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ABSTRACT

Two known compounds, friedelin and epifriedelinatrey isolated fronEuphorbia kamerunic&ax.
The compound’s structures were established on #sés of spectral analysis. The antibacterial a@iwiof
these compounds and the ethyl acetate extracteggablished oPseudomonas aeruginosa, Salmonella typhii
and Staphylococcus aureuhe extract displayed higher inhibition activities the bacteria than the isolated
compounds. The zones of inhibition of the extrawtse between 9.0 and 30.5 mm, with the highesteixtr
activity on Staphylococcusaureus The minimum inhibition concentration (MIC) valued the isolated

triterpenes were between 7.5 - 10 pg/ml.
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INTRODUCTION

Medicinal plants contain
physiologically active principles which over
the years have been exploited in traditional
medicines for the treatment of various
ailments (Adebanjo et all983). A significant
importance of medicinal plants is derived
from its antimicrobial properties and these
antimicrobial properties are of immense
contribution to human health (Sokmen et al
1999; Kelmanson et al2000; Srinivasan et
al., 2001). Medicinal herbs constitute an
indispensable component of traditional
medicine practiced worldwide due to the low

© 2010 International Formulae Group. All rights ersed

cost, perceived safety, bio-degradability, easy
access and ancestral experiences (Martin-
Bettolo, 1980; Wu-Yuan et al., 1988; Chen et
al., 1989).

Traditionally, plants belonging to the
Euphorbiaceae family have been used to treat
skin infections, ulcers, warts, cancers, tumors,
and disease of viral origin (Garcia-Barriga,
1974; Vasquez, 1982; Bernal and Correa,
1990; Pineros et al1992). With more than
1600 species in the Euphorbiaceace family,
Euphorbiagenus is the most representative of
the family (Ozenda, 1991).Euphorbia
kamerunicaPax belongs to this family which
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is made up of trees, shrubs and herbs of the
rain forest of Guinea and xerophytic habitats.
The Euphorbia is known to contain skin
irritants and co- carcinogenic principles in the
form of esters of the structurally related
diterpenes ingenane and daphanétecker,
1978; Evans and Taylor, 1983; Hecker et al.,
1984). Earlier studies undertaken on this
genus have revealed the presence of
triterpenes (Lima et al., 2003), diterpenes (Shi
et al., 2005), macrocyclic diterpenes (Redei, et
al., 2003) and aromatic compounds (Oksuz et
al., 2002).

In this report, isolation of two
triterpenes frontuphorbia kamerunic#®ax is
reported. The antibacterial activities of the
crude ethyl acetate extract of the plavdre
studied to verify the folkloric use of the plant.
Also, the antibacterial activities of the isolated
triterpenes were determined and the minimum
inhibitory concentration (MIC) estimated to
pin down the bioactive component of the plant
extract.

MATERIALS AND METHODS
General experimental procedures

IR spectra were recorded on Bruker
FTIR vector 22 spectrophotometer in KBr
discs, in crit. EIMS (ionization voltage 70ev)
was measured on a varian MAT 311/A mass
spectrometer and HR EIMS were taken by MS
JEOL-MS route, JMS-600H.'H-NMR at
200MHz and**C-NMR at 75MHz spectra on
a Bruker AMX400. The chemical shift$)(
are given in ppm, TMS as internal standard
and coupling constant] in H,. Column
chromatography of the crude extracts were
carried out on silica gel 70-230 mesh
(Kieselgel 60, Merck) and TLC was
conducted on pre-coated plates (silica gel
G60, Merck), detection by Uy, and by
iodine.
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Plant material
Euphorbia  kamerunica Pax was

collected from the Botanical gardens of the
University of Ibadan, Nigeria and identified
by Dr Abiodun Ayodele of the Herbarium of
the Department of Botany and Microbiology,
University of Ibadan. A voucher specimen
with number 22278 was deposited at the
herbarium.

Extraction and isolation

Fresh whole plant of Euphorbia
kamerunica (10 kg) was washed, cut into
pieces and pounded into pulp using mortar
and pestle. The pulp was extracted with
hexane and ethyl acetate successively. The
extracts were filtered and water traces
removed appropriately, evaporated to dryness
under reduced pressure.

To obtain Tc (Friedelin), 43 g of the
crude hexane extract of Euphorbia
kamerunicaPax was subjected to column
chromatography packed on silica gel 70-230
mesh (Kieselgel 60, Merck). Fractions 26 - 30
eluted with 5% diethyl ether in hexane were
combined based on TLC analysis which
afforded Tc. The crystal was re-crystalized in
methanol several times vyielding 35 mg of
friedelin. Combined spectroscopic techniques
were used in the analysis of Tc. Spectral and
physical properties with literature data were
used for identification of Tc as friedelin
(Pretto et al., 2004; Grande et al., 1992).

Friedelin (Tc), white flakes. (R =

0.38, hexane/chloroform 2:1). M.p. 242; IR
bands (KBr):v max cm* = 2931.2, 2864.3,
1709.1 (C=0), 1624.1, 1460, 1380.9, 1308,
1186.4, 1113.5, 1076.9, 1004, 931.1, 797.1
UV (MeOH), A naxnm (logx): 210(0.786).
'H NMR (200 MHz, CDCJ) & (ppm): 2.36
(3H, m), 2.0(1H, m), 1.22-1.88 (21Hp), 1.18
(3H,s), 1.16 (3H,s), 1.0 (5H,s), 0.92 (3H,9),
0.9 (6h,d, J=6.872 Hz), 0.725 (2H, s).
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13C NMR (75 MHz, CDC)) & (ppm): 22.5 (C-
1), 39.9 (C-2), 210.6 (C-3), 59.7 (C-4), 39.5
(C-5), 36.6 (C-6), 18.5 (C-7), 53.3 (C-8) , 38.5
(C-9), 58.4 (C-10), 32.9 (C-11), 32.6 (C-12),
42.4 (C-13) , 41.8 (C-14), 32.3 (C-15), 36.2
(C-16), 35.6 (C-17), 42.9 (C-18), 37.7 (C-19),
32.0 (C-20), 41.5 (C-21), 35.3 (C-22), 7.1 (C-
23), 18.9 (C-24), 20.5 (C-25), 14.9 (C-26),
18.2 (C-27), 28.4 (C-28), 30.2 (C-29), 30.7
(C-30).

The molecular formula is 4gHs0O with
molecular weight of 426. The exact mass is
426.3916 and elemental analysis showed: C,
84.44%; H, 11.81%; O, 3.7%.

Tm (epifriedelinol) was obtained from
ethyl acetate extract (46 g) packed on column
on silica gel 70-230 mesh (Kieselgel 60,
Merck). Extraction with 5 % ether in hexane
(fraction 24-26) vyielded 28 mg of
epifriedelinol which was purified in methanol.
Combined spectroscopic techniques were used
in the analysis of Tc and identification was
done by comparison of spectral physical data
with those of literature (Shirota et al., 1997;
Grande et al., 1992).

Epifriedelinol (Tm), white powder
with melting point of 279 °C. (R0.30,
hexane/chloroform, 2:1). IR bands (KBn):
max CMI' = 3852, 3421, 2359, 1733, 1636,
1558, 1506, 1417, 1384, 1103, 1032, 536,
471. UV A pax Nm (MeOH) (log X): 230
(2.736).

'H NMR (200 MHz, CDC)) & (ppm):
3.74 (1H s), 1.1-2.1 (34H, m), 0.86-1.0 (28H,
m).

13C NMR (75 MHz, CDCJ)): 25.2 (C-

1), 28.4 (C-2), 69.2 (C-3), 39.7 (C-4), 40.6
(C-5), 26.7 (C-6), 27.3 (C-7), 37.4 (C-8),
46.0 (C-9), 39.6 (C-10), 18.9 (C-11), 30.1
(C-12), 37.1(C-13),49.6 (C-14), 23.9 (C-15),
37.1 (C-16), 30.3 (C-17), 47.9 (C-18), 29.6
(C-19), 27.8 (C-20), 29.6 (C-21), 33.3 (C-
22), 9.5 (C-23), 17.8 (C-24), 18.4 (C-25),
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15.6 (C-26), 18.7 (C-27), 18.7 (C-28), 22.8
(C-29), 20.1 (C-30).

Microorganisms and culture methods
Microorganisms used:Pseudomonas
aeruginosa, Staphylococcus aureusnd
Salmonella typhiwere clinical isolates from
the Department of Medical Microbiology and
Parasitology, University College Hospital
(UCH), Ibadan, Nigeria. They were
maintained on nutrient agar slants.

Quantitative antibacterial evaluation

The susceptibility tests were performed
using the agar diffusion assay (Perez et al
1990; Kavanagh 1972). Different
concentrations of the isolated compounds (5.0
to 100 pg/ml) and crude ethyl acetate extract,
(10 - 100 mg/ml) made in dimethyl sulfoxide
(DMSO) were used for the assay. Gentamycin
(10 pg/ml) was used as the standard antibiotic,
while DMSO served as control. 0.1 ml of the
bacteria(10° CFU/ml) was introduced into 15
ml of Mueller Hinton agar medium (Lab M)
(NCCLS, 1993). These were distributed into
Petri dishes which were kept af@ for 2 h. A
sterile cork borer 6.0 and 9.0 mm in diameter
were used to cut wells on the agar plates for
the isolated compounds and ethyl acetate
extract respectively. After 24 h of incubation
at 37 °C, the plates were observed for zones of
inhibition.  The minimum  inhibitory
concentration (MIC) values of the isolated
compounds were taken as the lowest
concentration of isolated compound that
inhibited the growth of the bacteria after 24 h
of incubation at 37 °C.

Statistical analysis

Results were expressed as mean = S. E
of two separate experiments. Statistical
significance was determined using SPSS 10
software after one-way analysis of variance.
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RESULTS

The antimicrobial activity of the ethyl
acetate extract oEuphorbia kamerunicas
shown in Table 1. The highest inhibitory
activity on the microorganisms was recorded
at 100 mg/ml and as the concentration of the
extract decreased, the zone of inhibition also

decreased. The extract has the highest impact

on S aureuswith inhibition zone of 30.5+2.5
mm at 100 mg/ml. Gentamycin applied at 10
pg/ml and extract at 100 mg/ml had a
comparative  effects on Pseudomonas
aeruginosa and Salmonella typhibut the
extract exhibited a more pronounced effect on
Staphylococcus aureusAt 10 mg/ml the
extract had no activity on the bacteria. It is
pertinent to note that the extract at all the
concentrations was more active on
Staphylococcusaureus than the standard
antibiotic, gentamycin, though the extracts
were applied at high concentrations. At high
concentration the extracts displayed greater
inhibitory activities onS. Aureusbut at the
lowest concentration (5 pg/ml) activity was
completely lost. There was significant
difference (p<0.05) between the extract
inhibition ability on the microorganisms at
different concentration levels.

Table 2 shows the antimicrobial
activity of friedelin and epifriedelinol isolated

from Euphorbia kamerunica
Staphylococcus aureus,
aeruginosaandSalmonella typhi

In this study, friedelin (Tc) had its
highest zone of inhibition, 15.50 mm &
aureusat 100 pg/ml, 15.00 and 13.00 mm on
P. aeruginosaand S. typhi respectively. At
low concentration, 10 pg/ml, epifriedelinol
activity could be described as medium,
considering the zones of inhibition of 13.00,
12.50 and 10.00 mm ofR. aeruginosa S.
typhi andS. aureugespectively, while that of
friedelin  9.50, 10.00 and 10.00 mm
respectively was low.

The Mininmum Inhibitory
Concentration (MIC) of friedelin and
epifriedilinol  isolated from Euphorbia
kamerunicais also shown in Table 2. The
MIC of friedelin onPseudomonas aeruginosa
was 10 pg/ml, while oisalmonella typhand
Staphylococcus aureuswas 7.5 pg/ml. The
MIC of epifriedelinol on Pseudomonas
aeruginosaand Staphylococcus aureuwas
7.5 pg/ml while that oBalmonella typhivas
10 pg/ml. For gentamycin the standard
antibiotic used, the zones of inhibition of
23.00 mm, 21.00 mm and 14.00 mm was
observed for Pseudomonas aeruginoss.
typhi and Staphylococcus aureusspectively
DMSO, the negative control did not inhibit
the growth of the microorganisms.

on
Pseudomonas

Table 1: Antimicrobial activity of the crude ethyl acetatetract of Euphorbia kamerunicaising

agar well diffusion technique.

Zone of Inhibitiofmm) +S.D with different Concentration (mg/ml)

Organism 100 80 50 30 10 E. acetate Gent

P. aeruginosa 21.5+0.5a 19.5+2.5ab 19.0+1.0ab 13.5+2.5l+®0c 9.0+0.0c  23.0+0.0a
S. typhii 24.0+0.0a 22.0+1.0b 17.5+0.5c 11.0+1.9+0.0c 9.0+0.0c  21.0+0.0b
S. aureus 30.5+2.5a 22.0£2.0b 19.0+1.0bc 14.0+2.@c0¢0.0d 9.0+0.0c  14.0+0.0c

Means of two readings standard deviation; Values in the same row folbviy the same letter are not significantly

different (p>0.05) from each other.

GENT = GentamycinP. aeruginosa= Pseudomonas aeruginqsa. typhii = Salmonella typhii, S. aureus = Staphgiccus

aureus.Diameter of cork borer = 9.0 mm,
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Table 2: Minimum Inhibitory Concentration (MIC) of compoundsolated from Euphorbia

kamerunicaon some microorganisms.

Organisms /zone of inhibition (mm)

Compound/concentration (ug/ml)
Friedelin, Tc 100

50

10

7.50

5.00

100
50
10
7.50
5.00

Epifriedelinol, Tm

Gentamycin 10

DMSO control

P. aeruginosa S typhi S aureus
15.00 13.00 15.50
11.00 12.00 12.00

9.5 10.00 10.00

Nil 8.50 8.00

Nil Nil Nil

17.00 15.00 14.50
13.00 13.00 12.50
13.00 12.50 10.00
9.50 Nil 7.50
Nil Nil Ni
23.00 21.00 14.00

6.00 6.00 6.00

P. aeruginosa= Pseudomonas aerugingsa typhi = Salmonella typhiS. aureus= Staphylococcus aureuBiameter of cork

borer = 6.00 mm

DISCUSSION

The IR spectrum of friedelin, Tc
showed carbonyl (C=0) signal at 1709 tm
which is characteristic of ketone of friedelin
derivatives (Budzikiewicz et al1963; Nozaki
et al., 1986). Absorption bands at 2931 and
2864 cm' are due to C-H stretching vibration
of the methyl groups, while bands at 1460 and
1070 cm' are due to C-H methyl bending
vibrations from the cyclohexane rings. The IR
signals agree with previous IR signals for
friedelin isolated from various plants extracts
(Tanaka and Matsunaga 1988). Friedelin and
epifriedelinol co-exist as were earlier isolated
from Calophyllum brasiliense and C.
inophyllum This study supports this finding
as the two compounds were also isolated from
E. kamerunica These compounds are
analgesic, antiviral, antiulcerogenic,
anticancer, antibacterial, antitumor, antiviral
and cytotoxic (Linuma et al., 1994; Satori et
al., 1999; Yimdjcet al., 2004).
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The UV signal at 210 nm is
characteristic of triterpenes. THeél NMR
signals between 0.8 - 1.4 ppm is mainly due to
the proton of the angular methyl groups while
those between 1.4 - 2.4 ppm are due to CH
and CH protons of the rings. All these
chemical shifts are characteristic of the
triterpenes (friedelin) and tally well with those
of literature (Pretto et al., 2004; Grande et al.,
1992).23C NMR spectrum of friedelin showed
a chemical shift at 210.6 ppm due to the
carbonyl carbon at position 3 (C-3). The
carbons of the angular methyl groups are
responsible for the resonance bands between
7.1 and 30.7 ppm while the quartenary carbon
atoms are found in the following positions, C-
3 (210.6 ppm), C-5 (39.5 ppm), C-9 (38.5
ppm), C-13 (42.4 ppm), C-14 (41.8 ppm), C-
17 (35.6 ppm) and C-20 (32.0 ppm) while the
remaining signals in thé’C-NMR spectrum
are the methine, CH and methylene ,CH
shifts. **C-NMR showed that the compound
friedelin is made up of 30 carbon atoms while
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DEPT analysis showed that there are four
methine carbons, eleven methylene, eight
methyl and seven quartenary carbons which
confirmed its tritepenic nature. The (CH)
signals are 59.7, 58.4, 53.3, 42.9, {£H1.8,
41.5, 39.5, 35.6, 35.8, 36.3, 32.9, 32.6, 30.7,
22.5, 18.4; methyl carbon (GH 35.2, 32.3,
32.0, 20.5, 18.9, 18.17, 14.8, and 7.1 and
quartenary carbons (C): 210.6, 49.2, 39.4,
38.5, 37.6, 30.0, 23.5. 2fH-'"H COSY and
other spectroscopic data help to elucidate the
compound as friedelin with molecular formula
CsoHs500 and elemental analysis of C, 84.44%;
H, 11.81% and O, 3.75% which was
confirmed by literature data.

Epifridelinol, Tm is white powder with
melting point of 278C. The UV shows an
intense absorption at 230 nm (2.736) which is
due to fused cyclic hexane rings. The-
NMR spectrum showed a carbinol proton shift
at 3.74 ppm. This hydroxyl is confirmed by IR
absorption at 3421 ¢ The bands at 1636
and 1558 cm are due to C-H vibration
stretching. ThéH-NMR signals between 1.00
and 0.86 ppm are those protons of angular
methyl groups while CHand CH protons
accounted for remaining shifts between 2.0
and 1.2 ppnt’C-NMR spectrum revealed that
the compound is also a 30-carbon compound
but with six quaternary carbons, eight methyl,
eleven methylene, five methine groups from
DEPT/APT analysis.

APT and DEPT indicated the signals of
the carbon atoms thus; the eight methyl
carbon - 35.1, 32.5, 32.0, 20.4, 18.9, 18.5,
16.6, and 11.9 ppm. Eleven methylene
carbons - 41.9, 39.5, 36.3, 35.8, 35.5, 354,
33.0, 32.3, 30.9, 17.8, and 16.0 ppm. There
are five methine carbons - 72.9, 61.5, 53.4,
49.4 and 42.9 ppm and six quartenany carbons
— 49.3, 49.1, 48.7, 48.2, 38.5 and 28.3 ppm.
Presence of signal 69.2 ppm confirmed
carbinol carbon at position 3 (C-3). The UV
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signal recorded for the isolated epifriedelinol
(Tm) at 230 nm is a characteristic of
triterpenes of epifriedelinol type.

¥C NMR spectrum further showed a
distinct C-OH shift at 61.52 ppm. Earlier, Ng
et al. (2003), Shirota et al. (1997) and
Betancor et al (1980) had isolated this
compound from Aster tataricus and
Eupatorium ripariumrespectively, and their
spectral data compared well with the spectral
of the isolated epifriedelinol. To the best of
our knowledge this is the first time these two
compounds friedelin and epifriedelinol are
been reported isolated fromEuphorbia
kamerunicaPax

Medicinal plants are used in traditional
medicine for several purposes. The secondary
metabolites produced by plants constitute a
source of bioactive substances and today
scientific interest has increased due to search
for new drugs of plant origin (Basile et al.,
2000; Paiva et al., 2003).

A majority of the chemically useful
antibiotics were active against the test strains
at a level of at least 10 pg/ml. A pure agent
that is not active at 100 pug/ml is unlikely to be
a serious potential for clinical use unless it is
active against a recalcitrant organism or is
completely non-toxic (Mitscher et al., 1972).
On the basis of this, tests on the activities of
the isolates were carried out between 100 and
10 pg/ml. Epifreidelinol displayed the highest
inhibition of 17.00 mm onPseudomonas
aeruginosaat 100 pg/ml. It also inhibited the
growth of Salmonella typhiwith inhibition
zone of 15.00 mm an8itaphylococcuaureus
1450 mm at that same concentration.
Epifriedelinol has been shown to have higher
antimicrobial activity on microorganisms than
friedelin (Pretto et al., 2004). The activity of
the isolated compounds on the microorganism
was low compared to crude extract though the
concentration of application was not the same.
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Friedelin (Tc)

This might be due to the fact that there are
other active triterpenes or compounds in the
extract that have not been isolated. Sainsbury
(1970) reported that in plants, friedelin and
epifriedelinol are often accompanied by other
triterpenoids Euphorbia kamerunicéas both
compounds present and other compounds as
well;  therefore  synergism might be
responsible for the higher crude extract
activity on the microorganisms than the
isolates (Odebode et al., 2004).

The stronger inhibition of crude
extracts orStaphylococcus aurewbserved is
in accordance with the observation of other
workers, and this is because the response of
bacteria to antibacterial agents is influenced
by their Gram staining properties (Sartori et
al., 2003; Duffy and Power, 2001), which is
attributed to the differences in their cellular
composition. The cell wall of Gram-negative
organisms is more complex than that of the
Gram-positive bacteria.

Gram-negative bacteria cell wall
consists of lipoprotein molecules covalently
attached to the oligosaccharide backbone. In
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addition, on its outer side a layer of
lipopolysaccharide (LPS) and protein attached
by hydrophobic interactions and divalent
metal cations. On the inner side is a layer of
phospholipids, all of which may create a
permeability barrier to lower concentrations of
the drug which increase the inhibitory
concentration within the cell (Hugo and
Russel, 1983). This might be a reason why the
extracts had greater activity on Gram-positive
bacteria than the Gram-negative bacteria.

Conclusion

The folkloric usage oE. kamerunicas
supported with the activities of both the
isolates and the crude extract. Earlier
phytochemical screening of the hexane, ethyl
acetate and methanol extracts of the plant had
revealed the presence of saponins, tannins,
terpenoids, steroids, flavonoids and alkaloids
(Sofowora, 1993) which are all
physiologically bio-active on one
microorganism or the other (Perrett et, al
1995; Peres et all997).



T. A OGUNNUSIEet al. / Int. J. Biol.

REFERENCES

Adebanjo AO, Adewumi CO, Essien EE.
1983. Anti-infective agents of higher
plants. International Symposium of
Medicinal Plants. (5th edn), University of
Ife. Nigeria. 152-158.

Basile A, Sorbo S, Giordano S, Ricciiardi L,
Ferrara S, Montesano D, Cobianchi CR,
Vuotto ML, Ferrara L. 2000.
Antibacterial and allelopathic activity of
extract from Castanea sativaleaves.
Fitoterapia.,71: S110-116.

Bernal HY, Correa JE. 1990Especies
Vegetables Promisorias de los Paises del
Convenio Andres Bello(Tomo VII).
Talleres de Editora Guadalupe Ltda:
Bogota D.E. ; 480.

Betancor C, Freire R, Gonzales AG, Salazar
JA, Pascard C, Prange T. 1980. Three
triterpenes and other terpenoids from
Catha cassinoidesPhytochemisty.,19:
1989.

Budzikiewicz H, Wilson JM, Dijerassi C.
1963. Mass spectrometry in structural and
stereometrical problems. XXXII.
Pentacyclic triterpenes.J. American
Chem. Soc.85: 3688-3699.

Chen CP, Lin CC, Namba T. 1989. Screening
of Taiwanese crude drugs for the
antibacterial activity againsbtreptococ-
cus mutans]. Ethnopharmacol27: 285-
295.

Duffy CF, Power RF. 2001. Antioxidant and
antimicrobial properties of some Chinese
plant extractslint. J. Antimicrob. Agents.,
17: 527-529.

Evans FJ, Taylor SE. 1983. Pro-inflammatory,

tumour-promoting and  anti-tumour
diterpenes of the plant families
Euphorbiaceace and Thymelaeaceae.

Prog. Chem. Org. Nat. Prod44: 1-99.
Garcia-Barriga H. 1974Flora Medicinal de
Colombia. Botanica Medicg2"™ edn).
Universidad Nacional de Colombia,
165

Chem. Sci. 4(1): 158-167100

Talleres Editorials de la Imprenta
Nacional : Santa Fe de Bogota, D.C.;
562.

Grande M, Torres P, Piera F, Bellido IS. 1992.
Triterpenoids from Dittrichia viscose
Phytochemistry. 31(5): 1826-1828.

Hecker E. 1978. Structure-activity
relationships in diterpene esters irritant
and co carcinogenic to mouse skin.
Carcinogenesis - a comprehensive survey
(Vol. 2). In Mechanisms of Tumour
Promoting and CarcinogenesiSlaga TJ,
Sivak A, Boutwell RK (eds). Raven
Press: New York; 11-48.

Hecker E, Adolf W, Hergenhahn M, Schmidt
R, Sorg B. 1984. Irritant diterpene ester
promoters of mouse skin: contributions to
etiologies of environmental cancer and to
biochemical chanisms of carcinogenesis.
In Cellular Interactions by Environmental
Tumour PromotersFujik H (ed). Japan
Science and Social Press, Tokyo/ VUN
Science Press: Utrecht; 3-36.

Hugo WB, Russel AD. 1983Pharmaceutical
Microbiology (3rd edn). Blackwell
Scientific Publications; 122-139, 237-
257.

Kavanagh F. 1972Analytical Microbiology
Academic Press: New York.

Keay RWJ. 1989Trees of NigeriaClarendon
Press: Oxford; 226.

Kelmanson JE, Jager AK, Van Staden J. 2000.
Zulu medicinal plants with antibacterial
activity. J. Ethnopharmacol.,69: 241-
246.

Lima EMC, Medeiros JMR, Davin LB. 2003.
Pentacyclic triterpenes fronkuphorbia
stygiana. Phytochemistry§3: 421-425.

Linuma M, Tosa H, Tananka T, Yonemorit S.
1994. Two xanthones from root bark of
Calophyllum inophyllum. Phytochemis-
try., 35: 527-534.

Malcolm SA, Sofowora EA. 1969.
Antmicrobial activity of selected Nigeria



T. AOGUNNUSIEet al. / Int. J. Biol. Chem. Sci. 4(1): 158-1671R0

Folk remedies and their constituent
Plants. Lloydia., 32: 512.

Martin-Bettolo GB. 1980. Present aspect of
the use of medicinal plants in traditional
medicine. J. Ethnopharmaco|2: 5-7.

Mitchscher LA, Leu RP, Barthala Ms, Wu-
Nan W, Beal JL. 1972. Antimicrobial
agents from plantd.loydia.,35: 157-166.

National Committee for Clinical Laboratory
Standards (NCCLS). 1993. Methods for
dilution antimicrobial susceptibility test
for bacteria that grow aerobically“2d.,
Approved standard M7-A3. NCCLS,
Villanova, Pa.

Ng TB, Liu F, Lu Y, Cheng CHK, Wang Z.
2003. Antioxidant activity of compounds
from the medicinal herlAster tataricus
Comp Biochem Physicol C., 136 109-
115.

Odebode AC, Madachi SJM, Joseph CC,
Irungu BN. 2004. Antimicrobial activities
opf constituents fromsolona cauliflora
Verdc and Cleistochlamyskrikii Benth
(Oliv) (Annonaceae). Agric. Sci.49(1):
109-116.

Oksuz S, Ulebelen A, Barla A, Voelter W.
2002. Terpenoids and  aromatic
compounds fromEuphorbia heteradena.
Turkish J. Chem26: 457-463.

Ozenda P. 1991Flore et Vegetation du
Sahara.CNRS: Paris.

Paiva SR, Figueiredo MR, Aragao TV,
Kaplan MAC. 2003. Antimicrobial
activity in vitro of plumbagin isolated
from Plumbago species. Mem Inst
OswaldoCruz.,98, 959-961.

Peres MTLP, Monache FD, Cruz AB,
Pizolatti MG, Yunes RA. 1997. Chemical
composition and antimicrobial activity of
croton Urucuruna baillon (Euphorbia-
ceaq. J. Ethnopharmacol56: 223-226.

Perez C, Pauli M, Bazerque P. 1990. An
antibiotic assay by agar well diffusion

166

method.Acta Biol. Med Exp, 15, 113-
115.

Perrett S, Whifield AJ, Sanderson L, Bartlet
A. 1995. The plant mollucideMilleltia
thnonigic (Leguminosag as a tropical
antischistosomial agentJ. Ethnophar-
macol.,47: 49-54.

Pineros J, Garcia-Barriga H, Irequi A, Prias E,
Perdomo C, Pueta HF. 1992. Rlantas
Medicinales, Compendio de
Farmacologia VegetalBurkill HM (ed).
Escuela de Medicina Juan N. Corpa,
Fondo Editorial Universitario: Santa Fe
de Bogota.

Pretto JB, Cechinel-Filho V, Noldin VF,
Sartori MRK, Isaias DEB, Cruz AB.
2004. Antimicrobial Activity of Fractions
and Compounds from Calophyllum
brasiliense (Clusiaceae/Guttiferae)Z.
Naturforsch.59¢ 657-662.

Redei D, Hohmann J, Evanics F, Forgo P,
Szabo P, Mathe I|. 2003. Isolation and
cultural characterization of new, highly
functionalized diterpenes froBuphorbia
serrulata. Helv. Chim. Acta.86: 280-
289.

Sainsbury M. 1970. Friedelin and
Epifriedelinol from the bark ofPrunus
turfosa and a review of their natural
distribution. Phytochemistry.,9: 2209-
2215.

Satori NT, Canepelle D, Sousa Jr PT, Martiins
DJO. 1999. Gastroprotective effect from
Calophyllum brasilienseCamb. Bark on
the gastric lesions in rats and mick
Ethnopharmacol.67: 149-156.

Shi HM, Williams ID, Sung HHY, Zhu HX,
Ip NY, Min ZD. 2005. Cytotoxic
ditepenoids from the roots diuphorba
ebracteolata. Planta Medica.71: 349-
354.

Shirota O, Morita H, Takeya K, Itokawa H,
litaka Y. 1997. Cytotoxic triterpene from
Aster tataricus. NatMed ,51: 170-172.



T. AOGUNNUSIEet al. / Int. J. Biol. Chem. Sci. 4(1): 158-1671R0

Sofowora IA. 1993. Standardization of herbal
medicine. Medicinal  plants and
traditional medicine in Africa. Spectrum
Book Ltd., Lagos, Nigeria, p. 56-61.

Sokmen A, Jones BM, Erturk M. 1999. Tine
vitro antimicrobial activity of Turkish
medicinal plantsJ. Ethnopharmacol §7:
79-86.

Srinivasan D, Nathan S, Suresh T,
Perumalsamy O. 2001. Antimicrobial
activity of certain Indian medicinal plants
used in folkloric  medicine. J.
Ethnopharmacol.74: 217-220.

Tanaka R, Matsunaga S. 1988. Triterpenes

constituents fromEuphorbia supina |
Phytochemisty.27(11): 3579-3584.

167

Vasquez ML. 1982. Euphorbia lathyris.
Plantas y Frutas Medicinales de
Colombia y America. Editorial Climent:
Cali-Colombia; 245.

Wu-Yuan CD, Chen CY, Wu RT. 1988.
Gallotannins inhibit growth  water-
insoluble glucan synthesis and
aggregation of mutans streptococcus.
Dental Researclg7: 51-56.

Yimdjo MC, Azebaze AG, Nkengfack, AM,
Bodo B, Fomum ZT. 2004. Antimicrobial
and cytotoxic agents fronCalophyllum
inophyllum., Phytochemistry§5. 2789-
2794.



