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Abstract
Today, in this era, the entire world is facing the severe challenge of providing permanent solutions to cancer.
However, currently available anti-cancer drugs are associated with many expensive side effects and are not safe
to control and treat cancer clinically. Therefore, due to its effectiveness and safety, plant saponins have received
more attention in combating the proliferation of human cancer cells. This study aimed to study the protective and
cytotoxic potential of saponin extracted from Clerodendrum volubile leaves. Crude saponin is extracted from
powdered plant material. The cytotoxic potential of crude saponin on nauplii of brine shrimp was measured at
doses of 10, 100, 250, 500, and 1000 µg/ml, and diclofenac was used as a reference drug. The median lethal dose
(LD50) for acute toxicity studies was confirmed using standard procedures in white albino rats at concentrations
of 10, 100, 1000, 1600, 2900, and 5000 mg/kg body weight. The crude saponins extracted from C. voluble leaves
showed significant cytotoxicity to brine shrimp nauplii in a dose-dependent manner at all tested doses from 6
hours to 18 hours, with LC50 ranging from 743.35 ± 1.42 µg / ml, 414.027 ± 0.012 µg/ml and 103.913 ± 0.019
µg/ml. At 24 h, compared to standard drugs (46.91 ± 0.018 µg / ml), crude saponins showed excellent cytotoxic
potential, with an LC50 value of 16.073 ± 0.015 µg / ml. In the acute toxicity test with rats, since there was no
death, the median lethal dose is estimated to be above 5000 mg/kg of body weight. The saponins extracted from
C. volubileleaves are non-toxic and can be used safely for the management and treatment of cancer.
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Introduction
Clerodendrum volubile is a succulent herb that is rarely used in south-western Nigeria but it is specifically
prominent in the south-south regions. The dried leaves are used as a spice in cooking. It is popularly referred to
as Obenetete in Urhobo and Itsekiri tribes, Niger Delta, South-South, Nigeria. It is locally called "Marugbo" or
"Eweta" in the South-West region especially among the Ikale, Ilaje, and Apoi people of Ondo State where it is
used as a spice to improve aroma and taste (Ogunwa et al., 2015) [22]. It can be found in the Verbenaceae family.
It has numerous flowers (1.5 cm long), green and white. It is usually found in deciduous forests and secondary
forests, spanning the entire region from Senegal to Portugal (Burkhill, 1985). Macroscopic studies have shown
that it has a simple leaf with a reticulated rib, an acuminate top, and a covered base. The leaves are green with a
golden smell (Fred-Jaiyesimi and Adekoya, 2012) [15]. In ethno pharmacology, the plant (C. volubile) leaves are
shown to be used to treat arthritis, rheumatism, edema, and swelling (Erukainure et al., 2010) [13]. The leaves are
also widely used to preserve, protect and maintain pregnancy in early growth and development (Erukainure et
al., 2010) [13]. It is used as an analgesic, systemic therapy and sedative (Burkhill, 1985). Reports show that the
leaf of the C. volubile plant has anti-proliferation, anti-diabetic and anti-hypertensive activities (Stephen and
Ganiyu, 2016; Erukainure et al., 2018) [27, 11]. Molehin et al. (2017) [21] also reported that C. voluble has a
protective effect on liver toxicity caused by carbon tetrachloride. C. volubile (P. Beauv.) is an example of a plant
rich in saponin (Erukainure et al., 2011; Akinpelu et al., 2016) [12, 5]. In previous study, C. volubile leaf extract
reacted positively to the presence of saponins and showed anti-hyperlipidemia and anti-inflammatory potential
(Akinpelu et al., 2016; Olarenwaju et al., 2018) [5, 23]. In addition to this, our previous study had suggested that
the hexane fraction of the leaf of C. volubile could serve as a source for bioactive principles which might be
employed as ingredients for the formulation of novel drugs. Also, the bioactive compounds identified in the leaf
of C. volubile have been predicted to be responsible for the ethnomedical or traditional use of the plant in the
management and treatment of various diseases (Apata et al., 2017).
Medicinal plant toxicity had been investigated on different plant genus and species and most of the
investigations had been extensively conducted on crude extract using different extraction techniques and the
conclusion had been reached that "medicinal plants have little or no toxicity effect” with a dearth of toxicity
findings on pure or partially purified extracts or compounds such as phenols, alkaloids, flavonoids, and saponins
precipitated, extracted or isolated from medicinal plants like Moringa plants or C. volubile plants. Therefore, the
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current study was designed to investigate the protective and cytotoxicity potential of crude saponin extracted
from C. volubile leaves using brine shrimps lethality test (BSLT) and median lethal dose (LD50) of acute toxicity
in white albino rats to determine if it is safe and pharmacologically active to be used as an anti-cancer or
antitumor drug candidate in the management and treatment of cancer.
Materials and Methods
PlantMaterial
The fresh leaves of Clerodendrum volubile were collected from the village of Fashina (latitude 7° 29` 30" north
latitude 4° 28` 30" east longitude), "the Ife Central Local Government in Ile-Ife, Osun State”. Mr. Ademoriyo
from the Department of Botany of Obafemi Awolowo University in Ile-Ife, Osun State, Nigeria, conducted
identification and authentication of plant materials at the Ife Herbarium. The samples are stored in the Ife
Herbarium, and the sample is assigned number as IFE 17506.
Preparation of the methanol extract
C. volubile (P. Beauv.) plant leaves were collected and dried under shade for two weeks. An electric grinder was
used to grind the dried leaves into fine powder form. At room temperature, the finely “powdered plant materials
(500 g) were suspended in 3 L of 98.99% (v/v) methanol for 72 h”. Whatman Number 1 filter paper was used to
filter the suspension repeatedly to obtain a clear solution. The filtrates were combined and concentrated on a
rotatory evaporator at 40 °C under reduced pressure to obtain a dark green residue. The crude total methanol
extract was stored in the desiccator until further processing is required.
Extraction of saponins from methanol extract of C. volubile leaves
“Abdel-Gawad et al. (1999) [1] and Wagner et al. (1984) [28]” procedures were adopted to extract saponin from C.
volubile leaves as described by Akinpelu et al. (2014) [6]. The methanol extract (10 g) was partitioned twice with
chloroform (50 ml x 2) and then partitioned twice with ethyl acetate (50 ml x 2). The residue was dissolved in
20% (v/v) ethanol, and the solution was extracted 3 times with butanol (100 ml x 3) and concentrated to dryness.
The resulting residue was dissolved in 50% (v/v) methanol (50 ml), and diethyl ether (100 ml) was added to
precipitate the saponin. The upper diethyl ether layer was carefully removed while the residue was dissolved in a
little amount (10 ml) of methanol and poured into diethyl ether (200 ml). The upper diethyl ether was removed
again, the residue was dissolved as described above and precipitated by adding diethyl ether. The precipitate was
further purified by repeated dissolution in methanol and precipitation with diethyl ether until a dark brown
precipitate called crude saponin was obtained.
Tests for saponins
Evans (2002) [14] and Sofowora (2008)
saponin with slight modification.

[25]

procedures were adopted to test qualitatively for the presence of

Frothing test
Five milliliters of distilled water (5 ml) was used to dissolve 5 mg of crude saponin in a test tube. The mixture
was stirred vigorously. After warming up to 15 mins at 50 °C, the honeycomb foam which was produced
persistently represented the presence of saponin.
Lieberman-burchard reaction test
The crude saponin (0.2 g) was dissolved in 10 ml of acetic anhydride in a test tube, and concentrated sulfuric
acid (2 ml) was carefully added throughone side of the test tube using a Pasteur pipette. The reddish-brown
upper liquid layer at the junction of the two liquid layers is blue-green, which is a positive steroid nuclear test.
Experimental animals
The white albino rats procured and used for this study were of different sex and approximately 100 ± 0.2 g in
average weight. The rats were acclimatized to environmental conditions for 2 weeks before the experimental
procedure. All the rats were fed a standard diet (Ladokun Feeds, Ibadan, Oyo State, Nigeria) in the Department
of Biochemistry and Molecular Biology at the Animal House, and drank water ad libitum. This study followed
the guidelines and procedures of the "Principles of Laboratory Animal Care" (NIH Publication No. 8523) (NIH
Publication Revised Edition, 1985).
Acute toxicity study of saponin extracted from Clerodendrum volubile (P. Beauv.)
According to the improved method of Lorkes (1983), the acute toxicity of saponin extracted from C. volubile
was studied in two stages. White albino rats (9) with an average weight of 100 ± 0.2 g were divided into three
groups. In the first stage, nine rats were randomly divided into three groups and given a single dose of 10, 100,
and 1000 mg/kg of crude saponin. After treatment, the general behavior of the rats was continuously observed
for 1 h, and then intermittently observed for 4 h within 24 h for signs of toxicity, death, and death latency. Based
on the results obtained from the first phase of the study, the procedure (phase two) was repeated using another
group of nine rats, which were randomly divided into three groups and orally administered 1600, 2900, and 5000
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mg/kgof body weight respectively. The median lethal dose (LD50) is estimated based on a graph of the
percentage of mortality versus the log concentration.
Brine shrimps lethality test (BSLT)
Hatching brine shrimps
McLaughlin et al. (1998) [18] brine shrimps hatching method was adopted for this experiment. Artemia cysts
(eggs) obtained from the American Aquarium Skartemia Trade Store (American Eagle) were cultured in a
rectangular plastic chamber at room temperature in natural seawater for 24 h. The plastic chamber was divided
into two unequal compartments (dark and illuminated chamber) with the aid of a perforated divider. Artemia cyst
(0.1g) was spread on the surface of seawater in the dark chamber or compartment restricted from the presence of
light generated by the electric bulb while the other compartment was exposed to high intensity of light. The
incubation period occurred in the dark chamber, and after 24 h, the brine shrimps nauplii (the larva stage of
Artemia salina) were hatched from their shells. The nauplii were attracted by bright light and migrated from the
dark compartment to the illuminated compartment. The light enhanced the visibility, appearance, or identity of
the nauplii. Pasteur pipette was used to harvest or pick up the nauplii from the illuminated chamber.
Brine shrimps lethality assay (BSLA)
According to the method of McLaughlin et al. (1998) [18], five different concentrations (10, 100, 250, 500, and
1000 µg/ml) of saponin extracted from C. volubile leaves were prepared from the stock solution (1 mg/ml) using
a serial dilution formula as reported by Jacinta et al. (2018) [16] with slight modification. After 24 h of incubation,
10 brine shrimp (nauplii) were removed from the incubator (illuminated chamber) and transferred to a glass petri
dish, which contained 10 ml of crude saponin and reference drug (diclofenac) at various concentrations. After
treatment, the cytotoxic effect of crude saponins on nauplii was continuously observed for 0 hours (0 h), and
then intermittently observed for 6 h within 24 h to determine mortality. The use of magnifying glass was
employed to improve the proper visibility and identity of the nauplii in each petri dish. The assay was conducted
in triplicate and percentage (%) mortality was determined using the formula showing below:

In the Petri dish, the count and record of the total number of nauplii were taken. The mean percentage mortality
rate (%) was plotted against the concentration at which 50% nauplii were killed (LC50). The concentration was
determined by a line graph and the regression equation was obtained during extrapolation using a Microsoft
Excel computer program. All data were analyzed by one-way analysis of variance (ANOVA) using the statistical
software Graph Pad Prism.
Results
The brine shrimps lethality test
The brine shrimps lethality test after 6h
The summary of the percentage mortality and LC50 of crude saponin extracted from C. volubile leaves within 6 h
were shown in Table 1. The crude saponin gave the LC50 of 743.35 ± 1.42 µg/ml while the reference drug
demonstrated LC50 of 1306.97 ± 0.32 µg/ml.
Table 1: Percentage Mortality and LC50 of Crude Saponin Extracted from C. volubile Leaves after 6 h
Extracted Compound from
Plant/Drug

Crude Saponin

Diclofenac

Concentration of Crude
Saponin (μg/ml)
10
100
250
500
1000
10
100
250
500
1000

Mortality after 6 h
(%)
20
30
30
40
60
10
20
30
30
40

BSLA, n = 3, LC50
(μg/ml)

743.35 ± 1.42

1306.95 ± 0.32

The brine shrimps lethality test after 12h
Table 2 is the summary of the percentage mortality and LC50 of crude saponin extracted from C. volubile leaves
after 12 h. The result showed that crude saponin gave the LC50 of 414.027 ± 0.012 µg/ml while the standard drug
exhibited LC50 of 886.41 ± 0.007 µg/ml within the same hour.
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The brine shrimps lethality test after 18h
Table 3 is the summary of the percentage mortality and LC50 of crude saponin extracted from C. volubile leaves
after 18 h. The result showed that crude saponin gave the LC50 of 103.913 ± 0.019 µg/ml while Diclofenac
exhibited LC50 of 117.183 ± 0.012 µg/ml within the same hour.
The brine shrimps lethality test after 24h
Table 4 is the summary of the percentage mortality and LC50 of crude saponin extracted from C. volubile leaves
after 24 h. The result showed that crude saponin produced a better cytotoxicity effect with the LC50 of 16.073 ±
0.015 µg/ml than the standard drug with the LC50 of 46.907 ± 0.018 µg/ml within the same hour.
Table 2: Percentage Mortality and LC50 of Crude Saponin Extracted from C. volubile Leaves after 12 h
Extracted Compound from
Plant/ Drug

Crude Saponin

Diclofenac

Concentration of Crude
Saponin (μg/ml)
10
100
250
500
1000
10
100
250
500

Mortality after 12 h
BSLA, n = 3, LC50 (μg/ml)
(%)
30
40
40
414.027 ± 0.012
50
80
10
40
40
886.407 ± 0.007
40

1000

50

Table 3: Percentage Mortality and LC50 of Crude Saponin Extracted from C. volubile Leaves after 18 h
Extracted Compound from
Plant/ Drug

Crude Saponin

Diclofenac

Concentration of Crude Mortality after 18 h
Saponin (μg/ml)
(%)
10
40
100
50
250
60
500
80
1000
100
10
20
100
60
250
70
500
80
1000
90

BSLA, n = 3, LC50 (μg/ml)

103.913 ± 0.019

117.183 ± 0.012

Table 4: Percentage Mortality and LC50 of Crude Saponin Extracted from C. volubile Leaves after 24 h
Extracted Compound from
Plant/ Drug

Crude Saponin

Diclofenac

Concentration of Crude
Saponin (μg/ml)
10
100
250
500
1000

Mortality after 24
h (%)
40
50
70
100
100

10
100
250
500
1000

40
60
60
80
100

BSLA, n = 3, LC50 (μg/ml)

16.073 ± 0.015

46.907 ± 0.018

Acute Toxicity Test Result
Oral acute toxicity test results of crude saponin extracted from C. volubile leaves are summarized in Table 5. The
results showed that all the doses given to the rats did not produce any mortality; all the animals were alive. The
median lethal dose was therefore estimated to be higher than 5000 mg/kg body weight. This showed that the
crude extract was not toxic and it is safe to be used at all doses.
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Table 5: The Summary of Acute Toxicity Study of Crude Saponin Extracted from C. volubile Leaves
Dose (mg/kg)

Mortality
First Phase

10
100
1000
Second Phase
1600
2600
5000

0/3
0/3
0/3
0/3
0/3
0/3

Discussion
Brine shrimp lethality bioassay which is popularly known as cytotoxicity assay is a technique for assessing and
screening natural products or indigenous medicinal plants for the presence of phytochemicals or secondary
metabolites that are pharmacologically bioactive with the motive to be processed as an active ingredient or drug
during drug discovery and development, especially anti-tumor or anti-cancer drugs. Cytotoxicity test results are
usually expressed in lethal concentrations (LC50 µg/ml). The lower the LC50 of a test substance which could be
either a crude plant extract or isolated phytochemical compounds, the better their pharmacological activities.
This present study investigated the cytotoxicity and median lethal dose of acute toxicity study of crude saponin
extracted from Clerodendrum volubile using brine shrimps nauplii and albino rats respectively. The results of
cytotoxicity activity of crude saponin obtained from C. volubile leaves were expressed in LC50 (µg/ml) and
estimated from 0 h to 24 h. Results showed that there was a marginal decrease in the median lethal concentration
(LC50) from 6 h to 24 h after exposure of the Brine shrimps nauplii to crude saponin and the standard drug at
various concentrations. The finding of this current study could be corroborated by the work of Abdulwakeel and
Abdulwadud (2018) [2] where cell line was used in place of Brine shrimps for the cytotoxicity study. Also,
Afolabi et al. (2019) [4] investigated the activity of C. volubile leaf on cell viability, the result of the study
showed a concentration-dependent inhibitory activity on cell growth and viability. This finding was in agreement
with the investigation carried out in this present study. Moreover, in this study, the nauplii were subjected to a
maximum 24 h time course, and the cytotoxic effect was studied at 6 h intervals commencing from 0 h to 24 h.
Results showed that as the time course increases, toxicity also increases with a decrease in LC50 value and an
increase in mortality rate. This implies that crude saponin extracted from C. volubile leaves has a better cytotoxic
effect. It could be used as a cytotoxic agent to inhibit the proliferation of cancer cells and cell viability. This
observation supported the result obtained by Daniel and Ekam (2016) and Afolabi et al. (2019) [4]. Meyer et al.
(1982) [20] and Clarkson et al. (2004) [9] gave a criterion to classify toxicity based on lethal concentration at which
extract or drug will cause 50% mortality in microgram per milliliter (µg/ml); LC50 value > 1000 µg/ml was
regarded as not toxic, LC50 ranging from 500 to 1000 µg/ml was classified as low toxic, LC50 ranging from 100
to 500 µg/ml was categorized as medium (mild) toxic, while LC50 ranging from 0 to 100 µg/ml was categorized
as highly toxic. These toxicity criteria were also reported by Mentor et al. (2014) [19]. Adekola et al. (2020) [3]
evaluated the Brine shrimps lethality test of ethanol extract of Blighia sapida, the result showed that the median
lethal concentration was less than 100 µg/ml (LC50< 100 µg/ml) indicating that the ethanol extract could be
categorized in the class of high cytotoxic drug. Sonibare et al. (2011) [26] also investigated the varying degree of
cytotoxicity or lethality in two species of Blighia plants to provide a clue to their diversity. It was evident from
the LC50 result obtained that the two plant species could be categorized as mild cytotoxic drugs with LC50 in the
range of 100 to 500 µg/ml. Also, in the Olufade et al. (2018) [24] report, the LC50 was in the range of 500 to 1000
µg/ml. This showed that the plant used in this study could be categorized in the class of low or weak cytotoxic
drugs. In this present study, the result showed that crude saponin could be classified as "low toxic" at 6 h while
at 12 and 18 h, it could be classified as "medium (mild) toxic". At 24 h, the actual time course required for the
study, the crude saponins could be classified as highly cytotoxic drugs. Additionally, one of the prominent
indices required to assess the cytotoxicity of plant extract and compounds isolated from the plant is mortality. It
is usually expressed in percentage (%). In Brine shrimps lethality assay (BSLA) the rate of mortality is usually
dependent on the concentration of the extracts/compounds. This determines how effective the plant extracts or
compounds obtained from plants are as cytotoxic agents or drugs. In the current study, the result showed no
record of mortality at zero hours. On the other hand, there was a marginal increase in the percentage mortality
rate in the test medium at 6 h to 24 h with a decrease in the LC50 value. This implies that there was a direct
relationship of concentration (10, 100, 250, 500, and 1000 µg/ml) used in this study to mortality rate; the higher
the concentration the higher the number of the observable death rate of the brine shrimp nauplii in the test
medium. The concentration of the crude saponin isolated from C. volubile with the highest percentage mortality
between 6 h to 24 h was 1000 µg/ml, and the concentration of crude saponin with 100% mortality rate was 500
µg/ml and 1000 µg/ml at 18 h and 24 h respectively (Table 3 and 4).
In previous study on acute toxicity, the results showed no record of mortality when a single dose of ethanol
extract of C. volubile leaves was orally administered and in addition to this, the sign of toxicity such as loss of
appetite and body weaknesses were observed (Akinpelu et al., 2016; Olarewaju et al., 2018). This present study
determined the acute toxicity using saponin extracted from the same plant. The results showed that at 1 h oral
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single administration of the crude saponin obtained from C. volubile leaves, there was no sign of toxicity while
at 4 h, a sign of toxicity such as sluggishness, weakness, and dullness was observed. However, the animals
returned to their normal life after 6 h and no mortality was recorded. The median lethal dose (LD50) was
estimated to be greater than 5000 mg/kg body weight. This showed that crude saponin extracted from C. volubile
leaves was safe at the tested doses.
Conclusion
It could be concluded from this study that crude saponin extracted from the leaf of Clerodendrum volubile (P.
Beauv) exhibited a high cytotoxic effect and was safe to be used in the management and treatment of cancer.
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