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Introduction:-

Massularia acuminata (D. Don) Bullock ex. Hoyle is a medium size shrub or small tree growing up to 5 m high
(‘Yakubu and Omoniwa, 2012, lwu, 2014). It is a tropical plant native to the tropical region of West Africa (Wong,
2014) and it is found usually in the undergrowth of close moist forest (Yakubu et al., 2008). The plant’s stem has
been used as chewing stick to achieve oral health over ages in the Southern part of Nigeria (Aderinokun et al., 1999,
Bankole et al., 2012, Ogunshe and Ademiluka, 2013). It is a well known medicinal plant in Akwa Ibom State,
Nigeria, as the root bark has been used to treat skin infections. The medicinal value of the root bark of Massularia
acuminata is evidenced in the phytochemical constituents and the antimicrobial activities of the extracts as reported
by Ukekpe et al. (2015). The work indicated a strong presence of saponins in the extracts as one of the
phytochemicals.

Saponins are non-volatile surface active compounds that are widely distributed in nature (Vincken et al., 2007).
They are naturally occurring glycosides characterized by their strong foam forming property in aqueous solution
(Gl-stndag and Mazza, 2007, Man et al., 2010 and Negi et al., 2013). Many saponins are known to have
antimicrobial properties. They inhibit moulds and protect plants from insects and therefore are among the protective
molecules found in plants (Negi et al., 2013).

In this work, isolation and characterization of a triterpenoid saponin from the methanol extract of the root bark of

Massularia acuminata has been described. The antimicrobial activities of the compound against some clinical
isolates have also been shown.
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Methods:-

Plant Material:-

Fresh roots of Masssularia acuminata were collected within Udi and Nto Etuk Udo villages in lIka L.G.A., Akwa
Ibom State, Nigeria. The roots were washed with water, the bark peeled-off the roots, air dried and ground to fine
powder.

Extraction:-
Soxhlet extraction was carried out exhaustively on the plant part using the solvents, hexane, chloroform, ethyl
acetate, acetone, ethanol and methanol sequentially to yield the solvents’ crude extracts of the plant part.

Purification and Isolation:-
The methanol crude extract was subjected to solvent fractionation with hexane, chloroform, ethyl acetate, acetone,
ethanol and methanol sequentially to yield solvent fractions of the extract.

The chloroform fraction (CFME) was subjected to column chromatography by the method described by Teke et al.
(2010) and Ode et al. (2011) using glass column (60 x 8 cm) packed with silica gel ( type 60 — 120 mesh, Qualikens)
with hexane - methanol (1:4) solvent system as the eluent. This afforded compound CFMEZ2, a white amorphous
powder as the second fraction.

Melting Point Determination:-
The melting point of the compound was determined in melting point capillary tube using Graffin — Gallenkamp
350BM2.5 melting point apparatus.

Spectroscopic Analyses:-
The infrared spectroscopic analysis of the compound was carried out using FTIR — ATR Bruker Alpha — p
spectrometer.

The *H, ¥*C, DEPT and 2D (*H - 'H COSY, HSQC, HMBC) NMR spectroscopic analyses of the compound in
DMSO-d6 with TMS internal standard were performed on Bruker 600 MHz spectrometer.

Acid Hydrolysis/Sugar ldentification:-
The method of Viana et al. (2004), Li et al. (2010) and Xu et al. (2010) was employed for the acid hydrolysis of the
isolated compounds to identify the sugar moieties.

The isolated compound (10 mg) was refluxed in 10 cm® 2M methanolic HCI for 3hours. The reaction mixture was
diluted with distilled water and extracted with chloroform. The chloroform extract was evaporated to yield the
aglycone component of the compound, and the aqueous layer neutralized with saturated Na,CO; solution and
subjected to TLC analysis with CH,Cl, - MeOH - H,O (15:6:1) as the developing reagent. The spots were visualized
by spraying with 50% ethanolic H,SO,, allowed to dry and the plate heated at 100 °C for spots to appear. The Rs
value was compared with that of standard sugars to identify the sugar moieties.

Antimicrobial Activity:-
The antimicrobial activity of the isolated compound was assayed against Salmonella spp, Staphylococcus aureus and
Escherichia coli for the antibacterial activity, and Aspergillus niger and Candida albicans for the antifungal activity.

The modified plate-well diffusion assay described by Uduak and Kola (2010) and Babu et al. (2007) was used for
the tests. Wells were made in nutrient agar and sabourand dextrose agar (SDA) plates which had been previously
incubated with bacteria and fungi respectively. The sample solutions of different concentrations (0.2cm?® each) were
introduced into the wells and left to pre-diffuse for 30 minutes. Distilled water was used as negative control and
standard drugs, streptomycin for bacteria and fulcin for fungi, were used as positive controls.

The bacterial plates were incubated at 37° for 24h, while the fungi plates were incubated at 25° for 72 h.

The degree of inhibition was determined by the size of the zone of inhibition measured in mm and was taken as
evidence of antimicrobial activity of the compound.
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Results and Discussion:-

Table 1: Compound CFME2 'H and **C Spectra Data

Carbon Bc () | DEPT 'H(5) Carbon (Sugar BC () | DEPT 'H(5)
(Aglycone) moieties)
1 38.7 >CH, 1.16,1.37 m [ 1040 | >CH- 5.45d
2 27.0 >CH, 1.28,1.50 m C, 83.0 >CH- 4.14
3 89.0 >CH- 2.68t Cs 78.0 >CH- 3.43
4 39.0 >C< - C, 71.0 >CH- 3.84
5 55.0 >CH- 0.83t Cs 76.0 >CH- 3.63
6 19.0 >CH, 1.22,1.44 m Ce 64.0 >CH, 3.54, 3.60
7 33.0 >CH, 1.16,1.38 m Ci 103.0 | >CH- 5.25d
8 40.0 >C< - C, 77.0 >CH- 3.34
9 48.0 >CH- 0.94s [N 77.9 >CH- 2.77
10 37.0 >C< - C, 72.0 >CH- 3.10
11 24.0 >CH, 1.71,1.93d Cs 78.0 >CH- 2.93
12 123.0 >CH- 4.48 t Ce 62.0 >CH, 2.86,2.91
13 144.0 >C< - c,” 102.1 | >CH- 4.38d
14 42.0 >C< - C, 72.0 >CH- 3.16
15 28.0 >CH, 0.94,1.16 m Cs 74.0 >CH- 3.00
16 23.0 >CH, 1.28,1.47m C, 78.8 >CH- 2.92
17 47.0 >CH< - Cs 76.0 >CH- 2.92
18 42.0 >CH- 2.34d Co 64.0 >CH, 2.85, 3.90
19 46.0 >CH, 1.06, 1.28 m [ 95.0 >CH- 5.40 d
20 30.5 >C< - c, 72.0 >CH- 3.65
21 34.0 >CH, 1.23,1.32m Cs 75.0 >CH- 2.76
22 32.5 >CH, 1.55,1.77 m Ci 74.8 >CH- 3.09
23 28.5 -CH, 0.79s Cs 76.0 >CH- 2.72
24 17.0 -CH,4 0.72s Cs 62.0 >CH, 2.85, 2.90
25 15.6 -CH,4 0.74s [T 97.0 >CH- 455d
26 17.5 -CH,4 1.02s C, 73.0 >CH- 3.99
27 26.0 -CH,4 0.89s Cs 74.0 >CH- 3.31
28 176.0 >C< - C. 77.0 >CH- 3.69
29 33.0 -CH,4 0.77 s Cs 78.0 >CH- 3.50
30 24.0 -CH,4 0.76 s Ce 62.0 >CH, 3.41, 3.47
[ 99.0 >CH- 485d
C, 73.0 >CH- 3.01
Cs 74.0 >CH- 3.73
[ 78.0 >CH- 3.64
Cs 76.5 >CH- 3.02
Cs 64.0 >CH, 3.51, 3.57
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Figurel: Antimicrobial Activity of Compound CFME2.
Discussion:-

The fractionation by column chromatography of chloroform fraction of methanol crude extract of Massularia
acuminata afforded compound CFME?2 as the second fraction (R;— 0.674). Compound CFME2 was isolated as
white amorphous powder with a melting point of 220 — 222 °C. The IR spectrum of the compound exhibited
absorption bands at 3382 cm™ (OH), 2933 cm™ (C-H stretching), 1704 cm™ (C=0 stretching), 1630 cm™ (C=C
stretching), 1229 cm™ (C-O stretching) and 766 cm™ (C-H bending). The broad band at 3382 cm™ indicates the
glycosidic nature of the compound (Khan, 2011), and the peak at 766 cm™ due to C-H bending is characteristic of
olefinic bond at C-12 of a pentacyclic triterpenoid saponin.

The structural elucidation of compound CFME2 was carried out using 1D- and 2D- (*H, **C, DEPT, *H-'H-COSY,
HSQC and HMBC) NMR experiments. The aglycone portion of the compound was established as olean-12-en-28-
oic acid by comparing *C -NMR spectra data of the compound with reported similar saponins with the same
aglycone (Teng et al., 2003, Seebacher et al., 2003, Shah et al., 2009). The sugar moieties were established as
glucose as the acid hydrolysis sugar products of the compound indicated only glucose on TLC analysis.

The 'H NMR showed seven methyl singlets at 5 1.02, 0.89, 0.79, 0.77, 0.76, 0.74, 0.72 and a vinyl proton signal at 6
5.5 suggesting that the aglycone is an olean -12- ene skeleton (Debella et al., 2000). It also displayed six anomeric
proton signals at & 5.45 (J= 8.76), 5.25 (J= 7.85), 4.38 (J= 7.14), 5.40 (J= 7.8), 4.55 (J= 6.91) and 4.85 (J= 7.56)
signifying the presence of six sugar units (Mehta et al., 2004, Zhoa, 2010).

The **C -NMR spectrum showed the C-3 signal to be shifted downfield at & 89 compared with & 78.5 (Giivenalp et
al., 2006) of oleanolic acid. This is as a result of glycosylation shift indicating that saccharide moiety is bonded to
oxygen of C-3 of the aglycone (Debella et al., 2000, Alvarez et al., 2003, Mehta et al., 2004). Glycosylation shift
was also observed for the C-28 at 6 176.0 as compared with 6 180 of oleanolic acid (Debella et al., 2000, Mehta et
al., 2004, Li et al.,, 2010, Uddin et al., 2011), also indicating the bonding of saccharide at that point. The
glycosylations at these carbons have been corroborated by the HMBC experiment which showed correlation
between the anomeric proton of C" and C-3 and the anomeric proton C"" and C-28(Figure 3). The confirmation by
HMBC experiment of the glycosylation of the aglycone at two points suggests the compound to be bisdesmosidic
glycoside (Debella et al., 2000, Sun et al. 2006).

The signals of the aglycone’s C-12 and C-13 at & 123.0 and 8 144.0 respectively show the presence of two olefinic

carbons (Mehta et al., 2004, Xu et al., 2010), indicating that the aglycone is of olean-12-ene skeleton and therefore
olean-12-en-28-oic acid aglycone.
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The presence of six sugar moieties is evidenced in the signals at 6 95.0, 96.0, 97.0, 102.0, 103.0 and 104.0,
confirming the presence of six anomeric carbons (Mehta et al., 2004, Zhoa, 2010). The linkages of the sugars with
the aglycone and the sequencing have been established by the HMBC experiment (Shah et al., 2009, Li et al. 2010).

Thus, on the basis of the above evidence and analysis, compound CFME2 has been identified as a bisdesmosidic
hexasaccharide triterpenoid saponin of olean-12-en-28-oic acid aglycone with the molecular formula, CgsH105033,
and has been established to be 3-O — - D- glucopyranosyl — (1-4)- B- D- glucopyranosyl — (1-4)- p- D-
glucopyranosyl — 28- O — B- D- glucopyranosyl — (1-4)- B- D- glucopyranosyl — (1-4)- p- D- glucopyranosyl-

oleanolic acid.
Glu" o
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OH
OH HO e OH
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OH Glu™™

Figure2:Compound CFME2 (3-O — - D- glucopyranosyl — (1-4)- - D- glucopyranosyl — (1-4)- B- D-
glucopyranosyl — 28- O — - D- glucopyranosyl — (1-4)- - D- glucopyranosyl — (1-4)- B- D- glucopyranosyl-
oleanolic acid) Structure.
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Antimicrobial Activities of the Compound:-

The result of antimicrobial assay of the isolated compound (Figure 1) showed the compound to have inhibitory
ability against the microorganisms, Salmonella spp, Staphylococcus aureus, Escherichia coli, Aspergillus niger and
Candida albicans tested upon. The compound was found to exhibit far more potency against the microorganisms
than the methanol crude extracts it was isolated from (Ukekpe et al., 2015). The reason for this could be that as
antimicrobial agent, its activity might have been inhibited by low concentration due to the presence of other (non-
antimicrobial) substances that might have been present in the crude extract. Similar observation has been made by
Manguro et al. (2011) with an isolated triterpene saponin from Maesa lanceolata leaves as the compound, having
glucose moieties, was found to be more potent against the test microorganisms than the methanol extract it was
isolated from.

Compound CFME2 was found to exhibit higher antifungal activity than antibacterial. This is contrary to the activity
of the methanol extract it was isolated from as the extract showed higher antibacterial activity than antifungal
(Ukekpe et al., 2015). This suggests that there are other components of the extract that might probably be more of
antibacterial than antifungal. Barile et al. (2007) also observed higher antifungal activity for saponins isolated from
Allum minatiflorum and Garai (2014) has pointed that saponins exhibit high toxicity against fungi because of their
ability to complex with sterols and cause membrane permeabilisation in fungi.

The antimicrobial activity of the compound shows the compound to be a bioactive compound and its presence in the
plant part has lent credence to Massularia acuminata as a medicinal plant.

Conclusion:-

Compound CFME2 has been isolated from the methanol extract of the root bark of Massularia acuminata and
identified to be a bioactive triterpenoid saponin. This compound, through IR and NMR spectroscopic analyses has
been established to be 3-O — - D- glucopyranosyl — (1-4)- B- D- glucopyranosyl — (1-4)- B- D- glucopyranosyl — 28-
O — B- D- glucopyranosyl — (1-4)- B- D- glucopyranosyl — (1-4)- B- D- glucopyranosyl- oleanolic acid.
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