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ABSTRACT
Background
Breast cancer is a significant public health problem worldwide and the second leading cause of
cancer-related death among women. Several risk factors, including environmental and genetic
aspects, have been claimed to be responsible as a cause of breast cancer. Most active treatment
strategies and combinations adversely affect the patient's quality of life through severe side
effects. On the other hand, infectious diseases are also public health problems and a major cause
of death worldwide. Increasing cases of drug resistance, unwanted side effects of existing
antibiotics, and the reappearance of earlier known infections have demanded the need for new,
safe and effective antimicrobial agents. In Ethiopia, over 70% of the people depend on traditional
medicines in one way or another for their healthcare, including cancer and infectious diseases.
More than 95% of the preparations are made from plant origin. Traditionally, Vepris dainelli
(Rutaceae), Zanthoxylum chalybeum (Rutaceae), Uvaria scheffleri (Annonaceae), Clematis
burgensis (Ranunculaceae), and Euphorbia schimperiana (Euphorbiaceae) are medicinal plants
used for the treatment of abdominal cramps, intestinal worms, skin diseases, malaria,
tuberculosis, intestinal problems, pneumonia cough, tuberculosis, asthma sore throat, and fever,
and breast cancer in Ethiopia.
Objectives: This study aimed to identify anticancer and antimicrobial lead compounds from
selected medicinal plants of Ethiopian flora.
Methods: Acid-base extraction was used to extract alkaloids from the roots of V. dainelli and Z.
chalybeum. Extraction by maceration technique was used to extract the fruits of V. dainelli and
the roots of U. scheffleri, C. burgensis and E. schimperiana. Essential oils were extracted by
hydrodistillation. Silica gel column chromatographic technique was used to isolate compounds.
Spectroscopic techniques (IR, 1D (*H, '3C, and DEPT-135) and 2D (COSY, HSQC, and
HMBC) NMR, ESI-MS, HRMS, GC-MS, and LC-MS were used to elucidate structures of
isolated compounds. The cytotoxicity effects of alkaloids were evaluated in vitro against MCF-
7 and MDA-MB-231 human breast cancer cell lines by using MTS assay. Antimicrobial activity
of isolated compounds and extracts were evaluated against S. aureus, E.coli and C. albicans via
broth dilution techniques. The larvicidal activity of essential oils was determined by marinade

solution, and their cytotoxicity was studied on VERO cells using an MTT assay.

XXi



Results: Silica gel flash column chromatographic separation of the extracts of five selected
medicinal plants gave a total of 26 compounds, of which two compounds, uvarindole-F (248)
and G (249), are new natural products. The cytotoxicity assay displayed alkaloids (13, 17, 55, 67,
and 245) induced a significant reduction of cell growth of both breast cancer cell lines in a dose-
dependent manner of which chelerythrine (55) and evodiamine (245) showed the highest potency
against the aggressive and metastatic MDA-MB-231 cell line (ICso= 1.73 + 0.48 and 3.616 +
0.51 pM), respectively, with respect to standard doxorubicin (0.23 pM). In addition, the
alkaloids (55 and 245) showed the influence in the cell cycle in the MDA-MB-231 cell line by
arresting some cells in the G2/M phase, preventing cells with damaged DNA from entering
mitosis. On the other hand, alkaloids (13, 17 and 67) showed moderate activity against the
MDA-MB-231 cell line (ICs0= 69.30 + 5.34, 55.99 + 12.17 and 24.14+5.24 uM), respectively.
Arborinine (13) and evoxanthine (17) exhibited higher cytotoxicity against MCF-7 than MDA-
MB-231 and showed influence the cell cycle in both cell lines by arresting some cells in the
G2/M phase, preventing cells with damaged DNA from entering mitosis. Antimicrobial assay of
Chelerythrine (55) isolated from Z. chaleybeum, dichloromethane extract and isolated
Uvarindole-F (248) from roots of U. scheffleri displayed potential antibacterial activity against S.
aureus (MIC =125, 6.25 and 12.5 pg/mL), respectively, compared with gentamicin (5 pg/mL
against S. aureus). Chelreythrine (55) and uvarindole-F (248) showed an antifungal effect on C.
albicans (50 pg/mL and 12.5), respectively, compared with fluconazole (8 pg/mL against C.
albicans).

In silico molecular docking analysis of isolated compounds against E. coli DNA gyrase B and
against human topoisomerase Ila revealed a promising scoring pose (lowest energy) with a value
ranging from -7.5 to -5.5 Kcal/mol and -6.4 to -5.3 Kcal/mol, compared to ciprofloxacin (-7.2
Kcal/mol) and vosaroxin (-6.2 Kcal/mol). Among the studied compounds, chelerythrine (55, -6.4
Kcal/mol), 6-hydroxydihydrochelerythrine (62, -6.3 Kcal/mol), dihydrocherythrine (67, -6.3
Kcal/mol) and evodimaine (245, -6.3 Kcal/mol)) showed higher lowest binding energy,
interactions with human topoisomerase Ila than vosaroxin (-6.2 Kcal/mol) whereas interactions
with E. coli DNA gyrase B, chelerythrine (55,-7.4 Kcal/mol), dihydrocherythrine (67, -7.5
Kcal/mol) and uvarindole-F (248, -7.3 Kcal/mol) showed higher lowest binding energy with
respect to ciprofloxacin (-7.2 Kcal/mol). In addition, ADMET studies showed the highest drug-
likeness properties of the isolated compounds, except compound 250, suggesting these
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compounds can act as a drug and exhibit remarkable biological activities. DFT calculations
indicated that studied compounds showed the lowest gap energy and were chemically reactive.
Essential oils of U. scheffleri roots, Z. chalybeum and V. dainelli fruits were extracted by
hydrodistillation to afford 0.5, 2.0, and 2.7 % (v/w) yields, respectively. Gas Chromatography-
Mass Spectrometry analysis of essential oils revealed a total of 58, 18 and 20 chemical
compositions, representing 86.3, 99.6, and 98.8 % of the total oil contents, respectively.
Tricyclo[5.3.0.0(3, 9)] decane was identified to be the principal constituent in essential oils of Z.
chalybeum (82.8%) and V. dainelli (69.8%), reported herein for the first time from both species
and could be considered as a marker constituent for Ethiopian species. The larvicidal activity of
the essential oils in marinated solutions was tested in vitro against Anisakis Lz larvae isolated
from blue whiting fish (Micromesistius poutassou) for the first time, achieving 100% mortality
after 7 h at 0.5 and 1% essential oils concentrations of U. scheffleri and Z. chalybeum, and at 5%
concentration after 5 and 3 h, respectively. Similarly, 100% mortality was observed after 7 and 5
h at 1 and 5% concentrations, respectively, for V. dainelli. The cytotoxicity study of essential oils
on VERO cells displayed moderate toxicity with half-maximal inhibitory concentration values of
65.46 pg/mL, 83.88 pg/mL, and 96.82 pg/mL, respectively.

Conclusions: The results obtained from molecular docking, drug-likeness properties, ADMET,
and DFT analysis are in good agreement with in vitro experimental results obtained for
compounds. Hence, compounds 13, 17, 55, 67 and 245 may serve as a lead molecules that could
be developed into potent topoisomerase Ila inhibitors against human breast cancer whereas
compounds 55 and 248 may serve as a lead molecules that could be developed into potent E. coli
DNA gyrase B inhibitors.

The findings of this study support the traditional uses of the root decoction of U. scheffleri and Z.
calybeum for the treatment of infectious diseases caused by gram-positive bacteria strains such
as pneumonia and sore throat. The weak cytotoxicity of the essential oils at low concentrations
increases the possibility of developing effective and safe botanical larvicides. However, these

results should be further supported by in vivo studies.

Keywords: Vepris dainelli, Zanthoxylum chalybeum, Uvaria scheffleri, Clematis burgensis,

Euphorbia schimperiana, Cytotoxicity, Antimicrobial, Computational studies.
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CHAPTER ONE

1. INTRODUCTION

1.1. Background of the Study

Traditional medicine is defined by the World Health Organization (WHO) as ‘‘the sum of total
knowledge, skill, and practices based on the theories, beliefs, and experiences indigenous to
different cultures, whether explicable or not, used in the maintenance of health as well as in the
prevention, diagnosis, improvement or treatment of physical and mental illness’’[1]. Herbal
medicine has been used as a traditional medicine for many human and livestock ailments for
thousands of years in Africa, Asia, and other parts of the developing world. Particularly for those
living in rural areas of developing countries, it continues to be used as the primary source of
medicine [2]. According to the world health organization (WHO), about 80% of the world’s
populations living in developing countries have incorporated medicinal plants in their primary

healthcare modality [3].

It was not until the 19" century that man began to use active principles of medicinal plants. One
particular landmark was the discovery of quinine from Cinchona bark by the French scientists
Caventou and Pelletier. Much less is known about the isolation and use of quinine before that
[4]. Such discoveries led to an interest in plants from the new world, and expeditions scoured in
search of new medicines. Before World War 11, a series of natural products isolated from higher
plants became clinical agents, and some are still in use today. For example, (Figure 1, 1-6),
morphine (1) and codeine (2) from the latex of the opium poppy, quinine (3) from Cinchona
bark, digoxin (4) from Digitalis purpurea leaves, atropine (5) (derived from (-)-hyoscyamine and
hyoscine (6) from species of the Hyoscyamus niger and Atropa belladonna continue to be in
clinical use [5].




Hy;C—N

H,C—N OH

OH

Figure 1: Some natural products isolated from higher plants as clinical agents

Nowadays, medicinal plants have played a pivotal role in primary health care and are rich in
novel bioactive compounds. Studies revealed that drug development from natural sources has
shown that natural products or natural product-derived drugs comprised about 28% of all new
drugs entering the market [6]. Plants produce secondary metabolites due to a prominent function
such as protection against predators and microbial pathogens, repellence to herbivores and
microbes, defense against abiotic stress (e.g., UV-B exposure), for the communication of the
plants with other organisms, and are insignificant for growth and developmental processes [7,8].
In recent years, medicinal plants have become popular for treating several diseases due to their
efficacy and cost-effectiveness. Systematic studies involving pharmacological activities and the
mechanism of action of bioactive molecules derived from herbal medicine provide the vital

knowledge required to design new medications [9].

Cancer is a disease originated by an uncontrolled splitting up of abnormal cells in a fraction of
the body. It is one of the significant public health burdens in both developed and developing
countries [10]. Cancer cells typically attack as well as destroy normal cells. Worldwide, an
estimated 19.3 million new cancer cases and almost 10.0 million cancer deaths occurred in 2020
[11]. Breast cancer is a significant public health problem worldwide and the second leading
cause of cancer-related death among women [12]. Several risk factors, including environmental
and genetic aspects, have been claimed to be responsible as a cause of breast cancer [13]. The
recent challenge in oncology is the lack of homogeneity of the lesions where different cell

components respond differently to a treatment. Most active treatment strategies and



combinations adversely affect the patient's quality of life through severe side effects [14]. There
is growing consensus that monotherapies are insufficient to eradicate the disease, and there is an
unmet need for more potent combinatorial treatments [15]. Consequently, plant extracts and their
constituents are well known to have lower side effects and can be a better option against breast
cancer. Therefore, screening bioactive constituents of medicinal plants and evaluating their

efficacy against cancer cells received attention in drug discovery [16].

Infectious diseases are also public health problems and a major cause of death worldwide [17].
Infections due to pathogenic microorganisms cause a severe concern to human health. Increasing
cases of drug resistance, unwanted side effects of existing antibiotics, and the reappearance of
earlier known infections have demanded the need for new, safe and effective antimicrobial
agents [18-20].

The consumption of raw seafood causes a wide range of health problems in humans. Among
them, anisakiasis is one of the essential fish-borne zoonotic diseases. This parasitosis, caused by
nematodes belonging to the genus Anisakis, can invade the stomach or the intestinal wall of
humans [21]. The transmission is due to the consumption of certain raw or undercooked sea fish
and cephalopods. The paratenic hosts of Anisakis, and infective third stage (Ls) larvae [21, 22],
leading to gastrointestinal disorders and/or allergies in humans [23]. In some European countries,
where the consumption of raw or undercooked sea products is increasing, human cases are

increasingly reported [24].

The effective therapy is larval extirpation by endoscopy when the parasite is located in the
digestive tract and is accessible by gastroscopy. Several authors have proposed antibiotics,
anticholinergics and/or corticosteroids, and anthelmintic drugs to treat anisakiasis [25], but there
is no clinically approved pharmacological treatment yet. Therefore, the response of Anisakis
larvae to the most common food preservation techniques, such as salting, marinating, or mild
thermal treatments, needs to be assessed. In recent years, the effects of natural products against
Anisakis Lz larvae have attracted a great deal of attention [26, 27], particularly essential oils from
various plants [28].



Ethiopia has a tremendously rich flora in its diversity, with an estimated number between 6,500
to 7,000 species of higher plants, of which about 12 % are endemic [29]. Plants in the
Aannonaceae, Rutaceae, Ranunculaceae, and Euphorbiaceae families are broadly known
medicinal plants worldwide, including Ethiopia. Vepris dainelli (Pichi-serm) Kokwaro and
Zanthoxylum chalybeum(Rutaceae), Uvaria scheffleri Diels (Annonaceae), Clematis burgensis
Engl (Ranunculaceae), and Euphorbia schimperiana (Euphorbiaceae) are well known medicinal
plants in Ethiopia, traditionally used for the treatment of various ailments, particularly, infectious

and cancer-related diseases in human as well as livestock’s [30].

1.2. Statement of the Problem

Cancer is a current major public health problem worldwide and cause of death [31]. According to
WHO (2018) cancer country profile report, breast cancer is the leading among various types of
cancer in Ethiopia, with a mortality rate of 22.9 per 100,000 population [32]. Most active
chemoteraphy treatment strategies and combinations adversely affect the patient's quality of life
through severe side effects [14]. Different traditional medicinal plants are being used in Ethiopia
to treat a broad spectrum of diseases, including cancer [30]. Therefore, screening bioactive
constituents of medicinal plants and evaluating their efficacy against cancer cells received

attention in drug discovery [16].

The rapid development of a multidrug-resistant strain of bacteria and fungus increased bacterial
and fungal infections that hampered treatment using conventional anti-microbial agents [33, 34].
In addition, rising cases of drug resistance, unwanted side effects of existing antibiotics, and the
reappearance of earlier known infections have demanded the need for new, safe, and effective
antimicrobial agents [18-20]. Due to this reason, scientists are always searching for novel
infection-fighting strategies [33, 34]. Therefore, it is imperative to search for new antimicrobial

agents from a natural source that could either overcome or avoid multi-drug resistance [35, 36].

In the recent years, the consumption of raw fish in Ethiopia highly experienced, however there
was no studies carried out to know the prevalence of Anisakiasis cases, in any case it is not

recommended that the consumption of raw or uncooked fishes/seafood’s. The safe way is
4



cooking or marinating fishes/seafood’s with essential oils before consume it. Therefore, it is

important to search the effect of essential oils against ansakias Lz in food safety industry.

Enhancing the knowledge of screening traditional medicinal plants for various biological
activities and determining the structure of the active chemical constituents may help sustain
natural products for drug discovery and development. In this regard, medicinal plants used to
treat cancer and infectious diseases traditionally needs scientific support for their claimed

traditional uses [8].

1.3. Justification of the Study

Medicinal plants played a pivotal role in treating and protecting breast cancer and infectious
diseases in Africa [37]. In Ethiopia, V. dainellii (Rutaceae), Z. chalybeum (Rutaceae), and E.
schimperiana (Euphorbiaceae) used to treat cancer and related diseases [30, 38, 39 and 40]. Also,
Z. chalybeum (Rutaceae), U. scheffleri (Annonaceae), C. burgensis (Ranunculaceae), and E.
schimperiana (Euphorbiaceae) are among medicinal plants used to treat infectious diseases [39-
41]. Considering the broad spectrum of their ethnobotanical uses, bioactive compounds within
the plants mentioned above have not been thoroughly identified. In addition, essential oils from
the fruits of V. dainelli, Z. chalybeum, and roots of U. scheffleri have not been investigated. It is
therefore inevitable to identify chemical constituents and screen for cytotoxicity, antimicrobial,
and larvicidal activity. Thus, motivated by a broad spectrum of traditional uses of the plants
mentioned above and lack of comprehensive prior phytochemical investigation, this study aimed
to fill this gap and enrich the existing scientific knowledge on the aforementioned medicinal

plants coupled with an attempt to search for new drug leads.

1.4.  Objectives

1.4.1. General Objective

The overall objective of this study was to identify anticancer and antimicrobial lead compounds
from selected medicinal plants of Ethiopian flora.



1.4.2. Specific Objectives

The specific objectives of the study were:

To isolate secondary metabolites from roots of V. dainelli, Z. chalybeum, U. sheffleri, C.
burgensis Engl, and E. schimperiana, and fruits V. dainelli.

To extract essential oils from the roots of U. sheffleri, fruits of Z. chalybeum, and V. dainelli.

To elucidate the chemical structures of isolated compounds based on spectroscopic
techniques (IR and NMR) and MS, and comparing with literature data.

To identify and quantify the chemical composition of essential oils by using GC and GC-MS
techniques.

To evaluate antibacterial activity of the isolated compounds and U. scheffleri extracts against
S. aureus and E. coli via broth dilution method.

To evaluate in vitro antifungal activity of isolated compounds and extracts against C.
albicans via broth dilution method.

To determine the cytotoxicity of isolated compounds using MTS assay against MDA-MB-
231 and MCF-7 breast cancer cell lines.

To test larvicidal activities of essential oils from root of U. sheffleri and fruits of Z.
chalybeum and V. dainelli.

To carry out in silico molecular docking, drug-likeness, ADMET, and DFT analysis of the

isolated compounds.

1.5.Significance of the Study

This research is expected to:

o
*

Provide information on the chemical constituents of various parts of the studied medicinal

plants.

% Provide cytotoxicity information of isolated compounds against MDA-MB-231 and MCF-7

breast cancer cell lines to provide scientific support to traditional uses of the plants to treat

cancer diseases.
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Provide antimicrobial activity information of the plant extracts and isolated compounds
against selected microbial strains to provide scientific support to traditional uses of the plants
to treat infectious diseases.

Provide larvacidal activity information of essential oils from Ethiopian medicinal plants
against Anisakias Lz in marinade solution.

Provide scientific data to have a better understanding of the molecular mechanisms of
interaction between the compounds with protein domains of selected bacterial strains using
computational analysis.

Provide baseline information for future related scientific studies on the plants.



CHAPTER TWO
2. REVIEW OF LITERATURE

2.1.  Botanical Description and Geographical Distribution

2.1.1. Rutaceae

Rutaceae family is a flowering plant that contains about 170 genera and about 2070 species.
Members of this family are distributed throughout the world, mostly in warm temperate and
tropical regions, where significant number of the species found in Africa and Australia, often in
semi-arid woodlands. Species of the family generally have flowers that divide into four or five
parts, usually with strong scents. They range in f orm and size from shrubs, trees, and sometimes

perennial herbs [42].

2.1.2. Genus Vepris

Genus Vepris (Rutaceae) comprises about 83 species and grows mainly in tropical Africa,
Madagascar, Zanzibar, the Mascarene Islands, and a lesser extent in Arabia and India. They
contain evergreen shrubs and trees, predominantly of tropical lowland evergreen forest, but some

species extend into submontane forests and some into drier forests and woodland [43].

2.1.2.1. Vepris dainelli

Vepris dainelli Pichi-serm Kokwaro (Figure 2), Chawula (Goffigna, Ethiopia) is a medium-sized,
shade-tolerant afromontane tree and endemic to Ethiopia [44]. It typically grows as an understory
tree mixed with other small tree and shrub species in forests, but it is sometimes seen growing at
the margin of afromontane forest and open forest areas. The plant occurs in the altitudinal range
of 1050-2500m above sea level. In Ethiopia, it is distributed in Kefa, Ilubabor, Wollega, Bale,
Shewa, Sidamo, Gojam, Dawuro, Gamo and Gofa in Ethiopia [45].



Figure 2: Photo of Vepris dainelli (taken by Mathewos Anza in November 2018 from Geze Gofa,

Ethiopia).

2.1.3. Genus Zanthoxylum

Genus Zanthoxylum belongs to the Rutaceae family, and it is the largest genus in the family. It
comprises about 549 species and distributed worldwide, mainly in tropical and temperate
regions. The different species demonstrate a very close similarity among them. They are
identified as trees, erect shrubs or small trees, straggling or scandent shrubs, or as a forest liane,
most of which are aromatic with spiny trunks and branches. A common feature of most of the
species of this genus is the wonderful capacity to produce gums and volatile oils. It is

economically significant because of its alimentary, industrial, and medicinal applications [46].

2.1.3.1. Zanthoxylum chalybeum

Zanthoxylum chalybeum Knob wood (English), Ga’da (Sidamigna, Ethiopia) (Figure 3) is a
deciduous tree that grows in medium altitudes up to 1,500 m above sea level in dry woodland,
bushland, or grassland. Bark pale grey; smooth dark with scales and prickles. The bole has
characteristic large, conical, woody knobs with sharp prickles. The branches also bear scattered
thorns with conspicuous dark scales. It often grows on termite mounds in eastern and southern
Africa [47].
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Figure 3: Photo of Zanthoxylum chalybeum (taken by Mathewos Anza in November 2018 from

Yirgalem, Ethiopia).

2.1.4. Annonaceae

Annonaceae is a tropical and subtropical family that comprises about 135 genera and 2500
species. The family has considerable economic importance, mainly as a source of edible fruit.
Among them, the prickly soursop (Annona muricata L.) is widely used in the production of pulp
and juice, as well as the sugar apple (Annona squamosa L.), cherimoya (Annona cherimola Mill),
and custard apple (Annona reticulata L.), which are consumed in nature [48, 49].

2.1.5. Genus Uvaria

The genus Uvaria (Annonaceae) is woody climbers and the scandent shrubs plant. It comprises
more than 150 species commonly occurring in wet tropical forests of Africa, Madagascar,
continental Asia, Malaysia, Northern Australia, and Melanesia [50]. The generic name Uvaria is
derived from the Latin Uva meaning grape, likely because the edible fruit of some species in the
genus resembles grapes [51]. The characteristics of Uvaria are stellate hairs, valvate sepals,
partially or fully imbricate petals in two sub-equal whorls, monadal inaperturate pollen, and

generally many-seeded apocarpous fruits [52].
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2.1.5.1. Uvaria scheffleri

Uvaria scheffleri Diels (Figure 4) Boyyiniya (Wolaitigna, Ethiopia) is a medicinal plant widely
distributed in East Africa, growing in the coastal evergreen and mountain forests [41]. The plant

grows in the high land area of the southern part of Ethiopia, and its fruits are edible [53].

.

Figure 4: Photo of Uvaria scheffleri (taken by Mathewos Anza in October 2018, from Humbo

carbon project forest, Wolaita, Ethiopia).

2.1.6. Ranunculaceae

The family Ranunculaceae possesses about 2,000 known species of flowering plants with 43
genera distributed worldwide. Ranunculaceae family are primarily herbaceous annuals or
perennials, but some woody climbers or shrubs. Most members of the family have bisexual
flowers, which can be showy or inconspicuous. Flowers may be solitary but are frequently found
aggregated in cymes, panicles, or spikes. The sepals, petals, stamens, and carpels are generally
free (unfused). The outer flower segments typically number four or five. In some genera in the
family, the sepals are colorful and appear petal-like, and the petals can be inconspicuous or
absent. The stems are unarmed. Most species have basal and cauline (stem) leaves, usually
compound or lobed but simple. Many species, especially the perennials, form rhizomes that
develop new roots each year. The fruits are most commonly free, unfused achenes (e.g.,
Ranunculus, Clematis) or follicles (e.g., Helleborus, Eranthis, Nigella), but a berry in Actaea
[54].
11



2.1.7. Genus Clematis

Genus Clematis comprises about 350 species and is distributed from cool temperate to tropical
regions in China, Europe, Australia, New Zealand, India, North America, Africa, Himalayas, and
Japan. Clematis are charming climbers, bearing flowers profusely in spring or summer in a
variety of colors. Some species can grow 7 to 10 meters in a single season; others reach a height
of only 1.5 to 3.5 meters. Sepals make up the colorful portion of the flower. These may be thin,

wide, pointed, rounded, crinkled, twisted, or even crimped [55].

2.1.7.1. Clematis burgensis

Clematis burgensis (Figure 5) (Fiiti, Oromiffa, Ethiopia) grows in open montane forest and
forest borders, along roads, streams, on fences, and woodland associations. It is endemic and
widely distributed in different parts of Ethiopia at an altitude of 1300-1500m.

S 2o’ -

Figure 5: Photo of Clematis burgensis Engl (taken by Mathewos Anza in September 2018 from

Otana secondary school compound, Wolaita, Ethiopia).

2.1.8. Euphorbiaceae

Euphorbiaceae family is commonly known as the spurge family distributed in tropical,
subtropical, and temperate climates. The family is quite large, with about 300 accepted genera
and some 7500 species, predominantly occurring in the tropical region like tropics of Asia. Most
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family members are herbs, but some, especially in tropical regions, are shrubs or trees. Some
subfamilies are characterized by leaching a milky, sometimes poisonous, white latex and are a
primary source of natural rubber in the world. Other plants from this family with economic uses
include cassava, castor oil plant, barbados nut, and some medicinal species. Due to the large
morphological variability in this family, only a few could be identified with certainty to genus

and species level [56].

2.1.9. Genus Euphorbia

The genus Euphorbia is the largest in the plant family Euphorbiaceae, comprising about 2000
known species ranging from annuals to trees. All contain latex and have unique flower
structures. A significant percentage, primarily those originating in Africa and Madagascar. The
Euphorbias are named after the Greek surgeon Euphorbus. He was a physician of Juba II, a
Romanized king of a North African kingdom, and is supposed to have used the species’ milky
latex as an ingredient in his medicine [57].

2.1.9.1. Euphorbia schimperiana

Euphorbia schimperiana (Figure 6) (Benjile, Sidamigna, Ethiopia) is a much-branched, annual,

perennial plant growing up to 2 meters tall. The stems become more or less woody at the base.

‘ 4
2 I 4 / 0

Figure 6: Euphorbia schimperiana [picture taken by Mathewos Anza on Sep, 2018, Wolaita,
Ethiopia].
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2.2. Ethnobotanical Studies

2.2.1. Ethnobotanical Uses of the Genus Vepris and V. dainelli

Various species of Vepris are traditionally used for the treatment of a diverse range of ailments.
The leaf of V. ezcgeniifoliu is used to treat pneumonia and lung diseases, a decoction of the roots
is used to treat kidney disorders [58], a root decoction of V. lanceolata is used as an astringent
and against amenorrhoea [59], and the dried powdered root bark is added to boiling water, and
the eyes are exposed to the vapours to treat eye troubles [60]. A decoction of the roots of V.
glomerata is used to treat malaria, and the bark is used to treat cardiac pain, epilepsy, stroke, and
psychosis [61, 62]. The leaves of V. undulata are used to treat headache and infertility [63], and
the leaves of V. elliotii are as an aphrodisiac and disinfectant activities [64]. In Africa folk
medicine, V. heterophylla is used as a diuretic and antipyretic [65]. Also, its leaves are used to
protect the crop as a diuretic, antipyretic, treat conjunctivitis, and reduce high blood pressure
[66]. In addition, V. verdoornianais and V. sclerophylla are used to treat malaria, conjunctivitis,

and tape-worm [67, 68].

Ethnobotanical Uses of Vepris dainelli (Pichi-Serm.) Kokwaro

According to Tesfaye & Sebsebe (2009) report, the seeds of V. dainelli are used to treat
abdominal cramps, the bark and fruits are used to treat intestinal worms, skin diseases, and tooth
pain [69]. In the southern part of Ethiopia, the seeds of V. dainelli are used as an additive coffee

drink, also used to treat tumor and wound [38].

2.2.2. Ethnobotanical Studies of the Genus Zanthoxylum and Zanthoxylum chalybeum

Species of Zanthoxylum have been used to treat several diseases in humans and livestock
worldwide, especially in Asia, Africa, and America [70, 71]. The bark of Z. integrifoliolum
(Merr.) has been used in traditional medicine to remedy snakebite, dyspepsia, and an aromatic
tonic in fever. In Sri Lanka, Z. tetraspermum (Sinhala-katukeena) is employed in folklore
medicine to treat rheumatism and some forms of diarrhea. The bark of Z. gilletii is pungent, and
sticks prepared from it prevent toothache [71]. The stem bark of Z. liebmanniaum (Engelm.) P.
Wilson is used in Mexican traditional medicine to treat stomach aches, amebiasis, intestinal

parasites, and local anesthetic agents [72].
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Z. oxyphyllum fruits are sweetish bitter, hot and digestible, appetizer, anthelmintic and remove
pain, tumors, useful in gastric problem, headache, body ache, fever, cough and also used for the
purification of blood. The bark is considered as stomachic and digestive stimulant. It is also
administered during fevers as a sudorific. The stem bark has been used to treat rheumatism,
varicose ulcers, varicose veins, skin diseases, and leg pains. Moreover, it is used in relieving
inflammation, fevers, and hypotension. Besides, it has stimulant, astringent and digestive
properties and is also used in the treatment of dyspepsia and diarrhea [73].

As reviewed by Patifio et al. (2008), the major ethnobotanical uses attributed to Zanthoxylum
species are relief of dental problems, treatment of malaria, gastrointestinal disorders, gonorrhea
and lung diseases, antidiarrheal use in animals and humans, emmenagogue action, effective for
rheumatism, anthelmintic use in animals and humans, aphrodisiac, analgesic, action against
various skin diseases, febrifuge, antihemorrhagic, effective for genitourinary diseases,
anticancer, diuretic, stomachic, anti-convulsive, tonic and stimulant. In addition to the medicinal

properties, some species are also used as pesticides, building materials, and textile dyes [70].

Ethnobotanical Studies of Zanthoxylum chalybeum

Z. chalybeum is widely used in traditional medicine. Stem bark decoctions or root bark
decoctions are widely taken to treat malaria, fevers, and headache, sickle cell disease, respiratory
tract ailments including colds and tuberculosis, skin diseases including ulcers, urticaria, tumors
and measles, intestinal problems including abdominal pain, diarrhea, intestinal worms, bilharzia,
amoebas, colic, general body pain and vomiting [74]. A root infusion is drunk to treat bacterial
muscle infections, female sterility, venereal diseases, uterine fibroids, and, together with chicken
meat, as an aphrodisiac [39]. Z. chalybeum is also used throughout eastern and southern Africa
for its aromatic leaves, shoots, and fruits, which are used to make various tea-like beverages and
decoctions. In Ethiopia, root bark and stem bark are taken to treat toothache, and the leaves are

taken to treat the breast cancer of livestock [40].
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2.2.3. Ethnobotanical Uses of the Genus Uvaria and Uvaria Scheffleri

Various species of Uvaria are used as traditional medicine. A decoction of the root bark of U.
narum is used to control fits in pregnant women at the time of delivery. It is also used for treating
rheumatism, bowel complaints, and eczema [75]. The leaves of U. narum are recommended for
jaundice, biliousness, and fevers. The roots of U. chamae are said to have purgative and
febrifugal properties. A decoction of the root is drunk to ease severe abdominal pains and fever
[75]. In Kenya, U. lucida Benth root has been used to remedy stomach and bowel troubles,
especially for diarrhea and vomiting [76]. The roots of U. acuminata OLIV are used as remedies
for menstrual pain, dysentery, snakebite, and chest diseases [77]. In Cote d’Ivoire, the roots of U.
afzelii Scott Elliot are used in folk herbal medicine to treat fever, bronchitis, malaria, and
jaundice [78].

Ethnobotanical Uses of Uvaria scheffleri

In Kenya, U. scheffleri Diels is used for the treatment of cough, tuberculosis, asthma, and sore
throat [79]. In Tanzania, it is widely used for the treatment of fever, a symptom that may be
associated with malaria or bacterial or even viral infection [41]. In Ethiopia, the fruit is edible
[53].

2.2.4. Ethnobotanical Studies of the Genus Clematis and Clematis bugensis

As reviewed by Chawla et al. (2012), the aerial parts of various Clematis species are used as
diuretic, antimalarial, antidote in snake bites, antidysentery, treatment of rheumatic pain, fever,
eye infections, gonorrheal symptoms, bone illnesses, chronic skin disorders, gout, and varicosity
[80]. In addition, in folk medicine, it is used to treat blisters, and as a poultice for festering
wound sand ulcers, asthma, beriberi, urination and travail, antitumor, anti-inflammatory agents,
reducing fever, inducing urination, stimulating menstrual discharge and promoting lactation, to
ease headaches, coughs, chest ailments and abdominal upsets. Hot decoctions of the leaves,
stems and roots are also used separately to relieve cold, malaria, common colds, sinus infections,

and asthma, used for treating schistosomiasis, breast infection, and gonorrhea [80, 81].
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The roots and rhizomes of C. chinensis, C. mandshurica, and C. hexapetala are all called
weilingxian in the Chinese Pharmacopeia, which is prescribed for treatment of inflammation,
rheumatoid arthritis, and tumor, used as an analgesic, abirritative, antibacterial, antiphlogistic,
anticancer, and diuretic agent [82, 83]. C. tangutica (Maxim.) Korsh. is used to treat skin ulcers

and indigestion [84].

Ethnobotanical Uses of Clematis burgensis

In Ethiopia, the leaves of C. burgensis are used to treat otorrhoea (Dhukuba Gurra) and eczema
(Chiifee, Abiyatoo) [85].

2.2.5. Ethnobotanical Uses of the Genus Euphorbia and Euphorbia schimperiana

The genus Euphorbia has been used as medicinal plant for a long time [86, 87]. The roots of E.
ebracteolata are used to treat pulmonary tuberculosis, chronic tracheitis, and psoriasis in
Traditional Chinese Medicine (TCM) [88]. The roots of E. ebracteolata have been used to treat
cancer, lymphatic tuberculosis, and ascites [89]. E. sororia is commonly used in traditional
Uighur medicines to cure abdominal pain, abdominal distention, skin disease, and paralysis [90,
91]. The dried roots of E. fischeriana are used in traditional Chinese medicine to remedy edema,
ascites, and cancer [92]. The latex of E. pterococca is used to treat Aures, a region of Algeria,

against thorns and warts [93].

Ethnobotanical Uses of Euphorbia schimperiana

The latex E. schimperiana is used as ear drops to treat otitis and snakebite, the leaf paste in
water, is taken to treat coughs and colds. Leaf powder is applied to impetigo and stubborn skin
infections. A leaf and root decoction is taken as a purgative to treat venereal diseases, as an
anthelmintic, and the fruits, crushed together with roots of Cyathula polycephala and then mixed

with water, are taken to treat anthrax in cattle [94].
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2.3.  Chemical Constituents

2.3.1. Chemical Constituents of the Genus Vepris and V.dainelli

Vepris species are a rich source of various secondary metabolites such as acridones,
furoquinolines, quinolones, azole, coumarins, flavonoids, indoloquinazolines, limonoids, lignans,

phenolic compounds, and terpenoids [95].

Acridones, furoquinolines, and quinolones alkaloids were reported from the Vepris species
(Figure 7, 7-25). The leaves extract of V. bilocularis afforded 7-methoxyflindersine (7), 7-
prenyloxyflindersine (8), N-methyl-7-prenyloxyflindersine (9), 6-methoxyflindersine (10), 3-
prenyloxy acridone (11), 1,2,3-trimethoxy-N-methylacridone (12), and arborinine (13) [96].
Rasoanaivo et al. (1999) reported four acridone alkaloids from stem bark of V. sclerophylla such
as melicopicine (14), tecleanthine (15), 6-methoxytecleanthine (16) and evoxanthine (17) (Figure
7) [66]. Two acridone alkaloids, verdoocridone A (18) and B (19), were also reported from roots
and leaves of V. verdoorniana [95]. Phytochemical investigation on the roots of V. uguenensis
afforded furoquinolines alkaloids, flindersiamine (20), and maculosidine (21) [97]. A related
study revealed four furoquinoline alkaloids i.e. haplopine-3,3’-dimethylallyl ether (22),
anhydroevoxine (23), evoxine (24), and skimmianine (25), from the aerial part of V. glomerata
[98].

Flavanoids such as veprisinol (26, Figure 7) [98] and hesperetin (27, Figure 7) [99] have been
reported from V. glomerata of which the former was showed antioxidant activity compared to
ascorbic acid. Moreover, phenolic compounds such as prenylated cinnamaldehyde, glomeral
(28), p-hydroxycinnamic acid (29), caffeic acid (30), methyl cinnamate (31), scoparone (32),
syringaresinol (33) have been reported from the roots and stem bark of V. glomerata [97]. Recent
studies also revealed limonoids such as limonin (34) and limonyl acetate (35) from the roots and
stem bark of .V glomerata [97], and more limonoids (36-41) along with terpenoids (Figure 7, 42-
50) were reported from V. punctate [99,100].
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Figure 7: Compounds reported from the genus Vepris.

Chemical Constituents of Vepris danielli

There were limited scientific studies undertaken on the chemical compositions of this species.
One of the prominent studies was the one conducted by Dagne et al (1988) which reported four
alkaloidal constituents from leaves of V. dainellii such as kokusaginine (51), skimmianine (25),

acridones xanthoxoline (52), and arborinine (Figure 8, 13) [44].

OCH,; O OH
Ly (LI
H;CO N~ O N OCH,
H
51 52

Figure 8: Compounds reported from leaves of V. dainellii.
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2.3.2. Chemical Constituents of the Genus Zanthoxylum and Zanthoxylum chalybeum
Previous studies on chemical constituents of the genus Zanthoxylum revealed the genus is rich in
sources of various classes of secondary metabolites such as alkaloids, lignans, coumarins,

flavonoids, and terpenes [70].

Benzophenanthridines (Figure 9, 53-66) are the most frequently reported type of alkaloids in the
genus Zanthoxylum including fagaronine (53), nitidine (54), chelerythrine (55), sanguinarine
(56), iwamide (57) and integriamide (58) from various species of the genus Zanthoxylum [70,
101]. Wang et al (2015) reported six benzophenanthridines such as norchelerythrine (59),
decarine (60), 8-hydroxy-9-methoxy-2, 3-(methylenedioxy) benzophenanthridine (61), 6-
hydroxydihydrochelerythrine  (62), 6-methoxy-7-hydroxydihydrochelerythrine  (63) and
oxychelerythrine (64) from the stem barks of Z. schinifolium [102]. A related study on the root
bark of Z. simulans reported 6-methyldihydochelerythrine (65) and 6-methylnorchelerythine (66)
[103]. Dihydrochelerythrine (67) was also reported from stem bark Z. parachanthum [104].

Patifio et al (2010) reported benzylisoquinoline alkaloids (Figure 9, 68-71) (R)-(+)-
isotembetarine (68) and (S)-(-) xylopinidine (69) along with protoberberine alkaloids such as N-
methyltetrahydrocolumbamine (70) and N-methyltetrahydropalmatine (71) from Z. quinduense
[105]. A related study on Z. monophyllum reported berberine (Figure 9, 72) [106]. Aporphine
alkaloid such as N, N-dimethyllindicarpine (Figure 9, 73) was reported from the root barks of Z.
zanthoxyloides [107].

Pyranoquinoline alkaloids such as N-methylflindersine (74) and zanthobungeanine (75) were
reported together with two furoquinolines dictamine (76) and skimmianine (25) from bark of Z.
budrunga [108], and zhantosimulin (77) and huajiaosimulim (78) from the stem bark of Z.

simulans [109].
Bishoderninyl terpene alkaloids (80, Figure 9) have been isolated from the leaves of Z.

integrifoliolum  [110].  Indolopyridoquinazoline  alkaloids (81-83, Figure 9) 1-

hydroxyrutaecarpine (81), rutaecarpine (82), and 1-methoxyrutaecarpine (83) have been reported
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from the fruits of Z. integrifoliolum [111]. Canthin-6-one (84, Figure 9) and 5-methoxycanthin-
6-one (85, Figure 9) were reported from Z. rugosum [112] and Z. budrunga [113], respectively.

Lignans reported from the Zanthoxylum species, such as syringaresinol (Figure 9, 86) from Z.
monophyllum [105], and (+)-sesamin (87) from Z. quinduense [106], Z. budrunga [108], and Z.
americanum [114] and asarinin (88) from Z. americanum [114].

Coumarins (Figure 9, 89-92) were reported from Z. shinifolium including larcinatin (89) [115],
auraptene (90) and collinine (91) [116], and psoralen (92) from berries of Z. americanum [117].
Four pyranocoumarins; dipetaline (93), alloxanthoxyletin (94), xanthoxyletin (95) and
xanthyletin (96) were isolated from Z. americanum [114]. Polymethoxylated flavanoid such as 3,
5-diacetyltambuline (97) have been reported from fruits of Z. integrifoliolum [118]. Finally,
lupeol (98) were isolated from Z. parachanthum [119]
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Figure 9: Compounds reported from the genus Zanthoxylum.

Chemical Constituents of Zanthoxylum chalybeum

There were limited phytochemical studies on this species, however, 2, 3-epoxy-6.7-

ethylenedioxyconiferyl alcohol (Figure 10, 99), dihydrochelerythrine (Figure 10, 67) [120], and
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chelerythrine [121] (Figure 10, 55) were reported from the species. Recently, stem bark extract
of Z. chalybeum yielded 4- (isoprenyloxy)-3-methoxy-3, 4-deoxymethylenedioxyfagaramide and
fagaramide (Figure 10, 100, 101) [119]

Pecasadicranas

99 100 101

Figure 10: Compounds reported from Z.chalybeum

2.3.3. Chemical Constituents of the Genus Uvaria and Uvaria Scheffleri

Uvaria species are rich in Dbioactive compounds such as acetogenins, alkaloids,
dihydrochalcones, flavonoinds, polyhydroxycyclohexene, pyrenes, terpenes, xanthenes, and
phenolics having wide spectrum of biological activities [122]. Sesquiterpenes (Figure 11, 102-
106) were reported from Uvaria species. Such as Tanzanene (102) was reported from root bark
extract of U. tanzaniae [123] whereas lucidene (103) and uvariasesquiterpene (A-C) (104-106)
were reported from U. lucida [124] and U. angolensis [125], respectively. Flavanones
pinocembrin (107), pinostrobin (108), C-benzylated flavanones chamanetin (109), isochamanetin
(110), dichamanetin (111) and C-benzylated dihydrochalcones uvaretin (112), isouvaretin (113),
diuvaretin (114) and uvarinol (115) [126] were reported from Uvaria chamae. In a related study
by Weenen et al. (1991), uvaretin (112), isouvaretin (113), diuvaretin (114), chamuvaretin
(1116), and isotriuvaretin (117) were reported from U. tanzaniae and displayed anti-plasmodial
activity against the multidrug-resistant Ky strain of Plasmodium falcipururn. (Figurell, 112-114,
116-117) [123].

Acetogenins (Figure 11, 118-122) such as chamuvarinin (118), squamocin (119),
desacetyluvaricin (120), and neoannonin (121) were reported from the roots of U. chamae [127].
In a related study, tonkinecin (122) has been isolated from the roots of U. tonkinesis [49].
Ankisetty et al., (2006) reported four aromatic compounds (Figure 11, 123-126) such as
grandiuvarone A (123) and grandiuvarins A-C (124-126) from U. grandiflora [128]. In a related
study, 7-membered lactone (5-acetoxy-7-benzoyloxymethyl-7H-oxepin-2-one) (127) [129] and (-
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) zeylenol (128) [130].were reported from the stems of U. grandiflora and U. klaineana,
respectively. Four indol alkaloids, such as uvarindole A-D (Figure 11, 129-132), were reported
from the stem bark of U. angolensis [131, 132]. Recently, three pyrenes and two pyrenediones
with one sesquiterpene (Figure 11, 133-138) were isolated from the roots of U. lucida Benth
[79].

Macabeo et al., (2017) reported highly oxygenated seco-cyclohexene derivative, valderepoxide
(139) along with uvamalols D (140) and G (141), grandiuvarone (142), 2'-hydroxy- 3',4',6'-
trimethoxychalcone (143), valderramenol B (144) from U. valderramensis [133]. Moreover,
three polyoxygenated cyclohexene derivatives named cherrevenisyls A (145) and B (146), along
with ellipeiopsol E (147), were reported from the roots of U cherrevensis (Figure 11) [134]. In a
related study on U. alba, two chlorine-containing polyoxygenated seco-cyclo- hexenes, albanols
A (148) and B (149) along with oxepinone metabolite grandiuvarone (150), were reported
(Figure 11) [135].
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Figure 11: Compounds reported from the genus Uvaria.

Chemical Constituents of Uvaria scheffleri

There were limited phytochemical studies on this species of which some of the prominent ones
reported stigmasterol (151), PB-sitosterol (152), 3-farnesylindole (153), 2',6'-dihydroxy-3',4'-
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dimethoxychalcone (154) (Figure 12, 151-154) [41]. In a related study, Ichimaru et al (2010)
were also reported schefflerichalcone (155), espintanol (156), benzylbenzoate (157), 2',6'-
dihydroxy-4'-methoxychalcone (158), 5,7-dihydroxyflavone (159), hydroxyespintanol (160),
oxoxylopine (161), oxoanolobine (162), and (x)-schefflone (163) from the same species (Figure

12, 155-163) [136].
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Figure 12: Reported compounds from U. scheffleri.
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2.3.4. Chemical Constituents of the Genus Clematis

The Clematis species are a rich source of phenolic compounds and their derivatives. Lin et
al.,(2012) reported seventeen phenolic compounds and their derivatives (Figure 13, 164-179)
from C. connata including 3,4-dihydroxyphenethyl-5-hydroxy-4-oxopentanoate (164), 3-(4-
hydroxy-2,5-dimethoxyphenyl)-3-oxopropyl acetate (165), hydroxytyrosol (166), 2-(4'-O-b-D-
glucopyranosyl-3'-hydroxyphenyl)-ethanol (167), 2-(3'-O-b-D-glucopyranosyl-4'-
hydroxyphenyl)-ethanol (168), caffeic acid (30), isoferulic acid (169), ferulic acid (170), 3-
hydroxy-4  methoxybenzoic acid  (171), 4-hydroxybenzoic acid (172), 3,4-
dihydroxybenzaldehyde (173), 3-hydroxy-4-methoxybenzaldehyde (174), 2-hydroxy-3-
phenylpropionic acid (175) and (7S, 8R)-dihydrodehydrodiconiferyl alcohol (176); flavonoids,
such as naringenin (177), genistein (178), and coumarin i.e. 6,7- dihydroxycoumarin (179) [137].
A related study revealed eight phenolic glycosides (Clematisides A to H, Figure 13, 180 —187)

isolated from aerial part of C. tashiroi [138].

Triterpene saponins are the dominant chemical constituents in the Clematis species [139]. Four
triterpenoid saponins i.e clematochinenoside H-K (188-191, Figure 13) were reported from the
roots and rhizomes of C. chinensis [140], whereas Mimaki et al (2004) identified five triterpene
saponins (192-196) [141], from the roots of C. chinensis. Cheng et al., (2018) reported
hederagenin saponin (197) from C. ganpiniana [142]. In a related study done on the same
species by Ding et al., (2009) reported 3B-[(a-L-arabinopyranosyl)-oxy]olean-12-en-28-oic acid
(198), hederagenin 3pB-O-a-L-arabinopyranoside (197), 3p-O-a-Irhamnopyranosyl-(1—2)-a-L-
arabinopyranosyl oleanolic acid (199), and o-hederin (200) [83], whereas Sun et al, (2007)
reported triterpene saponnin (201) from this plant species [143] (Figure 13).

Alkaloids and their glucoside were also reported from Clematis species (Fig.13, 202-209). B-
magnoflorine (202) and a-magnoflorine (203) were reported from the aerial parts of C. parviloba
[144]. In addition, four indole alkaloids (204-207) were reported from the roots of C. manshurica
[145]. In a related study, indole alkaloidal glucoside (208), aurantiamide acetate (209),
eleutheroside E (210) and 1-O-caffeoyl-b-D-glucopyranoside (211) were reported from ethanol
extract of the aerial parts of C. terniflora DC [146].
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Figure 13: Compounds reported from the genus Clematis.
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Chemical Constituents of Clematis bugenisis

Preliminary phytochemical screening of the extracts of this plant revealed the presence of
Tannins, sapponins and flavonoids [85]. Nevertheless, to the best of our knowledge, there are not

prior phytochemical reports on this species from Ethiopian flora.

2.3.5. Chemical Constituents of the Genus Euphorbia and Euphorbia schimperiana

Shi et al (2008) reviewed the chemical and pharmacological studies of genus Euphorbia, the
diterpenoids such as jatrophane, lathyrane, tigliane, ingenane, ent-abietane, segetane, paraliane,
pepluane, euphoractine, ent-atisnae, ent-kaurane, casbane,and myrsinol skeletons are among the
most studied diterpenoids isolated from Euphorbia plants. Triterpenes, sesquiterpenoids,
steroids, and flavonoids were also reported [147]. Euphane type triterpenes, 24,24-dimethoxy-
25,26,27-trinoreuphan- 3B-ol (212), (24S)-24-hydroperoxyeupha-8,25-dien-3p-ol (213), and an
ent-atisine diterpene (214), and ent-atisane-3a,16a,17-triol (215) were reported from an acetone
extract of the stems of E. antiquorum together with diterpenes (216 — 222) (Figure 14, 212-222)
[148].

Ent-abietane diterpernoid, ebracteolata D (223) (Figure 14, 223), and eleven analogues (224-234)
were reported from the roots of E. ebracteolata [149]. In a related study, Kim et al., (2018)
reported two diterpenoid glycosides kansuingol A (235) and kansuingol B (236) (Figure 14, 235-
236 from the roots of E. kansui [150]. Two jatrophane diterpenoids, Heliojatrones A and B
(Figure 14, 237 & 238) with an unprecedented trans-bicyclo[8.3.0]tridecane core were reported
from E. helioscopia [149]. As Sook et al., (2018) reported, highly oxidized ent-norabietane
diterpenoid lathyrisol A from roots of E. lathyris L (Figure 14, 239) [151].
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Chemical Constituents of Euphrobia schimperiana

3B-Cycloartenol (240) and three phenolic compounds chrysin (241), quercetin-7-O-B-D-
glucoronside (242), and 3-methyl-quercetin-7-O-B-D-glucoronside (243) (Figure 15, 240-243),
were reported from the whole part of E. schimperiana [152]. There were no previous reports on
the chemical constituents of this species from Ethiopian flora.
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Figure 15: Compounds reported from E. schimperiana

2.4. Biological Activities Studies

2.4.1. Cytotoxicity Study

2.4.1.1. Cytotoxicity Studies of Vepris Species

Furo and pyranoquinolines alkaloids from V. punctata and V. suaveolens were examined for their
potential cytotoxic effect against the A2780 cell line, and the results revealed ICso values ranging
2.8-3.5 pg/mL [100]. A related study on the A549 cell line showed ICso values ranged from 8.9-
10 uM [153]. Furoquinoline 2'-(R)-acetylmontrifoline (38) and 2'-(R)-nkolbisine (39) from T.
nobilis were tested against the KB cell line, and the result displayed low cytotoxicity with 1Csq >
50 pg/mL [154]. Indolopyridoquinazoline alkaloids from V. renieri were examined on PC-3 cell
line, and the result showed ICso values ranging from 23.1-37.5 uM [155]. Acridone alkaloids
isolated from V. renieri and V. suaveolens were tested against the HepG2, HT-29, PC-3, Ovcar-
3, and MCF-7 cell lines, and the result revealed 1Csq values 11.4, 13.6, 11.9 14.7 and 12.7 uM,
respectively [156].

2.4.1.2. Cytotoxicity of Zanthoxylum Species
Berberine (72) reported from the bark of Z. monophyllum showed activity against HT- 29

(colorectal cancer), MCF-7 (breast cancer), HEp-2 (larynx cancer), and MKN-45 (gastric cancer)
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cell lines with the ICso Value 30.9+7.1, 28.7£3.2, 19.6+2.21, and 40.5+7.1 uM respectively [157,
158]. In vitro studies of compounds isolated from Z. americanum were showed cytotoxicity
against human leukaemia (HL-60) with an 1Cso of values of dipetaline (93) is 0.68 ppm, followed
by alloxanthoxyletin (94) 1.31 ppm, sesamin (87) 2.71 ppm, asarinin (88) 4.12 ppm,
xanthoxyletin (95) (3.48 ppm) and xanthylletin (96) 3.84 ppm [114]. Another study revealed
compounds such as 4- (isoprenyloxy)-3-methoxy-3,4-deoxymethylenedioxyfagaramide (100),
canthin-6-one (84), and sesamin (87) obtained from stem bark extract of Z. parachanthum
displayed moderate cytotoxicity with ICso values below 50 puM against the drug-sensitive CCRF-
CEM and multidrug-resistant CEM/ADRS5000 leukemia cell lines [106].

2.4.1.3. Cytotoxicity of Uvaria Species

Uvarinol (102) reported from ethanolic extracts of U. chamae displayed cytotoxicity (EDso)
against KB cell cultures at 5.9 pg/mL [126]. A related study revealed that chamuvarinin (105)
reported from the roots of U. chamae displayed significant cytotoxicity toward the KB 3-1 cell
line (ICs0) 8 x 101 M) [159]. Tonkinecin (109) reported from the roots of U. tonkinesis
exhibited potent cytotoxicity especially against the HL-60 (human leukemia) (1Cs0=0.51) BGC
(ICs0=5.1 uM), HCT-8 (human colon adenocarcinoma) (ICs0=0.38 uM) and Bel 7402 (ICs0=1.5
pM) cancer cell lines [49].

2.4.1.4. Cytotoxicity of Clematis Species

The aromatic acids derivatives such as 3-(4-hydroxy-2, 5-dimethoxyphenyl)-3-oxopropyl acetate
(152) and hydroxytyrosol (153) isolated from C. connata exhibited important potential cytotoxic
activity against MDA-MB-231 and HepG2, respectively. Methanol root extract of C. chinensis
exhibited a potent HL-60 cell growth inhibitory activity (98.6% inhibition at a sample
concentration of 10 pg/mL; IC50 1.4 pug/mL) [141]. Cheng et al., (2018) reported hederagenin
saponin (184) from C. ganpiniana showed a strong cytotoxic effect on MDA-MB-231 and
MCEF-7 breast cancer cells and can also cause apoptosis in breast cancer cells, significantly
reducing mitochondrial Apaf-1 and Cyto C level and increased the activities of caspase-3 and -9
[142]. In a related study on the same species by Ding et al., (2009), triterpene derivatives (185-
187) displayed cytotoxicity against both MCF-7 and MDA-MB-231 with ICso value of 0.7—
16.5pg/mL and significant apoptosis for MCF-7 and MDA-MB-231 [83]. Compounds such as
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eleutheroside E (210) and 1-O-caffeoyl-b-D-glucopyranoside (211) reported from ethanol extract
of the aerial parts of C. terniflora DC showed significant cytotoxicity against human ECA-109
with 1Csp values of 1.85 and 3.26 uM/mL, respectively [146].

2.4.1.5. Cytotoxicity of Euphorbia Species

Kim et al., (2018) reported diterpenoid glycosides such as kansuingol A (235) and kansuingol B
(236) from the roots of E. kansui with inhibitory activities in the production of IL-6 with ICso
values of 2.96, and 1.94 uM, respectively [150]. Furthermore, kansuingol A (235) is reduced
MRNA expressions of TNF-a and IL-6. From E. helioscopia jatrophane-derive diterpenoid,
heliojatrones B has been isolated and showed significant P-glycoprotein inhibitory activity with

ICso value 12.03 + 4.14 uM compared with the positive control (cyclosporine A) [149].

2.4.2. Antimicrobial Study

2.4.2.1. Antimicrobial Activity of Vepris Species

Acridone alkaloid such as verdoocridone A (18) reported from the methanol extracts of V.
verdoorniana was found to be active against human photogenic microorganism strains S. aureus,
and fungi M. meihei and C. albicans with MIC values between 21.3 and 29.4 uM compared to
gentamycin with 0.2 pM and nystatin with 5.2 pM against both fungi strains [95].
Flindersiamine (20) isolated from V. punctata showed anti-bacterial activity against S. aureas
and S. faecials [43]. Kiplimo and Koorbanally (2012) reported hesperetin (27) known flavonoid
constituent with good antibacterial properties against S. aureus and S. dysentrieae at low molar
concentration (MIC=0.2 and 4.0 ug/mL) [98]. On the other hand, glomeral (28) reported from V.
glomerata, inhibited the growth of S. aureus and S. dysentrieae at low concentrations (MIC of 2
mg/mL and 0.4 mg/mL), respectively [99].

2.4.2.2. Antimicrobial Activity of Zanthoxylum Species

Benzophenanthridine alkaloids are potent antimicrobials of Rutaceae and attractive lead
compounds for drug development. Chelerythrine (55), N-methyltetrahydrocolumbamine (70), N-
methyltetrahydropalmatine (71), and berberine (72), alkaloids isolated from Z. quinduense
exhibited promising antibacterial activity against different Gram-positive and Gram-negative

bacteria, where chelerythrine (55) was observed to be the most active compound comparable to
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kanamycine, tetracycline and anthracycline standard drugs [105, 106]. Ethanolic extracts of root
bark of Z. fagara, Z. elephantiasis and Z. martinicense were evaluated against C. albicans, S.
cerevisiae, A. niger, A. flavus, M. canis, and T. mentagrophytes. All of the extracts assayed
showed activity against common dermatophytes of domestic animals, of which the activity
exhibited by the ethanolic extract of the bark of Z. fagara is the prominent one [160]. The
essential oils of Z. xanthoxyloides and Z. leprieurii, two Cameroonian plants used as spices in
local food, showed antibacterial and antifungal activity against E. coli, S. aureus, K. pneumoniae,
E. faecalis, C. glutamicum, B. cereus, B. subtilis and A. flavus [161].

2.4.2.3. Antimicrobial Activity of Uvaria Species

Antimicrobial activity of Uvaria species has been evaluated mainly using human pathogenic
microorganisms. Uvarinol (115) reported from U. chamae showed significant antimicrobial
activity against S. aureus, B. subtilis, and M. smegmatis [126]. Angoluvarin (117) which is
dihydrochalcone reported from U. angolensis showed antimicrobial activity with MIC values of
0.78, 1.56, and 3.12 pg/mL against B. subtilis, S. aureus, and M. smegmatis, respectively [162].
The hexane and ethyl acetate extracts of both U. narum and U. hookeri showed significant
antibacterial and antifungal activities [163]. A 1:1 mixture of stigmasterol (151) and B-sitosterol
(152) obtained from the leaves extract of U. scheffleri also showed shown antifungal activity
against C. albicans [41].

2.4.2.4. Antimicrobial Activity of Clematis Species

Aromatic compounds (Figure 13, 164-179) obtained from C. connata displayed weak activities
against S. aureus, methicillin-resistant S. aureus and B-lactamase positive S. aureus at the
concentration of 50 pg/disk [137]. Triterpene derivative (200) isolated from C. ganpiniana
showed weak antibacterial activity [83]. Antimicrobial activity of ethanolic extract C. montana
leaves showed a greater inhibition zone against gram-positive bacteria than gram-negative
bacteria. [164]. The methanol and petroleum ether extracts of C.burgnesis showed antibacterial
and antifungal activity with the MIC values 0.78 mg/mL on bacteria and 3.125 mg/mL on fungi

for methanol extract and 1.56 mg/mL on both fungi and bacteria for petroleum ether extract [85].
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2.5. Biosynthesis of Acridones and Benthophenanthridines Alkaloids

The biosynthetic pathway of acridone alkaloids is given below based on the shikimate pathway
as a precursor is an anthranilic acid (Scheme 1) [165].

Shikimate Pathway

O OH
OH
— 0
3 mole Malonyl-CoA
Oi mole Malonyl-Co HO O N oH
NH, NH, 2 H, OH H

AOCS . I

Anthranilicacid 2-Aminobenzophenoneintermediate  1:3-Dihydroxiacridone

Scheme 1: Biosynthesis pathway of acridones alkaloids.
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The biosynthetic pathway of benthophenanthridines alkaloids utilizes two units of L-tyrosine in
which one tyrosine molecule is metabolized to dopamine that constitutes the isoquinoline part
while the origin of the benzylic part is from tyramine that arises from decarboxylation of tyrosine

[166]. The scheme below shows the biosynthesis of benthophenanthridines (Scheme2).
HO:©/\/COOH H°:©/\ HO
- " @
COOH HO N, HO HO NH
TR =
NH, O
HO o
L- tyrosine m - 5 /@N HO
HO NH, HO

Tyramine

(0]
O T he
NH
NH
_0 O HO NH HO HO
N
o () C J
! oL 1o HO HO
OH
(@)
o 908
Q@5 0
O o N /N+\
~ N ©
~N
(@) O\
o\

67 55

Scheme 2: Biosynthesis pathway of Benthophenanthridines alkaloids.
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CHAPTER THREE
3. MATERIALS AND METHODS

3.1. General

The melting point was determined by a Cambridge microscopy instrument with a Reichart-Jung
machine. IR spectrum was recorded by Cary 630 FTIR Spectrometer (USA). NMR spectral data
were recorded on a Bruker Avance 300 MHz and Bruker DRX 500 MHz spectrometers. Mass
spectra was recorded using VG Auto Spec Fisons spectrometer instrument (Fisons, Manchester,
United Kingdom), and on a Shimadzu 8040 LC-MS/MS triple quadrupole with electrospray
ionization (ESI) ion source (Shimadzu, Kyoto, Japan). Analytical TLC plates with silica gel 60
Fas4 TLC (Merck, Germany) were used to determine the TLC profile. The spots on TLC plates
were visualized using a UV lamp (254 and 365 nm). Silica gel column chromatography was
performed on silica gel (60-120 mesh). 96-well plates, CLARIOstar microplate reader,
CytoFLEX Flow Cytometer, (ELISA reader, CLX800-BioRAD Instruments), light microscopy,

incubator.

3.2.  Chemical and Reagents
All chemicals, solvents, and reagents were analytical grade. The solvents were either Indian or

France products.

3.3.  Gas Chromatography-Mass Spectrometry

Gas Chromatography-Mass Spectrometry (GC-MS) analyses was carried out using GC (7890A,
Agilent-Technologies, USA) coupled with MS (5977B, Network Agilent-Technologies). The GC
with an HP-5MS column (30 m in length, 250 um in diameter, 0.25 um in film thickness) which
was coated with 5 % phenyl and 95 % methylpolysiloxane as stationary phase. The carrier gas
was helium flowing at a rate 1mL/min. The temperature of the injector was fixed at 230 °C and
the injection mode with spilt mode with the ratio 10:1. The initial oven temperature 40 °C with 5
min hold time. It raised to 250 °C at 6 °C/min held at this temperature 20 min, the total run time
was 6 min. The mass spectra were recorded in electron impact mode at 70 eV, with scanning
from 40 to 500 m/z at 0.5 seconds. The mass spectrometer was equipped with a computer fed
mass spectra data bank. The syringe was washed with 8 pL of chloroform, and then 2 pL of the
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essential oil and fraction 12-15 of E. schimperiana extract solution in chloroform was injected
through an auto sampler and analyzed with the HP-5MS column. The contents of phytochemicals
present in the test samples were identified based on comparison of their retention time (min),
peak area, and mass spectral patterns with those spectral database of authentic compounds stored

in the National Institute of Standards and Technology (NIST) library.

3.4.  Plant Collection, Identification and Preparation

Roots and fruits of V. dainelli and Z. chalybeum were collected from Gofa and Yirgalem,
respectively. Roots of U. scheffleri, C. burgensis Eng I, and E. schimperiana were collected from
Wolaita, Ethiopia, in November 2018. All plant species were identified by Botanist Mr.
Shambel Alemu and the specimens deposited at the National Herbarium, Addis Ababa
University, Ethiopia (Voucher codes: MAVd-003/11, MAZc-002/11, MAUs-001/11, MACh-
004/11 and MAEs-005/11 respectively). The collected plant materials were air-dried and ground

into a fine powder at room temperature.

3.4.1. Extraction and Isolation of Vepris dainelli
Acid-base extraction

Alkaloid constituents were selectively extracted with acid-base extraction approach as previously
described by Satyajit et al., (2006) [167], with minor modification. Ground roots of V. dainelli
(400 g) were extracted with CH3OH (3 x 1.5 L) for 24 h at room temperature by maceration while
shaking using electronic shaker at a speed of 230 rpm. The solution was filtered and concentrated
using a vacuum rotary evaporator to yield 37 g (9.25 %) of a crude extract. The methanol extract
was dissolved in chloroform (100 mL) and then extracted with aqueous H2SO4 5% to pH 3-4 (3 x
50 mL) in a separatory funnel to remove lipids acidic and neutral metabolites. The aqueous phases
were combined and basified with NH4OH 5 % to pH 11 and extracted with chloroform (3 x 100
mL). The chloroform phases were combined dried over anhydrous Na;SOa, filtered, and
concentrated using a vacuum rotary evaporator to afford extract 1 (6.9 g, 1.72 %). Finally, the TLC
profile of crude extract was checked and kept under refrigerator at 4 °C until further study.
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Extraction by maceration

Friut powder of V. dainelli (400 g) were extracted with CH3OH (3 x 1.5 L) for 24 h by maceration
while shaking by electronic shaker at a speed of 230 rpm at room temperature. The solution was
filtered and concentrated using a vacuum rotary evaporator to yield 41 g (10.3 %) brownish crude
extract. The dichloromethane soluble portion of the methanol extract was separated and
concentrated by a rotary evaporator to afford extract 2 (12.5 g, 3.125%). Finally, TLC profile of

crude extract was checked and kept under refrigerator at 4 °C until further study.

Isolation of Compounds from V. dainelli

A 5 g portion of extract 1 was subjected to silica gel flash column chromatography (22 cm length
and 2.5 cm diameter , 60 g silica gel) eluted with increasing gradient of methanol in
dichloromethane while checking TLC profileA total of 21 fractions were collected (each 50 mL).
Fraction 2 (eluted with 100 % dichloromethane) afforded compound (244) (6 mg) as colorless
needles. Fraction 4 (eluted with 2 % methanol in dichloromethane afforded compound (17) (88
mg) as a Yyellow powder. Fractions 14-19 (eluted with 5-8 % methanol in dichloromethane were
combined (147 mg) and further purified by silica gel column chromatography using ingredient
solvent system of methanol (1-10 %) in dichloromethane. A total of 18 subfractions (each 50 mL)
were collected. Subfraction 3-5 (eluted with 2-3 % methanol) afforded compound (13) (46 mg) as

yellow powder.

Similarly, an 11 g portion of extract 2 was subjected to silica gel flash column chromatography (30
cm length and 3 cm diameter 80 g silica gel) and eluted with increasing the gradient of ethyl
acetate in n-hexane. A total of 53 fractions (each 25 mL) were collected. Fraction 4, which was
eluted with 5 % ethyl acetate in n-hexane, offered white amorphous crystalline (246) (18 mg).
Fractions 20 - 24 (eluted with 20 % EtOAc in n-hexane) combined and rechromatographed by
silica gel column eluted with increasing polarity ethyl acetate in n-hexane. A total of 32
subfractions (each 25 mL) were collected. Subfractions 10-16 (eluted with 15 % EtOAc in n-
hexane) were combined and washed further with n-hexane to afford compound (9) (89 mg).

Fractions 25-28 (eluted with 30 % EtOAc in n-hexane) were combined and washed with n-hexane
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to offer compound (245) (60 mg). Fraction 28 (eluted with 50% of EtOAc) was afforded mixtures
of compound (25 and 51) (12 mg).

3.4.2. Extraction and Isolation of Zanthoxylum chalybeum
Acid-base extraction

Root powder of Z. chalybeum (400 g) was extracted with 97 % ethanol (3 x 1.5 L) for 24 h at
room temperature by maceration while shaking by electronic shaker at a speed of 230 rpm at
room temperature. The solution was filtered and concentrated using a vacuum rotary evaporator
to yield a crude extract. The crude extract was further dissolved in chloroform (100 mL) and then
extracted with aqueous H2SO4 5% to pH 3-4 (3 x 50 mL) in a separatory funnel to remove lipids,
acidic and neutral metabolites. The aqueous phases were combined and basified with NH4sOH
5% to pH 11 and extracted with chloroform (3 x 100 mL). The chloroform phases were
combined, dehydrated with anhydrous Na.SOs, filtered, and concentrated using a rotary
evaporator to afford an alkaloid extract of 8.9 g (2.23 %) (Extract 3). The test for alkaloids was
performed by Dragondroff and Mayer’s reagent. Finally, TLC profile of crude extract was
checked and kept under refrigerator at 4 °C until further study.

Extraction by maceration

Root powder of Z. chalybeum (400 g) was extracted with DCM/MeOH (1:1) (3 x 1.5 L) for 24 h
by maceration while shaking by electronic shaker at a speed of 230 rpm at room temperature.
The solution was filtered and concentrated by a vacuum rotary evaporator at 40 °C to yielding
the brown crude extracts (38.5 g, 9.6% (Extract 4). Finally, TLC profile of crude extract was
checked and kept under refrigerator at 4 °C until further study.

Isolation of Compounds from Zanthoxylum chalybeum

Acid-base extract (5.6 g, extract 3) was subjected to silica gel flash column chromatography (22
cm length and 2.5 cm diameter, 60 g silica gel) eluting with gradient methanol in
dichloromethane while checking TLC profile. A total of 22 fractions (each 50 mL) were
collected. Fractions 3-5 (100% DCM as eluent) afforded compound 55 (60 mg) as pale yellow

powder. Fractions 7-10 were combined (146 mg) and purified by silica gel column
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chromatography (2-5 % MeOH in DCM as eluent) to afforded compound 62 (7.4 mg) as a pale
yellow powder. Similarly, fractions 13-16 (122 mg) were combined and purified by silica gel

column chromatography (1-12 % MeOH in DCM as eluent) to give compound 247 (11.7 mg).

Extract 4 (30 g) was subjected to silica gel flash column chromatography (35 cm length and 3 cm
diameter, 120 g silica gel) and eluted with an increasing gradient of ethyl acetate in n-hexane
while checking TLC profile. A total of 68 fractions (each 50 mL) were collected. Fractions 8-10
(15 % EtOAcC in n-hexane as eluent) afforded compound 67 (81 mg).

3.4.3. Extraction and Isolation of U. scheffleri

In the same way, grounded roots of U. scheffleri (500 g) were extracted with (3 x 2.5 L) of
dichloromethane for 24 h by maceration while shaking by an electronic shaker at a speed of 230
rpm at room temperature. The solution was filtered and concentrated using a vacuum rotary
evaporator to yield 32 g (8%) brownish crude extract (Extract 5). Finally, the TLC profile of crude

extract was checked and kept under refrigerator at 4 °C until further study.

Isolation of Compounds from U. scheffleri

The dried root extract of U. scheffleri (30 g, extract 5) was subjected to silica gel flash column
chromatography (35 cm length and 3 cm diameter , 120 g silica gel) eluted with an increasing
gradient of ethyl acetate in n-hexane. A total of 75 fractions were collected (each 50 mL). Fraction
17 (eluted with 35% ethyl acetate) afforded compound 248 (18 mg) as pale gray needles. Fraction
20 (eluted with 45% ethyl acetate in n-hexane) afforded compound 249 (12 mg) as a yellow
powder. Fraction 22-25 (eluted with 50% ethyl acetate in n-hexane) were combined and subjected
to silica gel column chromatography by eluting an increasing gradient of ethyl acetate in n-hexane.
A total of 18 subfractions (50 mL each) were collected. Subfraction 10 (eluted with 25% ethyl
acetate) afforded compound 112 (11.7mg).

3.4.4. Extraction and Isolation of Clematis burgensis

Roots powder of C. burgensis (800 g) were extracted with DCM/MeOH (1:1) (3 x 3 L) for 24 h
by maceration while shaking by electronic shaker at a speed of 230 rpm at room temperature,
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respectively. The solution was filtrated and concentrated by a vacuum rotary evaporator at 40 °C
to afford brown crude extract 32.30 g (4.04 %) (Extract 6). Finally, the TLC profile of crude
extract was checked and kept under refrigerator at 4 °C until further study.

Isolation of Compounds from Clematis burgensis

The dried roots extract of C. burgensis (28 g, extract 6) was subjected to silica gel column
chromatography (30 cm length and 3 cm diameter, 120 g silica gel) eluted with an increasing
gradient of ethyl acetate in petroleum ether, followed by increasing gradient methanol in
dichloromethane. A total of 104 fractions (50 mL each) were collected. Fraction 5, eluted with
5 % ethyl acetate, afforded white amorphous powder compound 251 (11 mg). Fraction 20 and 21
eluted with 85 % ethyl acetate afford compound 250 (40 mg). Fraction 22-30 combined and
further purified by silica gel column chromatography using increasing gradient of ethyl acetate in
petroleum ether as eluent, totally 22 fractions (25 mL each) were collected. Subfraction 10,
eluted with 25 % ethylacetate in petroleum ether afford compound 98 (45 mg) as a white

powder.

3.4.5. Extraction and Isolation of E. schimperiana

Grounded roots of E. schimperiana (400 g) were extracted with 1.5 L of dichloromethane for 24
h by maceration while shaking by electronic shaker at speed of 230 rpm at room temperature.
The solution was filtered and concentrated using a vacuum rotary evaporator to yield brownish
crude extract 22 g (5.5 %) (Extract 7). Finally, the TLC profile of crude extract was checked and
kept under refrigerator at 4 °C until further study.

Isolation compounds from Euphorbia schimperiana

The dried root extract of E. schimperiana (20 g, extract 7) was subjected to silica gel flash column
chromatography (28 cm length and 3 cm diameter , 100 g silica gel)eluted with increasing gradient
of ethyl acetate in n-hexane, then increasing gradient of methanol. A total of 62 fractions were
collected (each 25 mL). Fraction 9 (eluted with 15% ethyl acetate) afforded compound (252) (12

mg) as yellowish amorphous powder. Fraction 42 eluted with 100 methanol offered compound 254
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(30mg). Fraction 12 - 15 (eluted with 30 and 35% ethyl acetate) were combined and subjected to
GC/MS. Totally 8 compounds (255-262) were identified by GC/MS analysis.

3.4.6. Extraction of Essential oils

Powdered fruit parts of V. dainelli and Z. chalybeum and root parts of U. sheffleri (400g each)
were separately soaked in 5L distilled water placed in a round bottom flask and subjected to
hydrodistillation using a Clevenger apparatus for five hours. The condensate (mixture of
essential oil and water) was collected in a 100 mL separator funnel. The essential oils were
separated from the aqueous layer using a separatory funnel and dried by adding anhydrous
magnesium sulphate (MgSOa4). Finally, purified essential oils were transferred into small vials
and refrigerated (4 °C) until further analysis.

3.5. Biological Activity Study
3.5.1. Cytotoxicity Study

Cell lines and culture conditions

The MCF-7 and MDA-MB-231 cell lines were cultured in DMEM/F12 (Gibco, USA) with 10%
(v/v) fetal bovine serum (FBS) (HyClone, USA). The cell lines were incubated at 37 °C in a 5%
CO:2 atmosphere. Alkaloids were dissolved in DMSO (Sigma, USA) to prepare a stock solution
at a concentration of 10 mM and stored in —20 °C before use. Then, the required amount of
solution is added to the complete culture medium (DMEM/F12, 10% FBS) under sterile

conditions to obtain freshly prepared solutions of the drugs at the desired concentrations.

3.5.2. Cell Viability Assay
The cells in complete medium (50 pulL) were seeded into 96-well plates at a concentration of

5,000 cells per well and allowed to attach to the plate for 18 h. The cells were incubated with
complete culture medium alone, containing 0.01-1.5% of DMSO (vehicle), or with solutions of
the compounds at the desired concentrations (200-0.195 ug/mL by half-fold dilutions) for a
further 72 h. Then, 10 pL of a freshly prepared mixture of 3-(4, 5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) solution in Dulbecco's
phosphate buffered saline medium (DPBS) (2 mg/mL) and phenazine methosulfate (PMS) as a
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redox intermediary at 20:1 (v/v, PMS/ MTS ratio) was added to each well. The plates were
incubated for an additional 2-3 h at 37°C. Untreated cells were used as a negative control, and
doxorubicin was taken as a positive control. The absorbance was measured at 490 nm in a
CLARIOstar microplate reader. The cytotoxic activity of compounds was tested in both MCF-7
and MDA-MB-231 cells after 72 h by MTS assay [168]. The result was expressed as ICso values

(the compound concentration inhibiting the cell growth by 50%).

3.5.3. Cell Cycle Assay

Both cell lines were seeded in complete medium (600 pL) into 24-well plates at a concentration
of 30,000 cells per well. After 18 h, the cells were treated with the compounds at the 1Cso value
for 72h. Then, the medium was removed, and the cells were washed with PBS and detached from
the plate with trypsin. The cell suspension was centrifuged at 400 g for 5 minutes and the cell
pellet was resuspended with 200 pL. of hypotonic solution of propidium iodide (Img/mL
trisodium phosphate, 0.1% Triton X-100 (v/v), 5 pg/mL), 100 pg/mL RNasa) and incubated at
4°C for 24 hours. Then, the DNA content of the cells was measured by flow cytometry
(CytoFLEX Beckman-Coulter).

3.5.4. Antimicrobial Activity Assay

Microorganism strain

In vitro antimicrobial activity of isolated compounds (13, 17, 55, 67, 98, 245, 248, 249 and 252)
were evaluated against Staphylococcus aureus (CECT-59) and Escherichia coli (CECT- 434)
whereas antifungal activity was examined only against Candida albicans (ATCC- 26555) strains.

Antimicrobial activity assay

The assays of compounds were determined by the broth dilution technique as previously
described [169]. A microdilution method in 96-well plates, using Mueller-Hinton broth media,
was performed to determine minimum inhibitory concentrations. Isolated compounds were
dissolved in DMSO (Sigma, USA) to prepare stock solutions at a concentration of 100 pg/mL.
Further half-fold serial dilutions were performed by the addition of culture broth to reach
concentrations ranging from 100 to 1.56 pg/mL were distributed in 96-well plates and a
sterility/negative control and growth control (containing culture broth plus DMSO, without
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antimicrobial substance). Each test and growth control well was inoculated with 10 uL of a
bacterial suspension giving a concentration of 10° CFU/mL in bacteria and 10* CFU/ml in the
case of C. albicans. The medium without strain was used as a negative control, gentamicin, and
fluconazole for bacterial and fungal strain as a positive control, respectively. All experiments
were performed in triplicate, and the microdilution trays were incubated at 37 °C for bacterial
strains, at 28 °C fungal strain for 24h. The microbial growth was detected by optical density
measurement at 595 nm (ELISA reader, CLX800-BioRAD Instruments). MIC values were
defined as the lowest concentration of each compounds, which completely inhibited microbial

growth. The results were expressed in micrograms per milliliter [169].

3.5.5. Invitro larvicidal Activity of Essential Oils

In order to evaluate the in vitro larvicidal activity of the essential oils, Anisakis larvae were
collected by dissecting specimens of the blue whiting (Micromesis tiuspoutassou), a much-
consumed fish and frequently parasitized by nematodes of the genus Anisakis [170]. Fish
specimens were bought 1 h before at a local market in Burjassot (Valéncia, Spain). The in vitro
larvicidal activity analyses of the essential oils were carried out at the Faculty of Pharmacy,

University of Valencia, Spain.

All larvae were collected alive from the viscera of the dissected fish, were morphologically
identified as Lz larvae of Anisakis type I. The worms were washed several times on a sterile
solution of 0.9% NaCl and identified under a light microscope according to morphological
features. Only those actively moving helminths, and without any injury, were placed in plastic
Petri dishes with different concentrations of the test essential oils and then kept at room

temperature.

The marinade solution usually used to marinate raw fish for consumption was prepared [28],
consisting of water/vinegar at a 1:1 ratio, 3% NaCl, and 1% citric acid. Then, the obtained
solutions were spiked with decreasing concentrations of essential oils: 5%, 1%, 0.5%, and 0.1%.
Four larvae were placed on each plate. As control, larvae were assayed without test compounds
under identical experimental conditions in the marinade solution. All experiments were carried

out in duplicate, using a total of 104 larvae, 96 tested with essential oils, and 8 as controls.
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Larvae were examined under a stereoscopic microscope at hourly intervals of 1to 7 hand at 12 h
and 24 h to test the anthelmintic effect of the essential oils. During the experimental treatments,
at each fixed time interval, the viability was checked [27], assessing the subsequent score: 3
(viable), 2 (reduction of mobility), 1 (mobility only after stimulation), and 0 (death). Larvae were
considered dead when no mobility was observed in saline solution (0.9% NaCl) under the
stereoscopic microscope. The normalized mean viability was according to previously described
by Giarratana et al., (2017) [171]. LT100 (lethal time required to kill 100% of nematodes) and
LTso (lethal time needed to kill 50% of nematodes) were calculated. For the in vitro larvicidal
activity measurements, the results are presented as mean percentages of three independent

experiments.

3.5.6. Cytotoxicity of Essential Oils by MTT Assay

Cell lines

In order to investigate the cytotoxic effect of essential oils, VERO cells (a normal cell line from
kidney of monkey) were used. The VERO cells were obtained from the national animal health
diagnostic and investigation center (NAHIDIC), Sebata, Ethiopia. Vero cells were maintained in
RPMI-1640 medium supplemented with 10% FBS, glutamine (2 raM), penicillin (100 units/mL)
and streptomycin (100 pg/mL). The cells were cultured at 37 °C in a humidified 5% CO:

incubator.

MTT assay

In vitro cytotoxicity activity of essential oils was tested by using MTT assay as previously
discussed by Kavitha et al (2017) [172]. In MTT cytotoxicity assay, the MTT reduction rate is an
indicator of the functional integrity of the mitochondria and, hence, of cellular viability. The
VERO cell line was seeded in a 96-well flat-bottom microtiter plate at a density of 2 x 10*
cells/well and allowed to adhere for 24 hours at 37°C in a CO2 incubator. After 24 hours of
incubation, the culture medium was replaced with a fresh medium. Cells were then treated with
the concentration of essential oils (100 to 0.78 half-fold serial dilution) for 24 hours at 37°C in a

COz2 incubator. After 24 hours of incubation, the culture medium was replaced with a fresh
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medium. Then, subsequently, 10uL of MTT working solution (5 mg/mL in phosphate buffer
solution) was added to each well, and the plate was incubated for 4 hours at 37°C in a CO;
incubator. The medium was then aspirated, and the formed formazan crystals were solubilized by
adding 50 pL of 5% DMSO per well for 30 min at 37°C in a CO; incubator. Finally, the
dissolved formazan crystals (purple color) were quantified using the ELISA plate reader at 490
and 630nm, and the cell viability was expressed as the percent cytotoxicity (% cytotoxicity). The

results were expressed as a mean of triplicate.

The calculation of % cytotoxicity follows the equation:

Absorbance of treated
% cytotoxicity = }x 100

absorbance of contraol

The half maximal inhibitory concentration (ICso) values were determined from a dose-response
curve of the percentage of cell viability (Y-axis) versus log EOs concentration (pug/mL) (x-axis)
by using GraphPad Prism Version 8.0.

3.6. Computational Study

3.6.1. Ligand Preparation

The chemical structures of the isolated compounds (9, 13, 17, 55, 62, 67, 98, 244, 245, 247, 248-
250, and 252) were drawn using the ChemOffice tool (Chem Draw 16.0) assigned with proper
2D orientation, and the energy of each molecule was minimized using ChemBio3D. Then the
energy minimized ligand molecules were used as input for AutoDock Vina in order to carry out

the docking simulation.

3.6.2. Protein Preparation

The crystal structure of receptor molecule E. coli DNA gyrase B (PDB ID: 6F86) and Human
Topoisomerase II a (PDB ID: 3QX3) were downloaded from the protein data bank. The protein
preparation was done using the reported standard protocol [173, 174], by removing the co-
crystallized ligand, selected water molecules, and cofactors, the target protein file was prepared
by leaving the associated residue with protein by using auto preparation of target protein file

Auto Dock 4.2 (MGL tools 1.5.7).
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3.6.3. Molecular Docking

The graphical user interface program was used to set the grid box for docking simulations. The
grid was developed so that it surrounds the region of interest in the macromolecule. The docking
algorithm provided with AutoDock Vina was used to search for the best-docked conformation
between ligand and protein. AutoDock Vina with the standard protocol was used to dock the
proteins (PDB ID: 6F86 and 3QX3) and isolated compounds into the active site of proteins
[175]. During the docking process, a maximum of nine conformers were obtained for each
ligand. The conformations with the most favorable (least) free binding energy were selected for
analyzing the interactions between the target receptor and ligands by the discovery studio
visualizer and PyMOL. The ligands are represented in a different color, H-bonds, and the

interacting residues are represented in ball and stick model representation.

3.6.4. Insilico Drug-likeness and Toxicity Predictions

Drug-likeness properties of isolated compounds (9, 13, 17, 55, 62, 67, 98, 244, 245, 247, 248-
250, and 252) were predicted based on an already established concept by Lipinski et al (1997)
[176]. The structures of isolated compounds were converted to their canonical simplified
molecular-input line-entry system (SMILE). Then submitted to SwissADME and PreADMET
tool to estimate in-silico pharmacokinetic parameters such as the number of hydrogen donors,
hydrogen acceptors, and rotatable bonds, and total polar surface area of a compound. The
isolated compounds' organ toxicities and toxicological endpoints were predicted using
PreADMET and OSIRIS Property [177]. The selection of compounds as drug candidates were
determined by a parameter called drug score. The higher the drug score value, the higher the

compound's chance of being considered a drug candidate [178].

3.6.5. Quantum Computational Studies

Density functional theory (DFT) is emerging as a very powerful technique to study biomolecular
systems to know the reaction coordinates and the transition state of a reaction is fundamental for
developing mechanism-based inhibitors that usually mimic the transition state [176]. In the
present study, the DFT analysis of isolated compounds (9, 13, 17, 55, 62, 67, 98, 244, 245, 247,
248-250, and 252) was performed using Gaussian 09 and visualized through Gauss view 6.0. The

structural coordinates were optimized using B3LYP/6-31 G (d,p) level basis set without any
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symmetrical constraints. The molecular electrostatic potential map and energies of the
compounds were obtained from the optimized geometry. Koopman’s approximation was used to
estimate the highest occupied molecular orbital (HOMO), lowest unoccupied molecular orbital
(LUMO), energy gap, and related reactive parameters (electronegativity, chemical potential,
hardness, softness, electrophilicity) [179].

3.7.  Statistical Analysis

The ICso values of the compound and essential oils concentrations inhibiting the cell growth by
50% were determined from each dose-response curve by GraphPad Prism version 9 software
(San Diego, CA. USA).
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CHAPTER FOUR
4. RESULTS AND DISCUSSION
4.1.  Phytochemical Analysis
From five selected medicinal plants species, a total of 26 compounds were isolated and fully
characterized using IR, *H NMR, *C NMR, DEPT-135, 2D NMR (HSQC, COSY, and HMBC),
HRMS, ESI-MS, and GC/ MS techniques, and comparing with the literature data. The detailed

characterizations of these compounds are presented below.

4.1.1. Secondary Metabolites Isolated from V. dainelli

The roots and fruits extracts of V. dainelli after silica gel column chromatography gave eight
compounds (9, 13, 17, 25, 51, 244, 245, and 246) reported herein for the first time from the
species, except compounds (13, 25 and 51).

4.1.1.1. Acridone Alkaloids (13, 17 and 244)

Compound 244 was isolated as colorless needles, and a melting point is 203-206 °C. The ESI-
MS showed the molecular ion peak m/z = 269. The 'H NMR (Table 1, Appendix 1A) showed a
singlet at 6 14.87 attributed to the hydroxyl group with peri effect to the carbonyl group. A
downfield chemical shift value of aromatic proton at 6 8.49 (dd, J = 8.1, 1.7 Hz, 1H, H-8) agrees
with the anisotropic effect of carbonyl at C-9. Four aromatic protons were observed at 6 7.73 (dd,
J=8.1, 1.7 Hz, 1H, H-7), 7.53 (dd, J = 8.7, 1.2 Hz, 1H, H-5), and 7.33 (d, J = 8.7, 1.2 Hz, 1H, H-
6) and 6 6.50 (s, 1H, H-4). A singlet peak at & 6.09 (s, 2H) is a characteristic of methylenedioxy
group, supported by DEPT-135 (Appendix 1C) pointing down. A singlet peak at 6 3.86 (s, 3H)
belongs to methyl attached to nitrogen.

Its 33C NMR (Table 1, Appendix 1B) displayed seven quaternary carbons at § 155.3 (C- 1),
145.4 (C-2), 141.8 (C- 3), 127.5 (C-4a), 141.0 (C -5a), 122.6 (C-8a) and 107.1 (C-9a), one
carbonyl carbon at ¢ 181.0 (C-9), five methines at 6 85.4 (C-4), 114.6 (C-5), 133.6 (C-6), 121.6
(C-7), and 126.6 (C-8), methylenedioxy signals at 6 101.1 and methyl attached to nitrogen at &
34.4. All assignments were supported by HSQC experiments (Appendix 1D). The above spectral
features are in good agreement with acridone skeleton, and comparison with the C spectra and

ion peak in mass spectra of the literature [180, 181], compound 244 is identical to
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norevoxanthine (244, Figure 16) previously reported from Teclea grandifolia [48], but report

herein for the first time from Vepris species.

Table 1: *H NMR (300 MHz) and 3C NMR (75 MHz), chemical shifts (ppm) in CDCl; of
compound (244) and *C NMR (75 MHz) in CDCl; of [66].

No 244 [66]
OH (in ppm), (Jin Hz)  [oc (in ppm)| dc (in ppm)

1 - 155.3 153.4
2 - 145.4 143.0
3 - 141.8 142.6
4 §6.50 (s) 86.4 89.7
4a - 127.5 127.5
5 7.53(dd,J=8.7,1.2) 114.6 114.1
5a - 141.0 142.2
6 7.33(dd, J=8.7,1.2) 133.6 1325
7 7.73(d, J=8.1,1.7) 121.7 1225
8 8.49 (d,J=8.1,1.7) 126.6 121.2
8a - 122.6 123.8
9 - 180.0 176.7
9a - 107.1 106.6
-OCH:0 6.09 (s) 101.1 101.9
-OCHs - - 60.9
-NCHj3 3.86 (5) 34.4 35.1
-OH 14.8 -
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244

Figure 16: Norevoxanthine isolated from root extract of V. dainelli.

Compound 17 was obtained as yellow powder, and its melting point is 217-218°C. The ESI-MS
[M]+ showed the molecular ion peak m/z = 283. The *H NMR (300 MHz, Chloroform-d/MeOD)
(Table 2, Appendix 2A) displayed a one-proton signal at ¢ 6.64 (s,1H) was assigned to H-4, and
three-proton signals at 6 7.59 (m, 1H), 7.38 (d, J = 8.7 Hz, 1H), and 7.20 (m,1H) corresponding
to H-5, 6 and 7; and H-8 being deshielded by the carbonyl group, gives rise to a broadened
doublet of doublet centered at 6 8.36 (dd, J = 8.1, 1.7 Hz, 1H). Two signals at ¢ 4.07 (s, 3H),
3.74 (s, 3H) were assigned to methoxyl and methylimino protons respectively.

The *C (300 MHz, Chloroform-d/MeOD) (Table 2, Appendix 2B) spectrum analyzed with the
aid of DEPT-135, shown seven quaternary carbons including one carbonyl carbon at & 177.1,
153.9, 142.9 142.2 141.1, 126.7and 123.0 are well resolved. And five methine carbon signals
were observed at 6 89.3, 110.9, 114.2, 121.1, and 132.0. One methylenedioxy carbon signal was
observed at & 101.9 supported by Dept-135 pointed downward. And two signals at 6 34.8 and
60.1 corresponding to methyl group attached to nitrogen and methoxy respectively. Based on the
spectroscopic evidence and comparison with the literature [63], compound (17) is identical to
evoxanthine (17, Figure 17) previously isolated from Vepris lecomteana [182] but reported

herein for the first time from this species.
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Table 2: *H NMR (300 MHz) and *3C NMR (75 MHz), chemical shifts (ppm) in CDCls/MeOD
of compound (17) and **C NMR (75 MHz) in CDCl; [66].

No 17 [66]
On (in ppm), (3 in Hz) |5¢ (in ppm) (¢ (in ppm)
1 - 153.9 153.4
2 - 142.9 143.0
3 - 142.2 142.6
4 5 6.64 (5) 89.3 89.7
4a - 132.8 127.5
5 7.59 (m) 114.2 114.1
5a - 141.1 142.2
6 7.38(d, J=8.7) 132.0 1325
7 7.20 (m, 1H) 121.1 122.5
8 8.36 (dd, J=8.1,1.7) |126.7 121.2
8a - 123.0 123.8
9 - 177.1 176.7
9a - 110.9 106.6
-OCH,0 [5.98(s) 101.9 101.9
-OCH3 4.07 (s, 3H) 60.1 60.9
-NCHz  [3.74(5) 34.8 35.1
0 OCH,

Figure 17: Evoxanthine isolated from root extract of V. dainelli.
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Compound 13 was obtained as yellow powder with a melting point is 175-176 °C. The ESI-MS
showed the molecular ion peak m/z = 283. The *H NMR (300 MHz, Chloroform-d) (Table 3,
Appendix 3A) spectrum showed downfield resonance signal at ¢ 14.75 (s, 1-OH), which
disappeared on exchange with deuterium oxide, confirming C1-OH, showed peri effect to the
carbonyl group. Aromatic protons at ¢ 7.71 (1H, t, J = 8.2 Hz, H-6), 7.51 (1H, d, J = 8.6 Hz, H-
5), and 7.28 (1H, t, J = 8.0 Hz, H-7), which indicate that the ring A is unsubstituted, and C8-H,
being deshielded by the carbonyl group, resonated as a broadened doublet of doublet centered at
08.44 (1H, d, J = 8.3 Hz, H-8) is characteristic of the C-8 proton in acridones. And one aromatic
proton at 6 6.50 (1H, s, H-4). Three signals at 6 3.83 (s, 3H), 3.93 (s, 3H) and 4.02 (s, 3H) were
assigned to methylimino, and two methoxyl protons respectively is in consistency of arborine
[44].

13C NMR (75 MHz, Chloroform-d) ( Table 3, Appendix 3B) spectrum showed seven quaternary
carbons at 6 159.3, 143.2, 142.8, 139.1, 130.1, 122.5, and 120.7 and one carbonyl carbon at &
180.8. And five methine carbon signals were observed at 6 86.6, 114.2, 121.5, 126.6, and 133.6
in the aromatic system. Also three signals at & 34.4, 55.4 and 60.8 corresponding to methyl group
attached with heteroatom nitrogen and two methoxy respectively. Based on the above
spectroscopic evidence and comparison with the literature [44, 66], compound (13), is identical
with arborinine (13, Figure 18) previously reported from the leaves of this plant [44]. However,
herein reported for the first time from the roots of V. dainelli.

Table 3: *H NMR (300MHz) and **C NMR (75 MHz), chemical shifts (ppm) in CDCls/MeOD of
compound (13) and *C NMR (75 MHz) in CDCls [63].

No 13 [66]

OH (in ppm), (J in Hz) dc (in ppm) [dc (in ppm)
1 159.3 153.4
2 143.2 143.0
3 142.8 142.6
4 6.50 (1H, s) 86.6 89.7
4a - 130.6 127.5
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5 751 (1H, d, J=8.0) 114.2 114.1
5a - 139.1 142.2
6 7.28 (1H, t, J = 8.0) 133.6 1325
7 771 (1H, t, J=8.2) 1215 1225
8 8.44 (IH,dd, J=82,1.7) [126.6 121.2
8a - 120.7 12338
9 - 180.8 176.7
9a - 109.5 106.6
“OCH;0 | - 101.9
“OCH3 [4.02 (s, 3H) 60.8 60.9
“OCH; [3.93 (s, 3H) 55.4

‘NCHs [3.83 (s, 3H) 34.4 35.1
‘OH  [14.75

0 OH

N 92 O
6
5Sa N s 4 3 O

13

™~

~

Figure 18: Arbronine isolated from root extract of V. dainelli.

Compound 245
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Compound 245 was obtained as a white powder with a melting point value is 278-279 °C. The
ESI-MS showed the molecular ion peak m/z = 303. Its *H NMR (300 MHz, DMSO-dg) (Table 4,
Appendix 4A) showed signal at 6 11.07 (s, 1H) assigned for N-H, eight methine aromatic
protons at & 7.81 (d, J = 7.8 Hz, 1H, H-4), 7.49 (m, 2H, H-2,3), 7.37 (d, J = 8.1 Hz, 1H, H-1),
7.04 (m, 4H, H-9-12), and one sp® methine at & 6.14 (s, 1H, H-14). The presence of methylene
protons bonded to sp? quaternary carbon and hetroatom are observed at § 2.72-2.85 (m, 2H, H-7),
0 4.62 (dd, J =12.8, 1.6 Hz, 1H, H-7) and 6 3.25 (m, 1H, H-8). A singlet signal at & 2.88 (3H, S)




belongs to methyl attached to nitrogen. Its *C NMR (100 MHz, DMSO-ds) (Table 4, Appendix
4B) showed one carbonyl carbon at § 164.7 (C-5), six sp? quaternary carbons at § 149.8 (C-1a),
136.3 (C-12a), 127.8 (C-13a), 125.2 (C-4a), 111.9 (C-9a), and 110.8 (C-8a). Eight sp? methines
at 8 136.3 (C-2), 127.2, (C-3) 121.8 (C-4), 121.6 (C-9), 122.4 (C-10), 120.4 (C-11), 118.7 (C-1)
and 117.8 (C-12), one sp® methine at & 68.7 (C-14), methyl group attached with nitrogen at &
35.6. Two methylene signals at 6 39.2 (C-7), and 19.7 (C-8), supported by DEPT-135 (Appendix
4C). HSQC experiment (Appendix 4D) was showed a 1J correlation between H-4 (7.81) — C-4
(121.8), H-2, 3 (7.49) — C-2, 3 (136.3, 127.2), H-1 (7.37) — C-1(118.7), H-9, 10,11,12 ( 7.04)
— C-9,10,11,12 (1219, 122.4, 120.4, and 117.8 respectively), H-14 (6.14) — C-14(68.7), H-7
(2.72-2.85) — C-7 (39.2), H-8 (4.62 and 3.25) —C-8 (19.7) and N-CHs (2.88) — NCHj3 (35.6).
The HMBC correlation showed the methyl group & 35.6 directly correlated 3J with C-la (5
149.8) and C-14 (5 68.7) and the methylene protons at H-7 and H-8 showed 3J and 1
correlations with C-14 (5 68.7) and C-8a (5110.8) (Figure 20, Appendix 4G). Thus, based on the
above spectral data, compound (245) was found to be identical with evodiamine (Figure 19, 245)
previously isolated from Evodia rufaecarpa Bentham [183] and Z. budrunga [184], but reported
herein for the first time from Vepris species.

Table 4: *H (300 MHz ) and *C NMR (75 MHz), chemical shifts (ppm) in DMSO-ds of
evodiamine (245).

No (245) [184]
OH (in ppm), (J in Hz) dc (in ppm) | 6n (in ppm), (J in Hz) dc (in
ppm)
1 7.37 (1H,d,J=8.1) 118.7 6.92-7.82 ( 8, m, Ar-H) 119.7
la - 149.8 - 150.1
2 7.81 (1H,d,J=7.8) 136.3 133.4
3 7.49 (2H = m) 127.2 127.1
4 121.8 122.6
4a - 125.2 - 129.2
5 - 164.7 - 164.9
7 4.64 (dd, J =128, 1.6, 1H), |39.2 2.85 (m, 2H) 40.6
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3.25 (m, 1H)

8 2.72-2.85 (m, 2H) 19.7 4.64 (m, 1H), 3.20 (m, 1H) | 20.4
8a - 110.8 - 112.2
9 7.04 (4H, m) 1216 6.92-7.82 (8, m, Ar-H) 1228
9a - 111.9 - 112.8
10 7.04 (4H, m) 122.4 6.92-7.82 (8, m, Ar-H) 122.9
11 120.4 119.2
12 117.8. 117.9
12a - 136.3 138.1
13a 127.8 130.2
- 11.7 (s, N-H) - -
14 6.14 (1H, s) 68.7 5.98 (s) 69.9
NCHs | 2.88 (3H, s) 35.6 2.88(s) 36.8
g g
0 7
1 13 4 NS, 0
2 i
AN ‘

245

Figure 20: Important HMBC correlations of evodiamine (245)
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4.1.1.3. Compound 9

Compound 9 was obtained as pale grey crystals with a melting point of 175-176 °C. The ESI-MS
showed the molecular ion peak m/z = 325. Its 'H NMR (300 MHz, CDCls) (Table 5, Appendix
5A) displayed a peak at 6 3.64 (s, 3H) assigned to methyl attached to the nitrogen. The presence
of prenyl moiety attached to oxygen was confirmed based on signals at 6 4.62 (d, 2H, J = 6.8 Hz,
1”-OCHy>-), 8 5.53 (t, IH) and methyls at & 1.82, 1.79 (s, 3H, 3"(CHs)2). Likewise, the presence of
olefinic protons coupling to each other at 6 5.47 (1H, d, J = 9.9 Hz, 4'-H), 6.72 (1H, d, J = 9.9
Hz, 3'-H), along with singlet signals at & 1.49 (s, 6H, 2'-(CHz3)2) suggested the presence of pyran
moiety. Aromatic protons with ABX spin patterns appeared at 6 6.78 (d, | H, J = 8.8 Hz, H-6),
6.82 (dd, IH, J = 8.8 and 2.3 Hz, H-7), 7.86 (d, | H, J = 8.8 Hz H-5). Its 3C NMR (75 MHz,
CDCIs) (Table 5, Appendix 5B) showed one carbonyl carbon at 6 161.8 (C-2), six sp2 quaternary
carbons at 6 161.7 (C-8), 155.9 (C-4), 141.9 (C-8a), 139.4 (C-3""), 110.2 (C-3), and 104.0 (C-
4a). One sp3 quaternary carbon was observed at & 78.6 (C-2’), three aromatic methine groups at
3 99.8 (C-5), 124.2 (C-7), and 118.4 (C-6), three olefinic carbons of pyran and prenyl moiety at 6
110.2 (C-3°), 125.7 (C-2”), and 119.4 (C-4’). The downfield chemical shift value of the prenyl
methylene group at & 66.5, supported by DEPT-135 (Appendix 5C), suggests that the prenyl is
attached to oxygen. Three methyl signals were observed at & 28.3 (C-5’ 6°), 26.2 (C-4”), and
18.6 (C-57).

HSQC experiment (Appendix 5E) showed a 1J correlation between H-5 (7.86) — C-5 (99.8), H-6
(6.78) — C-6 (118.4), H-7 (6.82) — C-7 (124.2), H-3* ( 6.72) — C3’ (125.7), H-4°(5.49) — C-
4’ (119.4), H-5°, 6> (1.49) — C-5, 6’ (28.3), H-1” (4.62) —»C-1” (66.5) H-1" (4.62) —C-1”
(66.5), H-2" (5.53) —C-2” (110.2), H-4” (1.87) —»C-4” (26.2), H-5” (1.79) —C-4” (18.8) and
N-CHs (3.64) — NCHs (29.3).The higher intensity of the first one belonged to methyls of pyran
moiety with identical signals, and the last two belong to methyl groups of the prenyl moiety,
which was supported by the HSQC experiment. Its HMBC experiment (Figure 22, Appendix 5F)
confirmed the quinone skeleton by N-CHs protons at § 3.64 showing 3J correlation with the
carbonyl group C-2 at & 161.8 and nitrogen attached quaternary carbon C-8a at &6 141.9. In
addition the prenyl moiety attached with oxygen confirmed by 3J correlation of methylene

protons at 6 4.62 with oxygenated quaternary carbon C-8 at 6 161.7. And also the pyran moiety
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was confirmed by the methyl protons & 1.69 showed 2J and 3J correlation with sp® methine

carbon C-2’ at  78.6 and olefinic carbon C-3” at 6 125.7 respectively.

Based on the above spectroscopic evidence and comparison with the literature proton spectra

data [185], compound (9) was found to be identical to N-methyl-8-(3",3"-dimethylallyloxy)-

findersine (9, Figure 21), previously isolated from Vepris stolsii [185], but isolated herein for the

first time from this species.

Table 5: *H (300 MHz) and 3C (75 MHz) of N-methyl-8-(3", 3°’-dimethylallyloxy)-findersine

(9) in CDCl3
No |9 [185]
OH (in ppm), (J in Hz) dc (in ppm) On (in ppm), (J in Hz)
2 161.8
3 110.2
4 155.9
4a 104.0
5 7.86 (d, J =8.8) 99.8 7.87 (dd, IH, J=9.0, 1.2)
6 6.78 (d, J = 8.8) 118.4 6.88 (dd, IH,J=8.8, 1.2)
7 6.82 (dd, J = 8.8, 1.3) 124.2 6.84 (dd, J=8.8, 1.2)
8 161.7
8a 141.9
2 78.6
3’ 6.72 (d, J=9.9) 110.2 6.73 (g, J =10)
4 5.49 (d, J = 9.9) 119.4 5.48 (d, J=9.8)
5 1.49 (s, 6H, 5, 6’-(CHs)> | 28.3 150 (s, 6H, 5', 6’-(CH3)2
6’ 28.3
1" [4.62(2H,d, J=6.8) 66.5 4.64 (2H, d, J=6.8)
2 553 (t, IH, J=7.0, 2'-CH), | 125.7 5.53 (t, IH, J =7, 2'-CH),
37 139.4
4> 11.82(s) 26.2 1.80(s)
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57 [1.79(s) 188 1.83 ()

NCHs | 3.64 29.3 3.74

Figure 22: Important HMBC correlations of N-methyl-8-(3", 3"-dimethylallyloxy)-findersine (9).

4.1.1.4. Compound 25 and 51

Compound 51 and compound 25 were obtained as amorphous yellow mixtures. The two
structures were identified after a detailed analysis of their spectra data in comparison with the
literature. The NMR spectra of mixtures were showed two compounds in a different ratio based
on their spectra intensity. Very intense peaks were belonged to kokusaginine [186, 187] and the
less intense peaks skimmianine [186, 187] in this mixture. The *H NMR (300 MHz, CDCls)
(Table 6, Appendix 6A) showed two doublet peaks at 6 7.48 (d, 1H, J = 2.8 Hz, H-2), 6.93 (d,
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1H, J = 2.8 Hz, H-3) assigned for furan ring two protons. Two singlet Peaks at 6 7.36 (s, 1H, H-
5) and 7.25 (s, 1H, H-8) clearly showed para-meta substituted AX aromatic system. Three
singlets at 6 4.32 (s, 3H), 3.97 (s, 3H), and 3.95 (s, 3H) belonged to three methoxy groups.

13C-NMR (300 MHz, CDClIs) supported by DEPT-135 and 2D (COSY, HSQC, and HMBC)
(Table 6, Appendix 6B-E) spectra displayed fifteen very intense carbon peaks. Four oxygenated
quaternary carbon signals were observed at 6 162.9 (C-8b), 155.3 (C-4), 152.4 (C-6), and 147.5.
Two aromatic methine peaks at 6 100.2 (C-5) and 106.4 (C-8). Three quaternary aromatic carbon
peaks displayed at 114.6 (C-3a), 101.9 (C-4a), 142.7 (C-8a). Two furan ring methine carbons
were observed at & 142.1 (C-2) and 104.4 (C-3). In addition, three methoxy groups were
displayed at & 59.1 (4-OCHs), 56.2 (6-OCHzs), 56.0 (7-OCHs). Based on the above spectra
information and comparison with the literature [186, 187], the major peak in the mixtures was
kokusaginine (Figure 23, 51), previously reported from the leaves of this plant by Dagne et al
1988 [40].

The spectra feature of skimmianine (Figure 23, 25) is identical to kokusaginine. The major
difference is the position of the methoxy group in the aromatic system. Which were confirmed
by the *H NMR (300 MHz, CDCls), peeks at  7.89 (1H, d, J = 9.4 Hz, H-5), and 7.13 (1H, d, J
= 9.4 Hz, H-6) clearly showed the Orth-para substituted aromatic system. Based on the spectra
data (Table 6, Appendix 6A-E) and comparing with the literature [186, 187], the weak intense
peak in the mixtures was skimmianine (Figure 23, 25), previously reported from the leaves of
this plant by Dagne et al 1988 [44].

Table 6: *H and **C of Kokusaginine (51) and skimmianine (25), (300 MHz for *H, 75 MHz for

13C)

NO Kokusaginine [186] Skimmianine [186]
3 dH (in d¢ (in| 8n (in dc(in | 8u (inppm), | dc(in | 8x (in dc (in
opm), @in | PP | pomy, @in | PP™ | Gin Hz) PPM) | oomy, @in | PP™)
Hz) Hz) Hz)

2 7.48 (d, 1H, | 142.1 | 7.56 (d, 1H, | 142.4 | 7.47 (1H, d, | 142.8 | 7.56 (d, 1H, | 143.2
J=2.8) J=23) J=2.8, H-2) J=3)

3 6.93 (d, 1H, | 104.4 | 7.03 (d, 1H, | 104.5 | 6.93 (1H, d, | 104.4 | 7.02 (d, 1H, | 104.6
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J=2.8) J=3) J=2.8) J=3)
3a 112.7 112.3 114.6 114.9
4 155.3 155.5 156.9 157.2
4a 101.9 102.1 101.7 102.0
5 7.36 () 100.2 | 7.46 (s) 100.1 | 7.89 (d, J =|118.0 | 7.99 (d, 1H, | 118.1
9.4, 1H) J=9)
6 152.4 152.6 | 7.13 (1H, d, | 111.7 [ 7.21 (d, 1H, | 112.1
J=9.4) J=9)
7 1475 152.6 142.3 142.0
8 7.25 (s) 106.4 | 7.34 (s) 106.6 141.7 141.3
8a 142.7 143.8 151.9 152.2
8b 162.9 163.0 164.2 164.3
4-OCHs | 4.32(s,3H) |58.6 |4.41(s,3H)|58.9 |4.31(3H,s) |58.7 |4.41(s, 3H) |58.8
6-OCHs | 3.97 (s, 3H) |55.9 |4.01 (s, 3H) | 55.9
7-OCHs | 3.95 (s, 3H) | 55.8 |4.03(s,3H) | 55.8 |3.95(3H,s) |56.5 |4.09 (s, 3H) | 55.8
8-OCH3 4.06 (3H,s) | 61.4 |4.01(s, 3H) | 61.6
s OCH, OCHj,
3
2 7 2
~ ~
H,CO"7 % N~ O Hy;CO~ 378N~ O
OCH;,
51
25

Figure 23: Skimmianine (25) and kokusaginine (51) isolated from fruit extract of V. dainelli

4.1.1.5. Compound 246

Compound (246) was obtained as an amorphous white crystal. A high-resolution mass spectrum
experiment provided [M] m/z value 379.2362 (Appendix 7D), suggesting the molecular formula
C24H420s3. Its *H NMR (300 MHz, CDCls) (Table 7, Appendix 7A) shown a triplet peak at § 0.87
(t, 3H) assigned for terminal methyl protons. Chemical shifts were observed at & 1.27-1.32 (m,
16H), 1.55-1.61 (m, 4H), 2.00 (t, J = 8.5, and 6.7 Hz, 4H), 2.30 (m, 2H), and 5.19-5.31 (m, 4H,
vinylic-H) are an indicator for the presence of long-chain unsaturated fatty acid. Protons at &
4.12- 4.15 (J = 5.7 Hz, 2H) and 4.27-4.31(dd, J = 5.7 Hz, 2H) were assigned for methylene
protons attached to the heteroatom oxygen. Deshielded sp® methine proton was observed at &
4.12 (m, 1H, H-3'), suggesting methine attached to a heteroatom of tetrahydropyran moiety.
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The 3C NMR (75 MHz, CDCls) (Table 7, Appendix 6B) displayed twenty four carbon signals.
The signal at 6 14.0 indicated the presence of terminal methyl carbon. Ester carbonyl was
observed at 6 173.2. Four vinyl carbon peaks were observed at § 129.6, 129.8, 129.9, and 130.0.
The DEPT-135 experiment (Appendix 7C) showed two oxygenated methylene carbons at & 66.0
and 62.2, and one deshielded methine carbon at 68.8. The remaining methylene carbons
resonating at 6 22.5 to 34.2. Based on the spectroscopic data (Table 7, Appendix 7A-D) and
literature spectral data [188], compound (246, Figure 24) is Tetrahydro-2H-pyran-2-ylmethyl
octadeca-9, 12-dienoate, which is reported here for the first time from a plant source.

Table 7: *H (300 MHz) and 3C (75MHz) of tetrahydropyranyl Octadeca-9, 12-dienoate (246) in
CDCla.

Position | 246 [188]
on (inppm), | dc (in ppm) oH (in ppm), (J dc (in ppm)

(JinHz) in Hz)
1 173.1 173.8
2 2.28 34.1 2.28 34.2
3 1.58 24.6 1.40-1.61 24.9
4-7 1.29-1.33 29-31 1.09-1.32 29-31
8 1.99-2.02 27.2 1.93-1.99 27.2
9 5.29-5.35 (m) | 130.0 5.19-5.31 (m) 130.0
10 5.29-5.35 (m) | 129.9 5.19-5.31 (m) 129.9
11 2.55 31.09 2.70 25.6
12 5.29-5.35 (m) | 129.8 5.19-5.31 (m) 130.0
13 5.29-5.35 (m) | 129.7 5.19-5.31 (m) 129.7
14 1.99-2.02 27.21 1.93-1.99 27.2
15 1.29-1.33 29.05 1.09-1.32 29.1
16 1.29-1.33 29.6 1.35 29.6
17 1.29-1.33 22.6 1.09-1.32 22.5
18 0.86 14.0 0.82 14.0
I 4.16-4.31 66.0 3.88-4.06 68.4
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2’ 3.33and 4.10 68.8 3.33and 4.10 75.5
3 1.55 29-31 1.55 29-31
4’ 1.29 29-31 1.29 29-31
5; 1.29-1.33 29-31 1.29-1.33 29-31
6’ 2.55 62.0 2.55 67.2
6!
5' 0
4 2 0 | \ /
3 1 6 4
0
246

Figure 24: Tetrahydro-2H-pyranylmethyl octadeca-9, 12-dienoate (246) isolated from fruit
extract of V. dainelli

4.1.2. Secondary Metabolites from Zanthoxylum chalybeum

The root extracts of Z. chalybeum after silica gel column chromatography furnished four
benzophenanthridine alkaloids (55, 62, 67, and 247), of which compounds (62) and (247) are
reported herein for the first time from the species. The detailed characterization is presented here

below.

4.1.2.1. Benzophenanthridine Alkaloids (55, 62, 67, and 247)

Compound (55) was obtained as yellow crystals with the melting point 203-207 °C. The ESI-MS
showed the molecular ion peak m/z = 348. Its 'H NMR (400 MHz, DMSO-dg) (Table 8,
Appendix 8A) revealed a peak at 6 10.10 (s, 1H, H-6) due to through-space interactions with
lone pairs of 7-OMe group [189]. A pair of ortho coupled aromatic protons appeared at 6 8.83
(1H, d, J = 9.6 Hz, H-10), 8.85 (1H, d, J= 9.6 Hz, H-9) and 6 8. 29 (1H, d, J = 9.7, H-12) and &
8.31 (1H, d, J= 9.7 Hz, H-11) with AB spin pattern which suggest the presence of two tetra
substituted aromatic rings. Two aromatic singlets were observed at 6 8.30 (1H, s, H-4) and 7.78
(1H, s, H-1). Singlet peaks were also observed at 6 6.35 (2H, s), 6 4.23 (3H, s), and 4.18 (3H, s)
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belong to methylenedioxy group and two methoxy groups, respectively. The presence of methyl
peak at § 5.00 (3H, s), with a 1J correlation to a peak at § 52.7 in HSQC spectrum (Appendix
8D), suggests methyl protons attached to a quaternary nitrogen atom. Its 3C NMR (75 MHz,
DMSO-dg) (Table 9, Appendix 8B) spectrum analyzed with the aid of DEPT-135 (Appendix 7C)
revealed 21 carbons, of which seven sp? methines, four sp? oxygenated quaternary carbons, six
sp? quaternary carbons, two methoxy, one methylenedioxy and one methyl attached to nitrogen.
Based on the above spectroscopic evidence (Table, 8, 9, Appendix 8A-D) and comparison with
the literature [189, 101], the compound was found to be identical to chelerythrine (55, Figure 25)
previously reported from this plant [190] and a major chemical constituent to the Ethiopian

species.

Compound (62) was identified as pale yellow needles with a melting point value of 201-204 °C.
The ESI-MS showed the molecular ion peak m/z =365. Its *H NMR (300 MHz, CDCls) (Table 8,
Appendix 9A) spectrum revealed two sp? methines at § 7.17 (1H, s, H-1) and 7.93 (1H, s, H-4).
A pair of ortho coupled doublet protons were observed at 6 7.69 (1H, d, J= 8.7 Hz, H-9), 7.46
(1H, d, J= 8.7 Hz, H-10) and & 7.47 (1H, d, J= 8.5Hz, H-11), § 6.85 (1H, d, J= 8.5 Hz, H-12).
The presence of the methylenedioxy group was observed at & 6.11 (2H, s), correlated to
methylene at 6 101.1 pointing down in DEPT-135 spectrum (Appendix 9C). Singlet peak was
observed at § 5.30 (1H), correlated to sp® methine at § 77.4, suggest the presence of hemiaminal
sp® methine. Three singlet peaks were observed at § 3.77 (s, 3H), & 3.05 (s, 3H), and & 2.41 (s,
3H) that belong to two methoxy groups and methyl attached to nitrogen, respectively. Its *C
NMR (100 MHz, CDClz) (Table 9, Appendix 9B), with the aid of DEPT-135 (Appendix 9C),
revealed a total of 21 carbons, of which six sp? methines, four sp? oxygenated quaternary
carbons, six sp? quaternary carbon, two methoxy, one methylenedioxy, one methyl attached to
nitrogen and one sp® oxygenated methine are evident. Based on the above spectroscopic evidence
(Table 8, 9, Appendix 9A-D) and comparison with the literature [191, 192], the compound was
found to be identical to 6-hydroxydihydrochelerythrine (62, Figure 25) previously reported from
Z. capense [192] and Z. nitidum [193], but reported herein for the first time from this plant

species.
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The spectroscopic data of compound (247) (melting point 199-201 °C. The ESI-MS showed the
molecular ion peak m/z = 379, is comparable to compound (62), except additional one methoxy
signal at 6 3.46 (s, 3H) (Table 8, Appendix 10B) correlated to peak at 6 55.9 in HSQC spectrum
(Appendix 10D) coupled with the absence of hemiaminal sp® methine peak is in agreement with
the placement of the methoxy group at the C-6 position. Based on the spectroscopic evidence
(Table 8, 9, Appendix 10A-E) and comparison with the literature [192, 194], compound (247) is
identical with 6-methoxydihydrochelerythrine (247, Figure 25) previously reported from Z.
nitidum [192], but reported herein for the first time this plant species.

The spectroscopic data of compound (67) (melting point 162-166 °C. The ESI-MS showed the
molecular ion peak m/z = 349.13, Appendix 11D) is comparable to compound (62) except
additional methylene peak at 6 4.29 (s, 2H) (Table 8, Appendix 11B) coupled with the absence of
hemiaminal sp® methine peak is in agreement with the placement of the methylene attached to
nitrogen at C-6 position. Thus, based on spectroscopic evidence (Table 8, 9, Appendix 11A-D)
as well as comparison with the literature [101, 120], the structure of the isolated compound (67)
was found to be identical to dihydrochelerythrine (67, Figure 25) previously reported from this

plant [190] and a major chemical constituent to the Ethiopian species.

Table 8:'H NMR (300MHz) chemical shifts (ppm) of benzo[c]phenanthridine alkaloids (55, 62,
247 and 67).

No on (in ppm), (J in Hz)
55 62 247 67
1 7.78 (s, 1H) §7.17 (s, 1H) 7.46 (s, 1H) 7.11 (s, 1H)
4 8.30 (s, 1H) 7.93 (s, 1H) 7.62 (s, 1H) 7.67 (s, 1H)
6 10.10 (s, 1H) 5.30 (s, 1H) 5.30 (s, 1H) 4.29 (s, 2H)
9 885(d,J=9.6 |7.69(d, J=8.6 7.46 (d,J=8.7 7.70 (d, J = 8.6 Hz,
Hz, 1H) Hz, 1H) Hz, 1H) 1H)
10 8.83(d,J=9.6 |7.46(d J=8.7 7.70 (d, J =87 7.51(d, J=8.8 Hz,
Hz, 1H) Hz, 1H) Hz, 1H) 2H)
11 8.31(d,J=9.7 747 (d,J=8.5 7.78(d,J=8.8 7.48 (d, J=8.9 Hz,
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Hz, 2H) Hz, 1H) Hz, 1H) 2H)
12 829(d,J=97 |6.85(d,J=86 766(d,J=87 | 6.94(d,J=85Hz
Hz, 1H) Hz, 1H) Hz, 1H) 1H)
-OCH0- | 6.35 (s, 2H) 6.11 (s, 2H) 6.06 (s, 2H) 6.05 (s, 2H)
6-OCHs |- - 3.46 (s, 3H) -
7-OCHs | 4.23 (s, 3H) 3.77 (s, 3H) 3.96 (s, 3H) 3.93 (s, 3H)
8-OCHs | 4.18 (s, 3H) 3.05 (s, 3H) 3.93 (s, 3H 3.88 (s, 3H)
‘NCHs [ 5.00 (s, 3H) 2.41 (s, 3H) 2.77 (s, 3H) 2.60 (s, 3H)

Table 9: 3C NMR (75 MHz) chemical shifts (ppm) of benzo[c]phenanthridine alkaloids (55, 62,
247 and 67) and 3C NMR of [186].

No oc (in ppm)

55 [189] 62 [191] | 247 [192] 67 [186]
1 106.2 | 107.1 104.0 105.3 | 106.6 103.7 104.4 104.3
2 149.2 | 151.8 147.6 148.8 147.9 147.5 148.0 148.1
3 149.1 | 150.8 147.0 148.2 147.3 148.1 147.6 147.5
4 104.7 | 105.1 100.4 101.2 | 100.6 99.8 100.6 100.7
4a 1206 | 121.9 111.8 128.2 | 127.6 126.5 130.9 130.9
4b 1315 | 132.6 130.7 140.1 138.3 137.9 1355 142.8
6 1512 | 152.1 77.4 80.0 86.0 86.1 48.8 48.7
6a 119.8 | 119.9 119.3 124.3 | 118.9 126.9 119.9 118.7
7 1450 | 147.6 145.9 146.9 149.3 146.5 146.6 146.2
8 1510 | 151.8 151.0 150.6 | 150.2 152.0 152.4 152.3
9 126.5 | 127.5 126.4 129.1 126.7 113.2 124.3 124.2
10 1199 | 121.0 118.2 118.3 112.9 118.6 118.8 118.7
10a 1285 | 130.2 125.0 1243 | 124.8 124.8 130.6 126.3
10b 125.7 | 127.2 125.7 129.1 125.7 122.4 130.0 126.4
11 119.7 | 1195 122.8 120.1 123.4 119.4 120.0 123.8
12 1321 | 132.7 122.5 121.0 | 120.0 123.3 1115 110.9
12a 132.7 | 134.4 137.8 1242 | 131.0 131.1 132.8 132.8
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“OCH,O- | 1032 | 1043 | 1011 | 102.0 | 1046 | 1011 1032 | 101.0
6- OCH; - : : 55.9 . : :

7-OCHs | 627 | 628 | 599 | 622 | 616 60.5 61.1 61.1
8-OCHs | 575 | 576 | 552 - 53.9 55.7 55.8 55.8
“NCHs 52.7 | 529 | 408 | 406 | 406 39.5 413 413

62. R=OH
247. R=O0OCH;
67. R=H

Figure 25: Benzophenanthridine alkaloids isolated from the root extract of Z. chalybeum

4.1.3. Secondary Metabolites Isolated from Uvaria. scheffleri
The roots extract of U. scheffleri after silica gel column chromatography furnished two new
uvarindoles such as uvarindole F (248) and G (249), along with uvaretin (112). The detailed

characterizations of these compounds are presented here below.

4.1.3.1. Compound 248 and compound 249

Compound 248 was obtained as a pale gray needles and positive reaction to Dragendorff reagent
indicative of alkaloid. The HRMS spectrum showed [M]* m/z = 451.1707 (calculated for the
chemical formula Cz9H23NO4 = 451.1784, Appendix 12A). The *H NMR (500 MHz, CDCls)
spectrum (Table 10, Appendix 12B) displayed two methylene singlets at 6 4.33 (C-CH2) and
4.17 (N-CH>) together with three singlets at 6 11.33, 5.38, and 4.11 attributed to phenolic
hydroxyl protons of which the downfield chemical shift of the former is due to peri effect to the
carbonyl group of 2-acylindole. HSQC experiment (Appendix-12F) suggest protons at & 4.16
correlated 1J correlation with carbon at § 68.2 in the replacement of N-H by hydoxybenzyl unit,
which confirmed by HMBC experiment (Figure 27, Appendix-12G) with 3J correlation with sp?
quaternary carbons C-2 (5 129.6) and C-7a (8 137.0). Furthermore, protons at & 4.33 1
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correlation with carbon at 6 27.9 in the placement of the placement of the benzyl at C-3 was also
confirmed by HMBC correlations, in which methylene singlets at § 4.33 (C-CH2) showed 2]
correlation with sp? quaternary carbons C-3 (8 119.6) and C-1"" (& 124.0), and comparison with
NMR spectral data of uvarindole-C (131).

The ¥C NMR (125 MHz, CDClIs) spectrum with the aid of DEPT-135 (Table 10, Appendix 12C,
and D) displayed sixteen aromatic methines, two sp® methylenes at § 27.9, and 68.2, assigned for
C-CH; and N-CH,, respectively. Three sp? downfield quaternary carbons were observed at §
162.7, 155.2, and 140.5, of which the first two are connected to oxygen whereas the later
connected to nitrogen. The Carbonyl group appeared at & 192.3, in agreement with a, f-
conjugated carbonyl, and a characteristic peak of a carbonyl group linked at C-2 in indole
alkaloids. Furthermore, seven quaternary aromatic carbons were observed at 6 119.6 (C-3), 124.0
(C-1), 1245 (C-1"), 126.6 (C-1'), 127.8 (C-3a), 129.6 (C-2) and 137.0 (C-7a). The NMR
spectral data of compound (248) is consistent with that of Uvarindole-C (131) previously
reported from U. angolensis [123, 195], except the observed additional one hydroxybenzyl unit
attached to nitrogen in the case of compound (248). Thus, based on the above spectroscopic
evidence (Table 10, Appendix 12A-G) and comparison with the literature of uvarindole-C (131)
spectra [125, 195], the compound was identified to be uvarindole-F (248, Figure 26), reported
herein for the first time.

Compound (249) was obtained as pale gray crystals and positive reaction to Dragendorffs
reagent inductive to alkaloid. Its HRMS displayed [M]* m/z peak at 343.2953 (calculated
343.2972 for the chemical formula Ca3H2:NO2, Appendix 13A). The *H NMR spectrum (Table
10, Appendix 13B) showed two singlets at & 4.44 and 4.61 (2 x C-CH», C-2a) attributed to
methylene moiety. Methyl attached to nitrogen was observed at § 2.66 (N-CHs), showing a 1J
correlation with § 36.5 peaks in the HSQC spectrum and a 3] HMBC correlation with C-2
(140.7) and C-7a (& 143.0) (Figure 27, and Appendix 13E and G). In addition, a signal at 6 5.89
and 3.42 showed broad singlet peaks attributed to phenolic hydroxyl proton. The remaining 12

protons were displayed in the aromatic region.
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The C NMR spectrum(Table 10, Appendix 13C) supported by Dept-135 and HSQC
experiments (Appendix 13 D, F) showed twelve aromatic methines, two sp® methylene carbons
at  42.8 (C-2a) and 40.8 (C-3a), two oxygenated sp? quaternary carbons at & 158.9 and 151.2
along with six sp? quaternary carbons at § 143.0, 140.7, 134.5, 132.9, 119.8 and 122.9.
Placement of two 2-hydroxybenzyl substituents at C-2 and C-3 positions were done with the help
of 2J and 3] HMBC correlations of methylene protons (Figure 27, Appendix 13G). Based on the
above spectroscopic evidence and comparison with spectral data of uvarindole-C (131) [125,
195], compound (249) is found to be a new compound named Uvarindole G (Figure 26, 249),

reported herein for the first time.

Table 10: 1H and 13C NMR chemical shifts (ppm) of uvarindole-F and G (248 and 249) (500
MHz for 1H, 125 MHz for 13C in CDCI3).

Assianm Compound 248 Compound 249 [195]
9 S (in ppm), 8¢ 5 (in ppm), 5c 5c
ents (J inHz) (in ppm) (J in Hz) (in ppm) | (in ppm)
2 - 129.6 - 140.7 129.8
3 - 119.6 - 119.8 119.7
3a - 127.8 - 122.9 127.9
4 8.15(d,J=9.4,1H) | 118.8 8.10 (m, 1H) 118.6 118.7

5 8.48 (d, J=9.4,1H) 121.8 7.86 (d, J =8.2 Hz, 1H) 121.3 121.7

6 7.35 (m, 1H) 126.7 | 7.78(t,J=7.5Hz, 1H) 1292 | 126.7

7 7.70 (m, 1H) 111.8 8.09 (m, 1H) 1118 | 111.9

7a - 137.0 - 1430 | 137.1
N-CH: 4.17 (s, 2H) 42.0 “NCHs 365 -

T - 126.6 - - -

2" - 155.2 - - -

3 7.49 (m, 1H) 130.8 - - -

4 7.13 (m, 1H) 128.1 - - -

5 8.08(d,J=84)Hz, | 1257 - - -

6 7.49 (m, 1H) 130.6 - - -
-CO- - 192.3 431 | 1924

1" - 1245 1325 | 1245
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2" - 162.7 158.9 | 162.8
6.90 (td, J=7.4,1.3 7.31(dd, J=8.2, 6.9 Hz,
3" 119.6 1220 | 1193
Hz, 1H) 1H)
4 7.49 (m, 1H) 131.0 | 7.38(d,J=8.1Hz, 1H) 130.1 | 131.2
5" 7.13 (m, 1H) 119.3 7.53 (m, 1H) 119.7 | 1198
6" 759 7.61(m, 1H) | 136.6 8.10 (m, 1H) 1373 | 136.1
C-CHz 4.33 (s, 2H) 27.9 40.8 27.9
1 - 124.0 - 1245 | 124.0
2" - 1405 - 151.2 | 155.1
3" 682(d,J=73Hz | 1164 | 767 (d, J = 8.6 Hz, 1H) 113.7 | 1165
1H)
8.43 (dd, J = 7.9, 1.4 Hz,
4 7.13 (m, 1H) 128.1 1289 | 128.2
1H)
8.26 (d, J=9.2 Hz,
5™ 1209 | 7.86(d,J=8.2 Hz, 1H) 1228 | 1209
1H)
7.88 (d, J= 9.0 Hz,
6" 132.0 7.53 (m, 1H) 1345 | 132.3
1H)
OH

131( Uvarindole-C)

Figure 26: Structures of compounds 248 and 249 isolated from the roots extract of U. scheffleri
and uvarindole-C (131) [195].

80



248 249

Figure 27: Important HMBC correlations of compounds 248 and 249.

4.1.3.2. Compound 112

Compound 112 was obtained as deep gray needles. It's ESI-MS m/z showed 378. The *H NMR
spectrum (Table, 11, Appendix 14A) displayed a singlet peak at 6 4.90 (2H, Ar-CHy) attributed
to methylene linked with two phenyl rings and two signals with A2B: spin pattern observed at 6
2.85 and 3.15 suggesting a PB-propiophenone moiety. Two singlets at 6 4.37 and & 11.33
attributed to methoxy and hydroxyl group with peri effect to the carbonyl group, respectively.
The presence on a mono substituted aromatic ring was clearly evident from peaks at 6 7.77 (d, J
= 8.2, 1H, H-2), 7.81 (dd, J = 8.1, 1.7 Hz, 1H, H-3), 7.56 (t, 1H, H-4), 7.30 (m, 1H, H-5) and
7.49 (dd, J = 7.5, 1.7 Hz, 1H, H-6). This substitution pattern coupled with the apperance of a
singlet aromatic proton at & 7.23 (s, 1H) displayed by H-5' suggest a tetra substituted ring A and
mono substituted ring B pattern of dihydrochalcone. The 3C NMR spectrum supported by
DEPT-135 (Table 11, Appendix 14 B and C) displayed 22 carbon signals. Ten sp? methines were
observed at & 112.1, 116.6, 119.5, 119.9, 126.8, 128.4, 128.5, 131.3, and 126.8. Four sp?
oxygenated quaternary carbons and one carbonyl carbon were observed at 6 162.9 (C-2), 155.4
(C-4"), 155.0 (C-6"), 154.0 (C-2") and & 203.3, respectively. In addition, four sp? quaternary
carbons were observed at & 118.2 (C-1), 121.2 (C-3'), 122.0 (C-1"), and 140.6 (C-1).
Furthermore, three sp® methylenes were observed at § 28.2 (C-3'a), 30.6 (0-CH2) and 41.0 (B-
CHy). Thus, based on the above spectroscopic evidence and comparison with literature 2,
compound 112 was identified as uvaretin (Figure 28, 112) previously reported from various

Uvaria species [125,195], reported herein for the first time from the species.
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Table 11: *H (300MHz) and 3C NMR (75 MHz), chemical shifts (ppm) of uvaretin (112) in
CDCls and litrature [195] in MeOD.

No Uvaretin (121) [195]
OH (in ppm), (J in Hz) dc (inppm) | dw (in ppm), (JinHz) | dc(in ppm)
1 140.6 142.6
2 7.77 (d, J=8.2, 1H, H-2) 128.6 7.21 (5H, brs. m) 127.2
3 7.81 (dd, J =8.1, 1.7 Hz, 1H, | 128.5 129.1
H-3)
4 7.56 (t, 1H, H-4) 126.6 126.6
5 7.30 (m, 1H, H-5) 128.4 129.1
6 7.49 (dd, J =7.5, 1.7 Hz, 1H, | 127.8 127.2
H-6)
a 3.15 (m, 2H) 30.6 2.95 (2H, m) 31.4
B 2.85 (m, 2H) 41.0 3.35 (2H, m) 46.3
C=0 203.4 205.4
' 118.2 107.8
2! 162.9 163.1
3 121.2 109.0
4 155.4 165.2
5' 5.81 (s, 1H, H-5") 112.1 6.73 (1H, s) 91.8
6’ 155.0 162.6
3a 4.90 (s, 2H, H-3'a") 28.2 4.89(2H, s) 22.7
1" 122.0 126.6
2" 154.0 154.3
3" 6.97 (m, 1H, H-3") 116.6 6.75-7.60 (br. m. 4H) 115.9
4" 6.91 (m, 1H, H-4") 119.9 129.1
5" 6.82 (dd, J =7.9, 1.3 Hz, 1H, | 119.5 120.6
H-5")
6" 7.12 (d, J=8.2 Hz, 1H, H-6") | 131.3 131.2
4.37 (s, 3H, 6'-OCHb) 56.1 3.61 (s, 3H) 56.0
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112

Figure 28: Structures of uvaretin (112) isolated from the roots extract of U. scheffleri.

4.1.4. Secondary Metabolites Isolated from Clematis burgensis
The roots extract of C. burgensis after silica gel column chromatography furnished three
compounds (98, 250, and 251) for the first time from the species. The detailed characterizations

of these compounds are presented here below.

4.1.4.1. Compound 250

Compound 250 was obtained from the root extract of C. burgensis as yellow amorphous crystals.
Its HRMS displayed [M+H]" m/z at 419.3363 (calculated 419.3156 for the chemical formula
C26H4204, Appendix 15A). Its *H NMR (300 MHz, CDCls) spectrum (Table 12, Appendix 15B)
showed typical AA'BB' system at 6 7.64 (2H, dd, J = 8.8, 2.2 Hz, H-3, 6), and 7.46 (2H, dd, J =
8.8, 2.2 Hz, H-4, 5) which implied an ortho-substituted benzene ring [196]. Twelve methylene
protons were observed at 6 4.21 (4H, t, CH2-1, 1°), 1.65 (4H, m, CH»-2, 2°), 1.25 (4H, m, CH>-3,
3%), 1.29 (8H, m, CHz-4, 4°, 5, 5°), 1.31 (4H, m, CH; -6,6°), 1.40 (4H, m, CH2 -8, 8"), along with
four methyl groups at & 0.90 (6H, m, CH3 -9, 9°) and 0.89 (6H, m, CHs-7, 7). The 3C NMR (75
MHz, CDCls) (Table 12, Appendix 15C), assigned with the aid of DEPT-135, HSQC and HMBC
spectra (Appendix 15D, E and F respectively), confirmed the presence of two symmetrical
carbonyl carbons at § 167.8, four sp? aromatic methines, four methyl groups, two O-bearing
methylene moiety, at & 68.1and six methylene groups at, 6 23.7, 30.3, 28.9, 29.7, and 22.9. The
methyl groups appeared at 6 14.0 and 10.9 attributed to C-7°, 7”” and C-9°, 9” terminal carbons,
respectively. In addition, three peaks at & 130.8, 128.8, and 38.7 were assigned to olefinic
methines C-1, C-2 and C-6, respectively. Thus, based on the spectral evidence (Table 12,
Appendix 13A - G) and comparison with literature [196, 197], the structure of compound 250
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was assigned to bis (2-ethylheptyl) phthalate (Figure 29, 250) previously isolated from Cynodon

dactylon [196], reported herein from the first time from the genus Clematis.

Table 12: H and *C NMR chemical shifts (ppm) of bis (2-ethylheptyl) phthalate (250), (300
MHz for *H, 75 MHz for *C in CDCls).

Position | 250 [196, 197]
Sn (in ppm), (J in Hz) dc (in ppm) Sn (in ppm), (Jin Hz) | &c (in ppm)

1,8 - 167.8 167.8
2,7 - 132.4 132.4
3,6 7.70 (dd, 2H,J=8.8,2.2) |130.8 7.70 (1 =838, 2.2) 130.8
4,5 7.53(dd,2H,J=8.8,2.2) | 128.8 7.53(J=8.8,2.2) 128.8
1,17 [4.21(6.2) 68.1 4.21(6.2) 68.1
2,27 [ 1.63(m) 38.7 1.63 (m) 38.7
3,37 [ 1.25(m) 30.3 1.25 (m) 30.3
4,4 ]1.25(m) 28.9 1.25 (m) 28.9
5,57 [1.29 (m) 29.7 1.29 (m) 29.7
6,6 |1.31(m) 22.9 1.31 (m) 22.9
7,77 |0.90 (m) 14.0 0.90 (m) 14.0
8,8 |1.40 (m) 23.7 1.40 (m) 23.1
9,9 [0.89 (m) 10.9 0.89 (m) 10.9

250

Figure 29: Bis (2-ethylheptyl) phthalate (250) isolated from root extract of C. burgensis.




4.1.4.2. Compound 98

Compound 98 was obtained as a white amorphous powder. Its IR spectrum (Appendix 16A)
showed a broad absorption peak at 3346 cm™ due to hydroxyl moiety, the absorption peak
around 2990 cm™ was due to olefinic C-H, peaks at 2936 cm™ and 2865 cmwere assigned for
sp® C-H stretch and an intense peak at 1010 cm™ assigned for C-O stretch. The *H NMR (300
MHz, CDCIs) spectra (Table 13, Appendix 16A) showed oxygenated sp® methine proton at &
3.18 (dd, J = 10.9, 5.3 Hz, 1H, H-3) and seven methyl signals at 6 1.66, 1.05, 0.96, 0.85, 0.85,
0.83 and 0.78. Terminal sp? methylene protons were observed at § 4.68 and 4.56 (dd, J = 2.6, 1.4
Hz, 2H, H-29a, 29b). Its 1*C NMR (75 MHz, CDClIs) spectrum (Table 13, Appendix 16B) and
DEPT-135 spectra (Appendix 16C) suggested a triterpenoid skeleton with characteristic peaks at
6 151.2 and 109.5 ppm attributed to C-20 and C-29 respectively, of which the former suggested a
sp? quaternary carbon and the latter suggest terminal olefinic methylene, pointing downwards in
DEPT-135 spectrum. Oxygenated sp3 methine carbon peak was observed at 6 79.2 (C-3). Thus,
based on the above spectroscopic evidence and comparison with literature [197,198], the
structure of compound 98 was found to be lupeol (Figure 30, 98) reported herein for the first
time from the genus Clematis.

Table 13: *H and *C NMR chemical shifts (ppm) of lupeol (98) (300 MHz for *H and 75 MHz
for 3C NMR in CDCls).

98 [198]

On (in ppm), (J in Hz) dc (in ppm) | 6w (in ppm), (J in Hz) dc (in ppm)
1. 0.99 (m) 38.9 0.99 (m) 38.7
2. 1.85 (m) 27.6 1.85 (m) 27.4
3. 3.18 (m) 79.2 3.18 (m) 79.0
4. - 39.8 - 38.9
5. 0.69t 55.5 0.69 (t) 55.3
6. 1.39 (m) 18.5 1.39 (m) 18.3
7. 1.35 (m) 345 1.35 (m) 34.3
8. - 41.0 - 410.8
9. 1.71 (m) 50.6 1.71 (m) 50.3
10. |- 374 - 37.1
11. | 1.29 (m) 21.1 1.29 (m) 21.1
12. | 1.38 (m) 25.3 1.38 (m) 25.3
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13. [ 0.68 (m) 38.2 0.68 (M) 38.0
14. |- 43.0 - 42.8
15. | 1.40 (m) 276 1.40 (m) 27.0
16. | 1.34 (m) 35.8 1.34 (m) 35.0
17. |- 43.2 - 43.0
18. | 1.79 (m) 485 1.79 (m) 48.0
19. |2.38 (m) 48.2 2.38 (m) 48.0
20. |- 151.2 - 150.9
21. | 1.41 (m) 30.0 1.41(m) 30.0
22. | 1.35 (m) 40.2 1.35 (m) 40.0
23. | 0.78(s) 28.2 0.76 (3) 28.0
24. | 0.85 () 16.2 0.78 (3) 15.2
25. | 0.85 (s) 16.3 0.82 (s) 16.1
26. | 0.94 (s) 15.6 0.94 (s) 15.9
27. | 0.96 (s) 14.7 0.96 (3) 145
28. | 1.05 (s) 185 1.03(s) 18.0
29. | 4.69,4.57(dd, 2.6, 1.4) 109.9 4.69, 4.57 (dd) 109.3
30. | 1.66 (s) 195 1.68 () 19.3

Figure 30: Lupeol (98) isolated from root extract of C. burgensis.

4.1.4.3. Compound 251

Compound 251 was isolated as a pale white solid with. Its *H NMR (300 MHz, CDCls3) (Table
14, Appendix 17A) spectral data showed the corresponding up field unsaturated fatty acid signals
below & 3.0. Its *C-NMR (75 MHz, CDCl3) (Table 14, Appendix 17B), aided with DEPT-135
(Appendix 17C), displayed carbonyl group (-CO-) of carboxylic acid at 6 180.2, twelve
methylene carbon peaks were observed at 6 20-40 of which the most deshilded one at 6 34.1
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suggests methylene next to carbonyl (C-2). The terminal methyl group appeared at 6 14.0. Thus,
the above spectral data suggest that compound (251) is identical with stearic acid (251, Figure

31), in good agreement with literature spectra data [200].

Table 14: 'H and *3C NMR Linoleic acid fatty acid (251) (300 MHz for *H NMR and 75 MHz
for 3C NMR in CDCls).

Position 251 [200]
on (in ppm), (J in Hz) dc (inppm) | dn (in ppm), (Jin Hz) | oc (in ppm)

1 180.2 180.1
2 2.32 34.1 2.36 34.0
3 1.58 24.6 1.64 24.7
4-7 1.29-1.33 29-3 29-31
8 2.02 27.2 2.06 27.2
9 5.37(m) 30.0 5.37 (M) 30.0
10 5.37(m) 29.9 5.37 () 29.9
11 2.37 31.0 2.06 25.6
12 5.37 (M) 29.8 5.37 (M) 29.8
13 5.37 () 29.7 5.37 () 29.7
14 2.04 27.2 27.2
15 1.29-1.33 29.0 1.35 29.05
16 1.29-1.33 29.6 1.35 29.63
17 1.29-1.33 22.6 1.35 22.5
18 0.90 14.0 0.90 14.0

o

/\/\/\/\/\/\/\/\)J\OH

251

Figure 31: Stearic acid (251) isolated from root extract of from C. burgensis.
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4.1.5. Secondary Metabolite Isolated from Root of E. schimperiana

The roots extract of E. schimperiana after silica gel column chromatography furnished ten
compounds (252, 254- 262). Compounds 252 and 254 were isolated as a pure compounds. The
remaining 255-262 were identified from the fractions by GC/MS analysis. The detailed

characterizations of the compounds are presented here below.

4.15.1. Compound 252

Compound 252 was obtained as yellow needles. IR spectra analysis (Appendix 18A) showed
absorption bond at 2940 cm™ and 2886 cm™ assigned for sp® C-H stretch and a sharp and intense
peak at 1705 cm™ assigned for carbonyl group. The absorption peak at 1015 cm™ belongs to C-O
stretch. Its 'H NMR (300 MHz, CDCl3) (Table 15, Appendix 18B) spectrum showed two
doublets at & 6.26 and 7.61 (d, J = 9.5 Hz) and two aromatic singlets at & 6.84 (s, H-8) and 6.91
(s, H-5). The presence of a doublet methyl signals at 6 0.88 (d, J = 5.3 Hz, 6H) coupled with
methine at 2.02 (1H, m) and methylene protons at & 2.02 (m, 2H) and 2.31(m, 2H) suggested the
presence of a reduced prenyl moiety. The singlet peak at & 3.95 belong to methoxyl group. Its
13C NMR (75 MHz, CDCIs) spectra (Table 15, Appendix 16C) displayed 15 carbon signals
assigned with the aid of DEPT-135 (300 MHz, CDCls) (Appendix 16D). One carbonyl carbon
appeared at & 161. 5 suggesting an ester carbonyl carbon. Two oxygenated sp? carbons were
observed at § 150.2 and 149.7 along with two more sp? quaternary carbons at § 114.0 and 103.2.
In addition, two aromatic methines were observed at 6 111.4 and 107.5 along with two olefinic
methines at 6 143.3 and 113.3 of which the downfield chemical shift of the former suggest -
position to ester carbonyl carbon. Carbon signal at 6 56.4 was assigned to methoxy group. Two
methylene groups, which are part of prenyl moiety appeared at 6 31.9 and 31.6 along with one
methine at 6 31.6 and two methyl groups at & 22.7 and 14.8. Thus, based on the above
spectroscopic data and comparison with the data reported for suberosin (253) [201, 202], the
structure of compound 252 was identified to be derivative of suberosin (252, Figure 32), which
was previously reported from Citrus grandis by Wu (1988) [202], but reported herein for the first

time from genus Euphorbia.
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Table 15: *H NMR (300MHz) and *C NMR (75 MHz) chemical shifts (ppm) of compound
(252) in CDCls,

Position 252 [201]
on (in ppm), (J in Hz) dc (in ppm) | 8H (in ppm), (Jin Hz) | ¢ (in ppm)

2 - 161.5 161.5
3 6.28 (d, J = 9.4) 113.3 6.20 (d, 9.4) 112.7
4 7.60 (d, J = 9.5) 143.3 7.59 (d, 9.5) 1435
4a - 1141 - 127.7
5 6.91(s) 1115 7.15(s) 125.4
6 - 149.8 - 154.4
7 - 150.3 - 160.6
8 6.84 (s) 107.5 6.75 (s) 111.8
8a - 103.2 - 98.8

-OCH3 3.95 (s, 3H) 56.4 3.89 (s, 3H) 55.8
1’ 2.32(t,7.9) 31.9 3.29 (d, 7.5) 133.6
2’ 2.00 (m) 316 5.26 (M) 121.3
3’ 2.00 (m) 23.4 - 27.2
4 0.89 (d, J=6.1) 22.7 1.76 (s) 25.7
5 0.89 (d, J=6.1) 14.1 1.68 (s) 175

253

252
Figure 32: Compound (252) isolated from the roots extract of E. shemepriana and suberosin
(253) [201]
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4.1.5.2. Compound 254

Compound 254 was obtained as amorphous colorless. Its *H NMR (300 MHz, CDCls) (Table 16,
Appendix 19A) showed a singlet peak at & 5.75 for 4 protons belonged to two primary amine
groups in the compound. The doublet peak at & 5.18 (d, J = 3.7 Hz, 1H) assigned for a proton
attached to anomeric carbon. The peaks at 6 3.78-3.12 (m, 11H) assigned for methine protons. In

addition, peaks at 3.56 (m, 4 H) belonged to methylene protons.

The 3C NMR (100 MHz, CDCls) supported by DEPT-135 spectra (Table 16, Appendix 19B-C)
showed totally 13 carbon peaks. The anomeric carbon displayed at 104.5 (C-1°). Another
methine carbons at 8 72.1 (C-2), 77.5 (C-3), 83.0 (C-4), 74.7 (C-5), 73.3 (C-2’), 73.2 (C-3”), 70.3
(C-4’), and 77.2 (C-5’), Two methylene carbons displayed at 6 62.6 (C-6) and 60.9 (C-6°).
Furthermore, one methine linked with two amine groups were observed at & 92.2 (C-1). Based on
the spectroscopic data and literature of glycosylmethylamine [203], compound 254 was found to
be glycosylmethylamine derivative (Figure 33, 254) reported herein for the first time from plant

source.

Table 16: *H NMR (300MHz) and *C NMR (75MHz) chemical shifts (ppm) of compound (254)
in DMSO).

NO Compound (254) [203]
on (in ppm), (J in Hz) dc (in ppm) dc (in ppm)

-OH 5.75 (s, 4H)

1 3.84 (dd, J= 2.8, 3.4 Hz, 1H) 92.2 81.0
2 72.1 73.8
3 77.5 79.5
7 3.18-3.33 (m, 5H) 530 01
5 74.7 77.2
6 3.56 (m, 2H) 62.6 62.3
I’ 5.18 (d, J = 3.7 Hz, 1H) 104.5 104.2
2’ 3.18-3.33(m, 5H) 73.3 72.3
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3 732 723
4 70.3 69.9
5 772 76.7
6 3.56 (m, 2H) 60.9 61.7
1” (CH(NHz), | 3.18-3.33(m, 1H 49.0 43.0(CH2NHy)

254 255
Figure 33: Compound 254 isolated from the roots extract of E. schimeperiana and

glycosylmethylamine (255) [203]

4.15.3. GC/MS Analysis of fractions (12 -15)

Compound 155-160 were identified from fraction 12-15 (eluted with 30 and 35% Ethyl acetate
fractions) as brownish amorphous. The GC (Figure 34) and GC/MS (Table 17, Appendix 20A-
G) analysis of fraction 12-15 from roots of E. schimperiana revealed a total of six compounds
(Figure 35, 155-160), accounting 79.5 %. The structure of compounds were identified based on
their mass spectra value comparing with the NIST library databases. The major constituents of
which are lupane derivative (29.54%) (258), the oleane derivatives (14.19%) (259) and
germanicol (12.23%) (260), the remaining compounds ranged from 4.75 to 8.15%.
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Table 17: Chemical constituents fraction 12-15.

. Molecula | Molecula | Compositi
No RT Identified compounds ]
r formula | r weight ons %
255 | 33.11 | 13,27-Cycloursan-3-one-(13a)- CsoH480 424.3 5.03
6a,14a-Methanopicene, perhydro-
256 | 33.39 CaoHs00 426.4 5.45
1,2,4a,6b,9,9,12aheptamethyl-10-hydroxy-
257 | 34.58 | 24-Methylenecycloartan-3-one C31Hs500 438.3 8.15
258 | 34.73 | Lup-20(29)-en-3-ol, acetate, (3)- Ca2H5202 468.4 29.54
259 | 34.84 | 12-Oleanen-3-yl acetate, (3a)- C32H5202 468.4 14.19
260 | 34.96 | Germanicol CaoHs00 426.4 12.23
Total compositions 79.50%
1.4: !
1.2+
1 |
0.8 |
0.6 ‘
0.4 F M
037 % ' | A\
4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

Counts vs. Acquisition Time (min)

Figure 34: Chromatogram for compounds in the fraction 12-15.
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Figure 35: Compounds 255-260 identified from the roots extract of E. schimperiana.

4.1.6. Chemical Compositions of Essential Oils

The yield of essential oils obtained by hydrodistillation revealed 0.5, 2.7, 2.0 % (v/w) from the
roots of U. scheflerri, fruits of Z. chalybeum and fruits of V. dainelli, respectively. The GC and
GC-MS (Table 18, Appendix 21) analysis of essential oils from roots of U. scheflerri revealed a
total of 58 chemical components, accounting 97.63 % of the total compositions, of which
sesquiterpenes (51.8%), oxygenated sesquiterpenes (18.9%), oxygenated monoterpenes (17.2%),
monoterpenes (6.9%) and benezenoid compounds (5.2%) are identified. The major constituents
were alloaromadendrene (13.0%), camphene (10.0%), p-Maaliene (9.9%), (-)-borneol acetate
(9.9%), and (-)-a-gurjunene (5.9%). The remaining compounds ranged from 0.10 to 5.1%. The
results are comparable to a previous report [204], on the Uvaria species, which reported that
thymogquinoldimethyl ether and benzyl benzoate as the major constituents. On the contrary to
previous reports from Uvaria essential oils out of Ethiopian flora, our findings suggest that

thymogquinoldimethyl ether is absent whereas benzyl benzoate was found as a minor constituent.
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In the same way, GC and GC-MS (Table 19, Appendix 22) analysis of essential oil of Z.
chalybeum revealed a total of 18 chemical components, accounting 99.5 % of the total
compositions, of which the appreciable amounts were oxygenated monoterpenes (44.4%),
followed by monoterpenes (33.3%), sesquiterpenes (16.7%), and oxygenated sesquiterpenes
(5.6%). The principal constituents were tricycle [5.3.0.0(3, 9)] decane (82.8%), followed by 2-
tridecanone (2.8%), decanal (2.6%), Phenol, 2, 2’-methylene bis [6-(1,1-dimethylethyl)-4-
methyl- (2.40%) and limonene oxide trans-(2.2%). The remaining compounds ranged from 0.1 to
1.3%. The results are in consistent to previous studies [205, 206], in accordance with the classes
of compounds reported from Zanthoxylum species. The recent study showed the major chemical
constituents of leaves essential oils of this plant are B-phellanderene and B-myrcene [207].
However, the major constituent in the present study was tricyclo [5.3.0.0(3, 9)] decane (82.8%)
suggesting that this compound reported herein for the first time in a fruit of Zanthoxylum species

could be considered as marker constituent for Ethiopian species.

In a related study, GC and GC-MS (Table 20, Appendix 23) analysis of essential oils from fruits
of V. dainelli revealed a total of 20 chemical compositions representing 98.8 % of the total oil
contents. Meanwhile, the major compounds were sesquiterpenes (55.0%) of the total
composition, followed by monoterpenes (25.0%), oxygenated sesquiterpenes (10.3%), and
benezenoid compounds (5%). The most abundant chemical constituents were tricyclo [5.3.0.0(3,
9)] decane (69.8%), caryophyllene (5.8%), phenol, 2, 2°-methylenebis [6-(1, 1-dimethylethyl)-4-
methyl-(4.8%), neoalloocimen (3.5%) and germacrene D (3.20%). Other chemical components
were detected in the range of 0.19-2.99%. The previous studies regarding to essential oils
composition of Vepris species suggest a-pinene (60.5%) [46] and terpinolene (49.7%) [208], as
major constituents. On the contrary, the present study revealed that tricyclo [5.3.0.0(3, 9)] decane
(69.9%) as major constituent and reported herein for the first time in a Vepris species suggesting

this compound could be considered as marker for Ethiopian Vepris species.
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Table 18: Chemical compositions of essential oils from roots of U. shceffleri.

No Chemical compositions RT Area (%)
1. a-Pinene 4.9748 0.406
2. Camphene 5.4353 10.004
3. D-Limonene 6.7197 0.435
4. Eucalyptol 7.0544 0.244
5. Bicyclo[2.2.1]heptane, 2-methoxy-1,7,7-trimethyl- 8.1991 0.300
6. Neoalloocimene 8.5223 0.238
7. (-)-trans-Myrtanyl acatate 9.303 0.139
8. Camphene hydrate 9.7265 0.108
9. endo-Borneol 10.2094 0.172
10. | Fenchyl acetate 10.2876 0.282
11. | 2-Pentanone, 5-(2- methylenecyclohexyl)-, sterecisomer 10.5319 0.127
12. | Bicyclo[2.2.1]heptane-2-carboxylic  acid, 3,3-dimethyl-, | 10.7743 0.432

methyl ester
13. | (-)-Borneol acetate 11.3448 9.901
14. | Isobornyl acetate 11.4167 0.486
15. | (+)-Cyclosativene 11.6735 1.581
16. | a-Copaene 11.7625 1.135
17. | Aromadendrene, dehydro- 11.8576 0.800
18. | (-)-a-Gurjunene 12.1795 5.933
19. | Isoledene 12.2867 0.416
20. | o-Terpinene 12.4774 0.981
21. | a-Terpinyl propionate 12.5788 0.733
22. | 11-1sopropylidenetricyclo [4.3.1.1(2,5)] undec-3-en-10-one 12.777 1.100
23. | y-Amorphene 12.8705 0.253
24. | Rotundene 13.0146 1.922
25. | (+)-y-Gurjunene 13.0986 0.128
26. | 2,5-Dimethoxy-p-cymene 13.1438 0.387
27. | a-Gurjunene 13.1952 1.843
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28. | a.-Maaliene 13.2567 1.1539
29. | a.-Guaiene 13.4289 0.439
30. | - (+)-B-Selinene 13.5071 2.111
31. | Neoisolongifolene 13.5705 1.478
32. | 1,5-Cadinadiene 13.6717 0.254
33. | (+)-6-Cadinene 13.7702 2.592
34. | 7-epi-a-Selinene 13.8639 0.232
35. | Guaia-9,11-diene 13.9008 0.336
36. | a-Cadinene 14.0144 0.164
37. | ButylatedHydroxytoluene 14.2254 0.073
38. | 4-Isopropyl-1,6-dimethyl-1,2,3,4-tetrahydronaphthalene 14.3833 0.117
39. | 8-Guaiene 15.1142 0.1745
40. | (-)-Gleenol 15.2635 0.160
41. | Guaiol 15.5413 5.130
42. | Epicubenol 15.5887 0.567
43. | Naphthalene,1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1- 15.7431 0.286
methylethyl)-
44. | Aromadendrene, dehydro- 15.8081 0.822
45. | 1,1,7,7a-Tetramethyl-1a,2,6,7,7a,7b-hexahydro-1H- 15.8781 4.584
cyclopropa[a]naphthalene
46. | B-Guaiene 15.9268 0.218
47. | p-Maaliene 16.0107 9.983
48. | Clovene 16.1513 0.213
49. | Isolongifolenone 16.2447 0.450
50. | Alloaromadendrene 16.3179 12.905
51. | Bulnesol 16.4006 2.269
52. | Neoisolongifolene, 8,9-dehydro- 16.5045 5.185
53. | Aristolediene 16.6404 0.445
54. | 11,13-Dimethyl-12-tetradecen-1-ol acetate 16.9824 0.1238
55. | 3-Azepan-1-yl-benzol[d]isothiazole 1,1-dioxide 17.6125 0.109
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56. | Benzyl Benzoate 18.1853 4,101
57. | 4-(p-Methoxyphenylazo)-m-phenylenediamine 21.2837 0.264
58. | Acetonitrile,2-(2-aminophenylamino)- 25.4219 0.203

Table 19: Chemical compositions of essential oils from fruits of Z. chalybeum.

No Chemical compositions RT Area (%)

1. Sabenene 5.936 1.13

2. B-Thujene 6.109 0.50

3. -Myrcene 6.150 1.03

4. Tricyclo[5.3.0.0(3,9)]decane 6.737 82.40

5. B-Ocimene 7.123 0.60

6. Octanal 7.253 0.83

7. Linalool 8.818 0.25

8. Limonene oxide, trans- 9.224 2.17

9. Decanal 10.291 2.62

10. (x)-Dihydrocarvone 10.810 0.19

11. Cis-Carveol 10.983 0.23

12. 2-Undecanone 11.590 1.30

13. [-copaene 12.637 0.47

14. (-)-1sogermacrene D 12.866 0.11

15. trans-2-Dodecen-1-ol 13.017 0.25

16. Germacrene D 13.511 0.29

17. 2-Tridecanone 14.157 2.78

18. Phenol, 2,2'-methylenebis[6-(1,1-dimethylethyl)-4-methyl- | 17.433 2.40

Table 20: Chemical compositions of essential oils from fruits of V. dainelli.

No Chemical compositions RT Area (%)
1 D-Limonene 6.7272 0.97
2. (+)-a-Pinene 6.8432 1.08
3 Tricyclo[5.3.0.0(3,9)]decane 7.1348 69.86
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4. Neoalloocimene 8.5222 3.50
5. Cosmene 8.8047 0.30
6. o-Elemene 11.2605 0.72
7. B-Elemene 12.1817 0.90
8. -Copaene 12.4704 2.92
9. Caryophyllene 12.6389 5.85
10. e-Muurolene 13.0417 0.85
11. 1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z- 13.1359 0.44
12. Germacrene D 13.511 3.21
13. (2)-y-Bisabolene 13.5757 1.38
14. B-Cubebene 13.6717 0.61
15. 0-Cadinene 13.7711 0.39
16. 2-Tridecanone 14.1593 0.33
17. Cadina-3,5-diene 15.2963 0.28
18. 1-Cadinol 16.0085 0.19
19. a-Cadinol 16.2897 0.24
20. Phenol,2,2'-methylenebis[6-(1,1-dimethylethyl)-4- 17.4468 4.80
methyl-
4.2. Biological Activity

4.2.1. Cytotoxicity and Cell Cycle Analysis

4.2.1.1. Cytotoxicity Analysis

The cytotoxicity assay of five alkaloids (13, 17, 55, 67 and 245) isolated from V .dainelli and Z.
chalybeum were evaluated using the MTS assay against MDA-MB-231 and MCF-7 breast cancer
cell lines. The results revealed that the alkaloids induced a significant reduction of cell growth of
both breast cancer cell lines in a concentration-dependent manner. The 1Cso values for tested
alkaloids and positive control (doxorubicin) on MDA-MB-231 and MCF-7 cell lines are
presented in Table 21. Among the studied alkaloids chelerythrine (55) isolated from the root
extract of Z. chalybeum and evodiamine (245) from the fruit extract of V. dainelii showed the
highest potency and selectivity against the aggressive and metastatic MDA-MB-231 cell line at

low micromolar concentrations (ICso= 1.73 + 0.48 and 3.616+0.51 pM, respectively) with
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respect to doxorubicin (0.23 uM). They are also effective against MCF-7 breast cancer cell lines
while compared with standard doxorubicin. On other hand, dihydrochelyrithrine (67) displayed
higher activity against MDA-MB-231 cell at lower concentration (ICso= 24.14 £+ 5.24 pM)
compared to evoxanthine (17) and arbronine (7) (ICso= 55.99 + 12.17 and 69.30 £ 5.34 uM,
respectively). In contrast, evoxanthine (17) exhibited higher cytotoxicity against MCF-7 cell line
(ICs0= 17.44 = 0.87 uM) compared with its lipophilic analogue arbronine (13) (ICso= 40.63 +
2.30 pM), as well as chelerythrine (55) and evodiamine (245) (ICso= 22.47 £ 0.84 and 26.47 +
5.95 uM, respectively). Dihydrochelerithrine (67) displayed weak activity against MCF-7 cell
lines (ICso=109.11 + 11.46 puM) compared with respect to standard doxorubicin (0.23 uM).

Table 21: Cytotoxicity activity against breast cancer cell lines.

Compounds MDA-MB-231 MCF7
I1Cs0 (LM) I1Cs0 (LM)

17 55.99 + 12.17 17.44 + 0.87
13 69.30 £ 5.34 40.63 £2.30
245 1.73+£0.48 26.47 +5.95
55 3.616 £ 0.51 2247 +0.84
67 2414 +5.24 109.11 + 11.46
Doxorubicin 0.23 9.6

Values of 50% inhibitory concentration (ICso) are the average of three independent assays and
expressed as mean + standard error.

4.2.2. Cell cycle Analysis

In order to investigate the effect of studied five alkaloids (13, 17, 55, 67 and 245) on the cell
cycle of MDA-MB-231 and MCF-7 cell lines the DNA levels was measured after treatment. The
results showed that evodiamine (245) highly arrested the cells in the G2/M phase, especially in
the case of MCF7 cell line where almost all the cells were arrested at this checkpoint, whereas
studied acridones (17 and 13) showed slight influence on the cell cycle in both cell lines by
arresting some cells in the G2/M phase, preventing cells with damaged DNA from entering
mitosis (Figure 36). Chelerythrine (55) and dihydrochelerythrine (67) showed the influence on
the cell cycle in MDA-MB-231 cell line by arresting some cells in the G2/M phase, preventing
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cells with damaged DNA from entering mitosis. However, these alkaloids did not show

significant influence in MCF7 cells, which were mostly arrested in Go/G1 phase (Figure 37).
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Figure 36: Cell cycle histograms obtained from the untreated cell lines (control) and after

treatment of both cell lines with compounds at 1Cso concentrations (17) (56 uM in MDA-MB.-
231 and 17.4 uM in MCF7), (13) (69.3 uM in MDA-MB.-231 and 40.6 pM in MCF7) and (245)
(1.7 uM in MDA-MB.-231 and 26.5 uM in MCF7).
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Figure 37: Cell cycle histograms obtained from the untreated cell lines (control) and after
treatment of both cell lines with compounds (55) (3.6 uM in MDA-MB.-231 and 22.5 pM in
MCF7) and (67) (24.1 uM in MDA-MB.-231 and 109.1 uM in MCF7).

4.2.3. Antimicrobial Analysis

The antimicrobial activity (Table 22) of root extract of U. scheffleri and isolated compounds (13,
17, 55, 67, 98, 245, 248, 249, and 252) were tested in vitro against standard reference human
pathogenic bacterial strains: gram positive (S. aureus) and gram negative (E. coli) as well as a
fungal strain (C. albicans). The results showed chelerythrine (55), uvarindole-F (248), and
dichloromethane extract of U. scheffleri displayed potential antibacterial activity against S.
aureus (MIC 12.5, 6.25, and 12.5 pg/mL) respectively, compared with gentamicin (5 pg/mL
against S. aureus), and also compound (55) and compound (248) showed antifungal effect on C.
albicans (50 and 12.5 pg/mL, respectively) compared with fluconazole (8 pug/mL against C.
albicans). Evoxanthine (13), arbronine (17), evodiamine (245), isolated from V. dainelli
dihydrochelerythrine (67) from Z. chalybeum and uvaindole-C derivative (249) isolated from U.
sheffleri did not show any effect on both microorganisms. However, Lupeol (98) and suberosin
derivative (252) isolated from C. burgensis and E. schimperiana respectively showed weak
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antibacterial effect against both gram positive and gram negative bacterial strains, but were
inactive to fungal stain. The results of benzophenathridine alkaloids (55 and 67) are in
consistency with a previous reported study [209]. The antibacterial activity of dichloromethane
extract of U. sheffleri showed higher activity than uvarindole—F (248) which was isolated from
the same extract of U. sheffleri which might be accounted by synergic effects of compounds
within the extract or minor constituents which were not isolated by our study might be
responsible for the observed activity. Both extract and isolated compound (248) of root of U.
scheffleri, 55 from Z. chalybeum were observed to be effective against gram positive bacterial
strains only. The findings of this study support the traditional use of the root decoction of U.
scheffleri and Z. calybeum for the treatment of infectious diseases caused by gram-positive

bacteria strains such as pneumonia, asthma and sore throat [68, 79].

Table 22: Antimicrobial activity against selected microorganisms (MIC in pg/mL)

Compounds Staphylococcus aureus Escherichia coli Candida albicans
13 NE NE NE
17 NE NE NE
245 NE NE NE
55 12.5 pg/mL NE 50 pg/mL
67 NE NE > 400ug/mL
248 12.5 pg/mL NE 6.25 pg/mL
249 NE NE NE
98 >100 pg/mL >100 pg/mL NE
252 >100 pg/mL >100 pg/mL NE
UE 6.25 pg/mL NE 6.25 pg/mL
Gentamicin 5 5 ND
Fluconazole ND ND 8

UE, dichloromethane root extract of U. scheffleri, ND, not determined; NE. = no effect

4.2.4. Invitro Larvicidal Activity Essential Oils
The larvicidal activity of the essential oils were evaluated in vitro against Anisakis type I. The

results revealed that U. scheffleri essential oils displayed potential larvicidal activity in marinade
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solution against Anisakis type | at 0.1% concentration, the LTi00 was 12 h., at 0.5 and 1%
concentrations, was 7 h, whereas at high concentration 5%, was 5 h. The result showed the dose
dependent activity of essential oils with respect to time. At low concentration the mobility of the
larvae was decreased with respect to time, and died completely when the exposure time
increased (Table 23, Figure 38).

In the same way, Z. chalybeum essential oils displayed potential larvicidal activity at the lowest
concentrations, at 0.1% with 12 h, 0.5 and 1% with 7 h exposure time to achieve 100% mortality,
whereas at 5% concentration LT100 was 3 h. The average motility rate revealed that the larvicidal
activity is proportional to the concentration of the chemical constituents of the essential oil with

respect to time (Table 23, Figure 38).

Accordingly, V. dainelli essential oils revealed significant larvicidal activity at 1 and 5%, with
LTi00 of 7 h and 5 h, respectively, and the larvicidal activity of LTi00 observed at low
concentrations of 0.1 and 0.5% was 24 and 12 h respectively. The larval movement was
restricted as the concentration of essential oil increased. At the highest concentration 0f5%, the
larvae started to die within 4h, and completely died in 5h; the potential larvicidal activity of V.

dainelli essential oils revealed at high concentration with respect to time (Table 23, Figure 38).

The larvicidal capacity of the tested essential oils show the most effective essential oils at the
lowest concentration of 0.1% are that of U. scheflerri and Z. chalybeum, but only after 12 h.
Moreover, Z. chalybeum essential oil shows the most effective antiparasitic activity at the highest
concentration tested of 5% after 3 h of marinating. The larvicidal activity of essential oils is
related to the synergistic effects of the terpenes such as monoterpenes and sesquiterpenes
identified in the essential oils, in agreement with previous reports [27, 171], and the high activity

could be attributed to the damage caused to the cuticle and digestive apparatus of the parasite.

Furthermore, future studies should also include the mechanisms responsible for this larvicidal
activity. The increase of worldwide prevalence of anisakiasis and the lack of effective
pharmacological treatments as well as the effectiveness of tested essential oils against Anisakis

larvae suggest that the essential oils could be applied in the sea food marinating processes to
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prevent human anisakiasis. This initiative has interesting applications since marinated sea food
products are always kept in oil after the marination process and the potential use of marinade
solution enriched with essential oils of U. scheflerri, Z. chalybeum, and V. dainelli could
represent, according to our results, an alternative method for the inactivation of Anisakidae

larvae, but these results have to be supported by in vivo studies.

Table 23: LT100 (lethal time required to kill 200% of nematodes) and LT50 (lethal time required
to kill 50% of nematodes) of U. scheflerri, Z. chalybeum and V. dainelli essential oils.

Essential oil Concentrations LTso L T100
Uvaria scheflerri 5% - 5
1% 5 7
0.5% - 7
0.1% - 12
0% - -
Zanthoxylum chalybeum 5% - 3
1% 5 7
0.5% 5 7
0.1% 5 12
0% - -
Vepris dainelli 5% - 5
1% - 7
0.5% - 12
0.1% - 24
0% - -
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Figure 38: Viability score (%) of L3 larvae of Anisakis Type | in marinate solution with 0.1%,
0.5%, 1%, 5% of U. scheflerri, Z. chalybeum and V. dainelli essential oils (EOs) respectively.

Control larvae remained alive along the experiment.

4.2.5. Cytotoxicity Analysis of Essential Oils

Results of cell viability assay on VERO cell line revealed the level of cytotoxicity increased with
the increasing of concentrations or cytotoxic effects of each other in a concentration-dependent
manner (Figure 39). According to Ddll-Boscardin et al (2012) report, the cytotoxic level of
essential oils with the ICso values between 10-50 xg/mL represent a strong cytotoxic activity,
between 50-100, 100-200, and 200-300 wxg/mL indicate moderate, weak, and very weak
cytotoxic properties, respectively. Furthermore, 1Cso values higher than 300 xg/mL represent no
cytotoxicity [210]. Considering this comparison, the essential oils of U. sheffleri, Z. Chelybeum,
and V. dainelli demonstrated moderate cytotoxicty on VERO cell line, ICso Values of 65.46 *
0.48, 83.88 = 2.30, and 96.82+5.95 pg/mL, respectively. This result indicated that, using the
aforementioned EOs as a food preservative in marinating processes might be serve as anti
Anisakiasis type | considering their weak cytotoxic effect at lower concentration which was

possessed larvicidal properties.
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Figure 39: Effect of concentration on cytotoxicity of U. scheflerri (UEO), Z. chalybeum (ZEO)
and V. dainelli (VEO) essential oils respectively against VERO cells after 24 h incubation by
MTT assay.

4.3.  Computational Study of Isolated Compounds

4.3.1. Molecular Docking Analysis of Isolated Compounds

Molecular docking is an important method for understanding the bioactivity mechanism of
compounds by examining a ligand-protein interaction [211]. Thus, herein investigated the
interactions of fourteen isolated compounds (55, 62, 247, 67, 248-250, 98, and 252) with E.coli
DNA gyrase B and (244, 17, 13, 245, 9, 55, 62, 247, 67, 248-250, 98, and 252) human DNA
topoisomerase Ila, the target enzymes for antimicrobial and anticancer agents, respectively [212,
213].

4.3.1.1. Interactions of Isolated Compounds with Human DNA Topoisomerase lla.

The interactions of fourteen isolated compounds (9, 13, 17, 55, 62, 67, 98, 244, 245, 247-250 and
252) with human DNA topoisomerase Ilo, which enzyme is a target for many anticancer agents,
revealed minimum binding energy ranging from -5.9 to -6.3 kcal/mol. The binding affinity, H-bond
and residual interactions with human DNA topoisomerase Il a were presented in Table 24 and Figure
40. Acridones (13, 17, and 244) and indolequinozoline alkaloid (245) isolated from V. dainelli

showed better binding affinity (-5.9, -6.0, -6.0 and -6.3 kcal/mol), respectively. Among them
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evodimine (245) displayed appreciable minimum binding energy (-6.3 kcal/mol) and DNA
interactions profile with amino acid residues Asp-479, Ser-480, Glu-477, Ala-481, Arg-503, Gly-
478, Gly-504 and nucleic acid residues DT-8, DT-9, DG-10, DG-12 and DG-13 compared to
vosaroxin (-6.2 kcal/mol). Arborinine (13) and norevoxanthine (244) displayed moderate binding
affinity but similar amino acid and DNA binding patterns within the binding pocket compared to
vosaroxin. In the same study, benzophenanthridine alkaloids (55, 62, 67 and 247) isolated from the
root extract of Z. chalybeum showed strong binding affinity ranged from -6.1 to -6.6 kcal/mol
compared with standard vosaroxin (-6.2 kcal/mol). Chelerythrine (55) and dihydrochelerythrine
(67) showed higher binding affinity (-6.4 and -6.3 kcal/mol), similar residual and DNA
interaction profile with amino acid residues Asp-479, Ser-480, Glu-477, Ala-481, Arg-503, Gly-
478, Gly-504 and nucleic acid residues DT-8, DT-9, DG-10, DG-12 and DG-13 compared to
vosaroxin (- 6.2 kcal/mol). Furthermore, compounds 248 and 249 isolated from U. shaffleri,
compounds 250 and 98 which were isolated from C. bugenisis and compound 252 isolated from E.
schimperiana showed moderate binding affinity, -5.4 and -5.9 kcal/mol, similar residual Asp-479
and nucleic acid residues DC-8, DT-9 and DG-10, compared to vosaroxin (-6.2 kcal/mol). The
docking study results- proved that compounds 13, 17, 55, 67 and 247 could act as DNA
topoisomerase lla inhibitors. Topoisomerase Ilo is an enzyme essential for DNA replication,
chromosome condensation and chromosome segregation. Inhibitors of topoisomerase Ilo are
important drugs used in the therapy of many neoplasms including breast cancer, lung cancer,
testicular cancer, lymphomas and sarcomas. Hence, our finding suggest that the aforementioned

compounds could serve as potential anticancer agents.
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Table 24: Molecular docking scores and residual amino acid interactions of isolated compounds

against human DNA topoisomerase II a.

Ligands Affinity H-bond DNA Residual interactions
(kcal/mol) Hydrophobic/Pi- | Van dar Waals
Cation
244 -6.0 Ser-480 DC-8, DT-9, Asp-497, Arg-503 | Glu-477, Gly-
DG-10 478, Ala-481
Asp-479, Glu-
17 ~-5.9 . DC-8,Dt-9 | Arg-503, Asp-557 | 477, Gly-478,
Gly-504
12 60 Asp-479, DC-8, DT-9, Gly-477, Gly- Asp-557, Gly-
' Ser-480 DG-10 478, Arg-503 504
DT-8, DT-9, Asp-479. Arg-
245 -6.3 Tyr-821 Gly-504
DG-10, DG-13 503, Gly-478
Asp-479, Glu-
DT-8, DT-9, 477, Ser-480,
9 -59 -- Arg-503,
DG-13 Gly-504, Ala-
481, Asp-557
DC-8, DT-9,
Asp-479, Glu-477, Gly-
55 -6.4 DG-10, DG-13, Arg-503
Ser-480 478, Gly-504
DC-14
62 -6.2 Asp-479 DT-9, DG-10, | Ser-480, Arg-503, Glu-477
DG-12 Gly-478, Asp-557
247 ~-6.1 Ser-480 DT-8, DT-9, Asp-479, Arg- Gly-478
DG-10, DA-13, 503, Glu-477,
DG-14 Thr-821, Asp-557
67 -6.3 Asp-479 DC-8, DT-9, Arg-503 Ser-480, Gly-
DG-10, DG-13, 478
DC-14
248 -5.4 Ser-480, DC-8, DT-9, Tyr-821 Asp-479, Gly-
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Glu-477, DG-10 478, Ala-481,
Asp-577 Gly-776
249 Gly-478, Tyr-
Glu-477 DC-8, DT-9
821, Asp-557
250 Asp-557, Glu-
GIn-778, DG-7, DC-8,
477, Asp-559,
Tyr-821 DT-9, DG-10 )
His-774
98 Ala-779, Arg-
DG-7, DC-8, 503, Asp-479,
DT-9, DG-10 Glu-477, Asp-
561
252 Ser-480, DC-8, DT-9, Glu-477, Gly-
Asp-479 DG-10 478, Asp-557
Vosaroxin Asp-479, DT-8, DT-9, Gly-478, Gly-
Ser-480, | DG-10, DA-12, 504
Glu-477, DG-13
Ala-481,
Arg-503

DA= Deoxyadenosine, DG= Deoxyguanosine, DT= Deoxythymidine, and DC = Deoxycytosine

ARG ' A:478
A:S503

244
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Figure 40: The 2D and 3D binding interactions of isolated compound (9, 13, 17, 55, 62, 67, 98,
244, 245, 247-250 and 252) and standard vosaroxin against human topoisomerase II o (PDB ID:
3QX3) respectively. Hydrogen bonds between compounds and amino acids are shown as green

dash lines, hydrophobic interaction is shown as pink lines.

4.3.1.2. Interactions of isolated compounds with E.coli DNA gyrase B
Fourteen isolated compounds (55, 62, 247, 67, 98, 248-250, and 252) were investigated herein for

their interaction with E.coli DNA gyrase B, which enzyme is a potential target in study mode of
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action to antibacterial agents [214]. The results obtained from the molecular docking
demonstrated that all isolated compounds have showed binding affinity for target protein E.coli
DNA gyrase B when compared with ciprofloxacin. The binding affinity, H-bond and residual
interactions with E.coli DNA gyrase B are presented in Table 25 and Figure 41.

Benzophenanthridine alkaloids, the binding affinity ranging from -6.5 to -7.5 kcal/mol. Among
them, compounds (55), (247), and (67) showed hydrogen bond interaction with active site amino
acid residue Asn-46 at a distance of 1.5A°. However, compound (62) does not form a hydrogen
bond with any amino acid within the binding pocket. The hydrophobic interactions were
observed for chelerythrine (55) with lle-78, Pro-79, Val-43 amino acids, (62) with Arg-76, Asn-
46, Glu-50, lle-78, and Pro-79, (247) with lle-78, Pro-79, and Thr-165, and (67) with lle-78, Pro-
79, Val-43, and Thr-165, suggesting the compounds may act as potential inhibitors of DNA
gyrase B enzyme. In the same way compound (248-250, 98, and 252), compound (235) which is
isolated from Uvaria schefflerri have showed high minimum binding affinity (7.2 kcal/mol) to
the docked protein. The rest other compounds (249, 250, 98 and 252) were showed moderate
binding affinity (-6.0 to -6.9 kcal/mol) with respect to standard ciprofloxacin (7.2 kcal/mol).

Their hydrophobic interactions were indicated in Table 25.

From the docked ligands, chelerythrine (55) and dihydrochelerythrine (67), and Uvarindole-F
(248) showed comparable binding affinity and amino acid interactions with the value ranged
from 7.2-7.7 kcal/mol comparable to ciprofloxacin (-7.2 kcal/mol). The docking data supported
by in vitro experimental study for Chelerythrine (55) and Uvaridole-F (248) showed a potential
antibacterial effect against S. aurues suggesting that these compounds can be considered as lead drug
candidates against human pathogenic microorganism.
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Table 25: Molecular docking scores and residual amino acid interactions of isolated compounds
against E.coli DNA gyrase B (PDB ID: 6F86).

Residual interactions

Ligand Affinity —
H-bond Hydrophobic/Pi-
(kcal/mol) _ Van der Waals
Cation
lle-78, Pro-79, Val- |Asp-73, Ala-47, Arg-76, Gly-
55 -1.4 Asn-46
43 77, Thr-165, Val-167
Arg-76, Asn-46, Glu-
62 6.8 -- Asp-73, Ala-47, Thr-165
50, lle-78, Pro-79
lle-78, Pro-79, Thr- |Asp-73, Ala-47, Gly-77, Glu-
247 —6.5 Asn-46
165 50, lle-94
lle-78, Pro-79, Val- |Asp-73, Ala-47, Glu-50, Gly-
67 —7.5 Asn-46
43, Thr-165 77, Val-167
Ala-47, Asp-49, lle-78, Arg-
98 -6.6 Asn-46, Glu-50 Pro-79
76, Gly-77
Ala-53, Glu-50, Ile-
248 -7.3 Asn-46 Asp-73, Gly-77, Val-120
78, lle-94
249 -6.2 Arg-76, Glu-50 (lle-78, Pro-79, lle-94|  Asp-73, Asn-46, Gly-77
Asp-49, Val-43, Val-
Asp-73, Thr-165, Glu-50,
250 -6.0 Asn-46 71, Val-167, lle-78,
Gly-77, Pro-79
lle-94
Val-43, lle-78, lle- |Glu-50, Gly-77, Val-71, Asn-
252 -6.9  |Asp-73, Thr-165
167 46, Ala-47
) ) Asp-73, Arg-76,| Asn-46, lle-78, Glu-
Ciprofloxacinf -7.2 Ala-47, Pro-79
Thr-165 50, Gly-77
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4.3.2. In-Silico Pharmacokinetics (Drug-likeness) and Toxicity analysis

The chemical structures of the isolated compounds (9, 13, 17, 55, 62, 67, 98, 244, 245, 247-250
and 252) were converted to their canonical simplified molecular input line entry system (SMILE)
and submitted to SwissADME tool to estimate in-silico pharmacokinetic parameters (drug
likeness properties) according to ‘Lipinski’s rule of five’. It denotes that the drugs and/or
candidates should obey rule of five parameters such as less than 5 hydrogen-bond donors
(HBDs), less than 10 hydrogen-bond acceptors (HBAS), a molecular mass less than 500 Da, log
P not greater than 5, and total polar surface area (TPSA) should not be > 140 A [176] Drug-
likeness is a prediction that screens whether a particular organic molecule has properties
consistent with being an orally active drug Lipinski, et al., (1997)[176]. In the present studies the
SwissADME prediction revealed, all the studied compounds did not violate any of the Lipinski's
rule of five and are likely to be orally active (Table 26), except compound (250). The hydrogen
bonding potential and bioavailability of molecules closely correlated to TPSA value. TPSA of
the studied compounds was noticed in the range of 20.23 — 82.69 °A and is well below the limit
of 160 °A. The number of rotatable bonds (NRB) measured the conformational stability of
molecules [215]. All calculated values for the isolated compounds are less than 10, so these

compounds are conformationally stable [211].

4.3.3. ADMET Properties

The ADMET of isolated compounds (9, 13, 17, 55, 62, 67, 98, 244, 245, 247-250 and 252) were
predicted using Swiss ADMET, which includes drug absorption, distribution, metabolism,
excretion and toxicity. The skin permeability value (Kp) in cm/s denotes the skin absorption of
molecules. The more positive the value of logKp the higher the skin absorption. The skin
permeability, Kp, values of studied alkaloids ranged -1.90 to —6.97 cm/s indicating low skin
permeability, are within the range of broad spectrum antibiotic ciprofloxin (-9.09 cm/s) and
under the clinical trial anticancer agent vosoroxin (-9.43 cm/s). Additionally, gastrointestinal
(GI) and blood brain barrier (BBB) permeation indicates the absorption and distribution of drug
molecules [211, 217]. The in-silico predication results of absorption, distribution, metabolism,
and excretion (ADME) of studied alkaloids are presented in Table 27. The Swiss ADME
prediction parameters revealed all isolated compounds except (250 and 98) have high

gastrointestinal (GI) absorption and blood brain barrier (BBB) permeation. As per previous
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reports, a range of cytochromes (CYP’s) regulates the drug metabolism, in which CYP1AZ2,
CYP2C19, CYP2C9, CYP2D6 and CYP3A4 are vital for biotransformation of drug molecules
[216]. In this regard, our findings revealed that acridone alkaloids (244, 17 and 13) inhibited all
cytochromes except CYP2C19. Evodiamine (245) inhibited cytochromes except CYP2C9 and is
substrate of permeability glycoprotein (P-gp). However, among studied quinolone alkaloids (3)
inhibited only CYP2C19 and CYP2C9. In similar study, the SwissADME prediction of
benzophenathrides (55, 62, 67, and 247) showed that inhibited all cytochromes and substrate of
permeability glycoprotein (P-gp). However, dihyrochelerythrine (67), do not inhibited CYP2D6.
Regarding to compound (98, 248-250 and 252), compound (249) inhibited all cytochromes
except CYP2C9 and substrate of permeability glycoprotein (P-gp). Compound (248) inhibited
cytochromes CYP2C19 and CYP2D6, (250) inhibited CYP2C9 and CYP3A4, whereas
compound (252) inhibited CYP1A2, CYP2C19, CYP2C9, and CYP2D6 but both of them are not
substrate of permeability glycoprotein (P-gp). However, compound (98) neither cytochromes
inhibitor nor a substrate of permeability glycoprotein (P-gp). The toxicological prediction gives
results of endpoints such as hepatotoxicity, carcinogenicity, mutagenicity, and cytotoxicity.
Acute toxicity prediction results, such as toxicity class classification and LDso values, predict that
none of the isolated compounds has acute toxicity. The studied compounds were predicted to be
non-carcinogenic and non-irritant. However, all compounds have shown hepatotoxicity and
mutagenicity. Pre-ADMET and OSIRIS property explorer prediction analysis have shown in
Table 28. Hence, based on ADMET prediction analysis, the isolated compounds (9, 13, 17, 55,
62, 67, 98, 244, 245, 247-250 and 252) may be the good candidates in this investigation.

Table 26: Drug-likeness predictions of isolated compounds (9, 13, 17, 55, 62, 67, 98, 244, 245,
247-250 and 252), computed by SwissADME.

Alkaloids Mol. Wt. (g/mol) | NHD | NHA | NRB | TPSA (A™) | LogP (cLogP)
244 269.25 1 4 0 60.69 2.5
13 283.28 0 4 1 49.69 2.61
17 287.31 1 4 2 59.00 2.35
245 303.36 1 1 0 39.34 2.25
9 325.40 0 3 3 40.46 3.86
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55 365.38 1 5 2 60.39 3.35

62 379.41 0 5 3 49.39 3.76

247 349.38 0 4 2 40.16 3.59

67 348.37 0 4 2 40.8 0.22

248 449.5 6 4 3 82.69 3.29
249 343.42 4 2 2 45.39 2.79
250 418.61 18 4 0 52.6 5.23

98 426.72 1 1 1 20.23 4.89
252 246.3 4 3 0 39.44 3.12
Vosaroxin 401.45 2 9 5 136.13 0.963

All studied compounds obeyed Lipinski’s rule of Five

NHD = Number of Hydrogen donor, NHA = Number of Hydrogen acceptor, NRB = Number of

rotatable bonds, and TPSA = total polar surface area

Table 27: ADME predictions of isolated compounds (9, 13, 17, 55, 62, 67, 98, 244, 245, 247-250
and 252), computed by SwissADME and PreADMET.

isolated | log Gl BBR p-gp Inhibitor Interaction
compou | Kp Ab?O Permeabi | substr | CYP1 | CYP2C | CYP2 | CYP2 | CYP3
nds cm/s rp:o lity ate A2 19 C9 D6 Ad
244 -5.73 | High Yes No Yes No Yes Yes Yes
17 -5.97 | High Yes No Yes No Yes Yes Yes
13 -6.97 | High Yes No Yes No No No No
245 -5.95 | High Yes Yes Yes Yes No Yes Yes
9 -5.70 | High Yes No No Yes Yes No No
55 -5.9 | High Yes Yes Yes Yes Yes Yes Yes
62 -5.61 | High Yes Yes Yes Yes Yes Yes Yes
247 -5.41 | High Yes Yes Yes Yes Yes Yes Yes
67 -5.17 | High Yes Yes Yes Yes Yes No Yes
248 -4.3 | High No No No Yes No Yes No
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249 -4.72 | High Yes Yes Yes Yes No Yes Yes

250 -2.8 | Low No No No No Yes No Yes

98 -1.9 | Low No No No No No No No

251 -4.96 | High Yes No Yes Yes Yes Yes No

Vosarox | -8.98 | High No Yes Yes No No No No
in

LogKp = Skin permeation value, GI = Gastro-Intestinal, BBB = Blood Brain Barrier, P-gp = P

glycoprotein, CYP = Cytochrome-P

Table 28: Predication of Toxicity of isolated compounds (244, 17, 13, 245, 9, 55, 62, 247, 67,
248-250, 98, and 252) computed by Pre-ADMET and OSIRIS Property Explorer.

Isolated LDso | Toxicity Organ Toxicity
compounds | (mol/kg) | Class | Hepatoto | Carcinog | Cytotoxic | Mutage | Irritant
xicity enicity ity nicity

244 2.618 3 Yes No No Yes No
17 2.507 3 Yes No No Yes No
13 2.653 3 Yes No No Yes No
245 2.697 2 Yes No No Yes No
9 3.083 3 Yes No Yes Yes No
55 2.557 3 Yes No Yes Yes No
62 2.502 3 Yes No Yes Yes No
247 2.678 3 Yes No No Yes No
67 2.678 3 Yes No No Yes No
248 2.000 4 Inactive Inactive Inactive Inactive | Inactive
249 1.600 4 Inactive Inactive Inactive Inactive | Inactive
250 1.340 4 Inactive Active Inactive Inactive | Inactive
98 2.000 4 Inactive Inactive Active Inactive | Inactive
251 3.200 4 Inactive Inactive Active Inactive | Inactive

Vosaroxin | 2.188 4 Yes No No Yes No
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4.3.4. DFT analysis

DFT (density functional theory) study is an important approach to explore the relationship between
geometry and electronic properties of chemical compounds [215]. Therefore, we report herein DFT
calculation with the basis sets B3LYP/6-31 G (d,p) involving optimized geometries (Figure 42),
molecular electrostatic potential (MEP), Mullikan’s atomic charges, highest occupied molecular
orbital (HOMO), lowest unoccupied molecular orbital (LUMO) and energy gap for fourteen isolated
compounds from selected Ethiopian medicinal plants (244, 17, 13, 245, 9, 55, 62, 247, 67, 248-250,
98 and 252). The determination of the MEP region is the best fit for identifying sites for intra- and
inter-molecular interactions (Figure 43). Red/Yellow regions indicate negative electrostatic potentials
and the blue region shows positive, and green color designates neutral potential region. The
Mullikan’s atomic charges (Figure 44) of DFT calculation revealed a charge distribution in
individual atoms, the charges on carbon atoms were exhibited either positive or negative value. All
hydrogen atoms were displayed a net positive charge and act as acceptor atoms. In addition, all
oxygen atoms of the optimized compound were shown to have negative charge, which act as donor
atoms. The HOMO, LUMO and energy gap (AE) of isolated compounds are presented in table 29.
The results revealed that all studied compounds showed the least energy gap (AE) suggesting that
high chemical reactivity and considerable intramolecular charge transfer from electron donor
(HOMO) to electron acceptor (LUMO) groups. Additionally, all studied compounds have large
electronegativity (xeV), global softness (o eV?), and global electrophilicity (weV) (Table 29). Based

on the results isolated compounds have better bioactivity.
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Figure 42: The optimized structures of isolated compounds
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Figure 43: Molecular electrostatic potential surface of isolated compounds
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Figure 44: The DFT calculated Mulliken’s atomic charges of isolated compounds.
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Table 29: The various quantum chemical parameters of isolated compounds.

Energy | Electron Global Global Global

NO =HuMO ELumo Gap egativity | Hardness | Softness | Electrophilicity

(eV) (eV)

AE (eV) | % (eV) n (eV) o (eV?) o (eV)
244 | -0.1913 -0.0591 | 0.1322 0.1252 0.0661 15.1274 0.1186
13 -0.1895 -0.0397 | 0.1498 0.1146 0.0749 13.3475 0.0876
17 | -0.1882 | -0.0562 | 0.1320 0.1222 0.0660 15.1469 0.1132
245 | -0.1960 -0.0266 | 0.1693 0.1113 0.0846 11.8070 0.0731
9 -0.1987 -0.0071 | 0.1916 0.1029 0.0558 10.4384 0.0553
55 | -0.1880 | -0.0326 | 0.1554 0.1103 0.0777 12.8667 0.0783
62 -0.1751 -0.0287 | 0.1464 0.1019 0.0732 13.6602 0.0710
247 | -0.1851 -0.0309 | 0.1542 0.1080 0.0771 12.9676 0.0756
67 | -0.1196 | -0.0359 | 0.0837 0.0778 0.0418 23.8891 0.0723
248 | -0.2037 -0.0544 | 0.1493 0.1290 0.0746 13.3931 0.1115
249 | -0.1788 -0.0009 | 0.1778 0.0899 0.0889 11.2441 0.0454
250 | -0.2565 | -0.0560 | 0.2005 0.1563 0.1002 9.9740 0.1218
98 -0.2336 0.0313 0.2649 0.1011 0.1325 7.5474 0.0385
252 | -0.2171 -0.0582 | 0.1588 0.1377 0.0794 12.5881 0.1193
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5.
5.1.

CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS

Conclusions
From the roots and fruits extract of V. dainelli eight compounds such as N-methyl-8-(3",3"-
dimethylallyloxy)-findersine (9), arborinine (13), evoxanthine (17), kokusaginine (51),
skimmianine (25), Norevoxanthine (244) evodiamine (245) and tetrahydropyranyl Octadeca-
9, 12-dienoate (246) were reported herein for the first time of which evoxanthine (17),
arborinine (13) and evodiamine (245) exhibited a cytotoxic effect against the estrogen-
responsive MCF-7 and the estrogen-unresponsive MDA-MB-231 human breast cancer cell
lines by MTS assay, also supported by computational analysis against human topoisomerase
ITa, indicating that these compounds could be a drug candidate for the treatment of human

breast cancer.

The root extract of Z. chalybeum afforded four benzophenanthridine alkaloids such as
chelerythrine (55), 6-hyroxydihydrochelerythrine (62), dihyrochelerythrine (67), and 6-
methoxydihyrochelerythrine (247) of which 6-hyroxydihydrochelerythrine (62) and 6-
methoxydihyrochelerythrine (247) are isolated herein for the first time from this plant.
Chelerythrine (55) and dihydrochelerythrine (67) induced a significant reduction of cell
growth of MDA-MB-231 and MCF-7 breast cancer cell lines in a dose-dependent manner.
Chelerythrine (55) showed the highest potency and selectivity against the aggressive and
metastatic MDA-MB-231 cell line at low micromolar concentrations compared to
dihydrochelerythrine (67) which displayed selectivity at higher concentration. Antimicrobial
effects of chelerythrine (55) showed promising result against S. aureus and C. albinais at
lower concentration. Therefore, chelerythrine (55), suggesting a potential lead compound
against infectious diseases and human breast cancer cells.

The root extract of U. scheffleri afforded two new uvrindole-F and G (248 and 249), along
with known dihydrochalcone uvaretin (112). Dichloromethane extract and uvrindole-F (248)
showed potential antibacterial activity against S. aureus (ICso = 6.125 and 12.5 pg/mL)

compared with Gentamicin (5 pg/mL against S. aureus) whereas uvrindole-F (248) also
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5.2.

showed antifungal activity against C. albicans (ICso = 12.25 pg/mL) compared with
fluconazole (2.5 pg/mL against C. albicans), therefore, uvrindole-F (248) suggesting a lead
compound against infectious diseases caused by microorganisms.

Silica gel column separation of root of C. burgensis afforded three compounds such as lupeol
(98), bis(2-ethylheptyl) phthalate (250) and stearic acid (251) for the first time from the
species. Lupeol (98) was evaluated for antimicrobial activity against S. aureus and E. coli
and C. albicans, showed weak antimicrobial activity.

Phytochemical analysis on the roots of E. schimperiana afforded eight compounds such as
pernylated coumarin (252), compounds (254-260)) for the first time from the species.
Perynlated coumarin 252 displayed weak antimicrobial activity against S. aureus and E. coli.
Hydrodistillation of roots of U. scheffleri and fruit of V. dainelli and Z. chalybum provided
58 (97.63%), 20 (98.8%) and 18 (99.5%) chemical constituents. Essential oils showed
moderate toxicity and potential larvicidal activity against anisakis L. Thus results obtained
suggest that the studied essential oils could serve as larvicidal agents in treating human
anisakidosis. The observed weak cytotoxicity at low concentrations points out the possibility
of developing effective and safe botanical larvicides.

The results obtained from molecular docking, drug-likeness properties, ADMET analysis and
the DFT calculation are in a good agreement with those obtained from experimental studies
of Vepris dainelli, Zanthoxylum chalybeum and Uvaria scheffleri compounds suggesting the
potential use of the isolated compounds as medicine which corroborate with the claimed

traditional uses of these plants.

Recommendations
In vivo studies against animal models for those active compounds arborinine (13),
evoxanthine (17), chelerithrine (55), evodiamine (245) and uvarindole -F (248) should be
carried out to determine their bioactivity.
The alkaloids (13, 17, 55, 67 and 245) should evaluate for their toxicity with normal cell line

in different concentration to determine their toxicity level.
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Cytotoxicity of alkaloids (13, 17, 55, 67 and 245) of the genus Vepris and Zanthoxylum and
their structure-activity relationship should further studied for providing potential lead drugs
with low cytoxicity against human breast cancer.

Uvaria scheffleri crude extracts are more active than the pure compounds (248 and 249)
against S. aureus. It is therefore interesting to find out if there is synergy between the isolated
compounds or other more active compounds which should be isolated and identified.

Future studies need to be done on a combination of the compounds isolated from these plants
with standard first line drugs in vitro and in vivo. Likewise, in vivo cytotoxicity study of
combination Vepris and Zanthoxylum should be done along with existing first line drugs.
Synthetic derivatives of alkaloids (13, 17, 55, 67 and 245) of the Vepris and Zanthoxylum
should be synthesized and conduct structure-activity relationship in search for lead drugs

with low cytoxicity against human breast cancer.
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APPENDIXES
Appendix 1A: 'H NMR spectrum of norevoxanthine (244), CDC1s, 500 MHz
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Appendix 1B: C NMR spectrum of norevoxanthine (244), CDC13, 125 MHz
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Appendix 1C: DPT-135 spectrum of norevoxanthine (244), CDC1s, 125 MHz
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Appendix D: HSQC spectrum of Norevoxanthine (244), CDC13, 125 MHz
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Appendix 2A: *H NMR spectrum of evoxanthine (17), CDC1s/MeOD, 300 MHz
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Appendix 2B: 3C NMR spectrum of evoxanthine (17), 75 MHz in CDC13/MeOD, 300 MHz
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Appendix 3A: *H NMR spectrum of arborinin (13), CDC13, 300 MHz
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Appendix 3B:**C NMR spectrum of arborinin (13), CDC1s, 75 MHz
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Appendix 4A:1H NMR spectrum of evodiamine (245), 300 MHz, DMSO-ds
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Appendix 4B: 13C NMR spectrum of evodiamine (245), 75 MHz, in CDC13/MeOD
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Appendix 4C: DPT-135 spectrum of evodiamine (245), 75 MHz, in CDC13/MeOD
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Appendix 4D: COSY spectrum of evodiamine (245), 300 MHz, DMSO-ds
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Appendix 4E: HSQC spectrum of evodiamine (245)

k| ] _L'i_ I

i
aw
L]
. @
1 »
o o
 — "
a
L]
—
= ' 1
A L]
3 X
1 L]
-a
RE RO 0 F ) a 15 Y IEET ]
12 {apm)

168



Appendix 4F:

T

b

HMBC spectrum of evodiamine (245)
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Appendix 5A: 1H NMR spectrum of N-methyl-8-(3", 3"-dimethylallyloxy)-findersine (9),
CDC13, 300 MHz
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Appendix 5B: 13C NMR spectrum of N-methyl-8-(3", 3"-dimethylallyloxy)-findersine (9),
CDC13, 75 MHz
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Appendix 5C: DPT-135 spectrum of N-methyl-8-(3", 3"-dimethylallyloxy)-findersine (9),
CDC13, 300 MHz
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Appendix 5D: COSY spectrum of N-methyl-8-(3", 3"-dimethylallyloxy)-findersine (9), CDC13,
300 MHz
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Appendix 5E: HSQC spectrum of N-methyl-8-(3", 3"-dimethylallyloxy)-findersine (9), CDCl1s,

300MHz
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Appendix 5F: HMBC spectrum of N-methyl-8-(3", 3"-dimethylallyloxy)-findersine (9)
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Appendix 6A: 'THNMR Kokusaginine (51) and skimmianine (25), CDC1s, 300 MHz
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Appendix 6B: 3 CNMR Kokusaginine (51) and skimmianine (25), CDC1s, 300 MHz.

Mov13-2019.10.fid
ba2203
cl3cpdc CDCI3 fopt BALLE 1

2800

77.20
61.45
60.56
58.76
5B.64
-56.55
55.85
55.80
153,33
33.67
3161
27.05

2249

— 953
28,04
1395

/
I

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

T T T T T T T T T T

T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -0 -20
f1 (ppm)

177



Appendix 6C: Dept-135 spectra of Kokusaginine (51) and skimmianine (25), CDC13, 300 MHz.
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Appendix 6D: Cosy Spectra of Kokusaginine (51) and skimmianine (25)
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Appendix 6E: HSQC spectra of Kokusaginine (51) and skimmianine (25).
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Appendix 6F: tHMBC spectra of Kokusaginine (51) and skimmianine (25)
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Appendix 7A: HRMS of tetrahydropyranyl Octadeca-9,12-dienoate (246)
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Appendix 7B: IHNMR spectrum of tetrahydropyranyl octadeca-9,12-dienoate (246), CDCl13s,
300 MHz
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Appendix 7C: 13C NMR spectrum of tetrahydropyranyl octadeca-9,12-dienoate (246), CDC13,
75 MHz
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Appendix 7D: DEPT-135 spectrum of tetrahydropyranyl Octadeca-9,12-dienoate (246), CDC13,
300 MHz
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Appendix 8A: 1H NMR spectrum

of chelerythrine (55), DMSO, 300 MHz
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Appendix 8B: 13C NMR spectrum of chelerythrine (55), DMSO, 75 MHz
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Appendix 8C: DEPT-135 spectrum of chelerythrine (55), DMSO 75 MHz
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Appendix 8D: HSQC spectrum of chelerythrine (55)
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Appendix 9A: 1H NMR spectrum of 6-hydroxydihydrochelerythrine (62), CDC13, 300 MHz
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Appendix 9B: 13C NMR spectrum of 6-hydroxydihydrochelerythrine (62), CDC13, 75 MHz

B SR DAY

191

L&an

L san

]



Appendix 9C: DEPT-135 spectrum of 6-hydroxydihydrochelerythrine (62), CDC13, 75 MHz
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Appendix 10A: 1H NMR spectrum of 6-methoxydihydrochelerythrine (247), CDC13, 300 MHz
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Appendix 10B: 13C NMR spectrum of 6-methoxydihydrochelerythrine (247), CDC1s, 75 MHz
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Appendix 10C: DEPT-135 spectrum of 6-methoxydihydrochelerythrine (247), CDC1s, 75 MHz
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Appendix 10D: HSQC spectrum of 6-methoxydihydrochelerythrine (247)

10

20

[-30

[-50

60

(70

80

a0

r1o0

110

ri20

130

140

150

L} &
.
o ®
. -
T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f2 (ppm)

196

fl (ppm)



|

¥y My

X

197

£

ann



Appendix 11B : 13C NMR spectrum of dihydrochelerythrine (67), CDC13, 75 MHz
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Appendix 11C: DEPT-135 spectrum of dihydrochelerythrine (67), CDC1s, 75MHz
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Appendix 12A: HRMS spectrum of u uvarindole-F (248)
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Appendix 12B: 1H NMR spectrum of uvarindole-F (248), CDC13, 500 MHz
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Appendix 12C: 13C NMR spectrum of uvarindole-F (248), CDC13, 125MHz
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Appendix 12E: COSY spectrum of uvarindole-F (248)
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Appendix 12F: HSQC spectrum of uvarindole-F (248)
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Appendix 12G: HMBC spectrum of uvarindole-F (248)
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Appendix 13A: HRMS spectrum of uvarindole-G (249)
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Appendix 13B: *H NMR spectrum of uvarindole-G (249), CDC13, 500 MHz
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Appendix 13C: 3 CNMR spectrum of uvarindole-G (249), CDC1s, 125 MHz
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Appendix 13D: DEPT-135 spectrum of uvarindole-G (249), CDC13, 125 MHz
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Appendix 13E:

;

DEPT-135 spectrum of uvarindole-G (249), CDC13, 300 MHz
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Appendix 13F: HSQC spectrum of uvarindole-G (249)
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Appendix 13G: HMBC spectrum of uvarindole-G (249)
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Appendix 14A: *H NMR spectrum of Uvaretin (112), CDC13, 300 MHz
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Appendix 14B: 3CH NMR spectrum of Uvaretin (112), CDC13, 75 MHz
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Appendix 14C: Dept-135 NMR spectrum of Uvaretin (112), CDC1a.
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Appendix 15A:HRMS spectrum of bis(2-ethylheptyl) phthalate (250)
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Appendix 15B: *H NMR spectrum of bis(2-ethylheptyl) phthalate (250), CDC13, 300 MHz
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Appendix 15C: 3C NMR spectrum of bis(2-ethylheptyl) phthalate (250), CDC1s, 75 MHz
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Appendix 15D: DEPT-135 spectrum of bis(2-ethylheptyl) phthalate (250), CDC13, 75 MHz
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Appendix 15E: COSY spectrum of bis(2-ethylheptyl) phthalate (250)
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Appendix 15F:HSQC spectrum of bis(2-ethylheptyl) phthalate (250)
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Appendix 15G: HMBC spectrum of bis(2-ethylheptyl) phthalate (250)
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Appendix 16A: IR spectrum of lupeol (98)
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Appendix 16B: *H NMR spectrum of lupeol (98), CDC13, 300 MHz
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Appendix 16C: 13C NMR spectrum of lupeol (98), CDC13, 75 MHz
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Appendix 16D: DEPT-135 spectrum of lupeol (98), CDC13, 75 MHz
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Appendix 17A: *H NMR spectrum of Linoleic acid fatty acid (251), CDC13, 300 MHz
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Appendix 17B: 3C NMR spectrum of Linoleic acid fatty acid (251), CDC1s, 75 MHz
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Appendix 17C: DEPT-135 spectrum of Linoleic acid fatty acid (251), CDC13s, 75 MHz
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Appendix 18A: IR spectrum of suberosin derivative (252)
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Appendix 18B: *H NMR spectrum of suberosin derivative (252), CDC13, 300 MHz
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Appendix 18C: 3C NMR spectrum of suberosin derivative (252), CDC1s, 75 MHz
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Appendix 18D: Dept-135 spectrum of suberosin derivative (252), CDC13s, 75 MHz
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Appendix 19A: *H NMR spectrum of glycosylmethylamine derivative (254), CDC13, 300 MHz
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Appendix 19B: 13C NMR spectrum of glycosylmethylamine derivative (254), CDC13, 300 MHz
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Appendix 19C: Dept-135 spectrum of glycosylmethylamine derivative (254), CDC13, 300 MHz
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Appendix

20: GC/MS spectra of chemical constituent (255).

Compound Label Name RT Algorithm
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Appendix 21: GC/MS spectra of chemical constituent (256).

Compound Label Name RT Algorithm
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Appendix 22: GC/MS spectra of chemical constituent (257).

Compound Label Name RT Algorithm
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Appendix 23: GC/MS spectra of chemical constituent (258).

Compound Label Name RT Algorithm
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Appendix 24: GC/MS spectra of chemical constituent (259).

Compound Label Name RT Algorithm
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Appendix 25: GC/MS spectra of chemical constituent (260).

Compound Label Name RT Algorithm
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Appendix 26: Chromatogram for essential oil of U. scheflerri
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Figure 1. Chromatogram for essential oil of Ul Scheffleri
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Appendix 27: Chromatogram for essential oil of Z. chalybeum
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Figure 2. Chromatogram for essential oil of Z chalvbeum
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Appendix 28: Chromatogram for essential oil of V. dainelli
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Figure 3. Chromatogram for essential oil of V. dainelli
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