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ABSTRACT

There is a global demand for the discovery of anticancer drugs. This study was
designed as an anticancer prescreening to evaluate the cytotoxic and genotoxic
potential of stem and leaf extracts of Money Tree, Pachira aquatica, one of the
plant species with limited scientific studies. Bioactivity of P. aquatica extracts
was initially assessed using brine shrimp lethality assay (BSLA). Plant and animal
models of cell proliferation were used to investigate cytostatic and cytocidal
effects. Onion root tip chromosomal aberration assay (ORTCAA) was conducted to
examine antimitotic and genotoxic activities. Embryotoxicity and teratogenicity
were determined using zebrafish developmental toxicity assay (ZDTA). Using BSLA,
the P. aquatica leaf extract had an estimated LC,, value of 11.87 pg/mL, which
indicated that it was bioactive and toxic. ORTCAA revealed that all stem extract
concentrations reduced mitotic indices,which were comparable to 5 mg/L of maleic
hydrazide (positive control) while all leaf extract concentrations induced mitotic
block at prophase/metaphase boundary. Prominent chromosomal aberrations
observed were bridges and stickiness suggesting genotoxicity of extracts. ZDTA
showed 100% embryonic death at 20, 100 and 200 pg/mL of both extracts after
12-hour post-treatment application. Moreover, cytological abnormalities in onion
cells and early zebrafish embryonic death implied the activation of apoptosis.
Based on the results, Money Tree extracts have promising cytostatic (inhibition
of growth, division and differentiation) and cytocidal (lethal) effects, which are
important qualities of an anticancer drug. The Money Tree is therefore a potential
source of a nature-based chemotherapeutic compound.
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INTRODUCTION

Cancer is among the leading causes of mortality globally. According to the
American Cancer Society (2015), one out of seven deaths worldwide is caused
by cancer. This global health burden accounted for 8.2 million deaths in 2012
(World Health Organization 2015). In the Philippines, 98,200 individuals are
affected by cancer each year and more than half of these patients died in 2014
(Asian Cancer Institute 2015).

Despite the technological advancements in the development of treatments for
cancer (US National Cancer Institute 2007), there is no existing ideal anticancer
mechanism until now that can kill only cancer cells and spare healthy cells (Amara
2013). In particular, chemically-synthesized drugs used in chemotherapies result in
a wide range of detrimental effects and/or even total destruction of non-targeted
sites in the human body (Seideil et al. 2012).

Nowadays, most anticancer drugs target one or more stages of the cell cycle and the
structure and function of deoxyribonucleic acid (DNA). High-level damages must be
inflicted on the DNA to increase the error recognition of the “relaxed” cell cycle
checkpoints (mostly in mitotic and synthesis phases) of cancer cells to produce
irreparable damages to induce cell death (Cheung et al. 2013). Thus, the search for
chemotherapeutic agents with novel modes of cytotoxic action has become more
important than ever (American Cancer Society 2015; Coseri 2009).

Through the years, plants and their secondary metabolites have been abundant
sources of anticancer agents since these nature-based compounds exhibit a wide
range of cytotoxic activities and promising selectivity (Cragg and Newman 2005;
Newman 2008). In this study, we used the Money Tree, Pachira aquatica, which is
considered an understudied plant species since it has limited ethno-pharmacological
records (Lawal et al. 2015; Shibatani et al. 1999).

The study aimed to investigate the cytotoxic and genotoxic properties of P. aquatica.
Specifically, this study evaluated the cytostatic (i.e., the ability to stop cell growth,
division and differentiation) and cytocidal (lethal) effects of P. aquatica extracts
on onion root tips and zebrafish embryos as plant and animal models of cell
proliferation. The study contributes baseline data important to developing nature-
based chemotherapeutic drugs and informs the general public regarding the
possible risks and adverse effects of using the Money Plant as traditional/herbal
medicine.
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MATERIALS AND METHODS

Experimental procedures for the brine shrimp lethality assay and onion root tip
chromosomal aberration assay were done in the Institute of Biology, University
of the Philippines, Diliman, Quezon City. Zebrafish developmental toxicity assay
(IACUC PAF-1B-2016-16) was conducted at the Department of Biological Sciences,
Central Luzon State University, Science City of Munoz, NuevakEcija.

Preparation of Crude Ethanol Extracts and Phytochemical Analysis

The P. aquatica stems and leaves were used since this is a benchmark study on the
evaluation of its phytocompounds and biological activities. The P, aquatica samples
were collected from San Nicolas, Gapan City, Nueva Ecija and were identified and
authenticated (authentication number 15-7-018) as Pachira aquatica Aublet of
Malvaceae family by Mr. Danilo N. Tandang, Museum Researcher Il of the Botany
Division, National Museum in Ermita, Manila. Five kilograms each of fresh stems
and leaves were used for the preparation of crude ethanol extracts, which was done
at the Industrial Technology Development Institute (ITDI), Department of Science
and Technology (DOST), Maimpis, City of San Fernando, Pampanga. The stems
and leaves were washed and air-dried. The plant samples were then powdered
through a blender and were soaked separately in 95% ethanol (1:5 w/v) at room
temperature for 72 hours. The extracts were filtered and evaporated under reduced
pressure using a rotary evaporator at 55°C (Souza et al. 2014). The extracts from
rotary evaporation were air-dried in separate petri dishes for 24 hours, producing
a solid precipitate. Phytochemical analyses of the P.aquatica stem (Pa-SE) and leaf
(Pa-LE) crude ethanol extracts were also done at ITDI-DOST.

Preparation of Treatments

For the brine shrimp lethality assay, various dilutions of Pa-SE and Pa-LE were
prepared following the modified dilution procedure of Sarah et al. (2017), giving
the final concentrations of 3.125,6.25,12.5,25,50,and 100 pyg/mL. Negative control
(artificial sea water with 1% DMSO) and positive control (0.3 mg/L of potassium
dichromate) were also prepared in six replicates in the two trials of this bioassay.

For the onion root tip chromosomal aberration assay, a total of four experimental
treatments (100, 250, 500 and 1000 ug/mL) were prepared, each in three replicates.
Positive (5 mg/L of maleic hydrazide) and negative (1% DMSO in distilled water)
controls were also included.
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For the zebrafish developmental toxicity assay, the final concentrations were 2, 10,
20,100 and 200 pg/mL. Embryo medium (294 mg CaCl,, 123.25 mg MgSO,, 64.75
mg NaHCO,, and 5.75 mg KCl dissolved in 1 L of distilled water) was used as the
negative control. A total of six treatments were prepared, each in three replicates.

Brine Shrimp Lethality Assay (BSLA)

Three milligrams of brine shrimp (Artemia salina) eggs were hatched in a beaker
with 400 mL of artificial sea water with 3.8% sodium chloride solution under
constant aeration and illumination of fluorescent lamp for 48 hours.

After hatching, 10-15 brine shrimps were transferred into each well of a 24-
well plate containing different concentrations (3.125, 6.25, 12.5, 25, 50 and
100 pg/mL) of Pa-SE and Pa-LE. Potassium dichromate and 1% DMSO in artificial
seawater served as the positive and negative controls, respectively. After 24 hours,
the dead A. salina were counted manually. The percentage mortality (%M) in each
well was calculated by dividing the number of dead brine shrimps by the total
number of brine shrimps and multiplying by 100. Abbott’s mortality formula was
used to correct the percentage mortality of brine shrimps to ensure the bioactivity
of extracts (Meyer et al. 1982). The Abbot’s mortality formula is as follows:

Corrected % mortality = x 100 (1)

Where x = % mortality of brine shrimps in control
¥ =% mortality of brine shrimps in treatments

The median lethal concentration (LC, ) was computed using the generated equation
of the line in aprobit analysis done in Microsoft Excel 2013 (Microsoft Corp. 2013).
Median lethal concentration with a value less than 1000 pyg/mL was considered
toxic while LC, value greater than 1000 ug/mL was non-toxic (Meyer et al.1982).

Onion Root Tip Chromosomal Aberration Assay (ORTCAA)

Forty onion bulbs (Allium cepa) of common variety and equal sizes were obtained
from a local market in Munoz, Quezon City. A scalpel was used in peeling the outer
scales of the bulbs and old roots to expose the root primordia. Eighteen out of forty
onions were selected randomly after examining for uniformity in size and condition.
Each extract was prepared in different concentrations at 100, 250, 500 and 1000
pg/mL including the positive (5 mg/L maleic hydrazide) and negative controls
(1% DMSO in distilled water). Selected onions were transferred into bottles
containing the treatments with three replicates each for 48 hours.
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Onion root tips were then cut and fixed in Farmer’s fluid (one part glacial acetic
acid and three parts ethanol) in plastic micro-tubes and placed in the refrigerator
after 24 hours. Root tips were then cut to 1-2 mm, hydrolyzed with a drop of 1N
hydrochloric acid (HCL) for three minutes, dried with tissue paper and macerated
using a scalpel. Aceto-orcein (2%) was used to stain the onion cells for three
minutes, then the glass slide was passed over the flame of an alcohol lamp twice,
ensuring that the stain did not boil. A cover slip was used to squash the cells and
then excess stain was removed. The preparation was then sealed with a natural
nail polish. The slides were examined using a Zeiss compound light microscope
under 10x objective then switched to 40x objective to take closer observations of
the morphological structure and mitotic phase of cells. This procedure with some
modifications was used following El-Shahaby et al. (2003).

The mitotic index, mitotic phase indices, and percentage of aberrant cells were
calculated using the following formulas (Fiskesjo 1985):

Total number of dividing cells
Mitotic index = f g x 100 (2)

Total number of cells counted

Total number of dividing cells at a specific phase
Mitotic Phase index = f g pecific p

— x100 (3)
Total number of dividing cells

Total number of aberrant cells

% Aberrant cells = x 100 4)

Total number of cells counted

In addition, chromosomal aberrations such as lagging, loss and bridging were
identified. Investigations of other structural abnormalities in the nucleus and
cytoplasm were also done.

Zebrafish Developmental Toxicity Assay (ZDTA)

Dechlorinated water with oxygen saturation was usedin a glass aquarium for the
spawning of zebrafish (Danio rerio) at 1:2 ratio between mature females to males.
Adult (10-12 months of age) zebrafish were placed in a plastic mesh and were
submerged in the aquarium. The aquarium was covered with black plastic bag
for 12 hours and then well-lighted (500-540 lux) for another 12 hours to trigger
spawning. Fertilization of the eggs typically occurs within 30 minutes after light
exposure. The fertilized eggs were siphoned out of the aquarium using a hose and
aspirator bulb to isolate it from the water. Embryos were rinsed thrice using distilled
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water and were placed in a watch glass with an embryo medium and observed
under the compound microscope to select embryos at blastula stage (50% epiboly)
(Halili and Quilang 2011).Four selected embryos were transferred to 24-well plates,
each with 3 mL of concentration of Pa-SE and Pa-LE (2, 10, 20, 100, 200 pg/mL and
embryo water as negative control),and incubated at 26°C = 1°C. Observations were
made after 12, 24, 36 and 48 hours of incubation using a compound microscope.
Hatchability, growth retardation, malformations and mortality rates were observed
and recorded (Nagel 2002).

Data Analysis

LC,, values and 95% confidence intervals for BSLA were determined using the
probit analysis method described by Finney (1952). Statistical differences between
mitotic index, mitotic phase index,and % aberrant cells for ORTCAA and hatchability,
growth retardation, malformations, and mortality rates for ZDTA were determined
using one-way analysis of variance (ANOVA) followed by a post-hoc analysis
(Duncan Multiple Range Test) in SPSS version 22.0 (IBM Corp, 2013). Differences
with p<0.05 between experimental and control groups were considered.

Waste Disposal

Chemicals and solvents used were disposed in appropriate organic and inorganic
waste containers. Solid wastes were collected in a waste container and disposed
according to the Laboratory Health, Safety and Environment Management System
of UP Diliman.

Brine shrimps exposed to different treatments were treated with 10% bleach
solution for 24 hours before their disposal (National Nanotechnology Infrastructure
Network 2013). Zebrafish embryos were subjected to euthanasia by means of
submersion in ice water for 20 minutes prior to disposal (National Institutes of
Health 2013).

RESULTS

Phytochemical Analysis

A qualitative phytochemical analysis of P aquatica stem and leaf extract (Pa-SE
and Pa-LE) secondary metabolites exhibited the presence of the same compounds,
namely, alkaloids, glycosides, and tannins (condensed), which were already
recorded to have promising anticancer and antitumor activities (Fattorusso and
Taglialatela-Scafati 2007; Nandakumar et al. 2008; Menger et al. 2012). Table 1
shows the result of screening and methods used to determine the presence of
phytocompounds.
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Table 1. Phytochemicals present in P. aquatica extracts.

Test Parameter Test Method Leaf Stem
Alkaloids Mayer/Meyer Test + +
Anthraquinones Borntrager Test - -
Glycosides Keller-Killiani Test + +
Flavonoids Bate-Smith and Metcalf Test - -
Tannins Ferric chloride Test + +
Saponins Froth Test - -

Legend: + present; - absent

Brine Shrimp Lethality Assay (BSLA)

Bioactivity was determined by the lethality of brine shrimp exposed to the extracts
for 24 hours. Pa-SE was most active against A. salina nauplii at 100 pg/mL (81.88%)
and lowest at 25 pg/mL (75.40%) while Pa-LE recorded its maximum nauplii
mortality at 25 yg/mL (92.44%) and lowest at 3.125 pg/mL (83.20%). The ability
of the bioactive compounds of Pa-LE to cause mortality in brine shrimp nauplii
was exhibited in a dose-dependent manner with the estimated median lethal
concentration (LC, ) of 11.87 ug/mL (95% Cl: 0.11 - 14.29) (Figure 1). On the other
hand, Pa-SE did not show dose-dependence with an LC, > 100 ug/mL.
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Figure 1. Fitted regression line and equation to determine the lethal concentration 50 (LC,)
of P.aquatica leaf (Pa-LE) crude ethanol extract in the percentage mortality of brine shrimp
nauplii. Data are the probit transformed values of the corrected % mortalities against the
log of the concentration of treatments. Mean percent mortality was determined from six
replicates for each concentration in each of two trials of brine shrimp lethality assay (BSLA).
(Regression line: slope= 0.04485, b=4.5181, R?=0.9254).
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Onion Root Tip Chromosomal Aberration Assay (ORTCAA)

Figure 2A shows the rate of mitosis of A. cepa root tip cells after 24 hours. The
mitotic indices of root meristems treated with 100 ug/mL, 250 ug/mL, 500 pg/ml
and 1000 pg/mL stem extract were 7.47%, 8.00%, 8.13%, and 9.07%, respectively,
which are not significantly different. The mitotic activity of onion root tip cells
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Figure 2. The percentage of dividing onion cells after exposure to P. aquatica stem (Pa-SE)
crude ethanol extract(panel A) and P. aquatica leaf (Pa-LE) crude ethanol extract (panel B).
Mitotic index was computed by dividing the total number of dividing cells by the total number
of cells counted x 100. For each treatment, data are means of the mitotic indices of three
replicates and, for each replicate, 1000 onion cells were counted. Treatments having the
same lowercase letter data labels are not significantly different. Statistical differences were
determined by one-way ANOVA (p<0.05) followed by Duncan’s Multiple Range Test.
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inhibited by the extract was statistically comparable to the positive control
(6.20%) and significantly lower compared to the negative control (21.87%). The
pre-prophase inhibition of 1000 ug/mL leaf extract (8.47%) was comparable
with the positive control (6.20%), and all Pa-LE extract levels were noted with
significantly lower mitotic indices than the negative control (21.87%) (Figure 2B).
Moreover, the number of onion cells entering mitosis decreased as concentration
increased, exhibiting the concentration dependence of the antimitotic action of
Pa-LE.

Table 2. Prophase, metaphase, anaphase and telophase indices in onion root cells
exposed to different concentrations of P. aguatica stem crude ethanol extract (Pa-SE),
negative control (1% DMSO), and positive control (5 mg/L Maleic hydrazide).

Mitotic Phase Indices

Treatments Prophase Metaphase = Anaphase Telophase
1% DMSO solution 36.59b 2.44b 14.63¢ 46.34C
100 pg/mL 19.64a 0.00a 1.79a 78.57e
250 pg/mL 20.00a 3.33bc 6.67b 70.00d
500 pg/mL 87.70d 2.46b 2.46a 7.38b
1000 pg/mL 89.71d 2.94b 2.94ab 44a
5 mg/L Maleic hydrazide 80.65¢ 5.38¢ 5.38b 8.60b

For each column, means followed by the same lowercase bold letter are not significantly
different. Statistically significant differences were determined by one-way ANOVA (p<0.05)
followed by Duncan’s Multiple Range Test. Mitotic phase index was computed by dividing the
total number of cells at a specific stage by the total number of dividing cells x 100. Data are
means of the mitotic phase indices of three replicates per treatment and, for each replicate,
1000 onion cells were counted.

Table 2 shows that there were higher percentages of cells in telophase for root
meristem cells treated with 100 pg/mL (78.57%) and 250 pg/mL (70%) Pa-SE.
Prophase accumulation was observed in Allium cepa cells exposed to 500 pg/mL
(87.70%) and 1000 pg/mL (89.71%) extract,which were even higher than the positive
control. There was also a drastic decrease in the percentage of actively proliferating
cells with 100, 500 and 1000 ug/mL Pa-SE at metaphase and anaphase, which
only ranges from 0.0-3.3%. Prominent mitotic block at the prophase/metaphase
boundary was seen in onion cells treated with Pa-LE. More than 45% of the dividing
cells were accumulated in this stage (Table 3).
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Table 3. Prophase, metaphase, anaphase and telophase indices in onion root cells
exposed to different concentrations of P. aquatica leaf crude ethanol extract (Pa-LE),
negative control (1% DMSO0), and positive control (5 mg/L Maleic hydrazide).

Mitotic Phase Indices

Treatments Prophase Metaphase Anaphase  Telophase
1% DMSO solution 36.59a 2.443 14.63c 46.34d
100 pg/mL 71.43e 9.52¢ 9.52b 9.52a
250 pg/mL 64.94d 11.69cd 12.99c 10.39a
500 pg/mL 62.25¢ 7.28cd 7.28ab 23.18c¢
1000 pg/mL 47.24b 15.75e 23.62d 13.39b
5 mg/L Maleic hydrazide 80.65f 5.38b 5.38a 8.60a

For each column, means followed by the same lowercase bold letter are not significantly
different. Statistically significant differences were determined by one-way ANOVA (p<0.05)
followed by Duncan’s Multiple Range Test. Mitotic phase index was computed by dividing the
total number of cells at a specific stage by the total number of dividing cells x 100. Data are
means of the mitotic phase indices of three replicates per treatment and, for each replicate,
1000 onion cells were counted.

The percentage of chromosomal aberrations in Allium cepa root tip cells exposed
tothe lowest to highest concentration (0.63-3.17%) of Pa-SE were statistically
similar to Maleic hydrazide (1.3%), which suggests the genotoxic action of the
phytocompounds present in the extract. Figure 3A further reveals that the effects
of 100 pg/mL (4.20%), 500 pg/mL (4.93%) and 1000 pg/mL (6.20%) in inducing
cytological anomalies were comparable with the positive control (6.17%). Moreover,
the over-all occurrence of abnormalities in all extract levels (4.97-6.83%) has no
significant difference with Maleic hydrazide (7.47 %), which further shows the potent
cytotoxic mechanisms of MT extracts even at its lowest concentration.
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Figure 3. The percentage of cytological and chromosomal damages in onion cells caused
by P. aquatica stem (Pa-SE) crude ethanol extract (panel A) and P. aquatica leaf (Pa-LE) crude
ethanol extract (panel B). Percent abnormality was computed by dividing the total number of
aberrant cells by the total number of dividing cells x 100. For each treatment, data are means
of % abnormalities for chromosomal, cytological and over-all (combined chromosomal and
cytological abnormalities) of three replicatesand, for each replicate, 1000 onion cells were
counted. Means having the same lowercase letter data labels are not significantly different.
Statistical differences were determined by one-way ANOVA (p<0.05) followed by Duncan’s
Multiple Range Test. Means with asterisk (*) as data labels are significantly different from
the positive control.

Root meristems exposed to 100 pg/mL (0.93%) and 250 ug/mL (0.4%) of Pa-LE were
also statistically similar to the effects of Maleic hydrazide. Figure 3B shows that the
cytological and over-all abnormalities induced by the 100 (3.27%) and 1000 pg/mL
(11.27%) Pa-LE were comparable with the positive control. The results also revealed
that the cell anomalies induced by 500 ug/mL Pa-LE were statistically higher than
the positive control. Morphological irregularities in cytoplasm (condensation and
shrinkage) and nucleus (condensation and margination) were also seen (Figure 4).
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Figure 4. The mitotic cell aberrations triggered by P. aquatica stem (Pa-SE) crude ethanol
extract and P.aquatica leaf (Pa-LE) crude ethanol extract.Mitotic cells at 40x showing aberrant
cells (indicated by arrows) observed in Allium cepa root tips exposed to P. aquatica stem and
leaf extracts: A- strap nucleus; B- giant cell, disintegrated cytoplasm; C- chromosomal bridge;
D- nuclear lesions; E- sticky metaphase; F- giant nucleus; G- ghost cell, sticky anaphase;
H- nuclear erosion.

Zebrafish Developmental Toxicity Assay (ZDTA)

Results showed that the mortality rate triggered by Pa-SE was dependent on dose
and time of exposure (Figure 5A). The Pa-LE was noted with 100% mortality rate in
20,100 and 200 pg/mL concentrations at 12 hour post-treatment application (hpta)
(Figure 5B). Similarly, the 10 pg/mL Pa-LE led to the death of all embryos after
36 hours. On the other hand, over-all growth retardation was seen in all zebrafish
embryos treated with 2 and 10 yg/mLPa-LE that survived after 24 hours. Moreover,
a 12-hour hatching delay in D. rerio embryos treated with 2 ug/mLPa-LE was
recorded compared to normal hatching of embryos in negative control at 48 hpta.
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Figure 5. The zebrafish embryonic deaths triggered by P. aquatica stem (Pa-SE) crude ethanol
extract (panel A) and P. aquatica leaf (Pa-LE) crude ethanol extract (panel B). Data are means
of percentage mortalities of the three replicates of each concentration (hpta - hour post-
treatment application). Means with asterisk (*) as data labels are significantly different from
the negative control.

Morphological abnormalities caused by exposure to 2 ug/mL Pa-LE at 60 hpta
include bent tail, bent spine, yolk sac edema, pericardial edema and ocular edema.
Embryos exposed to 2 ug/mL Pa-SE after 36 and 48 hours showed coagulation,
unformed tail, unformed head, detached tail, yolk sac edema and yolk sac not
depleted (Figure 6).

Figure 6. Phenotypic changes of zebrafish embryos treated with P. aquatica stem (Pa-SE)
crude ethanol extract (bottom row) and P. aquatica leaf (Pa-LE) crude ethanol extract (top
row) at 36-60 hpta. Abbreviations: Bs- bent spine (scoliosis); Bt- bent tail; Co- coagulation;
Dt- deformed tail; Oe- ocular edema; P- pigmentation; Pe- pericardial edema; Ufh, unformed
head; Uft- unformed tail; Ynd- yolk sac not depleted; and Yse- yolk sac edema
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DISCUSSION

Lethality of P. aquatica on Brine Shrimp

Brine shrimp (Artemia salina) lethality assay was used to examine the bioactivity
of the Money Tree phytocompounds (Lieberman 1999). This arthropod assay is
internationally recognized as a prescreening for antitumor activity (Meyer et al.
1982) and for its positive correlation with human cancer line tests (McLaughlin
and Rogers 1998; Carballo et al. 2002; Naidu et al. 2014). Of all animal
models, brine shrimps are known to be sensitive to the biological activities of
phytocompounds, thus, the gradual increase in the percentage mortality and its
dose-independent activity could be due to the antagonistic relationship among
the three phytochemicals (alkaloids, glycosides and condensed tannins) present in
both extracts, which resulted in suboptimal bioactivity (Milugo et al. 2013).

In a cytotoxic analysis by Pourfraidon and Sharma (2009) using 19 plants with
prominent anticancer properties, 42% of the extracts exhibited 61-100% brine
shrimp inhibition, 32% of the investigated plants killed 31-60% of the nauplii
while 26% had weaker cytotoxic activity resulting in 0-30% A. salina lethality after
24 hours. The Pa-LE therefore has a potent toxic behavior since it resulted in
83-92% mortality against brine shrimps in a dose-dependent manner.

According to Meyer’s Toxicity Index (1982), LC50<1000 pg/mL is considered toxic
while LC50>1000 pg/mL is non-toxic. Moreover, substances with LC50<200 pg/mL
in BSLA could be subjected to further cell culture to detect its antitumor activity
(Romeo 2012).Meyer et al.(1982) investigated 12 physiologically active components
using BSLA. Three of these, podophyllotoxin, barberine chloride and strychnine
sulfate, resulted in LC, values less than 100 ug/mL while other compounds have
LC,, values greater than 150 pug/mL. Moreover, Bagya et al. (2011) tested Vincristine,
a nature-based chemotherapeutic drug, using brine shrimp assay and recorded
a median lethal concentration value of 380 ug/mL. In this study, the computed
LC,, value for P. aquatica leaf extracts was 11.87 pug/mL, which suggests that the
plant could be an abundant source of bioactive compounds and a candidate for
further confirmatory testing of cytotoxic mechanisms that could be exhibited in cell
growth, function, division and differentiation (Goodman et al. 1980) and the ability
to activate its self-destruction machineries or cytocidal effect (Foster 1991).
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Cytostatic and Genotoxic Effects of P. aquatica on Onion Root Cells

Onion (Allium cepa) root tip chromosomal aberration assay is considered a reliable
system since the patterns of division of onion cells, cancer cells and human somatic
cells are similar. ORTCAA was widely considered a prescreening for anticancer/
antimitotic compounds (William and Omoh 1996) as plant cells were noted to be
1000 times more resistant to colchicine, a carcinogenic substance and well-known
mitotic inhibitor (Kihlman 1996). Furthermore, this assay was proven to be practical
since one rootlet can show a range of DNA damage (Tedesco and Laughinghouse
IV 2012).

The mitotic index is an indicator of cell proliferation (Gadano et al. 2002) wherein
low index could be due to the inhibition of DNA/protein synthesis (Chandra et
al. 2005), blockage of the G2 phase of cell cycle, which causes delay in the cell
cycle kinetics (Rojas et al. 1993), and mitotic arrest (Kumar et al. 2006), which could
eventually lead to cell death (El-Ghamery et al. 2000). The results suggest that
Pa-SE in varying concentrations have the same effects in inducing the accumulation
of interphase cells with Maleic hydrazide, which is a known plant growth depressant
(Gubb and Mactavish 2002).

Extracts of common medicinal plants, such as Azadirachta indica, Morinda lucida,
Cymbopogon citratus and Carica papaya, that were tested on onion root cells have
10-19% mitotic indices on their highest concentrations (Akinboro and Bakare 2007).
Vincristine, a plant-derived anticancer drug was noted with 0-3% mitotic indices.
In this present study, the Ml of the onion meristem cells treated with the lowest
concentration (100 pg/mL) of Pa-SE and Pa-LE were 7% and 17%, respectively,
which signifies inhibition of the mitotic process and delay in the cell cycle kinetics
(Udo et al. 2015).

Specific antimitotic action of Money Tree extracts was further revealed in the results
of mitotic phase indices. Prominent mitotic block at the prophase/metaphase
boundary could be attributed to the action of the Pa-LE to cause interruptions in
nuclear membrane disintegration due to the inhibitory effects carried from the
earlier phases of cell cycle, (Wilson 1965) delay or blockage in the formation of
spindle fiber (Ilbas et al. 2011) and prophase arrest (Njoku et al. 2015). Similar
effects of prophase accumulation in the dividing cells were also documented in
the studies using Telfairia occidentalis (Udo et al. 2015), Aloe vera (Ilbas et al. 2011)
and A. indica (Akaneme and Amaefule 2012), which is an indicator of anti-spindular
effects at the early stage of mitosis. Results suggest the promising antimitotic
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activity induced by both extracts and its capability to build up cells at prophase,
which is similar to the antimitotic action of Taxol and Taxotere, two clinically used
plant-derived anticancer drugs (Agnieszka et al. 2008).

To investigate the ability of the Money Tree phytocompounds to interact with
DNA and cause chromosomal damages, a microscopic analysis of onion cells was
done. Morphological (cytological) abnormalities, particularly in the nucleus and
cytoplasm, were also examined to check for apoptotic markers.In the study of
Atoyebi et al. (2015) on the genotoxicity of Luffa cylindrica, Nymphaea lotus and
Spondias mombin extracts, results showed the frequency of cellular aberrations that
range from 0.8-3.5%. Percentage of abnormalities induced by A. indica, M. lucida,
C. citratus, M. indica and C. papaya on meristem cells ranged from 0.0-0.14%
(Akinboro and Bakare, 2007). In this study, the frequencies of cell anomalies
were noted at 2.47-13.67% in both extracts, thus exhibiting prominent genotoxic
mechanisms.

Exposure of the onion root tip meristem cells to different concentrations of Money
Tree extracts resulted in chromosomal aberrations including fragmentation,
chromosome bridges and stickiness (Figure 4), which was caused by DNA-damaging
activities on its structure and function (Darlington 1942; El-Ghamery et al. 2000)
and suggest that both extracts could be genotoxic.The observed formation of
micronuclei in the onion root tip cells were early indicators of its genotoxicity
(Shahsavan and Samadi 2001).

Furthermore, according to Pennel and Lamb (1997), morphological irregularities
observed in the cytoplasm and nucleus indicate that onion meristematic cells
were undergoing apoptosis. The results suggest that the A. cepa cells treated with
Pa-SE and Pa-LE exhibited cytoplasmic and nuclear abnormalities that activated
apoptosis to prevent genetic disruptions.

Embryotoxicty and Teratogenicity of P. aquatica on Zebrafish

Zebrafish (Danio rerio) developmental toxicity assay is a reliable vertebrate model
and highly efficient tool for cancer drug prescreening due to its high correlation
with the results of MTT cell proliferation assay (Li et al. 2012) since embryo
genesis and carcinogenesis have similar processes of progression and most known
anticancer drugs are teratogens and vice versa (Blagosklonny 2005). Zebrafish
embryo lethality was indicated by coagulation (milky white appearance), lack of
heartbeat, tail detachment and absence of somites (Hood 2011). It can be noted
that as the concentration of MT stem extract increases, the percentage mortality
of D. rerio embryo also increases since bioactive compounds are often toxic at
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higher concentrations (Moshafiet al. 2008). The findings imply the dosage and time
dependence of the lethal effects of the phytocompounds present in Pa-SE and
Pa-LE. In addition, both extracts were remarkable with 100% mortality rate after
12 hours post-treatment application (hpta) at 20, 100 and 200 ug/mL, while most
proven anticancer drugs induce zebrafish embryo death within 24 hours (Li et al.
2012). Sulik et al. (1988) suggested that this early and high mortality rate among
zebrafish embryos was due to the activation of the cells’ apoptotic feature.

High frequency of embryonic death previously discussed serves as an early marker
of teratological action (Kusumi and Dunwoodie 2009). Teratogenic indicators
include growth retardation and malformations in tail, head, heart, notochord,
yolk sac and spine (Hood 2011). The malformations observed in D. rerio embryos
exposed to both extracts were validation of the activation of apoptosis (Sulik et
al. 1988). Moreover, the teratogenic endpoints induced by Pa-LE were found to be
similar with the embryo malformations caused by retinoic acid, coumarin, valproic
acid and warfarin, which are very potent teratogens and potential anticancer
agents (Wang et al. 2014; Weigt et al. 2012; Aluru et al. 2013). Results suggest
that Money Tree phytocompounds possibly triggered one or more teratogenic
mechanisms, which include disruptions and alteration in DNA sequence and
synthesis, chromosomal abnormalities, mitotic disturbance that often results in
reduced cell proliferation, cell death and malformations (Wilson et al. 1973), which
were seen in the zebrafish embryos.

Future Research Directions for P. aquatica

Though the results could not confirm whether the extracts could be genotoxic
or cytotoxic or both, the extracts have promising cytostatic (inhibition of growth,
division and differentiation) and cytocidal (lethal) effects: two important fates of an
anticancer drug. Further studies on optimization, dosage and delivery could show
that P aquatica could be a potential source of a nature-based chemotherapeutic
compound. However, standardization and control measures must be applied in
using the plant as traditional herbal medicine. Excessive and prolonged intake
could produce adverse effects to humans especially to pregnant women.

The use of the other plants parts (i.e., bark, roots, flowers) of P. aquatica should
be exploredas potential sources of cytotoxic and genotoxic compounds as well.
Isolation, purification and identification of specific bioactive compounds that are
responsible for the optimal cytotoxic and genotoxic activities should be done.
Also, the effect of the Money Tree extracts on human cancer cell lines and other
mammalian test systems may be further investigated.
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