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ABSTRACT

Cyathula uncinulata (Schrad.) Schinz is used in ethnomedicine in various parts of the world. This
study isolated and characterized a bioactive compound from C. uncinulata based on its
antibacterial activities. Separation of the bioactive compound from the ethyl acetate fractions of the
plant was by solvent-solvent fractionation followed by repeated column chromatography. The
structure of the compound was elucidated by nuclear magnetic resonance and mass spectroscopic

*Corresponding author: E-mail: jumokade@yahoo.co.uk;
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methods. The NMR spectra of the isolated compound showed that the compound with formula
C,,H3507 and molecular weight 414.5329 has a long aliphatic chain made up of sugar and fatty acyl
moiety. The minimum inhibitory concentration (MIC) of fractions of extracts ranges from 0.39 to 2.5
mg/ml. The MIC of the final purified compound was 0.34 mg/ml compared to the MIC of 0.19 of
kanamycin indicating a reasonable bioactivity. This study thus supports the traditional use of
C. uncinulata in the treatment of bacterial infections.

Keywords: Cyathula uncinulata; bioactive compound; spectroscopy; minimum inhibitory concentration.

1. INTRODUCTION

Cyathula is a large genus of sub-shrubs of about
27 species distributed in Asia, Pacific Islands,
Africa, and North and South America belonging
to the family Amaranthaceae. The stems are
erect or ascending and leaves are opposite,
petiolate with entire margin. The flowers are
clustered in cymose partial inflorescences, 1-3 in
each cluster, hermaphroditic and partly
accompanied by sterile ones. The flowers are
bracts ovate, membranous and often spiny
Cyathula uncinulata (Schrad.) Schinz is a weedy
plant occurring widely all over Africa. The seeds
are oblong or ellipsoid. In South Africa, C.
uncinulata was described as one of the 1195
species of the Sneeuberg mountain complex
(Eastern Cape), one of the botanically least
known regions, where the plant is locally referred
to as Isinama [1]. In terms of classification, a
phylogenetic analysis found that Cyathula, some
other members of the families Amaranthaceae
and Chenopodiaceae constituted a monophyletic
group and hence supported the call for
Chenopodiaceae  to be merged  with
Amaranthaceae [2].

Previous studies on C. uncinulata (CU) have
reported some of its ethnobotanical uses [3]. It
has different uses from country to country [4].
Various ethnic groups in parts of Democratic
Republic of the Congo (DRC) use CU in the
treatment of malaria [5,6]. In the Eastern part of
former Zaire, CU is being used by men as a
philter or medicine for love [7]. Furthermore, in
Ethiopia, CU is regarded as one of the untapped
herbaceous plants with high nutritive value used
as animal feed and in the treatment of various
ailments singly and in combination [8,9]. In a
preliminary screening of some South African
medicinal plants, C. uncinulata which was
selected based on ethnobotanical survey of
plants used in the ftreatment of HIV gave
promising antibacterial activity [10]. In Lesotho
CU is used as an emetic [11], whereas, a root-
decoction of the plant is taken for urethral
‘stricture’, and the root-ash is used to make soap

[12]. In Madagascar, the plant is considered to
be anti-syphilitic [12]. In Rwanda, some of the
therapeutic potentials of CU for human diseases

include use as antimicrobial, antisterility,
antibrucellosis, anti-prolapse, treatment of
lactation  deficiency [13,14], complement

modulating activity, antifungal and anti HIV-1
[15]. According to a Rwandese study CU is used
in the treatment of diarrheal diseases. Aqueous
and ethanolic extracts had some activity against
diarrheagenic  bacteria:  Salmonella  typhi,
Shigella flexneri and Escherichia coli [16].

Previous studies have reported bioactivity of
some members of this genus. Cyathula officinalis
Kuan (COK) contain polysaccharides which
could increase mouse red cell immunity function
by strengthening red cell immune adherence and
cleanup of circulating immune complex [17],
increase both cellular and humoral immune
responses via up-regulating Dendritic cells
maturation and suppressing the frequency of
Treg cells [18,19]. COK whose root is a
commonly-used traditional Chinese herbal
medicine with a wide range of pharmacological
activities [20,21,22] has also demonstrated anti-
tumor activity. Components of COK were able to
suppress the growth of mouse S180 tumor, H22
liver cancer cells [23]. A sulphated derivative of
Radix Cyathulae officinalis Kuan polysaccharides
(sRCPS) extracted from COK had antiviral
activity comparable with the commonly used
antiviral drug ACV (0.5 mg/ml) at concentrations
of 2.0 mg/ml and 4.0 mg/ml [24]. Glycoside and
oleoanic acids were isolated from COK and
these compounds were tested for their inhibitory
activities against MDA-MB-231 (a human breast
cancer cell line) by Zhou and his co-worker [25].
Fructans which exist as a wide range of oligo-
and polysaccharides in many species of bacteria,
fungi, and plants were isolated from COK by
Chen and Tian [26]. Bioassay showed that the
graminans-type fructan that is comprised of a 3-
D-fructofuranosyl backbone could inhibit growth
of Lewis pulmonary carcinoma implanted in mice
[26]. A new heterocyclic compound, named 5,5'-
diisobutoxy-2,2"-bifuran was isolated for the first
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time from COK [27]. In their bid to reinvestigate
phytoecdysteroids of the C. oficinalis, Okuzumi
and co-investigators  [28], isolated two
cyasterone stereoisomers and a known
cyasterone reported to possesses antitumor-
promoting activity [29].

Several C,o-phytoecdysteroids  such  as
cyasterone [30,31] capitasterone, [32] and
makisterone C [33] which possesses potent
insect molting hormone activity were isolated
from Cyathula capitata. In a clinical experiment
with a traditional Chinese medicine: concentrated
herbal extracts of cooked Cyathula and
concoction of 9 other ingredients restored
ovarian function effectively and promptly in a
patient with premature ovarian failure (POF) and
8-year secondary amenorrhea, thus the
combination may offer another option for treating
infertility in patients with POF [34]. Cyathula is a
component of some Chinese formulations
acclaimed to be therapeutic  against
endometriosis and have severe blood stasis
effects [35].

C. prostrata was described as a potent source of
anticancer agent in animal experiments [36,37].
The shoots of C. prostrata (L.) Bl. is used in India
as ethnotherapy of dysentery, skin diseases and
as an appetizer [38]. In Kenya, the leaves and
roots of C. schimperiana non Moq are used as
decoction (internal) for malaria, as antidiarrheal,
against fungal infections while the root of
C. cylindrica Moq roots is used as decoction
(internal) for malaria, purgative and as emetic
[39]. Among the native Ecuadorian, the Quichua
people apply the flowers and shredded leaves of

C. achyranthoides to dog bites [40] while the
Shuar eat the raw young leaves to relieve
headaches [41]. However, based on literature
search, studies on the isolation of bioactive
compounds from Cyathula uncinulata are very
rare. This study explored the isolation of active
compounds from C. uncinulata and determined
their biological activity.

2. MATERIALS AND METHODS
2.1 Plant Collection

The leaves of C. uncinulata were collected in
December 2009 from Flagstaff in the Eastern
Cape province of South Africa. C. uncinulata was
identified by the Kei Herbarium curator, Dr.
Immelman of the Department of Botany, Walter
Sisulu University, South Africa. The photographic
images of CU are shown in Fig. 1.

2.2 Extraction of Plant Material

Powdered plant materials were exhaustively
extracted with methanol (MeOH) as previously
described by Oshima et al. [42]. Briefly, the
supernatant was filtered through cotton wool and
Whatman No. 1 filter paper using a Buchner
funnel. The extract was concentrated at 45°C
using a Rotavapor (Eyela N-1100, Rikakikai,
China). The reduced extract was transferred to a
pre-weighed glass vial and sunction-dried at
room temperature with a vacuum pump (ULVAC
KIKO, Tokyo). The quantity extracted was then
determined to be 2 g.

Fig. 1A. Leaves of C. uncinulata plant (Picture taken from source garden at Flagstaff,
Eastern Cape, South Africa). B. C. uncinulata showing the plant flowering
Source: http.//www.metafro.be/prelude/view symptom?si=V(027)
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Fig. 2. Schematic diagram of solvent-solvent fractionation of C. uncinulata
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2.2.1 Solvent-solvent fractionation of dried
plant extract

The dried methanolic extract of Cyathula leaves
was subjected to solvent-solvent fractionation as
follows [42]: the MeOH extract was partitioned
sequentially in ethyl acetate (EtOAc), n-butanol
and water. The EtOAc fraction (1 g) was
subjected to column chromatography over 100 g
silica gel 60 (70- 230 mesh) eluting with n-
hexane—ethyl acetate (10:1 — 4:1 — 1:1 — 1:4,
vlv) and ethyl acetate—MeOH (10:0 — 9:1— 4:1
— 1:1, v/v) to yield fractions designated as
SSC1-1 to SSC1-8. Fraction SSC1-5 (20 mg)
denoted SSC2 was further subjected to column
chromatography over a lipophilic Sephadex
(bead size 25-100 pf; Sigma-Aldrich) eluting
sequentially with Chloroform and Chloroform-
MeOH (20:1 — 9:1). The sub-fractions obtained
were combined based on their TLC fingerprint
pattern to yield 4 sub-fractions SSC2-1-2, SSC2-
3 (3.6 mg); SSC2-4-6 (14.3 mg) and SSC2-7-10
(1.1 mg). A final column chromatography was
performed with sub-fraction SSC2-4-6 now
denoted as SSC3 using a finer silica gel 60 (40 —
50 um Cica-Reagent, Kantochemical, Japan).
The solvent flow of eluent was n-hexane-
acetone (8:1 — 4:1 — 2:1) and acetone only.
The fractions with similar TLC fingerprints were
pooled together to vyield four sub-fractions
designated SSC3-1-8; SSC3-9-10; SSC3-11-14
and SSC3-15. A scheme of the steps involved in
the fractionation of extract and fractions is shown
in above Fig. 2.

2.2.2 TLC fingerprinting of fractions

The dried fractions were dissolved at a
concentration of 10 mg/ml in methanol and TLC
fingerprinting was done as described previously
[43]. Several mobile systems were used. For the
TLC of SSC1 fractions the mobile systems used
were: H: E 4:1, H: E 1:1, C: M 20:1, C: M 8:1, C:
M 2:1 and C: M: W: A 1:1:0.1:0.05 where H
represents hexane, E - ethyl acetate, C -
chloroform, M - methanol and W - water. For the
TLC of SSC2, the mobile systems were H: A 2:1
and C: M 20:1. Finally for the TLC of SSC3, the
mobile system was C: M 20:1. The detecting
agent for chromatograms was p-anisaldehyde
spray reagent.

2.2.3 Isolation of pure compounds

Based on TLC analysis and the result of step by
step determining of antibacterial activities sub-
fraction SSC3-9-10 (Fig. 2) was selected for

purification and further characterization. SSC3-9-
10 was purified by fractionation on a lipophilic
Sephadex LH-20 (bead size 25-100 uf; Sigma-
Aldrich) and eluted with MeOH as the mobile
phase. The final pure compound was then
subjected to NMR analysis.

2.3 Preparation of Pure Compound for
NMR Analysis

The vacuum concentrated isolated pure
compound was added to an NMR capillary tube
and was dissolved by adding Chloroform-d for
NMR (ACROS ORGANICS) and 99.8+% D, stab.
with silver foil, 0.03 v/iv % TMS (Merck) to a
depth of 4 cm. The NMR capillary tube was then
fitted in place for the °C and "H NMR analysis in
a JEOL-AL 400 FT NMR system 400 MHz (JEOL
FT NMR System AL400).

2.4 Antimicrobial Assay of Fractions

The microplate dilution assay as previously
described [44] was used to determine the
minimum inhibitory concentration (MIC) values of
fractions of C. wuncinulata extracts against
Escherichia coli HB101 strain using kanamycin
as positive control.

3. RESULTS

The MeOH extract of 2 g represented 2% of the
starting material. The solvent-solvent
fractionation yielded four fractions. The highest
quantity (739.9 mg) of plant material was in the
water fraction while the lowest quantity was in
the ethyl acetate fraction (300.7 mg). In total,
1242.4 mg was extracted from the 2 g starting
methanol extract of C. uncinulata giving a 60%
yield.

The hexane-ethyl acetate combinations led to a
better separation of compounds of the crude
extract visualized with the p-anisaldehyde spray
reagent than the chloroform-methanol
combinations. The pooling together of fractions
with the same R values led finally to the isolation
of a pure compound with R of 0.38.

The MICs of the fractions of C. uncinulata
against E. coli ranged from 0.39 to 2.5 mg/ml
whereas the MIC of kanamycin, the positive
control was 0.19 mg/ml (Table 1). The lowest
MIC was observed in ethyl-acetate fraction while
the highest MIC values were recorded in n-
butanol and water fractions. The MIC of the
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selected sub-fraction of the ethyl acetate (SSC 1)
fractionation was 0.63 mg/ml while for the final
purified compound MIC was 0.34 mg/ml.

Table 1. Average MIC values of the fractions
of Cyathula uncinulata leaf extracts tested
against E. coli

Fractions MIC of fractions (mg/ml)
Methanol 1.093

Ethyl acetate 0.39

n-butanol 2.34

Water 2.5

The NMR spectra of the isolated compound
showed that the compound has a long aliphatic
chain. The proposed structure for the isolated
compound as determined by 1H NMR spectrum
and the elemental analysis is as shown in Fig. 3.
The formula of the compound is CxHs30; while
the molecular weight is 414.5329.

4. DISCUSSION

Solvent-solvent  fractionation and  column
chromatography were employed to isolate the
pure compound. The structure of this compound
was elucidated by using nuclear magnetic
resonance (NMR) spectroscopy and mass
spectroscopy. NMR essentially provides a means
of determining the structure of an organic
compound by measuring the magnetic moments
of its hydrogen atoms. The NMR proton spectra
of the fraction yielding the pure compound are
presented as supplementary materials A - C. The

spectrum of the isolated compound shown in
Fig. 3 is made up of glycosylated oleanolic acid:
sugar and fatty acyl moiety composed of
hydrocarbon tails. Glycosides of fatty acids or
glycolipids are found in bacteria, yeasts and fungi
but also in several plants. The functions and
potential applications of this compound have
been reviewed by Kitamoto and co-worker [45].
Sugar-based esters of fatty acids are nonionic
surfactants of great potential applications. They
are nontoxic, odourless, tasteless and
biodegradable and because of their multi-
functional properties and safety, this group of
compounds has attracted attention from
cosmetics, pharmaceutical, surfactant and
nutrition scientists [45].

The aqueous fraction of the extract of
C. uncinulata contained the highest quantity of
plant components while the ethyl acetate fraction
extracted the lowest. However, the least
antibacterial activity was recorded in the aqueous
fraction as opposed to the ethyl acetate fraction
which had the highest activity with an MIC of
0.39 mg/ml (Table 1) hence the choice of ethyl
acetate fraction for further fractionation and
isolation of bioactive compound. There was a
direct relationship between the polarity of the
fractions and antimicrobial activity. The higher
the polarity the lower the activity as also found by
other authors [46,47]. The final compound had
an average MIC of 0.34 mg/ml which is very
close to 0.19 mg/ml of kanamycin the positive
control, hence possessing a considerable
antibacterial activity.

0]
HO

OH

N N

16

Chemical Formula: C,,H 3304
Exact Mass: 414.2618
Molecular Weight: 414.5329
m/z: 414.26 (100.0% ), 415.27 (24.5%), 416.27 (4.3%)
Elemental Analysis: C, 63.74; H, 9.24; O, 27.02

Fig. 3. Structure of the isolated compound
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Different compounds have been isolated from
members of the genus Cyathula. Zhou et al. [48]
isolated a new glycoside together with some
oleonoic acids from the roots of C. officinalis
Kuan. Four new compounds 4-[(1-ethoxy-2-
hydroxy) ethyl] phenol (1), 2, 3-isopropylidene
cyasterone (2), 24-hydroxycyasterone (3) and 2,
3-isopropylidene isocyasterone (4), together with
fourteen known compounds were later isolated
from the same species [25]. C. officinalis Kuan
seems to be the most widely studied of the
genus whereas report on isolation of bioactive
compound from C. uncinulata is scarce. Other
studies on the genus Cyathula reported mainly
on biological activities and cytotoxicity effect of
extracts of C. achyranthoides and C. prostata
[49]. This study is a report on a bioactive
compound from C. uncinulata.

5. CONCLUSION

This study isolated a compound from
C. uncinulata (Schrad.) Schinz. The compound
had reasonable antibacterial activity compared to
the crude extract and the control antibiotic. This
is an indication that this plant may be a candidate
or serve as template for new antimicrobial. The
main focus of several studies are the isolation
and identification of bioactive compounds from
plants, nonetheless, it is imperative to recognize
the complexity of plants and that a single
compound may not be responsible for the
observed activity but rather a combination of
compounds acting by synergism or as
complements. This may further explain why
bioactivity is lost in some cases in the course of
isolation of active components.

CONSENT

It is not applicable.
ETHICAL APPROVAL

It is not applicable.
ACKNOWLEDGEMENTS

Our profound gratitude goes to the traditional
healers and the community people around O.R
Tambo Municipality, Eastern Cape, South Africa
for sharing their folk knowledge. We appreciate
Li Shenwei and Asai Teigo of Tohoku University,
Sendai, Japan for technical support and data
analysis. Profs. S. Adewusi and B. Oyedeji are
appreciated for reading through the draft

manuscript. We are grateful for the Japan-South
Africa National Research Foundation grant in
support of this study.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Dold AP, Cocks ML. Preliminary list of
Xhosa plant names from the Eastern
Cape. South Africa. Bothalia. 1999;29(2):
267-292.

2. Ogundipe OT, Chase M. Phylogenetic
analyses of Amaranthaceae based on
matK DNA sequence data with emphasis
on West African species. Turk J Bot. 2009;
33:153-61.

3. Jeruto P, Lukhoba C, Ouma G, Otieno D,
Mutai C. Herbal treatments in Aldai and
Kaptumo divisions in Nandi district, Rift
Valley province, Kenya. Afr J Trad CAM.
2008b;5(1):103-105.

4. Burkill HM. The useful plants of west
tropical Africa. 1985;1. Accessed January
2012.
Available:http://plants.jstor.org/upwta/1 15
3

5. Kasali MF, Mahano AO, Nyakabwa DC,
Kadima NJ, Masakabu FM, Tshibangu
DST, Ngbolua KN, Mpiana PT.
Ethnopharmacologicol survey of plants
used against malaria in Bukavu city (D. R.
Congo). J. Ethnobiol. Tradit. Med. 2014;
4(1):29-44.

6. Kasika EI, Vasombolwa VK, Lejoly J.
Contribution to the knowledge of affinities
of traditional medicine of Bantu of high and
low lands in the territories of Beni and
Lubero. J Med Plant Res. 2014;8(42):
1245-61.

7. Yamada T. A report on the ethnobotany of
the Nyindu of the Eastern part of the
former Zaire. Afr Study Monographs. 1999;
20(1):1-72.

8. Yineger H, Yewhalaw D, Teketay D.
Ethnomedicinal plant knowledge and
practice of the Oromo ethnic group in
Southwestern  Ethiopia. J. Ethnobiol
Ethnomed. 2008;4:11
DOI: 10.1186/1746-4269-4-11

9. Shenkute B, Hassen A, Ebro A, Asafa T,
Amen N. Identification of potential
untapped herbaceous flora in the mid rift




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bisi-Johnson et al.; EJMP, 10(1): 1-9, 2015; Article no.EJMP. 18649

valley of Ethiopia and their nutritive value.
Afr. J Agric Res. 2011;6(17):4153-58.
Bisi-Johnson MA, Obi CL, Hattori T,
Oshima Y, Li S, Kambizi L, Eloff JN,
Vasaikar  SD. Evaluation of the
antibacterial and anticancer activities of
some South African medicinal plants. BMC
Complementary and Alternative Medicine,
(UK). 2011;11:14.

DOI: 10.1186/1472-6882-11-14

Jacot GA. Flora of Lesotho. Cramer,
Lehre; 1971.

Watt JM, Breyer-Brandwijk MG. The
medicinal and poisonous plants of
Southern and Eastern Africa. Livingstone,
Edinburgh; 1962.

Centre universitaire de recherche sur la
pharmacopée et la médécine traditionnelle

(CURPHAMETRA). La médecine
vétérinaire traditionnelle au Rwanda.
Résultats préliminaires de [‘enquéte

nationale réalisée chez les guérisseurs
traditionnels du bétail. Rubilizi, AoGt. 1991;
20-68. French

Centre universitaire de recherche sur la
pharmacopée et la médécine traditionnelle
(CURPHAMETRA). La médecine
vétérinaire traditionnelle. Rapport du
premier atelier des guérisseurs traditionels
du bétail au Rwanda tenu a Butare du.
1992;1-64. French

Uwitonze R. Phytotherapeutic inventory of
Rwandese medicinal plants. Butare; 2010;
13:36.

Tomani JC, Nkurunziza JP, Mukazayire
MJ, Kanezeza R, Baziruwitonda E, Duez
P. Antidiarrhea activity and preliminary
phytochemical screening of Indigofera
arrecta, Cyathula uncinulata, Persea
americana and Cupressus lusitanica. 7"
Joint Meeting of AFERP, ASP, GA, PSE &
SIF on Natural Products with
pharmaceutical, nutraceutical, cosmetic
and agrochemical interest. Athenaeum
Intercontinental, Athens Greece; 2008.

Li ZL, Shi SH, Chen H, Liu YP. The
Promoting red cell immunity function of
Cyathula officinalis Kuan polysaccharide.
Chin Tradit Med Pharmacol Clin. 1999;15:
26-27. (In Chinese with English abstract).
Feng H, Du X, Liu J, Han X, Cao X, Zeng
X. Novel polysaccharide from \radix
Cyathulae officinalis. Int J Biol Macromol.
2014;65:121-8

Feng H, Fan J, Du X, Song Z, Wang Z,
Han X, et al. Sulfated Radix Cyathulae
officinalis polysaccharides act as adjuvant

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

via promoting the dendritic cell maturation
and suppressing Treg frequency. Immunol
Invest 2015; 44(3): 288-308.

DOI: 10.3109/08820139.2015.1009546
Pharmacopoeia of the people's republic of
China. Compiled by the state
pharmacopoeia commission of the
people's republic of China. English ed.
Beijing, China: Chemical Industry Press;
2000. Accessed 29 January 2013.
Available:http://catalogue.nla.gov.au
[Record/3107557

Yang SH, Yu CL, Chen HY, Lin YH. A
commonly used chinese herbal formula,
Shu-Jing-Hwo-Shiee-Tang, potentiates
anticoagulant activity of Warfarin in a rabbit
model. Molecules. 2013;18:11712-23.

DOI: 10.3390/molecules181011712

Zhang G, Ouyang X, Wu T, Ni L, Shi W.
Quantitative evaluation of in vitro effects
and interactions of active fractions in a
Chinese medicinal formula (Yaotongning
Capsule) on rat chondrocytes. J
Ethnopharmacol. 2014;155:1424-32.

Chen H, Liu YP. The elementary anti-
tumour research of Cyathula officinalis
Kuan polysaccharide. J. Chengdu Univ
Tradit Chin Med. 2001;24:49-50.

(In Chinese with English abstract)

Liu Y, He K, Yang M, Pu Q, Zhang J.
Antiviral activity against HSV-2 of sulfated
polysaccharide from Cyathula officinalis
Kuan in vitro. Chin J Appl Environ Biol.
2004;10(1):046-050.

Zhou R, Li B, Zhang G. Glycosides from
roots of Cyathula officinalis Kuan. J.
Integrat. Plant. Biol. 2005a;47(3):368-74.
Chen XM, Tian GY. Structural elucidation
and antitumor activity of a fructan from
Cyathula officinalis Kuan. Carbohydrate
Res. 2003;338:1235-41.

Liu J, Xu J, Zhao XJ, Gao WY, Zhang SZ,
Guo YQ. A new heterocyclic compound
from Cyathula officinalis Kuan. Chinese
Chem Lett. 2010;21(1):70-2.

Okuzumi K, Hara N, Uekusa H, Fujimoto
Y. Structure elucidation of cyasterone
stereoisomers isolated from Cyathula
officinalis. Org. Biomol. Chem. 2005;3(7):
1227-32.

Takasaki M, Tokuda H, Nishino H,
Konoshima T. Cancer chemopreventive
agents (antitumor-promoters) from Ajuga
decumbens. J. Nat. Prod. 1999;62:972-5.
Takemoto T, Hikino Y, Nomoto K, Hikino
H. Structure of cyasterone, a novel C29
insect-moulting substance from




31.

32.

33.

34.

35.

36.

37.

38.

39.

Bisi-Johnson et al.; EJMP, 10(1): 1-9, 2015; Article no.EJMP. 18649

Cyathula capitata. Tetrahedron Lett. 1967;
8:3191-94.

Slama K, Abubakirov NK, Gorovits MB,
Baltaev UA, Saatov Z. Hormonal activity of
ecdysteroids from certain Asiatic plants
Insect. Biochem. Mol. Biol. 1993;23:181-5.
Takemoto T, Nomoto K, Hikino Y, Hikino
H. Structure of Capitasterone, a Novel C29
Insect-Moulting Sub- stance from Cyathula
capitata. Tetrahedron Lett.1968;9:
4929-32.

Imai S, Hori M, Fujioka S, Murata E, Goto
M, Nakanishi K. Isolation of four new
phytoecdysones, makisterone A, B, C, D,
and the structure of makisterone A, a cm
steroid. Tetrahedron Lett. 1968;9:3883—-86.
Chao SL, Huang LW, Yen HR. Pregnancy
in premature ovarian failure after therapy
using Chinese herbal medicine. Chang
Gung Med J. 2003;26(6):449-52.
Dharmananda S. Chinese herbal therapy
for endometriosis. Internet J. Institute Trad
Med Prev Health Care. ITM Online; 2002.
Retrieved August 11, 2012.
Available:http://www.itmonline.org/journal/
arts/endometriosis.htm

Priva K, Krishnakumari S, Vijayakumar M.
Cyathula prostrate: A potent source of
anticancer agent against Daltons ascites in
Swiss albino mice. Asia Pac J Trop Med.
2013;6(10):777-79.

Mayakrishnan V, Kannappam P,
Shanmugasundaram K, Abdullah N.
Anticancer activity of Cyathula prostrate
(Linn) Blume against Dalton’s lymphomae
in mice model. Pak J Pharm Sci. 2014;
27(6):1911-17.

Kala CP. Ethnomedicinal botany of the
Apatani in the Eastern Himalayan region of
India. J. Ethnobiol Ethnomed. 2005;1:11.
DOI: 10.1186/1746-4269-1-11.

Jeruto P, Lukhoba C, Ouma G, Otieno D,
Mutai C. Herbal treatments in Aldai and

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Kaptumo divisions in Nandi district, Rift
Valley province, Kenya. Afr J Trad CAM.
2008b;5(1):103-5.

Lescure JP, Baslev H, Alarcon R. Plantas
utles de la Amazona ecuatoriana.
ORSTOM, Quito, Ecuador. 1987;407.
Russo EB. Headache treatments by native
peoples of the Ecuadorian Amazon: A
preliminary cross-disciplinary assessment.
J. Ethnopharmacol. 1992;36(3):193-206.
Oshima Y, Cordell GA, Fong HHS. Studies
on Zoapatle, lll. Flavonoid Glycosides from
Montanoa tomentosa ssp. Tomentosa. J.
Nat. Prod. 1986;49(3):552-53.

Eloff JN. Which extractant should be used
for the screening and isolation of
antimicrobial components from plants? J
Ethnopharmacol. 1998a;60:1-8.

Eloff JN. A sensitive and quick method to
determine the minimal inhibitory
concentration of plant extracts for bacteria.
Planta Medica. 1998b;64:711-13.

Kitamoto D, Isoda H, Nakahara T.
Functions and potential applications of
glycolipid biosurfactants: from energy
saving materials to gene delivery carriers.
J. Biosci Bioeng. 2002;94:187-201.

Kotze M, Eloff JN. Extraction of
antibacterial compounds from Combretum
microphyllum (Combretaceae). South Afr J
Botany. 2002;68:62-67.

Eloff JN, Famakin JO, Katerere DRP.
Combretum woodii (Combretaceae) leaf
extracts have high activity against Gram-
negative and Gram-positive bacteria. Afr J
Biotechnol. 2005;4:1161-66.

Zhou R, Li B, Zhang G. Chemical study on
Cyathula officinalis Kuan. J. Asian Nat.
Prod. Res. 2005b;7(3):245-52.

Sowemimo A, Van de Venter M, Baatjies
L, Koekemoer T. Cytotoxicity activity of
selected Nigerian plants. Afr J Trad CAM.
2009;6(4):526-28.

© 2015 Bisi-Johnson et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/10185




