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In ethnomedicine, Motandra guineensis (Thonn.) A.DC. (Apocynaceae) is used to massage
abscessed gums and manage pain. This study aimed to evaluate the antiproliferative effect of
leaves of M. guineensis against human ovarian (OVCARS3) and melanoma (MDA-MB-435) skin
cancer cells. Crude ethanol extract and fractions of M. guineensis leaves were evaluated for
antiproliferative effect on OVCAR3 and MDA-MB-435 cells using cell viability assay at 2 and
20 pg/ml. In addition, the inhibitory effect of extract and fractions on nitric oxide (NO) production
with lipopolysaccharide (LPS) stimulation (Greiss assay) on murine macrophage cells (RAW
264.7) at 0.3125 — 10 pg/ml was evaluated. Cell viability was evaluated using murine macrophage
cells while toxicity assessment was done on Vero cells. Antiproliferative activity profile (% cell
. . . death) of extract and fractions followed the order: butanol (30% and 23%) > aqueous (28% and
Copyright: © 2024 Oiseoghaede et al. This is an 2104y’ ethy] acetate (22% and 19%) > crude (22% and 0%) at 20 pg/ml in OVCAR3 and MDA-
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to standard. Results indicate antiproliferative potential, NO inhibitory potential and safety of crude

ethanol leaf extract and fractions of M. guineensis.
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Introduction

From ancient times, man has used plants to treat human and

animal diseases mostly through trial and error. Man has made
preparations from these plants either processed as extracts or in whole
form as dried plant parts. The high cost of orthodox and modern drugs
has necessitated the search for affordable, safe yet effective treatment
options from nature. Globally, 80% of the world population uses
traditional medicine while up to 88% in Sub-Saharan Africa depend on
traditional, complementary, and alternative medicine especially plants
for their healthcare needs.*
Motandra guineensis (Thonn) A.DC. (Apocynaceae) is a climbing
shrub or liana that grows on trees as its support and is found in parts of
West, Central and East Africa in countries such as Ivory Coast, Nigeria,
Senegal, Congo and Angola. The plant is called Agba doje or
Bodekadun in the Yoruba language. It is used as mouthwash massage
into abscessed gums and in the management of pain as well as a sedative
in the management of insanity in ethnomedicine.? Ethanol extracts of
aerial parts were shown to cause central nervous system (CNS)
depressant activity in mice.® The seed extract was also shown to elevate
total cholesterol, oestrogen and progesterone in pregnant rabbits.*
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The plant was reported to contain flavonoids, terpenoids, tannins and
steroids while phytol, hexadecenoic acid and ethyl ester are the volatile
components of the plant after GC-MS analysis.® Existing scientific
literature showed a scarcity of information on pharmacological effects
and a dearth of chemical data on the plant. Cancer is the leading cause
of death worldwide as of 2020. Ten million deaths annually are due to
cancers majorly lung, colorectal, liver, stomach and breast cancers.>®
The cost of managing cancer even in Africa is huge as there were
800,000 new cases and 520,000 deaths due to cancers in Sub-Saharan
Africa majorly breast and cervical cancers.”® Cancer causes over 72,000
deaths annually in Nigeria with the most common ones being breast and
cervical cancer.® Risk factors implicated in cancer development include
benzene and other chemicals, excess alcohol intake and environmental
toxins amongst others. The mechanisms with which these risk factors
lead to cancers and malignancies are not yet fully established.*® There
is hope that the reduction of these risks as well as increased screening
habits especially for breast, colorectal and prostate cancers may in
coming years cause a corresponding decline in cases and mortality
arising from them however slow diagnosis and therapy may cause an
increase in advanced-stage disease and death.!

Inflammation has been implicated as a hallmark in the pathogenesis of
cancer and tumorigenesis. There are many inflammatory mediators of
which nitric oxide is one of the most notable. Inducible nitric oxide
synthase (iNOS) produces the highest amounts of nitric oxide
independent of calcium. Nitric oxide has a crucial involvement in
inflammatory response. The role of nitric oxide in the biological process
of cancer development includes cytoprotective effects on tumour cells
and triggering carcinogenesis through the activation of oncogenic
pathways.*>'® Treatment of cancer involves many interventions of
which chemotherapy with the use of chemical agents is a mainstay.
However, cancer chemotherapy is non-specific and may lead to adverse
effects that cause reduced quality of life in patients.'® Hence, this has
led to the search for alternative therapy from nature such as medicinal
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plants that may be safer yet effective. Medicinal plants have been used
traditionally to treat illnesses and chronic conditions such as cancers as
well as proliferative conditions. An example of such plants is the Rose
periwinkle, Catharanthus roseus L. (Apocynaceae) which is the source
of the Vinca alkaloids, vincristine and vinblastine.®

To understand the antiproliferative potential and nitric oxide inhibitory
effect of crude extract and fractions of Motandra guineensis against
human ovarian and melanoma skin cancer cells and murine macrophage
cells with LPS stimulation respectively, the study evaluated and
assessed these activities using standard in vitro models. Furthermore,
the study was designed to predict safety using toxicity assay on green
monkey kidney Vero cells and murine macrophage cells.

Materials and Methods

Plant material collection and authentication

Plant leaves (Figure 1) were collected from the Obafemi Awolowo
University campus, lle-Ife, Osun state (Latitude 7.5196263°, Longitude
4.5216767°), Nigeria, in July 2022, identified and authenticated by Mr.
I.I. Ogunlowo of the Obafemi Awolowo University Pharmacognosy
Department, lle-Ife, Osun state. A voucher specimen was prepared and
deposited at the Medicinal Plant herbarium, Department of
Pharmacognosy, Faculty of Pharmacy, Obafemi Awolowo University,
lle-Ife, Osun state, Nigeria. The voucher number assigned to the
specimen was FPI 2351.

Extraction and liquid-liquid partitioning of extract

The leaves of the plant were dried using a drying oven at 40°C for 48
hours and pulverised using a grinding machine (Viking) to obtain
3.15kg of the dried plant material. It was then macerated using 54L of
95% ethanol and filtered. The hydroethanolic extract was dried under
reduced pressure at 30°C using a rotary evaporator to give 210g (6.7%
yield). The extract was suspended in 1.5L of deionised water and
partitioned in increasing order of polarity with 6L each of hexane, ethyl
acetate and butanol to obtain the hexane, ethyl acetate, butanol and
aqueous fractions respectively which were dried under reduced
pressure.'*

Cell viability assay on human ovarian and human melanoma cancer
cells

Human melanoma (MDA-MB-435) and human ovarian cancer
(OVCAR3) cells were purchased from the American Type Culture
Collection (Manassas, VA). The cell lines were cultivated at 37°C in
5% Carbon dioxide in RPMI 1640 medium and supplemented with fetal
bovine serum (10%), penicillin (100 units/ml), and streptomycin (100
pg/ml). Cells at the log growth stage were collected by trypsinisation
followed by two washes to ensure the absence of enzyme. A complete
count of 5,000 cells was seeded per well of a 96-well plate (Microtest
96®, Falcon) and incubated all night at 37°C in 5% Carbon dioxide.
Test samples were dissolved in DMSO, diluted and added to the
appropriate wells. The cells were grown in the presence of the test
substances for 72 h at 37°C and assessed for viability with CellTiter
96® Aqueous One Solution Cell Proliferation Assay (Promega Corp,
Madison, WI), a commercial absorbance assay that measures viable
cells. Cell viability was expressed in percentage comparatively to the
solvent (DMSO) control.®> Percentage cell death was the difference
between 100 and survival percentage. The crude extract and fractions
were analysed in three biological replicates, with 10% cell death at 20
pg/ml indicative of activity.

Nitric Oxide Inhibitory assay

The murine macrophage RAW 264.7 cell line was obtained from the
American Type Culture Collection (VA, USA) and preserved in
Dulbecco’s modified Eagle’s medium (DMEM, Gibco, NY, USA)
containing 10% fetal bovine serum (FBS, Gibco) and 1% antibiotics
(Gibco). Lipopolysaccharide (LPS) was purchased from Sigma-Aldrich
(LPS from Escherichia coli 0111:B4). RAW 264.7 cells (5 x 104) were
seeded to a 6-well plate. After 24 h incubation, the cultured media was
replaced with 200 pl FBS-free DMEM that contained 100 ng/ml LPS in
the presence of test substances. Epigallocatechin gallate, EGCG
(Sigma) was used as positive control. The concentration of Nitric oxide
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in the supernatant was measured according to the Griess assay. The
harvested cultured media (100 pl) was then transferred into a 96-well
plate and mixed with the same volume of Griess reagent (0.04 g/mL in
distilled water, Sigma). Developed diazonium was measured using a
Synergy HT microplate reader (BioTek, VT, USA) at 548 nm. Varying
concentrations of nitrite (0, 20, 40, 80, and 100 pg/ml) were used to
obtain a standard curve. All the experiments were performed in
triplicates and analysed using SigmaPlot 14.0 (Systat Software, CA,
USA) unless otherwise stated.® Percentage inhibition of Nitric oxide
was calculated relative to DMSO.

Toxicity assay on Vero cells

Green monkey kidney cells (Vero cell CCL- 81) were used to assess the
cytotoxicity of the crude extract and fractions. Cultured Vero cells in
Eagle’s minimum essential medium (MEM) containing 10% fetal
bovine serum (FBS) were augmented with the addition of a penicillin
and streptomycin antibiotic mix. The cells were microscopically
quantified into a density of 2 x 10° cells/ml. A 100 ul portion of cell
suspension was added to the test substances and incubated for 3 days at
5% Carbon dioxide and 37 °C. At the end of the incubation, 20 ul of 0.6
mM resazurin was added, and the fluorescence was measured following
incubation for 4 h to calculate 1Cso.*

Toxicity Assay on Murine Macrophage cells

Toxicity assay was performed in RAW 264.7 cells without LPS
stimulation. After 24 h treatment of extract and fractions (from nitric
oxide inhibitory assay), Water Soluble Tetrazolium 1 (WST-1, Roche,
Mannheim, Germany) (20 pl) was added to each well. Coloured
formazan was measured at 490 nm using a microplate reader.'
Percentage cell viability was evaluated relative to DMSO.

Statistical analysis

Data in triplicates were processed using Microsoft Excel to obtain mean
and standard errors of the mean. Data for nitric oxide inhibitory activity
and murine macrophage toxicity were analysed using two-way repeated
measures analysis of variance (ANOVA) and Dunnett’s multiple
comparison tests The results were considered significant at p < 0.05.
GraphPad Prism 9 (San Diego, CA, USA) was used for the analysis.

Figure 1: Leaves and fruit of Motandra guineensis ('T'honn)
A.DC.

Results and Discussion

Yield of extract and fractions

The percentage yield of the dried extract of M. guineensis was 6.7%
which was quite similar to the 6.4% that was reported by a recent study.?
The hexane fraction (122g) gave the highest yield which indicates a
high content of non-polar constituents in the extract compared to ethyl
acetate (8g), butanol (11g) and aqueous (48g) fractions which may
contain less non-polar, moderately polar and polar constituents.

Antiproliferative assay of Motandra guineensis extract and fractions
Table 1 shows the results of cell viability assay on human ovarian and
human melanoma skin cancer cells as a measure of antiproliferative
activity. The extract and fractions apart from the hexane fraction were
active against human ovarian and melanoma skin cancer cells. The
hexane fraction which is the non-polar fraction of the plant had the least
activity while the other fractions (butanol, aqueous, ethyl acetate) which
had polar components had better activity. The butanol fraction was the
most active against human ovarian cancer cells with cell death (29.56%)
followed by the aqueous fraction, crude extract, ethyl acetate fraction
and the hexane fraction.
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Table 1: Antiproliferative assay of Motandra guineensis (Thonn) A.DC. extract and fractions

Results (% Cell Viability)

Cell death (% Cell death)

OVCAR3 MDA-MB-435 OVCAR3 MDA-MB-435

2pg/ml 20pg/ml 2ng/ml 20pg/ml 2pg/ml 20pg/ml 2pg/ml 20pg/ml
CEE 91.10 78.24 87.44 >100 8.90 21.76 12.56 <0
HF 91.82 >100 95.65 >100 8.80 <0 4.35 <0
EF 86.53 78.46 90.49 80.85 13.47 21.54 9.51 19.15
BF 84.24 70.44 82.82 77.49 15.76 29.56 17.18 22,51
AF 77.93 71.57 85.58 79.11 22.07 28.43 14.42 20.89

CEE = Crude ethanol extract, HF = Hexane fraction, EF = Ethyl acetate fraction, BF = Butanol fraction, AF = Aqueous fraction

)

The butanol fraction was the most active with cell death (22.51%)
against human melanoma skin cancer cells followed by aqueous
fraction, ethyl acetate fraction, crude extract and hexane fraction. All
the fractions had some measure of activity on both cancer cell lines
apart from the hexane fraction which had no activity on the cell lines
even at higher concentrations (20 ug/ml). The poor activity of the
hexane fraction may be attributed to the non-polar nature of its
constituents while the presence of activity in other fractions may be due
to their polar nature. Hence, it may be suggested that the polar nature of
the constituents may be responsible for antiproliferative activity in this
plant. The results obtained from the assays suggest that the extract
contains compounds that may possess antiproliferative activity.
Although, there is a paucity of information on the genus, the results
from other members of the Apocynaceae family such as Catharanthus
roseus L., Mondia whitei (Hook.f.) Skeels and Tabernaemontana
divaricata (L.) R.Br. which have been reported to be cytotoxic to brine
shrimp, human colorectal adenocarcinoma (HT-29) and cervical cancer
(HeLa) cell lines and human epidermoid larynx carcinoma cancer (Hep
2) respectively support the antiproliferative activity being observed in
M. guineensis 171819

Toxicity assay of Motandra guineensis extract and fractions

Table 2 shows the results of toxicity testing on green monkey Vero cells
as a measure of safety. Crude ethanol extract and fractions were less
toxic in Vero cells than the standard drug, Tamoxifen. The butanol and
aqueous fractions (ICso > 100 pg/ml) were the least toxic when
compared to the standard drug, Tamoxifen (5.31 pg/ml). This was
followed by the hexane fraction (83.47 pg/ml), crude extract (56.23
pg/ml) and ethyl acetate fraction (55.65 pg/ml). These results suggest
that the more polar fractions (butanol and aqueous) may contain
compounds that may be less toxic to Vero cells when compared with
the other fractions. Therefore, the extent of toxicity to Vero cells may
be attributed to the polarity of the fractions.

Table 3 shows the results of toxicity testing in murine macrophage cells
as a measure of safety. The nature of the solvent used to partition the
extract did not influence the toxicity to murine macrophages as the
crude ethanol extract and fractions were non-toxic in murine
macrophage cells. There was no significant difference in toxicity of the
extract and fractions in murine macrophage cells compared to the
standard drug, EGCG (p > 0.05). The results from this study are
consistent with a recent study that showed that there were no signs of

toxicity in mice when they were treated with ethanol extract from the
aerial parts of the plant.® Metabolites from Tabernaemontana
catharinensis A.DC., another member of the Apocynaceae family, have
also been reported to be non-toxic to normal cells but toxic to tumour
cells.?0

Nitric oxide inhibitory assay of Motandra guineensis extract and
fractions

Table 4 shows the results of percentage nitric oxide inhibition in murine
macrophage cells as a measure of reduction in inflammation. The results
showed that nitric oxide inhibitory activity increased with
concentration. The hexane fraction (13.17%) at the highest
concentration of 10 pg/ml was the most active followed by crude extract
(11.32%), the butanol fraction (8.22%), the ethyl acetate fraction
(5.45%) and the aqueous fraction (1.47%) respectively. The activity
observed can be said to be influenced by the polarity of the constituents
in the fraction as the least polar, hexane fraction had the highest activity
and the most polar, aqueous fraction had the least activity. Hexane is
known to extract non-polar phytoconstituents such as steroids. An
earlier study has reported the presence of steroids in the crude extract
of M. guineensis.® Steroids have been reported to have anti-
inflammatory activity?*. Hence, this may be responsible for the better
activity observed in the hexane fraction in this model. Other members
of the Apocynaceae family such as Rauvolfia tetraphylla L. and
Plumeria rubra L. have been reported to inhibit nitric oxide production
in murine macrophage cells?> and exhibit good anti-inlammatory
activity? respectively.

Table 2: Toxicity assay (ICsp) of Motandra guineensis (Thonn)
A.DC. extracts and fractions in Vero cells

Extract and fractions 1Cs0 (ng/ml)
Crude Ethanol extract 56.23
Hexane 83.47

Ethyl acetate 55.75
Butanol >100
Aqueous >100
Tamoxifen 5.31

Table 3: Toxicity assay of Motandra guineensis (Thonn) A.DC. extract and fractions in Murine macrophage cells

Concentration Crude extract  Hexane fraction  Ethyl acetate Butanol Aqueous EGCG

(ug/ml) fraction fraction fraction (3.125 - 100uM)
0.3125 105.08 + 1.63 106.33 +0.73 109.01 + 4.59 105.24 +1.45 111.77 £ 2.30 108.27 +2.73
0.625 100.35+2.18 96.40+1.20 100.88 + 4.83 96.48 + 1.88 102.81 + 3.40 99.69 +5.69
1.25 93.17 £ 0.54° 93.30+2.30 87.90 + 6.48 87.86 + 0.40° 100.16 + 0.33 100.96 +1.43
2.5 94.09 +5.38 100.10 £ 0.71 99.09 +2.28 98.19 £ 0.96 101.94 + 3.32 99.62 £ 0.60

5 91.19+1.72 92.30+1.01 110.27 + 3.422 96.02 + 2.49° 101.86 + 1.48? 91.63+241

10 92,70 £2.33 89.52 +3.25 97.74 £3.28 97.80 £5.14 99.93+3.18 96.17 £6.51

Data expressed as Mean + Standard error of mean at 6 concentrations

2= Significantly different from standard EGCG at p < 0.05 (95% confidence interval)
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Table 4: Nitric oxide inhibitory assay of Motandra guineensis (Thonn) A.DC. extract and fractions

Concentration Crude extract  Hexane Ethyl acetate Butanol Aqueous EGCG
(ug/ml) fraction Fraction fraction fraction (3.125 - 100uM)
0.3125 5.65 +5.99 1.46 +8.91 4.40 +7.52 2.90 £6.73 7.21 £5.13
0.625 -4.40 £ 8.51 4.08 £0.86 0.85+1.88 8.70 £2.85 3.75+2.92 572 +1.64
1.25 -2.57 £ 8.69 -3.23+11.39  2.73+4.17 8.31+2.13 1.93+2.59 5.85+2.74
25 1.39+5.76 -4.21+2.29 6.48 +3.90 4.75 +2.442 11.86 +2.55
5 11.68+5.44 8.97 £4.82 8.32+£2.73 10.39 + 4.70° 6.81+2.36 16.89 + 4.95
10 11.32 +5.57 13.17 £ 0.49 5.45 +2,63° 8.22+£4.45 1.47 +2.852 34.44 £1.05
Data expressed as Mean + Standard error of mean at 6 concentrations
2= Significantly different from standard EGCG at p < 0.05 (95% confidence interval)
b = Significantly different from standard EGCG at p < 0.01 (95% confidence interval
Conclusion 6. World Health Organisation (WHO). Cancer fact sheets 2022.
. Available  from:  https://www.who.int/news-room/fact-
Ba_sed on the resultg, it can be _ _concluQed that Motan(_jra sheets/detail/cancer.
guineensis possesses ant_lprollferatlve activity against hu_ma_n ovarian 7. ChenS, Cao Z, Prettner K, Kuhn M, Yang J, Jiao L, Wang
anq hyman melanoma skin cancer cells as well as N.ItI.’IC oxide inhibitory Z, Li W, Geldsetzer P, Barnighausen T, Bloom DE, Wang C.
activity. The study aI.so prowdfad data on the.toxwlty pf the pl_ant on Estimates and Projections of the Global Economic Cost of 29
normal cells and provided a basis for the isolation of active constituents Cancers in 204 Countries and Territories From 2020 to 2050.
from the plant. JAMA Oncol. 2023; 9 (4):465-472.
8. Bray F, Parkin DM, African Cancer Registry. Cancer in sub-
Conflict of Interest Saharan Africa in 2020: A review of current estimates of the
national burden, data gaps, and future needs. Lancet Oncol.
The authors declare no conflict of interest. 2022; 23(6):719-728.
9.  Federal Ministry of Health. Nigeria National Cancer Control
, . Plan (2018-2022) 2018. Available from: https://www.iccp-
Authors” Declaration portal.org/system/files/plans/NCCP_Final%20%5B1%5D.p
The authors hereby declare that the work presented in this article is df.
original and that any liability for claims relating to the content of this 10. Mathur G, Nain S, Sharma PK. Cancer: An overview. Acad
article will be borne by them. J Cancer Res. 2015; 8 (1): 1-9
11. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics,
2023. CA Cancer J Clin. 2023; 73: 17-48.
Acknowledgments 12. Khan FH, Dervan E, Bhattacharyya DD, McAuliffe JD,
The authors wish to thank Dr. Manead Khin in Dr. Joanna Burdette’s Miranda KM, Glynn SA. The Role of Nitric Oxide in Cancer:
laboratories at the University of Illinois, Chicago for carrying out the Master Regulator or NOt? Int J Mol Sci. 2020; 21(24):9393.
cancer cells cytotoxicity assays, Dr. Aleksandra Gurgul for technical doi: 10.3390/ijms21249393. PMID: 33321789; PMCID:
support during the research, Dr Kyu-Yeon Han of Department of PMC776397.
Ophthalmology, College of Medicine, University of Illinois, Chicago 13. Mufioz-Pérez V, Carifio R, Lopez-Santillan 1, Salas-Casas A.
for carrying out the murine macrophage NO inhibitory and cell viability Inflammation in Cancer Development. Mexican J Med Res.
assays as well as Mr. Habeeb Yusuf of the Department of 2022; 10: 48-51. 10.29057/mjmr.v10i19.8112.
Pharmacognosy laboratories, University of Lagos, Lagos, Nigeria for 14. Chhetri BK, Bhanushali R, Liang Y, Cepeda MR,
his assistance with preliminary work. The research grant was provided Niradininoco AK, Soapi K, Wan B, Qader M, Franzblau SG,
by Fulbright foreign student programme and facilitated by the United Kubanek J. lsolation and Characterization of Anti-
States Consulate in Lagos and the United States government for this Mycobacterial Natural Products from a Petrosia sp. Marine
study. Sponge. J Nat Prod. 2023; 86 (3): 574-581.
15. Ren Y, Anaya-Eugenio GD, Czarnecki AA, Ninh TC, Yuan
C, Chai H-B, Soejarto DD, Burdette JE, Carcache de Blanco
References EJ, Kinghorn AD. Cytotoxic and NF-kB and mitochondrial
1. World Health Organisation (WHO). WHO global report on transmembrane potentie_ll inhibitory pentac_yclic tri_terpenoids
Traditional and Complementary medicine 2019. Available from Syzygium corticosum and their semi-synthetic
from: https:/Awww.who.int/publications-detail- derivatives. Bioorg Med Chem. 2018; 26: 4452-4460.
redirect/978924151536. 16. Youn_ I, Han K, Gurgul A, Wu Z, Lee H, Che C-T. Ch_emlcgl
2. Burkill HM. Useful plants of West Tropical Africa (Vol. 1). constituents of Entandrophragma angolense and their anti-
Families A-D. England: Royal Botanical Gardens Kew: |nflamma_tory activity. Phytochem. 2022; 201:113276. doi:
1985: 166. 10.1016/j.phytochem.2022.113276. Epub 2022 Jun 15.
3. Sofidiya MO, Alokun AM, Fageyinbo MS, Akindele AJ. PMI_D: 35714737. L .
Central nervous system depressant activity of ethanol extract 17. Ud@!'”_ .MF' Das AK, Saha K. Antioxidant and Cytotoxic
of Motandra guineensis (Thonn) AD. aerial parts in mice. Act!V|t|es (_)f Stem and Root Extracts of Catharanthus roseus
Phytomed Plus. 2022; 2(1): 100186, ISSN 2667-0313. cultivated in Bangladesh. Trop J Nat Prod Res. 2022; 6(9):
4. Odesanmi OS. A comparison of the hormonal and metabolic 1455-1463. .
18. Onohuean H, Onohuean FE, Igbinoba SI, Ezeonwumelu

effects of Motandra guineensis seed extracts and menstrogen
on mid-gestational pregnant rabbits. Nigerian J Health
Biomed Sci. 2005; 4(2): 134-138.

5. Ferlay J, Colombet M, Soerjomataram I, Parkin DM, Pifieros
M, Znaor A, Bray, F. Cancer statistics for the year 2020: An
overview. Int J Cancer. 2021; 149 (4): 778-789

JOC, Agu PC, Ifie JE, Deusdedit T, Aja PM. Elucidation of
chemical profiles and molecular targets of Mondia whitei
leave fractions bioactive as novel therapeutics: an in vitro
and in silico assay. J Genet Eng Biotechnol. 2022; 20(1):170.
doi: 10.1186/s43141-022-00440-2.

6703

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, March 2024; 8(3):6700-6704

19. Kumar A, Selvakumar S. Antiproliferative efficacy of

20.

21.

Tabernaemontana divaricata against HEP2 cell line and
Vero cell line. Pharmacogn Mag. 2015; S46-52. doi:
10.4103/0973-1296.157682.

Rosales PF, Marinho FF, Gower A, Chiarello M, Canci B,
Roesch-Ely M, Paula FR, Moura S. Bio-guided search of
active  indole alkaloids from  Tabernaemontana
catharinensis: Antitumour activity, toxicity in silico and
molecular modelling studies. Bioorg Chem. 2019; 85: 66-74.
ISSN 0045-2068.

Nunes CdR, Barreto Arantes M, Menezes de Faria Pereira S,
Leandro da Cruz L, de Souza Passos M, Pereira de Moraes
L, Vieira IJC, Barros de Oliveira D. Plants as Sources of

22.

23.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Anti-Inflammatory Agents. Molecules. 2020; 25(16):3726.
https://doi.org/10.3390/molecules25163726.

Tung NKT, Dung DT, Kiem PV, Hang DTT, Nhiem NX,
The NV, Seo Y, Kang JS, Tai BH. Alkaloids and lignans
from aerial parts of Rauvolfia tetraphylla inhibit NO
production in LPS-activated RAW 264.7 cells. Chem
Biodivers. 2024; 22:€202302123. doi;
10.1002/chdv202302123.

Gupta M, Mazumder UK, Gomathi P, Selvan VT.
Antiinflammatory evaluation of leaves of Plumeria
acuminata. BMC Complement Altern Med. 2006; 6:36. doi:
10.1186/1472-6882-6-36. PMID: 17081283; PMCID:
PMC1654182.

6704

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



