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ABSTRACT

Medicinal plants have been used over the years for treating a variety of diseases caused by pro-
tozoan, bacteria, fungi, viruses and helminthes. Embelia schemperi is one of these medicinal
plants used traditionally for treatment of intestinal tape worm, dysmenorrheal, bacterial and
fungal infections. Phytochemical screening test of the dichloromethane/methanol (1:1) and
methanol extracts revealed the presence of phenols, alkaloids, tannins, and flavonoids where as
terpenoids, glycoside and phytosterols were absent. Silical gel column chromatographic
separation of the extract afforded two compounds (3,5,7,3°,4° pentahydroxy flavan and 3,5,7,4°
tetrahydroxy flavan). The structures were determined as using spectroscopic techniques (UV-Vis,
IR, 1D and 2D NMR) and compared with reported data from literature. The crude extracts and
isolated pure compounds were tested for their antibacterial activity by Agar-disc diffusion
methods. Compound 1 exhibited 15mm zones of inhibition, against S. aureus which was compa-
rable to that of gentamicin (15mm). The present study supports the traditional medicinal use of

the plant for the treatment of infectious diseases.

Keywords: E.schimperi Phytochemical investigation, antibacticterial activity, flavans.



1. INTRODUCTION

1.1 Background

Plants have been used from ancient times to attempt cures for diseases, to relive physical suffer-
ing and also utilized as sources of spices, dyes, poisons and drugs. Ancient peoples all had ac-
quired some knowledge of medicinal plants. Often times these primitive attempts at medicine
were based on superstition and speculation. The chemical compounds responsible for these activi-
ties are often the secondary metabolites of plants or natural products as they are usually referred
to. The World Health Organization (WHO) defines traditional medicine as health practices, ap
proaches, knowledge and beliefs incorporating plant, animal and mineral based medicines, spir-
itual therapies, manual techniques and exercises, applied singularly or in combination to treat,

diagnose and prevent illnesses and maintain well-being [1].

Medicinal plant extracts and phytochemical constituents present in the plant tissues with well-
known antimicrobial properties play an important role in promoting human health and are non-
toxic to the human body [2].Plant extracts work in synergy with synthetic antibiotics against
drug resistant bacteria [3].They can be defensive substances such as phytoalexins and
phytoanticipins, anti-feed ants, attractants [4]. No one knows exactly how many different medic-
inal plants are used in the world today, but we do know that medicinal plants are enormously im-
portant in both traditional and modern medicine. Ethno botany, the study of traditional plant use,
is a field of growing interest to research scientists and pharmaceutical companies looking to de-
velop new and more effective drugs. It has been estimated that over 40% of medicines have their

origins in these active natural products [5].

In general, The study of natural products offers challenging problems of stereo specific synthesis
of compounds with a fascinating diversity of structures to synthetic organic chemists. These
molecules of life have attracted the attention and efforts of the foremost organic chemists be-
cause of their economic importance in industry, their value in medicine and phytochemical stud-
ies of medicinal plants are of great importance in developing drugs, study of chemotaxonomy
and plant biodiversity as well as in documenting knowledge. Enhancing the knowledge of bio-
logical and pharmacological effects of plant constituent and determination of the structures of the

active principles may help in sustaining the use of these products [6].



1.2. Natural Products in Drug Discovery

The contribution of natural products to the development of medicine could be demonstrated by
the amount of plant derived drugs being used [7]. Medicinal agents used by humans since ancient
times provided the starting point for the development of our current arsenal drugs. Higher plants
have been the source of medicinal agents since earliest times, and today they continue to play
dominant roles in the primary health care of about 80 % of the world’s population due to cultural
acceptability, it’s attributed efficacy against certain types of diseases and economic affordability
as compared to modern medicine [1] .Research in to the chemical and biological properties of
natural products over the past two centuries has not only yielded drugs for the treatment of hu-
man ailments, but has provided the stimulus for the development of modern synthetic organic
chemistry, and the emergence of medicinal chemistry as a major route for the discovery of the

novel and more effective therapeutic agents [8].

By 1882, more than 50 different herbs were commonly used to make medicines. The active
ingredients of these plants were isolated from the herbs, berries, leaves, roots, barks and stems
used in traditional medicine. Of the 119 plant derived drugs commonly in use, 74% were dis-
covered as a result of chemical studies directed at the isolation of the active constituents of plants
used in traditional medicine [9]. Different plant parts such as fruits, seeds, barks or roots of
Embelia schimperi (Vatke) are traditionally used as an antibacterial and anthelminthic reme-
dy.Phytochemistry research is the backbone of herbal industry and directly or indirectly respon-
sible for both failure and success of herbal drugs. For promoting the use of herbals in modern
medicine, phytochemistry should be investigated for:-isolation, purification and characterization
of new phyto constituents, use of newly isolated phytoconstituent for the synthetic design of an-
alogues with either improved therapeutic activity or reduced toxicity and conservation of
phytoconstituents into medicinally important drugs. Scientists still search the world for plants,
bark, and the oceans for flora and fauna that might yield of the problem.

The genus Embelia is the source of large number of compounds and exhibit diverse biological
activities. E. schimperi is one of the medicinal plants within the genus present at various

geographical locations with a wide traditional use in Ethiopia. Nevertheless, there are limited
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studies conducted in Ethiopia. The use of plants for the treatment of various diseases is universal
and has been practiced by many people for many years. It has not only continued to be used for
primary health care in developing countries, but has also been used in countries where conven-
tional medicine is predominant in the national health care system [1]. A plant’s medicinal value
is due to the presence in its tissues of some chemical substance(s) that produce a physiological
action on the body. Worldwide, there are several thousand plants that have been used and are still

being used for medical purposes. Many of these are restricted in use by native people who have

(b)
Fig.1.(a) Photo of E. schimperi plant taken by Babe Guyasa in Horo Guduru Wellaga Zone

Jarte woreda, Sombo kumi kebele, on December 8, 2016. (b) photo of powdered stem barks of

E.schimperi



1.3 Justification of the Study

This thesis has a practical and experimental result of a scientific relevance due to this they are
very important. This research would like to make an addition to the work in the future due to the
Embelia schimperi plant contains many polar chemical constituents that are not isolated by this
work and the plant is highly effective traditional medicine to treat bacterial and fungal infections.
Scientific literature is scarce on the isolation of all chemical constituents of the plant to promote
this traditional medicine to modern medicine and documenting of knowledge for drug industry;

this thesis tries to fill some of this gap.

1.4 Statement of the Problem

There are many plant species that are traditionally used for the treatment of different diseases
like inflammation, asthma and infectious microorganisms such a worms and bacteria. E.
schimperi is one of the medicinal plants found at various geographical locations and their pre-
sumptive folklore use prescribed for bacterial and fungal infections. Considering its wide tradi-
tional use, to the best of our knowledge, there are very few studies conducted on the species with

in Ethiopia. Thus, this project is intended to fill some of this gap.

1.5 Significance of the Study

The studies on antimicrobial activities of the genus are still scarce, and there is need for further
investigations along this line to strengthen the pharmacological study profile, evaluate the effec-
tiveness of the plant against disease causing agents and their ultimate utilization in drug devel-
opment. Clinical observations on traditional remedies are possible and useful. Some herbal rem-
edies may be safe and effective for the treatment of microbial infection. Nevertheless, better evi-
dence from randomized clinical trials and cytoxicity assay is required before herbal remedies can
be recommended on a large scale. In order to prioritize remedies, there is need for preliminary
clinical observational studies based on existing data from the ethno botanical and ethno pharma-
cological study of traditional Ethiopian plants. This research can provide an evidence base for
the traditional use of the plants by identifying their chemical constituents of the plant through
biological screening. This study also aims to engender further pharmacological studies on the

active ingredients of the plant.



1.6 Objectives of the Study

1.6.1, General objective of the study

To extract, isolate and characterize the chemical constituents from the stem bark of E. schimpri

plant and evaluate their antibacterial activities.

1.6.2, Specific objectives of the study

>

To successively extract stem barks of the plant using dichloromethane/methanol (1:1)
and methanol solvents.

To conduct phytochemical screening test of the crude extracts
To isolate compounds from the crude extracts of the stem bark of the plant.

To characterize structures of the isolated compounds using different spectroscopic
technique (UV, IR ,1D and 2D NMR)

To investigate the antibacterial activity of the crude extracts as well as the isolated
compounds against Staphylococcus aureus, Escherichia coli, Protens mirabilis and
Klebsolap pneumonia and compared with standard drug.



2. LITERATURE REVIEW

2.1 General Description of Medicinal Plants

Traditional healers use medicinal plants for a variety of illness caused by protozoan, bacteria,
fungi, viruses and helminthes. Traditional knowledge to solve health problems of mankind and
animals exists in all countries of the world. The use of medicinal plant as the source of remedies
for the treatment of many diseases dates back to prehistory and people of all continents have this
old tradition. The use of plants as medicines is not restricted to one particular region or continent.
Plants as medicines are capitalized in Africa, Greek, Islamic, Chinese, Indian and Western sys-
tems of medicines. This indicates the consensus among the nations upon the use of plants as

medicines [10].

The first official recognition of traditional medicine as important participant in primary health
care was expressed in the World Health Organization’s Primary Health Care Declaration of Al-
ma Ata in 1978. Traditional medicine according to the declaration is the sum total of all the
knowledge and practices used in diagnosis, prevention and elimination of physical, mental or
social imbalance and relying exclusively on practical experience and observation handed down
from generation to generation verbal writing [11]. Medicinal plant typically contains mixtures of
different compounds that may individually or in combination improve health. In previous stud-
ies, many plant extracts have been shown to Possess combinatory antimicrobial activity, includ-
ing improving antibiotic's efficacy against S. aureus [12].The importance of medicinal plants
lays not only on their chemotherapeutic effect but also in their role as a source of model com-
pounds for drug development. In addition to plant constituents being used directly as therapeutic

agents, they can be utilized as starting material for drug synthesis [13].

2.2. Botanical Discriptions of E. schimberi

Embelia is a genus of climbing shrubs in the family Myrsinaceae; there are about 130 species
which occur in tropical and subtropical areas across a wide range including Africa and from
eastern Asia to the Pacific Islands as well as Australia [14]. The plant can grow to a maximum
height of about 7 m [15]. The plant is a highland family of trees and/or shrubs that are estab-
lished all over the world. In Kenya, the species are found in the West and South of Mt. Kenya,



Ngong’Hills, Kakamega forests and Western slopes of Mau Ranges around Kericho District [16].

Embelia schimperi Vatke locally called Enkoko in Amharic and Hanku in Afan Oromo is climb-
ing shrub which reaches the height of 2-13 m [17]. The fruit, 5-8 mm in diameter, is orange yel-
low, reddish green to red in color when ripen. Each fruit often has one seed that has a diameter of
4.5-7 mm. It is brown in irregular orange markings when ripen [18]. E. schimperi seeds found to
possess antibiotic and anti-tubercular properties. They are also useful against fevers and chest
and skin diseases [19]. Decoction of the leaves is used as a blood purifier Believed to eliminate
adult Taenia saginata, the beef tape worm [20]. This result indicates that the crushed seeds of E.
schimperi taken orally by the Masai people indeed have an anthelmintic effect against human
intestinal tapeworms [21]. This plant widely used in traditional medicine as an anthelmintic and

anti-microbial mostly known for anti-bacterial and anthelmintic properties.

In Ethiopia, the bark from E. schimperi are combined with other species, such an Albizia
anthelmintica, Guizotia abyssinica, Glinus lotoides, and Hagenia abyssinica, mixed with water
and taken as a disinfectant which suggests that the pharmacological effect of this plant can be
increased by interaction with other plant ingredients . The plant was screened for alkyl benzo-
quinones that the family is known to accumulate up to 5-16 %, w/w which was investigated for

larvicidal activity against Aedes aegypti[22].

2.3. Phytochemistry of the Genus Embelia

The EtOH extract of the roots of Embelia ribes led to isolation of a nitrogen-containing 3-alkyl-
1,4-benzoquinonederivative,N-(3-carboxylpropyl)-5-amino-2-hydroxy-3-tridecyl-1,4- benzoqui-
none (1),and a gomphilactone derivative,5,6-dihydroxy-7-tridecyl-3-[4-tridecyl-3-hydroxy-5-
oxo-2(5H)-furylidene]-2-oxo-3(2H)-benzofuran (2), as well as the common plant metabolites
sitosterol and daucosterol [23]. Chromatographic separation of an ethyl acetate extract of dried
ground stem bark of E. schimperi led to the isolation of a new compound identified as 2,5-
dihydroxy-3-methyl-1,4-benzoquinone (3) which was screened for in vitro antimicrobial activity
against clinical strains of Salmonella spp., Protsseusspp., Pseudomonas aeruginosa, Klebsiella
pneumoniae, Escherichia coli, Cryptococcus neoformans, Shigella dysentriae and Staphylococ-

cus aureus. Compound (4) as exhibited comparable antibacterial activity to that of the control



antibiotic gentamicin, with zone of inhibition of 20 and 21 mm diameter for compound 4 and

that of standard, respectively [24]

Chromatographic analysis of air-dried berries of E. schimperi from cold ethyl acetate led to the
isolation of methylvilangin (5) and Biembelin (6). Methyl vilangin was found to be lethal against
2" instars larvae of Aedes aegypti (yellow fever vector) by first stopping the process of meta-
morphosis from the 2" instars stage to the other stages and finally causing mortality to the larvae
[25].An investigation of MeOH extract of E. schimperi stem led to the isolation of a new resor-
cinol derivative, 5-(7’Z-pentadecenyl) resorcinol (7), along with the known compounds lupeol
(8) and B-sitosterol glucoside (9). Compound 5 exhibited moderate in vitro cytotoxic activity
against human Hela cell line [26].

Fractionation of the methanolic extract of E. schimperi leaves led to the isolation of novel
flavonol glycosides (10) characterized as isorhamnetin 3-O-B-galactoysyl (1—4)-p-galactoside
and quercetin 3-O-[a-rthamnosyl (1—2)] [a-rhamnosyl (1—4)]-a-rhamnoside together with
known compounds quercetin, myricetin, quercetin 3-O-a-rhamnoside, quercetin 3-O-f-
glucoside, quercetin 3-O-rutinoside, myricetin 3-O-B-xyloside, isorhamentin 3-O-B-glucoside
and myricetin 3-O-B-glucoside [27]. Five oleanane-type pentacyclic triterpenoids were isolated
from chloroform extract of the stem bark of E. schimperi of which three of them have a
methyleneoxy bridge and two compounds, embelinone and schimperinone, were reported for the
first time from the plant. With promising antibacterial properties against the gram-positive bac-

teria strain Rhodococcus sp. [28].



Some compounds isolated from the embelia genus plant
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2.4 Biological Activity of E.schimperi.

Staphylococcus aureus is one of the most serious human pathogens, responsible for dangerous
community- and hospital-acquired infections. Most of its strains are resistant to S-lactams as well
as to other classes of antibiotics, such as tetracycline’s [29]. Although mortality and morbidity
associated with S. aureus infections in less-developed countries far exceed those occurring in
developed ones, staphylococcal diseases in low-income countries are still perceived as trivial in
comparison with other infections, such as malaria [30]. Even though common antibiotics can still
manage this pathogen, many of them are no longer effective against majority of staphylococcal
strains (such as penicillin or tetracycline). Spread of antibiotic resistant strains now has become

an important public health problem worldwide [31].

Thus, it is crucial to use new strategies to overcome complications in the treatment of staphylo-
coccal infections caused by drug-resistant strains, such as antimicrobial effect of plant-derived
products and commonly used therapeutics [32].E.schimperi play an important role in the tradi-
tional treatment of many diseases including bacterial infections. It is well-known that indigenous
healers use remedies prepared from this plant species to treat, for example, bacterial infection,
intestinal tapeworm, and skin diseases. This traditional medical knowledge is useful not only for

community healthcare but also for future drug development [33].

Bacterial infections in less-developed countries are traditionally treated by remedies prepared
from medicinal plants. In spite of many years of research into yellow fever drugs, the disease still
remains the leading killer disease mainly in Africa. The yellow fever parasite has lately been
found to be resistant to most conventional drugs in the market today. In view of this worrying
trend, Embelia schimperi is a plant belonging to the family Myrsinaceae; known for anti-
bacterial and anthelmintic properties [22]. Therefore, in the present study we evaluated pure
compound and methanol extract prepared from stem barks E. schimperi and the main constitu-
ents of the extracts were identified by column chromatography assay, for their in vitro anti
staphylococcal effect with representatives of typical antibiotic classes associated with staphylo-

coccal resistance.
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3. MATERIALS AND METHODS

3.1 Apparatus and Equipments

NMR spectrum were measured on a Bruker Avance 400 MHz. The ultraviolet and visible (UV-
Vis) spectrum was taken on Spectronic Genesys™ 2PC UV-Vis scanning spectrometer. Infrared
(IR) absorptions were measured on a Perkin Elmer System FT-IR spectrometer as KBr pellets in
the range of 4000-400 cm™. Analytical thin layer chromatograms were run on readymade 0.25 mm
thick layer of Merck silica gel 60 Fys4 coated on aluminum foil. The spots on the chromatograms
were detected in 2%vanillin in H,SO,. Silica gel with fluorescent indicator 254nm on aluminum
cards with layer thickness 0.1 mm used for TLC. Column chromatography were conducted using
column packed with Merck silica gel 60, particle size 0.063-0.200 mm (70-230 mesh ASTM)), test
tube, water bath, refrigerators, stand, beaker, round bottom flask, gaze jar, spatula, stirrer, cotton,
analytical balance, capillary, oven, ruler, pencil, pen, reagent bottle, pipette, Rota vapor, funnel,

spatula, electronic balance, dropper, mortar, and pestle.

3.2 Chemicals and Reagents

n-hexane, ethyl acetate, dichloromethane, methanol, iodine, chloroform, , ethanol, distilled water,
dimethyl sulfoxide—ds (DMSO-dg), sulfuric acid, ferric chloride, KBr, TMS as an internal stand-
ard, silica gel, 2,4-dinitrophenylhydrazine, HCI, ammonia solution, Mayer’s reagent,
Dragendroff’s reagent, ferrous sulphate, Fehling’s solution, acetic acid anhydride, soap, distilled
water, HgCl,, K1, NaOH, Bi(NO3)3 and benzene.

3.3 Plant Material Collection and ldentification

The stem barks of Embelia schimperi plant was collected from Oromia region, Horo Guduru
Wellaga Zone in Jarte woreda Sombo kumi kebele, which is 381 km west of Addis Abeba on
December, 08, 2016. The plant was identified by botanist Shambel Alemu Herbarium in Addis
Abeba University. The barks were dried in an open air protected from direct exposure to sun
light. The dried plant barks was finely grounded and ready for extraction.
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3.4 Experimental Procedures

3.4.1, Solvent extraction at room temperature.

The collected plant material was cut in to smaller pieces and dried at room temperature until it
becomes well dried. Air dried stem bark powder (500g) of E.schemberi was first soaked with
dichloromethane/methanol (1:1) for 72 h at room temperature. The mixture was filtered using
what man filter paper No.1 (150mm) and the filtrate was concentrated under reduced pressure

and temperature of 40°C using rotary evaporator and afforded 32.5g (6.5%) deep dark crude ex-

tract. The marc was further extracted with methanol after soaking for 72 h at room temperature.
Then the extract was filtered using what man filter paper No.1 (150mm) and concentrated in ro-
tary evaporator and afforded (20.6 g) deep blue black crude extract. TLC analysis of crude ex-

tract showed better TLC profile preferred for further work.

a b
Fig 2 (a) TLC profile of methanol crude extract (b) TLC profile of CH,Cl,/ MeOH crude extract

of the plant. This shows that the stem barks of E.schimberi contains polar compounds.
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3.4.2 Qualitative analysis of the chemical constituents of crude extracts

There was a scarce in the previous phytochemical report on the stem bark of the plant. To the
best of our knowledge phytochemical screening of the stem bark of E.schemberi was carried
out to analyze the presence of compounds namely: Saponins, Flavonoids, Phenols, Alkaloids,

Tannins, Terpenoids, and Glycosides.

Test for Saponins: To 0.5 g of each crude extract (dichloromethane/ methanol and methanol)
5mL of distilled water was added and shaken and then heated to boil. Frothing (appearance of

creamy miss of small bubbles) appears.

Test for Flavonoids: To 0.5 g portion of (dichloromethane/methanol and methanol) crude
extract 10mL of ethyl acetate was added and heated with a steam bath for 3 min. The mixture
was filtered and 4mL of the filtrate was shaken with 1 mL of dilute ammonia solution and for-

mation of intense yellow color.

Test for Phenols: 0.5 g of each of crude extracts (dichloromethane/methanol and methanol)

extracts were put in a different test tube and treated with a few drops of 2% of FeCl3; bluish

green or black coloration was formed.

Test for Alkaloids: 0.5 g of Extracts dissolved individually in dilute Hydrochloric acid and
filtered.

Dragendroff’s Test: The filtrate was treated with Dragendroff’s reagent (solution of Potassi-
um Bismuth lodide) forms a red precipitate.

Test for Tannins: 0.5 g of each crude extract was boiled in 10mL of water in a test tube and
then filtered. A few drops of 0.1% ferric chloride was added to give brownish green or a blue-
black coloration.

Test for Terpenoids: 0.5 g of each (dichlormethane/ methanol and methanol) crude powder
was separately dissolved in 5mL of methanol. 2 mL of the extract was treated with 1 mL of 2,
4- dinitrophenyl hydrazine dissolved in 100mL of 2M HCI. Which results in disappearance of

yellow-orange color.
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Detection of Phytosterols

Salkowski’s Test: 0.5¢g the extracts was treated with a few drop of chloroform and filtered. The
filtrates was treated with few drops of Conc. Sulphuric acid, shaken and allowed to stand. Re-

sults in dis appearance of golden yellow color.

Test for Glycosides: 0.5 g of (dichlorormethane/methanol and methanol) extract was hydrolyzed

with dil. HCI, and then subjected to test for glycosides.

Modified Borntrager’s Test: The extracts was treated with Ferric Chloride solution and immersed
in boiling water for about 5 minutes. The mixture was cooled and extracted with equal volumes
of benzene. The benzene layer was separated and treated with ammonia solution. This results in

the absence of rose-pink color in the ammonical layer.

The phytochemical screening test showed absence of terpenoids glycosides and phytosterols in

both extracts where as saponins, phenols, alkaloids, tannins, and flavonoids are present.

3.4.3, Isolation of compounds from dichloromethane/methanol crude extract.

Silica gel column chromatography was conducted for separation of the chemical constituents us-
ing increasing gradient of ethyl acetate in n-hexane as eluent. A silica gel (200g) was mixed with
n-hexane and the slurry was used to pack the column. The crude CH,Cl,/MeOH (1:1) extract
(20g) was adsorbed on 20g of silica gel and applied on column. Elution was carried out with in-
creasing gradient of ethyl acetate in n-hexane. Fractions that showed the same Rf value and the
same characteristic color on TLC were combined and further purified. The column was then
eluted with increasing polarity of solvent system. A total of 38 fractions each with 100mL were

collected according to the following table:
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Table 1: Silica gel colmn chromatography fractionation of CH,Cl,/MeOH(1:1)extract

Solvent system Ratio Fractions Solvent system Ratio Fractions
n-hexane. 100x2 F &F, n-hexane/EtoAc  5:5
n-hexane/EtOAc  9.9:0.1 Fy EtOAc/n-hexane  55:45 F,
« 9.8:0.2 F, EtOAc/hexane  6:4 F,
9.7:0.3 F « 6535 F,
« 9.6:0.4 F, « 7:3 Foq
« 9.5:0.5 F, « 8:2 F,,
« 9.4:0.6 Fy « 9:1 Fys
« 9.3:0.7 F, EtOAC 100 Fo
“ 9.2:.0.8 Flo EtOAc/methanol  9:1 F,,
“ 9.1:0.9 Fu “ 8:2 Fog
« 9:1 F, « 7:3 Fo
« 8.5:1.5 Fis « 6:4 Fuo
“ 8:2 Fia “ 95 Fay
“ 7.5:2.5 Fis Methnol/EtOAc  6:4 Fs)
“ 7:3 Fis “ 7:3 Fas
« 6.5:3.5 F, « 8:2 Fu,
« 6:4 Fig « 9:1 Fue
“ 5.5;4.5 F Methanol 100X3 F
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3.4.4, Purification of compounds from CH,Cl,/MeOH .

TLC analysis of the fractions was done and some the fractions that have the same TLC profile
were combined. The elutes were concentrated under reduced pressure to dryness and 33 fractions
were obtained. Out of 33 fractions collected, fraction F,g was showed single spot on TLC

plate. Fractions F,5 and Fs showed the same Rf value (0.65) and the same characteristic color
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on TLC were not pure and combined together for further purification. Fraction 14 showed a sin-
gle spot and kept separately. These fractions (Fzs + Fz) were further purified, to give one
compound named as Foz. Fraction 28 analyzed with EtOAc/MeOH (9:1) showed a single spot
and characterized as compound 2,

EtOAc/Hex EtOAC/MeOH (9:1)

S:1 e
. :
a b

Fig 3 (a) TLC profile of methanol crude fraction (b) TLC profile of CH,Cl,/ MeOH crude
fraction.
Table 2: Fractions that was collected from the CH,Cl,/MeOH extract

No Solvent ratio Fraction Yield of each fraction(g) TLC profile

1 Hexane/EtoAc 8:2 Fi4 7.69 One spot

2 EtOAc/hexane 9:1 Fas 389 One spot with impurity
3 EtOAC 100 Fas 22.69 One spot with impurity
4 EtOAc/MeOH 8:2 Fos 30.29 One spot

Fraction 14 showed a single spot on TLC but dried with small yield. Fractions (25 and 26) ana-
lyzed with EtOAc/n-hexane (7:3) showed the same R¢ (0.65) value and the same characteristic
color on TLC were combined (60.6 g) and subjected to small column chromatography packed
with silica gel / n-hexane for purification and eluted with EtOAc/n-hexane(7:3)v/v isocratic ally.
Based on TLC analysis, 7:3 EtOAc/n-hexane was the most important elution ratio to purify the

impurity from the compound.
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Table 3: Silica gel purification of fractions using (7:3) v/v EtOAc/n-hexane solvent system.

no Solvent ratio Fraction Yield of each fraction(g) TLC profile

1 EtOAc/hexane (7:3)x2 F; 10.6 One spot with impurity
2 EtOAc/hexane (7:3)x3 F; 15.7 One spot and impurity
3 EtOAc/hexane (7:3)x4 F3 34.3 One spot

Finally, F3 was the second compound that was obtained from the CH,CIl,/MeOH crude extract
through isocratic elution of the fraction on small column chromatography which was coded as
compound 3,

3.4.5, Isolation of compounds from methanol crude extract.

A crude methanol extract of 15 g was adsorbed on 15g of silica gel and applied on silica gel col-
umn chromatography (silica gel 200 g). The column was eluted using the following solvent sys-
tem in table 2. Fraction 27 eluted using solvent system 9:1 EtOAc/MeOH solvent system
showed a single spot. Fractionations of methanol extract on column chromatography afforded 1
compound (F,7) and characterized as compound 1. Compound 1 analyzed with EtOAc/n-hexane
(9:1) is a single spot Rf value 0.52. Visualization of the chromatogram was achieved by

2%vannilin-H,SO,4 or lodine then observation was carried out on hot plate.
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Table 4: Silica gel colmn chromatography fractionation of Methanol extract

Solvent system Ratio Fractions  Solvent system  Ratio Fractions

n-hexane. 100x2 Fi1&F; n-hexane/EtoAc  5:5 F20

n-hexane/EtOAc  9.9:0.1 Fs EtOAc/n-hexane 5.5:4.5 Fa1
“ 9.8:0.2 F4 EtOAc/hexane 6:4 Fa
« 9.7:0.3 Fs 7:3 Fos
« 9.6:0.4 Fe “ 8:2 Fos
« 9.5:0.5 = « 9:1 Fos
« 9.4:0.6 Fs EtOAC 100 Fas
¢ 9.3:0.7 Fy EtOAc/methanol 9:1 For
« 9.2:0.8 Fio « 8:2 Fas
« 9.1:0.9 Fi1 “« 7:3 Fag
« 9:1-8.5:15  FyotFy3 “ 6:4 F3o
« 8:2 Fi4 “« 5:5 Fa1
¢ 7.5:2.5 Fis Methnol/EtOAc 6:4 Fa,
“ 7:3 Fis “ 7:3 Fs3
« 6.5:3.5 Fi7 « 8:2 Fas
« 6:4 Fis “« 9:1 Fas
¢ 5.5:4.5 Fio Methanol 100X3 Fas

3.5. Antibacterial Assays.

3.5.1, Preparation of discs containing extracts
The same concentrations of 20pug/mL were prepared from the extract, isolated pure compound
and the standard. The concentration was incorporated into sterile agar —disc diffusion and was

dried at 37°C. The agar disc was weighed carefully for confirming exact amount of the extract

and isolated pure compound being incorporated (compared to pre-weighed blank discs).
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3.5.2, Bacterial culture

Escherichia coli and Protens mirabilis which were isolated from stool specimens in the clinic
were identified according to routine cultural properties and biochemical tests. Four strains of
each was included in the study. A few colonies from the overnight culture of Eosin Methylene
Blue (EMB) agar was transferred into approximately 4-5mL Tripticase soy broth (TSB) medium.
The broth was incubated at 37° ¢ for 3-4 hours and the turbidity of suspension was adjusted to
that a0.5McFarland barium sulfate standard. The standard suspension was used for both qualita-

tive and quantitative antibacterial assays.
3.5.3, Bacterial susceptibility testing

Standardized inoculums (20pug/mL) were introduced on to the surface of sterile agar plates, and a
sterile glass spreader was used for even distribution of the inoculums. A sterile Agar- disc diffu-
sion previously soaked in a known concentration of extract or pure compound (20pg/mL per
disc) was carefully placed at the centre of the labeled seeded plate. The same procedure was used
for all the MRSA strains used. The plates were incubated aerobically at 37°C and examined for
zones of inhibition after 24 hr. The inhibition zones were measured with a ruler and compared
with the control disc (disc containing only physiological saline).

3.5.4, Antibacterial testing

The antibacterial activities of both the extract and pure compound of the plant species were de-
termined using agar disc diffusion method. The tests were conducted at one concentration levels
(20ug/mL) in both crude extracts and in case of isolated compound. The zone of inhibitions re-
ported in all cases includes the diameter of the wells. Strains of human pathogen microorganisms
used in this study were as follows. Three gram-negative bacteria; Klebsolapneumonia,
Protensmirabilis ,Escherichia coli and one Gram-positive bacteria, Staphylococcus aureus cho-
sen based on their clinical and pharmacological importance. The bacterial strains obtained from
oromia public health research capacity building and quality assurance laboratory center, were
used for evaluating antibacterial activity. The bacterial stock cultures were incubated for 24
hours at 37°C on nutrient agar medium (oromia public health research laboratory, Adama ), re-

spectively, following refrigeration storage at 4°C. The bacterial strains were grown in Mueller-
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Hinton agar (MHA) plates at 37°C (the bacteria were grown in the nutrient broth at 37°C and

maintained on nutrient agar slants at 4°c.

The agar was melted (50°C) and the microorganism cultures were then added aseptically to the
agar medium at 40 °C in plates and poured into sterile Petri dishes to give a solid plate. All these
experiments were performed in duplicate. The plates were incubated for 24-48 hr, at 37 °C for
bacteria. The inhibition zones produced by the plant extracts were compared with the inhibition
zones produced by commercial standard antibiotics: The minimal inhibitory concentration (MIC)
was applied to the methanol extract and pure compound that had proved to be highly effective
against microorganisms by the agar-disc diffusion method. One dilution (20ug/mL) of
E.shimperi extract, pure compound and standard drugs were prepared in methanol using nutrient
agar tubes. Mueller-Hinton sterile agar plates were seeded with indicator bacterial strains (108
cfu) and allowed to stay at 37°C for 3 hours. Control experiments were carried out under similar
condition by using gentamicin for antibacterial activity as standard drugs. The zones of growth
inhibition around the disks were measured after 18 to 24 hours of in incubation at 37°C for bac-
teria .The sensitivities of the microorganism species to the plant extract and isolated pure com-
pound were determined by measuring the sizes of inhibitory zones (including the diameter of
disk) on the agar surface around the disks, and values <6 mm were considered as not active

against microorganisms.
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4. RESULTS AND DISCUSSION

4.1 Extraction Yields

Stem barks of E. schimperi (500 g) were subjected to successive extraction with dichloro-
methane/methanol (1:1) and methanol to afford crude extracts with 6.5%(w/w) and 4.1%

respectively.

Table 5: percent yield of the crude extracts.

Mass of the plant | Solvent used for | Percent of the crude | Mass of the plant
macerated in (Q) maceration extract collected

500 CH,Cl,/MeOH 6.5% 32.5¢

467.5 MeOH 4.1% 20.69

Based on TLC analysis and yield both extracts were selected for further isolation. Chromato-
graphic purification of the dichloromethane/ methanol and methanol extracts gave compounds
coded as 1 and 2.The structures of these compounds have been elucidated on the basis of the fol-

lowing spectroscopic evidences.

4.2 TLC Profile of the Extract of the Stem Barks of E.schimperi

The CH,CIl,/MeOH and methanol extracts of the stem barks of E.schimperi were analyzed with
TLC and the profile is shown in Fig 2.
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(b)

Fig 4 (a) TLC profile of methanol extract (b) TLC profile of dichloromethane methanol extract

of the plant. As shown in fig a and b the CH,Cl,/MeOH and MeOH extracts display well re-

solved spots and hence further analyzed for their chemical constituent using chromatography.

4.3 Phytochemical Screening Test Results

Table 6: Phytochemical screening test results.

Class of secondary metabo-

MeOH extract of stem bark of

MeOH/CH,CL, extract of

lites Embelia schemberi stem bark of Embelia
schemberi
Saponins + +
Terpenoids - -
Phytosterols - -
Flavonoides + +
Alkaloides + +
Phenols + +
Glycosides - -
Tannins + +
+  =the presence of phytochemical constituents

- = the absence of phytochemical constituent
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The phytochemical screening test results showed absence of terpenoids glycosides and
phytosterols in both extract where as saponins, phenols, alkaloids, tannins, and flavonoids are

present.

4.4 Characterization of Compound 1.

Compound 1 was a colorless crystalline substance that showed Rf value of 0.52 in solvent ratio
of 9:1EtOAc/n-hexane. Its melting point was found to be 173% -176%. In the UV spectrum at
Amax (iINEtOH) (Appendix 1) revealed absorption maxima at 282nm suggesting the presence of I1
to IT* transition due to the presence of aromatic ring chromophore. In the IR (KBr
disk)(Appendex 2) spectrum showed broad vibration at 3436 cm™ due to the presence of alcohols
(OH), sharp absorption at 1644 attributed to aromatic benzene ring, and strong absorption band
at 1255 cm™ due to C-O stretching.

The 'H NMR &y (400 MHz, DMSO-ds) spectrum (Appendix 3 and Table 7) revealed the pres-
ence of proton signals at 64 5.7 (1H, d, J = 1.2Hz, H-6) and 5.89 (1H, d, J = 1.2 Hz, H-8) suggest
the presence of two meta coupled aromatic protons that belong to a tetra substituted phenyl ring.
The presence of signals with ABX multiplicity pattern at &4 6.88 (1H, dd, J = 8.1, 1.2 Hz, H-6")
and 6.73 (1H, dd, J = 2.1, 8.1 Hz, H-2’, 5) suggest a tri substituted phenyl ring. Signals at oy
4.73 (1H, d, H-2, J= 2.2), 4.01 (1H, m, H-3) suggest the presence of two oxygenated methine

Whereas signals peak at 6y 2.67(1H, dd, J = 16.5, 4.5 Hz, H-4) and at 6y 2.47 (1H, dd, J = 16.5,
4.5 Hz, H-4) suggest the presence of diasterotopic methylene protons.The above *H NMR pattern
suggest that the compound have flavan skeleton with two aromatic protons (H-6,8) on ring A
and three aromatic protons (H-2, 5, 6) in ring B and devoid of carbonyl group at C-4 of ring C
(also supported by **C NMR).

The **C NMR spectrum of compound 1 revealed a total of fifteen carbon signals. Two oxygenat-
ed sp® quaternary carbons at 8¢ 144.7 (C-3) and 144.6 (C-4) suggesting vicinal substititution pat-
tern in agreement with the ABX multiplicity pattern of ring C where the methines appear at
118.5 (C-6") and 115.1 (C-2', 5. In addition, the presence of two sp? oxygenated quaternary
carbons at 156.7 (C-5) and 156.6 (C-7) along with two upfeild carbons chemical shifts i.e. 95.3
(C-6) and 94.5 (C-8) suggest that ring A have 5,7dioxygenated substitution pattern. The follow-
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ing quaternary carbons are also clearly evident at ¢ 99.0 (C-4a), 6¢c: 131.1 (C-1") and 156.2 (8a).
Signals at 78.4 (C-2) and 65.2 (C-3) are clearly evident due to the presence of sp® oxygenated
methines C-2 and C-3 of ring B. Moreover, the presence of one methylene (also supported by
DEPT-135 pointing down) at 28.6 (C-4) is in good agreement with spectral data of the com-

pound flavan skeleton.

In agreement with the observation from 1D, the COSY spectra showed a correlation between
protons at 4.01 (H-3) and 4.73 (H-2) in agreement with the substitution pattern in ring C. Aro-
matic proton at dy 5.73 (H-6) showed HMBC correlations with C-5,7, 8 at 6¢ 156.8, 156.3 and
94.5 where as proton at 6y 5.89 (H-7) showed HMBC correlations with C-6, 7, 8a, 4a at ¢ 95.3,
156.3, 156.2 and 99.0 in agreement with the substitution pattern in ring A. The methylene proton
at 6c 2.67(H-4) showed HMBC correlations with the 8¢ 78.4 (C-2), 65.2 (C-3), 156.2 (8a) and
99.0 (4a) in agreement with the substitution pattern in ring C. The HMBC correlations between
the proton at oy 6.88 (H-6") and 6y 6.67 (H-5") with that of 8¢ 78.4 (C-2) and with the two
oxygenated sp? vicinal quaternary carbons at 8¢ 144.6 (C-4) and 144.7 (C-3) further support the
ABX multiplicity pattern of ring B where the two hydroxyl groups are located at C-3,4"positions.
Thus, based on the above, the structure of the compound was found to be 3,5,7,3, 4-penta hy

droxy flavan.
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Table 7 : 1H-NMR, 13C-NMR AND DEPT-135 spectral data of compound 1 and literature data

in DMSO-d6
Noof 1H-NMR 1H-NMR [34] 13C- 13C- DEPT-
C NMR NMR[34] 135
1’ - -- 131.1 131.1 cq
6 5.73 (1H,d,J=1,2 Hz") | 6.88 (1H, dd,J=8.1, | 118.4 118.4 CH
2.1Hz)
5.89 (1H,d, J=1.2Hz,) | 6.67 (1H,dd, J=8.1, | 115.2 115.2 CH
8 2.1Hz) 115.4 115.4 CH
4a - - 99 99 -
6’ 6.88 (1H, dd,J=8.1, |5.73(1H,d,J=1,2 95.6 95.6 CH
2.1Hz) Hz’)
5’ 6.67 (1H,d J=8.1, 5.89 (1H,d, 94.6 94.6 CH
2’ 2.1Hz) J=1.2Hz,)
2 4.73(1H,d,H-2) 4.73(1H,s,H-2) 78.5 78.5 CH
3 4.01(1H,m,J=2.1HZ, | 4.01(1H,m,J=2.1HZ, | 65.4 65.4 CH
H-8) H-8)
4 2.67(2H,dd,J=16.5,4. | 2.67(2H,dd,J=16.5,4 | 28.7 28.7 CH;
5HZ H-4 5,HZ,H-4
4 - - 144.9 144.9 cq
3’ - - 144.9 144.9 Cq
8a - - 156.2 156.2 cq
7 - - 156.7 156.7 Cq
5 |- - 156.9 156.9 cq

3,5,7,3",4'-pentahydroxyflavan.
Fig 5:Chemical structure of compound 1.

3,5,7,3°4’-pentahydroxyflavan possess antioxidant and anti bacterial activities that provide pro-
tection against harmful free-radicals and bacterial infection. The compound have been known to

reduce the risk of certain types of cancer,coronary heart disease (CHD),cardiovascular disease

25



(CVD), stroke, athero sclerosis, and other degenerative disease associated with oxidative

stress[34]. Therefore the presence of this flavan adds one positive attributes to this plant.

4.5 Characterization of compound 2

Compound 2 is a brownish powder with Rf value of 0.75 in solvent ratio of 9:1EtOAc/MeOH .
UV spectrum ( EtOH) (Appendix 9) revealed absorption maxima at 282nm suggesting the pres-
ence of IT to IT* transition due to the presence of aromatic ring chromophore. the IR (KBr
disk)(Appendex 10) spectrum showed broad vibration at 3254 cm™ due to the presence of hy-
droxyl group (OH), sharp absorption at 2933due to saturated group C-H stretching of methylene
, 1599 attributed to aromatic benzene ring, and strong absorption band at 1132 cm™ due to C-O

stretching, sharp absorption at 1509cm’ due to saturated group C-H stretching.

The *H NMR & (400 MHz, DMSO-ds) spectrum (Appendix 12 and Table 9) revealed the pres-
ence of proton signals at 6y 5.73 (1H, d, J = 2.1Hz, H-6) and 5.89 (1H, d, J = 1.2 Hz, H-8) sug-
gest the presence of two meta coupled aromatic protons that belong to a tetra substituted phenyl
ring. The presence of signals at o4 6.88 (2H, dd, J = 8.1, 1.2 Hz, H-2’,6") and 6.73 (2H, d, J =
2.1, 8.1 Hz, H-3’, 5) suggest a disubstituted phenyl ring. Signals at 4 4.73 (1H, d, H-2, J=2.2),
suggest the presence of oxygenated methine, signals, at 6y 4.01 (1H, m, H-3) suggest the pres-
ence of methine whereas signals peak at oy 2.67(2H, d, J = 16.5, 4.5 Hz, H-4) suggest the pres-
ence of methylene protons. The above *H NMR pattern suggest that the compound have flavan
skeleton with two aromatic protons (H-6,8) on ring A and four aromatic protons (H-2, 3°,5, 6) in

ring B and devoid of carbonyl group at C-4 of ring C (also supported by **C NMR).

The *C NMR spectrum of compound 2 revealed; one oxygenated sp? quaternary carbons at 8¢
144.7 (C-4’), where the methines appear at 118.5 (C-2°,6') and 115.1 (C-3', 5'). In addition, the
presence of two sp? oxygenated quaternary carbons at 156.7 (C-5) and 156.6 (C-7) along with
two upfeild carbons chemical shifts i.e. 95.3 (C-6) and 94.5 (C-8) suggest that ring A have 5, 8a-
dioxygenated substitution pattern. The following quaternary carbons are also clearly evident at
dc, 99.0 (C-4a), oc: 131.1 (C-1") and 156.2 (8a). Signals at 78.5(C-2) is due to the presence of
sp® methine of ringB and 65.2 (C-3) is clearly evident due to the presence of sp® oxygenated

methines of ring B. signals at,28.6 is due to the presence of sp® (C-4) is in good agreement with

26



spectral data. Thus, based on the above, the structure of the compound was found to be 3,5,7, 4-

tetrahydroxy flavan.

Table 8: 'H-NMR, **C-NMR and DEPT-135 spectral data of compound 2 in DMSO-ds

'H-NMR Bc- |DEPT | C. | 'H-NMR Bc- | DEPT
C. NM |-135 |N NM | -135
N R 0 R
o
1 - 131. cq 3 | 4.0(1H,m,J=2.1HZ,H-8) 65.2 | CH

1
6 |5.8(1H,dJ=2.1HZH- | 953 | CH | 4 |2.6(2H,ddJ=16.54.5HZH | 28.6 | CH,

8) -4
8 |5.7(1H,d,J=2.1HZH- | 945 | CH | 4’ - 144, cq

6) 7
2’ | 6.8(2H,dd,J=1.2HZ,H- | 118. | CH 5 - 156. cq
6’ |2°.6") 4 8
4a - 99 cq 8a - 156. cq

2
5°, | 6.6((2H,dd,J=8.1HZ,H | 115. | CH 7 - 156. cq
30 [-3°,5%) 3 5
2 | 4.7(1H,d,H-2) 785 | CH

Cq =quaternary carbon

3,5,7,4' tetrahydroxyflavan.
Fig 6:Chemical structure of tetrahydroxy flavan.

4.6 Anti bacterial Test Results

The anti bacterial activity of the extract and pure compound of E.shimperi were studied in the
same concentrations (20ug/mL) against four pathogenic bacterial strains, one Gram-positive

Staphylococcus aureus and three Gram-negative Escherichia coli, Klebsola pneumonia, Protens
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mirabilis. These strains have been selected for the basis of their application purpose of further
formulation study. Antibacterial potential of crude extract and isolated pure compound were as-
sessed in terms of zone of inhibition of bacterial growth. The results of the antibacterial activities
are presented in Table 10.

Table 9: Zone of bacterial growth inhibition (mm) for crude extract and isolated pure com-
pounds from stem bark of E.schemberi.

Types of bacteria with mean inhibition diameter (mm)

Sample code  Sample conc. Staphylococ-  Esche- Protens Klebsola
In pug/mL Cus aureus richia coli  mirabilis pneumonia
MeOH crude N n n n
Compound 2 20 11 13 10 10
Compound1 20 15 12 6 11
Gentamicin 20pg/mL 15 15 15 15

n<6isnull and n>6 is sensitive.

As shown in table 9; Depending on zone of inhibition diameter antibacterial test of compound 2
and 1 showed sensitivity against a gram positive and gram negative bacteria than the crude ex-
tract which was not sensitive to both bacteria. As compared with standard drugs, the results re-
vealed that in the pure compounds for bacterial activity, E. coli and S. aureus were more sensi-
tive as compared with Protens mirabilis and Klebsola pneumonia with inhibition zone
13mm(compound 2) and 15mm(compoundl), 10mm(compound 2) and 11mm(compound 1) re-
spectively. The growth inhibition zone measured ranged from 7 to 15 mm for all sensitive bacte-
ria. This growth inhibition zone indicate that the isolated pure Compound 1 especially exhibited
comparable antibacterial activity against S. aureus to that of the standard antibiotic gentamicin,
with zone of inhibition diameter 15 and 15mm for compound 1 and that of standard. This result
shows that an isolated pure compounds of E.schemperi as a good candidate for development of
antibacterial drug.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions

For decades, medicinal plants has been used and continues to be an alternative approach on
treatment for various diseases caused by protozoan, bacteria, fungi, viruses and helminthes. E.
schimperi is one of these medicinal plants within the genus present at various geographical loca-
tions with a wide traditional use in Ethiopia. The phytochemical screening results showed pres-
ence of saponins, phenols, alkaloids, tannins, and flavonoids where as terpenoids, glycosides
and phytosterols were absent in both extracts. After repeated successive solvent extraction and
column chromatography different compounds were isolated from the stem bark of the plant. To
the best of our knowledge two compounds were isolated for the first time from the plant and
characterized as 3,5,8a,3,4-pentahydroxy flavan and 3,5,8a,4’-tetrahydroxy flavan are reported
here for the first time from the plant. Other fractions contain impurity as well as mixed com-
pounds even after combining and attempts to purify. The structures of the compounds were
characterized on the basis of spectral data (UV-Vis, IR, 1D and 2D NMR) as well as comparison
with the literature data. As demonstrated by plant in vitro in this study, there is considerable
evidence that the plant fractions have the potential to be developed into agents that can be used

as treatment for different diseases caused by bacteria.

5.2 Recommendations.

Based on TLC analysis the plant contains several polar chemical constituents which were not
isolated in this study because of luck of an advanced instruments and time constraints.

» It is possible to isolate more polar compounds using advanced chromatographic tech-
nigues such as RP-HPLC and PTLC techniques.

» Further bioassay guided isolation and characterization work should be done to fully
characterize more bioactive constituents of the plant stem bark extracts to identify all ac-
tive compounds against a variety of bacteria and fungi.

» This plant should be studied more extensively to explore its activity on bacteria spe-
cies, protozoa and helminthes among others. It is also important to evaluate the crude ex-
tract and fractions for antioxidant activities to check their potential as in the DPPH™ and
ABTS" method. Therefore, much more Phytochemical investigation, anti microbial and

antioxidant study should be carried out on the plant in future.
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