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ABSTRACT

Cancer is one of the most frightening diseases threatening the health of mankind, with poor prognosis and treatment. Current cancer
treatment options, though costly to develop, have not met expectations largely due to issues like recurrence, drug resistance, poor
accessibility, and serious side effects. This necessitates the search for new potent chemotherapeutic agents with high selectivity.
Therefore, Phytochemical constituents and cytotoxic potentials of four selected medicinal plants were investigated. /n vitro
cytotoxic activity of the selected plant extracts using MTT (3(4,5-dimethylthiazol-2-yl)-2-diphenyltetrazolium bromide)
colorimetric assay was carried out against human breast cancer (MCF-7) and Rhabdomyosarcoma (RD) cell lines. The selective
index (SI) of the extracts was also determined using the Vero cell line. Indigofera nummularriifolia INW) exhibited the highest
inhibition on the growth of MCF-7 (IC,,= 1.22 pg/mL) and RD (IC,,= 6.51 pg/mL) cell lines as compared with the standard
reference drug, vincristine with IC,,;= 0.25 and 2.89 pg/mL on MCF-7 and RD cancer cell lines, respectively. Determination of SI
using the Vero cell line indicated that INW displayed a relatively high degree of selectivity against the cancer cells under
investigation. These plants especially /. nummularriifolia exhibited cytotoxic effects and thus could contribute to anticancer drug

discovery and many other disease conditions due to their phytoconstituents.

INTRODUCTION

Cancer is one of the most frightening diseases that has a bad
prognosis for treatment and poses a threat to human health.
80-90% of cases of cancer that are in an advanced stage result
in mortality because of inadequate access to cancer therapy [1].
In Nigeria, there are 72,000 cancer-related fatalities and
102,000 new cancer cases per year. Complex diseases like
cancer are currently emerging as significant healthcare
concerns in Nigeria, a country with a population of around 200
million [2]. Lung cancer has been the main cause of cancer-
related fatalities in men worldwide. However, with an
estimated 1.7 million new cases and 521,900 deaths in 2012
compared to 1.38 million new cases and 458,000 deaths in
2008, and 2.3 million new cases and 670,000 deaths in 2022,
breast cancer remained the most common disease diagnosed in
women and the leading cause of cancer death globally [3,4]. In
the US, it was anticipated that in 2015 there would be 231,840
(29%) new cases of invasive breast cancer diagnosed in
women, compared to 105,590 (13%) cases of lung cancer in the
same population [5]. According to estimates from the World
Health Organization, 5,884,000 years of life were lost
worldwide in 2004 as a result of female breast cancer [3].
According to Joko-Fru et al. [6], this accounted for little over
1% of all female premature deaths overall, with rates varying
from about 8% in some regions of Europe to less than 0.5% in
Africa. The most frequent soft tissue sarcoma in children and
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adolescents under the age of 20 is rhabdomyosarcoma (RD).
Five cases per million children and adolescents are diagnosed
with RD annually in the US, and more than half of all cases
occur in the first ten years of life [7]. Rhabdomyosarcoma is a
prevalent cause of mortality in this age group in Nigeria and
frequently affects children. The head and neck areas are the
most often affected anatomical sites, and the most common
variant is embryonal thabdomyosarcoma [8]. Considering the
disease's high-profile nature, treating it has been an ongoing
battle with only moderately successful results [9]. Current
cancer treatment options include surgical excision of the
malignancy and radiation therapy for the extensive
accumulated cancer biomass, usually followed by systemic
chemotherapy for maintenance. The most often used
chemotherapy drugs are antimetabolites, such as methotrexate,
DNA-interactive drugs, such as cisplatin and doxorubicin, and
anti-tubulin drugs, such as taxanes, hormones, and molecular
targeting drugs [10]. Recurrence of cancer, drug resistance, and
severe side effects on tissues that aren't being targeted are
chemotherapy's main drawbacks. These concerns can limit the
use of anticancer medications and lower patients' quality of life
[9]. The hunt for novel, promising anticancer agents with
greater efficacy and lesser side effects continues in order to
address the issues with current therapy.

Plant-based phytochemicals and their derivatives hold promise
for increasing cancer patients' response rates and reducing side



effects. Many of these phytochemicals, including alkaloids,
flavonoids, phenolics, tannins, glycosides, gums, resins, and
oils, are biologically active substances that are present in nature
and have strong anticancer potential [11]. Despite the fact that
numerous anticancer agents have been made from medicinal
plants, many undiscovered plants still have anticancer potential
[12]. In various cancer institutes, around 114,000 plant extracts
are being examined for their anticancer properties [ 13]. In order

to add to the pool of anticancer compounds that could be turned
into chemotherapeutic agents, it is imperative to do additional
research on various medicinal plant extracts to see whether they
demonstrate anticancer potential [ 14]. Four (4) plants from two
(2) families (table 1) were chosen from the literature review for
the evaluation of their cytotoxic effects and their phytochemical
constituents.

Table 1. Selected Medicinal Plants analyzed for cytotoxicity

Botanical name Common Local name FHI Part Habit Pharmacological
name number used actions
Alternanthera sessilis (L.) Sessile Ewé Rékureku 112838 whole  Herb Wound healing,
R.Br. ex DC. joyweed Dagunro antioxidant,
(Amaranthaceae) (Yoruba) antiallergic, anti-
inflammatory,
antibacterial [15]
Chamaecrista rotundifolia var.  Round Leaf Epa-Ile 112837  whole  Herb  Anticoccidial [16]
grandiflora (Benth) H.S.Irwin Cassia (Yoruba)
& Barneby (Leguminosae)
Indigofera nummularriifolia Coinwort Cuuctn karyaa 112560  whole  Herb  Antimicrobial [17]
(Linn). Livera ex Alston indigo (Hausa)
(Leguminosae)
Zornia glochidiata DC. Zornia plant ~ Maraek-emori 112559  whole  Herb Spasmolytic and
(Leguminosae) (Hausa) antimicrobial,
anticancer [18,19]
RESULTS of prospective anti-cancer therapies that are effective both in

MTT assay and selectivity studies

The results obtained showed that from the selected plant
extracts, the extract of INW had the highest cytotoxic effect on
MCEF-7, with an IC,, = 1.22 pg/mL, followed by ASW extract
with an IC,, = 3.74 pg/mL, as compared to the standard
reference drug, vincristine (IC,, = 0.25 pg/mL). Similarly, on
RD, INW had the highest cytotoxic effect with an IC,, = 6.51
pg/mL, followed by the extract of ZGW with an IC,, = 25.52
pg/mL, as compared to vincristine (IC,,=2.89 pg/mL).

The Sl result revealed that INW had a SI= 8.2 on MCF-7 when
compared to vincristine with SI=0.3. Similarly, INW had a SI=
1.5 compared to vincristine with SI=0.026.

DISCUSSION

Since time immemorial, many cultures in the world have
utilised medicinal plants to treat several ailments, especially
cancer. With regard to this, the cytotoxic effects of four selected
medicinal plants were assessed in vitro using MTT colorimetric
assay against breast cancer (MCF) and rhabdomyosarcoma
(RD).

Phytochemicals from plants are thought to be more versatile,
less resistant, and more effective than drugs with synthetic
origins. They also have more positive biological properties
such as antibacterial, antioxidant, antidiarrheal, anticancer, and
analgesic action [23, 24]. Natural products derived from
medicinal plants can be a suitable starting point for the creation

vitro and in vivo. The phytochemical screening of ASW, CRW,
INW, and ZGW revealed that they contain constituents such as
saponins, steroids/sterols, tannins, alkaloids, coumarins,
flavonoids, and cardenolides. Numerous phytochemicals have
been shown to have a variety of functions that may aid in the
prevention of chronic diseases. For instance, saponins prevent
hypercholesterolemia and exhibit antibacterial properties
whereas steroids and terpenoids exhibit analgesic and
antipyretic properties. Alkaloids protect against chronic
diseases like malaria and also exhibit anticancer properties.
Tannins have astringent properties that speed up the healing of
wounds and inflamed mucous membranes [25, 26].

The MTT assay is a colorimetric assay that assesses cell
viability and is sensitive, quantitative, and reproducible. The
ability of the cellular mitochondrial dehydrogenase enzyme to
transform the yellow water-soluble substrate (MTT) into the
deep blue/purple water-insoluble formazan product provides
the basis for this assay. In a variety of cell lines, the amount of
formazan generated is directly related to the cell number [27].
The American National Cancer Institute (NCI) defines
cytotoxicity for crude extracts as a CC, <30 pg/mL in a
preliminary assessment after a 72-hour exposure interval [28].
The result obtained showed that the four extracts had cytotoxic
effect with IC,, less than 30 pg/mL on MCF-7, while INW and
ZGW extracts had cytotoxicity with IC,; less than 30 pg/mL on
RD. However, INW had the best activity against the cancer
cells. Either or a combination of the chemical constituents
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Table 2. Preliminary phytochemical evaluation of the selected plant extracts

Tests Test plants
A. sessilis C. rotundifolia 1. nummulariifolia Z. glochidiata
Carbohydrate
Molisch test + + + +
Saponins
Frothing test + + + +
Tannins
Ferric chloride test + + + _
Flavonoids
General test + + + +
Lead acetate test + + + +
Cardenolides
Kedde test + + + +

2-Deoxy Sugars

Keller-Killiani test + + + +
Anthraquinone
Borntrager’s test - + - +
Alkaloids
Wagner + + + +
Mayer + + + +
Dragendorff + + + +
Coumarins + + + +
Sterols/Steroids + + + +
Terpenoids + + + +

+ = present; - = absent

Table 3. Cytotoxic activity of crude extracts of the selected plant extracts on human cancer and normal cells

Sample VERO MCF-7 RD
CCs¢:SD CCs¢xSD SI CCspxSD SI
(ng/mL) (ng/mL) (ng/mL)
A. sessilis 5.93+0.02 3.74+0.84 1.6 61.0+1.20 0.1
C. rotundifolia 11.59+0.95 5.49+1.01 2.1 101.3+1.89 0.1
1. nummulariifolia 10.06+1.31 1.2240.03 8.2 6.51+0.81 1.5
Z. glochidiata 14.52+1.45 4.22+0.12 34 25.52+0.17 0.5
Vincristine 0.07+0.00 0.25+0.01 0.3 2.89+0.23 0.026

SI= selective index; CCso= 50% cytotoxic concentration; SD= Standard Deviation
MTT method, with the cells incubated with the test agents for 72 h (IC5o+ SD, n = 3) by nonlinear regression
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present in the INW extract [17] could be implicated in the
cytotoxic activity of the plant extract. Alkaloids, flavonoids,
lignans, saponins, terpenes, taxanes, vitamins, minerals,
glycosides, gums, etc., all play important roles in either
inhibiting cancer cells activating proteins, enzymes, and
signaling pathways or by activating DNA repair mechanism,
stimulating the formation of protective enzymes, inducing
antioxidant action (antioxidant enzymes e.g. GSH, GST and
GPxn), thus showing strong anticancer effects in terms of their
efficacy on the proteins, enzymes and signaling pathways [29].
No cytotoxic constituents have been isolated from INW;
however, previous studies have shown constituents such as f3-
sitosterol and B-sitosterol-glucoside from I. zollingeriana to
exhibit cytotoxic effects against HepG2 and Huh7
(Hepatocellular cancer), but not against normal human primary
fibroblasts cells [30].

Cancer chemotherapy's main objective is to specifically target
cancer cells without causing harm to healthy cells. This is the
limitation of the use of numerous conventional chemotherapy
agents; as a result, selective toxicity must be considered in the
search for leads for the treatment of cancer [31]. The selectivity
index (SI) of the extracts was calculated to see if the extracts
would be cytotoxic to cancer cell lines with very little or no
damage to normal cells. In vitro studies classify SI values
between 1 and 10 as weakly selective, below 1 as non-selective
(toxic), and above 10 as safe (non-toxic) [7]. From the
selectivity studies, INW was approximately 8 times more toxic
to the MCF-7 and approximately 2 times more toxic to the RD
compared to normal cells (Vero), an indication that its cytotoxic
activity is weakly selective for the cancer cells under
investigation as compared with vincristine, which is non-
selective (toxic).

Indigofera nummulariifolia is a medicinal plant found in
tropical and subtropical regions of the world, such as India,
Nigeria, Madagascar, Australia and parts of Asia. According to
Santosh et al. [32], it was allegedly utilized by ethnic
communities to treat liver ailments. This supports Okafor and
Noah's [17] examination into the phytochemical components
and antibacterial potentials of the entire plant part. However, a
wide range of pharmacological properties are present in
numerous different /ndigofera species, according to research.
For instance, 1. tinctoria has demonstrated antioxidant, free
radical scavenging, and anti-dyslipidemic action, 1. pulchra is
reported to have anti-venom capabilities [33], . heterantha is
used as herbal medicine as well as folk medicine to treat
digestive disorders and stomach pain, and 1. oblongifolia
proven to possess antimicrobial, hepatoprotective and strong
lipoxygenase inhibitory activity [34, 35]. Additionally,
compounds such as kaempferol 3-O-a-l-rhamnopyranoside,
kaempferol 7-O-a-l-thamnopyranoside, kaempferol 3-O-a-I-
rhamnopyranoside-7-O-o-l-rhamnopyranoside, kaempferol 3-
O-a-l-arabinopyranoside-7-O-a-l-rhamnopyranoside, indigo,
and indirubin have been isolated from /. fruxillensis, while
quercetin 7-O-B-d-glucopyranoside, quercetin 3-O-[B-d-
xylopyranosyl-(1—2)-p-d-galactopyranoside], quercetin 3-O-
[a-1-thamnopyranosyl-(1—6)-B-d-glucopyranoside] and
quercetin 3-O-[B-d-glucopyranosyl-(1—2)-B-d-
glucopyranoside], indigo, and indirubin have also been isolated
from 1. suffruticosa [36]. These compounds were tested for
mutagenic activity by Sa/monella/microsome assays and it was
revealed that indigo and indirubin were mainly responsible for
the activity.

CONCLUSION

The observed cytotoxic activity of extracts of the medicinal
plants against the two selected human cancer cells has lent
credence to ethno-medicinal uses of the study plants especially
Z. glochidiata used to treat gastric cancer. This also strongly
suggests a broad-spectrum potency of the active plant extracts.
Therefore, further analysis to evaluate the cytotoxic activity
using different fractions, along with the isolation and
elucidation of their cytotoxic compounds. Also, evaluating
their potential for treating other conditions is essential,
especially given the limited scientific data available on the
studied plants.

MATERIALSAND METHODS

Plant collection and extraction

Alternanthera sessilis whole (ASW) was collected from
Obafemi Awolowo Hall field, the University of Ibadan, C.
rotundifolia whole (CRW), I. nummulariifolia whole (INW),
and Z. glochidiata whole (ZGW) were collected in the month of
May, 2019, from the University of Ilorin environs  Mr.
Adeyemo of the Forest Herbarium Institute (FHI), Ibadan
identified and validated the plants by comparison with
appropriate voucher specimens. The plants collected were
dried in a shade and ground into a coarse powder at room
temperature. Plant material (200 g each) was macerated in
redistilled methanol for 72 hours with occasional stirring.
Filtration was carried out and the extracts were concentrated to
dryness using a rotary evaporator. After drying, the extracts
were stored at4 °Cuntil further analysis.

Phytochemical Analysis

The methanol extracts of the selected plants were subjected to
different chemical tests for the detection of different
phytoconstituents using standard procedures [20, 21].

Carbohydrate Molisch Test

To 1 mL of the extracts, 5 mL of water was added and 2-3 drops
0f 20% ethanolic a-naphtol. Then 1 mL of concentrated H,SO,
was added drop-wisely to the side of the test-tube. A brown, red,
or violet ring at the inter-phase is positive for all carbohydrates.

Alkaloids

The crude extract (0.5 g) was added to 10 mL of 10%
Hydrochloric acid. This was placed in a water bath for 10
minutes; the extract was filtered and allowed to cool. The pH
was adjusted to about 6-7 by adding 10% ammonium
hydroxide. Then 5 mL of the filtrate was taken into separate test
tubes and a small quantity of Wagner's, Mayer's, and
Dragendorff’ reagents were added and observed. The presence
of colored (Wagner- yellow; Mayer- cream; and Dragendorff
reddish- brown) precipitates indicates the presence of
alkaloids.

Phenols/Tannins

Ferric Chloride test: The crude extract (0.5 g) was added to 20
mL of distilled water, boiled for 10 minutes, and filtered whilst
hot. The filtrate obtained is allowed to cool and 1 mL of FeCl,
reagent (5%) is added to the filtrate. An intense coloration
ranging from blue-black, green or blue-green, indicates the
presence of phenols and tannins.

Anthraquinone Glucosides
Bontrager's test: To 0.5 g of the extract, 2 mL of 10%
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Hydrochloric acid was added and placed in a water bath for 10
minutes. This is filtered while hot and allowed to cool. The
filtrate is then partitioned with 2.5 mL of dichloromethane
(DCM) and shaken gently. The DCM layer was transferred into
a clean test tube and an equal volume of ammonium hydroxide
was added and shaken gently. The presence of a delicate rose-
pink layer on the test solution indicates the presence of
anthraquinones.

Flavonoids
General test: To 0.2 g of the extract, 5 mL of ethanol and 3
drops of Ferric chloride was added. The presence observation
of a dark-green color confirms the presence of flavonoids and
flavonoids.

Lead acetate test: Extract 5 mg is added to 2 mL of distilled
water and warmed in a water- bath for 5 minutes. After cooling,
a few drops of 10% lead acetate solution were added. The
appearance of yellow-colored precipitates indicates the
presence of flavonoids.

Saponins

Extract (1 mg) is diluted with 20 mL of distilled water. This was
shaken well in a graduated cylinder for 10 minutes. The
formation of foam to a length of 1 cm is indicative of the
presence of saponins and steroids.

Cardenolides

To 0.5 g of dried alcohol extract was added 2 drops of 15% lead
acetate solution and 3mL of Dichloromethane and evaporated
to dryness. Then ImL of 2% 3,5-dinitrobenzoic acid in
methanol (Kedde's Solution A) and 2-3 drops of 5% NaOH
(Kedde's Solution B). The formation of dirty pink color
indicates the presence of cardenolides).

2-Deoxy Sugars

To the extract (0.5 g) is added 3 mL of ferric chloride reagent
(0.3 mL of 10% FeCl, in 50 mL glacial acetic acid) in a clean test
tube, then 2 mL of concentrated H,SO, was added carefully
down the sides of the test tube.

Sterols

Salkowski's test: The extract (10 mg) was dissolved in 2 mL of
DCM; 2 mL of concentrated H,SO, was added along the side of
the test tube. The presence of sterols and steroids is indicated if
the upper layer turned red while the lower layer turns yellow. A
confirmation is when a green fluorescence is obtained under
UV light.

Coumarins

To 0.2 g of the extract is added 2 mL distilled water and warmed
for 5 minutes and allowed to cool. Then 2 mL of 10 % Sodium
hydroxide is added to the aqueous extract. The formation of
yellow color indicates the presence of coumarins.

Terpenoids

0.5 mL of the extract was treated with 2 mL of DCM and
concentrated H,SO,. The formation of red-brown coloration
indicates the presence of terpenoids.

Effect of plant extracts on cell proliferation by MTT assay
Cell culture

Human rhabdomyosarcoma (RD), breast cancer (MCF-7), and
normal Vero cells were obtained from the World Health
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Organization (WHO) reference polio laboratory, University
College Hospital, Ibadan, Nigeria. Eagle's minimum essential
medium supplemented with 10% Foetal Bovine Serum, 100
units/mL penicillin, 100 mg/mL streptomycin, 2 mM L-
glutamine, 0.07% NaHCO,, and 1% non-essential amino acids
and vitamin solution were used to culture the cells. Cultures
were kept at 37 °C in a humidified environment with 5% CO,
and passaged every two weeks.

Cytotoxicity assay

Using the methods described by Mosmann [22], the ability of
the cells to cleave the tetrazolium salt MTT ([3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide]
[Sigma, Chem, St. Louis, MO]) by the mitochondrial enzyme
succinate dehydrogenase was evaluated. Each extract was pre-
solubilized in dimethyl-sulphoxide (DMSO) at 37 °C and
serially diluted in ten-folds to give different concentrations
(1000-0.01 pg/mL), with the last concentration of DMSO in
the tested dilutions not exceeding 1%. For 24 hours, confluent
monolayers of the cells were grown in 96 well-microtitre
plates. At 37 °C in a CO, environment, cells were incubated
with varying concentrations of the extracts, Vincristine
(positive control), and a negative control (growth medium
alone instead of plant extract) in triplicate for 72 hours.
Furthermore, the viability of the cell was evaluated
microscopically for the cytopathic effect (CPE) whether it is
present or absent. At the end of the 72-hour treatment period,
the supernatants were removed from the wells, and 25 pL of
MTT solution (2 mg dissolved in 1 mL of PBS) was applied to
each well. To dissolve the formazan crystals, the plates were
incubated at 37 °C for 2 hours before 75 pL of DMSO was
applied to each well. The microtitre plates were agitated for 15
min, and the optical density was measured using a multi-well
spectrophotometer (Multiskan, Thermo Fisher Scientific,
Waltham, MA) at 492 nm. The extract concentration required to
reduce cell viability by half was identified as the 50% cytotoxic
concentration (CC,,). A non-linear regression curve included in
the GraphPad Prism statistical software was used to compute
the CC,, value and the standard error mean (SEM).

Selectivity index (SI)

The normal African green monkey kidney epithelial cell line
(Vero) was used to measure the SI. The SI of the extracts was
calculated as the ratio of the cytotoxic effect on normal cell lines
to the cytotoxic effect on cancer (MCF-7 and RD) cells [7].

Statistical analysis

The data collected was analyzed using Microsoft Excel 2010,
followed by GraphPad Prism 6.0. To determine IC,, values, the
data were normalized so that the highest value in the dataset
was aligned with 100%, and the lowest value was set to 0%. The
standard and extracts' concentrations were log-transformed and
plotted against the dose-response to determine the IC,, values
through nonlinear regression. For this analysis, the log
(inhibitor) vs normalized response with the Variable slope
option was selected.

Author contributions

All authors were involved in the concept, design, and collection
of data, interpretation, writing and critically revising the article.
All authors approved the final version of the article.

Acknowledgements
The authors sincerely appreciate the WHO Polio Laboratory,



Department of Virology, College of Medicine, University of

Ibadan, Nigeria for providing the equipment and materials for
this study. We also acknowledge the staff of the Forest
Herbarium Ibadan (FHI) for the identification of plants.

Funding

No funding

Conflict of Interest
The authors declare no conflict of interest.

REFERENCES

1.

10.

Omotoso, O., Teibo, J.O., Atiba, F.A., Oladimeji, T.,
Paimo, O.K., Ataya, F.S., Batiha, G.E. and Alexiou,
A. (2023). Addressing cancer care inequities in sub-
Saharan Africa: current challenges and proposed
solutions. IntJ Equity Health 22(1): 189.

Esiaka, D.K., Nwakasi, C., Nnamele, V.U., Idu, A.O.,
Egwuonwu, J. and Mahmoud, K.O. (2023).
Pathways to health outcomes after cancer diagnosis:
A systematic review of cancer survivorship in
Nigeria. Psychooncology 32(7): 991-1000.
Azubuike, S.O., Muirhead, C., Hayes, L. and
McNally, R. (2018). Rising global burden of breast
cancer: the case of sub-Saharan Africa (with emphasis
on Nigeria) and implications for regional
development: a review. World journal of surgical
oncology 16(1): 1-13.

World Health Organization. (2022). WHO Fact sheet.
https://www.who.int/news-room/fact-sheets/detail/
breast-cancer.

Appiah, E.O., Appiah, S., Ani-Amponsah, M.,
Agyekum, B.S., Acquah, J., Gyasi, ANA. and Ofori-
Appiah, C. (2023). Female students' perspectives on
cervical cancer screening inclusion in pre-admission
university requirements in Ghana. PLOS Glob Public
Health 3(6): €0001029.

Joko-Fru, W.Y., Miranda-Filho, A., Soerjomataram,
L., Egue, M., Akele-Akpo, M.T., N'da, G., Assefa, M.,
Buziba, N., Korir, A., Kamate, B., Traore, C., Manraj,
S., Lorenzoni, C., Carrilho, C., Hansen, R., Finesse,
A., Somdyala, N., Wabinga, H., Chingonzoh, T.,
Borok, M., Chokunonga, E., Liu, B., Kantelhardt, E.,
McGale, P. and Parkin, D.M. (2020). Breast cancer
survival in sub-Saharan Africa by age, stage at
diagnosis and human development index: A
population-based registry study. Int J Cancer 146(5):
1208-1218.

Ogbole, O.0., Segun, P.A. and Adeniji,A.J. (2017). In
vitro cytotoxic activity of medicinal plants from
Nigeria ethnomedicine on Rhabdomyosarcoma
cancer cell line and HPLC analysis of active extracts.
BMC complementary and alternative medicine 17(1):
1-10.

Mandong, B.M. and Ngbea, J.A. (2011). Childhood
rhabdomyosarcoma: a review of 35 cases and
literature. Niger. J. Med.: J. Natl. Assoc. Resident
Doct. Niger20(4): 466.

Choudhari, A.S., Mandave, P.C., Deshpande, M.,
Ranjekar, P., Prakash, O. (2020). Phytochemicals in
cancer treatment: From preclinical studies to clinical
practice. Frontiers in pharmacology 10, 1614.
Nussbaumer, S., Bonnabry, P., Veuthey, J.L. and
Fleury-Souverain, S. (2011). Analysis of anticancer

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

drugs: areview. Talanta 85(5): 2265-2289.

Fatima, H., Charinpanitkul, T. and Kim, K.S. (2021).
Fundamentals to apply magnetic nanoparticles for
hyperthermia therapy. Nanomaterials 11(5): 1203.
Dehelean, C.A., Marcovici, 1., Soica, C., Mioc, M.,
Coricovac, D., Iurciuc, S., Cretu, O.M. and Pinzaru, 1.
(2021). Plant-derived anticancer compounds as new
perspectives in drug discovery and alternative
therapy. Molecules 26(4): 1109.

Perna, S., Alawadhi, H., Riva, A., Allegrini, P.,
Petrangolini, G., Gasparri, C., Alalwan, T.A. and
Rondanelli, M. (2022). In vitro and in vivo anticancer
activity of Basil (Ocimum spp.): Current Insights and
Future Prospects. Cancers 14(10): 2375.

Henkin, J.M., Ren, Y., Soejarto, D.D., Kinghorn, A.D.
(2018). The search for anticancer agents from tropical
plants. Progress in the Chemistry of Organic Natural
Products 107, 1-94.

Muniandy, K., Gothai, S., Tan, W.S., Kumar, S.S.,
Mohd, E.N. and Chandramohan, G. (2018). In vitro
wound healing potential of stem extract of
Alternanthera sessilis. Evidence-Based
Complementary and Alternative Medicine: ECAM
2018,3142073.

Dakpogan, H.B., Carlos, G., Houndonougbo, P.V.,
Dossa, L., Houndonougbo, F. and Chrysostome, C.
(2019). Anticoccidial activity of Khaya senegalensis,
Senna siamea and Chamaecrista rotundifolia in
chicken (Gallus gallus). International Journal of
Biological and Chemical Sciences 13(4): 2121-2128.
Okafor, G.C.O. and Noah, J.A. (2019).
Phytochemical and antimicrobial investigation of
Indigofera nummulariifolia (Livera) Ex. Alston
(Fabaceae). International Research Journal of
Engineering and Technology (IRJET) 6(8): 1559-
1565.

Rojas, A., Bah, M., Rojas, J.I., Serrano, V. and
Pacheco, S. (1999). Spasmolytic activity of some
plants used by the Otomi Indians of Queretaro
(Mexico) for the treatment of gastrointestinal
disorders. Phytomedicine 6(5): 367-371.

Arunkumar, R., Ajikumaran, N.S. and Suramoniam,
A. (2012). Induction of cell-specific apoptosis and
protection of mice from cancer challenge by a steroid-
positive compound from Zornia diphylla (L.) Pers.
Journal of Pharmacology and Pharmacotherapeutics:
3(3):233-41.

Trease GE, Evans WC (1989). Pharmacognosy. 13th
ed, Bailliere Tindall Ltd, London, UK. pp. 683—684.
Sofowora A (1993). Medicinal Plants and Traditional
Medicines in Africa. John Wiley & Sons New York.
pp. 97-145.

Mosmann, T. (1983). Rapid colorimetric assay for
cellular growth and survival: application to
proliferation and cytotoxicity assays. J Immunol
Methods 65(1-2): 55-63.

Abu T, Ogbole OO, Ajaiyeoba EO (2021). Radical
scavenging activity, Brine Shrimp lethality assay, and
HPLC analysis of methanol extracts of Secamone
afzelii (Roem. & Schult.) K. Schum and Ceiba
pentandra (Linn.) Gaertn. Nigerian Journal of
Pharmaceutical Research 17(2):233-244.

Kumar A, P N, Kumar M, Jose A, Tomer V, Oz E,
Proestos C, Zeng M, Elobeid T, K S, Oz F. Major

Nig. J. Nat. Prod. and Med. Vol. 28 No. 2 2025



25.

26.

27.

28.

29.

30.

Phytochemicals: Recent Advances in Health Benefits
and Extraction Method. Molecules. 2023 Jan
16;28(2):887. doi: 10.3390/molecules28020887.
Okwu, D. E., & Josiah, C. (2006). Evaluation of the
chemical composition of two Nigerian medicinal
plants. African Journal of Biotechnology, 5(4), 357-
361.

Sravani, G., Sunita, k. (2022). Qualitative and
quantitative analysis of phytochemicals and in vitro
antioxidant activity in Schefflera arboricola.

Riss, T.L., Moravec, R.A., Niles, A.L., Duellman, S.,
Benink, H.A., Worzella, T.J. and Minor, L. (2016).
Cell viability assays.

Yusuf, A.O., Abu, T., Akubia, N.E., Onwuliri, F.,
Themjiaba, E.E., Ejembi, E.P., Ogbenyeanu, N.P.,
Ogbole, O. and Adewumi, M.O. (2023). Anti-cervical
cancer potentials and GC-MS analysis of
Cymbopogon citratus (DC.) Stapf and Origanum
vulgare Linn. extract. GSC Biological and
Pharmaceutical Sciences 23, 120-127.

Igbal, J., Abbasi, B.A., Mahmood, T., Kanwal, S., Ali,
B., Shah, S.A. and Khalil, A. (2017). Plant-derived
anticancer agents: A green anticancer approach. Asian
Pacific Journal of Tropical Biomedicine 7(12): 1129-
1150.

Vo, T.K., Ta, Q.T.H., Chu, Q.T., Nguyen, T.T. and Vo,
V.G. (2021). Anti-Hepatocellular-Cancer Activity
Exerted by [B-Sitosterol and [-Sitosterol-Glucoside
from Indigofera zollingeriana Miq. Molecules
25(13):3021.

Nig. J. Nat. Prod. and Med. Vol. 28 No. 2 2025

31.

32.

33.

34.

35.

36.

AliAbdalla, Y.O., Subramaniam, B., Nyamathulla, S.,
Shamsuddin, N., Arshad, N.M., Mun, K.S., Awang,
K. and Nagoor, N.H. (2022). Natural Products for
Cancer Therapy: A Review of Their Mechanism of
Actions and Toxicity in the Past Decade. Journal of
Tropical Medicine (1), 5794350.

Santosh, J.U., Krishna, M.J., Andrew, J.S. and
Krishna, Y. (2019). Indigenous knowledge of
medicinal plants used by ethnic communities of south
India: Ethnobotany research and applications. A
Journal of Plants, Peoples and Applied Research
18(4): 46.

Abubakar, M.S., Balogun, E., Abdurahman, E.M.,
Nok, A.J., Shok, M., Mohammed, A. and Garba, M.
(2006). Ethnomedical Treatment of Poisonous
Snakebites: Plant Extract Neutralized Naja
nigricollis. Venom. Pharmaceutical biology 44(5):
343-348.

Mohammad, [.K.G. and Choudhary, M.I1. (2011). In-
vitro pharmacological investigations of aerial parts of
Indigofera heterantha. Journal of Medicinal Plants
Research 5(24): 5750-5753.

Halim, M.A.Z. and Khan, S.U. (2018). In-vitro anti-
inflammatory activity of Indigofera heterantha
roots,”. Pharmacy and Pharmacology International
Journal 6(4):307-308.

Calvo, T., Cardoso, C., Moura, A., Santos, L., Colus,
M., Vilegas, W. and Varanda, E. (2011). Mutagenic
Activity of Indigofera truxillensis and 1. suffruticosa
Aerial Parts. Evidence-based complementary and
alternative medicine 323276.



	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

