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Abstract

A wide variety of plants in the Philippines are used to address several medical
ailments; however, many of which have not yet undergone thorough pharmacological
studies. The problem on the possible side effects caused by these medicinal
preparations has, therefore, increased the interest in validating their safety for human
use. The present study was conducted to determine the cytotoxicity of five common
local medicinal plants. Annona muricata L., Cymbopogon citratus DC.,
Graptophyllum pictum (L.) Griff, Jatropha curcas L., and Piper betle L. were selected
and subjected to crude aqueous leaf extraction. Extracts were then investigated for
cytotoxicity potential using brine shrimp lethality assay. The experiment resulted in
median lethal time (LTso) values ranging between 21.23 to 24.06 hours. In addition,
all these extracts had median lethal concentrations (LCso) lower than 1.00 mg/mL,
suggesting the presence of cytotoxic constituents that could further be investigated both
for safety and for anticancer potential.

Keywords: brine shrimp lethality assay, cytotoxicity, median lethal concentration,
median lethal time, medicinal plant

1. Introduction

The Philippines has a wide variation of medicinal plant use. This may be
thought to be in association with its existing plant diversity pattern that is a
product of its archipelagic nature, geographical history, and climatic and
topographic features (Framework for Philippine Plant Conservation Strategy
and Action Plan, 2009). This high quantity of medicinal plants then entails a
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wider scope for healing (Hawkins, 2008) — a knowledge predating even the
local introduction of antibiotics and other recent drugs (Manuel et al., 2012).

Since there are countless extracts that can be obtained from local medicinal
plants (Penecilla and Magno, 2011), Philippine ethnomedicine could then
essentially be a key to discover new antibiotic compounds and anti-viral and
anticancer drugs (Roberson, 2008; Oladele et al., 2011), and other treatments
against a number of existing, emerging, and re-emerging diseases (Gutierrez
etal., 2013). However, only 10 plants are recommended by the Department of
Health (DOH) and the Philippine Institute for Traditional and Alternative
Health Care (PITAHC) for medicinal use since there is a lack of
pharmacological studies concerning other local plants (Principe and Jose,
2002).

Five medicinal plants commonly used in the country are Annona muricata L.
(vernacular name: guyabano), Cymbopogon citratus DC. (tanglad, salay),
Graptophyllum pictum (L.) Griff. (morado), Jatropha curcas L. (tuba-tuba)
and Piper betle L. (litlit, ikmo) These plants are usually prepared as decocted
leaves and more commonly being administered to patients via internal routes
(Balinado and Chan, 2017). This then demands higher attention to test for its
safety since it may directly target delicate organs (Asiimwe et al., 2014). With
this assumption, this study was carried out generally to assess, using brine
shrimp lethality assay, the cytotoxic activities of the crude aqueous leaf
extracts of these plants.

2. Methodology

2.1 Collection of Leaf Samples

The leaves of A. muricata L., C. citratus DC., G. pictum (L.) Griff., J. curcas
L. and P. betle L. from Mendez, Cavite (14.1312° N, 120.9016° E) were
collected into labeled Ziploc bags and were temporarily stored in an ice cooler
before transporting to the drying site (Biswas et al., 2013). This was done from
October to December 2015. Representative fresh samples of these plants were
submitted to the National Museum of the Philippines, and taxonomic identity
was verified by John Rey C. Callado, Museum Researcher | of the Botany
Division.
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The remaining leaf samples were then first washed with running water to
eliminate unwanted particles and were subsequently air-dried under shade
(average temperature = 26.59 °C; relative humidity = 81.52%). Resulting
dried leaves were finely ground and pulverized using an electric blender.

2.2 Crude Aqueous Leaf Extraction

Water is the most common solvent used in medicinal plant preparation in
Cavite (Balinado and Chan, 2017); hence, aqueous extraction was followed.
For every 50 g of powdered leaves, 250 mL distilled water was added and
mechanically shaken for 48 h (Gakunga et al., 2014). It was then heated and
allowed to boil for 20 minutes before subjecting to filtration using Whatman
filter paper No. 1 (Penaduka et al., 2011). Filtrates were then transferred into
clear, wide-mouthed glass vials and were oven-dried at 50 °C until dried crude
extract was left (Igbokwe et al., 2010). Amounts of 10% dimethyl sulfoxide
(DMSO) were then added into each vial for dissolution or reconstitution of the
crude extract to give a final crude extract concentration of 10 mg/mL
(Bhargava et al., 2015). The crude extracts were finally sterilized by
autoclaving (Hashemi et al., 2008) and were kept at 4 °C prior to experimental
use (Selvamohan et al., 2012).

2.3 Brine Shrimp Lethality Assay (BSLA)

With slight modifications, BSLA was done following the methods of Peteros
and Uy (2010), Khan et al. (2013), Olowa and Nufieza (2013), and Kurian et
al. (2018). Cysts of brine shrimp were brought in tanks containing artificial
seawater (ASW) which was prepared by adding 2.8 g of commercially
available sea salt to 100 mL of sterile distilled water. Tanks were provided
with constant stirring of the solution for 2 h (Ahmed et al., 2014), a constant
supply of oxygen, and proper illumination. Eggs were then permitted to hatch
and reach the nauplii stage for two days (48 hours [h]).

Separate glass vial containers were first filled with 500, 250, 125, 50 and 25
pL of the previously prepared crude extracts before adding approximately 4
uL of ASW. Using a Pasteur pipette, a suspension containing inexact number
of nauplii was next transferred into each of these vials, where total count of
nauplii in every vial was determined at the end of the experiment by
immobilizing the remaining live brine shrimps with 100-uL methanol and
finally counting them (Pisutthanan et al., 2004; Hamidi et al., 2014). The
volume in each vial was then adjusted by adding appropriate amounts of ASW
to achieve a 5-ml final volume. This respectively resulted to the following
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concentrations: 1.00, 0.50, 0.25, 0.10 and 0.05 mg/mL. Vials with potassium
dichromate and DMSO were also prepared to serve as positive and negative
control setups, respectively. The assay was performed in triplicates and was
kept open under illumination.

2.4 Determination of Median Lethal Time (LTso) and
Lethal Concentration (LCso)

Brine shrimp mortality was determined by counting the total number of dead
or immobile brine shrimp nauplii at the bottom of each vial using a magnifying
lens (Peteros and Uy, 2010; Khan et al., 2013). The observation was
performed every 2 h for a total of 24 h. Percentage mortality per vial was
calculated using the formula, % mortality = (count of dead nauplii/initial count
of live nauplii) x 100.

Gathered data were then arcsine transformed before subjecting to one-way
analysis of variance (ANOVA) using statistical package for social sciences
(SPSS) 16.0. This determined the level of significant difference among
percentage mortalities in (a) different time of observation per extract
concentration, and (b) different extract concentrations at the 24" hour of
observation. Results were interpreted as significant when p < 0.05 and not
significant when p > 0.05. Specific comparisons using Duncan’s multiple
range test (DMRT) was then employed using the same statistical software.

In determining LTso or the time that resulted to a 50% decline in the brine
shrimp population upon exposure to each test concentration, the two-hourly
data on mortality were utilized and were subjected to probit analysis. Only
those concentrations that were reported to kill or immobilize at least 50% of
the brine shrimp nauplii after 24 h were analyzed. Resulting values were then
compared with the R values obtained from regression analysis.

For LCso or the concentration that resulted to a 50% decrease in the brine
shrimp population, the 24™-hour data on mortality were utilized. Similar to
LTso determination, data were subjected to probit analysis. These values were
compared to LCsg obtained from the regression analysis. Resulting values that
fell below 1.00 mg/mL were interpreted as active or potent concentrations,
while values that were above 1.00 mg/mL indicated non-toxicity (Meyer et
al., 1982). Furthermore, Clarkson’s toxicity criterion was also used to assess
the calculated LCso values. This classified the extract concentrations as (a)
non-toxic if it was above 1.00 mg/mL, (b) lowly toxic if between 0.50 and
1.00 mg/mL, (c) moderately toxic if between 0.10 and 0.50, and (d) highly
toxic if below 0.10 mg/mL (Clarkson et al., 2004).
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3. Results and Discussion

3.1 Effect of Exposure Time on Brine Shrimp Mortality

Mortality of nauplii exposed to varying concentrations of plant extracts was
initially recorded after 16 to 18 h of incubation and at highest concentrations
used, in general. Maximum sensitivity or the highest mortality percentage of
brine shrimp nauplii was achieved after 24 h.

Generally, significant differences among % mortalities (p < 0.05) recorded
based on exposure time in each plant extract concentration were noted. In
addition, a directly proportional relationship was recorded between the length
of exposure time and mortality rates (Figures 1 to 6). This is shown by the
fact, for instance, that at the highest concentration, A. muricata extracts
resulted to 8, 14, 26 and 61% of brine shrimp mortalities as exposure time
increased from 18 to 24 h recorded at a 2-h interval (i.e., 18, 20, 22, 24 h)
(Figure 1).
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Figure 1. Mortality rates of brine shrimp nauplii in response to
varying concentrations and exposure time to A. muricata
crude aqueous leaf extract

Additionally, 10, 44 and 97%; and 6, 7, and 42% mortality rates were recorded
for 1.00- and 0.50-mg/mL concentrations of C. citratus, correspondingly, at
20-, 22- and 24-h incubation time (Figure 2). Likewise, in 1.00-, 0.50- and
0.25-mg/mL concentrations, G. pictum extracts showed increasing mortality
rates of 8, 16, 30 and 90%; 4, 7, 20 and 54%; and 5, 7, 12 and 18%,
respectively (Figure 3). J. curcas also revealed the same relationship after 6,
19, 46 and 70%; 3, 18, 35 and 67%; and 3, 8, 26 and 44% of mortality rates
were observed in 1.00-, 0.50- and 0.25-mg/mL concentrations, after 18, 20, 22
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and 24 h of exposure to extracts (Figure 4). In addition, for P. betle, mortality
rates were increasingly recorded as 8, 20, 35 and 72% in 0.50-g/mL
concentration during the same exposure time, while 2, 11, 27, 49 and 95% in
1.0-mg/mL concentration from 16 to 24 h of incubation (Figure 5). Lastly, the
same time-dependent increase in mortality in every test concentration was also
observed in brine shrimp nauplii exposed to different concentrations of the
positive control, potassium dichromate (Figure 6).
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Figure 2. Mortality rates of brine shrimp nauplii in response to

varying concentrations and exposure time to C. citratus
crude aqueous leaf extract
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Figure 3. Mortality rates of brine shrimp nauplii in response to

varying concentrations and exposure time to G. pictum
crude aqueous leaf extract
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Figure 4. Mortality rates of brine shrimp nauplii in response to
varying concentrations and exposure time to J. curcas
crude aqueous leaf extract
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Figure 5. Mortality rates of brine shrimp nauplii in response to
varying concentrations and exposure time to P. betle crude
aqueous leaf extract
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Figure 6. Mortality rates of brine shrimp nauplii in response to
varying concentrations and exposure time to potassium
dichromate (positive control)
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For concentrations that had mortality rates of 50% and higher within 24 h (i.e.,
A. muricata, 1.00 mg/mL; C. citratus, 1.00 mg/mL; G. pictum, 0.50 and 1.00
mg/mL; J. curcas, 0.50 and 1.00 mg/mL; P. betle, 0.50 and 1.00 mg/mL), LTso
was calculated using probit analysis available in SPSS 16.0. These values were
comparable to the results of regression analyses from where R values were
taken. LTso values for all plant extract concentrations were found to lie
between 21.23 and 24.06 h (Table 1). This means that at these given exposure
times, the population of brine shrimp nauplii is expected to decline by half.
Determining the effect of time on mortality rates at several concentrations is
significant especially when the speed of causing death is of prime interest
since mortality rate also changes with time (Thorne et al., 1995; Otieno et al.,
2013; Umaru et al., 2018).

Table 1. Median lethal time (LTso) values (in h) and confidence limits of crude
aqueous leaf extracts

Concentration Lovv_er Upp'e r
Plant Name (in mg/mL) LTso (h) Toxic Toxic R-Value
Time (h) Time (h)
A. muricata 1.00 23.46 22.84 24.33 0.98
C. citratus 1.00 21.40 20.87 21.99 0.99
G. pictum 1.00 22.10 21.67 22.60 0.98
0.50 24.06 23.43 24.97 0.99
J. curcas 1.00 22.36 22.01 22.76 0.99
0.50 22.78 22.32 23.33 0.99
P. betle 1.00 21.23 20.77 21.74 0.99
0.50 22.57 21.97 23.37 0.99
Positive control ~ 1.00 20.28 19.89 20.69 0.99
0.50 22.21 21.83 22.65 0.98

3.3 Effect of Varying Concentrations on Brine Shrimp Mortality

As what is also shown in previous tables and figures, all plant extracts were
lethal at the highest concentration. In general, mortality rates were observed
to be significantly declining (p < 0.05) down to 0% compared to positive
control as concentrations also decreased to 0.05 mg/mL. This directly
proportional concentration-lethality relationship was also reported in literature
(Krishnaraju et al., 2006; Dosmu et al., 2010; Peteros and Uy, 2010; Olowa
and Nufieza 2013; Otang et al., 2013; Urmi et al., 2013; Del Socorro et al.,
2014; Hamidi et al., 2014; Sreeshma and Nair, 2014; Vieira et al., 2014;
Parvez et al., 2015; Uddin et al., 2015), where highest mortality rates were
recorded at the highest concentrations. On the other hand, the highest
concentration at which no mortality was observed could be considered the
highest tolerable concentration level (Parvez et al., 2015). This study revealed
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that the highest tolerable level was 0.05 mg/mL for A. muricata, J. curcas, and
P. betle, and 0.10 mg/mL for C. citratus and G. pictum.

Shown in Figure 7 are the recorded mortality rates of brine shrimp nauplii after
a 24-h exposure to all plant extract concentrations.
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Figure 7. Mortality rates of brine shrimp nauplii after 24 h of exposure to
varying concentrations of five crude aqueous leaf extracts

LCso was calculated by probit analysis using these values and results are
presented in Table 2. These values were comparable to the results of
regression analyses from where R values were taken. Based on the results,
crude aqueous leaf extracts of A. muricata, C. citratus, G. pictum, J. curcas,
and P. betle had LCso values of 0.87, 0.49, 0.48, 0.43 and 0.35 mg/mL,
respectively. On the other hand, potassium dichromate, which served as
positive control, was recorded to have an LCso value of 0.30 mg/mL, a value
similarly obtained by Syahmi et al. (2010) and Parvez et al. (2015). No death
was found in the negative control. This was due to the insensitivity of nauplii
to this solvent as reported in other BSLA studies (Musa, 2012; Ahmed et al.,
2014; Hamidi et al., 2014). All these values are lower than 1.00 mg/mL, thus
suggesting the toxicity of extracts (Meyer, 1982). Furthermore, following
Clarkson’s toxicity criterion (Clarkson 2004), crude aqueous leaf extracts of
A. muricata was lowly toxic (LCsp = 0.50-1.00 mg/mL), while extracts of the
other four plants were moderately toxic (LCso = 0.10-0.50 mg/mL).
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Table 2. Median lethal concentration (LCso) values (in mg/mL) and confidence limits
of crude aqueous leaf extracts, and classification of toxicity based on
Meyer’s (1982) and Clarkson’s (2004) toxicity criteria

LCso . . Toxicity according

Plant Name  (mg/ Lower Toxic Upper Toxic t0 R-
9 Concentration ~ Concentration Value

mL) Meyer  Clarkson
A.muricata  0.87 0.71 1.17 Toxic Low 0.98
C. citratus 0.49 0.45 0.54 Toxic Moderate 0.99
G. pictum 0.48 0.44 0.53 Toxic Moderate 0.99
J. curcas 0.42 0.33 0.55 Toxic Moderate 0.96
P. betle 0.35 0.31 0.39 Toxic Moderate 0.98
Positive 0.30 0.28 0.32 Toxic  Moderate  0.99
control

It is considered that extracts having LCso values higher than 1.00 mg/mL are
not toxic, thus may further be pharmacologically investigated for drug
development. On the contrary, LCso values that are lower than 1.00 mg/mL,
like in the case of all the five plant extracts used, could indicate the presence
of active toxic compounds playing a role in showing significant bioactivity
(Meyer et al., 1982; Otang et al., 2013).

As reported by Agu and Okolie (2017), A. muricata leaf has potent antioxidant
capacity that could be due to its phytochemical constituents like phenols,
alkaloids, and flavonoids. In addition, Najinah et al. (2016) confirmed the
presence of acetogenins in these leaves which are of valuable potential to cure
a wide range of diseases including cancer. In terms of the cytotoxic activity
recorded for C. citratus, the same was observed by Halabi and Sheikh (2014)
as they suggested the antiproliferative potential of the plant against human
cancer cell lines. It was further revealed by Anes et al. (2017) that C. citratus
leaf extracts contain tannins, flavonoids, and alkaloids that could contribute to
its medicinal effect. Meanwhile, flavonoids, tannins, steroids, saponins, and
phenolics were found to be present in G. pictum. These were suggested by
Jiangseubchatveera et al. (2017) to be of antioxidant significance; however,
were non-cytotoxic to Vero cell culture. On the other hand, J. curcas leaves
were reported by Tomar et al. (2015) to possess high contents of tannins,
phenols and phytic acids. Similarly, the cytotoxic activity of this plant, and its
antitumor potential, was also presented by Nayak et al. (2016).

Among the five plant extracts, P. betle was recorded as the most active and
was similarly reported in other studies (Krishnaraju et al., 2006; Del Socorro
et al., 2014). This cytotoxic activity of P. betle also reflects its anticancer
effect including that of against the cancer-causing agents present in tobacco
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(Nicotiana tabacum L.) and areca nut (Areca catechu L.). P. betle, N. tabacum
and A. catechu are known components of betel quid (locally known as
nganga). Betel quid is regularly chewed by some individuals and is mainly
associated with oral cancer (Rai et al., 2011).

Given the findings of this study, all crude plant extracts exhibited significant
activities against brine shrimp nauplii. This means that these extracts could
contain cytotoxic compounds. This then opens questions regarding the safety
of these plants for human use, especially that four of these plants, namely A.
muricata, C. citratus, J. curcas, and P. betle, were reported to be administered
internally. These compounds could directly target and affect delicate organs;
thus, further studies must be conducted. However, this finding does not
necessarily indicate their total toxicity since it may suggest anticancer or
antitumor potential of these plants as well similar to findings presented by Rai
etal. (2011), Khan et al. (2013), Del Socorro et al. (2014), Halabi and Sheikh
(2014), Najinah et al. (2016), and Nayak et al. (2016). Thus, further
investigations on this aspect may also be carried out.

4. Conclusion

Cytotoxic activities of A. muricata, C. citratus, G. pictum, J. curcas, and P.
betle revealed that their crude aqueous leaf extracts were lethal to 50% of brine
shrimp nauplii population (LTso) at 21.23 to 24.06 h of exposure. In addition,
these extracts had LCso values that were lower than 1.00 mg/mL. These
extracts were classified as moderately toxic except for A. muricata that was
lowly toxic. This then implies the presence of cytotoxic constituents in these
extracts that could further be investigated for the safety of use.
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