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ABSTRACT

Ximenia americana (X. americana) is reputable for the treatment of various
ailments in Nigeria. The hot aqueous extract of X. americana leaf (XA) was
obtained by infusion. The antiproliferative potential of XA was evaluated
employing Sorghum bicolor seed radicle as test subject over the period of 48-
96 hours. The mean radicle lengths (mm), percentage inhibition and
percentage growth were determined. XA was chemically characterized using
colour reactions and high performance liquid chromatography with UV-diode
array detector (HPLC-UV-DAD). Phytochemical investigation indicated the
presence of tannins, saponins and flavonoids. HPLC analysis revealed thirteen
peaks with rutin and ferullic acid eluting at 6.886 and 7.796 minute
respectively. XA significantly (p < 0.0001) inhibited S. bicolor seed growth over
a period of 48-96 h against the control seeds. At 96 h, XA dose-dependently
inhibited seed growth, giving percentage inhibition of 23.24, 29.06, 30.68,
38.27, 49.57, 50.39, 64.60, 79.67 and 82.01% for seeds treated with 1 mg/ml, 2
mg/ml, 4 mg/ml, 8 mg/ml 16 mg/ml, 24 mg/ml, 32 mg/ml, 40 mg/ml and 48
mg/ml respectively with ICsy of 24 mg/ml. Methotrexate 0.167 mg/ml used as
positive control gave inhibition of 92.76% at 96 h. This result revealed the
potential of XA to inhibit the growth of fast proliferating cells of S. bicolor seed

radicle.

Keywords: Ximenia americana; Antiproliferative; Sorghum bicolor; Caffeic acid,
Rutin.

INTRODUCTION

Cancer generally refers to a group of diseasescthage cells in the body to change and grow oabofrol. It
can spread to other parts of the body through lyammdh blood. Breast cancer has been described andsie
commonly diagnosed malignancy and the leading cafiseancer-related deaths of women worldwide [1].
Incidence of cancer is on the increase worldwid#) estimated 14.1 million new cancer cases in 26dRale
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breast, colorectal and stomach cancers accounteavér 40% of all cases diagnosed globally. Lungcea
accounted for 16.7% of all new cases in men [2].

Ximenia americana belongsto the family Olacaceae. The gend$menia has eight different species
namely Ximenia roiigi, Ximenia aegyptiaca, Ximenia parviflora, Ximenia coriaceae, Ximenia aculeate,
Ximenia caffra, Ximenia americana and Ximenia aegyptica It is commonly referred to as wild plum and tallow
nut. It is a shrub or small tree that grows to @abbwm high, with zigzag branches. The bark is blaclgrey-
brown, smooth when young but becomes rough withhagéng stiff axillary spines. The leaves are aléde or
clustered on spur shoots. The seed morphologyriabla. Flowers are green white to greenish yellseented
and 5-10 mm long in small branched inflorescen@s Native names in Nigeria: Hausa (Tsada), Fulani
(Chabbull), Tiv ( Anomadze) ,Yoruba (Igo) and Ber(Alimo-mamiwota) [4].

The methanolic extract of leaves Xiinenia americana has been proven to have anti-diabetic effect in
rats [5]. The ethanolic extract of the barkXofamericana revealed the presence of the following metabglites
flavonoids, steroids, tannins, alkaloids, phenclienpounds, saponin, terpenoids, and glycosidessdt has
activity againsSaphylococcus aureus and low activity againdPseudomonas aeruginosa. Other investigations
led to isolation of two compounds. The first oneiglthis new is 3-methyl-1-oxoisochroman-8-carboxyad
and the second compound which is a known steradjssta-4,6,8,22-tetraen-3-one [6].

The plant has also been reported to have antiAIDV% related diseases effects such as abscesses, sk
rashes, diarrhea and gonorrhea. The anti-HIV/AIB8ce of Ximenia americana is due to the fact that it
contains oleic, ximenic (hexacos-17-enoic), lingldinoleric and stearic acids. Its oil consistsvefy long
chain fatty acids with up to 40 carbon atoms usenidnage STIs including gonorrhoea [7].

Literature review reveals that the plaxitmenia americana has been alleged to have antineoplastic
activities, antimicrobial and anti-inflammatory &gies and lots more. The aqueous plant extra¢hefleaves
is used in the treatment of cancer in African tiadal medicine[8]. X. Americana has a wild varieties of
phytochemical compounds which among them are thewfimg secondary metabolites; saponins, flavonoids
tannins, terpenoids, sterols, quinines, alkalaigtanogenetics glycosides, cardiac glycosides arimbbgdrates
in the form of sugars and soluble starch [10]. €kgential oils of the leaves Xfamericana using GC-MS and
identified 33 components representing 98% of thal tol. The main constituents analysed are bemtgide
63.5%, hydroxybenzylcyanide 13%, isophorone 3.5%he hydroxybenzylcyanide is known as a primary
breakdown products of glucosinolates found mainlthie Brassicaceae family [11]. The fixed oil prada the
seeds oK. americana [12].

The ethanolic extract was reported to contain gudyols, cyanogenic acid, glycoside sambunigrin,
gallic acid, gallotanning-glucopyranose, flavonoids, quercetin, quercitgqagrcetin3-0x-rhamnopyranoside),
avicularin (quercetin-3-@-arabinofuranoside), Quercetin-33&ylopyranoside, quercetin-3-0-(6-galloy)-
glycopyranoside. The flavonoids were active botheasymes inhibitors and DPPH radical scavengerk [13
The aim of this study is to evaluate the phytoctvamihigh performance liquid chromatography proéled
antiproferative activity of the leaves Xfmenia americana, a reputable herbal medicine grown in Nigeria.

MATERIALS AND METHODS
Chemicals and reagents

Unless otherwise stated, all chemicals and reagess of analytical grade and purchased from Sigidéch
(Germany). All the solvents for chromatographicgmse were HPLC grade, purchased from Sigma Germany.

Experimental plant

The leaves oXimenia americana used for this study were collected from Bamburu-Gualada Abuja by
Mallam Muazzam of the National institute for Phacewtical Research and Development Idu Abuja, Nageri
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It was identified and authenticated by Mr. Akeentded at the Herbarium of the National Institute for
Pharmaceutical Research and Development Idu Indu8tea Abuja.

Preparation of plant extract

The fresh leaves ofimenia americana were air-dried at room temperature. The dried $amwas pulverized.
Then 50 g of powdered sample was weighed and ¢etldny hot water (1000 ml) infusion in an air tight
container for 24 h. The resultant mixture was fdtbusing a funnel whose exit was tightened wititocowool.
The filtrate was dried over a water bath to yithenia americana leaves aqueous extract [14].

Phytochemical analysis

Phytochemical screening was conducted on the aguextvact for secondary metabolites and the fotligwi
was present; carbohydrates, tannins, saponindarahbids [15].

High performance liquid chromatography analysis

The bioactive constituents of XA was analysed tghhperformance liquid chromatography (HPLC) with UV
diode array detector (UV-DAD). The HPLC consistédJttra-Fast LC-20AB equipped with SIL-20AC auto-
sampler; DGU-20A3 degasser; SPD-M20A UV-diode ardmtector; column oven CTO-20AC, system
controller CBM-20Alite and Windows LC solution sefire (Shimadzu Corporation, Kyoto Japan); column,
5um VP-ODS G and dimensions (4.6 x 150 mm). The chromatograpbiditions included mobile phase:
0.2% v/v formic acid and acetonitrile (20:80); modmcratic; flow rate 0.6 ml/min; injection voluni® ul of
100 mg/ml solution of extract in water; detectio’V 254 nm. The HPLC operating conditions were
programmed to give solvent B: 20%. Column oven erapire was 40C. The total run time was 30 minutes.
Flavonoids and phenolic acid standards such asemipigrutin, quercetin, caffeic acid, ferulic acickre
employed for the identification of the phytoconstitits of XA by comparing the retention time underilar
experimental conditions [16]

Determination of growth inhibitory effect

The modified methods of Ayinde et al. [17] and Gun et al. [18] were used for this studimenia
americana hot aqueous extract (300 mg) was dissolved in bOfrdistilled water to obtained 50 mg/ml stock
solution. Various concentrations (1 mg/ml, 2 mg/eghimg/ml, 8 mg/ml 16 mg/ml 24 mg/ml 32 mg/ml 40
mg/ml and 48 mg/ml) of the extract were preparedthidtrexate was made to a concentration of 0.167ing
as positive control. Petri dishes were layered wittion wool and filter paper (Whatman No. 1). Ttyeseeds

(n = 20) ofS hicolor were placed in each of the Petri dishes. The cbe¢eds were treated with 15 ml distilled
water. The test seeds were treated with the diffgpeeparations of the extract as the seeds in spetific
Petri dish received 15 ml of a particular conceitira(the seeds in the eleven different Petri dighe treated
with 1 mg/ml, 2 mg/ml, 4 mg/ml, 8 mg/ml, 16 mg/n#4 mg/ml, 32 mg/ml, 40 mg/ml and 48 mg/ml
concentration respectively. The seeds were incddata dark room and observed for growth after 27 e
mean lengths (mm) of radicle emerging from the seeere measured after 48, 72 and 92 h. The pegmenta
inhibition was calculated as [(mean radicle lengbmtrol— mean radicle length treated)/mean radicle length
control] x100. Percentage growth was calculatedQs- % inhibition. Percentage inhibition and percentage
growth at 48, 72 and 92 h for seeds treated witigiml|, 2 mg/ml, 4 mg/ml, 8 mg/ml, 16 mg/ml, 24 mdy/ 32
mg/ml, 40 mg/ml 48 mg/ml, negative control and fasitive control methotrexate at 0.167 mg/ml ase a
shown in Table 1.

MicroMedicine 2017; 5 (2): 45-52



48 | Okhale et al. Evaluation of HPLC-UV-DAD and antiproliferative characteristics of the Ximenia americana

Statistical Analysis

The data obtained were expressed as mean * staadardof mean and analyzed using Graph pad prism
(version 7). Two way analysis of variance was usetest for significanceP<0.0001 was considered to be
significant.

RESULTS

Phytochemical analysis

Extraction of 50 g oKimenia americana powdered sample by hot water infusion yieldedd(61.2%) of the
dried extract. Phytochemical screening indicated fresence of tannins, saponins, flavonoids, and
carbohydrates.

High performance liquid chromatography analysis

The HPLC chromatogram of XAhown in Figure 1, showed that thirteen peaks wbrtected as the
constituents with retention times in minutes of38,54.070, 5.896, 6.886, 7.796, 10.767, 11.8237918.

15.431, 17.898, 18.928, 22.019 and 25.752. Compowvith retention time in minute of 6.886 and 7.796
minute corresponded to rutin and ferullic acid szspely.
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Figure 1. HPLC spectrum of leaf hot aqueous extracKiofienia americana (XA).

The HPLC spectrum showed thirteen peaks with rigterimes in minutes of 3.530, 4.070, 5.896, 6.886,
7.796, 10.767, 11.823, 13.790, 15.431, 17.898,283.22.019 and 25.752. Compounds with retentioe fim
minute of 6.886 and 7.796 minute correspondedtio and ferullic acid respectively.

Growth inhibitory effects of XA on Sorghum bicolor seed
There was an appreciable reduction on the lengtadi€les ofSorghum bicolor seeds treated with the various

concentration of the extract. The seed radiclettenigncreased with the incubation period of 48-9& mapid
and progressive growth was observed in the watetra@loseeds radicle lengths. At 48 h, percentagsl se
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growth inhibition was 28.43% for seeds treated viting/ml of HC. Then at 96 h, the mean radicle teagf
the control seeds was 69.50+4.06 mm while the meditle length of the seeds treated with 1 mg/ml, 2
mg/ml, 4 mg/ml, 8 mg/ml 16 mg/ml, 24 mg/ml, 32 myy/@0 mg/ml and 48 mg/ml were 53.35£1.34 mm,
49.30+2.48 mm, 48.18+1.21 mm, 42.90+0.84 mm, 330Bx mm, 34.48+3.20 mm, 24.60+0.38 mm,
14.13+1.23 mm, and 12.50+1.32 mm as shown in Eigo®esponding to percentage inhibitions of 23.24%
29.06%, 30.68%, 38.27%, 49.57%, 50.39%, 64.6096,7P8.and 82.01%, respectively.

100 -
mm Control (H;0)
L
*E: 80 mm XA 1 mg/ml
@
P 'é“ 60 mm XA 2 mg/mi
o
ﬁ c m XA 4mg/ml
v 40 XA 8mg/ml
c
5 20- 1 mm XA 16mg/mi
= mm XA 24mg/ml
0- mm XA 32mg/ml
o <> <
W AV o B XA 40mg/mi
Time of treatment B XA 48mg/ml
B Methotrexate

Figure 2. Inhibitory effects ofXimenia americana leaf aqueous extract (XA) on the growth $brghum bicolor seed
radical.

Table 1. Mean radical length, percentage inhibition anceetage growth foSorghum bicolor seeds treated with XA.

Treatment Mean radicle length % Inhibition* % Growt ht
48 h. 72 h. 96 h. 48h. 72h. 96h. 48h. 72h. h96

Control (HO) 37.28+1.66 50.48+3.00  69.5+4.06 0 0 0 100 100 0 10
methotrexate 3.28+0.17 3.73+0.18 5.03+0.21 91.20.6©2 92.76 880 7.39 7.24
XA (1 mg/ml) 26.68+0.92  37.38+1.75 53.35+1.34 28.425.95 23.24 7157 74.05 76.76
XA (2 mg/ml) 24.38+0.48 33.03+1.98 49.30+2.48 34.684.57 29.06 65.40 65.43 70.94
XA (4 mg/ml) 22.90+0.34  32.00+0.31 48.18+1.21 38.5B6.61 30.68 61.43 63.39 69.32
XA (8 mg/ml) 21.58+2.55 31.45+2.13 42.90+0.84 42.1B7.70 38.27 57.89 6230 61.73
XA (16 mg/ml) 16.53+1.70 28.00+2.86 35.05+3.53 ®6.644.53 49.57 44.34 55.47 50.43
XA (24 mg/ml) 14.03+1.18 23.35+2.82 34.48+3.20 62.353.74 50.39 37.63 46.26 49.61
XA (32 mg/ml) 5.03+0.36 12.25+0.22 24.60+0.38 86.575.73 64.60 13.49 24.27 35.40
XA (40 mg/ml) 4.88+0.17 8.30+0.49  14.13+1.23 86.9B3.56 79.67 13.09 16.44 20.33
XA (48 mg/ml) 4.95+0.40 7.25+0.57  12.50+1.32 86.785.64 82.01 13.73 14.36 17.99

*Percentage Inhibition = [(mean radicle length ohtol - mean radicle length of treated) / mearialadength of control]
X 100. TPercentage growth = 100 - percentage itibwhin = 20. p<0.0001.
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Therefore, the inhibitory effect of XA was conaetibn-dependent. Inhibitory effects éimenia
americana aqueous extract on the growth dforghum bicolor seed radicle was determined for different
concentrations: 1 mg/ml, 2 mg/ml, 4 mg/ml, 8 mg/&@,mg/ml, 24 mg/ml, 32 mg/ml, 40 mg/ml and 48 mig/m
Radicle lengths (mm) were measured at 48, 72 ankl. @stilled water withouiXimenia americana extract
was used as negative control, methotrexate 0.16hhwias used as positive control. Mean radicle tleng
standard error of mean, percentage growth inhibitied percentage growth at 48, 72 and 92 h forsseeated
with 1 mg/ml, 2 mg/ml, 4 mg/ml, 8 mg/ml, 16 mg/n@4 mg/ml, 32 mg/ml, 40 mg/ml, 48 mg/ml aqueous
extract ofX. americana as well as the negative control, and methotre@&t&7 mg/ml used as positive control
are as shown in Table 1.

DISCUSSION

As a preliminary and preparatory assay to antifan@tive test on a cancer cell line system, thickadengths
of fast growing seeds such &xrghum bicolor have been utilized as a parameter for the tesfirsyspected
anticancer agents. Generally, cancer cells haveagacteristic of fast proliferation, and this is@athe case
with meristematic cells db bicolor seeds when exposed to favourable conditions [18hcH, the use of the
method for this study.

The phytochemical analysis of XA showed the presenf tannins, saponins, flavonoids, and
carbohydrates. The HPLC spectrum of XA revealedpttesence of rutin and ferulic acid at retentiones of
6.886 and 7.796 minutes, respectively (Fig. 1)véitids have been reported to have relatively loxictty
compared to other metabolites like alkaloids. Fhids have also been referred to as ‘natural bicédg
response modifiers’ because of the strong expetaheridence of their ability to modify the body®actions
to allergens, viruses and carcinogens. Flavonoidse hbeen reported to possess anti-allergic, anti-
inflammatory, antimicrobial and anticancer actedti Saponins have been reported to exhibit anaoxid
anticancer and anti-inflammatory activities andniaa to have antibacterial, antiviral and anti-turactivities.
Generally, the pharmacological properties of medikciplants depend on their secondary metabolites
constitution [19].

Ximenia americana had been reported to possess anticancer propdthgsicochemical characterization
showed that the active antineoplastic componenthefplant material were proteins with galactodaiaf
[20]. Cytotoxic and antiproliferative activities ®fmenia americana against six cancerous cells lines had been
reported. The study revealed the presence of flaidsn(13%), gallotannins (5%), phenolic acids (0.7%
ellagic acid (0.3%) and an abundance of condera®urts (81%) [21]. This finding is in agreementhwibe
results obtained with the Nigerian material (Figreported herein, where rutin and ferullic acideviglentified
as the bioactive constituentsXifmenia americana leaf.

In a review of thechemistry, pharmacology and biological propertiédsXanenia americana, the
chemical constituents and anticancer propertiese weported [22]. Antioxidant activity study and abot
phenolic determination of leaf extracts Xifnenia americana, an anti-tumor plant used traditionally in Mali,
revealed the presence of phenolic compounds witenpial anticancer properties [23]. Flavonoids hbeen
reported to possess anticancer potential. [Rdfin isolated fronTriticum aestivum showed anticancer activity
[25]. Currently it has been observed that cinnaaaid and its analogs such as ferulic acid and sbéeacid
display various pharmacological activities incluglanticancer [26].

CONCLUSION

The hot aqueous extract ofimenia americana leaf (XA) exhibited growth inhibitory effects on fast
proliferating cells ofS. bicolor seed radicle. Hence, by extension it can inhibitcerous cells. This study
provided preliminary evidence that supports theetmedicinal use oX. americana leaf growing in Nigeria
for the treatment of breast cancer. The observeavtgr inhibitory properties may be attributable twet
flavonoid rutin and ferulic acid content.
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