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Abstract: Celosia trigyna is a well-known vegetable used in the preparation of many indigenous
soups in Southwestern Nigeria. The aim of this study was to evaluate the anticancer property of
C. trigyna of crude and solvent fractions using antioxidant, cytotoxic bench-top bioassays, and cancer
cell line experiments. Cytotoxicity was carried out using Raniceps ranninus, Saccharomyces cerevisiae,
and Sorghum bicolor models, as well as cytotoxicity studies against human breast (MCF), colon
(HCT116), and lung (H460) cancer cell lines; radical scavenging potential against DPPH was likewise
performed. A concentration of nondependent cytotoxicity against S. cerevisiae was observed in
CTA, with the lowest inhibition of organism growth at 31.2 µg/mL (26.40 ± 1.92%) and highest
activity at 250 µg/mL (56.00 ± 2.12%). Concentration-dependent inhibition was observed in CTA
with 84.80 ± 1.97% at 250 µg/mL, which is significantly different from values observed in DMSO
(negative control) at 33.84 ± 1.03% at p < 0.01. Moreover, 100% motility of R. ranninus (tadpoles) was
recorded for all concentrations (20–40 µg/mL) in CT and CTA, with significantly different p < 0.05
from values obtained for the vehicle (distilled water). Concentration-dependent DPPH radical
scavenging potential was likewise noted both in CT and CTA at 20–100 µg/mL. The lowest inhibition
was observed at 20 µg/mL (41.35% and 32.31%), while the highest was noted at 100 µg/mL (63.26%
and 41.73%) for CT and CTA, respectively. CT showed cytotoxic effects against all cancer cell lines
examined, with CTA exhibiting improved activity compared to CT against human lung (H460), breast
(MCF-7), and colon (HCT116) cancer cell lines, with IC50 51.69 ± 5.13, 39.16 ± 9.21, and 38.52 ± 7.65,
respectively. Findings from this research experimentally justify the ethnomedicinal claim of usage of
C. trigyna in the treatment of cancer in southwestern Nigeria.

Keywords: cytotoxic; Celosia trigyna; cancer cell lines; Raniceps ranninus; Saccharomyces cerevisiae;
Sorghum bicolor

1. Introduction

Drug research and development have recently relied on medicinal plants because of
their arsenal of promising compounds that might be good therapeutic candidates [1]. The
active principle(s) present in various morphological organs or cells of medicinal plants
possess a direct or indirect therapeutic influence on living cells and, hence, are used as
medicinal agents in the treatment of diverse animal and human diseases, such as cancer [1,2].
Cancer is a class of diseases involving the development of carcinoma cells, usually known
for their ability to extend, or spread from one region of the body to another [3–7], in
contrast with benign tumors, which are localized to one part of the body with no tendency
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to spread to other parts [8,9]. Approximately, 90.5 million people in the world have been
reported to have cancer in 2015. This is associated with about 14.1 million cases yearly.
Recently, 8.8 million cases have been reported with cancer in developing nations (15.7%
of deaths) [7,10,11]. The management options include chemotherapy, surgery, radiation
therapy, hormonal therapy, palliative care, and targeted therapy [8,12–14]. In addition, the
treatment choice is a function of the location, type, and stage of cancer, as well as the patient
preferences and health [8,13–18]. Moreover, the high cost associated with cancer drugs, as
well as treatment options, coupled with the unavailability of anticancer agents among locals
and corresponding associated treatments and their toxic secondary effects, pave way for the
promising natural compounds and/or associated medicinal plants with an ethnomedical
history of usage in treatment or management of cancer [3–5,19]. In this background,
Celosia trigyna (CT), a common vegetable (in preparation of different local soups) in Western
Nigeria, with known ethnomedicinal history of usage in the treatment or management
of tumor-related ailments in Southwestern Nigeria [20,21], was chosen. Celosia trigyna
(CT) has been reported to belong to the family of Amaranthaceae [22]. Nigeria has been
the major source of this species in West Africa. The plant is a fast-growing, erect, coarse,
simple, or branched and smooth annual herb, 0.4–2 m in height, with many ascending
branches and brilliant colored bedding plants. Stem and branches of the herb are strongly
ridged and often sulcate, and quite glabrous. Leaves are alternate, lanceolate oblong to
narrow linear, entire, 4 to 14 cm long, acute to obtuse, shortly mucronate with the excurrent
midrib, glabrous, with bitter taste and odour, and are light green; lamina of the leaves
from the center of the main stem are 2–15 × 0.1–3.2 cm, tapering below into an indistinctly
demarcated, slender petiole; upper and branch leaves are smaller, markedly reducing; leaf
axils are often with small-leaved sterile shoots [22]. Different bioactive compounds have
been reported from CT, hence the vast role in the management of several disorders, such
as fever, diarrhea, piles, bleeding nose, mouth sores, itching, and cancer [20,22,23]. This
research aims to experimentally justify the ethnomedical claim of the usage of CT in the
management of cancer and cancer-related ailments using simple bench-top assays, as well
as different cancer cell lines.

2. Materials and Methods
2.1. Chemicals and Reagents

The chemicals and reagents used during the course of this research include the follow-
ing: sodium hydrogen carbonate, 10 mM minimal essential medium (MEM), nonessential
amino acid solution (Invitrogen, Waltham, MA, USA), MEM Eagle supplemented with
2 mM L-glutamine and Earle’s balanced salt solution (MEM/EBSS; Hyclone, Logan, UT,
USA), 100 mM sodium pyruvate (Hyclone), FBS (PAA Laboratories), 10 mg/mL bovine
insulin in 25 mM HEPES, pH 8.2 (Sigma, St. Louis, MO, USA), 2.5% (w/v), 0.5% (w/v)
phenol red solution (Sigma), trypsin solution (Invitrogen), 0.48 mM versene-EDTA, 0.4%
(w/v) trypan blue in 0.81% (w/v) NaCl and 0.61% (w/v) KH2PO4 (Sigma), doxorubicin
(Sigma) or ellipticine (Sigma), dimethyl sulfoxide (DMSO; Sigma), 10% (w/v) TCA, 1%
(v/v) acetic acid, 0.057% (w/v) SRB (Fluka) in 1% (v/v) acetic acid, ferric chloride solution,
10 mM unbuffered Tris base solution, vitamin C, DPPH, methanol, chloroform, ethyl acetate,
hexane (BDH chemicals, Poole, England), distilled water, and Tween-80 (Riedel-de Hean,
Seelze, Germany).

2.2. Plant Collection and Authentication

Celosia trigyna (whole plant) was collected in Ikire, Osun State, Nigeria. The identity
of the plant was confirmed and the voucher specimen was deposited at the herbarium
section of the University of Benin, with herbarium number UBH-R633. The plant sample
was air-dried in the laboratory for 5 days at room temperature, followed by oven-drying
at 40 ◦C. Grinding to powder form was carried out using a laboratory electric mill. The
powdered sample was kept in an air-tight container until required.
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2.3. Plant Extraction

Extraction of about 1.38 kg of the powdered leaves of C. trigyna was performed with
dry methanol (5.5 L) using Soxhlet apparatus at the temperature of 68 ◦C, followed by
concentration using a rotary evaporator. The resulting extract was weighed and kept in the
refrigerator at 4 ◦C.

2.4. Phytochemical Screening of Plant Material

Phytochemical screening of the plant was carried out to test for the presence or
otherwise of phenols, flavonoids, saponins, alkaloids, and terpenoids using standard
methodologies [24,25].

2.5. Solvent Partitioning of the Extract

About 62.28 g of C. trigyna extract were suspended in a methanol:water (0.5:1) solution
and partitioned with chloroform (3 × 500 mL). The obtained chloroform and aqueous
fractions were concentrated using a rotary evaporator. A very low yield of the chloroform
fraction (0.45 g) was obtained, while the aqueous fraction weighed 57.40 g.

2.6. Biological Assay of Crude Extracts
2.6.1. Determination of Cytotoxic Effects Using Tadpoles (Raniceps ranninus)

Raniceps ranninus cytotoxicity assay model was used, as reported by [26]. Ten R.
ranninus of relatively similar age and sizes were carefully used and placed into differently
labeled beakers containing 49 mL of distilled water and 30 mL of the natural water (collected
from the source of the organism). The aqueous mixture was made up to 50 mL with 20,
40, 100, 200, and 400 µg/mL of the CT in 5% DMSO. About 50 mL containing 1 mL of
5% DMSO in distilled water was used as negative control and the assay was performed
in triplicate. Mortality was observed for 24 h and used to determine the toxicity of the
extract [26,27].

2.6.2. Antiproliferative Studies Using Sorghum bicolor

Sorghum bicolor cytotoxicity bioassay was carried out using the method described by
Ayinde et al., 2010, and Ikpefan et al., 2020 [26,27]. The viable seeds of S. bicolor were
sterilized using 95% ethanol for 1 min and rinsed with distilled water and dried prior
to usage. A volume of 10 mL of different concentrations of CT and CTA (1–30 mg/mL)
containing 5% DMSO were introduced into the petri-dishes of about 9 cm wide containing
filter (Whatman No.1) underlay with cotton wool. In addition, 20 sterilized seeds of S. bicolor
were spread on each of the Petri dishes and incubated in the dark at room temperature for
24, 48, 72, and 96 h. The control seeds were treated with 10 mL of distilled water containing
5% DMSO and used as control, and the experiment was conducted in triplicates for each
concentration. The radicle lengths of each seed were measured to the nearest millimeter
and the result was also taken as index of cytotoxicity.

2.6.3. In Vitro Cytotoxicity Assay Using Saccharomyces cerevisiae

Further preliminary cytotoxicity study was likewise carried out on crude extract of CT
using Saccharomyces cerevisiae cell culture [28]. However, S. cerevisiae cell cultures containing
about 1.0 × 107 cells per mL were realized via inoculation of Saccharomyces cerevisiae cells
in 20 mL of YPD (yeast extract 1%, peptone 0.5%, and glucose 2%), followed by incubation
at 30 ◦C for 16–20 h. Approximately 0.5 × 106 cells were transferred into 4 mL disposable
cuvettes containing YPD medium, and various concentrations (7.81–500 µg/mL) of CT and
CTA were introduced to reach the volume of 2.2 mL. YPD medium without the organism
was used as the negative control. The entire loaded disposable cuvettes were incubated in
a Heidolph Inkubator 1000 with a shaker at 30 ◦C and 230 rpm agitation for 5 h. The initial
absorbance was measured at 0 min and at intervals of 60 min for 300 min. The assay was
performed in triplicates for each concentration. A covariance analysis was applied to the
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slopes of the growth curves to test the reproducibility of the method and, also, determine
the percentage growth inhibition rate of S. cerevisiae in the presence of the sample [28–30].

2.6.4. Determination of Antioxidant Activity

The radical scavenging activity of the CT and CTA was carried out against 2, 21-
Diphenyl-1-picryl hydrazyl radical (DPPH, Sigma-Aldrich) using a method described
by [31–33]. About 20–100 µg/mL of test samples and vitamin C were prepared in methanol
(Analar grade). A volume of 1 mL of the sample was placed in a test tube, followed by
2 mL of 0.1 mM DPPH in methanol. A control solution was prepared without sample and
absorbance was taken at 517 nm. The radical scavenging activity was calculated using the
following formula:

% inhibition = {[Ab − Aa]/Ab} × 100

where Ab is the absorption of the blank sample and Aa is the absorption of the extract [31,34].

2.6.5. In Vitro Cytotoxicity against Human Cancer Cell Lines (Sulforhodamine-B (SRB) Assay)

Both samples of CT and CTA were subjected to in vitro cytotoxicity using human cancer
cell lines involving semiautomatic procedure using Sulforhodamine-B (SRB) assay [1,34]. The
procedure entails cultivating human cancer cell lines in a complete growth medium at a
temperature of 37 ◦C, 5% CO2, and 90% relative humidity. Trypsin-EDTA was, in turn,
used to treat the cells at the sub-confluent phase of growth. About 100 µL of cell suspension
was introduced to each of the wells in the 96-well plates and incubated for 24 h. Thereafter,
100 µL of the samples at different concentrations were added to each well, incubated again
for 24 h, and chilled. Subsequently, 50% TCA (50 µL) was introduced and incubated at 4 ◦C
for 1 h, and washing was later carried out with distilled water 5–6 times. Thereafter, 100 µL
of SRB dye (0.4% wt/vol in 1% acetic acid) was added and left at room temperature for
30 min. Thereafter, 1% acetic acid was used to wash the plates, air-dried, and Tris buffer
(10 mM; pH 10.5; 100 µL) was, in turn, added to each well. The optical density (OD) of the
solution in each well was recorded using a microplate reader at 540 nm.

% Growth inhibition = 100 − [OD (test sample) − OD (blank) OD (control) − OD (blank)] × 100

3. Results and Discussion

Prior to the adoption of medicinal plants by early humans for clothing, food, and
shelter, the usage of such plants for medicine (treatment of a variety of ailments associ-
ated with humans and animals) has been employed. Natural products from minerals,
plants, as well as animals aid the prevention, treatment, and management of an array
of human diseases [1,5]. Undoubtedly, ecosystems have been an essential bedrock to
plants, which, in turn, provide essential services for the survival of living and nonliving
beings [35]. Complementary or alternative medicine in relation to cancer management
can be described as therapies, products, and practices that are completely different from
orthodox or conventional medicine in application and approach [3,4,21].

About 1.38 kg of Celosia trigyna was extracted with methanol (analytical grade) using
Soxhlet extraction. In total, 62.28 g of extract was extracted, with a percentage yield of
4.51%. A total of 0.45 g (0.72%) and 57.40 g (92.16%) of chloroform (CTC) and aqueous
fractions (CTA), respectively, were obtained upon solvent partitioning of the CT. Based
on the low yield of organic fraction (chloroform fraction, CTC) obtained from solvent
partitioning, all biological activities were based on CT and CTA alone, which later, in turn,
showed promising results.

Different classes of secondary metabolites have been mentioned to have anticancer
potential, as widely reported in the literature [2,5,35], some of which were likewise reported
in CT and are, here, shown in Table 1. However, the presence of these compounds might
be responsible for the cytotoxic activity observed against human breast, colon, and lung
cancer cell lines, as observed hereinafter in the text [24].
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Table 1. Preliminary phytochemical screening of CT.

Class of Phytochemicals CT

Saponins +
Flavonoids +
Steroids +
Reducing sugars +
Terpenoids +
Alkaloids −
Phenolic compounds +

Key: + indicates present; − indicates negative.

In addition, certain bench-top assay methods have been used to ascertain if a drug
possesses cytotoxic potential [26,29,31]. This has been imperative due to the high cost and
unavailability associated with cancer cell lines and other advanced anticancer screening
techniques. In this view, CT was subjected to preliminary bench-top screening using
Raniceps ranninus and S. bicolor models. As shown in Figure 1, 100% mortality was recorded
against R. ranninus at 200 and 400 µg/mL for C. trigyna crude extract (CT) and vincristine
(positive control) at p < 0.05 relative to the negative control (3% DMSO).
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Figure 1. Cytotoxicity screening of CT using R. ranninus. n = 10. n ± SEM. Samples with superscript
* indicate a significant difference at p < 0.05 relative to the negative control (3% DMSO) using one-way
ANOVA (Kruskal–Wallis test).

Moreover, upon further subjection of CT to growth inhibitory assay using S. bicolor
(SB), it was observed that CT was able to reduce the radicle length of SB in a concentration-
and time-dependent manner. At 24–96 h, a decrease in S. bicolor radicle lengths was noted at
all concentrations (1–30 mg/mL) in a concentration-dependent activity manner. Significant
difference (p ≤ 0.05) was observed with the positive control (vincristine; 50 µg/mL) and all
concentrations of CT (1–30 mg/mL) relative to the negative control (3% DMSO) for each
day, as shown in Figure 2 below.
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Figure 2. Growth inhibitory screening (using S. bicolor) of C. trigyna (CT) at concentrations ranging
from 1 to 30 mg/mL. n = 3. n ± SEM. Samples with superscript * indicate a significant difference
at p < 0.05 relative to negative control (3% DMSO) using two-way ANOVA (Dunnett’s multiple
comparisons test). NC—negative control (3%DMSO); PC—positive control (vincristine; 50 µg/mL).

However, the observation of promising cytotoxic results in CT results in subsequent
subjection of CT and CTA to another preliminary cytotoxic activity using the S. cerevisiae
model. This assay is based on the similarity between human and S. cerevisiae cells (both
cells are eukaryotic, with the former being multicellular, while the latter are unicellular
eukaryotic organisms). However, the activity observed in the growth curve shown in
Figures 3–5 was mathematically extrapolated and reported in Table 2 below. Moreover,
an average cytotoxic performance was observed in CT at a concentration nondependent
manner, with the lowest and highest activities observed at 31.2 and 250 µg/mL, and at
26.40 ± 1.92% and 56.00 ± 2.12%, respectively. Improvement in activity was observed
upon solvent partitioning of CT to give CTA, with a significant increase (p ≤ 0.05) noted at
125 and 250 µg/mL relative to negative control/vehicle (DMSO) with 31.2 ± 1.03% and
33.84 ± 1.03% at the same concentration. Significant activity was observed for nystatin
(positive control) at all examined concentrations (7.81–250 µg/mL) at p ≤ 0.05 relative to
DMSO (negative control/vehicle), as shown in Table 2.
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Table 2. Comparative cytotoxicity study of CT and CTA using Saccharomyces cerevisiae bioassay model.

Concentration
(µg/mL)

% Inhibition

DMSO Nystatin (Positive
Control)

C. trigyna
Crude (CT)

C. trigyna Aq
(CTA)

7.81 12.67 ± 1.21 97.25 ± 1.02 * 44.00 ± 1.13 28.00 ± 1.53
15.6 16.80 ± 1.08 98.21 ± 0.98 * 34.40 ± 2.11 35.20 ± 2.10
31.2 17.60 ± 0.01 98.78 ± 2.17 * 26.40 ± 1.92 50.40 ± 1.11
62.5 30.73 ± 1.12 99.35 ± 2.92 * 36.00 ± 1.15 60.00 ± 1.89
125 31.2 ± 1.03 99.59 ± 1.87 * 48.80 ± 2.17 88.00 ± 2.08 *
250 33.84 ± 1.03 99.71 ± 1.34 * 56.00 ± 2.12 84.80 ± 1.62 *

The above reported values are the mean of three replicates. n = 3. Mean ± SEM. Values with superscript * indicate
a significant difference at p < 0.05 when compared to the corresponding percentage inhibition of vehicle (DMSO)
for each concentration using one-way ANOVA (Kruskal–Wallis test).

Moreover, CT showed a concentration-dependent DPPH scavenging activity, with
the lowest and highest inhibition observed at 20 and 100 µg/mL, and at 41.35 and 63.26%,
respectively, while CTA showed a non-concentration-dependent scavenging activity, with
32.31 and 41.72% activity at the lowest (20 µg/mL) and highest (100 µg/mL) concentrations,
respectively, as shown in Figure 6 below.
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Figure 6. Radical scavenging potential of vitamin C (positive control) and C. trigyna (crude and aque-
ous fraction) against DPPH. The values above are the mean of three replicates. n = 3. Mean ± SEM.
The results of the extracts were compared to the corresponding percentage inhibition of vitamin C
using one-way ANOVA (Kruskal–Wallis test). p < 0.05 was considered significant.

The amount of total phenolics in CT and CTA were observed to be 87.52 ± 2.45 and
81.35 ± 3.70 gallic acid equivalent, while their corresponding flavonoid content was shown
to be 52.81 ± 1.97 and 39.11 ± 2.86 rutein equivalent, respectively, as shown in Table 3 below.
Hence, this might be responsible for the pronounced cytotoxic and radical scavenging
properties observed in the CT.

Table 3. Phenolic and flavonoid contents of CT and CTA.

Sample Total Phenolics
(Gallic Acid Equivalent)

Total Flavonoids
(Rutein Equivalent)

C. trigyna (Crude) 87.52 ± 2.45 52.81 ± 1.97
C. trigyna (Aqueous fraction) 81.35 ± 3.70 39.11 ± 2.86

The values above are the mean of three replicates, n = 3; mean ± SEM.

Due to the promising nature observed in all preliminary cytotoxic bioassays used, CT
and CTA were finally subjected to human colon (HCT116), breast (MCF-7), and lung (H460)
cancer cell lines using sulforhodamine B assay, as shown in Table 4 below. Improvement in
cytotoxic activity was observed upon fractionation of CT to give CTA, further confirming
the cytotoxic activity observed against S. cerevisiae. Moreover, improved cytotoxic activity
was observed against human lung (H460), breast (MCF-7), and colon (HCT116) cancer
cell lines with IC50 51.69 ± 5.13, 39.16 ± 9.21, and 38.52 ± 7.65, respectively, as shown in
Table 4. Such evidence implies that solvent partitioning or aqueous extraction of the plant
material enhances the cytotoxic activity of CT, which justifies the cooking (with water)
or aqueous maceration of the plant material by locals in the management of cancer and
cancer-related ailments.
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Table 4. Cytotoxic effect (IC50 (µg/mL)) of H. acida crude and aqueous fraction on different cancer
cell lines using sulforhodamine B assay.

Cell Lines C. trigyna (CT) C. trigyna (Aq. Fraction; CTA)

H460 58.15 ± 0.51 51.69 ± 5.13
MCF-7 41.32 ± 2.62 39.16 ± 9.21
HCT116 51.82 ± 8.51 38.52 ± 7.65

IC50 (µg/mL) of samples in H460, MCF-7, and HCT116 cell lines. The concentration that induced 50% of growth
inhibition (IC50) was determined by sulforhodamine B assay after 48 h of treatment. Data = mean ± SEM of 4
(four) independent experiments. n = 4.

Analysis of Data

All data collected from the entire study were analyzed using Microsoft Excel and
GraphPad Prism 7. Relevant tables, charts, and descriptive statistics were used to present
the pertinent points of the study. Data were expressed as the mean ± SEM of three replicates
for the in vitro model. The data were subjected to statistical analysis using one-way analysis
of variance (ANOVA) and complemented with Kruskal–Wallis test.

4. Conclusions

Based on the research findings from the performed experiments, CT and CTA were sub-
jected to both preliminary and human breast, colon, and lung cancer cell lines using in vitro
bioassay models. The resulting evidence allowed us to conclude that CT (leaves) exhibited
significant anticancer activity, which increases upon solvent partitioning and utilization
of the aqueous fraction CTA. This further experimentally justifies the ethnomedicinal use
of CT in the management of cancer and cancer-related ailments in the southwestern part
of Nigeria. At the same time, results corroborate the traditional cooking of CT (using
water) for the preparation of local soups among the locals (which are characterized by a
low incidence of cancer). Further research is ongoing to isolate, characterize, and elucidate
the structure of the active principle(s) in CT using bioactivity-guided isolation techniques.
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