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ABSTRACT

Medicinal plants contain a wide range of secondary metabolites that can be used to treat
chronic illness as well as infectious diseases. Bersama abyssinica is selected for this study
because of its uses in traditional medicine as an antimicrobial agent. The bark, root, and leaf
decoctions are taken to treat a range of stomach disorders such as abdominal pain, colic,
diarrhoea, intestinal worms and amoebiasis. A stem bark decoction is drunk to cure cancer and
rheumatism. The overall objective of this study was to isolate and characterize antioxidant and
antibacterial compounds from Bersama abyssinica. The roots were extracted successively with
n-hexane, chloroform, ethyl acetate and methanol followed by separation using silica gel column
chromatography which afforded two compounds ABS-EM and ABS 120. ABS-EM and ABS-120
were identified as isomer of betunilic acid and phthalate, respectively. The structures of the
compounds were elucidated by using spectroscopic analysis (IR and 1D NMR). Furthermore, the
extracts were assessed for its antibacterial activities using disk diffusion method (gram positive
(S.aureus, B. subtilis) and gram negative (E. coli, P. mirabilis, P. pneumonia). Results revealed
that the two compounds isolated in the present work showed pronounceable against S. aureus
and B. subtilis for isomer of betunilic acid and S. aureus, E.coli for phtalate. B. abyssinica roots

of methanol extract had high antioxidant activities comparable with ascorbic acid.

Key words: Bersama abyssinica, phytochemical, antibacterial, antioxidant, betunilic

acid, phthalate
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1. INTRODUCTION

1.1. Background

Humans have used them throughout history to either cure or lessen symptoms from an illness. It
used plants for the treatment of diverse ailments for thousands of years (Sofowara, 1982; Hill,
1989). According to the World Health Organization, most populations uses traditional medicines
for their psychological and physical health requirements (Rabe and Van Stoden, 2000), since
they cannot afford the products of Western pharmaceutical industries (Salie et al., 1996),
together with their side effects and lack of healthcare facilities (Griggs et al., 2001). Rural areas
of many developing countries on traditional medicine for their primary health care needs and
have found a place in day-to-day life. These medicines are relatively safer and cheaper than
synthetic or modern medicine (lwu et al., 1999; Idu et al., 2007; Mann et al., 2008; Ammara et
al., 2009). People living in rural areas from their personal experience know that these traditional
remedies are valuable source of natural products to maintain human health, but they may not
understand the science behind these medicines, but knew that some medicinal plants are highly

effective only when used at therapeutic doses (Maheshwari et al., 1986; Van Wyk et al., 2000).

Medicinal plants have been used since prehistoric period for the cure of various diseases. Since
these are in common use by the local people and are of great importance, many people are
engaged in the trade of important medicinal herbs throughout the world. Besides, the villages are
far away from cities and mostly lack proper health facilities (Elisabetsky, 1990). Medicinal plant
products were proved useful in minimizing the adverse effects of various chemotherapeutic

agents as well as in prolonging longevity and attaining positive general health (Kaushik and
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Dhiman, 2002). The increasing global interest in the medicinal potential of plants during the last

few decades is therefore quite logical.

Medicinal ethnobotany is the sub-discipline of ethnobotany which refers to the study of
traditional uses of plants and folk knowledge concerning plants and human health care, including
prevention and curing of human illness using plants. Ethno medicinal/botanical information on
medicinal plants and their uses by indigenous cultures is useful not only in the conservation of
traditional cultures and biodiversity, but also for community health care and drug development.
This information is utilized as a guide for drug development under the assumption that a plant
that has been used by indigenous people over a long period of time may have an allopathic
application (Farnsworth , 1993). One of traditionally used herbal medicine for different disease

treatment is Bersama abysinnica .

B. abyssinica (Melianthaceae) belongs to the genus Bersama. B. abyssinica is a poisonous plant
and have been implicated in killing human and live stocks. Therefore, for internal use, the dosage
is critical. Extracts of growing shoots are used for external treatment of burns, ulcers and to clean
wounds. B. abyssinica can be propagated by seed, cuttings, wildlings or root suckers (Djemgou
et al. , 2010). Fruits are red woods capsules (Bosch et al., 2008) . B. abyssinica growing in
Ethiopia is recognized as subspecies abyssinica where it is known locally as Azamer (Amharic)

and Lolchissa (Oromiffa) (Jansen, 1981 and Verdcourt, 1989).
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1.2. Statement of the problem

B. abyssinica is traditionally used to treat rheumatism (Simbo, 2010). Bark, leaf and root
decoctions are widely taken as a purgative to treat a range of stomach disorders, such as
abdominal pain, colic, diarrhea, cholera, intestinal worms, amoebiasis and dysentery. Rabies,
syphilis, gonorrhea and malaria are also treated with these decoctions (Verdcourt, 1989). Search
for newer drugs from plants has been important due to the emergence of new drug resistant
pathogens diseases and alarming side effects of synthetic drugs. In view of this, and the fact that
several medicinal plants including B. abyssinica, used in Ethiopia in traditional medicine have
not been properly evaluated for their biological activities and chemical constituents, the plant
was chosen for this study. Hence this study aims at isolation and characterization of secondary

metabolites from the roots of B. abyssinica.

1.3. Significance of the study

B. abyssinica is used in Ethiopia for traditional therapy of microbial infection, but has not been
fully investigated. There is no reported isolation and characterization of phytochemicals or any
antibacterial substances reported so far on the basis of literature search. Therefore, this is
research study was undertaken for isolation, characterization, phytochemical and biological
investigations of the roots of B.abyssinica. The focus was given to the roots because the root is
the most commonly exploited part in this species. The study would serves as a springboard for
researchers who are interested to conduct further studies in related areas. The study on the

extracts of the roots of B.abyssinica would provide information on new natural products.
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1.4. Objectives of the Study

1.4.1. General Objective

» To carry out phytochemical investigations, antibacterial and Antioxidant studies of roots

extracts of B. abyssinica.

1.4.2. Specific Objectives

» To extract the roots with n-hexane, chloroform, ethyl acetate and methanol successively
by maceration

» To conduct Phytochemical screening test of the crude n-hexane, chloroform, ethyl acetate
and methanol extracts.

» Toisolate and characterize compounds from methanol extracts.

» To test the antibacterial activity of crude and fractions of n-hexane, chloroform, ethyl
acetate and methanol extract against some selected bacterial strains, from Gram positive
bacteria (S. aureus, B. subtilis) and Gram negative (E.coli, P. mirabilis, and K.

pneumonia) by disc diffusion method.
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2. LITERATURE REVIEW

2.1 The family Melianthaceae

The Melianthaceae family consists of two genera; Melianthus and Bersama. Melianthus consists
of 8 species and is a genus of shrubs endemic to southern Africa. The genus Bersama comprises
of four species namely; B. swinnyi, B. yangambiensis, B. engleriana and B. abyssinica . Trees
and shrubs belonging to the genus Bersama are spread throughout tropical and sub-tropical
Africa, and various parts of the plant such as the leaves, bark, roots and seeds have been used for

medicinal purposes (Burkill, 1997).

2.1.1. B. abyssinica Fresen

B. abyssinica Fresen is a species of medium-sized evergreen tree in the Melianthaceae family.
The leaves are pinnately divided with a strongly winged rachis (hence the common name
Winged Bersama (Heywood, 1993). This species is distributed across sub-Saharan Africa

(Mikkelsen and Serberg, 2001; Burkill, 1997).

5|Page



(1) Aerial part of B. abyssinica (i) Roots of B. abyssinica

Fig.1. Bersama abyssinica Plant, Picture Taken at Asella, Arsi by Emebet Getaneh on January,

2016

2.2. Biological and pharmacological activities of B. abyssinica

All parts of B. abyssinica are poisonous when ingested and have been implicated in killing
humans and livestock. For internal use, the dosage is therefore critical (Burkill, 1997). Bark, leaf
and root decoctions are widely taken as purgative to treat a range of stomach disorders such as
abdomen pains, colic, diarrhea, cholera, intestinal worms, amoebiasis and dysentery. Rabies,
syphilis, gonorrhea and malaria are also treated by these decoctions. A stem bark decoction is

drunk to cure cancer and rheumatism (Makonnen and Hagos, 1993).

As an aphrodisiac, powdered stem bark or leaves is added to beer. A stem bark poultice is
applied on the back, a leaf decoction is drunk to cure lumbago, stem bark and leaves decoction is
used to treat diabetes mellitus. Leaf decoctions are also taken to treat feverish pains, loss of
appetite, debility, jaundice, diarrhea and leprosy. Extracts of growing shoots are used for external
treatment of burns, ulcer and to clean wounds. To treat convulsions and snake bites, leaves are
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pounded and mixed with water and the mixture is drunk and applied on the body (Edeoga et al.,
2005). The root bark infusion is drunk, leaf sap is applied as eye drops or leaf powder is sniffed
to treat migraine, headache and colds. A root decoction is used to treat hemorrhoids and epilepsy
(Taniguchi and Kubo, 1993). Shoots and leaves are pounded and used to control stalk borers in
maize. An aqueous stem bark crude extracts showed activity against Candida albicans
(Makonnen and Hagos, 1993). B. abyssinica, species was reported to possess anthelmintic,

antitumour (Burkill, 1997) purgative, pesticidal and cardiogenic activities.

Antispasmodic use of the plant is one of the claimed traditional applications (Asres et al., 2001).
Cardiac glycosides and unsaturated sterols were identified in tests in Ethiopia on stem bark and
root bark. Leaf extracts have cardiogenic, spasmolytic and hypoglycaemic activities. Crude stem
bark extracts slow down growth of Bacillus cereus, Staphylococcus aureus, Shigella flexineri
and Shigella dysentriae, a root bark extract slows down that of Bacillus subtilis (Zekeya et al.,
2014). An aqueous stem bark extract showed antispasmodic effects on isolated guinea-pig
ileum. A methanolic leaf extract had an inhibitory effect on HIV-1 replication (Makonnen and
Hagos, 1993; Ngemenya et al., 2005). Much of the work on the species B. abyssinica have been
stimulated by the reported three hellebrigenin acetates isolated from the bark of that species with
anti-tumour activities . Since that time several other acetate and orthoacetate derivatives have
been reported. B. abyssinica was reported to possess anthelmintic, antitumour, purgative
(Ngemenya et al., 2005) and cardiogenic activities. In Kenya, boiled root and leaves of the plant
is traditionally used in the treatment of general sexually transmitted diseases (STD) (Njoroge et
al., 2009). In Tanzania, B.abyssinica Fressen subsp. Paullinioides is locally used for treatment of
various infectious diseases including mycobacterial illness though the plant has never been
investigated for antimycobacterial activity (Zekeya, et al, 2014). In Babungo (Cameroon), B.

abyssinica is known as Fuaveti and Timber is used for construction purposes (Simbo, 2010).

Previous biological analysis of B. abyssinica revealed the presence of antimicrobial secondary
metabolites (Tapondjou et al., 2006). In Ethiopian traditional medical practices, the leaves

extracts of B. abyssinica are administered orally for treating dysentery, tumor (Abate el
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at.,2000), stomach disorders such as abdominal pain, colic, diarrhoea, cholera, intestinal worms,
amoebiasis, rabies, syphilis, gonorrhoea and malaria are also treated with these decoctions
(Verdcourt, 1989). Root bark extract of B. abyssinica displayed antiviral activity at
concentrations that were nontoxic to MT-4 cells. B. abyssinica displayed anti-HIV activity

against both HIV-1 and HIV-2 strains (Asres et al., 2001).

It is reported that methanolic extracts from the roots, stem bark, leaves and wood of B.engleriana
showed antitumor, antioxidant and antimicrobial activities. The DPPH radical scavenging
activity showed that the extract from the leaves was the most active. The results of antimicrobial
activity showed that all tested extracts were active against all tested microbial species, including
Gram-positive and negative bacteria, the two candida species and mycobacterium. Under the
conditioning of the studied toxicity, all extracts were found to be non-toxic (Victor et al., 2008;
Kupchan et al., 1971). Hellebrigenin (7) is the chemical constituent responsible for anticancer
activity of the plant (Patel et al., 2010). Ethanolic extract, water extract and methanol extract of
stem bark and root bark of B. abyssinica also show antibacterial activity against various bacterial

strains at different concentration (Geyid et al., 2005).

2.3. Chemical Constituents of Genus Bersama

2.3.1. B. engleriana Gurke

B. engleriana Gurke is a tree that occurs in forests and forest margins of tropical and subtropical
Africa. This species is used to treat a range of diseases by various communities in Africa. It is
reported that phytochemical studies revealed the presence of five 3-O-glucuronide triterpene

saponins isolated from the stem bark of B.engleriana along with two saponins, and one major C-
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glycoside xanthones; mangiferin (1). These included 3-O-[R-d-glucopyranosyl-(1—2)-3-d-
glucuronopyranosyl]-28-0O-[3-d-gluco-pyranosyl]-betulinacid  (2); (3-O-[-d-glucopyranosyl-
(1—2)-[3-d-galactopyranos- yl-(1 —3)]-R-d-glucuronopyranosyl]-oleanolic acid (3); 3-O-[R-d
glucopyranosyl-(1—3)--d-glucurono-pyranosyl]-28-O-[3-d-xylopyranosyl-(1—6)-3-d
glucopyranosyl]-oleanolic acid (4); 3-O-[R-d-galactopyranosyl-(1— 3)-B-d-glucuronopyranosyl]-
28-0-[B-d-glucopyranosyl-(1—4)-3-d-gluco -pyranosyl]-oleanolic acid (5) and 3-O-[(-d-
glucopyranosyl-(1—3)-R-d-galactopyranosyl-(1—3)-3-d-glucuronopyranosyl]-28-O-[R-d-
xylopyranosyl-(1 — 6)-R-d-gluc-opyranosyl]-oleanolic acid (6) (Tapondjou et al., 2006).

Hellebrigenin 3-acetate (7) was also isolated from B.engleriana plant.
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OH (7
R1 R2
(3) Glc-(1—-2)(Gal-(1—3))-GlIcA- H
(4) Glc-(1—3)-GlcA- xyl-(1—6)-Glc-
(5) Gal-(1—3)-GIcA- Glc-(1—4)-Glc
(6) Glc-(1—3)-Gal-(1—3)GIcA- xyl-(1—6)-Glc-

Fig.2. Reported Structures from B. engleriana Gurke

2.3.2. B. swinnyi Phil

B. swinnyi Phil is a tree that occurs in forests, on forest margins and sandstone outcrops of

Eastern South Africa (Hutchings et al., 1996).
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A triterpene, (38, 23-dihydroxylup-20(29)-en-28-al) (8), a triterpenoid, along with lupeol (9)

were isolated from the chloroform extract of the bark of B.swinnyi (Thabo et al., 1998).

Oleanolic acid (10) was isolated from the leaves (Monkhe et al., 1998) of the same plant

CHO OH

COOH

CTH,OH
(8)

(10)

Fig.3. Reported Structures from various parts of B. swinnyi
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3. MATERIALS AND METHODS

3.1. Apparatus and Chemicals

3.1.1. Apparatus and Instruments

The apparatus and instruments which were used in this study are oven, TLC plate, Whatman
filter paper No.1, mechanical grinder, pipettes (different size), beakers (different size), UV light
cabinet, electronic balance, flasks (different size), measuring cylinder, Rota vapor and TLC
chamber. Analytical thin layer plates used were 0.2 mm thick layer of silica gel GF254 (Merck)
coated on aluminium plate. Column chromatography was performed using silica gel (230-400
mesh) Merck. NMR spectra were recorded on a Bruker Avance 400 MHz spectrometer. Infrared
(IR) spectra were obtained on Perkin-Elmer 65FT (IR KBr (4000-400) cm™) infrared

spectrometer.

3.1.2. Chemicals

The chemicals and reagents used in this study were: solvents (n-hexane, chloroform, ethyl
acetate and methanol), sulphuric acid, vanillin, silica gel and the microbial strains used were

Gram positive (S.aureus, B. subtilis) and Gram negative (E.coli, P.mirabilis, k.pneumonia).

3.2. Collection of the plant material

The roots of B.abyssinica were collected from Asella, East Arsi 175 km far from Addis Ababa
capital city of Ethiopia in the month of January, 2016. Botanical specimen of this plant was

collected and submitted to Herbarium of Addis Ababa University for authentication voucher
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number of EG/ 001/07/09/2016. After collection, the roots were washed repetitively and air dried

in the shade to make it easily pulverized into fine particles.

3.3. Extraction of root of B. abyssinica

3.3.1. Solvent Extraction

The roots of the plant (2.0 kg) were grounded using mechanical grinder. The resulting powder

was packed in polyethylene bag until the experiment was conducted.

Ground roots of B. abyssinica (500 g) were extracted successively with each 2000 mL of n-
hexane, chloroform, ethyl acetate and methanol for 72 hrs at room temperature. Then each
extract was filtered and concentrated using rotatory evaporator yielded the corresponding crude
extracts. The yield of the crude extracts was determined and color of the extract in each solvent

was indicated.

3.4 Preliminary phytochemical screening of the Bersama abyssinica Extracts

3.4.1. Phytochemical test

Detection of Alkaloids : The extract (15 mg) was dissolve in their respective solvents used for
extraction and were stirred separately with 1% HCI (6 mL) in the beaker on a water bath holding
by tong for 5 min and filtered into test tubes. Few drops of Wagner’s reagent were added; a

brown/reddish colored precipitate indicates the presence of alkaloids (Igbal et al., 2015).
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Detection of Anthraquinone glycosides: The extract solution (1 mL) in the first test tube, add
5% H,SO4 (1 mL). Boil the mixture in a water bath and then filter it into the second test tube.
Shake the filtrate with equal volume of chloroform and let it to stand for 5 min. Then shake the
lower layer of chloroform with half of its volume of dilute ammonia. The formation of rose pink
to red color of the ammoniacal layer gives indication of anthraquinone glycosides (Igbal et al.,
2015; Shah& Seth, 2010).

Detection of Cardiac Glycosides: Shake extract (0.5 g) with distilled water (5 mL) in a test
tube. To this, add glacial acetic acid (2 mL) containing a few drops of ferric chloride, followed
by H,SO,4 (1 mL) along the side of the test tube. The formation of brown ring at the interface
gives positive indication for cardiac glycoside and a violet ring may appear below the brown ring
(Igbal et al., 2015) or a brown ring obtained at the interface indicates the presence of de-
oxysugar characteristics of cardenolides (Patil & Paikrao, 2015; Shah& Seth, 2010).

Detection of Anthranol Glycosides: Hydrolyze the extract (10-20 mg) with dil. HCI in a test
tube and treat it with 5% Ferric Chloride solution and immerse it in boiling water for about 5
minutes. Cool the mixture and extract it with equal volumes of benzene. Separate the benzene
layer and treat it with ammonia solution. Formation of rose-pink color in the ammonical layer

indicates the presence of anthranol glycosides (Shah& Seth, 2010).

Detection of Saponins: To about 0.5 g of the plant extract in test tube add distilled water (10
mL) and if shaking results frothing, which persists on warming using water bath for 5 min,
considered as preliminary evidence for the presence of Saponins (Igbal et al., 2015; Patil &
Paikrao, 2015; Shah& Seth, 2010).
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Detection of Flavonoids: Alkaline reagent test: the extracts of B. abyssinica were treated with
few drops of NaOH solution. The formation of intense yellow color, which becomes colorless on

addition of diluted acid, indicates the presence of flavonoids (Siddiqui el at., 2009).

Detection of Terpenoids: The extracts (about 100 mg) were shaken with chloroform (2 mL) in
the test tube followed by the addition of concentrated H,SO,4 (2 mL) along the side of the test
tube using dropper, a reddish brown coloration of the interface indicates the presence of

terpenoid ( Igbal et al., 2015).

Detection of Tannin: 10 mL of freshly prepared 10% potassium hydroxide (KOH) in a beaker
add 0.5 g of extract and shake to dissolve. Formation of a dirty precipitate indicates the presence
of tannin (Patil & Paikrao, 2015).

Detection of Coumarins: 3 mL of 10% NaOH was added to 2 ml of extracts formation of

yellow color indicates the presence of coumarins (Falodun et al., 2006).

3.5 Isolation of compounds

3.5.1 TLC Analysis

Analytical TLC was applied in the detection and monitoring of compounds through a separation
process, and was used to optimize solvent systems for column chromatography. The band
separation on the TLC describing the separation of compounds was detected under UV
absorbance at 254 nm (absorption) and 366 nm (fluorescence), followed by dipping the TLC

plates with vaniline-H,SO, reagent and subsequent heating at 110°C. TLC was conducted prior
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to further work to track the identity of each fraction and the qualitative purity of the isolated
compounds. Different phytochemical gave different RF values in different solvent system. This
variation in RF values of the phytochemicals provides a very important clue in understanding of
their polarity and also helps in selection of appropriate solvent system for separation of pure
compounds by column chromatography. Mixture of solvents with variable polarity in different
ratio was used for separation of pure compounds from plant extract. The selection of appropriate
solvent system for a particular plant extracts was achieved by analyzing the RF values of
compounds in different solvent system. The TLC analysis of the methanol extract indicated the
best resolution using chloroform and methanol (7:3) solvent system compared with other crude

extracts.

3.5.2. Column Chromatography

As described earlier, the crude extracts were analyzed by TLC to choose best mobile phase for
column chromatography. Then the methanol crude extract was subjected to column
chromatography over silica gel and eluted with solvents of different polarities (Table 1).

Different fractions were collected and concentrated over rotary evaporator.

The composition of the fractions collected was monitored by TLC and UV. The spots were
detected by their UV absorption and fluorescence under 254 and 366 nm respectively, as well as

by spraying 1% vanillin in sulphuric acid for UV inactive constituents.

Most of experimental techniques such as extraction, separation and isolation were conducted at
the laboratory of the Department of Chemistry, Adama Science and Technology University.
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Whereas spectroscopic data such as IR, 'H-NMR, *C-NMR, DEPT-135 of the isolated

compounds were obtained from Addis Ababa university .

3.5.3. Fractionation of the extract

The methanol extract (6g) was fractionated on the silica gel column starting with 100% hexane
and increasing the polarity by adding increasing amounts of ethyl acetate and then chloroform in
methanol. The column was eluted with n-hexane:EtOAc, chloroform:MeOH of increasing
polarities to furnish two compounds (Scheme 1).
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Table 1:- chromatographic fractionations of the methanol crud extract.

Solvent system Ratio of solvent used Fractions collected Volume of each
fraction
n-hexane 100% F1-F9 100 mL
n-hexane/EtOAC 90:10 F10-F12 100mL
n-hexane/EtOAC 80:20 F13-F21 100mL
n-hexane/EtOAC 70:30 F22-F26 20mL
n-hexane/EtOAC 60:40 F27-F29 100mL
n-hexane/EtOAC 50:50 F30-F36 20mL
n-hexane/EtOAC 40:60 F37-F42 100mL
n-hexane/EtOAC 30:70 F43-F46 100mL
n-hexane/EtOAC 20:80 F47-F50 100mL
n-hexane/EtOAC 10:90 F51-F57 20mL
EtOAC 100% F58-F62 20mL
CHCIy/MeOH 90:10 F63-F66 20mL
CHCI3/MeOH 80:20 F67-F69 50mL
CHCI;/MeOH 70:30 F70-F73 50mL
CHCIy/MeOH 60:40 F74-F78 50mL
CHCIy/MeOH 50:50 F79-F84 100mL
CHCI3/MeOH 40:60 F85-F89 100mL
CHClIy/MeOH 30:70 F90-F95 100mL
CHCIy/MeOH 20:80 F96-F101 100mL
CHClIy/MeOH 10:90 F102-F129 100mL
MeOH 100% F130 100MI
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Scheme 1: Fractionation and isolation of compounds from B. abyssinica roots

3.6. Anti-bacterial activity test

The antibacterial activity of the crude extract and isolated compounds were tested against
selected strains of bacteria in vitro by Disk-diffusion method.This was carried out in vitro using
disc diffusion method. Small, sterile discs of filter papers (5 mm) were used as carriers of

antibiotics and/ (or) crude extracts solutions to be tested. The test Organisms (Gram-positive and
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Gram-negative) used in the study is listed in Table 4. These were obtained from Oromia public
Health Research, Capacity building and Quality assurance laboratory center in Adama. The test
bacteria were prepared by culturing the required bacterium in nutrient broth medium from stock
cultures and later were transferred onto the nutrient agar in the Petri dishes (Clinical and
Laboratory Standard Institute, 2013).

3.7. Antioxidant Activity test

The antioxidant activity of the methanol extract and its two constituents were evaluated by
DPPH (1, 1-diphenyl-2-picrylhydrazyl) radical scavenging assay by using procedures indicated
in literature with little modification (Molyneux, 2004; Lewis, 2012; Garcia, 2012; Grujic et al.,
2014). Thus, 4 mg DPPH was dissolved in 100 ml methanol to obtain 40ug/ml and stored in dark
bottle at 4 °C by covering with aluminum foil. 5 mg of each of the methanol extract, ABS- EM
and ABS-120 were dissolved in 5 ml methanol to obtain 1 mg/ml and were diluted to 500, 250,

125, 62.5 ug/ml concentrations to 4 ml final volume by using methanol. 4 ml DPPH in 4 ml

methanol (control) and 4 ml DPPH with each prepared concentration (experimental part) were
placed at 37 °C in oven for 30 min. The absorbance of both control and experimental part was
taken by UV-Vis spectrometer at 517 nm using methanol as blank. The percent (%) inhibition of

DPPH free radical by the sample was calculated as:

Ac _CAS)xloo%. Where A: absorbance of control and As: absorbance of

% Inhibition = (

sample. ICs (the concentration of sample that inhibit 50 % of DPPH free radical) was calculated
by using graph pad prism software from regression line (Khlifi et al., 2011). A lower value of

ICso indicates greater antioxidant capacity (Castro et al., 2014).
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4. RESULTS AND DISCUSSION

4.1. Percentage yield of B. abyssinica extracts

Extracts of roots of B. abyssinica were obtained successfully by using different solvents. After
concentration, each of the dried crude extracts was weighed and the color of extracts recorded
(Table 2)

Table 2: Extraction yields of the roots of B. abyssinica

S.No | Solvent Color of extract | Percentage
yield(%w/w)

1 n-hexane Yellow 0.42

2 Chloroform Yellow 0.64

3 Ethyl acetate Yellow 0.82

4 Methanol Brownish 8.04

Hexane extract had the lowest percentage and was oily in nature. The methanol extract had the
highest percentage yield (8.04%). This indicates that the secondary metabolites present in the
roots of B. abyssinica are polar. The extracts were subjected to phytochemical and antibacterial

tests before fractionation commenced.

4.2. Phytochemical Screening of the Extracts

The root extracts of B. abyssinia were used to investigate preliminarily phytochemical studies.
The selected part of plant was analyzed for phytochemical screening for the extracts obtained
from cold extraction successfully using gradient solvent system, n-hexane, chloroform, ethyl

acetate and methanol respectively.
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Table 3:- Phytochemical screening of B. abyssinica roots

No | Phytoconstituents Reagents Extracts
n-hexane | Chloroform | Ethyl Methanol
acetate
1 Alkaloids Wagner’s - - + +
2 Tannins KOH + + + +
3 Flavonoids Shinoda test _ _ + +
4 Terpenoids Salkowiski + + + +
5 Anthraquinone Born trager’s _ + _ _
glycosides
6 Cardiac Keller killiani’s _ _ + +
glycosides
7 Anthranol Modified born trager + + + +
glycosides test
8 Saponins Foam test _ _ _ +
9 Coumarins NaOH test + + + -

(+) indicates Present

(-) indicates absent

The extracts were subjected to various qualitative tests for phyto-constituents such as alkaloids,

flavonoids, triterpenoids, tannis, coumerins, saponins and anthragquinones.

The result of phytochemical screening test of the extracts of roots of B. abyssinica reveals the

presence of tannins,terpenoids, anthranol glycosides in all four extracts (n-hexane, chloroform,

ethyl acetate and methanol) while alkaloids, flavonoids, and cardiac glycosides were found only

in ethyl acetate and methanol extracts. In comparison,

phyto-constituents of the leaves of

B.abyssinica from the literature presence of alkaloides, flavonoides and glycosides in all

extracts(n-hexane, chloroform, Ethyl acetate and methanol) while coumerins were found only

in ethyl acetate and methanol extract whereas triterpenes present only in methanol (Anza et al.,

2015).
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The traditional use of the plant may be attributed to its high contents of flavonoids, tannins,

coumarins, phenols, saponnins and anthraquinones constituents.

4.3. Characterizations of isolated compounds

The methanol extract of the roots was subjected to column chromatography with n-hexane,
chloroform, ethyl acetate and methanol. The chloroform: methanol fraction (fraction-68 and
fraction-120) was purified and two compounds (ABS-EM and ABS-120) were obtained (Fig. 4
& 5). By means of spectroscopic analysis, they were identified as isomer of betulinic acid (ABS-
EM) (1), phthalic acid, ABS-120, (2).

4.3.1. Characterization of the compound ABS-EM

The compound ABS-EM was obtained as colorless amorphous solid isolated from the roots of B.
abyssinica. TLC showed one spot at R 0.65 with chloroform: methanol (8:2) solvent as a mobile
phase. TLC spot viewed under UV lamp showed a blue color; this was further analyzed by

spraying the spot with 1% Vanillin in sulphuric acid and heating for few minutes.

In the IR spectrum of the compound ABS-EM (Appendix 1), the absorption band at 3435 cm™
showed the OH stretching that indicating the presence of a hydroxyl group. The strong
absorption band at 2928 cm™ showed the presence of the CH stretching, due to the stretching
vibrations of aliphatic CH group. The absorption band at 1710 cm™ showed the presence of the
C=0 stretching. The absorption band at 1630 cm™ showed the presence of the C=C stretching.

The absorption band at 1469 cm™ showed the presence of C-C stretching.

The *H-NMR spectrum (Appendix 2) of ABS-EM showed signals at §4.34 (1H) and 5.12 (1H)
which are accounted to the presence of olefinic protons. A singlet peak at 61.23 integrated for
three protons in the spectrum is indicative of a quaternary methyl proton. The *H-NMR spectra

also indicated signals due to six quaternary methyl protons (all singlets), with their peaks at ¢
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(0.67,0.79, 0.90, 1.03, 1.23 and 1.23), each integrating for three protons. There are also different
peaks integrating for 29 hydrogens observed in the region between & 1.44 - 4.34

The **C-NMR spectrum (Appendix 3 ) in CDCl; of compound ABS-EM , analyzed with DEPT-
135 (Appendix 5 ) showed a well resolved resonance of 30 carbon atoms, indicated the presence
of seven quaternary carbons (C), which were attributable to five aliphatic carbons, one olefinic
carbon and one carbonyl (carboxylic acid). From the spectral data six methine (CH), which were
attributable to one oxygenated carbon and five aliphatic carbons were observed. In addition, the
spectral data indicated the presence of eleven methylene (CH,), which were attributable to ten
aliphatic carbons and one olefinic carbon and also six methyl (CH3) all of them were attributable
to aliphatic carbon. This structural type was further supported by the *C-NMR spectrum, in
which the appearance of signals at 6 125.02 and at 5 138.64 (Table 6) indicated the presence of a
double bond and the most downfield signal resonated at & 178.80 is attributed to the carboxylic
acid. However, some of the signals appeared in **C-NMR spectrum were not appeared in DEPT-
135 below 30 ppm region of chemical shifts made the characterization difficult especially due to
the absence of methylene (CH,) signals in DEPT-135 . The complete *C-NMR data is given in
table and Appendix. Besides to the observed relationships between *C-NMR and DEPT-135,
13C-NMR spectral data of the proposed structure of compound ABS-EM was found isomer of
betulinic acid (Hong-peng et al..,2014) (Table 6 ). Based on the NMR data, the structure of the
compound ABS-EM is given (figure 4.). The betulinic acid is a known triterpenoid isolated from
various organs and species of plants. This metabolite shows inhibitory activity on growth of
human melanoma cells, and replicate of AIDS virus. The betulinic acid also has antibacterial
property and inhinbits the growth of colonies of Escherichia coli and Staphylococcus aureus
(Alaide et al..,2010). Triterpenoids possesses anti-microbial activities may be confirmed that a
isomer of betulinic acid isolated from this plant would exhibit anti-microbial activity and
supports the finding in this present study that extracts of the plant and the isolated compound
may be useful in wound healing, gonorrhea, stomachache, headache and it may responsible for

curing various ailments.
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Table 4: 'H-NMR and *C-NMR spectral data of compound ABS-EM

Position | "H-NMR (in ppm) BC-NMR (iin ppm) | DEPT-135 (iin ppm)

1 1.44 (t2H); CH, 38.9 -

2 1.54 (m,2H) ; CH, 243 -

3 4.34 (m,1H) ; CH 77.3 77.3

4 C 38.9 -

5 1.78 (m,1H) : CH 52.8 52.8

6 CH,,(m,2H) 1.41 18.4 -

7 CH,,(m, 2H) 1.03 36.8 -

8 C, - 39.2 -

9 1.79 (m, 1H); CH 47.5 47.5

10 C, - 36.9 -

11 CHa,(m, 2H) 1.30 233 -

12 CH,, (m, 2H)1.413 23.7 -

13 C, 40.5 -

14 1.83 (m,1H) ; CH 38.8 38.9

15 CHa,(m,2H) 1.22 28.7 -

16 CHa,(m,2H) 1.45 33.2 -

17 C, - 55.2 -

18 1.89 (3,1H) ; CH 473 -

19 1.92 (m,1H) ; CH 2.1 38.9

20 C, - 138.6 -

21 CHy, (M,2H) ; 1.48 38.7 -

22 CHy, (M,2H) ; 1.47 27.9 -

23 0.67, (5, 3H) ; CH, 274 i

24 0.79, (5,3H) : CH, 165 -

25 0.91,(s, 3H); CH, 17.4 -

26 1.03,(s, 3H) ; CH, 175 i

27 1.23, (s, 3H) ; CHs 15.7 -

28 C, - 178.8 -

29 435, (m, 2H); CH, 125.0 125.0
5.12 (m, 1H)

30 1.23, (s, 3H ); CH, 215 -
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Figure 4: Proposed structure of compound ABS-EM

4.3.2 Characterization of compound ABS-120

The compound ABS-120 was obtained as a yellow amorphous solid isolated from the roots of B.
abyssinica. It exhibited a blue colored spot on silica gel TLC when dipped in 1% vanillin in
H,SO, followed by heating for few minutes. The spot fluoresces under UV light prior to spraying

and heating. It was soluble in organic solvents such as chloroform and methanol.

The IR spectral (Appendix 5) analysis showed stretching frequency at 2961 cm™ suggests the
presence of C-H stretching. Also observed was a band at 1730 cm™ showed the presence of the
C=0 of esters stretching. The absorption band at 1278cm™ and 1073cm™ showed the presence of

C-O stretching.
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In the proton NMR of ABS-120(Appendix 5), at & 7.65, and 7.75 two broad doublets each
integrated for two protons were indicative of an aromatic ring system which was ortho-
disubstituted most likely with similar substituents. A quartet at & 4.21 integrated for four protons
was indicative of two equivalent methylene groups that were oxygenated and make part of an

ester functional group.

Table 5: *HNMR*C NMR and DEPT-135 spectroscopic data of ABS-120

Position | 'H-NMR (in ppm) C-NMR (in ppm) | DEPT-135 (in ppm)
1&34 1.01 (m,3H) ; CH3 22.5 235

2&33 1.30 (m,1H) ; CH 22.8 23.7

3&32 | 1.35(m,2H) ; CH, 25.9 254

4831 1.42(m,2H);CH,

5&30 | 144 (m2H): CH,

6&29 1.44,(m,2H) ; CH, 29.0 intense peak 29.4

7&28 | 1.47(m, 2H) ; CH,

8&27 | 1.49(m,2H); CH,

9&26 | 1.60(m,2H); CH,

10&25 | 1.69(m,2H); CH, 303 303
11&24 | 1.71(m, 2H) ; CH, 318 318
12&23 | 1.96(m, 2H); CH; 38.7 388
13&22 | 4.26(t,2H); CH, 67.5 675
14821 C, 167.1 -
15&20 C. 131.1 -
16&19 | 7.65(m,1H) 128.8 128.8
17&18 | 7.66(m,1H) 1326 1326
35&36 | 1.01(m,3H) 225 235
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Figure .5 Proposed structure of ABS-120

4.4. Anti-bacterial activities of methanol extract and its fractions

The extracts and the isolated compounds were evaluated for their antibacterial activities against
Gram positive (S.aureus, B.subtilis) and Gram negative (E.coli, P.mirabilis, K.pneumonia) with

the results presented in Table 6.

Table 6: Antibacterial activities of ABS-EM and ABS-120, extracts and the standard drugs
(Inhibition zones in mm)

Samples Conc.in | Types of bacteria with mean inhibition zone (mm)

pg/mL S.aureus(+) | B.subtilis(+) | E.coli (-) | P.mirabilis(-) | K.pneumonia(-)
n-Hexane 20 6(R) 6(R) 6(R) 6(R) 6(R)
ext
CHCI; ext 20 15(S) 16(S) 5(R) 18(S) 13(S)
EtOAcC ext 20 16(S) 15(S) 13(S) 10(R) 12(S)
MeOH ext 20 16(S) 15(S) 6(R) 7 (R) 7(R)
ABS-EM 20 18(S) 16(S) 7(R) 7(R) 6(R)
ABS-120 20 15(S) 6(R) 12(S) 10(R) I(R)
Cipro. 0.05 20 18 19 33 18

Cipro: Ciprofloxacin ; S: Sensitive; R: Resistive; ext: extract
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The antibacterial test was performed using the agar disc diffusion method. The antibacterial
activities in terms of zone of inhibition (in mm diameter) of the extracts and two isolated
compounds were tested against selected gram positive (S.aureus,B. subtilis) and gram negative
(E.coli,P.mirabilis, k.pneumonia) bacterial strains. The crude extracts and isolated compounds
showed significant sensitivity to the different strains of bacteria used. The chloroform extract of
B. abyssinica had inhibitory activity against two gram positive (S. aureus, B. subtilis) and in
gram negative (P. mirabilis, K. pneumonia). Ethyl acetate extract had inhibitory activity against
in all bacteria except one gram negative (P.mirabilis). Methanol extracts activity against two
gram positive bacteria (S.aureus, B.subtilis). This was done in comparison with the inhibition
zones of the standard reference as shown in Table 4. The values that are close to the values of the
standard used show high activity and those that are half show moderate activity while those that
are far below shows mild activity. Hexane did not have any activity since all the inhibition zones
had 6mm which is the same value that was the diameter of the disc. S. aureus is an organism
causing wound infection. The antibacterial activity displayed by the extracts and isolated

compounds supports the traditional uses of this plant against bacteria.

4.5. Antioxidant activity of methanol extract and its fractions

The result of the antioxidant activity of the crude extract and the purified compounds evaluated
by DPPH was shown as DPPH % inhibition as indicated on Fig. 6. This was calculated from
absorbance of each concentration for methanol extract and purified compounds in terms of the

absorbance of the control solution at 517 nm as shown on Table 7.
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Table 7: Antioxidant Activities of the MeOH Extract, its Fractions and DPPH % inhibition

Sample Absorbance DPPH % inhibition
concentration “yasthanol MeOH extract | ABS-EM | ABS-120
(ug/ml) extract ABS-120 | ABS-EM

62.5 0.089 0.227 |0.154 82.0 68.9 54.2

125 0.063 0.206 0.127 87.3 744 58.5
250 0.047 0.183 0.094 90.5 81.0 63.1
500 0.042 0.130 0.078 915 84.3 738
Control 0.496

At 500 and 250 pg/ml % inhibition of B. abyssinica roots was around 65 % and 25 %,
respectively. In other way Amarowic &Troszyfiska (2003) compared the scavenging effect of B.
abyssinica crude extract and fractionated from this crude on DPPH free radical. 1Csy was
calculated from regression line as shown on Fig. 6 (B). Therefore, 1Cso value for ABS-EM was
10.07pg/ml and for ABS-120 was 46.90ug/ml. The result indicated ABS-EM has more

antioxidant activities (Castro et al., 2014).

100 +
90 -

80 ) W

70 -

60 - —4—MeOH
50 -
40 -
30 - ABS-120
20 -

10 -

== ABS-EM

DPPH % Inhibition

62.5 125 250 500

(B)

Sample concentration (ug/ml)

Figure 6. Antioxidant activity assay results
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5. CONCLUSION AND RECOMMENDATIONS

5.1. Conclusion

The result showed that the percentage yields of the crude extracts increased from n-hexane to

CHCI; to EtOACc to MeOH. These result suggested that the roots of B. abyssinica is very rich in
polar metabolites. The band separation on the TLC describing the separation of compounds was
detected under UV absorbance at 254 nm (absorption) and 366 nm (fluorescence), followed by
dipping the TLC plates with vaniline-H,SO4 reagent and subsequent heating at 110°.
phytochemical screening of B.abyssinica roots extract contain tannin, terpenoids and glycosides.
The methanol extract was subjected to column chromatography and yielded isomer of betunilic
acid and phthalate. The antibacterial activity evaluation of methanol extract and fractions showed
was moderately sensitive against S.aureus and B.subtilis, which support its traditional medicine
in the treatment of wounds. Antioxidant test of B.abyssinica roots methanol extract was good
(pronouncable) result. Isomer of betunilic acid was isolated from roots of B. abyssinica. This
structure of the triterpene compound was identified on the basis of spectroscopic and by

comparing physical property and spectral data of betunilic acid reported in the literature.

The chemical structure of compound from ABS-120 was not proposed because it was masked by
a pollutant which interfered during the analytical process. This pollutant may absorb di-n-
octylphthalate from soil. According to Kirchmann et al (1991), phthalates released to
environment can be deposited on or taken up by crops.
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5.2. Recommendation

Q) The isolated compound had varied bioactivities on the test bacteria hence the plant can
be used in treatment of the diseases caused by the respective pathogens. It recommends
further works.

(i) The crude extract for methanol possesses significant activity as seen in its ability to inhibit
the growth of most of the test bacteria. Since methanol is a polar solvent it should be
most preferred solvent in extraction.

(iii)  The isolated compound is not the only compound in the plant show from TLC analysis,

so for the future work should aim at isolating other compounds.
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7. APPENDIXES

Appendix 1: IR Spectrum of ABS-EM
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Appendix 2: 'H-NMR Spectrum of ABS-EM
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Appendix 3:
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Appendix 4: DEPT-135 Spectrum of ABS-EM
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Appendix 5: IR Spectrum of ABS-120
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Appendix 6: "H-NMR Spectrum of ABS-120
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Appendix 7: **C-NMR Spectrum of ABS-120
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Appendix 8: DEPT-135 Spectrum of ABS-120

084 061
1 1

0Lk
|

08 06
1

0L
I

09
!

0§

o¢

47|Page

205
—Zos

AN

132,
131.
128.
128.
128.
127.
127.
126.
125.

.60
.88



