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ABSTARCT

The traditional medicinal system continues to play an essential role in health care, with about 80%
of the world’s inhabitants relying mainly on traditional medicines for their primary health care.
The genus Eucalyptus is known to possess medicinal properties in every part of the plant.
Eucalyptus globules is one of the medicinal plants that has been claimed to be used traditionally to
treat several illnesses such as stomachaches, toothache, snake bite, gonorrhea, evil eyes, diarrhea,
skin diseases, and headaches. The aim of this study was to investigate the phytochemicals of the
stem bark of Eucalyptus globules. The stem bark was chopped into small pieces, and air dried
under shade, at room temperature. The complete air-dried stem bark was pulverized into fine
powder. The powdered stem bark was extracted successively with three different solvents:
hexane, CHCI3:MeOH (v/v, 1:1) and methanol using cold maceration method. The percentage
yield shows 0.42%, 2.4%, and 3.22% of hexane, CHCIl3:MeOH (v/v, 1:1) and methanolic extracts
respectively. Phytochemical screening tests of the crude extracts of theCHCIl3:MeOH (v/v, 1:1)
and methanolic extracts revealed the presence of the classes of secondary metabolites namely
alkaloids, flavonoids, phenols, glycosides, terpenoids, saponins, and tannins. The crude n-hexane
extract showed the presence of phenols, cardiac glycosides, terpenoids, steroids, and saponins.
The CHCI3:MeOH (v/v, 1:1) extracts were further fractionated with various composition of
hexane:ethyl acetate and ethylacetate:methanol solvent systems which resulted in three
compounds,EG-1, EG-2, and EG-3. The UV-Vis and IR spectral data of the isolated compounds
were generated in addition to their melting points. The structures of the isolated compounds were
partially illustrated because of the absence of NMR data. The experimental UV-Vis and IR
spectroscopic data were interpreted and compared with literature in order to propose the structure
and the identity of the compounds. Hence the isolated compounds EG-1, EG-2 and EG-3 were
proposed to be chrysin (5,7-dihydroxyflavone), purpurin (1,2,4-trihydroxy 9-10 anthraguinone)
and 1,2-Dimethoxy-6-methyl-9,10-anthraquinone ,respectively.

Key: Compound isolation, Eucalyptus globules; stem bark, phytochemicals, secondary

metabolites,
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1. INTRODUCTION

In this section, general information on the background of the study, statement of the problem, the

objectives of the study and significance of the study are presented.

1.1 Background of the study

Medicinal plants have played a role in treating and preventing ailments and diseases, bringing
wellness to human beings [1]. The use of medicinal plants by human dates since antiquity and is
still used to treat both human and animal ailments in various parts around the globe [2]. In
Ethiopia, the use of traditional medicinal plants as alternative curative remedies has a long
history, particularly related to those living in the countryside with incomplete coverage by
modern medical systems, shortage of pharmaceuticals and unaffordable prices of modern drugs
[3-5]. Various medicinal plant species are employed for the prophylaxis, treatment and
management of various ailment conditions. One of the most widely used plants in traditional
remedies is plants of the Eucalyptus genus. Eucalyptus is a flowering plant and belongs to the
Myrtaceae family with three genera such as Eucalyptus, Corymbia and Angophora. There are
about 900 species, subspecies and hybrids of Eucalyptus globally [6] and become the most
planted genus of tree species in the world [7]. Currently, more than hundred Eucalyptus species
are grown in Africa, seventy of them found in Kenya [8] and about fifty-five cultivated in
Ethiopia [9], of which the most widespread species include Eucalyptus camaldulensis,
Eucalyptus citriodora, Eucalyptus globules, Eucalyptus regnans, Eucalyptus saligna and
Eucalyptus tereticornis. However, Eucalyptus globules and Eucalyptus camaldulensis are the
two dominantly spreading species among nearly fifty-five different species of the genus
introduced to Ethiopia [10].

Several species of Eucalyptus are used in traditional medicine as antiseptics, and against upper
respiratory tract infections, such as common cold, influenza and sinus congestion [11-14].
Particularly, the essential oil obtained from these plants has a therapeutic application in treatment
of pulmonary infections by inhalation [15, 16]; for the treatment of gastrointestinal disorders and
wound healing, as an herbicide, and against some pests, acaricide, nematicide [17, 18], in
perfumery, soap making, as an antioxidant, against some fungi and bacteria that can be
pathogenic [19].
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Generally, Eucalyptus essential oils (EO) are mainly used for its antimicrobial [20, 21],
antifungal [22], antiseptic, astringent [23], anti-inflammatory [13], wound healing, and
disinfectant [24], and cosmetic and food industries [25].

Eucalyptus globules, also known as Blue Gum, is the main source of eucalyptus oil used globally
[26, 27] and the leaves, stems, fruits and flowers are the parts of Eucalyptus globules that have
been mostly considered as source of essential oils [13, 28, 29]. These essential oils that are
extracted from Eucalyptus globules leaves are known to be a rich source of traditional medicines
with a variety of biological activities. The phytochemical components of the leaves, fruits,
flowers, and stems of Eucalyptus globules have been mostly studied, but to the best of my
knowledge, no report is available on the phytochemical analysis of the Eucalyptus globules stem-
bark grown in Kebado town, Dara wereda, south Sidama, Sidama region. Therefore, it is
worthwhile to carry out phytochemical analysis on the stem-bark of Eucalyptus globules
cultivated in at that place.

1.2. Statement of the problem

Eucalyptus globules have been utilized for medicinal purposes, for the treatment of various
ailments with its leaves, barks, and fruits [30]. The Eucalyptus essential oils extracted from
leaves, fruits, buds and bark of Eucalyptus globules has been found promising as antibacterial,
antiseptic, antioxidant, anti-inflammatory, and anticancer agent [31]. Moreover, Eucalyptus
globules is a rich source of phytochemical compounds as flavonoids, alkaloids, tannins and
propanoids, extracted in the leaf, stem and root of the plant [32, 33]. However, phytochemicals
contained in the same plant species may vary according to the geographical origin, genetic
differences, part of the plant used, method of extraction, age/stage of maturity, and season of
harvest [34-41]. Therefore, in this study the investigation of the phytochemical constituents of
the stem-bark extract of Eucalyptus globules cultivated in Kebado, Dara Wereda, Sidama

Region, were done.
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1.3. Objectives of the study
1.3.1. General objective
The overall objective of this study is to investigate the chemical constituents of the stem-bark

extract of Eucalyptus globules Labill.

1.3.2. Specific objectives
» To extract the stem-bark of Eucalyptus globules using n-hexane, CHCI3:MeOH (v/v, 1:1)
and methanol solvent system
» To do phytochemical screening test of the crude plant extracts in order to identify the
classes of secondary metabolites present in the plant stem-bark
» To isolate compounds through column chromatography

» To characterize and elucidate the structures of the compounds isolated from the extracts
1.4. Significance of the study

The study was focused on the identification of secondary metabolites of the stem-bark of the
plant that could be responsible for it’s widely uses in traditional medicine and give information
about type of secondary metabolites in the stem bark of Eucalyptus globules. Moreover, the
finding of this study would help to serve as baseline for further studies on the isolation of a lead

compound for pharmaceutical development.
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2. LITERATURE REVIEW

The genus, ethno botany, biological activity and phytochemistry of Eucalyptus plant species is
reviewed and presented below.

2.1. The genus Eucalyptus

The Eucalyptus genus is represented by 900 species and subspecies identified throughout the
globe [6]. It corresponds to one of the principal genus of the Myrtaceae family with three genera
such as Eucalyptus, Corymbian and Angophora, native from Australia and cultivated in several
countries worldwide [42-47].

Eucalyptus are woody perennial, shrubs to tall trees, with a rapid growth to attain a gigantic size
and mostly evergreen [48]. It is now widely and successfully planted in India, South Africa,
Zimbabwe, Kenya, Uganda, and Tanzania [49]. According to Liu and Li, [50], the major
Eucalyptus growing countries currently are China, India, and Brazil, respectively. Currently,
more than 100 Eucalyptus species are grown in Africa, 70 of them found in Kenya [8] and about
55 cultivated in Ethiopia [9], of which the most widespread species include Eucalyptus
camaldulensis, Eucalyptus citriodora, Eucalyptus globules, Eucalyptus regnans, Eucalyptus
saligna and Eucalyptus tereticornis. However, Eucalyptus globules and Eucalyptus
camaldulensis are the two dominantly spreading species among nearly 55 different species of the
genus introduced to Ethiopia [51].

2.2. Ethnobotany of Eucalyptus

Eucalyptus species have been shown to possess several medicinal properties, such as antiseptic,
antioxidant, antimicrobial, acaricidal, insecticidal, and herbicidal activities, and are also used in
the production of paper, timber, honey, and essential oil [42]. Particularly, the species Eucalyptus
cinerea, Eucalyptus camaldulensis, and Eucalyptus globules are the ones which have received
more attention in terms of their essential oil components. Other therapeutic activities, such as
anti-inflammatory, astringent and healing properties, have also been reported for Eucalyptus
species [52-55].

Eucalyptus cinerea is known to possess the highest content of 1,8-cineole (1,8-epoxy-
pmenthane) better known as eucalyptol [56-60]. This compound is being used in medicinal,
perfumery and flavour preparations [61]. In ancient times, aboriginal people used Eucalyptus

plant for several purposes, mostly as medicine and as food [62, 63].
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Eucalyptus cinerea essential oil has also been found as an effective insecticide againstthe house
fly, Musca domestica Linnaeus, offering a natural pesticide towards houseflies.

Eucalyptus camaldulensis is widely used in traditional medicine to treat a variety of disease
conditions including colds, asthma, coughs, diarrhea and dysentery, hemorrhage, laryngalgia,
laryngitis, sore throat, spasm, trachagia and vermifuge [64]. A decoction of the plant is used to
treat enteric infections including diarrhea and dysentery, constipations and other stomach
problems, asthma, oral thrush, boils, sores, skin and wound infections, asthma, bronchitis,
eczema and athletes foot [65, 66]. Eucalyptus camaldulensis also used to treat gastrointestinal
disorders [12, 67]. In addition, a decoction of Eucalyptus camaldulensis leaves is reported to be a
remedy for sore throat and other bacterial respiratory and urinary tracts infections. The poultice
of the leaves is applied over wounds and ulcers. The leaves essential oils have been used in the

treatment of lung diseases and were stated to have antitubercular effect [67, 68].

In Ethiopia, fresh leaves of Eucalyptus camaldulensis and Eucalyptus globules are used to treat
stomach ache, evil spirit/swells and wounds [69, 70]. In Nigeria the resinous exudates from
Eucalyptus camaldulensis trunk, commonly called “zaity”, is taken orally to cure bladder
infections [71]. The sticks of this species have been used as a tooth cleaner to prevent tooth
decay and periodontitis [72]. Eucalyptus camaldulensis gum also used to treat sore throat and
diarrhea, while the smoke of burnt leaves was inhaled to treat respiratory problems in Sudan;
decoctions from leaves were prepared with sugar for stomach ache in Senegal. Similarly, fresh
leaves of Eucalyptus globulus is used to treat rabies and common cold or cough [69,70,73], foot
smell, skin diseases [74], fever, colds, antitussive, cough, grippe, respiratory ailments, hair care,
migraine, thorax ailments [75].

2.3 Biological Activities of some selected species of the genus Eucalyptus
Biological activities Eucalyptus cinerea, Eucalyptus camaldulensis, and Eucalyptus globules are

reviewed under this subtopic.

2.3.1. Biological activities of Eucalyptus cinerea

Eucalyptus cinerea essential oil has antibacterial activity against gram-positive and negative
pathogenic bacteria [25, 34, 76, 77], and has anti-inflammatory activities [78-81]. Eucalyptus
cinerea essential oil has also nematicidal [82], and antioxidant [83] activities that make it a

benign agricultural agent.
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2.3.2. Biological activities of Eucalyptus camaldulensis
Several studies have reported that essential oils from the leaves of Eucalyptus camaldulensis
showed antimicrobial [53, 84-86], anti-oxidant [87-92], antifungal [93, 94, 95], analgesic and

anti-inflammatory effects [13], antioxidative or antiradical [96] activities.

2.3.3. Biological activities of Eucalyptus globules

The essential oil extracted from Eucalyptus globules leaves is known to be a rich source of
traditional medicines with a variety of biological activities. It is widely used to treat common
cold, pulmonary tuberculosis, diabetes, nasal congestion, bronchial disease, asthma and is also
used as disinfectant, antioxidant, and antiseptic agent, especially in the treatment of upper
respiratory tract infections [97]. The oil is applied externally to relief rheumatism as a
counterirritant and for the certain skin diseases [27, 97]. The essential oil of Eucalyptus globules
leaves has several leading benefits that play a role in the medical world as an antibacterial [85,
98, 99], anti-fungal [100], anti-oxidant, [101, 102], anti-inflammatory [13, 80] and a cytotoxic
antitumor effect [103-105].

2.4. Phytochemistry of some selected species of the genus Eucalyptus
The review of the phytochemistry of Eucalyptus cinerea, Eucalyptus camaldulensis, and

Eucalyptus globules are presented under this subtopic.

2.4.1. Phytochemistry of Eucalyptus cinerea

The essential oils extracted from the leaves of Eucalyptus cinerea contained a complex mixture
of essential oils consisting mainly of oxygenated monoterpenes such as 1,8-cineole, trans-
pinocarveol, a-terpineol, 4-terpineol, cis-jasmone, pinocarvone, fenchol, camphor, cumin
aldehyde, a-terpinyl acetate and mono terpene hydrocarbons such as camphene , a-phellandrene,
a-pinene, p-cymene, limonene followed by oxygenated sesquiterpenes borneol, spathulenol,
viridiflorol, globulol, epiglobulol, S-eudesmol and sesquiterpene hydrocarbons such as
germacrene - aromadendrene,viridiflorene, bicyclogermacrene, p-caryophyllene [34, 100, 106].
In general, the chemical composition of the essential oils extracted from the leaves of Eucalyptus
cinerea is characterized by large amount of1,8-cineole (1) better known as eucalyptol and
camphene (2) [34,107-112] and other constituents including a-pinene (3), p-cymene (4), a-
terpineol (5), trans-pinaocarveol (6), a-phellandrene (7), cuminal (8), globulol (9), limonene
(10), aromadendrene (11), spathulenol (12), and terpinene-4-ol (13) (Figure 1) [107].
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Figure 1. The Chemical structures ofcompounds identified from the essential oil of Eucalyptus
cinerea leaf
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As per existing literature, the essential oil from Eucalyptus cinerea has been only focused on its
leaves. There are no studies regarding the chemical constituents of essential oils extracted from
the stem, seeds, and roots of Eucalyptus cinerea. However, the chemical composition of the
essential oils of aerial parts (leaves, flowers and fruits) of Eucalyptus cinerea contained a-
pinene, limonene, 1,8-cineole, a-terpineol, and a-terpinyl acetate [25,111,113] as the main

components.

Eucalyptus cinerea is rich in bioactive compounds and the hydroethanolic extract (EtOH-H,0)
of Eucalyptus cinerea leaves and its fractions (ethyl acetate fraction) contained polyphenols,
flavonoids, quinones, terpenoids, alkaloids, and tannins [107]. In a study conducted by Soliman,
F.M. et al. [114], two acyl phloroglucinol compounds namely; sideroxylonal B (14) and
macrocarpal A (15) were isolated from the Sideroxylonal-Rich Extract (SRE), dried chloroform:
methanol (80:20) extract of the air-dried powdered leaves, of the juvenile leaves of Eucalyptus
cinerea cultivated in Egypt. In a similar study, compound ent-catechin (16) (Figure 2) was

isolated from the semi purified extract (SE) of Eucalyptus cinerea leaves [115].

H
OHC OH HO

HO

15

OH

16

Figure 2: Chemical structures of isolated compounds fromthe leaves of Eucalyptus cinerea
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2.4.2. Phytochemistry of Eucalyptus camaldulensis

In general, studies reported that the main components of the leaf essential oil of most Eucalyptus
camaldulensis were 1, 8-cineole (1), a-pinene (3), p-pinene (17), a-terpineol (5), globulol (9),
borneol (18), aromadendrene (11), eudesmol (19) and terpinen-4-ol (13) (Figure 3) [118-120].
Other studies reported that 1,8-cineole is the major constituent [45,121-125]; spathulenol and p-
cymene as the major components [126]; while a-pinene, p-cymene and a-phellandrene were
considered the principal constituents [127]. In another studies, 1,8-cineole and a-terpineol are the
main compounds [87]; 1,8-cineole, a-pinene and limonene were main compounds [128]; p-
cymene, 1,8 cineole, limonene and a-pinene were main compound [129]; 1,8 cineole, B-pinene,
a-terpinene (20) and p-cymene were main compounds [130]; ethanone, eucalyptol, p-
caryophyllene (21) and carvacrol (22) as main components, while pulegone (23), thujone (24), -
terpinene (25), nerolidol (26) as the minor components [84], a-pinene, p-cymene, o-
phellandrene, 1,8-cineole, a-terpinene, and limonene as main components [131], and p-cymene,
y-terpinene, a-pinene, 1,8-cineole, terpinen-4-ol, a-terpineol, carvacrol, and thymol (27) as the
major components [132]. This variation in the chemical composition of the leaf essential oil of
Eucalyptus camaldulensis samples is due to edaphic and climatic factors, seasonal and diurnal
emission activity cycles [129, 133-135]. However, the chemical composition of the essential oil
extracted from the leaves of Eucalyptus camaldulensis depends on the plant origin as well as

seasonal variation throughout the plant’s vegetative cycle [117].
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Figure 3. Chemical structures of some of the compounds identified from the essential oil of the
leaf of Eucalyptus camaldulensis
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Previous studies on the essential oil of Eucalyptus camaldulensis flowers revealed the presence
of 1, 8-cineole (1), p-pinene (3), and spathulenol as the most abundant constituents [136]. The
major components of the fruits essential oil were aromadendrene, a-pinene, drimenol (28), and
cubenol (29) [137].

HOIl11: H

HO
28 29

Figure 4. Chemical structures of some of the compounds isolated from the essential oil of the

fruit of Eucalyptus camandulensis

The phytochemical screening of ethanol, methanol, and petroleum ether leaf extracts from
Nigeria contained in moderate to high amount secondary metabolites: alkaloids, saponins,

tannins, flavonoids, steroid, carbohydrates, and cardiac glycosides, and not anthraquinones [138].

Similarly, the secondary metabolites screening of Eucalyptus camaldulensis leaf extracts
confirmed presence of tannin, saponins, and cardiac glycosides [139]; the chloroform and
methanol extracts of leaf contained alkaloids, cardiac glycosides, steroids, tannins, flavonoids,
saponins and terpenoids [86]; n-hexane, chloroform, and methanol extracts of leaf also showed
the presence of tannins and saponins [68]. Crude methanolic leaves extract of Eucalyptus
camaldulensis contained anthraquinones, flavonoids, saponins, and terpenoids [140]. Similarly,
the aqueous, hexane, ethyl acetate and chloroform leave extracts showed the presence of

anthraquinones [141].

Phytochemical screening of the crude stem barks methanol extract of Eucalyptus camaldulensis
indicated presence of saponins, flavonoids, tannins, and also volatile oils [142]. Similarly, the
phytochemical composition of the crude water extracts of the stem-bark contained tannins,
saponins, phenols, and glycosides; n-hexane, chloroform, and methanol extracts of stem bark
showed the presence of tannins and saponins [68]; chloroform and methanol extracts from stem
bark contained secondary metabolites such as alkaloids, cardiac glycosides, steroids, tannins,

flavonoids [86].
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Phytochemical screening of the crude ethanol extracts of the roots of Eucalyptus camaldulensis
contained tannins and glycosides, while its water extracts of the roots contained tannins,
saponins, phenols, and glycosides [143]. A study revealed the isolation, identification, and
confirmation of compounds: gallic acid (30), taxifolin (31), methyl gallate (32), quercetin (33),
luteolin (34), and hesperidin (35) from ethyl acetate extract of Eucalyptus camaldulensis leaves
[144]. Similarly, scopoletin (36) and chlorogenic acid (37) were the isolated from the ethyl
acetate fraction of the ethanol extract of Eucalyptus camaldulensis leaves [145], stigmasterol
(38) was isolated from the hexane fraction of fruits of Eucalyptus camaldulensis [146], while
ellagic acid, protocatechuic acid, flavonol, ellagitannin, quercetin, and gallic acid were identified

in the stem bark ether extracts of Eucalyptus camaldulensis [147] (Figure 5).
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Figure 5. Chemical structures of compounds isolated from the leaf of Eucalyptus camandulensis
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2.4.3. Phytochemistry of Eucalyptus globules

The chemical composition of the Eucalyptus globules essential oil is a complex mixture of
substances, commonly contains camphor, borneol, 1,8-cineole, spathulenol, a-terpineol, o-
pinene, limonene, tricyclene, camphene, globulol, o-cimene, cis-0-cymene, a-terpinyl acetate, p-
cymene, S-myrcene, solanone, B-pinen,a-pinene, o-cymene, limonene, 1,8-cineole with varying
concentrations [91, 93, 148-155].

Similar investigation of essential oil composition of Eucalyptus globules leaf identified major
chemical components such as a-pinene, p-pinene, p-myrcene, a-phellandrene, p-cymene, D-
limonene, eucalyptol, y-terpinene, isopinocarveol, pinocarvone, terpinene-4-ol, trans-p-Mentha-
1(7), 8-dien-2-ol (39), a-terpineol, aromandendrene, alloaromadendrene, viridiflorene, and
epiglobulol (40) with different percentages [156]. Furthermore, the essential oil from the leaves
of Eucalyptus globules reported to contain constituents such as y-cadienene (41), a-gurjuene
(42), linalool oxide (43), a-pinene, S-pinene, aromadendrene, y-elemene (44), 1,8-cineole,
globulol,pipertone (45), a-,f- and y-terpinen 4-ol, fenchol, linalool (46), boreneol, caryophyllene
(47), citronellal (48), cuminaldhyde (49), citral (50), geranyle acetate (51), cinnamic acid (52),
eudesmyl acetate (53), epi-globulol, ledol (54), S-guaiazulene (55), quercetin, rutin, caffeic (56),
a-pinocarvone, virdifloral (57), homoserin, cyanin, chrysanthemin, malvidin, peonin, S-selinene
(58), delphindin  (59), cis-pinocarveol, cynaidin, 8-demethylsideroxylin, quercetol,
alloaromadendrene, ferulic (60), gallic, keracyanin (61) (Figure 7), gentisic and protocateuchic
acids [157-159].
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Figure 7. Chemical structures of some of the compounds identified in the essential oil of the leaf

of Eucalyptus globules
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Figure 8. Chemical structures of some of the compounds identified in the essential oil of the leaf

of Eucalyptus globules

The essential oil of fruit, bud and branch oils is known to contain a-thujene, 1, 8-cineole (1) and
aromadendrene (11) with varying concentrations [144]. Phytochemicals such as cardio
glycosides, saponins, alkaloids, terpenoids, tannins and phenolic compounds were observed in

methanolic extract of Eucalyptus globules leaf [160], while the acetone extract of Eucalyptus
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globules leaves showed the presence of phyto constituents such as alkaloids, flavonoids, phenols,
tannins, quinones, glycosides, steroids, terpenoids, volatile acids and leucoanthocyanides [161].
In a similar study, the major phytochemicals found in methanol and acetone extract of
Eucalyptus globules leaves were found to be flavonoids, glycosides, proteins and amino acids,

saponins, steroids, phenolic compounds/tannins, and terpenoids [162].

Phytochemical analysis of an ethanolic extract of Eucalyptus globules leaves by HPLC (High
performance liquid chromatography) contained mainly kaempferol, quercetin, and myrecetin,
while the chemical constituent of ethanolic extract of Eucalyptus globules leaves obtained
through GC-MS (Gas chromatography/mass spectrometry) showed the presence of a-pinene,
piperitone, 1,8-cineol, limonene, p-cymene, a-terpineol, globulol, spathulenol, methane 1,2,3
triol, y-terpenene, and sabinol [29]. Similarly, the same instrumental analysis of the methanol,
chloroform, and hexane extracts of Eucalyptus globules leaves led to the identification of 1,8-
cineol as major constituents in all the three extracts, while a-pinene, cis-verbenol, a-guaiene, a-
terpineol acetate, and spathulenol were more common in methanol and chloroform extracts,
while aromadendren, epiglobulol and chrysanthenone are more common in methanol and hexane
extracts and o-ocimene was only found in chloroform and hexane extracts [163]. The above
instrumental analysis of a dichloromethane extract of Eucalyptus globules leaf revealed the
presence of major compounds such as a-deudesmol, a-phellandrene and p-pinene, while
tridecane and 4-terpineol were found in trace amounts. The other compounds identified were: a-
pinene, camphene, myrcene, p-cymene, limonene, y-terpinene, terpinolene, undecane,
endofenchol, camphor, borneol, a-terpineol, a-copaene, a-gurjunene, (E) caryophyllene,

aromadendrene, a-selinene, d-armophene, a-eudesmol, and globulol [164].

Compound such asstigmasterol, -D-glucopyranoside (62), ursolic acid (63),a-amyrin, a-amyrin
acetate, 4', 5, 7-trimethoxykaempferol (64), genistein (65), epicatechin (66), naringenin (67),
catechin (68), octyl-s-D-glucopyranoside,?7, 8-dihydroxycoumarin (69) (Figure 9) were isolated
from the ethyl acetate fraction of the methanolic extract of the whole plant of Eucalyptus
globules [165].
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Figure 9. The chemical structures of the compounds isolated from the whole part of Eucalyptus
globulus
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3. MATERIALS AND METHODS

All the materials and methods used in this research are presented below.
3.1. Materials

3.1.1. Chemicals

The chemicals that were used in this experiment were n-hexane, chloroform, and methanol for
the extraction of the stem bark of Eucalyptus globulesplant. Solvents such as n-hexane, ethyl
acetate, and methanol were used as a solvent system in TLC and column chromatography. Pre-
coated thin layer chromatography (TLC) on aluminum foil was used to monitor the fraction
similarities which might result in fraction combinations. Silica gel 120 mesh size (250 pum) was
used for column chromatography.

Reagents such as acetic anhydride, sulfuric acid, glacial acetic acid, dilute sodium hydro oxide,
dilute hydrochloric acid, solution of potassium bismuth iodide (or Dragendroff’s reagent), ferric
chloride, nitric acid, ammonium hydroxide, ammonia, benzene, and Molish’s reagent were used
for the detection of phytochemicals in the crude extracts. All the solvents and chemicals used in
this research were analytical grade and were obtained from Ran-chem. CO. Ltd. Company,
Addis Ababa, Ethiopia.

3.1.2. Instruments

Mortar and pestle were used to crush the sample; Orbital Shaker was used to continuously shake
the sample with the extraction solvent; Rotary evaporator specification was used to concentrate
the extract and recover the solvent. Analytical balance (ADAM AFR-110L) was used to measure
the powder sample; Melting points were measured on METTLER TOLEDO Model MP30
melting point apparatus. UV chamber (uvltec) was used to view spots on the developed TLC
plates; UV spectra of the samples (ethanol) were recorded on T80+ UV-VIS spectrophotometer;
IR spectra of the samples (KBr pressing) were recorded on PerkinElmer, Frontier FTIR

spectrophotometer.

3.1.3 Plant material collection and authentication
The stem bark of the plant was collected from its natural habitat in July 2024 from Kebado
kebele, Dara district, Sidama region, Ethiopia. The taxonomic identification of the plant species

was confirmed by botanist Retta Regassa, Hawassa College of Teacher Education.
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3.2 Methods

3.2.1Plant material preparation

The collected stem bark of Eucalyptus globules was washed thoroughly with distilled water to
remove dust particles, and placed in shaded area under aerated condition for two days at room
temperature. The semi-dried stem bark was chopped into small pieces, and air dried under shade.
The complete air-dried stem bark was pulverized into fine powder using a mortar and pestle and

was kept in air-tight non-transparent plastic bottle until solvent extraction.

3.2.2 Extraction of crude material

Eucalyptus globule powder (450 g) was weighed and subsequently transferred into an
Erlenmeyer flask covered with aluminum foil and was cold macerated in 2.5 liters of n-hexane in
an orbital shaker for 48 hours. The mixture was filtered through Whatman No. 1 filter paper and
the solvent was removed under reduced pressure using a rotary evaporator at 40 °C and 120 rpm.
The concentrated extract was weighed and stored in the refrigerator until further analysis, while
the marc was used for further extraction using CHCIl3:MeOH (v/v, 1:1). The marc was soaked in
3.0 liters of CHCI3:MeOH (v/v, 1:1) and was put on an orbital shaker at room temperature for a
period of 72 hours. The mixture was filtered through Whatman No. 1 filter paper and the solvent
was evaporated under reduced pressure using a rotary evaporator. The concentrated extract was
weighed and stored in the refrigerator until further analysis, while the marc was used for further
extraction using methanol. The marc from the second extraction was soaked in 2.0 liters of
methanol and was put on an orbital shaker at room temperature for a period of 72 hours. The
mixture was filtered through Whatman No. 1 filter paper and the solvent was evaporated under
reduced pressure using a rotary evaporator at 40 °C and 120 rpm. The concentrated extract was
weighed and stored in the refrigerator until further analysis, while the marc was discarded. The

percentages of extract yield for the three extracts were calculated using following formula:

weight of dry extract
Extraction yield = — : » 100
weight of dried plant sample

The steps applied in the extraction of the powder stem barks of Eucalyptus globules were

summarized in Scheme 1.
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Scheme 1. General scheme on the extraction of crude material from Eucalyptus globulus stem

bark

3.2.3. Solvent system selection for chromatographic separation

The TLC profile of crude extract was checked using various proportions and mixture of n-

hexane, chloroform, methanol, ethyl acetate solvent systems so as to obtain a good solvent

system for the chromatographic separation.

3.2.4. Phytochemical screening

Investigation of the classes of secondary metabolites was carried out for all the extracts as per the
standard methods reported in the literature [166—-168].
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Test for alkaloids

Extract (0.5 mg) was taken, and 3 mL of methanol was added to it. Then 300 pL of acetic acid
was added to it and then a solution of ammonium hydroxide was added drop by drop. The

appearance of precipitate indicates the presence of alkaloids.
Test for flavonoids

Extract (1.0 mg) was taken and placed into a test tube. Then few drops of sodium hydroxide
solution were added and shaken. Emergence of intense yellow color that turns to colorless after

adding dilute acid implies the existence of flavonoids.
Test for phenols

The crude extract of the plant material was treated with 3 to 4 drops of ferric chloride solution, or
dissolving 5mg of dry extract in 0.5 mL of 1% ferric chloride solution. The formation of bluish-

black color indicates the presence of phenolic compounds.
Test for glycosides

Extract (0.5 mg) was treated with 0.2 mL glacial acetic acid and then drop wisely 3.5% ferric
chloride was added to the solution. This will be layered with 1.0 mL of conc. sulfuric acid. A

reddish-brown ring that occurs at the interface indicates the presence of cardiac glycosides.

Test for terpenoids

Extract (5.0 mg) was mixed with chloroform (2.0 mL), and concentrated sulphuric acid (3.0 mL)
was carefully added to form a layer. A reddish-brown coloration of the inter face shows a
positive result for the presence of terpenoids.

Test for tannins

About 2.5 mg of each plant extract was boiled in 5mLof water in a test tube and then filtered
through Whatman’s no.1 filter paper. Two to three drops of 0.1% ferric chloride added and read

for brownish green or a blue-black precipitate indicating a positive result.

Page | 23



Test for saponins

Extract (0.5 mg) was taken in a test tube and then 5.0 mL of distilled water was added to it. The
solution was vigorously shaken and the formation of stable foam indicates the presence of

saponins.
Test for steroids

The crude plant extracts (1.0 mg) was dissolved in 10.0 mL of chloroform and to it an equal
volume of concentrated sulfuric acid was added from sides of the test tube. The upper layer turns
into red and the sulfuric acid layer shows yellow with green fluorescence. This indicates the
presence of steroids.

3.2.5. Compound isolation

Once the appropriate solvent system is identified, fractionation of crude extract was conducted.
The column was packed with 60 g silica gel as the stationary phase which was wetted using n-
hexane to achieve least polarity to the mobile phase during the beginning of elution. The mobile
phase for elution was fixed based on the TLC results obtained in the course of solvent selection.
Dried CHCI3:MeOH (v/v, 1:1) crude extract (8.0 g) was adsorbed on small amount of silica gel.
The adsorbed crude extract was added into the column that was already packed with silica gel
and eluted with increasing gradient of ethyl acetate in n-hexane and ethyl acetate in
methanol. The elution process was started by n-hexane, followed by hexane:ethyl acetate and
ethyl acetate: methanol in various ratios. A number of fractions were collected for each type of

solvent systems used for fractionation which led to a total of 76 fractions (Table 1).
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Table 1. Solvent system used for fractionation

Solvent system Proportions (v/v, mL) | Volume (mL) | # of fractions collected
n-hexane :ethyl acetate 300:0 300 1-6
n-hexane :ethyl acetate 285:15 300 7-12
n-hexane :ethyl acetate 270: 30 300 13-18
n-hexane :ethyl acetate 255 : 45 300 19-24
n-hexane :ethyl acetate 240 : 60 300 25-30
n-hexane :ethyl acetate 225:75 300 31-36
n-hexane :ethyl acetate 210:90 300 37-42
n-hexane :ethyl acetate 195 : 105 300 43-48
n-hexane :ethyl acetate 80:120 200 49-52
n-hexane :ethyl acetate 60 : 140 200 53-56
n-hexane :ethyl acetate 50: 150 200 57-60
n-hexane :ethyl acetate 40:160 200 61-64
n-hexane :ethyl acetate 0: 100 100 65-66
ethyl acetate:methanol 80:20 100 67-68
ethyl acetate:methanol 70:30 100 69-70
ethyl acetate:methanol 50:50 100 71-72
ethyl acetate:methanol 30:70 100 73-74
ethyl acetate:methanol 0:100 100 75-76

Fractions that showed single spot and have the same color and Rf, on the developed TLC plate
were combined The fractions were concentrated to dryness under reduced pressure using a rotary
evaporator at 40 °C and 120 rpm. The dried fractions were weighed to get the amount of the
compound isolated which afterwards was kept in refrigerator until further analysis. Fractions that
showed two or more than two spots on the developed TLC plate were left out as they required
further column chromatography separation with various combinations of solvents. Because of
limited time and finance further fractionation of fractions having more than one spot on the TLC
were not performed.

3.2.6. Structure elucidation

UV-visible and IR spectroscopic data of all the isolated compounds were generated and their
melting points were also determined. These data of the isolated compounds were used to suggest

the structures and identity of the isolated compounds by comparing with literature data.

The UV-vis and IR spectroscopic data were also systematically interpreted in order to identify

the functional groups of the isolated compounds.
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4. RESULTS AND DISCUSSION

The results obtained from this study were presented and discussed as shown below.
4.1 Extraction yield
The amounts of the crude extracts for each solvent and their extraction yields (or percentage

yields (%w/w)) are shown in Table 2.

Table 2. Extraction yields of the crude extract of Eucalyptus globules

Extract Mass (g) % Yield
Hexane 1.9 0.42
CHCI3:MeOH (v/v, 1:1) 10.8 2.40
Methanol 14.5 3.22

The % vyields of the extracts has shown increment in the order: methanol > CHCIl3:MeOH (v/v,
1:1) > n-hexane, as shown in Table 2. Thus, methanol was relatively efficient in extracting
phytochemicals from the stem bark of Eucalyptus when compared to CHCIl3:MeOH (v/v, 1:1)
and n-hexane solvent systems. This tell us that the stem bark of Eucalyptus globules is enriched
with polar secondary metabolites which was further supported by previously reported results on
the extraction of Eucalyptus globules leaves using methanol 9.54%, chloroform 7.64%, and ethyl
acetate 7.1% [160]. In another study, acetone extraction of Eucalyptus globules leaves produced

a yield of 28.1%, whereas ethanol extraction produced a yield of 17.5% [161].

4.2 Classes of secondary metabolites identified

All the crude extracts were tested for the presence of the classes of secondary metabolites, which
were evidenced with remarkable color changes or precipitations. The results of the screening test
were presented in Table 3.

Table 3.Phytochemical screening results of crude extracts

Secondary metabolites n-hexane CHClI3:MeOH (v/v, 1:1) Methanol
Alkaloids — + +
Flavonoids — + +
Phenols + + +
Glycosides + + +
Terpenoids + + +
Saponins + + +
Steroids + + +
Tannins — + +

Absent = (), Present = (+)
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The phytochemical screening test confirmed the presence of the classes of secondary metabolites
(Table 3). The phytochemicals present in theCHCI3:MeOH (v/v, 1:1) and methanolic extracts
were found to be the same (Table 3). Similar study showed that tannins, saponins, cardiac
glycosides, phenolic compounds, and terpenoids were observed in methanolic extract of
Eucalyptus globules leaves [160, 169]. Phytochemicals such as phenolic compounds, cardiac
glycosides, terpenoids, and steroids were also observed in n-hexane extract of Eucalyptus

globules leaves [169].

Most phytochemicals or secondary metabolites naturally occur in different parts of medicinal
plants, such as leaves, fruits, roots, flowers, and seeds [170,171]. For instance, alkaloids have
several beneficial properties such as anti-inflammatory, antimicrobial, anthelmintic, and
antidiarrhoeal [172, 173]. Similarly, flavonoids showed anti-allergic, anti-cancer, antioxidant,
anti-inflammatory, anti-viral antimicrobial, and antidiarrhoeal activities [173-175]. Therefore,
alkaloids and flavonoids present in the Eucalyptus globules stem bark explain the traditional use
of the plant for the treatment of microbial and fungal infections [20-22] and enteric infections
such as diarrhea and dysentery. Phenolic compounds show antioxidant, anti-inflammatory, and
anti-carcinogenic activities. Simple phenolics showed antimicrobial, anthelmintic, and antiseptic
activities [173, 176], which is in agreement with the traditional use of the plant as an antiseptic,
astringent [23], and disinfectant [24]. Terpenoids have antimicrobial and insecticidal properties
and are used as pesticides and fungicides in agriculture and horticulture [173, 177-179].
Saponins also have antimicrobial, anti-viral, anti-inflammatory, and antioxidant activities, along
with their use as a molluscicide, insecticide, and ichthyoid [180]. The presence of terpenoids and
saponins in plants justifies their traditional use of the Eucalyptus as an herbicide, acaricide, and
nematicide [17, 18]. Furthermore, the use of the plant as an astringent [23], anti-inflammation
[13], wound healer, and disinfectant [24] is due to the presence of tannins. These phytochemicals
are used as astringents against diarrhea [181], a diuretic against stomach and duodenal tumors
[182], and anti-inflammatory [183].

4.3 Compounds isolated

Chromatographic separation of the CHCIl3:MeOH (v/v, 1:1) crude extract gave three compounds.
Fractions 34-40 were combined as they gave a single spot and weighed to give 100 mg of white
solid compound labeled as EG-1.Compound EG-lhas shown an Rf value of 0.42 (n-
hexane:ethyl acetate 4:1) and has a melting point of 284 °C. Fractions 65-70 were combined,

concentrated and weighed to give 100 mg of white solid compound labeled as EG-2.
Page | 27



This compound has shown an Rf value of 0.41 (n-hexane:ethyl acetate 3:1) and has a melting
point of 265 °C. The third compound labeled EG-3 is a white solid that was found from fractions
41-45 (200 mg). This compound has shown an Rf value of 0.46 (n-hexane:ethyl acetate 4:1) and
has a melting point of 192 °C. A summary of the procedures followed to isolate compounds EG-
1, EG-2, and EG-3 is shown in Scheme 2.

Chloroform:methanol (1:1) extract
(8.0¢g)

Elution with various proportions of n-hexane: ethyl acetate and
ethyl acetate: methanol solvent systems

ethyl acetate: n-hexane (90:210) ethyl acetate: n-hexane (90:210),

ethyl acetate (100 ), and

and (105:195) ethyl acetate: methanol
\ J ' (80:20), and (70:30)
Y K J
Y \ ~ /
Fr 34-40
EG-1 100 mg Fr  65-70 Fr 41-45
EG-2 100 mg EG-3 200 mg

Scheme 2. Schematic diagram of the key steps on the isolation of compounds from
CHCI3:MeOH (v/v, 1:1) extract

4.4 Structure elucidation of the isolated compounds

UV-Vis and IR data were generated for all isolated compounds. The interpretation of the UV-Vis
and IR spectral data of the compounds are discussed in the sub-sections below (Section 4.4.1 and
4.4.2).

4.4.1 UV-Vis spectra of the isolated compounds

The UV spectrum of compound EG-1 (Appendix 1) showed absorbance of peaks Amax at 240 nm
and 283 nm indicating the presence of Il — IT* transition of conjugated dienes and n — IT*
transition of C=0 respectively.

The UV spectrum of compound EG-2 (Appendix 2) showed absorbance of peaks Amax at 238.7
nm and 287.8 nm indicating the presence of IT — IT* transition of conjugated dienes and n — IT*

transition of C=0.
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The UV spectrum of compound EG-3 (Appendix 3) showed absorbance of peaks Amax at 240 nm
and 284 nm indicating the presence of IT — IT* transition of conjugated dienes and n — IT*
transition of C=0 bond in aromatic groups respectively.

4.4.2 IR spectra of the isolated compounds

Compound EG-1(Appendix 4) IR spectrum showed a broad band in the region of 3600-3200 cm’
! for the hydroxyl (OH) stretching, and 2942 cm™ and 2847 cm™ for aliphatic C-H stretching
vibrations. Carbonyl (C=0) stretching vibrations was also seen at 1726 cm™, aromatic C-C
stretch (in—ring) vibrations were also seen at 1458 cm™. Thus, compound EG-1 has hydroxyl,

carbonyl and aromatic functional groups.

Compound EG-2 (Appendix 5) IR spectrum showed a broad peak in the region of 3430 and 3294
cm™* for the O-H stretches, and 2940 cm™ and 2874 cm™ for aliphatic C-H stretching vibrations.
The absorptions around 1698 and 1644cm™corresponds to the C=O stretching connected to
aromatic, and 1380 cm™foraromatic C=C stretching. Thus, compound EG-2 has hydroxyl,
carbonyl and aromatic functional groups.

Compound EG-3 (Appendix 6) IR spectrum showed a medium broad band in the region of 3600-
3200 cm™suggested an OH stretches and 2940 and 2888 cm™ for aliphatic C-H stretching
vibrations. The weak peak at1740, 1708, and 1644 cm™ could be attributed to C=0O stretching
connected to aromatic ring. An aromatic C=C stretching vibration was also seen at 1458 cm™.
Thus, compound EG-3 has hydroxyl, carbonyl, and aromatic functional groups. In general, the
IR and UV-Vis spectroscopic data of the isolated compounds contains information regarding the
type of functional groups expected in the compounds. Therefore, we need other spectroscopic
data such as H-NMR, C-NMR, DEPT and MS to fully elucidate the structures of the isolated

compounds.
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Table 4.Comparison of melting point, UV-Vis, and IR experimental data to literature

Cpd Mp(°C) | Mp (C°) UV (nm) | UV (nm) IR IR Functional
(exp.) (litr.) (exp) (litr.) (exp) (litr.)em™ | group.
[184-186] [184—187] | cm™ [186-189]

EG-1 | 284 284-286 240 212,268, | 3480 3080; O—H
283 and 313.5 | 3392 3009
2942 2945 Aliphatic C-H
2847
1726 1655 C=0
1630 1610 aromatic C=C
1458
EG-2 | 265 265-270 238.7 254 3430 3377 O-H
287.8 416 3294 3043
2940 Aliphatic C-H
2874
1698; 1668; C=0
1644 1619
1464 1468; aromatic C=C
1380 1457
1383;
1331
EG-3 | 192 193-196 240 257,341, | 3458 3081 O-H
284 373 3292
2954 2945 Aliphatic C-H
2888
1740; 1666 C=0
1708; 1601
1644
1460 Aromatic
C=C
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Based on Table 4, the chemical structure of the isolated compounds EG-1 chrysin (5,7-
dihydroxyflavone) (70), EG-2 purpurin (1,2,4-trihydroxy -9,10 anthraquinone) (71) and EG-3
1,2-Dimethoxy-6-methyl-9, 10-anthraquinone (72) were proposed and were shown in Figure 10.

o oH O  OCHs
900 Ly
HaC

O OH O

70 7 72

Figure 10: Proposed chemical structure of the isolated compounds (EG-1, EG2, EG-3)

Chrysin (5,7-dihydroxyflavone) is a dihydroxyflavone found in numerous plants species such as
Oroxylum indicum, Cytisus multiflorus, Mangifera indica, Desmos cochinchinensis, Scutellaria
bornmuelleri, Pyrus pashia,Teloxys graveolens, Alpinia oxyphylla [190], and many fruits

[191,192], passion flowers such as Passiflora coerulea [193] and even mushrooms [194].

Chrysin (EG-1) has been shown to possess pharmacological properties such as antioxidant and
anti-inflammatory activities [190]. Moreover, chrysin has shown gastrointestinal protective
properties in gastric ulcers, diarrhea, colitis, and inflammatory bowel disease [195]. Respiratory
tract protective effects of chrysin have been witnessed in airway inflammation, pulmonary
hypertension, pleurisy and lung injury, lung fibrosis, pulmonary edema, pulmonary arterial
hypertension, asthma, chronic obstructive pulmonary disease, allergic inflammation, and
pneumonia [196]. Skin protective effects of chrysin have been observed in cases of psoriasis,
atopic dermatitis, photo-aging and melanogenesis, and leishmaniasis [197, 198]. In this study,
chrysin was suggested to be one of the compounds isolated from the stem bark extract of
Eucalyptus globules that may explain the use of the plant for the treatment of a variety of disease
conditions including colds, asthma, cough, diarrhea and dysentery, hemorrhage, laryngalgia,
laryngitis, sore throat, spasm, trachagia and vermifuge [64], constipation and other stomach
problems, oral thrush, boils, sores, skin and wound infections, bronchitis, eczema and athletes
foot [65, 66], and skin diseases [74], fever, antitussive, grippe, respiratory ailments, migraine,
thorax ailments [75].
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Purpurin (EG-2) belongs to the class of organic compounds known as hydroxyl anthraquinones.
It is a naturally occurring hydroxyanthraquinone mostly isolated from the roots of a perennial
herb Rubia cordifolia (madder plant). This compound has been reported to exist in the root of
Rubia sikkimensis Kurz [199], Rubia cordifolia Linn [199-201], Rubia tinctorum L. [199, 201-
203] and Rubia peregrina L. [199,201].

Purpurin possesses diverse pharmacological properties, including antioxidant, antimicrobial,
neuroprotective, antiadipogenic, anticancer, anti-inflammatory, anti-dysentery, and antifungal
[204- 206]. In this study, purpurin was suggested to be one of the compounds isolated from the
stem bark extract of Eucalyptus globules, which may justify the use of the plant as a traditional
medicine to treat stomach problems, oral thrush, skin and wound infections, foot smell [65, 66,
74], fever, antitussive, grippe or flu, respiratory ailments, migraine, and thorax ailments [75].

Compound 1,2-dimethoxy-6-methyl-9,10-anthraquinone is a naturally occurring anthraquinone
mostly isolated from the roots of Rennellia elliptica Korth., whichis one of the species in the
genus Rennellia [207]. The root extract of Rennellia elliptica was reported to be antimalarial
[208] and antioxidant [209]. In this study, this compound is suggested to be one of the
compounds isolated from the stem bark extract of Eucalyptus globules, which may justify its
medicinal uses to treat fever, cough, thorax ailments [75], urinary and respiratory infections,

inflammation [15, 16], and its use as antioxidant [96].

To the best of my knowledge, the identity of the isolated compounds EG-1 chrysin (5,7-
dihydroxyflavone), EG-2 purpurin or (1,2,4-trihydroxy -9,10 anthraquinone), and EG-3 (1,2-
Dimethoxy-6-methyl-9, 10-anthraquinone) haven’t been reported in Eucalyptus globules extracts

of different parts including bark, leaf, root, fruits or seeds, and flower.

Page | 32



5. CONCLUSION AND RECOMMENDATIONS

4.1 Conclusion

In the present study, the extraction of phytochemicals from the stem bark of Eucalyptus globules
was satisfactorily performed. The extraction process was conducted using cold maceration
technique with three different solvents: hexane, CHCI;:MeOH (v/v, 1:1) and methanol
sequentially. The percentage yield shows 0.42% of hexane extracts 2.40% of CHCI;:MeOH (v/v,
1:1) extracts, and 3.22% of methanolic extracts. Alkaloids, flavonoids, phenols, glycosides,
terpenoids, saponins, and tannins were identified on the crude extracts of the plant. The presence
of these classes of secondary metabolites suggested the anti-allergic, anti-cancer, antioxidant,
anti-inflammatory, anti-viral, insecticidal, and antimicrobial activity of the stem barks of
Eucalyptus globules extract. Moreover, three compounds EG-1, EG-2 and EG-3were isolated
from the CHCI3:MeOH (v/v, 1:1) crude extract. Partial structure elucidation and comparing the
experimental spectroscopic data and the melting points with that of literature the isolated
compounds EG-1, EG-2 and EG-3 were proposed to be chrysin (5,7-dihydroxyflavone),
purpurin (1,2,4-trihydroxy-9,10-anthraquinone) and 1,2-Dimethoxy-6-methyl-9,10-

anthraquinone respectively.

4.2 Recommendations
> Spectroscopic data such as H-NMR, C**-NMR, DEPT and MS should be carried out to

fully illustrate the structures of the isolated compounds.

» The hexane and methanol crude extract should also be fractionated using various solvent
systems to isolate compounds. Furthermore, the fractionation of fractions having more
than one spot on the TLC should also be performed to completely analyze the stem bark

extract of the plant.

» Pharmacological studies of the plant should be investigated so as to establish the
traditional uses of the plant and to identify bioactive molecules that are used for

medicinal purposes.
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APPENDICES

Appendix 1: UV-Vis Spectra of Isolated Compounds
UV-Vis spectra of compound 1 (EG-1)
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Appendix 2: UV-Vis Spectra of Isolated Compounds
UV-Vis spectra of compound 2 (EG-2)
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Appendix 3: UV-Vis Spectra of Isolated Compounds
UV-Vis spectra of compound 3 (EG-3)
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Appendix 4: IR Spectra of Isolated Compounds
IR spectra of compound 1 (EG-1)
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Appendix 5: IR Spectra of Isolated Compounds
IR spectra of compound 2 (EG-2)
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Appendix 6: The IR spectra of compound 3 (EG-3)
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Appendix 7: Laboratory equipment and sample photos taken during the experiment
sessions

b) Filtration and concentrating the crude extract using rotary evaporator
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d)(colour less ,+ result e)redish browen f).A.ppearance of
for flavonoide ) coloration (+ test Precipitate(+ te-st result
terpenoid) for alkaloid)
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g)Phytochemical screening test result yellow with green flurescent (+ test for stroid),

h)green or blue black precipitate (+ test for tennine )

i)formation of stable foam

(+ test for saponins)

8- F § ¥ ms s34-

J)a reddish browen ring (glycoside) k)forrﬁation of bluish black (phenol)
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[)TLC profile of fraction(34-40) collection from the column

m)TLC profile of fraction (41-50) collected from column

n) TLC profile of fraction (65-70).
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