the genotoxic potential of
medicinal plants [15–18]. The Allium cepa test is important since it is an
excellent model in vivo, where the roots grow in direct contact with the
substance of interest (i.e. effluent or complex medicinal mix being
tested), enabling possible damage to the DNA of eukaryotes to be pre-
dicted. Therefore, the data can be extrapolated for all animal and plant
biodiversity [16]. The analysis of chromosomal alterations is equivalent
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to the test of mutagenicity mainly for the detection of structural al-
terations; however, it is possible to observe numerical chromosomal
alterations, as well [18]. The aim of this study was to evaluate the
cytotoxic and genotoxic effects of solvent extracts (different polarities)
of Ziziphus mauritiana leaf using the Allium cepa assay.

2. Materials and methods

2.1. Collection of medicinal plants

The medicinal plant utilized in this study was leaves of Ziziphus
mauritiana. They were collected at different locations in the botanical
garden of Nigeria Police Academy, Wudil, Nigeria and were taken to
Bayero University Kano Herbarium at Plant Biology Department for
identification. A voucher [BUKHAN 0233] was allocated and the spe-
cimen deposited.

2.2. Preparation of extracts

The extracts were prepared according to the procedure described by
Sunmonu [19]. The plant leaf was dried in shade for five (5) days and
were then pulverized using an electric blender (Binatone blender with
grinder, model BLG-402, China). The powdered material was stocked in
plastic containers from which varying amounts were taken and ex-
tracted in distilled water, ethanol, ethylacetate and hexane for 72 h at
room temperature. They were then filtered using filter paper (Whatman
No. 1). The filtrates were concentrated using rotary evaporator (Buchi
Labortechnik, Model: R-100) and water bath to give different extracts of
the leaf.

2.3. Allium cepa assay

Onion bulbs (Allium cepa, L.) were obtained commercially at Wudil,
Nigeria. They were sun dried for 4 days and the dried outer scales were
carefully removed and the root were scraped leaving the ring of the
primordial root intact to promote the emergence of new roots. These
were used for the bioassay according to standard procedures [1,20]. For
the root growth inhibition, five concentrations of each extract, viz: 20,
40, 60, 80, and 100 mg/L were considered. Six onion bulbs were uti-
lized for each concentration of each extract and the control (tap water).
The base of each of the bulbs was suspended on the extract inside 100
mL beakers in the dark for 72 h. The test extracts were changed daily
and the root length was measured at the end of the exposure period, the
length of the roots of five onion bulbs with the best growth at each
concentration was measured (in cm) with a ruler. Average length for
each concentration and the control was obtained, the percentage root
growth inhibition in relation to the negative control and the EC50 (the
effective concentration where root growth amounts to 50 % of the
controls) for each extract were also determined [21]. The effect of each
sample on the morphology of growing roots cells was also examined
according to the protocol described by Sibhghatulla and his team [22].
Root tips 1–3 cm long were cut and placed in a watch glass, fixed in
acetic alcohol (ethanol: glacial acetic acid in 3:1 ratio) for 12 h at room
temperature, the root tips were hydrolyzed in 1 N HCL at 60°c for 10
min and stained with Acetocarmine for 20 min, it was then squashed on
glass slide under 45 % acetic acid to determine the mitotic index and
the presence of chromosomal aberrations by viewing slides under the
light microscope (Olympus CX 23) using the 100X objective lens with
oil immersion. Percentage Mitotic index were calculated as shown
below.
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Table 2
Inhibitory Effect of different solvent extracts of Ziziphus mauritiana leaf on Allium cepa meristemic root growth.

Concentration (mg/L) Aqueous (cm) Ethanol (cm) Ethylacetate (cm) Hexane (cm)

Control 4.82 + 0.17 a

(0%)
4.82 + 0.17 a

(0 %)
4.82 + 0.17 a

(0 %)
4.82 + 0.17 a

(0 %)
20 4.53 + 0.34a

(06.00 %)
3.02 + 0.14 b

(37.33 %)
2.93 + 0.34 b

(39.21 %)
3.05 + 0.37b

(36.72 %)
40 2.85 + 0.32 b

(40.87 %)
2.53 + 0.35 b

(47.51 %)
3.42 + 0.26 b

(29.11 %)
3.42 + 0.47 b

(29.05 %)
60 3.20 + 0.41 c

(33.61 %)
1.65 + 0.10 c

(65.77 %)
3.62 + 0.51 b

(24.90 %)
3.50 + 0.58 b

(27.39 %)
80 2.85 + 0.17 b

(40.87 %)
2.00 +0.16 b

(58.51 %)
2.50 + 0.33 b

(48.13 %)
2.83 + 0.32b

(41.29 %)
100 1.68 + 0.12 b

(65.10 %)
0.85 + 0.15 c

(82.37 %)
2.17 + 0.30 c

(54.98 %)
2.73 + 0.48 c

(43.36 %)

Note: Value in bracket indicate percentage decrease in root length of Allium cepa.
N = 3, X + SEM. All test values with different superscripts across the rows are significantly different. P< 0.001.

Fig. 1. Growth inhibition of Allium cepa roots exposed to Aqueous extract of Ziziphus mauritiana Leaves.

Fig. 2. Growth inhibition of Allium cepa roots exposed to Ethanol extract of Ziziphus mauritiana Leaves.
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2.4. Statistical analysis

The data obtained from the studies were represented as
Mean± SEM. The data were analyzed by one-way analysis of variance
(ANOVA), ‘P’ value less than 0.05 was considered as statistically sig-
nificant. Graphpad Instat version 3.05 and Microsoft Excel 2010 were
used for statistical analysis and production of tables.

3. Result and discussion

3.1. Results

3.1.1. Cytotoxicity of the plant extracts (Percentage Mitotic Index)
The mitotic indices of the different solvent extracts are summarized

in Table 1. A decrease in the percentage mitotic index (% MI) value was
observed as the concentration of each of solvent extracts increases.
Aqueous extract showed % mitotic index (% MI) of 11.07 + 0.24 (20
mg/L) and 05.73 + 0.13 (100 mg/L), ethanol and ethylacetate extracts

revealed similar trend of 04.89 + 0.12 and 09.59 + 0.12 (20 mg/L)
and 05.09 + 0.22, 04.89 + 0.22(100 mg/L) and are statistically sig-
nificant at p value<0.001 while hexane extract showed 08.96 + 0.12
(20 mg/L) and 05.37 + 0.22(100 mg/L) with p value<0.001. At 20
mg/L concentration, comparison between different extracts show there
were significant effect between aqueous extract and other extracts
while no statistically significant effect was observed between ethyla-
cetate and hexane extracts, at 40 mg/L significant effect was observed
between aqueous extract and others extracts but no significant effects
between ethanol extract and other extracts (ethylacetate and hexane
extracts). At 60 mg/L a significant effect was observed between aqu-
eous extract, ethanol extract and other extracts while no statistically
significant effect was observed between ethylacetate and hexane ex-
tracts, for 80 mg/L no significant effect was observed between aqueous
extract and ethanol extracts. However, a significant effect was observed
between aqueous and ethylacetate and hexane extracts. For 100 g/L
aqueous extract, a significant difference from other extracts was ob-
served while no statistically significant effect was observed between

Fig. 3. Growth inhibition of Allium cepa roots exposed to Ethylacetate extract of Ziziphus mauritiana Leaves.

Fig. 4. Growth inhibition of Allium cepa roots exposed to Hexane extract of Ziziphus mauritiana Leaves.
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ethanol, ethylacetate and hexane extracts.

3.1.2. Percentage aberration
Percentage aberration for each extract is presented in Table 1. In the

aqueous extract, a significant increase was observed between the con-
trol and 20 mg/L concentration while a significant decrease at 40−100
mg/L concentrations, Ethanol extract showed a similar trend except no
statistical difference was observed in 40−100 mg/L concentrations.
Ethylacetate extract showed a significant difference between the con-
trol and 20 mg/L and a dose dependent decrease in % aberration from
40 to 100 mg/L. For hexane extract a significant % increase was ob-
served between the control and 20 mg/L concentration and other
concentrations (40−100 mg/L concentrations) but no significant dif-
ference between 40 and 60 mg/L and 80 and 100 mg/L. Also between
the extracts, at 20 mg/L there were significant difference between
aqueous extract and other extracts while no significant was observed
between ethanol, ethylacetate and hexane extracts. For 40 and 100 mg/
L there were significant difference between aqueous extract and other
extracts while no significant was observed between ethanol, ethylace-
tate and hexane extracts. For 60 mg/L, there were no significant dif-
ference between aqueous and ethanol while a significant a difference
was observed in ethylacetate and hexane extracts when compared with
aqueous extract. Also, a similar trend was observed in 80 mg/L con-
centration.

3.1.3. Root growth inhibition and effective concentration
The effect of different concentrations Ziziphus mauritiana leaves ex-

tracts on root growth of A. cepa is presented in Table 2. The estimated
EC50 (concentration of extracts that produces 50 % inhibitory effects on
root length when compared with the control are presented in Figs. 1–4.
The EC ranged from 81.30 mg/L for aqueous extract, 52.01 mg/L for
ethanol extract, 90.68 mg/L for ethyl acetate extract to 112.30 mg/L for
hexane extract. The extracts showed a significant (p< 0.05) decline in
meristematic growth relative to the control as the concentrations of the
extracts increased. The most significant decrease in growth was ob-
served in the ethanol extract which also gave the lowest EC50 value.

3.1.4. Chromosomal aberration
The different types of chromosomal aberrations observed in the A.

cepa assay with different solvents extracts of Z. mauritiana leaves, are
presented in photomicrographs in Figs. 5, The result reveals aberrations
such as vagrant, c-mitosis, bridged anaphase, sticky telophase and

attached chromosomes.

4. Discussion

In this study, toxic effect of Z. mauritiana leaf extracts were eval-
uated by analyzing percentage mitotic index (%MI), root tip growth
inhibition, Effective concentration and root cell morphology to identify
the potential cytotoxic and genotoxic effect of the different solvent
extracts of Z. mauritiana leaves. According to Chukwujekwu and van
Staden, the degree of cytotoxicity of an agent can be determined by the
increase or decrease in the MI [24] therefore observed decrease in
mitotic indexes with increasing concentration of the extracts indicates
inhibition of cell division activity (MI), and proportions of division
phases (phase index) [24,25]. The dose dependent reduction in mitotic
indexes may be due to delay in cell division and alteration of cell cycle
activities imposed by the different solvent plant extracts exposed to the
A. cepa roots. The result obtained is in agreement with previous re-
search findings [25,1,31]. This may be an indication of inhibitory and
mitodepressive effects elicited by the extracts. Inhibition in root growth
is a general indication of adverse effect of xenobiotics (chemical sub-
stance or plant extract) which are used as an indicator of cytotoxicity
[23,26]. The observed dose dependent decrease in root length in all
extracts in this study may be an indication of growth inhibition and
adverse effect on mitotic division in cell cycle activity. This observation
is in agreement with the work of Udo et al. [27], which reported cy-
totoxic effect of different plant extracts. Comparatively, the effective
concentration [EC50] [Figs. 1–4] showed that the ethanol extract was
most toxic with indication of mitodepressive effect on the meristematic
growth of the A. cepa root, this is also corroborated by the report of
Akinboro and Bakare (1) which evaluated the effect of different extract
of A. indica, M. lucida, C. citratus, M. indica, C. medica and C. papaya on
Allium cepa root. External stimuli (mutagens (synthetic and biological
compounds) which are usually phytoconstituents in plant or synthetic
chemical compound (monosodium glutamate) [28,29] can block cel-
lular progress in one of the phases of the cell cycle or cell division
(mito-inhibition) resulting in chromosomal aberrations which includes
chromosome and/or chromatid fragments, interchromatid or sub-
chromatid connections, nucleoplasmic bridges, heteromorphic chro-
mosomes, dicentric or ring chromosomes, and micronuclei which are
observed as c-mitosis, bridges, vagrants, sticky and attached chromo-
somes, multipolar anaphase [30]. Also these aberrations could occur
due to spindle failure orchestrated by the interaction of phytochemical

Fig. 5. micrograph showing different chromosomal aberrations of Allium cepa due to exposure of different extract of Z. mauritiana leaves extracts.

T.A. Owolarafe, et al. Toxicology Reports 7 (2020) 816–821

820



constituents with the spindle apparatus [31]. Studies on have shown
evidence of inhibition of mitosis and also binding to tubulin, thus,
preventing the formation/progression of mitotic processes [32]. In-
crease in chromosomal aberration with a decrease in mitotic index is
logically an indication of cytotoxicity [1], However, this study observed
a decrease in chromosomal aberration percentage with a concomitant
decrease in mitotic index. This may be due to presence of mitogenic
agents which could act to overcome intracellular braking mechanisms
that block cell cycle progression (mitostimulatory) or may be due to
antioxidants present in Ziziphus mauritiana (Lam) extracts which have
been reported by other research works to be present in the leave ex-
tracts [33,34]. Antioxidants have been shown to improve DNA repair as
well as modulate toxicity in different independent studies [35,36].

5. Conclusion

From the results obtained from this research work, it is concluded
that the various solvent extract of Ziziphus mauritiana (Lam) leaves may
have potential cytotoxic and genotoxic effect which may be more sig-
nificant with the ethanol extract. Thus, care must be exercised in the
use of these extracts for their pharmacological effects.
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