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Cancer is a major health problem, not only in developed countries, but also in developing countries
where the number of cancer-related ailments is growing. Chemotherapy is the most commonly used
treatment option but side effects associated with its use necessitates the search for alternatives. Over
80% of the population in developing countries relies on ethnomedicinal plants for primary healthcare
including cancer. There are concerns about the safety and efficacy of such ethnomedicines but
unfortunately, the prerequisite laboratory set up for such evaluation is usually lacking. An inexpensive,
sensitive, field oriented assay would greatly facilitate and improve research into alternative anticancer
plant based medicinal therapies. This study proposes to evaluate the suitability of Dugesia
dorotocephala as an alternative laboratory method for antiproliferative properties of indigenous plant
extracts. Brown planaria, D. dorotocephala maintained under laboratory settings were divided into three
groups, each containing a minimum of three planaria. Each planaria was dissected into two using a
sterile scalpel. The tail section was transferred into a 24 well plate, after measuring its length in mm.
Root and bark extracts of Colophospermum mopane and Schinziophyton rautanenii were prepared at
concentrations (5 and 20 pug/ml) and incubated with dissected planaria for 8 days, fresh extracts were
replaced every two days and the planaria was observed for its length in addition to the development of
eye spots. Planaria regeneration was observed in control wells receiving no treatment, however, a
growth promoting effect was exhibited by S. rautanenii root extract in a time and concentration
dependant manner at 5 pg/ml. An anti-proliferative effect was observed for S. rautanenii bark extracts
and this was observed at both concentrations, with the higher extract of 20 pug/ml exhibiting more
growth antiproliferative activity. The extract of C. mopane root had a cytotoxic effect at concentration
20 pg/ml, causing planaria death. The use of Planaria represents an inexpensive, quantifiable, field
oriented method to evaluate the effect of indigenous plant extracts in the absence of cell culture. This
method is capable of distinguishing between different treatments, extract concentrations as well as
time points.
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INTRODUCTION

Cancer is a group of related diseases which are initiated when a normal cell is transformed into an
characterized by uncontrolled cellular division. Cancer is abnormal cell as a result of injury at the molecular level,



resulting in mutated cells. Mutations such as deletions in
the colorectal cancer (DCC) gene causes colorectal
cancer (Khan et al., 2011) while others such as increased
copy numbers of genes such a KIT cause melanomas
(Beadling et al., 2008). Cancer is caused by a number of
factors such as bacteria (Marie and Lory, 2012), viruses
(Bosch et al.,, 2002), carcinogenic chemicals such as
aflatoxins (Wild and Montesano, 2009) while factors such
as being overweight, lack of exercise, bad eating habits
or excessive alcohol or tobacco consumption can
accelerate the risk of cancer development. Cancer
continues to be a growing health problem not only in
developing countries but also in the developed world
causing about 12.7 million cancer incidences and about
7.8 million deaths in 2008 alone (Jemal et al., 2011). In
Namibia, (Namibian Cancer Registry, 2011) statistics
continues to note an increase in various cancer
incidences with a total of 6363 neoplasmas between
2000 to 2005, as compared to a total of 4949 carcinomas
between 2006 to 2009 (Namibian Cancer Registry,
2009). Treatment involves radiotherapy, chemotherapy,
surgery or a combination of these and the most common
treatment being chemotherapy. Chemotherapy, although
being the most commonly used treatment for cancer also
comes with side effects, including nausea, alopecia,
weight-loss, fatigue, vomiting, nausea, hot flushes among
others (Dou et al.,, 2011; Han et al., 2013; Turk et al.,
2011). In recent years, efforts have been directed
towards a search for alternative less cytotoxic treatments
and much of this attention has been directed towards
ethnomedicinal plants (Aggarwal et al., 2003; Doughari
et al., 2009; Johnson et al.,, 2001; Russo et al., 2010;
Susanti et al., 2012).

Namibia has a wealth of indigenous plants currently
being used as ethnomedicines within various traditional
settings, (Cheikhyoussef et al., 2011; Chinsembu, 2009;
Chinsembu and Hedimbi, 2010; Chinsembu et al., 2011).
Ethnomedicinal surveys indicate that indigenous people
utilize medicinal plants to treat symptoms similar to
cancers. In the traditional setting, there is a need for
science based evaluation of medicinal plants
effectiveness and safety. These studies require cell
culture, small animal model studies to access cytotoxicity
and mode of action before progression to clinical trials.
However, cell culture opportunities are not always readily
available, while funds are required to buy laboratory
machinery, chemical reagents and well as ethical
clearance for studies involving animal models. There is
therefore a need for a study model to access preliminary
therapeutic activity of indigenous plants which is
guantifiable, suitable for use under field conditions and is
inexpensive.

Planaria are flatworms from the
Platyhelminthes. Planaria have been

phylum of
observed to
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possess regenerative properties (Alvarado, 2012; Cebria,
2007; Iglesias et al., 2008), with different body parts
demonstrating differential rates. Planaria is a simple
multicellular organism and mutilation of its body using a
surgical instrument or the self-inflicted fission process
results in two or more separate body parts. The
organisms’ ability to regenerate body parts at the site of
the incision through proliferation (Reddien and Alvarado,
2004) and to remodel pre-existing tissues and proportion
has claimed the interest of scientist over the past years.
Planaria offers a good model for the study of
antiproliferative or growth promoting effects of plant
extracts since it's a closed system as opposed to cell
culture, being able to show the effect and fate of
metabolic  byproducts  produced during  extract
metabolism. It offers an easier model since assay can be
conducted without the need for specialized equipment. In
addition, planaria culture and use in assay does nhot
require the ethical clearance as animal models and
clinical trials do.

This paper presents an alternative method to determine
preliminary therapeutic properties of a plant extract in the
absence of the suitable cell lines. This method herewith
does not seek to replace the need for cell lines but is
merely a field assay to help provide a presumptive
answer regarding the potential anti-proliferative
properties of plant extracts. Furthermore, this paper
presents the potential anticancer properties of indigenous
plants derived from the ethnomedicinal practices of
various tribes in Namibia.

METHODS
Preparation of plant extracts

Plant material, root and bark of Schinziophyton rautanenii and
Colophospermum mopane were harvested in March 2013; voucher
specimen were prepared and deposited with the National Botanical
Research Institute for scientific validation. Plant material was air-
dried for two weeks before being ground to powder using an
industrial blender. Plant material, about 10 g, was macerated in 100
ml methanol for 24 h. This was followed by filtration and rotary
evaporation, freeze drying to dryness. C. mopane and S. rautanenii
root and bark crude extracts were dissolved in dimethyl sulphoxide
and further diluted in water to a concentration of 20 and 5 pg/ml. A
24 well plate was labeled and 1 ml of the appropriate treatment
preparation was pipetted into each well. Mineral water, dimethyl
sulphoxide were used as negative and positive controls. Data was
normalized by deducting change in planaria length resulting from
dimethyl sulphoxide.

Experimental animals
Planaria was obtained from Carolina biological laboratories and

was maintained under laboratory conditions. A total of thirty-three
planaria were used in this study. Planaria were grouped in three
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Table 1. Cephalic and eye spot development under different plant extract treatments and concentrations over 8 days of

observation.

Day 8

Treatment Concentration (ug/ml) | Day 2 Day 4 Day 6
Negative control

S. rautanenii root 20

S. rautanenii root 5

S. rautanenii bark 20

S. rautanenii bark 5

C. mopane root 20

C. mopane root 5

C. mopane bark 20

C. mopane bark 5

LIII

Key: No head regeneration

groups as follows: Group 1 (Negative control) (3 planaria), Group 2
(Dimethyl sulphoxide) (6 planaria), Group 3 (Plant extracts
treatment) (24 planaria). A group was grown in the presence of
dimethyl sulphoxide or negative control (mineral water) or plant
extract treatment at two concentrations (5 or 20 pg/ml of a plant
extract).

Planaria regeneration assay

Prior to experiment, planaria was fed using raw liver and
maintained in mineral water. Each planaria was transferred to a
petri dish containing water, using a soft brush. Planaria was then
disserted using a sterile scalpel, below the sensory lobes. A ruler
placed below the petri dish was used to measure the tail section of
each planaria in millimeters (mm). Before transferring it to a well
using a soft bristle paint brush. The 24 well plate was kept in the
dark by wrapping with aluminium foil. Observations on the length of
each planaria, and the presence or absence of eye spots were
made on every second day. On every second day, new
preparations of the appropriate plant extract was replaced to ensure
a constant presence of plant extracts. The mean planaria length
under each treatment was used to determine the effect of plant
extracts on the regenerative ability of planaria and was expressed
as mean + SE. Comparisons were done at 0.05 confidence level.

RESULTS AND DISCUSSION

This paper discusses the change in planaria length and
regeneration of the planaria’s cephalic region under
different conditions as an indication of the antiproliferative
properties of indigenous plants. The development of a
cephalic region with distinct eye spots was observed
under a dissecting microscope. Planaria were noted as
either presenting visible eye spots on every second day
or not. Table 1 shows that full regeneration occurred
towards the end of the experiment, see key below table.
C. mopane bark at 5 pg/ml, exhibited early head
regeneration as compared to negative control and other
plant extracts. All other plant extracts at concentrations of
20 pg/ml, with the exception of C. mopane bark, inhibited
planaria head regeneration, as seen in Table 1.

Maintenance of planaria tail sections in different plant
extracts of C. mopane and S. rautanenii resulted in the
following observations: at plant extract concentration of
20 pg/ml, the root extract of S. rautanenii promoted
planaria regeneration. However, planaria length
promotion was less in comparison to the negative control
(Figure 1A). A concentration effect was observed, at
lower plant extract concentrations (5 pg/ml), planaria
regeneration was comparable to negative control (Figure
1A). Plant extract S. rautanenii root had a growth
promoting effect (Figure 1A). The planaria
antiproliferative assay can be used to study plant extracts
that have an immune-stimulating effect, (Prasad and
Mukthiraj, 2011) or plant extracts that may have cell
growth stimulating effects. These properties are important
in palliative care as they may be useful as tools to
remediate side effects of chemotherapy, example being
the promotion of hair follicle regeneration (Kang et al.,
2011; Pathan et al.,, 2012). There was no significant
difference in differing extract concentrations on day 2, 4,
6 and 8 (p=0.45, p=0.77, p=0.3 and p=0.28) respectively.

Treatment of planaria with bark extracts of S. rautanenii
revealed a growth inhibiting effect at high extract
concentration in comparison to negative, while a growth
promoting effect at lower extract concentration was
comparable to negative control over the four observations
made (Figure 1B). As experiment progressed, a day
response effect was observed in that the growth inhibiting
effect increased over the experimental time, while a
growth promoting similar response effect is observed at
lower extract concentration.

In addition, a mean change in planaria length of on day
2 (-0.77 £ 0.04 mm) and that observed on day 6 (-2.53
+0.07 mm) was significantly different indicating that the
planaria assay was sensitive to detect changes to
planaria caused by plant extract over a period of
observation (Figure 1B). Plant extract C. mopane bark
exhibited a strong initial effect on the planaria’s
regenerative abilities, which is observable at both high
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Figure 1. Change in planaria length affected by different plant extracts. (A) Concentration dependent growth promoting effect down plant
concentration gradient of S. rautanenii root. (B) Plant extract S. rautanenii bark reduced planaria growth at concentration 20 pg/ml, below
initial planaria length as compared to negative control. (C) The plant extract, C. mopane bark against planaria length. (D) C. mopane root
exhibited a much potent cytotoxic effect on planaria, resulting in planaria dealth at high extract concentration.

and low extract concentrations. However, as experiment
progressed, the plant extract become less potent in
causing a growth inhibition (Figure 1C). Figure 1C, further
displays that C. mopane bark is toxic to planaria and
inhibits cellular regeneration. Figure 1D, shows the effect
of C. mopane root extract on planaria regeneration at
different concentrations. C. mopane root extract exhibited
a cytotoxic effect at 20 pg/ml since planaria could not
survive beyond 24 h plant extract, despite repeated
experiments. At a lower extract concentration, C. mopane
root extract exhibited antiproliferation activity with
increased anti-proliferative  activity as experiment
progressed. Therefore, C. mopane root is a
antiproliferative extract as compared to C. mopane bark
and warrants additional cytotoxic assays involving cellular
cancer cultures. Since planaria is a living system,
requiring nutrition and energy to build regeneration
blastema when spliced (Montgomery and Coward, 1974),
contents, whether chemical (ions, compounds, extracts)
or biological (bacteria or viruses) in its immediate
environment can influence its regeneration. Planaria
undergoing regeneration use up preexisting totipotent
stem cells which proliferate to form the blastema (Cebria
and Vispo, 1997) and some break down to produce the

energy needed for survival since planarians undergoing
regeneration do not feed (Montgomery and Coward,
1974). However, the contents of the medium into which
planarians are kept during regeneration has been shown
to either aid or retard regeneration (Inglesias et al.,
2008), which implies that regenerating planarians take up
nutrients from its environment, perhaps via diffusion,
which may have positive or negative repercussions
towards ability to regenerate. It is therefore a potential
model for the study of antiproliferative or growth
promoting activities of plant extracts. With many
indigenous plants already in use within different
traditional communities in Namibia and elsewhere around
the world, a need for evaluation and science based
evidence of the efficacy and safety of these plants is
necessary. And while phytochemical profiles may direct
scientist as to the potential pharmaceutical properties a
plant extract may possess, in vitro and in vivo mammal
models offer a more reliable method for pharmacological
activity analysis. However, these are not readily
accessible in most laboratories. In a field setting, during
plant specimen collection, the planaria assay may serve
as a preliminary screen to eliminate extracts that are
inactive. Another source, Spjut (1985) alluded that only
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10% of all collected plants in the National Cancer Institute
programme dedicated towards screening of plant material
for anticancer activity were potent. In a much recent
study, Fouche et al. (2008) found very few hits of potently
active plant extracts as compared to the total species
collected.

Planaria as a biological model for the study of the
biological effect of plant extracts offers a number of
advantages. Firstly, the experiment is versatile and can
differentiate between growth promoting and growth
inhibiting effects. In addition, differential effects are easily
noticed at different extract concentrations while the
animal’s response towards the extract can be monitored
easily. This advantages the use of planaria over cell
culture since an experiment of this nature using the latter
can only be maintained for not more than three days, as
opposed to eight or longer with planaria. Planaria
maintenance is inexpensive, not requiring additional
equipment nor additional reagents or specialized
personnel to perform. Planaria have the ability to
regenerate from as little 0.08 mm?® of its original size
when spliced, offering an inexpensive breeding method
for experimental procedures (Montgomery and Coward,
1974). While cell culture may often get contaminated and
the integrity of the experiment compromised by
mycoplasma or other unrelated cells (Drexler and Uphoff,
2002) and animal models requiring ethical clearance,
planaria culture offers a midpoint stand between the two
options. But most importantly, planaria is a biological
system giving a better representation of the plant’s effect
within a living system as opposed to cell culture.

Conclusions

Planaria response to various plant extracts is a
guantifiable assay that can be used to determine effect of
plants on cellular regeneration to infer preliminary
cytotoxic or growth promoting effects of plants. The assay
is inexpensive, versatile and offers the best of both cell
culture as well as small mammal animal models. Further
studies are required to determine the reproducibility of
the experiment, in order for it to be used as a preliminary
screen for undergraduate research or other instances
where cell culture or small mammal studies are not
possible.
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