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ABSTRACT

Natural products generated from medicinal plants are among the most recent approaches in
the production of herbal product-based drugs owing to high efficacies and fewer adverse
effects. Scadoxus multiflorus (Amaryllidaceae) is a widespread ornamental plant of tropical
east and South Africa. It is traditionally used for the treatment of many respiratory problems
(bronchitis, asthma, pneumonia, sinusitis, etc., and even tuberculosis), scabies, dropsy, and
wound healing. The root of the Scadoxus multiflorus (400 g) was successively extracted with
n-hexane, chloroform, and methanol to afford 1.00, 1.13, and 12.25% vyields respectively.
Silica gel column chromatographic separation of the n-hexane and chloroform extract afford
five compounds identified as f-sitosterol (29), 11-hentriacontene (30), 5, 12-henicosadiene
(31), lindcarpine derivatives (32), and linolieamide (33). The structures of the isolated
compounds were characterized using UV-Vis and NMR spectroscopic techniques (*H NMR,
13C NMR, and DEPT-135). The crude extract and isolated compounds were evaluated in
vitro for their antibacterial activities using the disc diffusion method against six bacterial
strains. Promising inhibition zone values were observed by g-sitosterol (29) (15+0.00mm)
and 5, 12-henicosadiene (31) (15+0.00mm) against S. typhimurium compared to
ciprofloxacin (31.3+1.97). Linoliamide (33) and p-sitosterol (29) had slightly highest
scavenging of DPPH free radicals than other isolated compounds but lower scavenging when
compared to ascorbic acid. In silico molecular docking analysis revealed that f-sitosterol
(29) exhibited better docking efficiency (E.coli) enzyme DNA gyrase (-9.1 kcal/mol) and
human topoisomerase II S (-9.6 kcal/mol) when compared to Amoxicillin (— 7.6 kcal/mol)
and Abiraterone (-11.8 kcal/mol) respectively. This suggests that compounds 29 may be used

as potential drug lead candidates.

Keywords: S. multiflorus, phytochemical screening, biological activity

xi|Page



1. INTRODUCTION

1.1  Background of the Study

Plants have been an important source of medicine for thousands of years. Even nowadays it is
thought that plants are the iron hand of medicine since they are still taken by a huge portion
of the world's population, particularly in developing countries (Akhlas et al., 2021).
According to the World Health Organization (WHO) traditional medicine strategy 2002—
2005, up to 80% of the African population use traditional remedies such as herbs as their
primary source of medicine (WHO, 2002). The medicinal value of these plants is due to the
presence of a variety of secondary metabolites such as alkaloids, flavonoids, terpenoids, etc.
which are produced by the plant to protect itself from abiotic (drought, radiation, salinity,
etc.), biotic stresses (such as bacterial, viral, fungal infections, and attacks by nematodes,
mammals, and other animals) and also regulate the mechanisms of flowering, oil production,
pollination, and pigment production (Ates & Yalgin, 2022). These active components are
synthesized naturally in all parts of the plant body tissue including bark, root, leaves, stem,
flower, fruits, and seeds and they are capable of exhibiting a variety of biological activities

including antiviral, antibacterial, anticancer, antioxidants, etc (Ugochukwu, 2013).

These organic compounds from natural sources provide an important foundation as potential
lead compounds for the development of new and more effective drugs through structural
modification with improved drug ability. They are seemed to exhibit greater biological
friendliness and drug-likeness than those derived from purely synthetic sources (Najmi et al.,
2022). Despite the current preoccupation with synthetic chemistry as a vehicle to discover
and manufacture drugs, the contribution of plants to disease treatment and prevention is still
enormous (Veeresham, 2012). Until now about one-third of the best-selling drugs in the
world are natural products or their derivatives. According to Newman and Cragg 2016,
among 1,562 drugs approved by FDA, 64 (4%) were unaltered natural products, 141 (9.1%)
were botanical drugs (mixture), 320 (21%) were natural product derivatives and 61 (4%)

were synthetic drugs but with natural products pharmacophore (Calixto, 2019).

Ethiopia is one of the six plant biodiversity-rich countries in Africa (Abate et al., 2022). The
country has a vast diversity of plant species due to the presence of varied topographical
settings ranging from the highest peak to a deep valley. There are many plant species in the

country, with 12% of them being endemic and over 800 species claiming to treat over 300
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diseases (Tadesse et al., 2018). The Amaryllidaceae family is one of them. This family is
known as one of the top 20 alkaloid-producing plant families. Up to now, more than 600
structurally different alkaloids have been identified from plants in this family, with a variety
of pharmacological effects including anticancer, antifungal, antibacterial, antiviral,

antimalarial, analgesic, and anti-neurodegenerative capabilities (Koutova et al., 2020).

Scadoxus is one of the genera found in the family Amaryllidaceae, comprising about 12
species in the world. Among those species, S. multiflorus is one of them. It is an ornamental
plant with brilliantly colored flowers that can naturally be found in Southern and tropical
Africa (Monkheang et al., 2016). Traditionally this plant is used for the treatment of sinusitis,
bronchitis, asthma, pneumonia, scabies, dropsy, and wound healing. A preliminary
phytochemical analysis of its bulb and leaf extract showed the presence of various secondary
metabolites such as flavonoids, alkaloids, cardiac glycosides, tannins, and saponins (Das et
al., 2021). Thus this study was to investigate the phytochemical, biological, and in silico

molecular docking study of root extracts and isolated compounds of S. multiflorus.

1.2 Statement of the Problem

Most bacterial infections have proven the ability to evolve resistance to antimicrobial drugs
that are commercially accessible and every year, antimicrobial resistance kills 700,000
people, with the number expected to rise to 10 million by 2050. As a result, researchers are
prompted to look for new, inexpensive, and effective antimicrobial medicines with lesser side
effects (Tagliabue & Rappuoli, 2018). Plant-derived phytochemicals found in medicinal
plants are effective against a variety of ailments and can be used in environmentally friendly
ways. S. multiflorus is a good source of phytochemical moieties such as alkaloids, tannins,
saponins, steroids, glycosides, flavonoids, and reducing sugar. It has anti-mycobacterial, anti-
bacterial, and cytotoxic effects, however, Scientific reports on this medicinal herb are very
few therefore, searching for its possible other biological properties is needed (Akhlas et al.,
2021). To the best of our knowledge, there has never been a systematic biological
examination, chemical isolation, or docking study of the constituents of S. multiflorus root
extracts in Ethiopia. Thus, this study aims to identify the chemical constituents of the roots of
S. multiflorus, assess the biological activities of extracts as well as isolated compounds, and

study in silico molecular docking.
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1.3 Objectives of the Study

1.3.1

General objective

The overall objective of this study is to isolate and study the biological activities of the root

extract of S. multiflorus.

1.3.2 Specific objectives

The specific objectives of the study are as follows:

>

To extract the root of S. multiflorus using n-hexane, chloroform and methanol
solvents;

To isolate chemical constituents from the crude extracts using the silica gel column
chromatography technique;

To elucidate the structure of isolated compounds using the spectroscopic method UV-
Vis and (*H NMR, *C NMR, and DEPT-135) and compare it with literature data;

To test the antibacterial activities of the extracts and isolated compounds using the
disk diffusion method against selected bacterial strains Escherichia coli,
Staphylococcus aureus, Enterococcus faecalis, Pseudomonas aeruginosa, Klebsiella
pneumonia, and Salmonella typhimurium;

To evaluate the radical scavenging activities of extract and isolated compound using
DPPH assay;

To conduct in silico molecular docking study of isolated compounds using AutoDock
vina 4.2 against E. coli DNA gyrase S. aureus pyruvate kinase and human
topoisomerase 1155 protein targets;

To evaluate ADMET prediction by SwissADME, PreADMET, and OSIRIS property

predictions.
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1.4 Significance of the Study

This study is expected to provide:

>

Detailed information about chemical constituents and biological activity of S.
multiflorus;

Information about the antibacterial activities of extracts and isolated compounds;

The result of this study may be valuable in the search for a medication to treat a
variety of infections, as well as in drug design and development as a lead compound;
Information on molecular docking analysis to have a better understanding of the
molecular mechanisms of interaction between the compounds with promising activity
on target protein of selected organism;

Documentary information may be referred to by other researchers interested to study

on the plant.
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2. LITERATURE REVIEW

2.1 Family Amaryllidaceae

Amaryllidaceae also known as Amaryllis (Latin name for a country girl) is a family of
monocotyledonous plants that have underground or aerial bulbs (rarely rhizomatous) with
large showy and attractive flowers. It was founded in 1805 and now has approximately 1,600
species, 75 genera, 17 tribes, and three subfamilies: Agapanthoideae, Allioideae, and
Amaryllidoideae (Fishchuk & Odintsova, 2021). Among them, four genera are indigenous in
Ethiopia and Eritrea: Scadoxus, Crinum, Ammocharis, and Pancratium (Demissew & Nordal,
2010). Amaryllidaceae are widely distributed across tropical and subtropical zones, with a
smaller distribution in temperate areas. The majority of genera can be found in Central and
South America, as well as Southern Africa and the Mediterranean (Koutova et al., 2020).

The Amaryllidaceae are terrestrial, rarely aquatic or epiphytic, and perennial herbaceous
plants that can grow up to 2 m in height (Fishchuk & Odintsova, 2021). The stems are bulbs,
covered by membranous leaf bases, the “tunica.” The leaves are simple, undivided, spiral or
distichous, sheathing or not, sessile or petiolate, and parallel-veined. The inflorescence is a
terminal, scapose umbel (derived from condensed, monochasial cymes, sometimes termed a
“pseudo-umbel”), rarely of solitary flowers, with bracts present, enclosing the flower buds.
The flowers are bisexual, actinomorphic or zygomorphic, pedicellate or sessile, bracteate,
epigynous to epiperigynous. Anthers are usually dorsifixed, longitudinal (rarely poricidal),
and introrse in dehiscence. The gynoecium is syncarpous, with an inferior ovary, carpels, and
locules. Placentation is axile or basal; ovules are anatropous, bitegmic, unitegmic, or ategmic.
The fruit is a loculicidal capsule or rarely a berry. The seeds are phytomelaniferous (Meerow
& Snijman, 1998; Simpson, 2010).

2.2 Genus Scadoxus

The genus Scadoxus belongs to the Haemantheae tribe of the Amaryllidoideae subfamily,
which comprises six genera (Scadoxus, Cyrtanthus, Haemanthus, Clivia, Gethyllis, and
Apodolirion) (Fishchuk & Odintsova, 2021; Francesc et al., 1997). Scadoxus was previously
classified as part of the genus Haemanthus, however, due to differences based on the stems of
the species, it was split into two genera. Scadoxus currently includes species with elongated

stems, whereas Haemanthus species have broad stemless leaves (Naidoo, 2016).
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According to the World Checklist of Selected Plant Families, there are currently nine

accepted species of Scadoxus, excluding hybrids and variations (Bedker, 2020). Among

these, three species occur in Ethiopia (S. multiflorus, S. puniceus, and S. nutans) (Demissew

& Nordal, 2010). All species names, distribution, and habitat are summarized in Table 1.

Table 1: Different species of the genus Scadoxus and their distribution and habitat (Bedker,

2020)

Species name

Distribution and habitat

Scadoxus cinnabarinus (Decne.)  Friis &

Nordal

Sierra Leone to Uganda and part of Central
Africa.

Lowland forest, riverine forest, or mixed
deciduous, high evergreen forest, from near

sea level up to 1400 m

Scadoxus cyrtanthiflorus (C.H.Wright)  Friis
& Nordal

East and Central Africa

In dense upland
epiphytic; 1600-3200 m

rainforest, ground or

Scadoxus longifolius (De Wild. & T.Durand)
Friis & Nordal

South Africa and Central Africa

Rainforest

Scadoxus membranaceus (Baker)  Friis &

Nordal

South Africa and part of Portugal and

Belgium

Coastal forest

Scadoxus multiflorus (Martyn) Raf.

Eastern and Southern Africa, the Arabian

Peninsula, and part of Southeast Asia

Grassland, wooded grassland, woodland,

riverine vegetation, coastal rocks, and

montane forest.

Scadoxus nutans (Friis & 1.Bj¢rnstad) Friis &
Nordal

Ethiopia, Central Africa, Namibia, Nigeria
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Evergreen mountain rainforests, between
1000-2500 m.

Scadoxus pole-evansii (Oberm.)  Friis & | Zimbabwe and South Africa

Nordal
Evergreen moist forest; 1800 m.

Scadoxus pseudocaulus (I.Bj¢rnstad & Friis) | Central Africa

Friis & Nordal
From sea level and up to 1400 m in regions
of high rainfall — rainforest

Scadoxus puniceus (L.) Friis & Nordal South Africa and part of Ethiopia

Montane forest, woodland, on-ground or
epiphytic; 1000-2700 m.

The genus Scadoxus is characterized by actinomorphic flowers, funnel form to salverform,
with perigonium segments equal to or longer than the tube. The stamens are free, and the
stigma is undivided. There are just a few ovules per locule. The berry is ovoid to globose and
red. The seeds are ovoid and ivory-colored (Fishchuk & Odintsova, 2021). The genus has
evolved rhizomatous bulbs and, in some cases, just rhizomes depending on the habitat in
which it grows, demonstrating the genus's very adaptable nature in nature. As a result,
Scadoxus species from the rainforest are distinctly rhizomatous, whilst those from Sub-

Saharan Africa exhibit rhizomatous bulbs (Kwembeya, 2021).

2.2.1 Ethnobotanical use of genus Scadoxus

S. multiflorus has a reputation for being toxic because it contains toxic alkaloids like lycorine.
As a result, animals including goats, sheep, and cows are adversely affected by these plants.
The plant's leaves and bulbs are exceedingly toxic, commonly killing domestic and
experimental animals. As a result, it is used as an arrow poison and fish-killing poison in
tropical Africa (Akhlas et al., 2021). However, this herb has been used in South Africa for the
treatment of various diseases, including leprosy, ulcers, febrile colds, asthma, coughs, dropsy,
scabies, and wounds. In Kenya, used in the treatment of respiratory problems including
asthma, bronchitis, tuberculosis, pneumonia, and sinusitis. This can be accomplished by
boiling the tuber and then drinking the resulting liquid after it cools (Mwamidi et al., 2012).

In Eastern Tanzania, a bath with root infusion of this plant is used to treat mental illness
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(Chhabra et al., 1987). In Ethiopia, the root of this plant is also used to treat internal cancer in

combination with other herbs and applied topically (Abate et al., 2022; Tuasha et al., 2018).

2.2.2 Chemical constituents of genus Scadoxus

In 1987 Ali et al., isolate and characterize three alkaloids lycorine (1), galanthamine (2), and
sanguinine (3) for the first time from the bulb of S. multiflorus (Ali et al., 1987). Abdallah et
al., (1989) isolated lycorine (1), galanthamine (2), 2-O-acetylchlidanthine (4), haemultine (5),
and hippadine (6) from the bulb of S. multiflorus (Abdallah et al., 1989).

Pagning et al., (2016) isolated six compounds (7-12): sideroxylin (7), 5-hydroxymethyl-2-
furancarboxaldehyde (8), C-6,0-7-dimethyldenaromadendrin (9), 4-(hydroxymethyl)-5
hydroxy-2H-pyran-2-one (10), 7-deoxy-transdihydronarciclasine or trans-dihydrolycoricidine

(11) and farrerol (12) from the root of S. pseudocaulus (Pagning et al., 2016).

Yokosuka et al., (2017) isolate ten (13-22) phenolic glycosides from the bulbs of S.
multiflorus.  2,4-Dihydroxy-6-methoxy-3-methylacetophenone  4-O-a-Lrhamnopyranosyl-
(1—6)-p-D-glucopyranoside (13), 2,4-Dihydroxy-6-methoxy-3-methylacetophenone 4-O-4-
Dapiofuranosyl-(1—6)-f-D-glucopyranoside (14), 2,4-Dihydroxy-6-methoxy-3-
methylacetophenone  4-O-$-Dglucopyranosyl-(1—6)-f-D-glucopyranoside  (15), 2,4-
Dihydroxy-6-methoxyacetophenone  4-O-$-D-glucopyranosyl-(1—6)-$-D-glucopyranoside
(16), 2,4-Dihydroxy-6-methoxyacetophenone 4-0-a-L-arabinopyranosyl-(1—6)-4-D-
glucopyranoside a7), 3,5-Dimethoxyphenyl 1-O-a-L-arabinopyranosyl-(1—6)-4-
Dglucopyranoside (18), 2,4-dihydroxy-6-methoxyacetophenone 4-O-a-L-rhamnopyranosyl-
(1—6)-p-D-glucopyranoside  (19),  2,4-dihydroxy-6-methoxyacetophenone  4-O-p-D-
apiofuranosyl-(1—6)-4-D-glucopyranoside (20), 2,6-dimethoxy acetophenone 4-O-$-D-
glucopyranoside (21), and 4,6- dimethoxy acetophenone 2-O- f-D-glucopyranoside (22)
(Yokosuka et al., 2017).

Naidoo et al., (2017) isolated two alkaloids haemanthamine (23) haemanthidine (24), and
metolachlor (25), the first chlorinated amide in the Amaryllidaceae family from the bulbs of
S. puniceus (Naidoo et al., 2017).

The GC/MS analysis of ethanol crude of the bulb S. multiflorus showed the presence of two

alkaloids montanine (26) 92% and undulatine (27) 8%, which showed potent inhibitory
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activity better than the standard galanthamine (Cahlikova et al., 2011). In another research

article, the isolation of a novel plant protein xylanase, and a-amylase inhibitory protein,

known as XAIP were reported from the bulb of S. multiflorus (Kumar, 2010).
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Figure 1: Chemical constituents of genus Scadoxus
2.2.3 Pharmacological study of Scadoxus

Traditionally S. multiflorus is used in the treatment of coughs, wounds, and various
gastrointestinal problems. Cahlikova et al., (2011) mentioned that the GC/MS analysis of
ethanol crude of the bulb of S. multiflorus showed the presence of two alkaloids montanine
(27) 92% and undulatine (28) which showed potent activity against butyrylcholinesterase
(HuBUChE) inhibition activity better than the standard galanthamine with an ICso value of
54.3 + 3.1 pg/mL (Cahlikov4 et al., 2011).

Adewusi and Steenkamp (2011) reported on the strong acetylcholinesterase (AChE)
inhibitory activity with an ICso value of 0.0003 mg/mL from ethyl acetate extract of S.
puniceus bulb (Adewusi & Steenkamp, 2011).

Seoposengwe et al., (2013) determined the cytotoxicity of bulb extracts of S. puniceus against
inhibiting rotenone-induced caspase-3 with LCso 20.75+1.47 pg/mL. The authors revealed
that pre-treating cells with S. puniceus extracts reversed the effects of rotenone on
intracellular ROS levels and also rotenone exposure decreased intracellular glutathione levels
that suggesting the species may possess neuroprotective properties (Seoposengwe et al.,
2013).

Pagning et al., (2016) evaluated the extracts and isolated compounds from S. pseudocaulus
for antimicrobial, free radical scavenging, and butyrylcholinesterase (BuChE) inhibition
activities. The ethyl acetate extraction (MIC = 64 —512 pg/mL) and farrerol (12) (MIC = 2 —
16 png/mL) showed significant antibacterial activity. Methanol extract shows the strongest
antioxidant activity with the lowest ICsp value of 7.25 ng. 4-(hydroxymethyl)-5 hydroxy-2H-
pyran-2-one (10) has shown significant butyrylcholinesterase (BUChE) inhibition activities
with 1Cso value of 23.5 uM (Pagning et al., 2016).
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Naidoo (2016) evaluated the antioxidant activity, antimicrobial activity, and AChE inhibitory
of S. puniceus extract. Methanol extract of the leaf showed the strongest radical scavenging
activity 91.61% with a lower ECsg 0.07 value. The pethreloem extract of the bulb showed the
strongest MIC value of 0.39 mg/mL against K. pneumoniae and S. aureus bacterial strains.
The leaf, stem, and basal plate extracts revealed excellent activity against C. albicans with
MIC values of less than 1 mg/mL. The bulb of S. puniceus exhibited the strongest AChE
inhibitory activity with 1Cso value of 0.07 mg/mL (96.58%) (Naidoo, 2016).

Islam et al. (2021) examined the aqueous crude extract of the aerial parts of S. multiflorus for
high  concentration-induced toxicity and low concentration-mediated protective
characteristics. After 24, 48, and 72 hours, the crude extract from A. cepa exhibited
concentration-dependent toxicity. The authors state that at low concentrations, the crude
extract demonstrated anti-inflammatory, membrane-stabilizing, and anithrombolytic
properties. (Akhlas et al., 2021).

Das et al., (2021) reported the antimitotic and cytotoxic properties of leaf aqueous extract
of S. multiflorus in allium cepa root apical meristem cells. The study shows that the leaf
extract treatment (0.25-4 mg mL™) resulted in both time and concentration-dependent root
growth retardation effects. The maximum root growth inhibitory effect (96.71%1.2,
96.97£1.2, and 97.09+1.1% respectively at 24, 48, and 72 h) was observed at its highest
concentration (4 mg mL™). The used lowest concentration (0.25 mg mL™?) also showed a
significant (p<0.0001) growth retardation in each data set. The calculated 1Cso values for root
growth retardation assay were 0.74, 0.35, and 0.25 mg mL-1 at 24, 48, and 72 h respectively
(Das et al., 2021).

Emam et al., (2022) reported in vitro anticancer activity of the 80% ethanolic extract of 23
traditionally used Ethiopian plants against cervical (HelLa) and prostate (PC3) cancer cell
lines by MTT colorimetric assay. Among them, S. multiflorus exhibited significant anticancer
activity with 1Csp 14.6 and 9.8 against HeLa and PC3 cancer cell lines respectively (Emam et
al., 2022).
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2.3 Scadoxus multiflorus
2.3.1 Botanical description of S. multiflorus

S. multiflorus (Figure 2) (Vernacular name dem-astefi/ yesetan shunkurt in Amharic and
abrasha in Afan Oromo) is a summer-growing deciduous plant with rhizomatous bulbs that
produces extremely beautiful flower heads and decorative orange to red berries. The specific
nickname ‘multiflorus’ means many-flowered, and refers to rich-flowered heads. The flower
is known as the football lily, African blood lily, powderpuff lily, pincushion flower, and so
on. It was first introduced by Thomas Martyn in 1795 as Haemanthus multiflorus. In 1838,
Constantine Samuel Rafinesque changed the genus of H. multiflorus to a new genus Scadoxus
(Akhlas et al., 2021). This plant widely grows naturally in sub-Saharan Africa, South Africa,
Arabian Peninsula, and Southeast Asia. Also, these species are found in savannah woodlands,
riverine and montane forests. It seems to prefer some shade and is growing on dark brown to
blackish soils, from 1000 to 3000 m (Pagning et al., 2016). It is found in almost all floristic
regions within Ethiopia and Eritrea, except in the lowlands. The main flowering period in

Ethiopia is from January to April (Demissew & Nordal, 2010).
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Figure 2: S. multiflorus (Martyn) Raf. (a picture taken by Ilili Dine on August 2022 from

Adama)

Table 2: A brief description of the species S. multiflorus (Afroz, 2018)

Roots

Rhizomatous bulb, long greenish-white with
red maroon spots neck, 3.5-3.0 cm wide, and
off-white in color

Leaves

Radical, simple, lanceolate, 10-40 cm,
parallel-veined, acute, entire, not distichous,
herbaceous in texture, evident middle nerves,
always glabrous, appear just after the
appearance of the false stem or pseudo stem

Petioles

The bases of the leaves and petioles are
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tightly wrapped together to form a pseudo
stem or false stem, 5-60 cm long, purple-
spotted

Inflorescence

Umbellate cyme with multiple blooms grown
at the apex of a leafless scape, full-bloomed
flowers make a globules head that lasts only

a week.

Flowers

Actinomorphic, a bisexual, with a greenish-
red pedicel which is 3.8 cm long, epigynous,
flower head produced directly from the bulb,
consisting of hundreds of red florets with
yellow tripped stamens, the head is 10-25 cm

in diameter

Perianth segments

Petaloid, united below into a tube, reddish-
pink, glabrous, tube about 1 cm long.

Stamens 6 spreading petal-like segments, epiphyllous,
filaments long about 3.1 cm, anthers linear,
about 0.4 cm long, dorsifixed, introrse

Carpels syncarpous, ovary 3-celled, inferior, about
0.3 cm long, green, placentation axile,

Style 4 cm long from the top of the tube

Fruit oval-shaped berries, globose, 0.5-1 cm in

diameter, bright orange to red in color and

become red when ripped
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3. MATERIALS AND METHODS

3.1 Plant Material Collection and Identification

The plant material was collected from the Western Hararge Zone, Doba district which is
located about 378 km to the east of Addis Ababa. The identification of the plant material was
done with the help of Botanist Melaku Wendaferash at the Department of Biology, National
Herbarium of Ethiopia, Addis Ababa University with a voucher specimen (ID001).

3.2 Materials and Chemicals

Column chromatography was carried out using silica gel (200-400mesh) ASTM. The
ultraviolet and visible (UV-Vis) spectrum was taken on Spectroscopic Genesys™ 2PC UV-
Vis scanning spectrometer (200-400 nm) in a solvent at room temperature. Thin Layer
Chromatography (TLC) was performed using pre-coated aluminum-backed supported silica
gel 60 F254 (0.2 mm thickness). *H and **C NMR spectra were recorded on a Bruker Avance
400 MHz spectrometer with TMS as the internal standard and CDClz and DMSO-ds as a
solvent. The Melting point was determined by Cambridge microscopy instruments.

Chemicals that were used for extraction, isolation, phytochemical analysis, and other
activities are silica gel (Loba Chemie PVT. LTD., 200-400 mesh), ethanol (Favor trading
PLC, 99.9%), methanol (Alpha Chemika, 99.8%), chloroform (Blulux, 99.8%), n-hexane
(Loba Chemie PVT. LTD., 99%), ethyl acetate (Loba Chemie PVT. LTD., 99.5%),
ammonium solution (Avi chem, 25%), ferric chloride (Sigma Aldrich, 97%), sulfuric acid
(Loba Chemie PVT. LTD., 98%), hydrochloric acid (Loba Chemie PVT. LTD., 35.4%),
DPPH (Sigma Aldrich, 97%), DMSO (Srichem, 99.5%), Potassium lodide (Samir Tech-
Chem PVT. LTD., 99.8%), lodine (Alpha Chemika, 98.5%), and distilled water.
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3.3 Extraction and Preparation of Plant Material
3.3.1 Preparation of plant material

The collected roots of S. multiflorus were cut into smaller pieces and dried under shade. Then
it was grounded into a fine powder using a mechanical grinder. The powder was stored in

airtight containers at room temperature till further experimentation.
3.3.2 Extraction

Root powder of S. multiflorus (400 g) was soaked in n-hexane (2 L) for 72 hrs at room
temperature and shacked using mechanical shaking. The solution was filtrated and
concentrated using a rotary evaporator at a temperature of about 40°C to give n-hexane
extract. The marc was further extracted in chloroform (2 L) for 72 hrs, filtered, and
concentrated to afford chloroform extract. The marc left was soaked in methanol (2L) for 72
hrs, filtered, and concentrated to afford methanol extract. The extracts were analyzed for their
TLC profile to select the best solvent for silica gel column chromatography. The extracts
were placed in a deep freezer until needed for further experiment.

3.4 Phytochemical Screening Tests

Phytochemical examinations were carried out for methanol extracts as per the standard

methods.

Test for Alkaloids (Wagner’s test): The methanol extract (30 mg) was separately stirred
with 1% HCI (0.5 mL) in a water bath for 5 min and filtered into a test tube. 1 mL of
Wagner’s reagent (Iodine in Potassium lodide) was added; the formation of a brown/reddish

precipitate indicates the presence of alkaloids (Praiwala et al., 2019).

Test for flavonoids: The methanol extract (30 mg) was dissolved in 10 mL of ethyl acetate
and heated for 3 min using a steam bath. The mixture was filtered, and to the filtrate ImL of
dilute ammonia solution was added. The formation of intense yellow color ratifies the

presence of flavonoids (Mir et al., 2016a).

Test for Phenols: The methanol extract (30 mg) was dissolved in 5SmL of distilled water. To
this, a few drops of neutral 5% ferric chloride solution was added. A dark green color

indicated the presence of phenolic compounds (Bargah & Rohit, 2015).
16|Page



Test for Tannins: The methanol extract (30 mg) was dissolved in 5mL of distilled water,
filtered and ferric chloride reagent was added to the filtrate. A blue-black, green, or blue-

green precipitate was taken as evidence of the presence of tannins (Mir et al., 2016b).

Test for Terpenoids (Salkoewski’s Test): The methanol extract (30 mg) was dissolved in 2
mL of chloroform and concentrated H.SO4 (3 mL) was carefully added to form a layer. An
appearance of reddish brown color on the inner face indicated the presence of terpenoids
(Santhi & Sengottuvel, 2016).

Test for saponins: The methanol extract (30 mg) was dissolved in 5 mL of distilled water
and shaken while heating to boil. Frothing showed the presence of saponins (Kamal et al.,
2012).

Test for Steroids: The methanol extract (30 mg) was dissolved in 10 mL of chloroform and
an equal volume of concentrated H.SO4 was added by the sides of the test tube. A reddish-
brown color at the interphase indicates the presence of a steroidal ring (Nwodo & Nkwocha,
2015).

3.5 Isolation of Compounds

The crude extracts of n-hexane and chloroform showed a comparable TLC profile. The
chloroform crude extract (4 g) was adsorbed on 6 g of silica gel (mesh size 200-400), and
subjected to silica gel chromatography (170 g of silica gel using n-hexane for packing). To
this n-hexane crude (4 g) which was dissolved in n-hexane was added to the top. The
increasing gradient of ethyl acetate in n-hexane was used as eluent. A total of 270 fractions

were collected (Table 3). Fractions that showed similar Rf values were combined.

Table 3: Summary of fractionation of n-hexane and chloroform extract

Solvent system Ratio Fractions Volume of fraction (mL)
n-hexane 100 Fi-Fs 100

99:1 Fo-F10 20
n-hexane/ ethyl acetate 555 FioFrs 20

97:3 F14-F24 20

96:4 Fos-Fa4 20
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95:5 Fas-Fae 20
94:6 Fa7-Fs2 20
937 Fs3-Fsg 20
92:8 Fso-F74 20
91:9 F7s- Frg 20
90:10 Fso-Fo1 20
88:12 Fo2-F119 50
85:15 F120-F134 50
80:20 F135-F140 30
75:25 Fi41-F154 30
70:30 F155-F160 30
65:35 F161-F1s0 20
60:40 F181-F1s7 20
50:50 F1ss-F195 20
40:60 F196-F209 30
30:70 Fa10-F219 30
20:80 F220-F224 50
90:10 Fa25-F252 50
Ethyl acetate (EtOAc) | 100 Fas3-Fa70 100

Fraction 109-119 obtained (eluted with 88 % EtOAc in n-hexane) having a similar spot on
TLC with two compounds, repacked for re-purification with a small silica gel column (50 g
of silica gel) and eluted by isocratic systems using 95% of ethyl acetate in n-hexane. A total
of 42 fractions were collocated, each 20 mL. From these fractions, 7-11 afforded g-sitosterol
(29) (17 mg) as a white solid, and fractions 35-37 afforded 5, 12-henicosadiene (31) (30 mg)
as a yellow solid. From fractions 34-37 obtained from fractionation of chloroform and n-
hexane extract (eluted with 95% EtOAc in n-hexane) having a similar spot on TLC with two
compounds, repacked for further purification with a small silica gel column (50 g of silica
gel) and eluted by isocratic systems using 95% of ethyl acetate in n-hexane. A total of 36
fractions were collocated, each 20 mL. Fraction 31 afforded 11-hentriacontene (30) (32 mg)
as a pale yellow muddy solid. A fraction from 190-197 obtained from fractionation of
chloroform and n-hexane extract (eluted with 50% EtOAc in n-hexane) afforded lindcarpine

derivatives (32) (36 mg) as a reddish brown solid. A fraction from 170-177 obtained from
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fractionation of chloroform and n-hexane extract (eluted with 65% EtOAc in n-hexane)

afforded linolieamide (33) (30 mg) as a yellow solid.
3.6 Structural Elucidation

The UV-Vis and NMR spectroscopic techniques were employed to elucidate the structure of
isolated compounds. The *H NMR, 3C NMR, and DEPT were obtained using Bruker Avance
400 MHz spectrometer.

3.7 Biological Activity
3.7.1 Antibacterial Activity

In vitro antibacterial activity of extracts and isolated compounds of S. multiflorus was studied
against six pathogenic bacterial strains Escherichia coli (ATCC 25922), Staphylococcus
aureus (ATCC 25923), Enterococcus faecalis (ATCC 29212), Pseudomonas aeruginosa
(ATCC 27853), Klebsiella pneumonia (ATCC 700603), and Salmonella typhimurium (ATCC
13311) using the disc diffusion method. The standard drug (ciprofloxacin) as a positive
control and dimethyl sulfoxide (DMSO) as negative control were used. Then the sets of four
dilutions (100, 50, 25, and 12.5 mg/mL) for crude extract and (10, 5, 2.5, 1.25 mg/mL) for
isolated compounds were prepared. The strains of bacteria were adjusted at 1.5 x108 colony
forming units (CFU/mL). Muller Hinton Agar plates were inoculated by streaking swabs over
the entire sterile agar surface and the procedure was repeated 2 more times rotating the plates
at 60° each time to ensure even distribution and the rim of the plates was swabbed. After
allowing the inoculum to dry for 10 mins at room temperature (rt), sterile filter paper disks
(Whatman No. 1, diameter = 6 mm) were placed on the inoculated plates. From each dilution,
20uL were taken and dispensed on the filter papers and allowed to stand at rt for 30 mins,
then incubated at 37°C for 24hrs. Afterward, the zone of growth inhibition (including the
diameter of the disk) of the extracts and isolated compounds were measured in mm and
compared with the standard drugs. A zone of inhibition >9—15 mm is an indication of strong
antimicrobial activity (Rani & Khullar, 2004).

3.7.2 Antioxidant Activity

The free radical scavenging activity of the extracts and isolated compounds was measured

through the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) method by measuring the absorbance of
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DPPH at 517 nm. The crude extracts and isolated compounds were diluted in four vials as
1000, 500, 250, and 125 pg/mL (crude extracts) and 100, 50, 25, and 12.5 pg/mL (isolated
compounds). To each 1 mL of the above solutions, 4 mL of 0.04% DPPH (prepared in
methanol by dissolving 4 mg DPPH in 100 mL methanol) were added to give 200, 100, 50,
25 pug/mL (crude extract) and 20, 10, 5, 2.5 pg/mL (isolated compounds). The resulting
solution was placed for 30 minutes in the dark and then subjected to a UV-Vis
spectrophotometer to record absorbance at 517 nm. The capability to scavenge the DPPH
radical was calculated using the following equation (Brand-Williams et al., 1995):

Abstandard - Ab

% of radical scavenging activity = x 100
Ab

analyte

standard

3.8 In Silico Molecular Docking Studies of Isolated Compounds
3.8.1 Preparation of ligands

The 2D structures (.mol) of all isolated compounds were drawn and each individual structure
was analyzed by using ChemDraw 16.0. Energy of each molecule was minimized using
ChemBio3D. The 3D coordinates (.PDB) of each molecule was obtained through optimized

structure.
3.8.2 Preparation of macromolecules

The crystal structure of receptor molecules S. aureus Pyruvate Kinase (PDB ID 3T05),
human topoisomerase IIf with DNA (PDB ID 3QX3), and E. coli Gyrase B (PDB ID 7P2W)
were downloaded from protein data bank. The protein preparation was done using the
reported standard protocol 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 4.2.6 (MGL tools 1.5.6).

3.8.3 Autodock Vina analysis

The graphical user interface program Auto Dock 4.2.6 was used to set the grid box for
docking simulations. The grid was set so that it surrounds the region of interest in the
macromolecule. The docking algorithm provided with Auto Dock Vina was used to search
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for the best-docked conformation between ligand and protein. During the docking process, a
maximum of nine conformers were considered 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 Discovery studio visualizer and PyMOL.

AutoDock Vina with standard protocol was used to dock the protein S. aureus Pyruvate
Kinase (PDB ID 3T05), human topoisomerase IIf with DNA (PDB ID 3QX3), and E. coli
Gyrase B (PDB ID 7P2W) and isolated ligands into the active site of proteins. The molecular
docking studies were carried out using AutoDockTools (ADT), which is a free graphic user
interface (GUI) for the AutoDock Vina program. The grid box was constructed using
30x30x30, pointing in X, y, and z directions, respectively, with a grid point spacing of 0.375
A. The center grid box is 17x29x21 A for 3T05, 27x103x36 A for 3QX3, and -28x7x0.816
for 7P2W. Nine different conformations were generated for each ligand scored using
AutoDock Vina functions and were ranked according to their binding energies. The ligands
are represented in different color, H-bonds and the interacting residues are represented in
stick model representation.

3.9 Insilico Drug-Likeness and Toxicity Predictions

The isolated compounds were evaluated for their pharmacokinetic profiles by in-silico
methods for predicting their molecular properties using Lipinski’s Rule of Five. The
structures of isolated compounds were drawn using ChemDraw software and converted to
their canonical simplified molecular-input line-entry system (SMILE). They were uploaded
to the PASS prediction website where the predicted activities and their corresponding Pa
values were obtained. In silico pharmacokinetics, ADME (Absorption, Distribution,
Metabolism, Excretion), and properties of the compounds were estimated using SwissADME
and PreADMET tools. This ADME properties prediction provides valuable data to select
better preclinical candidates. Also, the organ toxicities and toxicological endpoints of the
isolated compounds were predicted using PreADMET and OSIRIS properties (Anza et al.,
2021).
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4. RESULTS AND DISCUSSION
4.1 Extraction Yield

S. multiflorus root were extracted using n-hexane, chloroform and methanol to afford 4 g
(1%), 4.5 g (1.125%), and 49 g (12.25%) crude extracts, respectively. According to Truong et
al., (2019) methanol is the most effective solvent for extraction, resulting in the highest
extraction yield (Truong et al., 2019), and n-hexane is used for the extraction of non-polar
compounds. Thus these results show that a better extractive yield was obtained from the
methanol extract and also reveal that the secondary metabolites present in the root of S.

multiflorus are mainly polar.

4.2  Phytochemical Screening

Phytochemical screening tests were performed to determine the class of chemicals present in
the crude extracts. The result shows the presence of alkaloids, flavonoids, tannins, steroids,
saponins, and terpenoids except phenol (Table 3) in agreement with Mariita et al (2011) who
reported the presence of alkaloids, flavonoids, tannins, terpenoids saponins, glycoside, and
reducing sugar from methanol extract of the root of S. multiflorus (Mariita et al., 2011). The
results obtained suggest that detected phytochemicals may be the bioactive constituents of
this plant suggesting the plant is a valuable reservoir of bioactive compounds with significant

medical value.

Table 3: Phytochemical screening tests on the root extract of S. multiflorus
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Sample Secondary Test Observation
metabolites
Alkaloid Wagner’s test +
Flavonoids Alkaline test +

Methanol Phenol Ferric chloride test | -




extract Tannins Ferric chloride test | +
Terpenoids Salkowski’s Test +
Saponins Froth Test +
Steroid Salkowski’s Test +

+ shows presence, -shows absence
4.3 Characterization of Compounds

[-sitosterol (29) (19 mg) was isolated as a white solid with R¢value of 0.63 (80% EtOAc in n-
hexane as eluent). The *H NMR spectrum (Appendix 1) showed the presence of six methyl
signals that appeared as two methyl singlets at 6 0.70 (s, 3H, H-18), and 1.03 (s, 3H, H-19)
which corresponds to the angular methyl singlets. Three methyl doublets appeared at ¢ 0.95
(d, 3H, H-21), 0.88 (d, 3H, H-26), and 0.86 (d, 3H, H-27), and a methyl triplet at 6 0.80 (t,
3H, H-29). The signal at 0 2.37 (d, 2H, H-4) and 2.30 (t, 2H, H-7) revealed that the two
methylene adjacent to carbon attached to a hydroxyl group. The signal at ¢ 3.55 (m, 1H, H-3)
is due to Sp® oxygenated methane bearing to the hydroxyl group. Also, one olefinic proton
was shown at ¢ 5.37 (dd, 1H, H-6) as a doublet of doublet.

The 3C NMR spectrum with the aid of DEPT-135 (Appendix 2 and 3) showed twenty-nine
carbon signals made up of six methyls, eleven methylenes, nine methine, and three
quaternary carbon signals. The signals at ¢ 140.7 (C-5) and 121.7 (C-6) correspond to olefinic
double bonds of which the former one is Sp? quaternary carbon. The signal at 5 71.8 (C-3) is
assignable to methine carbon bearing. The signals at ¢ 11.8 (C-19) and 19.4 (C-18)
correspond to angular methyl carbon atoms Cig and Cig respectively. The chemical shift
value for Cig is lower due to y-gauche interaction that increases the screening of the Cis.
From the above spectral data and comparison with the literature, the structure of the
compound was identified as f-sitosterol (29). It is widely distributed in plants and is the
commonest sterol of higher plants. Previously isolation of p-sitosterol (29) from the
methanol extract of Lycoris radiata (Amaryllidaceae) was reported but, this is the first time it
isolated from the genus Scadoxus. S-sitosterol (29) is known to possess various biological
activities such as antinociceptive, immunomodulatory activity, antimicrobial, anticancer, anti-

diabetic activity, and antioxidant (Babu & Jayaraman, 2020).

Table 4: *H and *C NMR spectral data of g-sitosterol (29)
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[-sitosterol (29) (Aliba et al., 2018)
Position | dnin ppm oc in ppm OH IN ppm oc in ppm
1 1.35(t, 2H) 37.2 37.3
2 1.55 (m, 2H) 319 317
3 3.55 (m, 1H) 71.8 3.55 (m, 1H) 71.9
4 2.37 (d, 2H) 42.3 42.3
5 - 140.7 140.8
6 5.37 (dd, 1H) 121.7 5.37 (dd, 1H) 121.8
7 2.30 (t, 2H) 319 32.0
8 1.97 (m, 1H) 29.1 29.3
9 1.85(d, 1H) 50.1 50.2
10 - 36.5 36.6
11 2.05 (m, 2H) 21.0 21.2
12 1.51 (t, 2H) 39.7 39.9
13 - 42.3 42.3
14 1.88 (m, 1H) 56.7 56.9
15 1.33 (m, 2H) 23.0 23.2
16 1.30 (m, 2H) 28.2 28.3
17 2.01 (m, 1H) 56.0 56.2
18 0.70 (s. 3H) 11.9 0.70 (s, 3H) 12.1
19 1.03 (s, 3H) 19.4 1.03 (s, 3H) 19.1
20 1.55 (m, 1H) 36.1 36.2
21 0.95 (d, 3H) 18.7 0.95 (d, 3H) 18.9
22 1.27 (m, 2H) 33.9 34.0
23 1.18 (m, 2H) 24.3 24.4
24 1.33 (m, 1H) 45.8 45.9
25 1.51 (m, 1H) 28.2 26.2
26 0.88 (d, 3H) 19.4 0.87 (d, 3H) 19.9
27 0.86 (d, 3H) 19.0 0.85 (d, 3H) 19.1
28 1.05 (d, 2H) 23.0 22.8
29 0.80 (t, 3H) 11.8 0.84 (t, 3H) 9.6
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Figure 3: Structure of S —sitosterol

11-hentriacontene (30) (32 mg) was isolated as a pale yellow muddy solid with Rt value of
0.54 (90%EtOAC in n-hexane as eluent). The *H NMR (Appendix 4) spectral data showed the
corresponding signals of the olefinic protons with chemical shifts 6 5.4 (m, 2H, H-11 & H-
12) as a multiplet. The multiplet signal at 62.38 (m, 4H, H-10 & H-13) are integrated due to
the methylene protons allylic to double bonds. An up-field proton triplet signal at 6 0.90 (t,

6H, H-1 & H-31) is evident for the presence of terminal methyl proton in the compound.

The BC-NMR spectrum with the aid of DEPT-135 (Appendix 5 and 6) displayed two sp?
methines at 6 130.0 (C-11) and 129.7 (C-12). In addition, peaks at ¢ 22-34.1 correspond to
the methylene groups of which the deshilded appeared at 6 34.1 (C-10 & C-13) suggesting
methylene next to sp? methines. Whereas the methylene that appeared at 6 31.0 is attributed
to methylene at Cz and Cz9. The more intense signal at 6 29.6 represented the existence of
many overlapped methylene carbons. The most up-field carbon signal at 0 14.1 (C-1 & C-31)
accounts for the presence of terminal methyl protons. The above spectral data suggest that the
compound is 11-hentriacontene (30), which was previously isolated from GC-MS analysis of
hexane extract of Cleisostoma scolopendrifolium flower (Son et al., 2020) and also isolated
from flowers of Inula grantioides (Burdi et al., 1991; Gashu, 2018). It is used in mating
stimulant pheromone of Fannia femoralis and plays a key role in the pollination mechanism
between Cleisostoma orchids and Megachile bees (Son et al., 2020). This is the first time 11-
hentriacontene (30) isolated from S. multiflorus and reported herein for the first time from

genus.

Table 5: *H and C NMR spectral data of 11-hentriacontene (30)
Position SH(S in ppm) 13C NMR (dc in ppm) | DEPT-135 (Jc in ppm)
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C1&Cst 0.9 (t, 6H) 14.1 14.1
C2&Cs 1.2 (m, 4H) 22.7 22.7
C3 & Cyo 1.6 (m, 4H) 31.9 319
Cs4 & Cy 1.2 (m, 4H) 29.3 29.4
Cs-Cs, C15-Co7 | 1.3 (M, 34H) 29.6 29.6
Co & Cus 2.0 (m, 4H) 29.7 29.7
C10&Ci3 2.3 (m, 4H) 34.1 34.1
Cu 5.4 (m, 1H) 130.0 130.0
Cu 5.4 (m, 1H) 129.7 129.7
C o
30

Figure 4: Structure of 11-hentriacontene

5, 12-henicosadiene (31) (30 mg) was isolated as a yellow solid with R¢ value of 0.44
(90%EtOAC in n-hexane as eluent). The *H NMR (Appendix 7) spectral data showed signals
due to olefinic protons as multiplate ¢ 5.4-5.3 (m, 4H, H-9, H-10, H-12, and H-13). The
triplet signal at 6 2.7 (t, 2H, H-11) is due to the presence of allylic methylene protons. The
intense multiplet peak at 6 1.2 (m, 10H) is due to the presence of many methylenes. The
multiplet up-field proton signal at 50.9 (t, 3H) is evident for the presence of terminal methyl

proton in the compound.

In the *C-NMR (Appendix 8), four sp? methines appeared at 6 130.2 (C-9), 130.0 (C-10),
128.0 (C-12), and 127.9 (C-13). In addition, peaks at ¢ 22.0-34.1 correspond to the methylene
groups flanked between two Sp? methines at 6 34.1 (C-11). The terminal methyl group
appeared at 0 14.0 (C-1 and C-21). The above spectral data suggest that the compound is 5,
12-henicosadiene (31). This is the first time 5, 12-henicosadiene (31) is isolated from

Scadoxus multiflorus, and reported herein for first time from genus Scadoxus.
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Table 6: 'H and *C NMR spectral data of 5, 12-henicosadiene (31)

Position OH(d in ppm) 13C NMR (dc in ppm)
C1&Cx 0.9 (t, 6H) 14.0

C2 & Co 1.3 (m, 4H) 29.9

C3-C7& C15-Cuo 1.2 (m, 20H) 29.7

Cs 2.3 (m, 2H) 315

Co 5.4 (m, 1H) 127.9

Cao 5.4 (m, 1H) 130.0

Cu 2.7 (t, 2H) 34.1

Cu 5.3 (m, 1H) 128.1

Cas 5.3 (m, 1H) 130.2

Cus 2.4 (m, 2H) 31.9

P VT Nre e e Ve U W N
31

Figure 5: Structure of 5, 12-henicosadiene (31)

Lindcarpine derivatives (32) (36 mg) was isolated as a reddish brown with R¢ value of 0.50
(70%EtOAC in n-hexane as eluent). The *H NMR (Appendix 12) spectral data revealed the
existence of aromatic protons at ¢ 6.5 (s, 1H) and 6.14 (t, 2H). The corresponding signals of
the olefinic protons with chemical shifts at ¢ 5.37 (dd, 1H) were also observed. The signal at
0 1.3 (m, 25H) is a characteristic signal for many methylene protons in the compound which
was supported by the appearance of an intense carbon signal at § 29 in the *C-NMR
spectrum (Appendix 13). The signal observed at 6 2.8 (m, 2H) is ascribed to methylene
protons attached to a carboxyl group. The signal at ¢ 2.6 (m, 4H) suggests allylic methylene.
An up-field proton signal at 0.9 (m, 6H) is evident for the presence of terminal methyl proton

in the compound.

The 3C NMR spectrum with the aid of DEPT-135 (Appendix 2 and 3) revealed the existence
of a carbonyl group (-CO-) at ¢ 204.4 attributed to ketone carbonyl. The carbon signal at ¢
22- 34.1 corresponds to the methylene groups of which the most deshilded one that appeared
at 0 34.1 suggests methylene next to a carbonyl. The most up-field carbon signal at ¢ 14.2
suggests the presence of terminal methyl groups. Three quaternary carbon appeared at 6 41.1,
41.0, and 40.5. Also, twelve sp? methines appeared at § 145.5, 142.6, 137.2, 130.2, 130.0,
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129.3, 128.9, 128.1, 127.9, and 127.0. From the above spectral data, the structure of the
compound was identified as lindcarpine derivatives (32). This is the first time lindcarpine

derivatives (32) were isolated from Scadoxus multiflorus, and it's new to the genus Scadoxus.

Table 7: *H and *C NMR spectral data of compound 32

Position | 8x(3 in ppm) 13C NMR (dc in ppm) | DEPT-135 (éc in ppm)
1 - 142.5 -

2 - 145.5 -

3 - 126.9 -

la - 130.2 -

1b - 129.3 -

1c - 128.9 -

4 1.2 (2H) 29.0 29.0
5 2.05 (2H) 31.9 31.9
6 - 41.1 -

7 1.3 (2H) 29.7 29.7
8 - 128.1 -

9 6.5 (1H) 1275 1275
10 - 137.2 -

11 6.13 (1H) 127.9 127.9
12 6.14 (1H) 129.3 129.3
12a - 127.0 -

13 2.18 (2H) 34.1 34.1
14 - 201.4 -

15 0.9 (3H) 22.5 225
16 1.4 (2H) 24.7 24.7
17 - 41.0 -

18 1.7 (2H) 22.6 22.6
19 0.9 (3H) 14.0 14.0
20 0.9 (3H) 14.1 14.1
21 1.6 (3H) 25.6 25.6
22 - 40.5 -

23 1.3 (2H) 22.5 22.5
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24 0.9 (3H) 14.1 14.1
25 0.9 (3H) 13.9 13.9
26 1.4 (2H) 272 272
27 5.37 (1H) 130.0 130.0
28 - 130.2 -

29 1.2 (3H) 28.9 28.9
30 1.2 (3H) 226 22.6

Figure 6: Structure of lindcarpine derivatives

Linolieamide (33) (30 mg) was isolated as a yellow solid with R¢value of 0.49 (70%EtOAC in
hexane as eluent). The 'H NMR (Appendix 12) spectral data showed the corresponding
signals of the olefinic protons with chemical shifts between ¢ 5.57-5.30 (brs, 4H, H-9, H-10,
H-12, and H-13 ). The multiplate signal at 6 1.3 (m, 16H ) is a characteristic signal for many
methylene protons in the compound which was supported by the appearance of an intense
carbon signal at & 29 in the 3C-NMR spectrum (Appendix 13). The triplet signal observed at
0 2.14 (t, 2H, H-2) is ascribed to methylene protons attached to a carboxyl group. The triplet
signal at 6 2.72 (t, 2H, H-11) suggests a proton that is flanked between two olefinic protons.
The multiplate signal at 62.18 (m, 4H, H-8 & H-14) are integrated for the allylic methylene
protons. The up-field triplet proton signal at & 0.85 (t, 3H, H-18) is evident for the presence

of terminal methyl proton in the compound.

The ¥C NMR spectral data with the aid of DEPT-135 (Appendix 13-14) revealed the
existence of a carbonyl group (-CO-) at ¢ 175.0 (C-1) attributed to amide carbonyl. The

carbon signal at ¢ 22-34.1 corresponds to the methylene groups of which the most deshilded
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one that appeared at 6 34.1 suggests methylene next to carbonyl (C-2). The most up-field
carbon signal at 6 14.2 (C-18) suggests the presence of terminal methyl groups. Also, four
sp? methines appeared at 6 130.4 (C-10), 130.2 (C-13), 128.1 (C-9), and 127.5 (C-12). From
the above spectral data and comparison with the literature, the structure of the compound was
identified as linoleamide (33). Linoleamide is a fatty amide obtained from linoleic acid. Hanh
et al (2011) report the isolation of linoleamide (33) from methanol extract of Chromolaena
odorata (Asteraceae) aerial parts and examined their anti-inflammation proper. Linoleamide
(32) inhibited the NO production at concentrations consistent with those required for NF-kB
inhibition with 1Cso values of 25.10 +3.20 and 24.00 +4.81 uM (Hanh et al., 2011). This is
the first time linoleamide (32) isolated from S. multiflorus and reported herein for the first

time from the genus.

Table 8: 'H and *C NMR spectral data of linolieamide (33)

linolieamide (33) (Hanh et al., 2011)
Position | 6x(d in ppm) | *C NMR (6ciin | du(d in ppm) | *C NMR (dc
ppm) in ppm)

1 - 175.0 - 174.9

2 22 (t,2H) |34.1 2.2 (t) 34.0

3 1.5(m, 2H) |24.9 1.5 (m) 24.8
4-6 1.2(m, 6H) |29.1 1.2-14(m) [29.0

7 1.3(m, 2H) |28.9 1.2-1.4(m) |289

8 2.1(m,2H) |[27.0 2.0 (m) 27.1

9 54 (m, 1H) |128.1 5.36 (M) 128.1
10 5.4 (m, 1H) | 130.4 5.36 (M) 130.2
11 2.6(t 2H) |[29.5 2.76 (1) 29.5

12 53 (m, 1H) |1275 5.36 (M) 128.1
13 53 (m, 1H) |130.2 5.36 (M) 130.2
14 1.5(m, 2H) |31.3 1.5 (m) 29.2

15 1.2(m, 2H) |27.0 1.2 (m) 27.6

16 1.2(m,2H) |31.4 1.2 (m) 315

17 1.2(m,2H) |225 1.2 (m) 225

18 0.8 (t, 3H) 14.2 0.8 (t) 14.0
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Figure 7: Structure of linoleamide
4.4 Anti-bacterial Activity

The crude extract and isolated compounds were tested for their antibacterial activity in vitro
against E. coli, P. aroginosa, K. pnimoniea, E. fecalis, S. thphimurium, and S. aureaus at
different concentrations (100, 50, 25, 12.5 mg/mL) for crude extract, and isolated compounds
(10, 5, 2.5, 1.25 mg/mL). Ciprofloxacin as a positive control and DMSO as negative control
were used. The mean zone of inhibition values indicated that all the compounds exhibited
antibacterial activities ranging from 6.67 mm to 15.00 mm. Activity increased in a dose-
dependent manner. All extract shows activity against E. coli, K. pnimoniea, E. fecalis, and S.
thphimurium. The chloroform extract shows promising activity against E.coli, E. fecalis, and
S. aureaus (12.67+0.58) as compared to ciprofloxacin (26.67+2.73, 23.50+1.38, and
28.00+1.67 respectively) as shown in Table 9. Hexane extract also shows promising activity
against E. fecalis (15.00+0.0) and S. aureaus (14.00+1.0) as compared to ciprofloxacin
(23.50+1.38, and 28.00+1.67 respectively). Methanol extract shows promising activity
against E.coli and E. fecalis (12.00+0.00) compared to ciprofloxacin (26.67+2.73 and
23.50+1.38 respectively).

The zone of inhibition values indicated that all the compounds exhibited antibacterial
activities ranging from 6.67-15 mm (Table 10) against all the tested bacterial strains except
for E. fecalis. p-sitosterol (29) and 11-hentriacontene (30) showed promising activity
(15.00+0.00) against S. thphimurium whereas 5, 12-henicosadiene (31) and p-sitosterol (29)
showed promising activity (14.67+0.58 and 14+1.00) against P. aroginosa respectively as
compared to ciprofloxacin (31.33+£1.97 and 30.00+0.89 respectively). Linolieamide (33) and
11-hentriacontene (30) also showed promising activity (12.67+0.58 and 12.00+1.00) against
E.coli respectively, whereas 5, 12-henicosadiene (31) and f-sitosterol (29) p-sitosterol (29)
also showed promising activity (13.33+1.15 and 12.67+1.15) against S. aureus as compared
to ciprofloxacin (26.67+2.73 and 28.00+1.67 respectively). Lindcarpine derivatives (32) and
[-sitosterol (29) show promising activity against K. pneumonia (12.67+2.52 and 12.33 +0.58)
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respectively compared to ciprofloxacin (24.67+0.82). No inhibition zone was observed

isolated compound against E. fecalis.

Table 9: Antibacterial activity of S. multiflorus root extract

Inhibition Diameter (mm)+SD
Conc P. K. S.
Sample (mg/mL) | E. coli aroginosa | pneumoniea | E.fecalis | thphimurium | S. aureaus
100 12.67+0.58 | NA 11.33+0.58 12.67+0.58 | 11.33+1.15 12.67+0.58
50 12.33+0.58 | NA 10.33+0.58 12.00£0.00 | 11.00+0.00 11.00+2.65
25 11.33+0.58 | NA 9.33+0.58 12.00+2.00 | 11.00+0.00 8.33+£2.31
Chloroform | 12.5 11.33+0.58 | NA 8.33+0.58 11.67+1.5 | 10.33+£0.58 NA
100 12.33+0.58 | NA 11.67+0.58 15.00+0.0 | 13.00+1.73 14.00+1.0
50 11.67+0.58 | NA 11.00+1.0 13.00+1.0 | 11.67+1.53 13.00+1.0
Hexane 25 11.00+£1.00 | NA 10.33+0.58 13.00+1.0 | 9.00+1.5 12.33+1.0
12.5 10.33+0.58 | NA NA 11.00+£1.0 | 7.67%2.0 12.00+0.0
100 12.00+0.00 | NA 9.00£1.00 12.00£0.00 | 11.00+0.00 NA
50 10.33+0.58 | NA 8.00+0.00 NA 10.00+0.00 NA
25 9.00£1.00 | NA 7.00+0.58 NA NA NA
Methanol 12.5 NA NA 7.00+0.00 NA NA NA
Ciprofloxacin
(ng/mL) 10 26.67+2.73 | 30.00+0.89 | 24.67+0.82 23.50+1.38 | 31.33+1.97 28.00+1.67
Table 10: Antibacterial activity of isolated compounds
Inhibition Diameter (mm)+SD
Conc K. S.
Sample (mg/mL) E. coli P. aroginosa | pneumoniea | E. fecalis | typhimurium S. aureus
10 10.67+1.5 | 14.00+1.00 12.33+0.58 NA 15.00+0.00 12.67+1.15
5 10.00+1.73 | 13.67+0.58 11.67+1.15 NA 14.00+2.00 12.33+1.15
[-sitosterol 2.5 8.33+2.52 | 12.00£1.00 11.33+1.53 NA 11.33+0.58 12.00+.00
(29) 1.25 7.67+2.89 | 10.67+0.58 10.33+0.58 NA 11.00+0.00 9.33+£2.08
11- 10 12.00+1.00 | 12.674+2.08 9.67+2.31 NA 12.33+0.58 12.33+0.58

32|Page




hentriacontene 5 11.67+0.58 | 11.00+0.00 9.334+2.08 NA 11.67+0.58 12.00+1.00

(30) 2.5 11.00+0.00 | 11.00+.00.00 | 9.00+1.73 NA 11.00+1.00 11.67+1.53

1.25 10.67+0.58 | 11.00+0.00 8.67+1.53 NA 10.33+0.58 11.00£1.00

10 11.33+1.15 | 13.00£1.00 8.00+0.00 NA 15.00+0.00 13.33+£1.15

5, 12- 5 10.67+0.58 | 11.00+0.00 7.00+0.00 NA 13.33+0.58 13.33+1.53

henicosadiene 2.5 10.67+0.58 | 10.33+0.58 6.67+0.58 NA 12.67+1.53 12.00£1.00

(31) 1.25 10.00+0.00 | 7.67+0.58 NA NA 11.33+1.15 9.67+2.52

10 11.67+1.15 | 14.67+0.58 12.67+2.52 NA 13.00+2.00 13.00£1.00

Lindcarpine 5 10.00+1.00 | 12.33+2.31 9.67+2.52 NA 12.33+0.58 13.00£1.00

derivatives 2.5 9.67+1.53 | 12.33+2.31 8.33+2.31 NA 12.00+1.00 12.33+1.53

(32) 1.25 9.00£1.00 | 10.33+0.58 8.00+1.73 NA 11.33+0.58 11.33+1.53

10 12.67+0.58 | 13.00+1.00 9.67+1.53 NA 13.33+1.54 12.33+0.58

5 11.67+0.58 | 12.00+0.00 8.00+2.00 NA 13.00+1.00 12.33+0.58

Linolieamide 2.5 11.33+0.58 | 12.00+0.00 8.00+2.00 NA 11.00+1.00 12.33+0.58

(33) 1.25 10.33+0.58 | 11.00+0.00 NA NA 10.67+0.58 11.33+1.15
Ciprofloxacin

(ng/mL) 10 26.67+2.73 | 30.00+0.89 24.67+0.82 | 23.50+1.38 | 31.33+£1.97 28.00+1.67

NA = No Activity, SD = Standard Deviation, mean values of three triplicates + standard deviation

4.5 Antioxidant Activity

The DPPH scavenging assay, crude extracts, and isolated compounds of S. multiflorus were

investigated for their free radical scavenging activity via their reaction with the stable DPPH

radicals. The reduction of the DPPH was followed by a decrease in absorbance at 517 nm.

The DPPH radical scavenging activities (%) of extracts and isolated compounds were found
to be 68.80 (methanol extract), 41.3 (chloroform extract), 31.3 (linolieamide (33), 25.39 (-
sitosterol (29), 21.38 (5, 12-henicosadiene (31), 21.29 (lindcarpine derivatives (32) and 21.20
(11-hentriacontene (30), 10.79 (hexane crude) respectively at 200 pg/mL and 20 pg/mL

(Table 11 and 12). It was observed that the DPPH scavenging activity increased with the

increasing concentration of the samples in the assay. For the various concentrations,

compound 33 exhibited the highest percent inhibition of the DPPH as compared to the other

isolated compounds. The positive control, ascorbic acid showed maximum scavenging effect
at very low and high concentrations (96.11, 95.63, 95.43, and 95.14 % at 200, 100, 50, and 25
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ug/mL) for extract and (97.36, 96.72, 92.27 and 87.35 % at 20, 10, 5, and 2.5 ug/mL) for

isolated compounds (Figure 11 and 12). When compared to standard ascorbic acid, the

DPPH radical scavenging activity of S. multiflorus extracts and isolated compounds were

lower.

Table 11: DPPH radical scavenging activities (%) of S. multiflorus root extract

Extracts Positive control
Conc (ug/mL) | Control Hexane Chloroform Methanol Ascorbic Acid
A %RSA A %RSA A %RSA A %RSA
200 1.029 |0.918 | 10.79 0.604 41.3 | 0.321 | 68.80 0.04 96.11
100 1.029 |0.919| 10.69 | 0.644 | 37.41 | 0.634 | 38.39 | 0.045 | 95.63
50 1.029 | 0935| 9.14 0.781 | 25.27 | 0.76 26.14 | 0.047 | 9543
25 1.029 | 0.965| 6.22 0.769 241 | 0.862 | 16.23 0.05 95.14
ICs0 409.1 344.9 393.9 0.0007

Table 12: DPPH radical scavenging activities (%) of isolated compounds

Compounds

11-hentriacontene
Conc p-sitosterol (29) (30) 5, 12-henicosadiene (31)
(ng/mL) | Control | A %RSA | A %RSA | A %RSA
20 1.099 0.82 25.38672 | 0.864 | 21.20109 | 0.864 | 21.38308
10 1.099 0.872 | 20.65514 | 0.885 | 20.56415 | 0.885 | 19.47225
5 1.099 |0.875 |20.38217 |0.887 | 20.20018 | 0.887 | 19.29026
2.5 1.099 0.89 19.01729 | 0.902 | 19.10828 | 0.902 | 17.92539
ICso 64.5 169.6 1215

Compound Positive control
lindcarpine

Conc derivatives (32) linolieamide (33) | Ascorbic Acid
(ug/mL) | Control | A %RSA | A |[%RSA [A %RSA
20 1.099 0.865 | 21.29208 | 0.865 | 31.30118 | 0.029 | 97.36124
10 1.099 0.88 | 19.92721 | 0.88 | 23.47589 | 0.036 | 96.72429
5 1.099 0.887 | 19.29026 | 0.887 | 19.92721 | 0.085 | 92.2657
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2.5

1.099 0.907 | 17.47043 | 0.907 | 14.83167 | 0.139 | 87.35214

I1Cso

111.9 64.4 4

Conc-Concentration, A- Absorbance, RSA-Radical Scavenging Activity
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Figure 8: DPPH radical scavenging activities (%) of S. multiflorus root extract
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Figure 9: DPPH radical scavenging activities (%) of isolated compounds
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4.6 In silico molecular Docking Study

4.6.1 In silico molecular Docking Study of (E.coli) enzyme DNA gyrase

In silico study of isolated compounds inhibitors as antibacterial drug candidates were
conducted to predict the orientation and binding affinity at the active site of the receptor. In
this regard, the molecular docking analysis for the isolated compounds was performed to
elucidate their binding interactions with bacterial (E.coli) enzyme DNA gyrase. The binding
affinity, H-bond, and residual interaction of the isolated compounds and Amoxicillin are
summarized in Table 13. In the docking study, all the compounds were found to have
minimum binding energy ranging from — 5.4 to — 9.1 kcal/mol. From these, the best result
was achieved by g-sitosterol (29) (— 9.1 kcal/mol) compared with standard Amoxicillin (-
7.6). 11-hentriacontene (30) showed minimum binding energy of — 5.4 whereas 5, 12-
henicosadiene (31), lindcarpine derivatives (32), and linolieamide (33) showed better activity

of —5.9, — 7.3, and — 5.9 kcal/mol respectively.

All the compounds except 11-hentriacontene (30) and 5, 12-henicosadiene (31) have shown
hydrogen bonding interaction. g-sitosterol (29) showed H-bonding interaction with amino
acid Ser-1084, lindcarpine derivatives (32) showed interaction with Arg-76, Arg-76, and Gly-
101, Gly-117, and linolieamide (33) showed interaction Val-167, Val-71, Thr-165, and Asp-
73 as shown in Table 13 below. All compounds exhibited more residual Van der Waals

interaction than the standard drug ciprofloxacin.

Table 13: Molecular docking results of isolated compounds against E. coli Gyrase B (PDB
ID 7P2W)

Comp | Affinity | H-bond Residual interactions

ounds | (kcal/mol Hydrophobic and Electrostatic | VVan der Waals

p- -91 Asp-73 Hydrophobic Alkyl- lle-78, | Gly-117, Val-118, Arg-76,
sitoste Ile-94 Glu-50, Gly-77, Thr-165,
rol Asn-46, Asp-49, Gly-101
(29)

11- —-54 - Hydrophobic Alkyl- Ala-47, | Glu-50, Asn-46, Val-167,
hentri Plrggs\)/’alA_g‘f%alA_fé’l%%If;al‘"' Thr-165, Asp-73, Gly-77,
aconte lle-78 (Dist. 5.09637 A), lle-78 | Arg-76, Gly-101
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ne
(30)

(Dist. 5.04935 A), Ile-78 (Dist.
4.86398 A), Ile-78 (Dist.
5.44283 A), Val-118 (Dist.
5.30437 A), Val-118 (Dist.
4.42964 A), Val-118 (Dist.
5.45992 A), Tle-94 (Dist.
5.12032 A), Tle-94 (Dist.
5.47553 A), Tle-94 (Dist.
4.72673 A)

Hydrophobic-Pi-Alkyl- His-83
(Dist. 5.08018 A), His-83
(Dist. 4.35868 A)

51

henico
sadien
e (31)

2-1—-59 -

Hydrophobic Alkyl- Pro-79,
Ala-90, Ala-100, Val-120,
Val-93, lle-78 (Dist. 3.99016
A), lle-78 (Dist. 5.07864 A),
lle-78 (Dist. 5.39231 A), lle-78
(Dist. 5.07899 A), Val-118
(Dist. 3.65658 A), Val-118
(Dist. 5.17594 A), 1le-94 (Dist.
4.5859 A), lle-94 (Dist.
5.05691 A), Ile-94 (Dist.
4.4657 A)

Hydrophobic-Pi-Alkyl- His-83
(Dist. 5.07955 A), His-83
(Dist. 4.68723 A)

Thr-165, Asp-73, Ala-47,
Asn-46, Glu-50

lindca | —7.3 Arg-76 (Dist.
rpine 2.06088 A), Arg-
deriva 76 (Dist.

tives
(32)

3.06776 A), Gly-
101, Gly-117

Hydrophobic-Pi-Sigma-
UNK1:C
Hydrophobic Alkyl- Ala-90,
Pro-79 (Dist. 4.63772 A), Pro-
79 (Dist. 4.50208 A)

Hydrophobic-Pi-Alkyl-  Val-
118

Gly-102, 1le-94, His-116,
Asp-49, Ala-53, lle-78, Glu-
50, His-83, Gly-77

linol

ie | —59 Val-167, Val-71,

amide Thr-165, Asp-73

(33)

Hydrophobic Alkyl- Ala-53,
lle-78 (Dist. 5.05266 A), Ile-78
(Dist. 5.44767 A), Val-118
(Dist. 5.0611 A), Val-118
(Dist. 5.28247 A)

Hydrophobic-Pi-Alkyl-  His-
116

Asn-46, Glu-50, Arg-76,
Gly-117, Ala-47, Asp-49,
GIn-72, Met-166, Val-43,
Val-120
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Amox | —7.6 Arg-76  (Dist. | Hydrophobic-Pi-Sigma- lle-78 | His-116, Gly-117, Asp-73,
icillin Hydrophobic-Amide-Pi-
245587 A), Arg | g deeds AAsh 46:C.0: Ala | ASP-49, Thr-165, Val-43,
76 (Dist. 47:N Val-167, Leu-52, Ala-53,
2.49995 A), Glu- Hydrophobic-Pi-Alkyl-  Val- His-55, Pro-79
>0 (Dist- | 118, val-120
3.03222 A), Glu-
50 (Dist.
3.13828 A),
Asn-46

DA = deoxyadenosine; DG = deoxyguanosine; DT = deoxythymidine; DC =Deoxycytidine.
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Figure 10: The 2D and 3D binding interactions of g —sitosterol (29) against E. coli Gyrase B
(PDB ID: 7P2W).
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Figure 11: The 2D and 3D binding interactions of 11-hentriacontene (30) against E. coli
Gyrase B (PDB ID: 7P2W).
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Figure 12: The 2D and 3D binding interactions of 5, 12-henicosadiene (31) against E. coli

Gyrase B (PDB ID: 7P2W).
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Figure 13: The 2D and 3D binding interactions of lindcarpine derivatives (32) against E. coli
Gyrase B (PDB ID: 7P2W).
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Figure 14: The 2D and 3D binding interactions of linolieamide (33) against E. coli Gyrase B
(PDB ID: 7P2W).

4.6.2 Insilico Molecular Docking Study of S. aureus Pyruvate Kinase

In silico study of isolated compounds inhibitors as antibacterial drug candidates were
conducted to predict the orientation and binding affinity at the active site of the receptor. In
this regard, the molecular docking analysis for the isolated compounds was performed to
elucidate their binding interactions with bacterial S. aureus Pyruvate Kinase. The binding
affinity, H-bond, and residual interaction of the isolated compounds and Amoxicillin are
summarized in Table 14. In the docking study, all the compounds were found to have

minimum binding energy ranging from — 5.2 to — 7.3 kcal/mol. From these, the best result
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was achieved by lindcarpine derivatives (32) (— 7.3 kcal/mol) compared with standard c

Amoxicillin (— 7.6 kcal/mol). 11-hentriacontene (30) showed minimum binding energy of —

5.2 whereas g-sitosterol (29), linolieamide (33) and 5, 12-henicosadiene (31) showed better

activity of — 6.7, — 5.9, and — 5.5kcal/mol respectively.

All the compounds except 11-hentriacontene (30) and 5, 12-henicosadiene (31) have shown

hydrogen bonding interaction. pg-sitosterol (29) showed H-bonding interaction with amino

acid Asp-237, lindcarpine derivatives (32) showed interaction with Gly-481, Ala-572, and

linolieamide (33) showed interaction Arg-264, and Tyr-302 as shown in Table 14 below. All

compounds exhibited more residual VVan der Waals interaction.

Table 14: Molecular docking results of isolated compounds against S. aureus Pyruvate
Kinase (PDB ID 3T05)

Compo

unds

ﬂ_
sitoster
ol (29)

11-
hentriac
ontene
(30)

Affinity = H-bond

(kcal/m

ol

-6.7

—-5.2

—-55
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Asp-237

Residual interactions

Hydrophobic and Electrostatic

Hydrophobic Alkyl- Val-356,
Ala-573

Hydrophobic Alkyl- Ala-573
(Dist. 4.3573 A), Ala-573
(Dist. 3.7971 A), Leu-269

(Dist. 4.73456 A), Leu-269
(Dist. 5.34504 A), Leu-355
(Dist. 4.54528 A), Leu-355
(Dist. 4.67746 A), Val-356
(Dist. 5.01491 A), Val-356
(Dist. 3.68814 A), Val-356
(Dist. 5.47431 A), Leu-471
(Dist. 4.32877 A), Leu-471
(Dist. 4.83822 A)

Hydrophobic-Pi-Alkyl-  Phe-
578
Hydrophobic-Pi-Sigma- His-

Van der Waals

Ser-354, Asn-357, Lys-390,
Leu-269, GIn-574, Thr-463,
Gly-462, Thr-464, Arg-484,
Ser-383, Thr-387, Arg-386,
Lys-271

Arg-484, Ser-354, Thr-387,
Asn-357, Lys-390, Glu-352,
Lys-268, Lys-271, GIn-574,
Thr-463, Lys-576, His-470,
Leu-449, Asp-571, Asn-583

Val-456, Gly-473, Glu-475,



henicos
adiene
(31)

Lindcar | — 7.3
pine

derivati

ves (32)

Linolie ' —5.9
amide
(33)

Amoxic | — 7.6
illin
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Gly-481,  Ala-
572 (Dist.
2.01283 A), Ala-

572 (Dist.
2.69651 A)

Arg-264  (Dist.
2.10006 A), Arg-
264 (Dist.
2.55986 A), Tyr-
302

Arg-76 (Dist.
2.45587 A), Arg-
76 (Dist.
2.49995 A), Glu-
50 (Dist.
3.03222 A), Glu-
50 (Dist.
3.13828 A),
Asn-46

470

Hydrophobic Alkyl- Leu-355
(Dist. 4.36508 A), Leu-355
(Dist. 4.25559 A), Leu-471
(Dist. 4.87423 A), Leu-471
(Dist. 4.58438 A), Leu-471
(Dist. 5.42126 A), Lys-576,

Pro-457
Hydrophobic-Pi-Alkyl-  Phe-
578 (Dist. 5.00889 A), Phe-
578 (Dist. 5.01208 A)

Hydrophobic-Pi-Sigma-

UNK1:C
Hydrophobic-Pi-Alkyl-  Ala-
573

Hydrophobic Alkyl- Lys-260
(Dist. 5.32285 A), Lys-260
(Dist. 4.27123 A), Arg-264,

Met-257
Hydrophobic-Pi-Alkyl-  Tyr-
302 (Dist. 4.43028 A), Tyr-302
(Dist. 5.31670 A)

Hydrophobic-Pi-Sigma- lle-78
Hydrophobic-Amide-Pi-
Stacked- A:Asn 46:C,0; Ala
47:N

Hydrophobic-Pi-Alkyl-  Val-
118, Val-120

Asp-474, GIn-574, Asp-571,
Thr-463, Leu-449, Glu-460,
lle-469, Asn-465, Thr-461,
Lys-468

lle-482, GIn-480, Gly-575,
Gly-483, Glu-234, Arg-484,
Lys-271, Val-356, GIn-574,
Lys-576, Gly-479, Asn-478,
Ser-381, Gly-462, Ser-383,
Thr-463

Asp-303, Asp-261, Ala-337,
GIn-338, Asp-339, Arg-347,
Leu-343, Lys-342, Lys-260

His-116, Gly-117, Asp-73,
Asp-49, Thr-165, Val-43,
Val-167, Leu-52, Ala-53,
His-55, Pro-79



DA = deoxyadenosine; DG = deoxyguanosine; DT = deoxythymidine; DC =Deoxycytidine.
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Figure 15: The 2D and 3D binding interactions of f-sitosterol (29) against S. aureus
Pyruvate Kinase (PDB ID 3T05).
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Figure 16: The 2D and 3D binding interactions of 11-hentriacontene (30) against S. aureus
Pyruvate Kinase (PDB ID 3T05).
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Figure 17: The 2D and 3D binding interactions of 5, 12-henicosadiene (31) against S. aureus
Pyruvate Kinase (PDB ID 3T05).
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] van der waals [ Praikyl

Figure 18: The 2D and 3D binding interactions of lindcarpine derivatives (32), against S.
aureus Pyruvate Kinase (PDB ID 3T05).
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Figure 19: The 2D and 3D binding interactions of linolieamide (33) against S. aureus
Pyruvate Kinase (PDB ID 3T05).

4.6.3 In silico Molecular Docking Study of topoisomerase 11 g

In silico study of isolated compounds inhibitors as anticancer drug candidates were conducted
to predict the orientation and binding affinity at the active site of the receptor. In this regard,
the molecular docking analysis for the isolated compounds was performed to elucidate their
binding interactions with topoisomerase Il B. The binding affinity, H-bond, and residual
interaction of the isolated compounds and Abiraterone are summarized in Table 14. In the
docking study, all the compounds were found to have minimum binding energy ranging from
—6.3 to —9.6 kcal/mol. From these, the best result was achieved using g-sitosterol (29) (-9.6
kcal/mol) compared with standard Abiraterone (—11.8 kcal/mol). 5, 12-henicosadiene (31)

showed minimum binding energy of -6.3 whereas compounds lindcarpine derivatives (32),
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linolieamide (33), and 11-hentriacontene (30) showed better activity of —8.2, —6.6, and —6.5

kcal/mol respectively.

All the compounds except 11-hentriacontene (30) and 5, 12-henicosadiene (31) have shown

hydrogen bonding interaction. g-sitosterol (29) showed H-bonding interaction with amino
acid Met-782, lindcarpine derivatives (32) showed interaction with DC-16, DG-5, and DC-3
and linolieamide (33) showed interaction with Lys-456, DG-10, and DT-9 as showed in

Table 14 below. All compounds exhibited more residual VVan der Waals interaction than the

standard drug Abiraterone.

Table 15: Molecular docking results of isolated compounds against Human topoisomerase |1

B (PDB 1D 3QX3)

Compound Binding | H-bond Residual interactions
Affinity Hydrophobic and Electrostatic Van der Waals
(kcal/mol
p-sitosterol -9.6 Met-782 Hydrophobic-Pi-Sigma- DC-8, DT-9 GIn-778, DA-12,
(29) Hydrophobic-Alkyl- Arg-503 Asp-479,  Ser-
Hydrophobic-Pi-Alkyl- DC-8, DT-9, DG-13) 480, Gly-478,
Glu-477, DG-10,
Gly-504
11- -6.5 - Hydrophobic-Pi-Sigma- DA-12 (Dist. 3.93063 A), | Met-782,  Ser-
DA-12 (Dist. 3.82873 A)
hentriaconten 818,  Arg-820,
Hydrophobic-Alkyl- Arg-503 (Dist. 4.73402 A),
e (30) Arg-503 (Dist. 3.82873 A), Pro-819 DC-11, GIn-778,
Hydrophobic-Pi-Alkyl- DT-9 (Dist. 4.92104 A), | Gly-478,  Gly-
DT-9 (Dist. 4.9560 A), DA-12 (Dist. 3.94588 A), | 504,  Asp-479,
DA-12 (Dist. 4.68808 A), DG-13 (Dist. 4.06784 | DG-10

A), DG-13 (Dist. 4.54166 A), DG-13 (Dist.

4.11522 A), DC-8 (Dist. 4.51383 A), DC-8 (Dist.
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4.51380 A)
5, 12- | - 6.3 - Hydrophobic-Pi-Sigma- DG-13 GIn-778,  Gly-
henicosadiene Hydrophobic-Alkyl- Arg-503 (Dist. 5.0794 A), | 478,  Asp-479,
Arg-503 (Dist. 3.85866 A), Arg-503 (Dist. 5.0546
(32) A), Met-782 DG-10
Hydrophobic-Pi-Alkyl- DT-9 (Dist. 4.31981 A),
DT-9 (Dist. 4.74874 A), DA-12 (Dist. 5.32599 A),
DA-12 (Dist. 4.59638 A), DC-8 (Dist. 3.96316 A),
DC-8 (Dist. 5.14848 A), DG-13
lindcarpine -8.2 DC-16 Electrostatic-Pi-Anion- DC-3 DA-6, Met-782,
derivatives (Dist. Hydrophobic Alkyl- Lys-814 DA-12, DT-15,
(32) 2.48655 Hydrophobic-Pi-Alkyl- DG-13 DC-14, DG-2
A), DC-16
(Dist.
2.73075
A), DG-5,
DC-3
linolieamide |—6.6 Lys-456 Hydrophobic-Pi-Sigma- DA-12 Asp-479,  Gln-
(33) (Dist. Hydrophobic-Alkyl- Arg-503 (Dist. 4.67013 A), | 778
Arg-503 (Dist. 3.87238 A)
2.36538
Hydrophobic-Pi-Alkyl- DT-9 (Dist. 5.41136 A),
A), Lys-
DT-9 (Dist. 4.12649 A), DT-9 (Dist. 4.91044 A),
456 (Dist.
DA-12 (Dist. 4.64148 A), DA-12 (Dist. 5.49342
2.47189
A), DG-13 (Dist. 533662 A), DG-13 (Dist.
A), DG-
531801 A), DG-13 (Dist. 5.48630 A), DC-8
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10, DT-9

Abiraterone | —11.8 DG-10 Hydrophobic-Alkyl- Arg-503(Dist. 4.50057 A) Gly-504,

Hydrophobic-Pi-Alkyl- DA-12 Lys-456,

Hydrophobic-Pi-Alkyl- DC-8 479, DT-9

Glu-

Hydrophobic-Alkyl- Arg-503(Dist. 4.19301 A) | 477,  Gly-478,

Asp-

DA = deoxyadenosine; DG = deoxyguanosine; DT = deoxythymidine; DC = Deoxycytidine
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Figure 20: The 2D and 3D binding interactions of p-sitosterol (29) against human
topoisomerase 115 (PDB ID: 3QX3).
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Figure 21: The 2D and 3D binding interactions of 11-hentriacontene (30) against human
topoisomerase 115 (PDB ID: 3QX3).
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[ ven der waals [ Alkyl
B Fi-sigma [ Pi-Alkyl

Figure 22: The 2D and 3D binding interactions of 5, 12-henicosadiene (31) against human
topoisomerase 115 (PDB ID: 3QX3).
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Figure 23: The 2D and 3D binding interactions of lindcarpine derivatives (32) against human
topoisomerase 115 (PDB ID: 3QX3).
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Figure 24: The 2D and 3D binding interactions of linolieamide (33) against human
topoisomerase 115 (PDB ID: 3QX3).
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Figure 25: The 2D and 3D binding interactions of reference drug Abiraterone against human
topoisomerase 115 (PDB ID: 3QX3).
4.7 In Silico Prediction of Drug-Likeness, and Pharmacokinetic Prediction
Study
Drug-likeness is a prediction that determines whether a specific organic molecule has
qualities that indicate it could be an orally active drug. The isolated compounds' drug-
likeness was assessed using "Lipinski's rule of five,” which specifies that prospective
molecules should have (MW<500, ilog P<5, H-bond donors <5, and H-bond acceptors <10)
and Veber’s parameters (TPSA <140 A2 and rotatable bonds<10. Linolieamide (33) followed
Lipinski's rule of five, indicating that they are drug-like and orally active (Table 16). The ilog
P values for all compounds are less than five except for 11-hentriacontene (30) and 5, 12-
henicosadiene (31).
Table 16: Drug-likeness predictions of compounds, computed by SwissADME
Compounds | Mol. Wt. | NHD | NHA | NRB | TPSA Log P Log P LogS | Lipinski’s
rule of five
(9/mol) (A?) (iLOGP) (MLOGP) | (ESOL) | with zero
violations
Lipophilicity | Lipophilic | Water
ity Solubili
ty
[-sitosterol 414.71 1 1 6 20.23 4.79 6.73 —7.90 1
(29)
11- 434.82 0 0 27 0.00 8.07 9.49 —10.88 1
hentriaconte
ne (30)
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5, 12-
henicosadie
ne (31)

292.54

16

0.00

5.68

6.44

—6.88

lindcarpine
derivatives
(32)

517.74

60.77

4.22

4.93

- 7.97

linolieamide
(33)

279.46

14

43.09

4.00

4.06

—4.64

Abiraterone

349.51

33.12

3.42

4.42

—5.03

[EEN

Amoxicillin

365.40

158.26

0.95

0.23

-0.70

NHD = number of hydrogen donors, NHA = number of hydrogen acceptors, NRB = number

of rotatable bonds, and TPSA = total polar surface area.

The ability of molecules to penetrate the outer layer of the skin is described by skin
permeability (Kp). The isolated compounds’ log Kp values (Table 17) were all determined to
be within the permissible range of -1.18 to — 3.58. The SwissADME prediction parameters
have shown that the GIA exhibits good oral absorption except for linolieamide (33). The
results of the BBB permeability test performed on tested compounds (Table 17)
demonstrated that all compounds except linolieamide (33) has lack of BBB permeability. In
this study, 5, 12-henicosadiene (31) inhibited CYP1AZ2 inhibitor, lindcarpine derivatives (32)
CYP2D6 inhibitor, and linolieamide (33) inhibited CYP1A2 inhibitor and CYP2C9 inhibitor
as shown in the Tablel7 below. Furthermore, glycoprotein inhibition measurements were used
to predict target compound excretion properties. P-gp and cytochrome P4sy are known to help
protect biofilms (gastrointestinal tract or brain) from exogenous substance efflux
(biotransformation) to protect tissues. All of the compounds except 11-hentriacontene (30), and
lindcarpine derivatives (32) exhibited no inhibition of P-gp, so no liver dysfunction effects are

expected after administration.

Table 17: ADME predictions of compounds, computed by SwissADME and PreADMET

Compound

Skin Gl
Permeati | Absor | Perm

BBB Inhibitor Interaction

on ption | eabili
Value ty
(Log Pgp | CYP1A

Kp) substra 2
cm/s te inhibitor

CYP2C19
inhibitor

CYP2
C9
inhibit
or

CYP2D6
inhibitor

CYP3A4
inhibitor
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[-sitosterol (29) -2.20 Low No No No No No No No
11-hentriacontene 2.46 Low No Yes No No No No No
(30)
5, 12- —1.18 Low No No Yes No No No No
henicosadiene
(31)
lindcarpine —3.58 Low No Yes No No No Yes No
derivatives (32)
linolieamide (33) | —3.51 High Yes No Yes No Yes No No
Abiraterone -5.14 High | Yes No Yes No No No No
Amoxicillin -9.94 Low No No No No No No No

Gl = gastrointestinal, BBB = blood brain barrier, P-gp = P-glycoprotein, and CYP =

cytochrome-P

Table 18: Toxicity prediction of compounds, computed by ProTox-Il and OSIRIS property

explorer.
Compound LDso | Toxi Organ Toxicity
city
(mg/kg) | Clas | Hepatot | Carcinogen | Immuno | Mutage | Cytotox | Irrita
S oxicity icity toxicity | nicity icity nt
[-sitosterol 890 4 | Inactive | Inactive Active | Inactive | Inactive | No
(29)
11- 2760 5 Inactive Inactive Inactive | Inactive | Inactive | No
hentriaconte
ne (30)
5, 12- 2760 5 Inactive Inactive Inactive | Inactive | Inactive | No
henicosadie
ne (31)
lindcarpine 240 3 Inactive | Mild active | Inactive | Inactive | Inactive | No
derivatives
(32)
linolieamide 750 4 Inactive Inactive Inactive | Inactive | Inactive | No
(33)
Abiraterone 830 4 Inactive Inactive Active | Inactive | Inactive | No
Amoxicillin | 15000 6 Inactive Inactive Inactive | Inactive | Inactive | No
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5. CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Natural products represent an important source of new lead compounds in drug discovery
research. S. multiflorus is one of the medicinal plants used traditionally to heal various
infectious diseases. The root of the plant (400 g) was extracted with n-hexane, chloroform,
and methanol solvents successively to afford 1, 1.125, and 12.25% vyields respectively.
Chromatographic separation of the crude extracts of hexane and chloroform furnished p-
sitosterol (29), 11-hentriacontene (30), 5, 12-henicosadiene (31), lindcarpin derivatives (32),
and linoliamide (33). The extracts and isolated compounds were also evaluated in vitro for
antibacterial activities using the disc diffusion method among them f-sitosterol (29)
(15+£0.00mm) and 5, 12-henicosadiene (31) (/5+0.00mm) showed promising activity against
S. typhimurium compared to ciprofloxacin (37.3+1.97). Linoliamide (33) and p-sitosterol
(29) had slightly highest scavenging of DPPH free radicals than other isolated compounds but
less activity when compared to ascorbic acid. In silico molecular docking analysis was done
using Autodock and it was found that among isolated compounds p-sitosterol (29) exhibited
better docking efficiency with (E.coli) enzyme DNA gyrase displaying a binding affinity of
—9.1 kcal/mol more than amoxicilin (7.6 kcal/mol) and f-sitosterol (29) also exhibited better
docking efficiency against human topoisomerase 115 enzymes with binding affinity of 9.6
kcal/mol compared with standard Abiraterone (-11.8 kcal/mol), and also lindcarpine
derivatives (32) (-7.3 kcal/mol) exhibited better docking efficiency against S. aureus
Pyruvate Kinase. This suggests that compound g-sitosterol (29) and lindcarpine derivatives
(32) may be used as potential drug lead candidates.

5.2 Recommendation

Further biological activity (antifungal, anticancer, and cytotoxicity) on crude extracts as well
as isolated compounds are required to validate the traditional use of the plant. Additionally,
2D NMR spectroscopic techniques (HMBC, HSQC, COSY, and NOESY) and MS studies are
required to have a better understanding of structural and chemical parameters required to
develop related drug lead compounds. Further study is recommended on other parts of the

plant such as the seed, leaf, and bark.
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APPENDIX

Appendix 1: *H NMR spectrum of compound 29
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Appendix 3: DEPT-135 spectrum of compound 29
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Appendix 4: *H NMR spectrum of compound 30
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