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Abstract

Traditionally, the fruits of Nauclea latifolia (Family
Rubiaceae) are recommended for the treatment of
diarrhea, dysentery and other bacterial infections.
This therefore, prompted the phytochemical and in-
vitro antibacterial assessment of the acetone-
soluble portion of the plant. Crude extraction,

1. Introduction

1.1 Natural products

Natural plant products are rich sources of
various bioactive compounds that exhibit
interesting anti-microbial, anti- viral, anti-
inflammatory activities etc, making natural
products an important source for the discovery
of new pharmaceuticals that are highly
effective with low loxicity. They, therefore,
constitute a practical endless source of novel
substances that are able to enrich therapeutics
(Portier et al., 1996).

1 2 Literature review

tha plant. Nauclea lalifolia Smth (Family:
publaceae) is @ small tree of about 7m high,

phaton

fractionation, sub-fractionation. further purifications
and various antibacterial lesting gave rise to the
iselation of di-(2-cthylhexyl) phthalate (DEHP) for
the first time from the plant The structure f the
cormpound was elucidated using physicz), chemics|
literature search and speclroscopic identification
(IR, UV, 'H-NMR, “C-NMR, GC- MS and DEPT-
135). Although, DEHP is regarded 2as an
environmental pollutant, it displaysd modarats
inhibitory activity at 100pg/mi against Gram positive
organisms, similar to that exhibited by tstracycline
al 1mg/ml against the test organisms. This shows
that DEHP, most likely may not be too useful in the
treatment of diarrhea and dysentery caused by
Gram negative Escherichia col, Pseudomonas
geruginosa and Salmonella typhi, but may be useful
in the trealment of diarrhea, dysentery and other
bacterial infections caused by Gram positive
Bacillus  subliis and Staphylococcus  aureus.
Though, the toxicity of DEHP still needs to be
ascertained viz- a-viz its antibaclerial effect
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but could grow up to 35 m in closed foresls.
The bark is glabrous, with a reddish slash;
leaves are glabrous, opposite and glossy
green The fruils which are usually fleshy
are red when ripe, resembling hard strawberry
and yellow when unripe. Embedded within the
fruits are numerous small brownish seeds
surrounded by a pink, edible, sweel-sour pulp
(Ivu, 1993) The dried fruit is used traditionally
in the treatment of dysentery, diarrthea and
piles (lwu et al., 1999) while its extracl has
been shown lo be active against Human
Immune Deficiency Virus (Hussein et al,
1999) Earlier work carried out on the fruis,
revealed that the petroleum ether extract and
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sub-portions of the unripo fruits exhibited
better antibacterial efficacy against somo
bacterial strains than that of the ripe fruils
(Fadipe et al., 2013). Non- medicinally, tho
plant is regarded as a source ol food in Sudan
and Northern Nigeria (Abdelmuti, 1991
Aiyela'agbe et al., 1996). Tho lruit is roportedly
rich in vitamin C and this has mado it a good
source of fruit juice (Amoo and Lajide, 1000)

2. Objective of Research

The development of resistance in infechous
micro-organisms o existing druas has lod 1o
the continual search for, and the inferest in
natural plant products for use as medicines
This has therefore, prompted the use ol bio-
activity guided isolation and characlenzation of
bioactive conslituents from such plants. The
plant, Nauclea latfolia had carher been
described as one of the plants with promising
anti- infective activity/interesting  biological
activity (lwu et al, 1999). This led the
authors to investigate the antibacterial activity
of the acetone-soluble portion of the ripe fruits
of N. latifolia and attempl 1o isolate and
characterize any antibacterial agent (s) from
this portion. This hopefully could help provide
more biologically active constituents which
may be used to develop more safe and potent
antibacterial life-saving drugs. A review of the
literature reveals no such invesligation has
been reported. This work, therefore, presents
the result of the anlibacterial aclivily-
guided isolation of a phthalic acid derivative
from the acetone- soluble portion of ripe fruils
of N. latifolia against some pathogenic bacleria
in comparison with tetracycline, a reference

drug.

3. Experimental

Work plan
i) Preparation of plant sample (4 weeks)

ii) Preparation of extract/portion/antiba cterial

studies (4 weeks)

i) Column chromatographic separation of
ortion/antibacterial studies (3 weeks)

iv) purification /fractionat ion of active fractions

(sub- fractions)/antibacteria | studies (8 weeks)

v) |solation/characterizat ion of isolate (8

weeks, Ethiopia)
iv) Interpretation of results (4 weeks)

{ Collection of plant material

o ripe fruits of N. latifolia were collected
a farmiand in Maikunkele area of Bosso
Government area, Minna, Niger State,

3
Th
from

{ ocal "
NIgena, west Africa, in lhe month of
October. 2010. The fruits were authenticated

.1l7|hu Hotbarium soction of the Dapartrment of
I}Inl:n;h.'ul Scloncet, Ahmada Bollo University
Zoria, Nigoda, Waest Africa, and o waur.hml
specimon was dopaositod

A2 Exdraction procoduros

Alr-dniod, pounded and sioved ripa fraits of 1/,
latifolia (2ka) woro oxhaustively oxtraclod with
mothanol by macortion ol room lamperature
Tho aesulting solution was filtered and e
fltrato concontratod in vacun,  Extract was
further driod ovar o walter bath and defatted
wilh polroleam spirl (60-80" C) by macaration
at room lomperaluro for o weok.

2.9 Furthor extraction and Antibaclerial sludy
Defntiod croda mothanal extroct (457q) was
cuspondoed in 10 of distilled wator and allowed
o stand for 2h. The midure was fillered (o
oblain  213q ol walor- insoluble  portion
(residuc). The residue was air-dried and re-
exliacled exhaustively with 200 ml « 5 portions
of acelone. The resulting fltrale  was
concenlraled, dried, weighed and coded
acelone-soluble portion  of waler-insoluble
portion of defatted crude methanol extract of
ripe fruits of N. lalifolia (Mac). Crude ‘Mac’ was
subjected to anlibaclerial screening  in
comparison wilh telracycline. (Figure 3.1)

3.4 Fractlionation of Mac

Forty grams of portion ‘Mac' was fractionated
using vacuum liquid chromatography (Pelletier
el al., 1986). Silica gel (60-120 mesh, 800g)
was used as lhe stationary phase, while
varying proportions of increasing polarity of
petroleumn elher-chloroform; chloroform-ethyl
acelate and ethyl acelale- methanol was used
as the mobile phase. Similar fractions were
pooled using TLC and combined similar
fractions were subjected 1O antibacterial

tesling (Figure 3.2).

3.5 Further purification of fraction Mac-5

Eight grams of fraction Mac-5 was subjected
to further purification by flash column
chromatography using silica gel (mesh 230-
400, 160g) and varying proportions  of
petroleum ether-chloroform as stationary and
mobile phases respectively. Pooled sub-
fractions were also subjected to antibacterial

testing (Figure 3.3).

3.6 Further purification of sub-fraction Mac-5a

Purification of sub- fraction Mac-5a (600mg)
using flash chromatography (silica gel mesh
230-400, 30g) and Increasing polarily of
hexane: chloroform afforded a single spot
(coded Mac-5a1) from a mixturo of hexane;
CHCI*(1:9).
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3.7 Charactenization of Mac-5a1
Chromatograms were viewed under UV (254
and 366nm), 1, and sprayed with
anisaldehyde-sulphuric acid.

Melting point was uncorrected. Rotation
(Rudolph Autopol IV automatic polarimeter),
FTIR (Spectrolab MB3000) and UV spectra
(T60 UV-Visible spectrophotometer) was taken
in CHCl; 'H-NMR (Table 3.1) *C-NMR (Table
3.2) and DEPT-135 (Table 3.3) spectra were
taken in CDCly; on Bruker ACQ 400 Avance
Spectrometer operating at 400MHz. GC-MS
was recorded using GCMS-QP 2010 plus
Shimadzu (Table 3.4).

3.8 Antibacterial testing

3.8.1 Bactenal cultures

The  antibacterial  activity of  crude
portion/fractions/sub-  fractionsfisolate was
tested against overnight cultures of two Gram
positive bacteria (Staphylococcus aureus and
Bacillus subtilis) and four Gram negative
bacteria (Pseudomonas aeruginosa,
Salmonella typhi, Klebsiella pneumonia and
Escherichia coli). All organisms were obtained
from the Department of Microbiology, Federal
University of Technology, Minna, Nigeria.
Organisms were standardized by sub culturing
into nutrient broth at 37° C for 18h. Organisms
were maintained in agar slants at 4° C and sub
cultured 24h before use.

3.8.2 Bactenal susceptibility testing

The agar-well diffusion method was employed
(Perez et al., 1990; Dall'Agnol et al., 2003).
Standardized inoculums containing 10° cfu/ml
0.5 ml McFarland standards were evenly
streaked onto the surface of slerile agar plates
for each organism. 8mm wells were bored into
the solidified agar using sterile cork borer al
equidistant. 100p! of reconstituted Mac (100
mg/ml), Mac-5 (20mg/ml), Mac-5a to Mac-5¢
(20 mg/ml), Mac-5a1 (100pg/ml), positive
control (Tetracycline, 1mg/ml) and negative
control (methanol) was introduced into
different wells individually with the aid of a
Pasteur pipefte. Agar plates were incubated
aerobically at 37° C for 24h. Zones of inhibition
around the wells were measured to the
nearest milimeter using a meter rule.
Experiments were carried out in duplicates. A
test compound is considered ‘active’, when it
has an inhibition zone of 2 14mm (Mothana

and Linderquist, 2005).
4. Results and Discussion

4.1 Antibacterial activity of crude portion (Mac)
the crude acetone-soluble portion of the ripe

fruils. of N..Iafi!oﬁa (Mac) was practicall
Inactive against all feg organisms whey
compared to tetracycline (Figure 3.1). "

Figure 3.1: Antibacterial  activi
. clivity  of  'Mac'
(100ma/ml) in  comparison wilh)f tetracyc,l?nc;

1mg/m|) against test bacterial strains
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4.2 Anlibacterial activity of fractions from
poriion ‘Mac'

“ractionation of the ‘inactive Mac’ by vacuum
[cpid chromatography gave rise to 8
w=clhions (Figure 3.2) of which fraction Mac-
o ©ave a significant inhibitory activity at
cmafiml against Gram negative S. typhi, E.
"<i zind Gram positive B. subtilis. Sometimes,
itz =mount of active components in crude
exiracts/portions from medicinal plants may
be small or too diluted, so that when
fractionated, these components become
concentrated and therefore exhibit better
activity (Ndip et al., 2009). Fractionation of a
crude plant extract has reportedly improved
the antimicrobial potency of some medicinal
plants (Sharifi and Hazell, 2009; Nazemi et al.,
2010).

Figure 3.2: Antibacterial activity of the 8 fractions
20mg/ml each) from crude Mac portion
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4 3 Antibactenal activity of sub- fractions from

fraction ‘Mac-5’ _
Antibacterial assay of the three sub-fractions

- obtained from the re-purification of fraction

Mac-5 by column chromatography (Figure 3.3)
revealed thatl sub- fractions Mac-5a and Mac-
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~ 5b displayed significant inhibitory activities

- .against the Gram- negative than the Gram

positive strains, an activity much lower than
that displayed by fraction Mac-5 against S.
typhi. This might be as a result of may be
these  sub-fractions  contain  ‘inactive
substances’ which probably antagonized/
reduced the antibacterial action of one another
(Ebi and Ofoefule, 1997) or their aclivity could
be enhanced at higher concentrations, or
better still, the stronger activity of Mac-5
may

Figure 3.3: Antibacterial activity of the 3 major sub-
fractions (20mg/m! each) against test bacterial
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Table 3.1: 'H-NMR data of Mac- 5a1

BOH'l sub-fractions Mae-54 and Mae.g
.sirmla(r inhibitory 20n8s  agains| alI‘ ;r;p tost
orga_nlsms, suggesting that pmbnm-,. b«,;{, s b
fraclions possess common/s =

on , sitnilar binactives
that Is/are responsible for the displayed ac;!wu'!;;

against the test organisms  The

e anismsa Y biologle
:}CiIVI'!Y _of plant extracts, probablercﬁigf:
contributions from a number of oohslituar‘i;n
(Ndip et al., 2009). o

Gave

4.4 Characterization of compound Mac-5a 1
4.4.1 Physical characterization

A golden yellow viscous ail (32 6mg), shght
odor, soluble in chloroform, acetons, methano!
and insoluble in water. Spot (petroteum ather.
EtOAcC 9° 1) was uv active (red), R, (0 40, red
when sprayed with anisaldehyde- sulphuric
acid; golden brown be due to combined with
12 crystals; no color with effects/synergism of
both sub- fractions, Mac-5a and Mac-5b
(Fadipe et al., 2006; Nazemi et al. 2010)
sunlight).  Molecular formula.  CyHss0.
Molecular weight: 390.56, Melting point-54° C,
[a]22 D (589nm): 0.588, [o]™ D (633nm)
1.176.

3.4.2 Spectral characterization
UV (A max): 275nm (C-O, carbonyl) IR (v
max): 2900-2850 c¢m™ (C- H, aliphatic), 1739
em™ (C-O, carbonyl), 1578 cm-1(aromatic
ring), 1200cm ' (C-0, acetate).

Position "H (ppm) Assignment _
H-2 & H- 7.740- .709 Indicates presence of arcmatic protons
5 (dd) (Ar-H)
H-3&H- 7.534-7.557 .
4 : (dd)
7.256 Indicates solvent,
ing! CDClI
gs.;nszgs?zao |ndic;tes presence of sp’ protons attached
(septet) 10 oxygenated sp’ carbon (O-CHz)
1.628-1.758 Indicates presence of CH-attached to CHgz-
{pentat) groups
1.475-1.285 Overlapping signals of several CHz- groups
{complex multiplet)
‘ T T - | 0695-1.008 Overizpping signals of CHsy - groups
%7 ¥ 3 (multplet) attached to CH;- groups
H-i0M- : 7

. NMR reveaied the presence of four
protans in-which a pair (H at position
and (i at 3 and 4) are in the same
erwvironment  (ortho-substituted
he septet at -5 4.28 is most likely

S Teaun of 8 CH; {position 3/3") germinal to - |

PRSI 1

- aroup, while, a pentent a -5 1.62 15
ggigaot}vg gfpa CH (position 4'/4") bonde;d’lg
two methylenes. A complex multiplet at ~¢ :
o ~61.4 indicates several C}.-l'; ) qxoun:s
(positions 5'/57, g6, 747" and 9797 n Ehe
same chemical environment, hence the
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pvgrlapping signals. Peaks at ~6 0.89 to 1.00
indicate a terminal CH, attached to a CH,

(positions 8'/8" and 10'/10").

The peak area integration ratio: 1.00: 1.07:
2.11:1.11; 7.11: 0.71: 6.42= ~2H: 2H: 4H: 2H:
14H: 1H: 13H = ~38 prolons, showing hat the
compound is made up of 38 protons.

Table 3.2: *C-NMR data of Mac-5a1

Position | ""C(ppm) | Assignment

C-1 167.75 Weak signal, indicales -
CcO

C-2 132.47 Aromatic C alom (C-1&
C-6)

C-3 130.87 " (C-3 & C-4)

c4 128.80 (C-2 & C-5)

C-5 68.16 Presence ol -O-CH:

C-6 38.74 Presence of -CH

Cc-7 30.37 Presence of -CHz -C

C-8 28.93 D

c-9 23.75 ) |

C-10 22.98 "

C-11 14.04 Presence of a -CH3

C-12 10.95 "\

Carbon 13 NMR revealed the presence of only
12 carbon atoms (2lthough GC-MS speclrum
revealed 24; Table 3.4), an indicalion thal the
compound consisted of two identical parts,
which are mirror images of each other (Alim
Al-Bari et al., 2006). The presence ol a plane
of symmelry in the molecule was confirmed

by the small observed optical  rotation (aD)
at lwo different wavelenglhs, an indication
slightly

that that the molecule is only
chiral/almosl achiral/ a meso compound
(Jones, 1997), having C4'/C-4" as the only

chiral centre.

Table 3.3: DEPT-135 dala of Mac-5al
Posltion | DEPT- Assignment

135 m

c-1 167.75 Presence of quatemnary
C (-CO)

C-2 132.47 " Ar- _

C-3 130.87 Presence of a mething
(-CH of aromalic)

c4 128.80 .

c-5 68.16 Presence of a
methylene (-CHz

attached to -OR)
C-6 38.74 Presence of methin2
-CH-)
Presence of methytene

!'—CHz -)

30.37

|
e FU—
C- (2375 o ———
c-10 22.98 w
c-11 14.04 Presence of methy!
(-CH3)
c-12 1095 "

gmong ".18 12 carbon resonances ohtamad
EPT-135 revesled thal two were quaf.emqr ;
(disappeared in the speclrum) while t:my
three and five were methy! ms-thim'- ;nd
melhylena carbon atoms. ' R

Table 3.4; GC-MS of Mac-5a1

Fragment (M) | m/z of | Assignment
fraamen! ion
[C2aH3:04 |+ 391 Molecular ion
L peakel M+
Hj+ |
[C2:H1504 | 390 Molecutzr  ion |
peak [M] |
M-[C:H70) 261 Elimination of -
OR
[CaHa0u ]+ 168 Rearrangament
of two H atoms
with elimination
of an alylic |
radicz! I
+ [CsH7Ox« | 167 McLafferty |
rearranQemsani |
+ [CsHs05 ] 149 Cleavage  of |
two eslers wilh
shift of two H
atoms, followed
by elimination
of H:O
[CeHy7 ]+ 113 Retention  of
the positive +
charge by the
alkyl group (R)
[C7H.O)+ 104 Eliminaton ol
Ar-CO+
+ [CsHiz ) 84 Elimination  of
hexyl cation
+[CsHn | 71 Elimination  of
entyl cation
+|C4Hs | 57 Elimination  of
butyl cation
base peak ion
+ [CaHs ] 41 Elimination  of
_propyl cation
+ [CaHa] 27 Elimination  of
ethyl cation

mentation patterns revealed

the compound lo be a phthalate, with
characteristic peaks ot m/z 149, 167 and 168

(Silverstein et al., 1991).

on of the obtained spectral data
ublished in literature (Amade et
al.. 1994, Rao et al.,, 2000; Alim Al-Bari et al.,
2006; Habib and Karim, 2009; Lyutskanova et

al., 2009, El-Sayed, 2012), the compound was
Di- (2—ethylhexy1) phthalate

The GC-MS frag

By comparis
with those P

identified as
(DEHP) oOf Bis-(2-ethylhexyl) phthalate
(BEHP).
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Figure 3.4: Di-(2-ethylhexyl) phthalate (DEHP)

i

3.5 Antibacterial activily of compound Mac-5a1
DEHP displayed moderate inhibitory activity al
100pg/ml against Gram positive B. sublilis and
S. aureus, an activity similar lo that displayed
by tetracycline al 1 ma/ml against these
organisms (Figure 3.5). This suggests that the
compound might be useful in the trealmeant of
infections caused by these orgznizms. This
supporis the findings of other zuihiors (Allm Al

Bari et al., 2006; Habit =nd <urn, 20089,
Lyutskanova et al., 2009; El-Soyod, 2012,
Figure 3.5: Antibacierizl zclvily = 2ac-521
(100pg/ml) in comparison with (2irae 2ine imalmi)
against test baclerial strains
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Limitations

i Inadequate test pathogens
i Non-availability of required equipments

within my reach.

Recommendations

i. There should be further
isolation/antibacterial studies of other active
principles present in both the ripe and unripe
fruits for comparative purpose

4 The antimicrobial potentials of DEHP
against a wider range of Mac-5a1 Tetracycline
pacteria, fungi and virus should be studied

Pheton

lil. Toxicological studies to determine the
safety of DEHP should be carried out a
iv. The mode of action of DEHP against the
bacleria should be studied -
v. It is pertinent lo study the effact of DEHP on
methicillin  resistance coagulase negative
Slaphylococcus and methicillin resistant or
multi-drug resistant (MOR) S aureus.’

Conclusion the data oblzined i the prezemt
work reports for the first time the 1solation and
characterizatlion of di- (2-ethylnexyl) Phthalate
(DEHP) from the ripe fruits of M. lafifolia. It was
found that DEHP, like tetracycline could mzke
a good candidate for the treatment of
infections caused by Gram positive Bacillus
sublilis and Staphylococcus sureus.

Conclusion

The data obtained inthe present  work
reports for the first ime the isolation and
characterization of di- (2-ethylhexyl) Phthaiate
(DEHP) from the ripe fruits of N. latifolia. It
was found that DEHP, like letracycline could
make a good candidate for the treatment of
infections caused by Gram positive Bacilius
subtilis and Staphylococcus aureus.

and Competing

Authors Contribution

Interest

DEHP, like many phthalate derivatives, are
ubiquitous  chemicals that are considered as
‘environmental contaminants or pollutants’.
They have been detected in soil sediments,
terrestrial and marine waters and in living
organisms (Namikoshi et al., 2006). Although,
they are sometimes  disregarded in
considerations of risk (Rhind et al., 2005)
because on the basis of chemical structure, it
is considered that they are readily degraded in
the environment (Smith, 1995). Therefore,
presence of such a phthalate in a plant might
not be a pollutant from environment, solvents,
nor plasticizers used during extraction and
sample preparation. Our experiment was
repeated twice at different periods to ensure
that the compound was a natural product and
not an impurity. Such phthalates, like DEHP,
could be useful as an antimicrobial agent.
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