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Abstract

The genus Aumex species belongs to the family Polygonaceae that contains a
large number of chemically complex bioactive compounds such as
anthraquinones, flavonoids, terpenes, steroids, leucoanthocyanidins and phenolic
acids. The roots of Aumex abyssinicus is used traditionally for treating different
diseases such as hepatitis, hemorrhoids, gonorrhea, typhus and wound. Therefore,
this study was undertaken to identify bioactive secondary metabolites from the
roots of Rumex abyssinicus and evaluation of its antimicrobial activities. With this
regard, the air-dried, powdered root of 2 abyssinicus was subjected to sequential
extraction with petroleum ether, chloroform, acetone and methanol by maceration.
Each of the extracts was filtered and concentrated using rotary evaporator,
separately. Meanwhile, the crude extracts were kept in desiccator until dry for the
next step. Then, the antimicrobial activities of crude extracts were tested against
four bacterial strains (S. aureus, E. colj, P. aeruginosa and K. pneumoniae)and two
fungal strains (C. albicans and S. Cervecia). Among the various root extracts of A,
abyssinicus, the acetone crude extracts demonstrated the best zone of inhibition
and subjected to column chromatography over silica gel eluted with petroleum
ether containing increasing amount of the polarity of ethyl acetate, which resulted
with the identification of chrysophanol and emodin. The structures of isolated
compounds were elucidated using 1D and 2D NMR spectroscopic methods. The
isolated compounds were also evaluated against microbial strains and indicate
good inhibition zone against S. aureus (23.0+0.1) K. pneumoniae (22.5+0.4) and C.

albicans (20.01£0.4 for compound-1 a7d22.0+0.7 for compound-2)

Keywords: Aumex abyssinicus, root extract, NMR, emodin, chrysophanol
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1. Introduction

1.1. Background of the study

Medicinal plants are plants that possess therapeutic properties, where one or more
of its organs contain substances that can be used for therapeutic purposes or
precursors for chemo-pharmaceutical synthesis. They contain medically active
organic compounds that may provide definite physiological action on the
human body to control diseases condition. Plant products used in the treatment
of diseases could be obtained from barks, leaves, flowers, roots, fruits or seed
part of the plants [1].

The therapeutic uses of the plants sources as herbal medicine in curing human
disease worldwide disseminated since the old time to date. Natural products have
been an integral part of the ancient traditional medicine systems, e.g. Chinese,
Ayurvedic and Egyptian [2]. Over the years, they have assumed a very central stage
in modern civilization as natural source of chemotherapy as well as scientists use
them in search for alternative sources of drugs. About 3.4 billion people in the
developing world depend on plant-based traditional medicines [3]. This represents
about 88% of the world’s inhabitants, who rely mainly on traditional medicine for
their primary health care [4]. Several people of developing country still use
traditional medicine due to its low cost and availability. WHO estimated about 80%
of the people in the developing countries relies on traditional medicine for primary
health care needs, of which a major proportion corresponds to plant extracts [5].
Phytochemicals are clearly known that they have values in the protection of human
health, where their dietary intake is significant [6]. These chemical products
classified in to primary and secondary metabolites. Primary metabolites are those
common to all species and can be classified as proteins, carbohydrates, lipids and
nucleic acids. Primary metabolites are essentially ubiquitous and certainly

essential for life and they function in life cycle. The secondary metabolite are often



referred to as K'natural products” or phytochemicals and mostly includes alkaloids
terpenoids, flavonoids and polyphenols, steroids, and anthraquinones. They exhibit
some antibiotic activity and serve as a source of antimicrobial agents against
human pathogens [7].

The chemistry of the natural products include their biosynthesis, extraction,
identification, quantification, structural elucidation, physical and chemical
properties and reactions[8]. Phytochemicals play an important role in the ancient
traditional medicine.

Several numbers of modern drugs have been derived from natural sources, many
based on their use in traditional medicine. The use of biological resources for
various therapies have been known in many different parts of the world, especially
in remote regions where traditional medicines provide an alternative to "modern”
health care system [9].

Currently, traditional medicinal plants are getting more attention of the scientific
communities, particularly researchers in the field of natural products. It involves the
isolation and identification of secondary metabolites produced by plants and use
them as active principles in drug preparations. These compounds have potentially
significant therapeutic application against human pathogens, including bacteria,
fungi or virus [10]. Although several plant species have been tasted for
antimicrobial properties, the vast majority of them have not been exhaustively
evaluated. Herbal remedies have been used for centuries but more recently, the
compounds that are active have been identified and synthetic organic chemists
have then been able to produce the molecules on large scale along with their
synthetic analogues [5].

In Ethiopia, using traditional medicines is based on indigenous knowledge and has
been practiced long ago to treat various illnesses. The people heavily relied on
traditional medicine for centuries to treat various physical and mental disorders.
About 80% of the population in the country still depends on traditional medicine as

their major primary healthcare system [11] and more than 95% of traditional



medicinal preparations made from plant origin. Ethiopia is also a home for many
languages, cultures and beliefs that have in turn contributed to the high diversity of
traditional knowledge and practice of the people include the use of medicinal
plants.

Ethno botanical studies are required to reveal locally important plant species for
the development of crude drugs [12]. Plants and natural sources form the basis of
today’'s modern medicine and contribute largely to the commercial drug
preparations manufactured today, where about 25% of drugs prescribed

worldwide are derived from plants [13].

The genus Aumex belongs to the family Polygonaceae contains a large number of
bioactive compounds such as anthraquinones, flavonoids, terpenes, naphthalenes
stilbenoids and steroids, flavonoida glycosides, leucoanthocyanidins and phenolic
acids. Traditionally, people use different parts of Aumex species to treat several
health problems such as infections, diarrhoea, constipation, mild diabetes, oedema,
jaundice, skin, liver and gallbladder disorders and inflammation, and as an
antihypertensive, diuretic and analgesic preparation [14]. Due to its medicinal value
and phytoconstituents, several researchers have been pursued several studies to
extract and isolate valuable phytochemicals from ARumex species. The extracts of
these plants and isolated compounds from them, have been demonstrated to
possess various pharmacological activities including anti-inflammatory,
antioxidant, antitumor, antibacterial, antiviral and antifungal properties /n vitro

and /n vivo[15-16].

Rumex abyssinicus is widely spread medicinal plant in the highlands of tropical
Africa and is a common weed of cultivated lands that disturbed grounds ranging
from North Africa to Ethiopia at altitudes between 1200 and 3300 m [17]. It is a
potential genetic resource for bio prospecting due to its active parts rhizome,

roots and leaves. It is used in treating various diseases. The decoction of leaf or



root powder is taken as vermifuge. It is also used to treat malaria, gonorrhea,
poisoning, hepatitis, constipation, sciatic neuralgia, hypertension, migraine,
rheumatism, breast cancer, stomach distention, earache, liver diseases,
hemorrhoids, typhus, rabies and wound [18]. Its roots were used to control
microbial activities. In addition, it is used for coloring wickerwork. The most
important secondary metabolites reported from A abyssinicus are given in Fig.1
including emodin (1), Chrysophanol (2) physcion (3), oxalic acid (4), Betulone (5), di
isobutyl Phthalate (6) and Oleic acid (7) [32,81,83].
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Figure 1.Some compound isolated from A. abyssinicus

1.2. Statement of the problem

Infection diseases are the main cause of death in developing countries, which
accounts 43% of the total deaths. Since ancient time, traditional healers long
have used plants to prevent infectious disease. Many of these plants have been
investigated scientifically for antimicrobial activity, and a large number of plant
products have been shown to inhibit the growth of pathogenic microorganisms.
However, many infectious diseases are increasingly becoming difficult to treat
because of anti-microbial resistance organisms. The problem of microbial
resistance is growing and the outlook for the use of the current anti-microbial
drugs in the future is still uncertain. So, it is worthwhile to study plants and plant
products for antimicrobial activity. Traditionally people in Ethiopia have been used
medicinal plants to treat different disease and also it has great contribution in
primary health care systems, however, most of the existing medicinal plants
are not well investigated to identify the chemical principles for their claims.
Phytochemicals of plants also become more popular as wide natural sources of

antimicrobial agents in modern medicine [19]. Previous reports have relied on



phytochemical investigation from the root bark and root A abyssinicus and
evaluations of its anti-bacterial activities. A. abyssinicus is by far a rich source of
bioactive compounds and it needs further investigation using different solvents.
Therefore, this study was intended to investigate the phytochemical constituents of

Rumex abyssinicusroots and its antimicrobial activity.

1.3. Objective of the study

1.3.1. General objective

This study was aimed to understand the antimicrobial activity and the bioactive

constituents of root extract of Aumex abyssinicus
1.3.2. Specific objective

The specific objectives of this study are:

v To extract and isolate bioactive compounds from crude extracts of roots of A
abyssinicus;

v' To evaluate the antibacterial activity tests on the crude extracts and isolated
compounds.

v' To evaluate the antifungal activity of the crude extract and isolated compounds

v To elucidate the structure(s) of the isolated compound(s) by using different

spectroscopic techniques.

1.4. Significance of the study

Natural products have been isolated from several plants species and play a key
role in human health care in the century and certainly continued to be considered
as one of the major sources of new drug in the future because only 5-10% of
250,000 species of higher plants that exist on the world have been investigated so

far [20]. In addition, re-investigation of previously studied plants has continued to



exhaust their phytochemical constituents and produce new bioactive compounds
for drug discovery. The therapeutic potential of plants has been explored over a
long period of time that associated with antivirus, antitumor, antimalarial and
analgesic [21]. Biologically active molecules of plants are either directly used as
medicine or provide bioactive compounds used as raw material for the production
of synthetic drug. The medicinal application of plants, for instance, Rumex dentatus
have been used in Chinese herbal medicine for the treatments of many kinds of
bacterial and fungal infection, Rumex hastatus for the healing of coughing,
headache and fever and Rumex nepalensis used for the treatment of haemostasis
and tinea [22]. Because of this, the search for antimicrobial agent is necessary and
a continuous process in order to reduce or eliminate fatal infection of both

microbial and non-microbial origins.

Therefore, the outcomes of this study will have the following contributions:

v' give information about the phytochemical constitutes of Aumex abyssinicus
and can help as a springboard for further study

v' aware the community about the phytochemical constitutes and bioactivity of
Rumex abyssinicus

v' give valuable information for future pharmacological and bio prospecting

studies



2. Review related literature

2.1. Botanical Information Rumex genus

The Polygonaceae family is distributes in a wide range of habitats from the arctic
to tropic from mountain to lowland and from arid to aquatic situation [23]. The
family is present worldwide but most diverse in North Temperate Zone that 35 of
the 50 genera described below occurs in North America whereas few numbers are
native to the southern hemispheres. The polygonaceae comprise about 1200
species in approximately 50 genera. The largest genera are Eriogonom, which
comprises 240 species, Rumex 200 species, coccoloba 120 species, persicaria 100

species and colligonom 80 species [24].

Rumex is the second largest genus of family Polygonaceae with almost 200
species distributed in Europe, Asia, Africa and North America, mainly in the
northern hemisphere. It is grown between 1200 m(4300 m. The name Rumex
originated from the Latin word for dart, alluding to the shape of the leaves [25].
From 975 reported species of the Rumex genus, only 183 of them correspond to an
accepted scientific name, and others are synonyms or unresolved names while
those are used traditionally to treat diseases [26)].

Rumex abyssinicus is perennial herb, which grows up to 3 m tall, with thick, fleshy
rhizome. Its local name is WAMomoko, Afan Oromo ’[27]. It is widely spread in the
highlands of tropical Africa. It is widespread throughout Ethiopia at altitudes
between 1200 and 3300 m. It is a common and tolerated weed fields and
plantations. It also occurs along paths and water, in secondary scrub, grassland
and margins of rain forest. This plant species will remain locally an important
vegetable from the wild [28]. Table 1 gives the specific Rumex species and their

traditional uses in Ethiopia.



Table 1. Some Rumex species available in Ethiopia and their traditional uses

Rumex species Local area Traditional use Referenc
e
R Oromia, To treat typhus, rabies, 29
.abyssinicus Horroguduru zone fungal infection,
diabetes, and lung TB
and leprosy
R Dejen district, N. Used as :Antifungal 30
nepalensis Eth activity, cooked as
food, stomach dieses
R. crispus East Showa, Arsi, 31
Bale (Oromia
region),North Gondar
(Ambhara region)
R. steudelli South West Root the plant 32
(Tult) Ethiopia traditionally used as
contraceptive
R. nervous Bale zone, Oromia Used for the eye disease, 33

Region; South

Eastern Ethiopia.

taeniacapitis, hemorrhoids,

infected wounds, abscess




and gynecological

disorders

2.2. Phytochemistry of Rumex Species

The genus Rumex is characterized by the accumulation of anthraquinones,

naphthalenes, flavonoids and stilbenoids.

2.2.1 Anthraquinones

Anthraquinones are the largest class of aromatic compounds that derived from
anthracene, which have two-ketone group at position 9, 10-dioxoanthracene core
(Fig.2). Anthraquinones are occurring in plants to great extent than in animals.
These compounds also occur as free state and glycosidic forms in nature [34].
They have used in manufacturing of dyes, as chemical indicators of alkalinity and

acidity [35]. Figure 3 shows structures of some of the common anthraquinones.

anthraquinone

Figure 2. Chemical structure of anthraquinone

The most important secondary metabolites reported from AR abyssinicus are
emodin (1), Chrysophanol (2) physcion (3), oxalic acid (4), Betulone (5), di isobutyl
Phthalate (6) and Oleic acid (7) [36]. In addition, Emodin (1), chrysophanol (2) and

physcion (3), aleo emodin (9) have investigated from the methanolic extract of the

10



root tubers of A dentatus by reverse-phase (RP) HPLC [37]. A phytochemical
investigation of the aerial parts of R aquaticus resulted citreoresin (8) [48].
Emodin-6-0-B-D-glucopyranoside (10), emodin-8-0-B-D-glucopyranoside (11) and
chrysophanol-8-0O-B-D-glucopyranoside (12) were isolated from the roots of A,
patientia. [39]. Methanolic extraction of A acetosa, R. acetosella, R. confertus were
contains Oxanthrone-C-glycos, endocrociides, patientosides A (13) and B (14),

rumejaposides E (20) and | (28), and cassialoin (29) [40].

Investigation of an aqueous acetone extract of AR jgponicus, resulted
rumejaposides ANE (15819) [41]. Three epimeric pairs of C-glucosyl anthrones
[rumejaposides E (15), F (20), G (21), H (22), | (23) and cassialoin(24)] were also
reported from the roots of A. dentatus by on-line HPLC-UV-CD analysis [42].

From the roots of R crispus, few anthraquinones like
1,5-dihydroxy-3-methylanthraquinone (ziganein,25),
1,3,5-trihydroxy-6-hydroxymethylanthraquinone (26) and

1,5-dihydroxy-3-methoxy-7-methylanthraquinone (27), together with rumexone (28)

were isolated [43].
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HO CH,O0H
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R5=OH,
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24. Ri=H, R,=CHs,R:=0H, R4=glc,
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Figure 3. Chemical structure of some anthraquinone

3

2.2.2. Biosynthesis of Anthraquinones

The reaction path leading to a particular natural product is called the
biosynthetic path, and the corresponding event is known as the biogenesis.
In higher plants, anthraquinones are biosynthesized either via acyl
polymalonate (as in the plants of the families Polygonaceae and
Rhamnaceae) or via shikimic acid pathways (as in the plants of the families
Rubiaceae and Gesneriaceae) [37].

Anthraquinone with substituent on both benzenoid rings follows the
Polyketide biogenetic route. Here acetic acid and its biosynthetic
equivalent, acetyl CoA, occupy central position in the synthesis of
anthraqunione. Repeated Claisen condensation, reduction carboxylation,
oxidation, dehydration, cyclization and aromatization are the reaction
pathway that leads to anthraqunione. The biosynthesis of anthraquinone is
accomplished by multi enzyme complex [44].

As a general rule fungal anthraquinone and plant anthraquinone with
hydroxyl groups on both ring are derived from Polyketide, whereas plant
anthraquinone devoid of hydroxyl group in one ring, example, alizarin come
from mixed path way. Emodin, chrysophanol, physcion, aloe-emodin and
rhein are some of the anthraqunione formed from one acetyl CoA and
seven-malonyl CoA  unit following the  Polyketide  pathway

[45].
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2.2.3. Naphthalenes

A phytochemical investigation of the roots of A A/jpinus resulted in the
isolation of the naphthalene-1,8-diols nepodin (29), nepodin mono glucoside
(30) and methoxynepodin (torachrysone,31) [46]. Rumexoside (32),
orientaloside (33) and torachrysone (34) were isolated from the roots of A,
nepalensis (Fig.4). The presence of nepodin-8-0-B-D-glucopyranoside (35),

torachrysone (36) were reported from the EtOAc fraction of the roots [47].

dg\_
COCH,4 COCH,
H CHj
29
30
clg\ clg\
OH
COCH, COCH,
Cl H

31

clg 4\
0 OH
COCH, R,
HoOC CH, R CHg
RZ

34 R1—COCH3,R2=H, R3=H,R4=g|C'g|C,
35.R1=COCH3,R2=H,R3=OCH3,R4=H,
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36. R1=COCH3,R2=H, R3=OCH3,R4=g|C

Figure 4. Chemical structure of some naphthalene

2.2.4. Flavonoids

Flavonoids are another important class of secondary metabolite that
isolated from Rumex species (Fig. 5). Polyphenolic compounds occurring in
plants were either as flavonols or their O/C-glycosides. Quercetin (37),
kaempferol-3-0O-B-D-glucosides (astragalin, 38), quercitrin (39), isoquercitrin
(40) and (p)-catechin (41) were isolated from EtOAc extract of R japonicas
[48] and rutin (42) and epicatechin (43) were obtained from aqueous

acetone extract of the root R japonicas [43].

From the aerial parts of R aquaticus,
kaempferol-3-0-B-D-glucuropyranoside  (44), quercitrin ~ (45) and
quercetin-3-0-B-D-glucuropyranoside (46) were isolated [49]. Later,
quercetin-3-0-galactoside (hiperoside, 47) and quercetin-3-O-arabinoside
(guaijaverin,48) were yielded from the plant [53]. The phytochemical
investigation of the EtOAc extract of the R Acefosa herb were yielded
numerous flavan derivatives catechin (79), epicatechin (50),

epicatechin-3-0-gallate (51) [50].

OH
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Figure 5. Chemical structure of some flavonoid

2.2.5. Carotenoids

From steam-cooked A. rugosus, anhydroluteins | (53) and Il (54) were
isolated (Fig.6). These compounds could be formed by the acid-catalysed
dehydration of lutein (585) [51]. In a comparative study, the lutein (53) and
B-carotene (56) contents of frequently consumed uncultivated and

cultivated leafy vegetables were investigated.
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Figure 6. Chemical structure of carotenoids

2.2.6. Stilbenoids

Hydroxylated stilbenes are among the most interesting and therapeutically
important groups of plant-derived polyphenols. Figure 7 gives strictures of
some common stilbenoids. The most studied one are trans-resveratrol (57)
and its glycoside, piceid (58). Resveratrol (5§7) has been reported to provide
protection against cardiovascular diseases through its lipid-lowering
activity and by inhibiting lipid peroxidation in humans [52]. Two mono
methylated stilbene derivatives [5,4-dihydroxy-3-methoxystilbene (58) and
3,5-dihydroxy-4-methoxystilbene (59)], were reported from the EtOAc
extract of the roots of R bucephalophorus [53]. Other study was identified
four stilbenoids resveratrol (57),
4-[(E)-2-(3,5-dihydroxyphenyl)ethenyl]-1,2-benzenediol (60),
4-[(E)-2-(3,5-dihydroxyphenyl) ethenyl] phenyl-hexopyranoside (61) and
4-[(E)-2-(3,5-dihydroxyphenyl)ethenyl]-2-hydroxyphenyl-hexopyranoside (62)

| from the roots of A Aymenosepalus[54].

OH
OH
H,CO N
‘ H

58
OH
57
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Figure 7. Chemical structure of few stilbenoids from Rumex species.
2.3. Traditional Use of Rumex Species

The genus Rumex plants have been used traditionally either as edible plants

or for the treatment of several diseases in many parts of the World.

2.3.1. Rumex species as foods and coloring agents

The aboveground parts of numerous species (e.g. A. acetosa, R. acetosella,
R. crispus, R. patientia and R. pseudonatronatus) gathered mainly during the
spring and used as vegetables [55]. In most cases, the roots applied in
therapy, but other plant parts, such as the leaves, fruits, and, the seeds are
also used. On occasion, leaves are used for sauces and soups or dressed
with olive oil and sometimes mixed with boiled potatoes to mitigate their
acidity [57]. Some plants (e.qg. R. acetosa, R. acetosella, R. alpinus and R.
nepalensis) are consumed fried in olive oil or sautéed with butter or lard or
are used as filling for pie [58]. The stems of R acetosa and R alpinus are

consumed as raw snacks, while the roots of R AHymenosepalus used as
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chewing gum in North America [59].

In some regions of India, almost all parts of A crispus is used either as
food or as a medicine. The very young leaves of the plant are added to
salads, cooked as a potherb or added to soups; stems are peeled and the
inner parts eaten, and finally seeds are grounded into a powder and used as
flour for making pancakes [60]. The rhizomes of Rumex abyssinicus are
used to refine butter and give it a yellow color [61]. Moreover, the tuberous
roots of some plants (e.g. AR abyssinicus, R. hymenosepalus) have been
used in Kenya and North America as a source of a yellow dye, which renders
cellulose fibres redilbrown when applied in the presence of sodium
carbonate [20]. The leaves of Rumex abyssinicus and other Rumex species
are utilized as foods, mainly in the forms of sour soups in milk, sauces and

salads in some regions of the world [62].

2.3.2. Rumex species in traditional medicines

Several Rumex species are traditionally used as medicinal plants for
treating different kind of dieses throughout the globe. Decoctions or
infusions are prepared from the plant for medicinal application by utilizing

other several processes.

In Africa, the aqueous root extracts of A. abyssinicus, R. usambarensis and
R bequaertii (syn. Rumex nepalensis Spreng) have been utilizes as
remedies for various types of stomach disorder, while the extracts of
Rumex Abyssinicus drunk to control mild diabetes, and as an
antihypertensive, diuretic and analgesic. R. steudelii is one of the antifertility
plants used in the folk medicine in Ethiopia. The roots of the plant, in

combination with other medicinal plants, are additionally used in the
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treatment of rectal prolapse, haemorrhoids, wounds, eczema, swelling,
leprosy, abdominal colic and tinea nigra [63]. R. nepalensis is applied to
treat stomach ache in Ethiopian regions. R. vesicarius is a wild edible
Egyptian herb. In folk medicine, it is used as a tonic and analgesic and for
the treatment of hepatic diseases, constipation, poor digestion, spleen
disorders, flatulence, asthma, bronchitis, dyspepsia, vomiting and piles,

among others [61-63]

In Europe, different parts of Rumex species mainly 2 acetosa, R. acetosella,
R alpinus, R. confertus, R. crispus and R. obtusifolius are uses for the
treatment of different diseases such as constipation, diarrhea, swellings,
sores, rashes and wounds and as an astringent [64]. Leaves and roots of 4.
alp/inus have used internally for the treatment of viral infections in Austria
[65]. In Britain and Ireland R acetosa is used for the treatment of scurvy,
wounds, warts, bruises, jaundice and sore throat. Moreover, A
hydrolapathum, R. conglomeratus and R. palustrisare also applied in case
of scurvy, as lblood purifierk, for bathing rashes and sunburn, and cancer

cure [66].

In the traditional Chinese Medicine, several Rumex species (R. dentatus, R.
hastatus, R. nepalensis, R. japonicus and R. aquaticus) have been used for
the therapy of different diseases including bacterial and fungal infections,
coughing, headache, fever, eczema, dysentery, diarrhoea, constipation,

jaundice, haematemesis and uterine haemorrhage [67].

2.4. Antimicrobial Activity

Phytoconstituents employed by plants to protect them against
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pathogenic insects, bacteria, fungi or protozoa have found applications
in human medicine [68]. Antimicrobial activity of some Rumex species
were evaluated for the treatment of infectious diseases against
Staphylococcus aureus, Escherichia coll, Pseudomonas aeruginosa and

Candida albicans[69].

Various antibacterial activities have been reported for extracts from
different parts of Rumex species using different solvents [70]. Table 2 gives
antimicrobial activities of some compounds that were isolated from Rumex
species. The antimicrobial investigation of ether, ethanol, and hot water
extracts of the leaves and seeds of A Crispus indicated that the ether
extracts of both plant parts and the ethanol extract of the leaves possessed
activities against S. aureus (diameter of inhibition zone: 8 mm) and 5.
subtilis (diameter of inhibition zone:8 mm) [71]. Rumex nervosus and
Rumex abyssinicus exhibited antibacterial activity against S. Pyogenes, R.
nervosus, and S. aureus. Anti-inflammatory property of R abyssinicus could

justify for the treatment of several skin diseases [72].

The antifungal activities of Rumex species were tested against a number of
fungal pathogens (Aspergillus fumigatus, A. flavus, A. versicolor, A. Niger,
Blastoschizomyces capitatus, Fusarium oxysporum, F. moniliforme F.
semitectum, Pythium sp., Rhizopu ssp., Sporotrichum sp., and Thermomyce
ssp.)[73]. The antifungal effects of A. dentatus alcoholic extracts were
evaluated against A. versicolor, A. flavus, Acremonium spp., Penicilium
dimorphosporum, Candida albicans, C. kruesieand C. parapsilosis. The
highest effect was observed against C. albicans (1472.0 mm at 500 pg/mL)
[74].

R. abyssinicus roots were used for anti-microbial activities. The roots are
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reported to possess antibacterial activity against Strepfococcuspyogenes.
The plant has also strong antiviral activity against Coxsackie virus and
influenza A virus [75). /n vitro, it demonstrated proliferation of murine
macrophage cells, suggesting that it may have a role in improving the
immune system of the body. It also contains promising bioactive
compounds that might be useful in the control of helminthes infections by

interrupting the worms’ life cycle and preventing their growth [76].
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Table 2. Compound of Rumex species and their antibacterial activity

Rumex species Plant part | Extract Isolated compound Bacterial strain Ref.
R. abyssinicus | Root 80% MeOH 1.2,3,4,5,6,7 S. pyogenes, S. aureus, 57
MeOH Corynebacterium Diphtheria
R .patientia Root 1-3,6,7,8 [43]
R.acetosa EtOAC 49,10,11,12,13,14,51,44, | S. aureus, S. epidermidis, E. 46,2,
R. acetosella 46 colj, Proteus mirabilis
R. confertus
R, dentatus Root MeOH 13,4,20,21,22,23,24 Bacillus megaterium, B. [42]
Online HPLC subtilis, Enterobacter
cloacea, P. aeruginosa
R. aquatic Arial part 5,33,47,48,49,50 B. subtilis, B. cereus, E. coli 42,45
R. vesicarius Seeds EtOH P. aeruginosa, E. colj, S. 62
pneumoniae, S. aureus
R. japonicus Leaf, root, | EtOH, n- hexane, 15,19,40,41,42,43,44,45,4 | B. subtilis, B. cereus, E. coli 46,47
fruits,stem | CHCI;, EtOAc, H.0 | 6
R. nepalensis | Root n-Butanolic 5,25,26,27,33,36,37,38,3 | S. gureus, E. colj, B. subtilis, 42,4345,
EtOAcC 9 P. aeruginosa
R. crispus Root ether, EtOH, H:0 28,29,30,31 P. aeruginosa, E. colj, S. 43,45
PNeumoniae,
S. aureus
R alpinus 32,33,38 45
R. rugorus Steam Acid canalized 52,53,54,55 53
R. Root EtOAc 56,57,58,59 S. aureus, E. col 54,55
bucephalophour
S
R, Root and 60,61,62 P. aeruginosa, E. colj, S. 56
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| hymenosepa/us| tuber | pneumoniae, S. aureus
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3. Material and Methods
3.1. Chemicals

Chemicals that used for this study were petroleum ether, chloroform,
acetone, ethyl acetate (analytical grade, Loba chemie put, India), for
gradient extraction and column elution. lodine was used for detection of
spots on TLC. In addition, silica gel 60-120 mm mesh size (Loba Chemie,
India) for isolation of compounds was used. Dimethyl sulfoxide (DMSO),
Mueller Hinton agar, and nutrient broth were used for antimicrobial test. All

chemicals and reagents used were analytical grade.

3.2. Apparatus and Instrument

Apparatus such as Rota vapor (Heidolph, Germany, laboratory 4000, No,
519-0000-00-2) plates, round bottom flask size 250,500, and 1000 mlL,
measuring cylinder different volumes, filter papers (cotton swab), weighing
balance (model NWT100001X) oven (N5OC GENLAB WIDNES, England) for
drying purpose. Analytical TLC was performed on pre- coated silica gel 60
F.s4 plates. Incubator (Gene lab incubator) and Hood (CLB-201-04, vertical
laminar cabinet) were used for antimicrobial activity study. Glass column
chromatography (500 mm, B-34/35) and UV chamber (254nm and 365nm)
were used for isolation of compounds and detection of the spot on TLC,
respectively. NMR spectra were recorded on an Avance 600 MHz

spectrometer (Bruker, Billerica, MA, USA) using DMSO solvent.

3.3. Sample Collection and Preparation

The plant material, roots of Rumex abyssinicus were collected from Oromia
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regional state, Jimma zone, Gomma District around Limusapa keeled in July
2019, which is located at 420 Km away from Addis Ababa, Ethiopia. The
collected root of the A. abyssinicus plant was washed, and then chopped in
to smaller pieces and shade air-dried at room temperature in laboratory.
The sample was more homogenized to suitable size to increasing rate

dissolution of solvent in to the cells by using mechanical grinding.

3.4. Extraction

The powdered plant material (1kg) was sequentially extracted with
petroleum ether, chloroform, acetone, and methanol using maceration
technique (2 x 2.5 L) for 48 h for each case, in increasing order of polarity.
That is, the finely powdered plant material (1kg) was socked with petroleum
ether (2 x 2.5 L) for 48 h. The combined extracts were filtered and
concentrated by means of a rotary evaporator. The solvent free marc was
then socked with chloroform (2 x 2.5 L) for 48 h and extracted. The extracts
were filtered and concentrated. The solvent free marc again socked with
acetone (2x2.5 L) for 48 h and extracts were filtered and concentrated. At
the last, the marc was socked with methanol (2x1 L) and extracts were
filtered and concentrated. Filter paper and cottons were used during
filtration. The residual solvent in each gradient extract was removed using
rotary evaporator under reduced pressure at 45 (C. The resulting semidried
mass of each fraction were stored at 4 °C until used for further
experiments. Scheme 1 shows the general procedure of extraction the root

of R abyssinicus.
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Re

-1K g air dried poweder
-soaked with petrolium ether for 48hour

-two times
-used 5L
marc
645 soaked with chloroform for 48 hour
439 two times
used 5L
marc
soaked with acetone for 48 hour
two times
g.5
: -used 5L
marc
soaked with methanol for 48 hour
14.5g two times
used 2L
14q Residue

Scheme?2. General procedure of extraction the root of A. abyssinicus
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3.5. Isolation of compounds from A. Abyssinicus

In this phytochemical investigation, the acetone extract of root of A
abyssinicus showed three spots on TLC (Fig.8) and better antimicrobial
activity than the other solvents extracts. As a result, it was subjected to
column chromatographic separation using bare petroleum ether which
followed by a binary solvent system (petroleum ether/ ethyl acetate) to
isolate compounds (Fig. 9). Since petroleum ether/ ethyl acetate
combination showed better separation of the compounds on TLC tests. The
silica gel (60-120 mesh) was activated in hot air oven at 100 °C for2 hand a
glass column was packed with the activated 250 g silica gel slurry in
petroleum ether. The crude acetone extract (14 g) was adsorbed onto 10 g

silica gel and loaded onto the column packed with silica gel.

Figure 8.TLC profile of the crude extracts
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The elution was started with petroleum ether and increasing polarity using 1
up to 100% ethyl acetate. Meanwhile, total of 148 fractions were collected
each with 20 mL in small beakers. The first 30 fractions were mixtures after
TLC analysis. Using TLC and Rf value results, fractions with similar Rf
values were combined together. Fractions 52-65 were combined and
washed repeatedly with n-hexane to afford compound-1 (4 g). The elution
was continued by increasing the polarity of solvent. The second pure
compound (2) was obtained from fraction 66-81. It shows one spots and
some impurities which was later purified by continues washing it with
n-hexane. Then, crystalline orange colour product of 0.38 g was obtained.
The isolated compounds were characterized by using '"HNMR, °CNMR, 2D

NMR spectroscopy techniques.

Figure 9.Column set up of the experiment
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3.6. Antimicrobial activity test
3.6.1. Test strains and Preparation of test samples

Microorganisms used for evaluation of antibacterial activities of the crude
plant extracts were Gram positive: Staphylococcus aureus (ATCC25903)
and Gram negative: k/ebsiella pneumoniae (NCTC13368), Escherichia coli
(ATCC 25722) and Pseudomonas aeruginosa (DSMZ 77717). Candida
albicans and S. cerevisiae were used for determination of antifungal

activities of crude extracts.

The test solutions were prepared by dissolving 50 mg of crude extract of
the plant in 1 mL of Dimethyl Sulfoxide (DMSO) to achieve final stock
concentration of 50 mg/mL solution for both antibacterial and antifungal
activities evaluation. Gentamicin (10 mg) and Mancozeb (10 mg) were used
as reference drug (positive control) to check antibacterial and antifungal

activities, respectively.
3.6.2. Preparation of fresh inoculums

Agar disk diffusion method was used to evaluate the antibacterial activity of
both crude extracts and isolated compounds on nutrient agar. The stock
cultures were maintained on the nutrient agar slants which were stored at
4°C. The antimicrobial activity tests were done by disc diffusion method
using standard procedures. Nutrient agar 15 mL poured into petri dishes
and allowed to crystalline in lamina flow apparatus under sterile conditions
[78]. The test carried out against four bacterial and two fungal strains by
distributing 1 mL of each microbial suspension on agar petri dishes
prepared separately. Then, 6 mm filter paper discs were soaked in each

stock solution of crude extracts and fractions in DMSO at concentration of
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50 mg/mL. Then, put onto petri dishes seeded with test organisms. The
standard disc containing 10 mg/mL Gentamicin and 10 mg/mL Mancozeb
were used for bacterial and fungal, respectively as positive control and
DMSO as negative control. The dishes finally incubated for antimicrobial
activity (antibacterial 37 °C and antifungal 27 °C) sensitivities confirmed
after 24 h of incubation by measuring the diameter of the zone of inhibition

(MSD) (Appendix 1). All tests were performed in duplicates.

Active cultures for this experiment were prepared by transferring a loop full
of bacterial cells from the stock cultures to test tubes of Mueller-Hinton
broth (MHB) that incubated without agitation for 24 h at 37 °C. A cell
suspension of each organism was freshly prepared by transferring isolated
colonies selected from a 24 h agar plate in to a broth and the suspension
turbidity adjusted to a 0.5 McFarland turbidity standard (1x10° CFU/mL) in

sterile saline solution.

Potato dextrose agars (PDA) have maintained at 4 °C to prepare stock
concentration of fungal cultures. Active cultures for the experiment were
prepared by transferring a loop full of fungal cells from the stock cultures to
test tubes of Mueller-Hinton broth (MHB); which is the same methods with
bacterial stock strains preparation except the condition it undergo here
potato dextrose agar (PDA) as the test media. Mancozeb (10 mg/mL) as
standard antifungal agent and longer incubation pared (24(48 h) was

employed (Appendix 2).
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4. Results and Discussion

4.1. Yield of extraction

The root part of the plant species (1 kg) was sequentially extracted with
petroleum ether, chloroform, acetone and methanol by using maceration
method. These extracts were weighted after removal of the solvents and
obtained 5.5 g of petroleum ether extract, 8.5 g of chloroform extract,
14.50g of acetone extract, and 14.0 g of methanol extract. The highest
percentage yield was obtained from acetone extract, whereas the lowest
percentage yield was obtained from petroleum ether extract. The amounts
of the crude extracts and their percent yields obtained from extraction of

plant material are given below (Table 3).

Table 3. Percentage yields of the main crude extracts of 2. abyssinicus

Extraction solvents Observed data of Extract root of Rumex
abyssinicus
Mass (g) Yield (%)
Petroleum ether extract 5.50 0.55
Chloroform extract 8.50 0.85
Acetone extract 14.50 1.45
Methanol extract 14.0 1.40

4.2. Evaluation of antibacterial activities of crude extracts

The antibacterial activity of the petroleum ether extract, chloroform extract,

acetone extract and methanol extract of root of Rumex abyssinicus was

35




tested using agar disc diffusion method against Gram negative bacteria (£
coli and P. aeruginosa) and Gram positive bacteria (S. aureus and Klebsiella
pneumoniaé). The bioassay test was also conducted on the two fungal
strains (S. cerevisiae and C. albicans) to determine antifungal activity of the
extracts.

Among the four tested extracts, acetone extract showed the highest
inhibition zone against Gram positive bacteria (S. auwreus 21.0 1.4 ) and
Gram negative bacteria (A. pneumoniae 22.5+0.7, P. aeruginosa15.5+0.4 and
E. co/i18.0+0.4) (Table 4). Whereas, petroleum ether extract has not shown
any inhibition zone against P. aeruginosa and K. pneumoniae strains. Similar
susceptibility towards the test organisms for the different extracts was

observed [79].
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Table 4. Antimicrobial inhibition zones of crude extracts and isolated compound of root of 2. abyssinicus

Bacterial strain Zone inhibition of Plant extract(MzSD) Positive Negativ Isolated compounds
control e
control
PE CE AE ME G DMSO C-1 C-2
S. aureus 17.5%1. 21.041. 18.0x0. 34.510. NI
9.540.7 23.0+0.1 20.0£0.2
4 4 1 7
P. aeruginosa NI 12.510. 15.520. 13.010. 30.5+0. NI 18.0+0.2 19.0+0.3
7 4 1 7
E coli 10.520. 14.010. 18.0x0. 13.520. 32.0+0. NI 18.0+0.4 17.0£0.7
7 2 4 7 1
K. pneumoniae NI 11.520. 22.5+0. 15.0x0. 30.0+0. NI 22.510.4 20.0£0.7
7 7 2 1
G 26.040.3 26.0£0.2
DMSO NI NI
Fungal strain Mc C-1 C-2
12.010. 17.520. 13.0+3 20.5+.0 NI 20.0+0.4 22.0+0.7
C. albicans 9.0+1.4
1 7 7
S. cerevisiae 10.010. 15.010. 15.041. 24.5+0. NI
7.520.7
7 7 4 7
Positive control - - - - - - 22.0+0.1 22.0+0.2
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(Mc)

Negative control - - - - -
(DMSO0)

PE= petroleum ether extract CE=chloroform extract AE=acetone extract C-1 Compound-1

C-2=Compound-2 ME=methanol extract G=Gentamycin Mc=Mancozeb NI=no inhibition
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The effectiveness of the extracts varies with the kind of bacteria used in the
study. These differences in the susceptibility of the test organisms to the
different extracts might be due to the variation in the rate at which active

ingredients penetrate their cell wall and cell membrane structures [79].

4.3. Evaluation of antifungal activities of crude extracts of Root of A,

abyssinicus

The results of the study have also shown that acetone extract exhibited
good antifungal activities against both S cerevisiae (15.0+1.4) and C.
albicans(17.5+0.7) than chloroform and petroleum ether extracts, while
methanol extract showed comparable activity to acetone extract against S.
cerevisiae (Table 4). However, all the crude extracts showed less activity
than the observed activity for the reference drug (Mancozeb). Generally, the
highest inhibition zone of antimicrobial activity was observed by acetone
extract. So, based on its high bioactivity, good TLC profile, and high yield;
the acetone extract was selected for further isolation of compounds using

column chromatography.

5. Characterization of isolated compound

In this phytochemical investigation, two compounds were isolated from
acetone extract of the root of Rumex abyssinicus. Based on spectroscopic
data ('(HNMR and "CNMR) and literature reports, these two compounds
were characterized. The details structural elucidations of the compounds

are discussed in the following sections.

5.1. Characterization of Compound-1
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Compound-1 was isolated as yellowish crystalline solid from the fractions
(52-65). Its R value was 0.65 in a solvent system containing petroleum
ether: ethyl acetate (70: 30, v/v) as eluent. The proton NMR spectrum
(Appendix 3 & 4) analysis showed the presences of five aromatic protons at
On 7.22, 64 7.39, 01 7.55, 6w 7.71 and 6. 7.81. In addition, hydroxyl groups
observed at 61 11.93.

'H-NMR spectroscopic data of compound-1showed a proton signal at 6
2.44 ppm, integrated for three protons. This represents a methyl group that
attached to C-3 of aromatic ring. The two-broad singlet peaks that observed
at (647.55, 1H) and (6+7.22, 1H) represent the proton attached on C-2 and
C-4 of aromatic ring, respectively. The aromatic protons that attached to
C-5 and C-7 are doublet at (6w 7.72, d, J=5, 1H) and (&x 7.39, d, J=5),
respectively. The triplet proton observed at (6 7.82, t, J=5,10, (m,1H)). In
addition, the presence of two chelated protons at peri-position of C-1 and
C-8 of the aromatic ring, highly deshielded. The observed proton and carbon

NMR spectral values are summarized in Table 5 below.
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Table 5.Comparison of the 'HNMR and "CNMR Spectroscopic Data (600MHz) of compound-1 6 in ppm
with reported data (400 MHz) [83]

Compound-1 Reported data chrysophanol Remark
[81]
Position | 8'H &"C &6'H &"C
1 11.93s 161.8 12.06 s 162.45 -
2 7.22s 124.6 7.13s 124.57 CH
3 149.6 149.35 -
4 7.55s 120.0 7.67 s 121.37 CH
5 7.72 (d J=6,) 119.8 7.85dd (J=1.2, 119.94 CH
8Hz)
6 7.82t(J=6 Hz) 137.8 7.70 t(J=6,10Hz) 136.96 CH
7 7.39 d (J=6H2) 124.9 7.29 dd (J=1.2, 124.577 CH
8Hz)
8 162.0. 162.75 -
9 192.0 192.58 Quaternary
10 181.0 182.02 Quaternary
11 133.8 133.68 Quaternary
12 116.3 113.77 Quaternary
13 114.2 133.32 Quaternary
14 133.5 115.90 Quaternary
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C-Me

244 s

22.1

25s

22.26

CHs
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"CNMR spectrum showed 15 signals (Appendix 5 & 6) that represented 15
carbons including one methyl group at 6 22.09, five CH aromatic groups at C-2
(124.56), C-4 (121.01), C-5 (6119.78), C-6 (137.79), C-7 (124.88) as evidenced
from HSQC. In addition, The spectra also showed two-hydroxyl carbons at 6
162.05 and 161.79 which represent C-1 and C-8 and two aromatic carbonyl
group observed at 6 181.96 (C-9) and 6 192.09 (C-10).The proposed structure
is supported with COSY(Appendix 7), HSQC (Appendix 8 & 9) and
HMBC(Appendix 10 & 11) spectra data.

The COSY correlation data show the coupling between 6. (67.82) with &4
(7.39) and &u (7.72), the coupling of proton & (7.22) with 64 (7.55) and 6
(7.39) The other important correlation observed in the COSY spectrum is
correlation between protons of CHs; and &. (67.22). The H-C coupling is
observed from the HSQC spectrum as shown in Table 6. The correlation of
H-2 (7.22) with C-2 (124.56), H-4(7.55) with C-4 (121.01), H-5(7.72) with C-5
(119.78), H-6(7.82) with C-6 (137.79), and H-7(7.39) linked with C-7(124.88).

HMBC spectrum shows the correlation of proton with carbon that is two to
four bonds distance. HMBC spectra data (Table 6) showed the proton at 6
7.22 (H-2) correlated with C-13(114.24), C-4 (6120.0), Me (22.1) and
correlation with C-1 (161.79). The correlation at 67.55 (H-4) showed a
long-range correlation with C-10 (181.02), C-2 (124.56), CHs (22.4) and with
C-13 (114.24). The partial structure of ring A of compound-1 can be
constructed as shown in Fig.10. The observed HSQC and HMBC of the

compound is given in (Table 6)
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Table 6. HSQC and HMBC spectral data of compound-1
oC OoH m HSQC HMBC spectral data Remark
S
1 [ 161. |[OH(®11.93) |s
8
2 124. |H-2(67.22) |s |C-2«—H-2| H-2—C-1,C-4,C-13, CHs CH
3 ?49. H-Me(& s - CH3
6 2.44)
4 120. |H-4(67.55) |s |C-4~—H-4 | H-4—C-2,C-13,C10,CHs CH
0
5 [1198 |H-5(67.72) |d |C-5~—H-5|H-5—C-12,C-7,C10 CH
6 137. |H-6(67.82) |t C-6 —H-6 | H-6— C11,C-8 CH
8
7 124. |H-7(67.39) |d |C-7-—H-7 | H-7—C-5,C-8,C-12,C-8 CH
9
8 162. | OH -
0
9 192. _ Quaternar
0 y
10 | 181. _ Quaternar
0 y
11 _ Quaternar
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133.8 y
12 | 116. _ Quaternar
3 y
13 {114.2 _ Quaternar
y
14 | 133.5 _ Quaternar
y
M 22.4 2.44 H-Me — C-2,C-4,C-3 CHs
e

Figure10. Partial coupling structure of compound-1 (cycle. A)

The proton at 6+7.72 (H-5) correlated with C-7 (124.87), C-10 (181.96) and

coupled with C-12 (116.34). The correlation of H-7 with C-5 (119.78), C-12

(116.34) and with C-8 (124.87) was observed. Proton attached on C-6 at

8137.79 showed a long-range correlation with C-11 (6133.78) and

correlated with C-8 (6162.05) which gives valuable information to construct

partial structure of ring B of the compound-1 (Fig. 11).
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Figure 11. Partial structure of compound-1(cycle B)

All spectroscopic data were in good agreement with the suggested

structure for compound-1 to be chrysophanol (Fig. 12).

Figure 12. Complete Structure of compound-1 (chrysophanol)

5.2. Characterization compound-2

Compound-2 was isolated as an orange crystalline solid with R (0.58) value
in petroleum ether-ethyl acetate (70:30). The 'HNMR spectrum of the
compound shows the presence of four aromatic proton at 647.42 s, 61 7.11
br s, 6x 7.06 d, J=1.2 and 64 6.55 d, J=1.2 (Appendix 12 & 13). It also
revealed the presence of one set of methyl proton at &+ 2.51 and

two-hydroxyl proton at 6, 12.23 s, and 6. 12.32 s.

The "CNMR data of compound-2 is shown in Appendix 14 & 15, which
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indicates the presence of 15 carbon atoms (Table 8). Among these carbons,
there are four CH group of aromatic ring at &¢ (124.5), 6:(120.9), &c (109.2)
and &¢ (108.3), two-carbonyl carbons that attached to benzene ring at &c
(181.7) and 6c¢ (190.1), three hydroxyl containing carbons of aromatic ring
at C-1(6161.9), C-6 (6164.9), C-8 (6166.0) and five quaternary carbons. The
®C NMR spectrum also showed the presence of one methyl carbon at &

22.0 and one methyl substituted carbon observed at  148.7(C-3).

Table 7.Comparison of the observed "CNMR spectroscopic data of
Compound-2 with
literature [79]

Position | Compound-2 [600MHZ] Emodin [400 MHZ]
o d¢ On oR
1 11.96 s 161.9 121 161.88
2 7.11bs 124.5 7.18bs 124.63
3 - 149.7 - 148.77
4 7.42s 121.0 7.50bs 121.0
5 7.06dJ=1.2 109.2 7.20d J=1.6 109.5
6 - 164.9 164.9
7 6.55d J=1.2 108.3 6.49d.J=1.6 108.4
8 12.04 s 166.03 12.15s 166.2
9 - 181.7 182.2
10 - 190.1 190.7
11 135.5 135.6
12 - 109.3 109.4
13 - 113.7 113.9
14 - 133.2 133.3
Me H-Me 6 2.50 s C-Me 6 21.97 H-Me2.40s C-Me d
21.98
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The structural elucidation of compound-2 was also supported by data of 2D
NMR spectra correlation (COSY) (Appendix 16), Heteronuclear Single
Quantum Correlation (HSQC) (Appendix 17 & 18) and Heteronuclear
Multiple Bonds Correlation (HMBC) (Appendix 19 & 20) as shown in (Table
9). The correlation of OH (6 11.96) to C-1(6 161 .9), H (6 7.11) with C-2 (6
121.0), H (6 7.42) to C-4 (6 124.5), H (6 7.06) to C-5 (6 108.3), H (6 6.55) to
C-7 (6 109.2), OH (6 12.04) to C-8 (6 164.9) and H (6 2.44) to CHs data
obtained from HSQC data.

Table 8.0bserved correlation in COSY, HSQC and HMBC spectroscopic data of

Compound-2

Positio | 6C oH HSQC data HMBC

n

1 161.9 |11.96s OH-1 «—C-1 OH-1—C-1,C-2,C-13

2 121.0 | 7.11bs H-2 <« C-2 H-2—C-1,C-4,C-13,CHs

3 148.7 |- H-Me «— C-Me | H-Me—C-13,C-2,C-4

4 1245 | 7.42s H-4 <« C-4 H-4—C-1,C-2,C-13,C-9 CHs

5 108.3 | 7.06d H-5<«—C-5 H-5—C-6,C-9,C-11,C-12
J=1.2

6 166.0 |- - -

7 109.2 | 6.55d H-7 «—C-7 H-7—C-5,C-6,C-8
J=1.2

8 164.9 | 12.04s OH-8 —C-8

9 181.7

10 190.1 -

11 135.5 -

12 109.3 -

13 113.7 -
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14 133.1
7

Me 21.97 H-Me «— Me H-Me—C-13,C-2,C-4

HMBC spectrum showed the correlations of protons H-2 (67.11) with C-1
(6161.85),C-4 (6124.54) C-13 (6113.73) and Me (21.97) and H-4 (67.42) to
C-1 (6161.85),C-4 (6124.54) C-13(6113.73) C-9(d 181.7) and Me (21.97)
(Appendix 19 & 20). These correlations give us the information of partial
aromatic structure of compound-2 (ring A of Fig. 13). In this cycle, the
following correlations are important to note. The correlation from 2.50 ppm
(H-Me) indicates that the methyl group is present in this cycle that has the

meta aromatic protons.

Figure 13. Figure shows the HMBC correlations on the aromatic cycle A.

Correlations of protons H-5 and H-7 give us the presence of another partial
aromatic cycle structure (ring B) as shown in Fig. 14. In this cycle, it is
important to remark the following correlations. The coupling correlation of
H-5 (6 7.06ppm) to C-6(6 166.03),C-9(6 181.70),C-12(d6 109.33), also the
coupling of H-7 (6 6.55) to C-5(6 108.34),C-6(6 166.03),C-8(6 181.70). The
correlation of H-7 with C-8 and C-6 indicates the presence of two alcohols in
this meta aromatic cycle. The presences of anthraquinone also confirmed

by the correlations of H-5 to the carbonyl signal C-9 and from H-2 (7.11

49




ppm) to carbonyl signal C-9. In addition, the correlation of H-5 to C-6 (an

oxygenated quaternary carbon) indicates the presence of an alcohol group.

Figure 14. Figure that shows the HMBC correlations on the aromatic cycle B

From the observed and reported literature data of 'H NMR and "-C NMR as
well as spectral data from 2D NMR revealed that compound-2 is a hydroxyl

anthraquinone known as Emodin (Fig. 15).

CH3

Figure 15. The Proposed Structure of Compound-2 (Emodin)

5.3. Evaluation of Antibacterial and Antifungal Activities of the Isolated

Compounds
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In the present study, the antimicrobial activity of the purified
compounds were evaluated on top of that crude extracts. The
antimicrobial and antifungal activities of isolated compound (compound-1
and compound-2) were carried out using four human pathogenic bacteria
species; namely P. aeruginosa, K. pneumoniae S. aureus and E. coliand one
fungal strains namely C. albicans by disc diffusion method (Appendix 21 &
22). The obtained results are summarized in (Table 10). Chrysophanol
(compound-1) exhibited high zone of inhibition against S. aureus (23.0+0.1)
and K. pneumoniae (22.5+0.4) than P. aeruginosa (18.0+0.2) and £ col/
(18.0£0.4) as shown in Appendix 13. Compound-2 also showed good zone
of inhibition (activity) against A pneumoniae (20.0+0.7) S. aureus
(20.0+0.2) than p. aeruginosa (19.0+0.3) and £ co// (17.0£0.7). The results
indicated that compound-1 compound-2 showed better antibacterial activity
against K. pneumoniae and S. aureus species and their activity was close to

the standard Gentamicin that is used as a positive control.

As it has been indicated in the above (Table 4), the antifungal activity of
both isolate compounds against C. albicans was very good. Particularly, the
antifungal activity of compound-2 (22.0+0.7) is comparable with Mancozeb
drug (22.0+0.2), the standard antifungal drug. This shows that compound-2
is more active compared to compound-1 against C. albicans. Generally, the
antifungal activity of isolated compounds was better than the activity

shown by all the crude extracts.
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5.4. Conclusion

In the course of this present work, two compounds, compound-1 and
compound-2 were identified from the roots of # abyssinicus. Compound-1
was isolated from (54-65) fraction with R: value 0.65 and compound 2 was
isolated from 66-79 fractions with R: 0.58 value in petroleum ether-ethyl
acetate (70:30). The structures of these compounds were elucidated and
antimicrobial activity of the root of R abyssinicus crude extracts and pure
compounds were tested based on the four bacterial and (one fungal for

isolate and two for crude) strain.

Main crude which was designated as petroleum ether extract, chloroform
extract, acetone extract and methanol extract showed considerable
bacteria growth inhibition and fungal growth inhibition compared to the
positive control Gentamicin for antibacterial and Mancozeb for antifungal.
The isolated compounds showed comparable zone of growth inhibition
compared to the positive control Gentamicin for antibacterial and
Mancozeb for antifungal activity. The antibacterial activity of isolated
compound-1 showed higher activity against to (S. awreus 22.5t0.4 P,
aeruginosa 18.0+0.2, £ coli 18.0+0.4, K pneumoniae 23.0+0.1) than
compound-2; while antifungal activity compound-2 higher (C. albicans

2210.7) than compound-1 (C. albicans20+0.4).

5.5. Recommendation

The present study proved that the crude acetone extract as well as the
isolated compounds support the traditional use of the plant against various

infectious diseases. However, as evidenced from the activity of the crude
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extract compared to individual isolated compounds; there are still more
unidentified bio active compounds are present in the plant of A
abyssinicus. Therefore, further investigations are recommended on the
plant for isolation of more compounds. Further investigation on the
bioactivity of crude extracts and isolated compounds are also useful for

detail understanding of the plant for discovery of new drugs.
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7. Appendices

Appendix 1. Antibacterial activity of crude extract of root of & abyssinicus




Appendix 3. 'HNMR spectral data of compound-1
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Appendix 4. Expanded '"HNMR spectral data of compound-1from 7.15-7.90 ppm
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Appendix 5. "CNMR spectral data of compound-1
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Appendix 6. Expanded *CNMR spectral data of compound-1from 115-195 ppm
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Appendix 7. COSY spectral data of compound-1
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Appendix 9. Expanded HSQC spectral data of compound-1
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Appendix 10. HMBC spectral data of compound-1
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Appendix 11. Expanded HMBC spectral data of compound-1
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Appendix 12. 'HNMR spectral data of compound-2
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Appendix 13. Expanded 'HNMR spectral data of compound-2 from 6.40-7.60 ppm
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Appendix 14. "CNMR spectral data of compound-2
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Appendix 16. COSY spectral data of compound-2
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Appendix 17. HSQC spectral data of compound-2
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Appendix 18. Expanded HSQC spectral data of compound-2
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Appendix 19. HMBC spectral data of compound-2
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Appendix 20. Expanded HMBC spectral data of compound-2
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Appendix 21. Antibacterial activity of isolated compounds
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