Chemistry Department College of Natural Sciences

Addis Ababa University

Bioassay Directed Chemical Study of Antimalarial Substances from

Clerodendrum myricoides and Dodonaea angustifolia
and

Comparative Chemical Studies of Moringa stenopetala and Moringa oleifera

By: Yadessa Melaku



June 2015
Bioassay Directed Chemical Study of Antimalarial Substances from Clerodendrum

myricoides and Dodonaea angustifolia
and

Comparative Chemical Studies of Moringa stenopetala and Moringa oleifera

By Yadessa Melaku

A Dissertation Submitted to the Department of Chemistry, College of Natural Sciences, Addis
Ababa University In Partial Fulfillment of the Requirements for the Degree of
Doctor of Philosophy in Chemistry



June 2015
Addis Ababa, Ethiopia
Chemistry Department College of Natural Sciences Addis Ababa University

Bioassay Directed Chemical Study of Antimalarial Substances from Clerodendrum

myricoides and Dodonaea angustifolia
and

Comparative Chemical Studies of Moringa stenopetala and Moringa oleifera

By Yadessa Melaku

Approved by:

1. Professor Ermias Dagne

Advisor

2. Professor Dr Yang Ye

External Examiner

3. Dr Tarekegn G/yesus

Examiner

4. Professor Wendimagegn Mamo

Examiner



June 2015
This work was done from September 2010 to May 2015 at the Addis Ababa University, College of

Natural Sciences, Chemistry Department under the supervision of Professor Ermias Dagne



Acknowledgements

I am very indebted to express my sincerest gratitude to my advisor, Professor Ermias Dagne, for
his kind supervision, invaluable technical support, suggestions, guidance and encouragement at
every stage throughout the whole period of my PhD study. I am also indebted to Professor
Yalemtsehay Mekonnen and her coworkers for carrying out the anti-plasmodial tests on crude
extracts as well as on purified substances. It’s my pleasure to thank Professor Wendimagegn
Mamo for training me on how to operate the 400 MHz NMR spectrometer and also for his
unreserved help, encouragement and constructive comments. I am indebted to Dr Tarekegn
Glyesus for providing me with numerous references and a wide array of documents relevant to my
work. I also appreciate very much the other members of staff especially Dr. Ashebir Fiseha, Dr.
Nigist Asfaw and Dr. Estifanos Ele for constructive comments and suggestions that helped me
improve this dissertation. I am also obliged to Dr. Ahmed Mustafa, Head of the Department of

Chemistry, for guidance and administrative support.

I am grateful to Dr. Norbert Arnold and Dr. Juergen Schmidt, Leibniz-Institute for Plant
Biochemistry, Weinberg 3, 06120 Halle (Saale), Germany, for running the FT-MS and HPLC-MS
of the samples. Their contributions for the fruitfulness of this work are immense. I appreciate the
support rendered by my co-workers (Yohannes Meaza, Hanna Kassaye, Mesfin Getachew,
Minbale Gashu, Zelalem Gizachew, Sisay Awoke and Tirusew Araya) and my friends (Koster
Gudu, Abera Gure, Zelalem Abdissa, Gemechu Muleta, and Bedassa Abdissa). I am greatly
indebted to my parents, my beloved sisters and brothers for their moral guidance, prayers and
timely help in various ways which enabled me to complete this work. I extend my deepest
appreciation to my wife Diribe Wakjira, and my daughter Sinam, for their loving support
throughout my study period. Last but not least, the Chemistry Department, Addis Ababa
University is thanked for giving me the opportunity to pursue PhD studies and Adama Science and

Technology University for leave of absence. I am grateful to the International Science Program



(ISP, Sweden) for the support. In closing, I wish to humbly express my deepest feelings to the
Almighty God for giving me strength throughout my life.

Abstract
Bioassay Directed Chemical Study of Antimalarial Substances from Clerodendrum myricoides and

Dodonaea angustifolia

and
Comparative Chemical Studies of Moringa stenopetala and Moringa oleifera

By Yadessa Melaku

Advisor: Professor Ermias Dagne

Human beings have since time immemorial used plants for different purposes including as food,
for flavor, cosmetic, dying clothes, and above all as medicine for treating a wide spectrum of
diseases. The main aim of this dissertation work is to find rationale for the use of selected plants in
combating one of the most challenging diseases in the world, namely, malaria. The selection of the
plant materials for the study was based on ethnomedicinal uses. This led to the need for systematic
investigation of two plants, Clerodendrum myricoides (Lamiaceae) and Dodonaea angustifolia
(Sapindaceae), which are indigenous medicinal plants traditionally used as remedies against
malaria in some parts of Ethiopia. In the course of this study, bioassay guided investigation on the
antiplasmodial activities of the leaves of C. myricoides resulted in the isolation of two active
compounds, namely, a-spinasterol (63) and sitosterol-3-O-f-D-glucoside (64), which significantly
suppress parasitaemia by 51% and 44% at 40 mg/kg, respectively.

Furthermore, the acetone extract of the leaves of C. myricoides afforded verbascoside (12),
ixoroside (73), and compound 71. To our knowledge there is no report in the literature for
compound 71. Tetracosanoic, behenic, icosanoic, stearic, and palmitic acid were also identified
from the leaves of this plant. Investigation of the radical scavenging activities of the above

constituents resulted in verbascoside as the most active compound comparable to ascorbic acid.
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Bioassay guided fractionation of the ethyl acetate soluble portion of the 80% aqueous MeOH
extract of the leaves of D. angustifolia afforded three compounds, namely, pinocembrin (86),
santin (81) and 15,16-epoxy-2-hydroxy-3,13(16),14-clerodtriene-18-oic acid (128) which
exhibited high percent suppression of parasitacmia by 81% at 40 mg/kg, 80% at 50 mg/kg and
70% at 40 mg/kg, respectively. Under similar conditions chloroquine suppressed parasitaemia by
100% at 25 mg/kg. Column chromatographic fractionation of the ethyl acetate soluble portion of
the ethanol extract of D. angustifolia leaves gave three other compounds in addition to 81, 86 and
128, identified as 5,7,4’-trihydroxy-3,6-dimethoxyflavone (80), ent-16-hydroxy-labdan-3a,8f-
dihydroxy,13(14)-en-15,16-olide (114), and 5,6,7-trihydroxy-3,4’-dimethoxyflavone (125). To
our knowledge compound 125 has not been reported before as a natural product. The extracts and
the four flavonoids isolated from the leaves of D. angustifolia were tested for their antiradical

properties, which led to 5,7,4’-trihydroxy-3,6-dimethoxyflavone (80) as the most active compound.

The leaves of two Moringa species, M. stenopetala which is confined to the horn of Africa namely
Ethiopia, Somalia and Kenya and M. oleifera originally from the Indian subcontinent but-now
cultivated in different parts of the world including Africa, were compared with respect to their
main chemical constituents. Different techniques including TLC, HPLC-MS, and UV-Vis
spectrophotometry were employed. Our results unambiguously showed significant differences in
the chemical profiles of the leaves of the two species. Rutin (163) is the only principal flavonoid
glycoside of the leaves of M. stenopetala, which however is not detected in the leaves of M.
oleifera. On the other hand M. oleifera contains significant amounts of two other glycosides,
namely, quercetin-3-O-f-D-glucoside (159) and kaempferol-3-O-4-D-glucoside (161). These
results are significant in distinguishing the two Moringa species. Furthermore, a simple high
performance thin layer chromatographic method was developed and validated for quantitative
analysis of rutin in the leaves of M. stenopetala. The level of rutin in the leaves of M. stenopetala
was found to be 1.9+0.08%. These fingerprinting results can be used not only to differentiate the
two species but also to establish presence or absence of adulterants, an issue that is significant in

the use and marketing of crude and derived products from Moringa leaves.



Further chemical investigation on the leaves of M. stenopetala afforded three compounds
identified as heptacosanol (185), sitosterol-3-O-f-D-glucoside (64), and inositol dimer (186). The
seed kernel and husk of M. stenopetala was also investigated in this study for the first time. This
resulted in the isolation and characterization of stearic acid (77), 4-(a-L-rhamnopyranosyloxy)
benzyl glucosinolate (164) and sucrose (187) from the seed kernel while the husk furnished
allantoin (191) and compound 190. To our knowledge compound 190 was not reported before as
natural product. GC-MS analysis of the fatty acids of the oil of M. stenopetala afforded oleic acid
(52%), stearic acid (9%), palmitic acid (9%), behenic acid (5%), archidic acid (5%), palmitoleic
acid (1%) and myristic acid (0.2%). The above flavonoid glycosides displayed pronounced radical

scavenging and anti-lipid peroxidation activities.

Key words: Bioassay, Clerodendrum myricoides, Dodonaea angustifolia, Sapindaceae, Lamiaceae,
Antiplasmodial, radical scavenging, pinocembrin, santin, verbascoside, Moringaceae, Fingerprint,

HPLC-MS, TLC, UV, Moringa stenopetala, Moringa oleifera, quality control, radical scavenging
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Bioassay Directed Chemical Study of Antimalarial Substances from Clerodendrum

myricoides and Dodonaea angustifolia
and
Comparative Chemical Studies of Moringa stenopetala and Moringa oleifera
General Introduction

Nature provides a variety of valuable resources for the survival of all living organisms on earth.
Plants are vital to mankind, animals, other living things and also to the environment [1]. The
association of plants with humans originated with the beginning of life of humans on earth [2].
Eventually human learned to recognize and categorize plants suited for use in meeting the basic
necessities of life. Of these necessities, the use of plants as food supply in the world is a known
fact. Among the major crops widely used in this regard are wheat, rice, maize or corn, potato,
barley, sorghum etc. Shelter, in the form of wood for houses; and clothing, in the
form of cotton fibers, are among the most important uses of plant materials , in addition to
the use of plants for transportation, construction and as fuel. It is therefore obvious that plants play

significant role in human survival and in improving the quality of human life.

The plant kingdom also contributed immensely to human health [3] in particular before the advent
of modern drugs. The use of plants in maintaining and boosting health is firmly rooted in the past
and is still developing [3-5]. Even now the majority of people in the world use traditional medicine
for treating various life threatening diseases. It is assumed that the major part of traditional therapy
involves the use of plant extracts or their active principles [2, 6-8]. The medicinal plants have
greatest potential for benefitting people, especially those living in countries suffering from poverty,
and poor health [1]. Moreover medicinal plants occupy a significant place in modern medicine as a
raw material for some important drugs [6, 9]. The current demands for herbal remedies in both
developed and developing countries is increasing. In developed countries this may be partly due to
the dissatisfaction with conventional medicines while with the developing countries this is due to

shortage of pharmaceutical products and the unaffordable prices [10].

Ethiopia is home for about 6,500 species of higher plants making the country one of the most

diverse floristic regions in the world [10]. The country possesses a wide range of potentially useful
18



medicinal plants with 1000 species identified and reported in the Flora of Ethiopia [10]. Many
others are not yet identified [10]. Ethiopian plants have shown remarkably effective medicinal
values for many ailments that affect people and livestock [11]. The significance of these plants is
supported by a report that 70% of the Ethiopian population still rely on traditional medicine to
address their health care needs [12]. The most commonly used plants for the prevention and cure
of different diseases in Ethiopia include Artemisia spp., Boswellia spp., Brucea antidysentrica
Cinnamomum cassia, Commiphora spp., Cyperus bulbosus, Echinops spp., Embelia schimperi,
Glinus lotoides, Hagenia abyssinica, Juniperus procera, Myrtus communis, Ocimum spp.,
Otostegia spp., Phytolacca dodecandra, [13] etc. In traditional market places and around churches
and mosques in particular during religious ceremonies, many medicinal plants are sold side by side

with spices and food items.

Nature has proven to be an endless source of abundant diversity of chemical entities with varying
biological activities. Plants serve as a vast reservoir of many complex organic compounds, many
of which, at least at our current stage of knowledge, appear to have no direct function for the
growth and development of the plant [14]. These compounds, now known as secondary
metabolites, are produced either as a result of the organism adapting to its surrounding
environment or for its own survival and defense against predators [14, 15]. The most important of
these bioactive constituents of plants including alkaloids, flavonoids, phenolics, steroids and
terpenoids provide some unique and species-specific characteristics to plants. Many types of
secondary metabolites derived from plants played a central role in the history of mankind and
possess well defined biological functions. This realization has given a new impetus to the scientific
study of secondary metabolites. Even though these metabolites have been exploited for thousands
of years using various approaches, only a minor proportion has been investigated on the basis of

their profiles and content of biologically active constituents.
Several evidences indicate that only few medicinal plants in different parts of the world have been

evaluated for their phytochemical content, biological activities [16, 17] and isolation of active

principles. Thus, it is exciting for chemists to search for compounds that have the potential to elicit
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beneficial pharmacological activities. In this context phytochemical study to identify chemicals

that can exhibit biological activities has got great relevance.

Taking into account the above facts, the work undertaken in this dissertation involves three parts.
The first two parts [Part 1 and 2] deal with the activity guided antiplasmodial activities of two
indigenous medicinal plants, Clerodendrum myricoides (Lamiaceae) and Dodonaea angustifolia
(Sapindaceae), used as remedy against malaria in some parts of Ethiopia. The choice of the two
plant species to establish their antimalarial properties is based on their use in traditional medicines

for this purpose.

The third part [Part 3] of this dissertation presents brief review of the literature on the biological
activities, water clarifying properties and chemistry of the genus Moringa and description of
comparative chemical study of two Moringa species: Moringa oleifera of Indian origin, but now
widely distributed in many countries of the world including Africa because of its outstanding
pharmacological and nutritional properties, and Moringa stenopetala, an endemic plant confined to
southern Ethiopia, Somalia and northern Kenya and believed to have remarkable potential with

respect to pharmacological, nutritional and water clarifying properties just like M. oleifera.
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Part 1

Bioassay Directed Chemical Study of Antimalarial Substances

from Clerodendrum myricoides
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1.1. Introduction

1.1.1. Brief Review on Chemistry and Pharmacological Properties of the Genus

Clerodendrum

Lamiaceae is an important family of flowering plants known for the wealth of species with various
medicinal properties [18]. It comprises of about 236 genera and 7,200 species [19]. Clerodendrum
is among the genera in the family Lamiaceae [20], distributed in the tropical and subtropical
regions of the world [21, 22], and mainly found in Africa and Asia [23]. The genus has more than
five hundred species [23, 24], which consists of small trees, shrubs and herbs [25]. The genus is
well known for its ornamental uses. Clerodendrum contains many plant species that are being used
in various health care systems for the treatment of a variety of diseases. Previous pharmacological
reports showed that some species of the genus exhibit anti-inflammatory [26], anti-microbial [27,

28], antimalarial [29], anthelminthic [30], antiviral and antioxidant activities [20, 22, 25].

Eight species of the genus Clerodendrum are recorded in the Flora of Ethiopia, namely, C.
acerbianum, C. alatum, C. cephalanthum, C. johnstonii, C. myricoides, C. robecchii, C. sp., and C.
umbellatum [31]. Clerodendrum myricoides, locally called Misrch in Amharic, also occurs in most
African countries including Kenya, Nigeria and South Africa [31, 32]. C. myricoides is an open
shrub reaching 4 m tall. This indigenous plant is employed for the treatment of various life
threatening ailments. Traditionally, root decoction, leaves and bark of C. myricoides are used
against malaria, diabetes, typhoid, cough, fevers, pneumonia, headache, snake bites and venereal
disease [32-35]. In pharmacological studies, the dichloromethane extracts of the leaves of C.
myricoides demonstrated anti-mutagenic properties against Salmonella typhimurium [36]. The

leaves of C. myricoides are also used against diarrhea, and dysentery [37].

Efforts have been made by various researchers to isolate the chemical constituents from various
species of the genus Clerodendrum. Research reports available showed the presence of terpeonids,
steroids, phenolics, flavonoids and carbohydrates [32, 38]. So far over 60 compounds have been
reported from the genus. A complete list of compounds reported so far from the genus along with

their classes, plant source, plant part and literature references are given in Table 1.
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Table 1: List of compounds from Clerodendrum organized by compound class

Cpd class Cpd name Str. Plant Plant Ref
No source part

Flavonoids 4’-Methyl 5,7-dihydroxyflavone 1 Ct LF [39]
Apigenin 7-galacturonide 2 « «

Iridoids Seratoside A 3 Cs «“ [25, 39, 40]
Seratoside B 4 “ «“
7-f-Coumaroyl-oxyugadoside 5 “ «“
7-f-Cinnamoyl-oxyugadoside 6 C.bh “

Iridoid glucoside 7 “ “

Phenolics Bunginoside A 8 “ “ [39-41]
37*,4”’-di-O-acetylmartynoside 9 “ «
Acetylmartynoside B 10 “ «
Acetylmartynoside A 11 “ «“
Verbascoside 12 Ct «“
37’-0-Acetylmartyonside 13 C.b «“
2”’-0-Acetylmartynoside 14 “ «

Martynoside 15 “ «
Leucosceptoside A 16 “ «
Trichotomoside 17 “ «“
0-2,3-Di-O-acetyl-a-L-rhamnopyranosyl- 18 “ «“
(1—3)-(4-O-cis-feruloyl)-$-D-glucopyranoside

Isomartynoside 19 “ «
Isoacteoside 20 “ «
Darendoside B 21 “ «“
Phlomisethanoside 22 “ «“
Darendoside A 23 “ «

Steroids Colebrin A 24 Cc «“ [42]
Colebrin B 25 “ «

Colebrin C 26 “ «
Colebrin D 27 “ «“




Table 1 continued

Terpenoids

Colebrin E
Clerosterol
[-Sitosterol

Stigmasterol

4a-Methyl-24-$-ethyl-5a-cholesta-14,25-dien-35-ol
24/-Ethylcholesta-5,9(11),22E-trien-3 -0l
22-Dehydroclerosterol
22-Dehydroclerosterol
glucopyranoside

Clerosterol 34-O-4-D-glucoside

34-0-4-D-(6’-O-margaroyl)-

Bungnate A
Bungnate B
15-Dehydrocyrtophyllone A

15-Dehydro-17-hydroxycyrtophyllone A

12,16-Epoxy-11,14,17-trihydroxy-6-methoxy-17(15—16)-
abeo-abieta-5,8,11,13-tetraene-7-one
Cyrtophyllone A

Villosin C

Teuvincenone F
19-Hydroxyteuvincenone F
Mandarone E

12,16-Epoxy-11,14-dihydroxy-6-methoxy 17(15—16)-abeo-
abieta-5,8,11,13,15-pentaene-3,7-dione
12-O-4-D-Glucopyranosyl-3,11,16-trihydroxyabicta-
8,11,13-triene

Uncinatone

Inerme A
Inerme B

14,15-dihydro-15-f-methoxy-3-epicaryoptin
14,15-dihydro-15-hydroxy-3-epicaryoptin (Epimer)

15-epimer of 18

28

29

30

31

32
33
34
35

36

37
38
39

40

41

42

43

44

45

46

47

48

49

50
51

52

53

55

113

113

LF

LF

LF

[42,43]

[42]

[44]

[43]

[45]

[41]

[44]
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Table 1 continued

Mis. Clerobungin A 56 C.bh LF [46]
Clerobungin B 57 «“
(+)-Rengyolone 58 “
Cleroindicin E 59 “
1-Hydroxy-1-(8-palmitoyloxyethyl) cyclohexanone 60 C.t © [47]
5-O-butyl cleroindin D 61 «
Lucumin 62 Cg LF [48]

LF: leaf; RT: root; Str No : structure number; cpd: compound; C. ¢: C. trichotomum; C.s: C. serratum; C. b: C. bungei,
C. c: C. colebrookianum;, C. q: C. quadriloculare; C. i: C. inerme; C. g: C. grayi, Mis.: miscellaneous

The chemical structures of compounds so far reported from the genus Clerodendrum are given
below.

Flavonoids [39]

Iridoids [25, 40]

_O
/O OH /O N HO OH
0 OH 0 RO X
N o)
A ) N X (@) o 0]
o OGlc HO
J OGlc
3

GIcO
OGlc 4 5. R = coumaroyl 7

6. R = cinnamoyl
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Phenolics [39-41]

o AH 10 11 12 13 14 15 16 17

R50 N O/&E\/ R1T H Ac Ac H Ac H H

o (e} OH R2 Ac H Ac Ac H H H

o OH \/\©i R3 Ac Ac H H H H
O OR
R302\20R1 4

Me Me Me Me H
R,0 R5 Me Me Me Me Me Me Me

S o RO o o o
9 o OH HO 0. 0 OH
¢ OH RhaO"Ho HO
" m 0 _ _ OR;  HOo
HO OAc 18 I 19.R; = Me, R, = feruloyl RO\%;(
OH

TITITITT
T

AcO 20.R1 = H, R, = Caffeoyl 22. R = vanilloyl
21R1 = Me, R2 =H HO 23.R=H
Steroids [42-44]
' -

26.R'=R2=H
27R'=H, R? = OH
“R2 28.R"=0OH,R?=H

//,, 25 //’z,

HO HO
20 30
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Terpenoids [39, 41, 44]

41. R1 = CHonr RZ =Me
OH 42. R1 =Ry =Me
43. Ry = CHQOH. Rz =H

44. R1 =0, R2 = Me
45. Ry =0, Ry = CH,0OH
46. Ry = Hy, Ry = CH3
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2 /
AcO o
_p'= 52.R1 =H, R, =OMe 54. R,= OCH3, Rz = H
g(l) E; E' 5,\|-/||e 53. R1 = R2 =OH 55. R2 = H’ R3 = OCH3
Miscellaneous [46-48]
R S“\\ﬁ (:)H (:)H
oy AR LD D
“ @) - 0] B v B
° oTs ° H 1O T o
56 57 58 59

. OH
.0

0 0 porlo

o) H, ,CN
@(yo Y\]J "o g
13 : OH HO o __ 0O
OH o ~o~0 HO OH
60 62

61

Despite the fact that C. myricoides is traditionally used for the treatment of various ailments in
different parts of the world, there is no prior report on the chemical study of the leaves or other
parts of this species. There are reports that deal with the antimalarial activities of some species of
the genus [12]; however, there is one unpublished report demonstrating the antiplasmodial
potential of the leaves of C. myricoides [35]. Indeed two preliminary MSc studies done in the
Biology Department of Addis Ababa University [49, 50] clearly established that the ethanol
extracts of this plant showed significant antiplasmodial activities. Inspired by this report we set out

to undertake bioassay guided isolation of the active compounds from the extracts of C. myricoides
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1.2. Objectives
The principal objectives of this work are to

% conduct bioassay guided isolation and characterization of compounds responsible for the

antiplasmodial activities of the extracts of the leaves of C. myricoides.

% identify the compounds responsible for the radical scavenging activities of the extracts
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1.3. Results and Discussion

This section describes the activity guided antiplasmodial studies of the leaves of C. myricoides.
The main achievement of this work is the isolation of two bioactive compounds, namely, a-
spinasterol (63) and sitosterol-3-O-/3-D-glucopyranoside (64) which displayed percent inhibition of
parasitaemia by 51% and 44% at 40 mg/kg, respectively. The work was also geared towards the
exploration of other chemical constituents of the leaves of this plant. Thus, in this section, the
isolation, purification and structure determination of three other compounds, namely, verbascoside
(12), ixoroside (76) and compound 72 is described. To our knowledge there is no report in the
literature for compound 72. In the course of this work five fatty acids, namely, tetracosanoic acid
(77), behenic acid (78), icosanoic acid (79), stearic acid (80), and palmitic acid (81) were identified
from the non polar fraction of the acetone extract of the leaves of C. myricoides. The radical

scavenging activities of the extracts and the pure constituents of the leaves were also investigated.

1.3.1. Characterization of Compounds Isolated from the Leaves of C. myricoides
a-Spinasterol (63)

Compound 63 was obtained as a white solid, mp 144-145°C after column chromatography of the
acetone extract of the leaves of C. myricoides followed by recrystalization from isopropyl alcohol.
TLC (hexane:EtOAc, 3:2) gave rise to a spot at Rf = 0.60, visualized after spraying with vanillin/
H>SO4 followed by heating with hot air gun. The mass spectrum of compound 63 displayed a
molecular ion peak at m/z 412 which is compatible with the molecular composition of Cz9H4g0.
The diagnostic fragments in the mass spectrum at m/z 369, 351, 300, and 273 are characterstic of
sterols containing two double bonds. Specially important is the fragment at m/z 300, which is due

to retro Diels-Alder product of sterols with A7 bonds. The IR spectrum showed absorption bands

at 3369, 2940, 1609 and 1062 cm™! due to O-H, aliphatic C-H, olefinic C=C and C-O stretching,

respectively.
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The '"H-NMR spectrum (CDCIs) of compound 63 revealed the presence of six methyls at § 0.60
(3H, s), 0 0.80-0.860 (9H, m), 6 0.87 (3H, d, J = 6.40 Hz) and ¢ 1.13 (3H, d, J = 6.80 Hz). Other
proton signals integrating for 25 hydrogens were observed in the range ¢ 2.30 to 1.00. The signal at
0 3.65 (1H, m, H-3) corresponding to a proton attached to an oxygenated carbon along with three
olefinic proton signals at ¢ 5.04 (H-23, dd, J= 8.8 and 15.2 Hz), 5.17 (1H, m, H-7) and 5.18 (H-22,
dd, J = 8.4 and 15.2 Hz) support the presence of sterol nucleus with two double bonds. The UV-
Vis spectrum of compound 63 displayed absorption maximum at 227 nm demonstrating that the

double bonds are isolated.

The proton decoupled '*C-NMR and DEPT-135 spectra (CDCls) of compound 63 (Table 2)
revealed the presence of 29 well resolved carbon signals including six methyl, nine methylene,
eleven methine, and three quaternary carbons. The three quaternary carbon signals observed at ¢
139.6, 43.3 and 34.2 are due to C-8, C-13 and C-10, respectively. The 3C-NMR spectrum showed
signal in the oxygenated region at J 71.1 assignable to C-3. The presence of two double bonds was
evident from the appearance of three olefinic carbon signals attributed to C-7 (6 117.5), C-22 (6
129.5) and C-23 (6 138.1). Particularly noteworthy is the olefinic carbon resonance at 0 117.5
which is characteristics of sterols with A” bond which rules out the possibility of stigmasterol (31)
as an option. The proton signal at § 5.17 (H-7) in the '"H-NMR spectrum of compound 63 supports
the above assertion. The '*C-NMR spectral data of compound 63 along with the literature reported

for a-spinasterol are given in Table 2 [51].
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Table 2: Comparison of the 3C-NMR spectral data of compound 63 with that reported in the

literature for a-spinasterol (CDCIs, J in ppm) [51]

Position !3C-NMR data of  Data reported in the lit. Position =~ 3C-NMR data of Data reported in the lit.

63 for a-spinasterol 63 for a-spinasterol
1 37.1 37.1 16 28.5 28.5
2 31.5 314 17 559 55.8
3 71.0 71.0 18 12.0 12.0
4 38.0 37.9 19 13.0 13.0
5 40.3 40.2 20 40.8 40.8
6 29.6 29.6 21 21.3 21.3
7 117.4 117.4 22 138.2 138.1
8 139.6 139.5 23 129.4 129.4
9 49.4 49.4 24 51.2 51.2
10 342 342 25 31.8 31.9
11 21.5 21.5 26 21.0 21.0
12 39.4 39.5 27 19.0 19.0
13 433 43.2 28 254 25.4
14 55.1 55.1 29 12.2 12.2
15 23.0 23.0

The spectral and physical data of compound 63 are in agreement with the data reported in the

literature for a-spinasterol (63) (Table 2) [51].
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o-Spinasterol was previously reported from the twigs of Samanea saman [51], Dillenia indica [52],
stems of Amaranthus spinosus [53], fruits of Luffa cylindrical [54], aerial part of Scrophularia
takesimensis [55], flowers of Stenactis annua [56] and the seeds of Nigella sativa [57].
Pharmacological reports showed that a-spinasterol exhibits anti-tumor property in breast, ovarian
and cervical cancer cells in a dose-dependent manner [58]. The ability to inhibit inflammations is

another key beneficial effect of a-spinasterol [59].

Sitosterol-3-O-f-D-glucoside (64)

A white solid compound isolated from the acetone extract of the leaves of C. myricoides, showed a

spot on TLC (Rf = 0.4 (hexane:EtOAc, 1:4)) after spraying with vanillin/H2SO4. Compound 64
exhibited [a]%, = -25.0 (¢ 0.4, MeOH) indicating the presence of chiral center. The IR spectrum

showed peaks at 3429, 2918, 1600, and 1063 ¢cm™ due to OH, C-H, C=C and C-O stretching,
respectively. The FT-MS data of compound 64 demonstrated the molecular ion peak at m/z
599.4293 (calcd 599.8100 for C3sHsoOsNa) establishing the molecular formula as C3sHs0Os. This is
consistent with the *C-NMR spectrum which showed resonances for 35 carbon atoms. The peak at
m/z 203 (CsH1206Na) in the mass spectrum witnesses the presence of hexose sugar in the
compound. Compound 64 showed no absorption maxima in its UV-Vis spectrum indicating the

absence of conjugated chromophore.

Analysis of the "TH-NMR spectrum (DMSO-d6) demonstrated the presence of six methyl signals at
0 0.65 (3H, s), 0.95 (3H, s), 0.90 (3H, ¢, J = 6.4 Hz), 0.93 (3H, d, J = 3.2 Hz), and ¢ 0.80 (6H, m).
Among these the signals at 6 0.65 and 0.95 are due to methyl groups on quaternary carbons. On

the other hand signals due to methyl signals on secondary and tertiary carbons were observed at o
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0.90 and 0.93, respectively. The olefinic proton signal at 0 5.30 (1H, bro. d, J = 3.2 Hz), and the
proton signal on oxygenated carbon at 6 4.47 (1H, m) along with the six methyl groups are evident
for the presence of sterol with one double bond. The spectrum showed anomeric proton (H-1")
signal at 6 4.21 (1H, d) with a J value of 8.0 Hz establishing the sugar as a f-anomer [60, 61].
Among the sugar protons, those signals situated at 6 3.63 (1H, m) and ¢ 3.45 (1H, m) are due to
diastereotopic methylene protons on C-5’ (0 61.5) of the glucose moiety as confirmed by HSQC
spectral analysis. The remaining proton signals of the glucose moiety at ¢ 3.12 (1H, m, H-5’), 3.47
(1H, m, H-2"), 2.89 (1H, m, H-3") and 3.06 (1H, m, H-4") showed HSQC correlations with the
carbon signals at 6 77.4 (C-57), 77.3 (C-2), 73.9 (C-3’) and 70.5 (C-4"), respectively. The olefinic
proton signal at 6 5.30 showed HSQC correlation with C-6 (0 121.6). Furthermore, the multiplet
signals at 0 4.93 and 4.47 integrating for three and one hydrogen, respectively, account for

hydrogens on hydroxyl groups of the sugar moiety.

The *C-NMR spectrum (DMSO-d6) showed thirty five signals (Table 3) where two are due to
olefinic carbons, C-5 (0 140.9) and C-6 (0 121.8). The signal at 6 77.2 is assigned to C-3. The
presence of only one sugar moiety in the compound is verified by the appearance of only one
anomeric carbon signal at 6 101.3 along with a set of chemical shifts at 6 77.4, 77.3, 73.9, 70.5 and
61.5. The HMBC correlation observed between the proton signal at 0 4.21 (H-1") with the carbon
signal at 0 77.2 (C-3) established the site of attachment of the sugar to the sterol nucleus. The *C-
NMR spectral data of compound 64 were compared with those reported in the literature for

sitosterol-3-O-f-D-glucopyranoside with the result given in Table 3.
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Table 3: 'H- and '"*C-NMR spectral data of compound 64 and the reported '*C-NMR data for
sitosterol-3-O-f-D-glucoside (DMSO-d6) [62]

Position NMR data of compound 64 3C-NMR data reported for sitosterol-
3-O-p-D-glucoside [62]
'"H-NMR BC-NMR BC-NMR

1 1.87 (1H, m) and 1.76 (1H, m) 36.7 38.0

2 0.98 (1H, m) and 1.32 (1H, m) 34.0 35.9

3 3.04 (1H, m) 77.2 78.0

4 1.97 (1H,m) and 1.93 (1H, m) 39.7 39.5

5 - 140.9 140.5
6 5.30 (1H, m) 121.3 121.5
7 1.80 (1H, m) and 1.23 (1H, m) 30.0 31.7
8 1.63 (1H, m) 28.2 28.2
9 0.92 (1H, m) 45.6 45.6
10 - 37.3 36.5
11 1.48 (2H, m) 19.5 19.1
12 1.96 (1H, m) and 1.40 (1H, m) 31.9 32.7
13 - 423 42.0
14 1.10 (1H, m) 55.9 55.8
15 0.99 (1H, m) and 1.53 (1H, m) 243 241
16 1.22 (2H, m) 23.0 22.9
17 1.03 (1H, m) 56.6 56.4
18 0.95 (3H, s) 19.1 18.6
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19 0.65 (3H, s) 12.5 12.0

20 1.34 (1H, m) 29.2 29.7
21 0.80 (3H, m) 12.3 11.7
22 2.12 (1H,m) and 2.38 (1H,m) 36.6 37.0

Table 3 continued

Position NMR data of compound 64 13C-NMR data reported for sitosterol-
3-O-p-D-glucoside [62]

H-NMR 3C-NMR 3C-NMR
23 1.77 (1H, m) and 1.23 (1H, m) 283 29.0
24 0.89 (1H, m) 50.0 49.4
25 1.89 (1H, m) 31.8 31.6
26 0.93 (3H, d, J = 3.20) 21.0 20.8
27 0.80 (3H, m) 20.5 19.6
28 1.14 (2H, m) 26.9 26.0
29 0.90 (3H, £, J = 6.40) 19.4 18.8
ik 421 (1H, d, J = 8.00) 101.3 101.9
2 3.47 (1H, m) 77.3 777
3 2.89 (1H, m) 73.9 74.6
4 3.06 (1H, m) 70.5 71.0
5 3.12 (1H, m) 774 777
6 3.63 (1H, m) and 3.45 (1H, m) 61.5 62.1

Assignments made on the basis of COSY, HSQC and HMBC correlations;  in ppm; Coupling constants are in Hz
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The above physical and spectral data of compound 64 are consistent with those reported in the

literature for sitosterol-3-O-f4-D-glucopyranoside (64) [62].

OH
0

HO 0353

HO" HO 64

Sitosterol-3-O-f4-D-glucoside (64) is an anticancer [63] and antibacterial agent [64] reported from
various plant species such as Solanum melongena [63], Moringa peregrina [64], Bergenia ligulata

[65], Mentha suaveolens [66], Zilla spinosa [67], and Urtica pilulifera [68].

Verbascoside (12)
Verbascoside (12), a phenylethanoid glycoside, is a major constituent in the acetone extract of the

leaves of C. myricoides which melted at 147-148°C (Lit. 145-148°C) [69]. The compound showed
[a]Z = -5.0 (c 0.4, MeOH) indicating the presence of chiral center. TLC, (eluent EtOAc:AcOH,

4:1), showed a single spot at Rf = 0.6 which was visualized as yellow spot with vanillin/H2SOs.
The UV-Vis spectrum (MeOH) showed absorption maxima at 290 and 329 nm presumably due to
n—n* transition of the phenylethyl and caffeic acid moieties in the compound, respectively. The
IR spectrum displayed the presence of hydroxyl and ester carbonyl at 3398 ¢m™ and 1698 cm!,
respectively. The negative ion mode high resolution FT-MS displayed molecular ion at m/z
623.1981 (caled 623.5794 for CyoH3s015) which is consistent with the molecular formula
C29H36015. Other peaks observed at m/z 461.1650 (C20H29011) and 315.1080 (Ci4H19O11) in the
mass spectrum are due to sequential loss of the caffeic acid and rhamnose moieties from the parent

ion, respectively.

The 'H-NMR (DMSO-d6) spectroscopic data suggested the presence of trans double bond at §
7.45 (1H, d, J = 15.70 Hz) and 6.20 (1H, d, J = 15.70 Hz), which showed COSY correlation with
each other. In the aromatic region, the "H-NMR spectrum of compound 12 exhibited signals as two

different systems, one belonging to the caffeic acid substituent at 6 7.02 (1H, d, J = 1.69 Hz), 6.98
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(1H, dd, J = 8.14, 1.69 Hz), and 6.75 (1H, d, J = 8.14 Hz) and the other to the 3,4-disubstituted
phenylethyl moiety at 6 6.63 (1H, d, J = 8.14 Hz), 6.62 (1H, bro s), and 6.49 (1H, dd, J = 8.14, and
1.48 Hz). The COSY spectrum of compound 12 supports this phenomenon as correlation was
observed between the proton signal at 0 6.98 with the proton signal at 6.75; and the proton signal at
0 6.49 with the signal situated at J 6.62. The anomeric proton and methyl group signals of
rhamnose were easily recognized, as they appeared at 6 5.01 (1H, d, /= 1.3 Hz) and 0.94 (3H, d, J
= 6.24 Hz), respectively, with their corresponding carbon signals in the '*C-NMR spectrum at §
61.1 and 18.6. Contrary to the rhamnosyl group, the coupling constant for the anomeric proton
signal of glucose at ¢ 4.35 (1H, d, J = 7.82 Hz) was in agreement with S-configuration [60, 61].
The presence of two anomeric protons in the 'H-NMR spectrum of compound 12 was supported by
the appearance of two anomeric carbon signals at § 101.6 (C-1""") and 102.7 (C-1"") in the *C-
NMR spectrum. The signal at 6 4.70 (1H, ¢, J = 9.60 Hz) is due to methine proton on C-4’’ (6 69.5)
which showed HMBC correlation with the carbonyl carbon of caffeic acid substituent establishing
the site of attachment of the caffeic acid to the sugar moiety. The signal at 6 2.70 (2H, m) is a

distinctive signal of benzylic protons.

The 3C-NMR spectrum (DMSO-d6) of compound 12 (Table 4) showed carbonyl functional group
of an ester at d 166.2 (C-9) which is consistent a strong C=0 absorption band at 1698 ¢m! in the
IR spectrum. The compound exhibited signals due to four oxygenated carbons in the aromatic
region at 0 148.9 (H-4), 146.0 (H-3), 145.4 (H-3’) and 143.9 (H-4’). The signal of the olefinic
carbon (C-7) S to the carbonyl was overlapped with the quaternary carbon signal at § 146.0 (C-3).
The other carbon signals at 0 129.5 and 125.9 are due to C-1" and C-1, respectively. Six signals
due to methine carbons belonging to the aromatic ring were shown at ¢ 121.9, 120.0, 116.7, 116.2,
115.9, 115.0, and 114.0. Eight methine carbon signals of the sugar moieties were observed at d
79.5,74.9, 72.0, 70.9, 70.8, 69.5 and 69.1. The presence of two sets of methylene carbon signals at
0 70.8 (C-8’) and 35.4 (C-7°) were evident for the presence phenylethyl moiety.

The trans double bond signals at 6 7.45 and 6.20 showed HMBC correlation with the carbonyl
carbon which is evident for the presence of an a,f-unsaturated carbonyl carbon. The HMBC also

showed correlations such that the proton signal at ¢ 7.45 correlates with the carbon signals at ¢
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121.9 and 115.0; and the proton signal at 0 6.20 with the carbon signal at 0 125.9. The proton
signal observed at 6 6.98 showed HMBC correlation with the carbon signals at 6115.8, and 148.9.
Another correlation observed was between the proton signal at 0 7.02 and the carbon signals at o
121.9, 145.4 and 148.9. Further correlation observed was between the proton signal at § 6.63 with
the carbon signals at 6 129.5 and 143.9; proton signal at § 6.62 with carbon signal at 6 119.9 ; and
the proton signal at 0 6.49 with the carbon signals at 6 143.9 and 116.2. The proton signal at &
2.70 correlates with the carbon signals at 0 116.2, 119.9, 129.5 and 70.7. The above results were
suggestive of fragment 65 and 66.

o0 _H OH
M > on HO i QOH H)/\C[
Ho 102307~ om
65 66 HO OH 68
The site of attachment of the aromatic ring containing the phenylethyl group to the anomeric
carbon of glucose was established by the appearance of HMBC correlation between the carbon
signal at 0 70.8 with the anomeric proton (H-1"") of the glucose moiety. Another key HMBC
correlation observed was between the anomeric proton signal of the rhamnose at 6 5.01 with C-3’
(0 79.5) of glucose indicating that the rhamnopyranose group was attached to glucose through C-
3”7 (0 79.5). On the basis of the above spectral studies, the key HMBC correlation is depicted in 68.
The NMR spectral data of compound 12 were compared with those reported in the literature for

verbascoside which are given in Table 4.
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Table 4: 'H- and *C-NMR spectral data of compound 12 and the 'H- and '*C-NMR data reported

for verbascoside [69]

Position 'H- and 3C-NMR data of 12 (DMSO-d6) 'H- and 3C-NMR data reported for verbascoside
[69]
'H-NMR BC-NMR 'H-NMR BC-NMR
1 - 125.9 - 125.5
2 7.02 (1H, d, J=1.69) 115.0 7.02 (1H, J=2.00) 114.7
3 - 146.0 - 145.5
4 - 148.9 - 148.4
5 6.75 (1H, d, J = 8.14) 115.8 6.76 (1H, d, J = 8.00) 115.8
6 6.98 (1H, dd, J=8.14, 1.69) 121.9 6.97 (1H, dd, J=2.00 & 8.00) 121.3
7 7.45 (1H, d,J = 15.7) 146.0 7.46 (1H, d, J = 16.00) 145.0
8 6.20 (1H, d, J=15.7) 114.1 6.19 (1H, d, J=16.00) 113.6
9 - 166.2 - 165.7
1’ - 129.5 - 129.1
2 6.62 (1H, bro s) 116.7 6.63 (1H, 5, H-2) 116.3
3 - 145.4 - 145.0
4 - 143.9 - 143.5
5 6.63 (1H,d,J=8.14) 116.2 6.64 (1H, dd, J = 8.00) 115.4
6’ 6.49 (1H, dd, J=8.14 & 1.48). 119.9 6.49 (1H, dd, J=2.00 & 8.00) 119.5
7 2.70 (2H, m) 35.4 - 35.5
8 3.87 (1H, m) & 3.68 (1H, m) 70.7 - 69.1
1 4.35(1H, d,J=1.82) 102.7 4.35 (1H, d, J=8.00) 102.3
2 3.20 (1H, m) 74.9 - 75.0
3 3.69 (1H, m) 79.5 - 79.5
4 4.70 (1H, d, J=9.60) 69.5 - 69.6
57 3.48 (1H, m) 74.9 - 72.1
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6 3.32 (1H, m) & 3.39 (1H, m) 61.1 - 61.2

1> 5.01 (1H, d, J = 1.30) 101.6 5.03 (1H) 101.2
2 3.68 (1H, m) 70.9 - 70.9
3 3.28 (1H, m) 70.8 - 70.7
4 3.10 (1H, m) 72.2 - 71.0
5 3.35 (1H, m) 69.2 - 69.2
6 0.94 (3H, d, J = 6.00) 18.6 - 18.6

Assignments made on the basis of COSY, HSQC and HMBC correlations; J in ppm; Coupling constants are in Hz

The spectroscopic data presented above is in good agreement with those reported in the literature

for verbascoside (12) [69].
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Verbascoside was previously isolated from the leaves of olive [70], Arrabidaea pulchra [69],
Lantana camara [71], Verbascum wiedemonnianum [72] and Castilleja tenuiflora [73].
Pharmacologically, verbascoside exhibited antiviral [69], antitumor [72] and anti-inflammatory [73]
properties. Furthermore the ability of verbascoside to prevent the damages caused by reactive
oxygen species (ROS) by interfering with initial ROS generating reactions, scavenging the free
oxygen molecules required to begin ROS production, and chelating metals that speed up oxidative

processes were documented in the literature [74]
Compound 71

Compound 71 was obtained as a solid, mp 178-180°C. TLC, (EtOAc:AcOH, 4:1), showed a pink
spot at Rf = 0.4 which was visualized after spraying with vanillin/H2SO4. The UV-Vis spectrum

displayed absorption maxima at 246 and 313 nm due to n—=n* and n—n* transitions, respectively.

It is optically active with [a ]2, = -147.5 (c 0.4, MeOH). The IR spectral analysis showed peaks at

3369, 1690, 1674, 1631, and 1076 cm’! suggesting the presence of hydroxy, ester carbonyl,
aldehyde carbonyl, olefinic C=C, and C-O stretching, respectively. The positive ion mode FT-MS
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displayed a molecular peak ion peak at m/z 551.2463 (caled 551.7349 for CisH40011Na)

establishing the molecular composition C26H40O11.

The 'H-NMR spectrum of 71 (CD3COCD3) showed a single singlet at § 9.31 due to an aldehydic
proton. The spectrum disclosed two olefinic proton signals at ¢ 7.44 (1H, s, H-3) and 6.77 (1H, ¢, J
= 3.70 Hz, H-3"’). The latter signal showed COSY correlations with the proton signals at ¢ 1.81
(H-9°’) and 2.22 (H-4"’). The characteristic proton signal due to an acetal carbinol (H-1) appeared
as a doublet at 6 5.99 (1H, d, J = 2.40 Hz). This signals correlates with the proton signal at 6 2.70
(H-9) in its COSY spectrum. In '"H-NMR spectrum of compound 71, the anomeric proton signal at
04.74 (1H, d, J = 8.00 Hz, H-1") and six proton signals at ¢ 3.24 (1H, m, H-2"), 3.33 (1H, m, H-4"),
3.46 (2H, m, H-3" and 5°), 3.86 (1H, m, H-6") and 3.92 (1H, m, H-6") are attributed to the glucose
moiety. The J value of the anomeric proton of the sugar moiety in compound 71 indicated that the
glucoside linkage had a f-configuration [75]. The two proton signals at 6 3.86 and 3.92 are due to
diastereotopic methylene protons of the glucose moiety in the compound. This was observed
clearly from its HSQC spectrum. The signal at 6 3.60 (1H, m, H-8"") is due to methylene protons
on carbon bearing hydroxyl group. Another signals due to methylene protons were observed at &
2.22 (2H, m, H-4""), 2.08 (1H, m, H-7), 1.65 (1H, m, H-7), 1.31 (1H, m, H-6) and 2.35 (1H, m, H-
6), 1.56 (1H, m, H-5""), 1.28 (1H, m, H-5""), and 1.32 (2H, m, H-7""). The '"H-NMR spectrum also
displayed signals due to methine protons at 6 2.70 (1H, dd, J = 1.6 and 8.4 Hz, H-9), 1.67 (1H, m,
H-6"") and 3.08 (1H, m, H-5). The presence of two methyl signals on quaternary carbons are
evident from the appearance of two peaks at 6 1.81 (3H, s, H-9"), and 1.56 (3H, s, H-10). The
signal due to the third methyl group on tertiary carbon was at 6 0.94 (3H, d, J = 6.4 Hz, H-10"").

The proton decoupled '*C-NMR spectrum of compound 71 (Table 5) with the aid of DEPT-135
showed the presence of 26 well resolved carbon resonances which corresponds to four quaternary,
twelve methine, seven methylene and three methyl groups. The most deshielded signal in *C-
NMR at 6 190.1 is typical of an a,f-unsaturated aldehyde carbonyl (C-11). The presence of four
olefinic carbon signals are evident at 6 162.0 (C-3), 142.5 (C-3"’), 128.2 (C-2"") and 122.6 (C-4).
The compound exhibited signal due to an a,f-unsaturated ester carbonyl at 6 167.6 (C-1""). The
characteristic carbon signal of an acetal carbinol is observed at 0 95.6. A series of carbon signals at

0624 (C-6°),70.9 (C-4%), 73.5 (C-2,), 76.9 (C-5’) and 76.9 (C-3’) along with the anomeric carbon
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signal at 0 99-8 (C-1’) is evident for the presence of only one sugar moiety in the compound. The
signal of methylene carbon bearing an electronegative oxygen atom was observed at 6 59.9 (C-8").
The signals at 0 20.5 (C-10""), 18.9 (C-10) and 11.5 (C-9*’) are ascribed to the three methyl groups
in the compound. Furthermore, the carbon signals at 0 49.9, 39.7, 38.8, 35.6, 30.2, 29.4, 29.2, and
25.9 are due to C-9, C-7°, C-7, C-5"", C-5, C-6, C-6"", and C-4’’, respectively.

The HMBC spectrum indicated that the aldehydic proton signal at 6 9.31 showed correlations with
the carbon signals at 6 162.5 (C-3), 30.2 (C-5) and 49.9 (C-9). The olefinic proton signal at o 7.44
showed HMBC correlations with the carbon signals at 6 190.1 (C-11), 122.8 (C-4), 95.6 (C-1) and
30.2 (C-5). Another important correlation observed was between the acetal carbionol proton signal
at 0 5.99 with the carbon signals at 0 162.5 (C-3), 99.5 (C-1’), and 30.2 (C-5). The proton signal at
0 2.70 (H-9) correlates with C-8, C-5 and C-1 in its HMBC spectrum, indicating the connectivity
of C-9 with C-8, C-5 and C-1. Additional evidence for the assignment of the proton signal at o
2.70 to H-9 was deduced from the COSY spectrum, which revealed coupling between H-9 and H-1.
The above spectral analysis along with the HMBC correlation of H-7 with C-5 and C-8 support the
presence of an iridoid skeleton shown in 69. Furthermore the connectivity of the glucose moiety to
C-1 of the iridoid skeleton was established based on the HMBC correlation observed between the
proton signal at ¢ 4.75 (H-1") with C-1 as presented in 69.

0 \
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The olefinic proton signal at ¢ 6.77 correlates with the carbon signal at J 167.6 which is suggestive
of an a,f-unsaturated ester. This is consistent with the IR spectrum of compound 71, which
showed a stretching frequency for an a,f-unsaturated ester at 1690 cm™. This proton signal also
showed HMBC correlation with the carbon signals observed at 25.9 (C-4’’) and 11.5 (C-9°"). The
signal at 6 1.81 (H-9”*) showed HMBC correlations with the carbon signals at 6 167.6, 142.5 and
128.2. The proton signal at 6 2.22 (H-4"") correlates with the carbon signals appearing at 0 142.5
(C-3), 128.2 (C-2’) and 35.6 (C-5’). The doublet at 6 0.94 (H-10"’) showed HMBC
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connectivity with the carbon resonances appearing at 0 39.7 (C-7""), 35.6 (C-5"") and 29.2 (C-6").
Other HMBC cross peaks observed were between the proton signal at 6 3.60 (H-8’) and the
carbon signal at 0 39.7 (C-7"). Based on the above NMR spectral data the presence of fragment
structure 70 can be deduced. The observed downfield shift of C-8 (6 88.6) by 10 ppm in contrast to
the signal due to the quaternary carbon bearing hydroxyl group confirms that the hydroxyl group at
C-8 is esterified. The 'H- and "*C-NMR spectral data of compound 71 are shown in Table 5.

Table 5: 'H- and '3C-NMR spectral data of compound 71 (CD3COCD3, J in ppm)

Position "H-NMR (400 MHz) BC-NMR (100 MHz) Multiplicity
1 5.99 (1H, d, J=2.40 Hz) 95.6 CH
3 7.44 (1H, s) 162.0 CH
4 - 122.6 Quaternary
5 3.08 (1H, m) 30.2 CH
6 1.31 (1H, m) and 2.35 (1H, m) 29.4 CHz
7 2.08 (1H, m) and 1.65 (1H, m) 38.8 CHz
8 - 88.6 Quaternary
9 2.70 (1H, dd, J = 1.60 and 8.40) 49.9 CH>
10 1.56 (3H, s) 18.9 CHs
11 931 (1H, s) 190.1 CH
r 4.74 (1H, d, J = 8.00) 99.8 CH
2 3.24 (1H, m) 73.5 CH
3 3.46 (2H, m) 76.9 CH
4 3.33 (1H, m) 70.9 CH
5’ 3.46 (1H, m) 76.9 CH
6’ 3.86 (1H, m) and 3.92 (1H, m) 62.4 CHz
1 - 167.6 Quaternary
2”7 - 128.2 Quaternary
3” 6.77 (1H, ¢, J=3.70) 142.5 CH
4> 2.22 (2H, m) 259 CH>
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5 1.56 (1H, m) and 1.28 (1H, m) 35.6 CH,

6 1.67 (1H, m) 29.2 cH
7 1.32 (2H, m) 39.7 CH»
8” 3.60 (2H, m) 59.9 CH»
9 1.81 (3H, s) 11.5 CH;
10 0.94 (3H, d, J = 6.40) 20.5 CH;

Assignments made on the basis of COSY, HSQC and HMBC correlations; ¢ in ppm; Coupling constants are in Hz

Based on the above analysis, the novel structure 71 has been assigned to this compound which was
isolated for the first time from the leaves of C. myricoides. Determination of the stereochemistry of

compound 71 further requires NOE spectral data.

Ixoroside (73)

Compound 73 was isolated as a white solid melting at 198-201°C. On TLC, compound 73 was
visible as a pink spot at Rf 0.3 (EtOAc:AcOH/4:1) after spraying with vanillin/HoSOs4. It is

optically active with [a]3, = -130.0 (c 0.4, MeOH). The FT-MS demonstrated a molecular ion

peak at m/z 359.1348 (caled 359.3484 for CicH2309) establishing the molecular composition
Ci6H2409. This finding is supported by the *C-NMR spectrum, which showed the presence of well
resolved resonances of sixteen carbon atoms. An important fragment ion peak was observed in the
mass spectrum at m/z 197.0819 (molecular formula Ci0H1304) corresponding to the aglycone. The
UV-Vis spectrum of compound 73 showed absorption maxima at 246 and 313 nm due to n—m*
and n—7* transitions, respectively. The IR spectrum of compound 73 exhibited bands due to the
stretching of O-H, C-H, C=0 (aldehyde carbonyl), C=C, and C-O at 3391, 2922, 1660, 1629, and

1075 cm™!, respectively.
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The 'H-NMR spectrum (DMSO-d6) of compound 73 disclosed a signal at 6 9.20 (1H, s) attributed
to an aldehydic proton. The signal at 0 7.47 (1H, s) is characteristic of an olefinic proton (H-3) on a
carbon £ to a carbonyl. The signals due to an acetal carbinol and an anomeric proton of glucose
moiety were observed at d 5.49 (1H, d, J = 3.97 Hz) and 4.52 (1H, d, J = 8.00 Hz), respectively.
The coupling constant of the anomeric proton of the glucose established a f configuration [60, 61].
The proton signal of the acetal carbinol (H-1, § 5.49) showed 'H-'H COSY correlation with H-9 (J
2.18, 1H, dd, J = 3.97, 9.00 Hz) indicating that both were situated on adjacent carbon atoms. The
signals at ¢ 3.70 and 3.56 are due to diastereotopic protons (H-6’) of the glucose moiety. The
presence of one methyl group on a quaternary carbon (0 78.4) was deduced from the appearance of
a singlet signal at 6 1.18 (H-10). The signal due to H-10 showed HMBC correlation with the
carbon signal at ¢ 78.4 establishing the attachment of the methyl group to C-8.

The proton decoupled '*C-NMR spectrum of compound 73 (Table 6) showed a signal at J 191.2
which is suggestive for the presence of an a,f-unsaturated aldehyde. The olefinic carbon signal at o
161.7 and 124.5 are assignable to C-3 and C-4 of an iridoid moiety, respectively. The signals
arising from the anomeric carbon of the sugar and acetal carbinol were observed at 6 98.7 and 95.1,
respectively. The presence of only one sugar moiety is evident from the appearance of only one
anomeric carbon signal at 6 98.7 along with series of carbon signals in the oxygenated region at &
77.7 (C-5), 77.1 (C-3°), 73.5 (C-27), 70.5 (C-4’) and 61.6 (C-6’). The two methine carbon signals
at 0 50.7 and 28.8 are due to C-9 and C-5, respectively. Furthermore, two methylene carbon
signals corresponding to C-7 and C-6 were observed at d 40.7 and 28.7, respectively.

The aldehydic proton signal at ¢ 9.20 showed HMBC correlation with the signal of the olefinic
carbon at 0 124.5. HMBC correlations were also observed between the anomeric proton signal at 6
4.52 (H-1’) and the carbon signal of the acetal carbinol at 6 95.1 (C-1) suggesting the attachment
of glucose to the iridoid moiety through C-1. Other HMBC correlations observed were between the
olefinic proton signal at ¢ 7.47 (H-3) with the carbon signals at 6 95.1 (C-1) and ¢ 124.5 (C-4). The
proton signal due to the acetal carbinol at 0 5.49 showed HMBC correlations with C-5 (5 28.8), C-
7 (6 40.7), C-8 (06 78.4) and C-9 (6 50.7). The above spectroscopic findings led to the identification

of fragment in 72.
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The 'H- and '*C-NMR spectral data of compound 73 were compared with the spectral data
reported for ixoroside in the literature [61]. A very close agreement was observed between the

spectral data as shown in Table 6.

Table 6: 'H- and '*C-NMR spectral data of compound 73 and data reported for ixoroside in the
literature [61]

Position  'H- and '*C-NMR data of compound 73 (DMSO)  'H- and '*C-NMR data reported for ixoroside [61]

'H-NMR BC-NMR 'H-NMR 3C-NMR
1 5.49 (1H, d, J = 3.97) 95.1 5.51 (1H, br. 5) 96.6
3 7.47 (1H, 5) 161.7 7.24 (1H, s) 163.2
4 - 124.5 - 126.1
5 2.96 (1H, m) 28.8 3.07 (m) 30.1
6 2.13 (2H, m) 28.7 2.19 (1H, m) and 1.35 (1H, m) 29.7
7 1.55 (1H, m) & 2.49 (1H, m) 40.7 1.60 (2H, m) 41.0
8 - 78.4 - 80.2
9 2.18 (1H, dd, J = 3.97, 9.00) 50.7 2.15 (1H, m) 52.1
10 1.18 (3H, s) 22.0 1.20 (3H, m) 24.6
11 9.20 (1H, ) 191.2 9.10 (1H, m) 193.1
r 4.52 (1H, d, J = 8.00) 98.7 4.58 (d, J = 7.80) 100
2 2.97 (1H, m) 73.5 74.7
3 3.05 (1H, m) 77.1 78.0
4 3.07 (1H, m) 70.5 71.7
5 3.14 (1H, m) 77.7 78.5
6 3.70 (1H, m) and 3.56 (1H, m) 61.6 3.80 (1H, m) and 3.55 (1H, m) 62.9

Assignments made on the basis of COSY, HSQC and HMBC correlations; J in ppm; Coupling constants are in Hz

The evidences presented above suggest that compound 73 is ixoroside.
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Ixoroside (73) was previously reported from the aerial parts of Euphrasia pectinata [61] and

Nepeta heliotropifolia [76]

Fatty acids

Repeated column chromatographic fractionations of the acetone extract of the leaves of C.
myricoides (eluted using hexane:EtOAc (1:1)) afforded a white powder (30 mg) identified to be a
mixture of saturated and unsaturated fatty acids using NMR spectroscopic techniques. The fatty
acid mixture was dissolved in boiling hexane:CHCl3(1:1) and left standing overnight. The white
solid obtained after filtration was analyzed using NMR and FT-MS. The 'H-NMR spectrum
displayed a triplet signal at 0 2.33 and a quintet at 0 1.67 corresponding to methylene protons on a-
and f-carbon to a carboxyl group, respectively. The intense signal at observed at 0 1.27 is typical
of protons on methylenes in an aliphatic compound. This was also evident from the appearance of
an intense signal at 6 29.4 in the 3C-NMR spectrum ascribed to methylene groups. The presence
of terminal methyl group was evident from the appearance of a triplet signal at § 0.90 in the 'H-
NMR spectrum. The corresponding carbon signal in the 3*C-NMR was observed at 6 14.1. The

signal observed at ¢ 178.9 confirmed the presence of a carboxyl group in the compound.

Although the NMR spectral data is in close agreement with stearic acid, the FT-MS spectral
analysis showed this white solid is a mixture of saturated fatty acids. This was particularly evident
from the appearance of different peaks at different m/z corresponding to different saturated fatty
acids (Table 6). Hence the FT-MS (Appendix 1) in combination with the NMR data demonstrated
the presence of five saturated fatty acids identified as tetracosanoic acid (24:0), behenic acid (22:0),

icosanoic acid (20:0), stearic acid (18:0), and palmitic acid (16:0) as depicted in Table 7.

48



Table 7: Fatty acids from the leaves of C. myricoides

m/z Molecular formula Name of fatty acid Chemical Structure No
367 C24H4702 Tetracosanoic acid (24:0) 0 74
ool

339 C2:H30, Behenic acid (22:0) 2 75
Coos

311 C20H3902 Icosanoic acid (20:0) 9 76
COooe

283 CisH350, Stearic acid (18:0) 9 77

oo
255 Ci6H3102 78

Palmitic acid (16:0) ?
SoSG

No: structure number

1.3.2. Bioassay

1.3.2.1. Antiplasmodial Assay
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The leaves of C. myricoides were extracted using ethanol to afford a greenish semisolid material
(18%). This was subjected to antiplasmodial test against Plasmodium berghei infected mice using
Peter’s four day suppressive assay [77]. The extract showed significant suppression of
parasitaemia (74% at 300 mg/kg) in all mice as compared to the negative control groups which
were administered DMSO. The percent parasitaecmia of the test groups were found to be 7% at 300
mg/kg while the corresponding value of the negative control group was 26%. On the other hand
those mice treated with chloroquine (CQ) as positive control were found free from the parasites on

day four.

The ethanol extract was successively fractionated using hexane, EtOAc and methanol to give 0.6%,
1% and 15%, respectively. The ethyl acetate and methanol soluble fractions of the ethanol extract
showed significant parasitaemia suppression of about 71 and 75% at 300 mg/kg dose, respectively,
as compared to DMSO which was administered as a negative control. The mean parasitaemia of
the ethyl acetate and the methanol fraction were found to be 7% and 6%, respectively, in contrast
to the negative control group which exhibited parasitaemia of about 35%. The hexane fraction
reduced the parasitaemia only to a limited extent (%supp = 23) and hence found inactive. The
parasitaemia of the mice administered with the hexane fraction were 24% at 300 mg/kg oral dose,
whereas the corresponding figure in the negative control group was 28% indicating that there is no
significant difference in parasitaemia between the two groups. This observation indicated that the
antimalarial active components of the extract and fractions might reside either in the medium or

highly polar fractions of the plant extract.

Fractionation of the active ethyl acetate soluble portion of the ethanol extract of C. myricoides
successively using hexane, CHCI3 and n-butanol afford 3.6, 1 and 0.3 g, respectively. Among the
three subfractions obtained from ethyl acetate soluble phase of ethanol extract of C. myricoides,
the hexane soluble phase induced suppression of parasitaemia by 50% at 100 mg/kg while the
corresponding percentage parasitaemia was found to be 14%. However, the chloroform and n-
buthanol subfractions of the ethyl acetate soluble phase did not show significant reduction in
parasitaemia with percent suppression of 8 and 28%, respectively. Column chromatographic
fractionations of the active hexane subfraction afforded two compounds, namely, a-spinasterol (63)
and sitosteryl-3-O-f-D-glucopyranoside (64). The compounds were characterized using physical
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and spectroscopic methods. The percent parasitaecmia suppression of compound 63 and 64 were
51% and 44% at 40 mg/kg, respectively. Hence the activities displayed by a-spinasterol (63) and
sitosteryl-3-O-f3-D-glucopyranoside (64) lend support to the traditional use of the leaves of C.

myricoides against malaria.

OH

HO HO/%/O
63 HO HO 64
Mean survival time (MST) was an additional parameter used to evaluate the efficacy of
antiplasmodial activities of the plant extracts and pure compounds [78]. In this study all tested
mice were dead between 7-12 days except those groups of mice treated with CQ. This conclusion
is consistent with the literature report [79]. It was also noted that those mice treated with extracts
and constituents of the leaves of C. myricoides showed prolonged MST in contrast to the negative
control groups treated with DMSO. The overall reduction of the pathogenic effect of the parasites

on the treated mice is ascribed to the suppressing effect of the tested samples.
1.3.2.2. Radical Scavenging Assay

Antioxidants are substances that possess the ability to protect the body from the damage caused by
free radicals [80]. These radicals are the cause of many deleterious diseases including Alzheimer’s,
Parkinson’s, atherosclerosis, hypertension, cancer, diabetes, and aging [81]. Antioxidants exert
their activity by suppressing the production of active species, reducing hydroperoxides,
sequestering metal ions and terminating chain reactions [82]. In doing so, antioxidants can
significantly delay or prevent the oxidation of cellular organelles and thereby prevent some of the
damage caused by free radicals [83]. Diverse methods are currently in use to assess the antioxidant
potential of plant extracts. An assay based on the use of 2,2-diphenyl-1-picrylhydrazyl radical
(DPPH) is among the most popular spectrophotometric methods for determination of the

antioxidant capacity of food, beverages and plant extracts [84].
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DPPH radical scavenging assay is a simple method for finding antioxidants by measuring
absorbance at 517 nm due to the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical [84]. When
the radical is scavenged by antioxidants to produce neutral hydrazine, the absorbance at 517 nm is
reduced. Moreover the color turns from purple to yellow as soon as the odd electron of DPPH
radical becomes paired with hydrogen from a free radical scavenging antioxidant to form the

reduced DPPH-H (Scheme 1) [85].

2,0 Q0

| P .
+ Antioxidant —— NH + Antioxidant

O,N NO, O,N NO,

NO, NO,
DPPH radical (Purple in color, Amax =517 nm)  DPPH-H (Yellow)
Scheme 1: The structure of DPPH radical and its product (DPPH-H)

The antioxidant activity of the acetone extract and the constituents of the leaves of C. myricoides
were measured by bleaching of the purple-colored solution of 1,1-diphenyl-2-picrylhydrazyl
radical (DPPH). The DPPH assay indicated that the acetone extract of C. myricoide leaves
displayed pronounceable free radical scavenging activity with percent inhibition and ICso value of
50% and 10 ug mL™!, respectively (Table 8). Among the constituents isolated from acetone extract
of C. myricoides, verbascoside had the highest (84%) radical scavenging activity which turned out
to be comparable with ascorbic acid (90%), the most popular natural antioxidant used as a positive
control. Furthermore, the lower ICso value of verbascoside (Appendix 2) in contrast to the other
constituents of the leaves of C. myricoides corresponds to the higher antioxidant activity of the
compound. This is most likely due to its strong ability of donating an electron and phenolic
hydrogen to DPPH radical, which was visualized by immediate discoloration of the purple DPPH
solution to yellow. It also seems that the trans-caffeoyl moiety is an important part for enhancing
the antioxidant activities of the compound. On the other hand, the other compounds showed
antioxidant activities even lower than the crude extract suggesting that the antioxidant potential of

the leaves of C. myricoides is ascribed to verbascoside.
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Table 8: DPPH radical scavenging activities of acetone extract and constituents of C. myricoides

Tested samples DPPH radical scavenging assay
% inhibition at 10 pg/mL ICso values
Acetone extract 50 10
a-spinasterol 6 124
Sitosterol-O-f-D-glucoside 36 16
Ixoroside 13 65
Compound 71 15 50
Verbascoside 84 0.69
Ascorbic acid 90 0.45

Ascorbic acid was used as positive control

1.4. Conclusion

The extracts and two compounds isolated from the leaves of C. myricoides showed significant
suppression of plasmodium parasites in infected mice. The results further corroborate the
traditional use of this plant to treat malaria and indicate the potential the plant has for its use as
herbal antimalarial remedy. Column chromatographic fractionation of the acetone extract of the
leaves of C. myricoides afforded five compounds: a-spinasterol (63), sitosterol-3-O-f-D-glucoside
(64), verbascoside (12), ixoroside (73) and compound 71. Compound 71 has not been reported in
the literature. The leaves of C. myricoides were found to be rich in fatty acids. Verbascoside
isolated from the leaves of C. myricoides displayed strong radical scavenging activity comparable

to ascorbic acid.
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1.5. Experimental
General

Solvents used were obtained from Riedel-de-Haen, CARLO ERBA, Fisher Chemicals, and Neolab.
Reagents used were of analytical grade. Chloroquine (CQ) and ascorbic acid were products of
ETHIOPHARM, Ethiopia and Sigma-Aldrich, respectively. A special reagent known as Diaion
HP-20 (SUPELCO, 595 North Harrison Road, Bellefonte, PA, USA) was used to trap organic
compounds while letting very polar compounds such as simple sugars to elute on washing the
column with water. The organic compounds were then eluted by washing the column with organic

solvents.

Melting point was determined in capillary tube with a digital electrothermal melting point
apparatus. HPTLC plates, Merck 60 Fzs4 20x20 cm, 0.2 mm thickness, were obtained from Sigma
(Switzerland). Analytical TLC was run on a 0.25 mm thick layer of silica gel GF254 (Merck) on
aluminum plate. Spots were detected by observation under UV light (254 nm). Spraying agents
used were vanillin, fast blue B salt, and anisaldehyde. Column chromatography was performed
using silica gel (230-400 mesh) Merck. Samples were applied on column by either adsorbing on
silica gel or dissolving in appropriate solvent. Solvent was removed using rotavapor BUCHI, RE

121.

Optical rotations were measured using Autopol®IV Automatic polarimeter. The UV-Vis spectral
measurements were done using UV-Vis on T 60 U spectrophotometer (PG instruments, UK)
equipped with deuterium and tungsten lamps. NMR spectra were recorded using Bruker Avance
400 spectrometer operating at 400 MHz. The 'H-'H correlations were determined by COSY

spectrum. The one bond 'H-'3C chemical shift correlations were established by the HSQC
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experiment, while long range 'H-!*C correlations were determined by using HMBC experiment.
The IR spectra of compounds were recorded using a Perkin-Elmer BX Spectrometer (400-4000
cm!) as KBr pellets.

FT-MS: The high resolution positive and negative ion electrospray (ESI) mass spectra were
obtained from a Bruker Apex III Fourier transform ion cyclotron resonance (FTICR) mass
spectrometer (Bruker Daltonics, Billerica, USA) equipped with an Infinity ™ cell, a 7.0 Tesla
superconducting magnet (Bruker, Karlsruhe, Germany), an RF-only hexapole ion guide and an
external electrospray ion source. Nitrogen was used as drying gas at 150°C. The sample solutions
were introduced continuously via a syringe pump with a flow rate of 120 uL h''. All data were
acquired with 512 k data points and zero filled to 2048 k by averaging 32 scans. The data were
evaluated by the Bruker XMASS 7.0.8 software.

UHPLC/ESI-MS

The positive and negative ion ESI mass spectra of the samples and the collision-induced
dissociation (CID) mass spectra were obtained from a TSQ Quantum Ultra AM system equipped
with a hot ESI source (electrospray voltage 3.0 kV, sheath gas: nitrogen; vaporizer temperature:
50°C; capillary temperature: 250°C). The MS system is coupled with an Accela UHPLC system
(Thermofisher Scientific), equipped with a Syncronis-C18 column (1.7 pm, 50 x 1 mm, Thermo
Scientific). For the UHPLC a gradient system was used starting from H>O:CH3CN 90:10 (each of
them containing 0.2% formic acid) to 100% CH3CN within 30 min and then hold on 5% for further

5 min; flow rate 150 uL min’'; injection volume 3 pL.

FT-MS and UHPLC-MS measurements were done at the Leibniz-Institute for Plant Biochemistry,
Weinberg 3, 06120 Halle (Saale), Germany.

GC-MS analysis were performed using Agilent Technologies 7820A gas chromatograph system
equipped with HP-5 capillary column (30mx0.25; coating thickness, 0.25um) and Agilent
technologies 5977 E mass spectroscopy ion trap detector. Analytical conditions were as follows:
Injector and transfer line temperature are 220 and 260°C, respectively, oven temperature

programmed from 60°C to 240°C at 3°C/min; carrier gas, helium at 1 mL/min; injection 5 pL; split
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ratio, 1:30. Identification of the constituents were based on search through

mass\hunter\library\NIST11.L and mass\hunter\library\WON11.L

Plant Material

Leaves of C. myricoides were collected from Lideta Mariam, around Russia Embassy, to the East
direction of Addis Ababa in September 2011. Identification and authentication of the plant
specimen was done at the National Herbarium of Addis Ababa University by Mr. Melaku
Wondafrash and voucher specimen was deposited as voucher number (GG04/2011) in the
Herbarium.

Extraction and Isolation of Compounds from the Leaves of C. myricoides

To the ground leaves of C. myricoides (100 g) was added acetone (600 mL), placed on shaker for 6
h with a mechanical shaker, filtered and concentrated to afford 5 g (5%) black jelly solid. This was
adsorbed and subjected to silica gel column chromatography using CH>Cl, for packing. Gradient
elution was done using CHxCl,, CH2Cl2:EtOAc, and EtOAc:MeOH to furnish twenty eight

fractions as shown in Table 9.

Table 9: Column chromatographic fractionation of the acetone extract of the leaves of C.

myricoides
Fractions Eluent (ratio) Volume of eluent in mL Amount in mg
Frl CH:Cl, 250 510
Fr2 CH,ClL:EtOAc (9:1) 20 50
Fr3 CHCI2:EtOAc (9:1) 100 200
Fr4 CH:Cl2:EtOAc (9:1) 50 250
Fr5 CH,ClL:EtOAc (4:1) 50 100
Fr6 CHCI2:EtOAc (4:1) 20 30
Fr7 CH,ClL:EtOAc (4:1) 20 40
Fr8 CHCI2:EtOAc (1:1) 20 20
Fro CH,CL:EtOAc (1:1) 25 60
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Fr 10 CH>Cl:EtOAc (1:1) 20 150
Fril CH:Cly:EtOAc (1:1) 100 150

Fr12 CH,CL:EtOAc (1:1) 20 50

Table 9 continued

Fractions Eluent (ratio) Volume of eluent in mL Amount in mg
Fr13 CH:CL:EtOAc (1:1) 20 50
Fr 14 CH:CIL2:EtOAc (1:1) 40 80
Fr 15 CH:CL:EtOAc (2:3) 50 60
Fr 16 CH2CL:EtOAc (2:3) 25 60
Fr 17 CH2Cl2:EtOAc (2:3) 10 10
Fr 18 EtOAc 120 65
Fr19 EtOAc:MeOH (9:1) 10 10
Fr 20 EtOAc:MeOH (9:1) 50 50
Fr21 EtOAc:MeOH (9:1) 50 250
Fr 22 EtOAc:MeOH (9:1) 50 250
Fr23 EtOAc:MeOH (4:1) 40 40
Fr 24 EtOAc:MeOH (4:1) 30 45
Fr 25 EtOAc:MeOH (4:1) 30 10
Fr 26 EtOAc:MeOH (4:1) 80 1000
Fr 27 EtOAc:MeOH (4:1) 40 150
Fr 28 EtOAc:MeOH (1:1) 20 10

Fraction 3 (180 mg) was adsorbed and chromatographed over silica gel (15 g) with CH2Cl, as
eluent to afford five subfractions (30 mL, 30 mg, Frl; 20 mL, 40 mg, Fraction 2; 50 mL, 40 mg,
Fr3; 20 mL, 30 mg, Fr4; and 50 mL, 10 mg, Fr5). Fraction 2 was identified as a-spinasterol (40

mg).

57



Fraction 11 (150 mg) was dissolved in CHCl; and subjected to silica gel (15 g) column
chromatography. Four fractions were collected with the first eluted using hexane (20 mL, 6 mg,
Frl). The next three fractions were collected using hexane:CHCl; (4:1, 5 mL, 50 mg, Fraction 2;
1:1, 20 mL, 20 mg, Fr3; 1:1, 10 mL, 20 mg, Fr4). On NMR analysis, Fraction 2 was identified to
be a mixture of saturated and unsaturated fatty acids. The fatty acid mixture was dissolved in hot
hexane:CHCI3 (1:1). The white powder (30 mg) produced on standing overnight was filtered, air
dried and analyzed using FT-MS to furnish saturated fatty acids identified to be tetracosanoic acid
(24:0), behenic acid (22:0), icosanoic acid (20:0), stearic acid (18:0), and palmitic acid (16:0)

Fraction 17 (10 mg) and Fraction 21 (250 mg) were identified as sitosterol-O-f-D-glucoside and

verbascoside (64) , respectively.

Fraction 26 (1 g) was adsorbed and chromatographed over silica gel (50 g) using CHCI3:MeOH as
eluent to afford six subfractions. Frl (100 mL, 20 mg) and Fr2 (55 mL, 150 mg) were collected
using CHCl3; and CHCl3::MeOH (9:1), respectively. The 3" fraction was eluted using
CHCl3:MeOH (4:1, 28 mL, 50 mg). Fr4 (30 mL, 68 mg) and Fraction 5 (50 mL, 80 mg) were
collected using CHCIl3:MeOH (1:1). Column elution ended using MeOH (1:4, 50 mL, 150 mg,
Fr6). The TLC profile of the 3" fraction (50 mg) was promising and hence subjected to Sephadex
LH20 (eluent CHCI;:MeOH (1:1)) to afford two fractions (5 mL each). The second fraction was
concentrated to give compound 71 (20 mg). Fraction 5 (80 mg) was rechromatographed over
silica gel (15 g) column chromatography. The first three fractions eluted using CHCls:acetone (4:1,
50 mL, 33 mg) was rechromatographed over silica gel to afford three subfractions. The first two
fractions were eluted using 100%EtOAc. The third fraction eluted using EtOAc:MeOH (4:1, 6 mL,
10 mg) is identified as ixoroside (73). The extraction and isolation procedure is depicted in

Scheme 2.
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Extraction andIsolation
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Scheme 2: Flow sheet diagram showing extraction and isolation of compounds from the leaves of

C. myricoides

Experimental Animals: Male Swiss albino mice weighing 25-35 g, 6-8 weeks of age were
obtained from Ethiopian Public Health Institute, Addis Ababa. The mice were housed in standard
cages and acclimatized for duration of 10 days before using them for experiment. They were

housed in plastic cages with saw dust as beddings and given a diet and tap water ad libitum.

Malaria Parasite and Inoculation: For in vivo antiplasmodial assays extracts of the plant and the
mice infective CQ sensitive strain of P. berghei were used. The parasite was maintained by serial
passage of blood obtained from infected mouse to non-infected ones on weekly basis. Each mouse
used in the experiment was infected intraperitoneally with a 0.2 mL of infected blood containing
about 1 x 10%-107 P. berghei parasitized erythrocytes [86]. For each experiment about 1 mL P.
berghei infected blood sample was used by dissecting of the donor mice with rising parasitaemia

of about 25-35% in such a way that 1 mL blood contains 5 x 10°-107 P. berghei-parasitized
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erythrocytes. This was prepared by determining the percentage of parasitaemia and diluting 1 mL

of blood in 4 mL of physiological saline solution of 0.9% NaCl.

Evaluating the Antiplasmodial Activity of the Extracts and Pure Compounds: The
antiplasmodial activities of the constituents were evaluated using Peter’s four-day suppressive
method [77]. Each mouse used in the study was infected interaperitonially on Do. The infected
mice were randomly divided into two experimental groups (each group treated with plant extract)
and two control groups (group treated with CQ as positive control and 20% of DMSO as a
negative control). Five mice per cage as a group were assigned. Each test extract and pure
compounds were prepared in two doses, CQ at 25 mg/kg in a volume of 0.2 mL/mouse and
vehicles (20% DMSO) at 0.2 mL/mouse. Each extract was administered as a single dose per day.
All the extracts, the drug (CQ) and DMSO were given through intragastric route by using standard
intragastric tube to ensure safe ingestion of the extracts into the mouse. Treatment started after 3
hours of infection on Do and continued daily for the consecutive four days. On the fifth day (D4)
blood samples were collected from tail snip of each mouse. Thin smears were prepared, the smear
first fix with methanol for 3-5 min and stained with 10% Geimsa solution at a p" of 7.2 for 20 min.
Then, five uniform fields from tailed region of each stained slide was examined under the
microscope with an oil immersion objective of 100X magnifying lens power to evaluate the
percent suppression of each extract with respect to the negative control group. The obtained
parasitaemia counts were not the same from one field to another in the same slide, in different
slides obtained from a mouse and in different slides obtained from different mice within one group.
The average was taken to determine the percent parasitaemia. Then percent parasitaemia in each
field and percent suppression for a group was calculated as follows [87].

o/ Para = Total number of PRBCs X100%  Where: PRBCs = Parasitized Red Bood Cells
Total number of RBCs RBCs = Red Blood Cells

Percentage suppression for a group was calculated as:

Parasitaemia in the negative control - Parasitaemia in treated groups X 100%

Parasitaemia in the negative control
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Extraction and Bioassay Directed Fractionation

The ground leaves of C. myricoides (1 kg) was extracted using ethanol (6 L) by shaking for 12 h,
filtered and concentrated under reduced pressure to give 18% dark semi-solid crude extract. The
ethanol extract was successively fractionated using n-hexane (300 mL) followed by ethyl acetate
(300 mL) to afford 6 g hexane and 11 g EtOAc soluble fractions, respectively. The marc remained
was 158 g. The active EtOAc soluble phase (5 g) was dissolved in methanol (30 mL), diluted to
50% aqueous methanol solution and partitioned successively with n-hexane (3x20 mL), CHCl;
(3x20 mL) and finally with n-butanol (3x20 mL) to afford their corresponding subfractions. Each
subfractions were concentrated using rotary evaporator to yield 3.6, 1 and 0.3 g of hexane, CHCl3

and n-butanol subfractions, respectively.

The hexane soluble fraction of the EtOAc phase which was found active was chromatographed
over silica gel (70 g) using hexane for packing. The column was eluted using hexane:EtOAc and
then EtOAc:MeOH of increasing polarities to afford twelve (12) combined subfractions as given in

Table 10.

Table 10: Column chromatographic fractionation of the hexane fraction of the EtOAc soluble

phase of the ethanol extract of the leaves of C. myricoides

Fractions Eluent (ratio) Volume of eluent in mL Amount in mg
Fr1-5 hexane 150 290
Fr 6-7 hexane 60 90

Fr 8-10 hexane:EtOAc (9:1) 90 100

Fr11-12 hexane:EtOAc (4:1) 60 98

Fr13-18 hexane:EtOAc (7:3) 150 273

Fr 19-22 hexane:EtOAc (7:3) 60 113

Fr23-25 hexane:EtOAc (1:1) 90 80

Fr26-29 hexane:EtOAc (3:7) 80 170

Fr 30-35 hexane:EtOAc (1:4) 90 76

Fr36-37 EtOAc 80 80

Fr38-41 EtOAc 80 890
Fr42 EtOAc:MeOH (4:1) 90 130
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Fraction 13-18 was recrystalized from isopropyl alcohol to give 112 mg white crystals identified
as a-spinasterol (63). Likewise the other fraction eluted using EtOAc (Fraction 30-35, 80 mg) was
applied on PTLC developed using hexane:EtOAc (1:4) as a mobile phase to afford two bands. The
first band was scratched with a spatula, transferred to the flask and extracted with EtOAc. Silica
gel was filtered and the filtrate was concentrated to afford 20 mg white solid identified as
sitosterol-3-O-f3-D-glucopyranoside (64). Fraction 38-41 was rechromatographed over silica gel
using EtOAc as eluent to afford six subfractions (5 mL each). Upon TLC examination, the fourth
subfraction (20 mg) was found similar with 64. The extraction and isolation procedure of the

antiplasmodial principles of the leaves of C. myricoides is displayed in Scheme 3

C. myricoides leaves

| EtOH
FtOH extract _Antiplasmodial  %oSupp =74 at 300 mg’kg

assay %Para=7
Hexane
| J
Hexane ext (0.6% greenish semisolid) Marcl
Antiplasmodial assay | EtOAC
%eSupp. =23 .%at 300 mgkg . . . _ . J
ooPara. = 24% EtOAcext(1%) Antiplasmodial, ®eSupp.=71%at 300 mgkg Marc2
assay %oPara.= 7%
1)MeOHI:H,0O(1:1) | 2. Hexane
- kL
|
Hexanesol, %oSupp.=50%at 100 mg'kg Aqueounsphase
cc ‘ CHCl,

r |
| |
| W

W

CHCl;sol..inactive

%v (%o supp.= 8.0%) n-butanol
4] L4
) e ©0 '

m-butanol. mactive (%osupp. = 28.0%)

Aqueousphase

2o Supp =51%for 63 and44% for 64

Scheme 3: Flow sheet diagram showing bioassay guided fractionation of the leaves of C.

myricoides

DPPH assay
The radical scavenging activities of the extracts and constituents of the leaves of C. myricoides
were done according to [67]. Serial dilutions were carried out with the stock solutions (I mg mL")

of the plant extract and its constituents to obtain concentrations of 50, 25, 12.5, and 6.5 ug mL"!.
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All of the solutions were prepared using methanol as solvent. Diluted solutions (1 mL each) were
mixed with 4 mL of 2,2-diphenyl-1-picryl hydrazyl (DPPH) in a brown vials. After an incubation
period of 30 min at 37°C in an oven, the absorbance was determined against a blank at 517 nm
[88]. The percent of DPPH discoloration of the samples was calculated according to the formula
[89]:

(A control - A sample)

(%) inhibition = A control x100

Where A control was the absorbance of the DPPH solution and A sample was the absorbance in
the presence of plant extract [89]. The ICso value, defined as the concentration of a substrate that
causes 50% loss of the DPPH activity, was calculated by linear regression plots of the percentage
inhibition against the concentration of the tested samples. Samples were analyzed in triplicate.

Ascorbic acid was used as positive control.

a-Spinasterol (63): White solid; mp 144°C-145°C; TLC: Rf 0.60, hexane:EtOAc (3:2) as a mobile
phase and vanillin as spraying agent; MS: m/z 412, molecular formula C20H430; IR vem-1: 3369.0

-H), . -H), . =C) an -0); UV Amax (CHClz) nm: 227; "H-NMR
(O-H), 2940.0 (C-H), 1609.0 (C=C) and 1062 (C-O) A (CHCl3) 227; ! (400

MHz, DMSO-d6): 61 0.60 (3H, s), 5 0.80-0.860 (9H, m), 0.87 3H, d, J= 6.4 Hz), 1.13 BH, d, J =
6.8 Hz), 2.30 to 1.00 (25H), 3.65 (1H, m), 5.04 (H-23, dd, J = 8.8 and 15.2 Hz), 5.17 (H-7, m),
5.18 (H-22, dd, J = 8.4 and 15.2 Hz); *C-NMR (100 MHz, DMSO-d6): 6c 37.1 (C-1), 31.5 (C-2),
71.0 (C-3), 38.0 (C-4), 40.3 (C-5), 29.6 (C-6), 117.4 (C-7), 139.5 (C-8), 49.4 (C-9), 34.2 (C-10),
21.5 (C-11), 39.4 (C-12), 43.3 (C-13), 55.1 (C-14), 23.0 (C-15), 28.5 (C-16), 55.9 (C-17), 12.0 (C-
18), 40.8 (C-20), 21.3 (C-21), 138.2 (C-22), 129.4 (C-23), 51.2 (C-24), 31.8 (C-25), 21.0 (C-26),
19.0 (C-27), 25.4 (C-28), 12.2 (C-29)

Sitosterol-3-O-B-D-glucoside (64): White powder; [a]iy, = -25.0 (¢ 0.4, MeOH); IR vem-1: 3429

(O-H), 2918 (C-H), 1600 (C=C), and 1063 (C-O); FT-MS: m/z 599.4293 (calcd 599.8100 for
C3sHs0O6Na) and molecular formula C3sHeoOs; 'H-NMR (400 MHz, DMSO-d6): Ju 0.65 (3H, s),

63



0.95 (3H, s), 0.90 (3H, #, J = 6.40 Hz), 0.93 (3H, d, J = 3.20 Hz), 0.80 (6H, m), 4.47 (1H, m, H-3),
5.30 (1H, d, J = 3.20 Hz, H-6), 4.21 (1H, d, J = 8.00 Hz, H-1°), 3.63 (1H, m, H-6") and 3.45 (1H,
m, H-6"); 3C-NMR (100 MHz, DMSO-d6): dc 39.7 (C-1), 34.0 (C-2), 77.2 (C-3), 39.4 (C-4),
140.9 (C-5), 121.3 (C-6), 30.0 (C-7), 28.2 (C-8), 45.6 (C-9), 37.3 (C-10), 19.5 (C-11), 31.9 (C-12),
42.3 (C-13), 55.9 (C-14), 24.3 (C-15), 23.0 (C-16), 56.6 (C-17), 19.1 (C-18), 12.5 (C-19), 29.2 (C-
20), 12.3 (C-21), 36.6 (C-22), 28.3 (C-23), 50.0 (C-24), 31.8 (C-25), 21.0 (C-26), 20.5 (C-27), 26.9
(C-28), 19.4 (C-29), 101.3 (C-1°), 77.3 (C-2°), 73.9 (C-3"), 70.5 (C-4"), 77.4 (C-5°), 61.5 (C-6")

Verbascoside (12): White solid; mp 147-148°C (Lit. [69] 145-148°C); [a]54, = -5.0 (¢ 0.4, MeOH);
TLC: Rf 0.6 (eluent EtOAc:AcOH, 4:1) and vanillin/H,SO4 as spraying agent; UV Amax (MeOH)
nm: 290, 329; IR vem-1: 3398 (O-H), 1698 (a,f-unsaturated ester carbonyl); FT-MS: m/z 623.1981
(caled 623.5794 for Cy9H35015) and molecular formula Ca9H3sO1s; 'H-NMR (400 MHz, DMSO-
d6): ou 7.02 (1H, d, J = 1.69 Hz, H-2), 6.75 (1H, d, J = 8.14 Hz, H-5), 6.98 (1H, dd, J = 8.14, and
1.69 Hz, H-6), 7.45 (1H, d, J = 15.7 Hz, H-7), 6.20 (1H, d, J = 15.7 Hz, H-8), 6.62 (1H, bro s, H-
2%), 6.63 (1H, d, J = 8.14 Hz, H-5), 6.49 (1H, dd, J = 8.14 and 1.48 Hz, H-6"), 2.70 (2H, m, H-7"),
3.87 (1H, m) and 3.68 (1H, m, H-8"), 4.35 (1H, d, J = 7.82 Hz, H1"), 3.20 (1H, m, H-2""), 3.69
(1H, m, H-3""), 4.70 (1H, d, J = 9.60 Hz, H-4""), 3.48 (1H, m, 5*), 3.32/3.39 (2H, m, H-6""), 5.01
(1H, d, J =130 Hz, H-1"""), 3.68 (1H, m, H-2"""), 3.28 (1H, m, H-4*""), 3.10 (1H, m, H-5""), 0.94
(BH, d,J = 6.24 Hz, H-6>""); 3C-NMR (100 MHz, DMSO-d6): dc 125.9 (C-1), 115.0 (C-2), 146.0
(C-3), 148.9 (C-4), 115.8 (C-5), 121.9 (C-6), 146.0 (C-7), 114.1 (C-8), 166.2 (C-9), 129.5 (C-1°),
116.7 (C-2°), 145.4 (C-3°), 143.9 (C-4’), 116.2 (C-57), 119.9 (C-6°), 35.4 (C-7"), 70.7 (C-8”), 102.7
(C-1"7),74.9 (C-2"), 79.5 (C-3"), 69.5 (C-4’"), 74.9 (C-5""), 61.1 (C-6""), 101.6 (C-1"""), 70.9 (C-
2°°),70.8 (C-3), 72.2 (C-4"’), 69.2 (C-5"""), 18.6 (C-6°")

Compound 71: Solid; mp 178-180°C; [a ]2, = -147.5 (¢ 0.4, MeOH); TLC: Rf 0.40, EtOAc:AcOH

(4:1) as eluent and vanillin/H,SO4 as spraying agent; UV Amax (MeOH) nm: 246 and 313; IR vem™
1: 3369 (OH), 1690 (ester carbonyl), 1674 (aldehyde carbonyl), 1631 (C=C), 1076 (C-O); ESI-FT-
MS: m/z 551.2463 (calcd 551.7349 for C26Ha0O11Na) and molecular formula CasH40O11; "TH-NMR
(400 MHz, acetone-d6): ou 5.99 (1H, d, J = 2.40 Hz, H-1), 7.44 (1H, s, H-3), 3.08 (1H, m, H-5),
1.31 (1H, m, H-6) and 2.35 (1H, m, H-6), 2.08 (1H, m, H-7), 1.65 (1H, m, H-7), 2.70 (1H, dd, J =
1.60 and 8.40 Hz, H-9), 1.56 (3H, s, H-10), 9.31 (1H, s, H-11), 4.74 (1H, d, J = 8.00 Hz, H-1"),
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3.24 (1H, m, H-2"), 3.46 (2H, m, H-3"), 3.33 (1H, m, H-4"), 3.46 (1H, m, H-5"), 3.86 (1H, m, H-6"),
3.92 (1H, m, H-6), 6.77 (1H, ¢, J = 3.70 Hz, H-3""), 2.22 (2H, m, H-4"), 1.56 (1H, m, H-5""), 1.28
(1H, m, H-5""), 1.67 (1H, m, H-6""), 1.32 (2H, m, H-7""), 3.60 (1H, m, H-8*"), 1.81 (3H, 5, C-9""),
and 0.94 (3H, d, J = 6.40 Hz, H-10""); >*C-NMR (100 MHz, acetone-d6): dc 95.6 (C-1), 162.0 (C-
3), 122.6 (C-4), 30.2 (C-5), 29.4 (C-6), 38.8 (C-7), 88.6 (C-8), 49.9 (C-9), 18.9 (C-10), 190.1 (C-
11), 99.8 (C-1°), 73.5 (C-2°), 76.9 (C-3"), 70.9 (C-4), 76.9 (C-5"), 62.4 (C-6"), 167.6 (C-1""),
128.2 (C-27), 142.5 (C-3""), 25.9 (C-4”), 35.6 (C-5""), 29.2 (C-6""), 39.7 (C-7"), 59.9 (C-8”"),
11.5 (C-9°"), 20.5 (C-10"")

Ixoroside (73): White solid; mp 198-201°C; TLC: Rf 0.3, EtOAc:AcOH (4:1) as eluent and
vanillin/H>SO4 as spraying agent; [a]Z, = -130.0 (¢ 0.4, MeOH); FT-MS: m/z 359.1348 (calcd

359.3484 for CisH2309) and molecular formula Ci¢H2409; UV Amax (MeOH) nm: 246, 313; IR vem™
113391 (O-H), 2922 (aldehydic C-H), 1660 (aldehydic carbonyl), 1629 (C=C) and 1075 (C-O); 'H-
NMR (400 MHz, DMSO-d6): ou 5.49 (1H, d, J = 3.97 Hz, H-1), 7.47 (1H, 5, H-3), 2.96 (1H, m,
H-5), 2.13 (2H, m, H-6), 1.55 (2H, m, H-7), 2.18 ( 1H, dd, J = 3.97, 9.00 Hz, H-9), 1.18 (3H, 5, H-
10), 9.20 (1H, 5, H-11), 4.52 (1H, d, J = 8.00 Hz, H-1""), 3.70 (1H, m, H-6") and 3.56 (1H, m, H-
6); BC-NMR (100 MHz, DMSO-d6): dc 95.1 (C-1), 161.7 (C-3), 124.5 (C-4), 28.8 (C-5), 28.7
(C-6), 40.7 (C-7), 78.4 (C-8), 50.7 (C-9), 22.0 (C-10), 191.2 (C-11), 98.7 (C-1,), 73.5 (C-2°), 77.1
(C-37), 70.5 (C-4"), 77.7 (C-5"), 61.6 (C-6")
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Part 2
Bioassay Directed Chemical Study of Antimalarial Substances

from Dodonaea angustifolia
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2.1. Introduction

2.1.1. The Family Sapindaceae and the Genus Dodonaea

The Sapindaceae (soapberry family) is a family of flowering plants with about 150 genera and
2000 species occurring from temperate to tropical regions of the world [90]. Plants of this family
are either shrubs or trees which are widely used for the treatment of various ailments [91]. Some
species are reported as medication to reduce fever and stimulate metabolism. They are also
reported to exhibit antioxidant, analgesic, antiviral, anti-inflammatory, antiulcer and antibacterial
activities [92, 93]. About fourteen genera belonging to the family Sapindaceae (Dodonaea,
Paullinia, Pappea, Filicium, Erythrophsa, Zanha, Cardiospermum, Allophylus, Deinbollia,
Lepisanthes, Bottegoa, Lecanidiscus, Haplocoelum and Blighia) and nineteen species are
registered in the Flora of Ethiopia [90]. Dodonaea is the largest genus containing 70 species most
of which are restricted to continental Australia, one in New Guinea (Dodonaea polyandra), one
species endemic to Madagascar (Dodonaea madagascariensis) and one species (D. angustifolia)

widely distributed in all continents [94, 95].

2.1.1.1. Dodonaea angustifolia (synonym Dodonaea viscosa)

D. angustifolia, hop-bush in English and kitkita in Amharic (Ethiopia), is mainly found in
Australia, Africa, Asia and South America [96, 97]. The greatest center of diversity appears to be
the Southeast Asian region. It occurs naturally in different African countries including Ethiopia,
Kenya, Somalia, Senegal, Nigeria, Mozambique, Madagascar, Democratic Republic of Congo, and
South Africa. D. angustifolia is cultivated in Ghana, Nigeria and Cameroon. It is a hedge plant in
East Africa which reproduces itself from seed very freely and grows on dry rocky slopes between
1500 and 2100 m throughout Ethiopia [98]. D. angustifolia is a dioecious or monoecious multi

stemmed shrub or single-stemmed small tree up to 7 m tall [99]. All parts of the plant are hairless
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and resinous when young. Leaves are simple and petiolate (1-5 mm long). The hard wood is used

for firewood, as fencing material and also for making hut roofs in rural areas.

2.1.1.2. Brief Review on Biological Activities of the Genus Dodonaea

Some species in the genus Dodonaea are used for the treatment of a wide spectrum of diseases.
The aerial parts of D. angustifolia are used in folk medicine against fevers, swellings and colds in
Latin America, China, Africa, and India [100, 101]. The powdered leave juice is used for the
treatment of trachoma and to expel roundworms [93]. Various parts of this plant are used in the
traditional systems of medicine for contraceptive effect [102]. In the Tigray region of Ethiopia, the
crushed fruit mixed with honey is eaten as a remedy against malaria [103]. The stems are used as

fumigants to treat rheumatism [93].

The ethanol, methanol, ethyl acetate, chloroform and aqueous extracts of the leaves were found to
be active against fungi [104, 105]. The leaf essential oil and extracts showed strong inhibition
against bacterial pathogens such as Staphylococcus aureus, Micrococcus luteus, and Escherichia
coli [93, 106]. The alcohol and aqueous extract of the root significantly reduced diarrhea in mice
with reduction in weight of stools showing its anti-diarrheal property [107]. The leaves exhibited
antidiabetic [100, 108-110], anti-inflammatory [111, 112], antioxidant [94, 113, 114], hypotensive
[93], antiviral [115], analgesic [93], antipyretic [116] and wound healing activities [117].
Furthermore the crude extract of the seeds showed antimalarial activity [118]. Literature report
showed that different solvent extracts of the various parts of D. angustifolia were capable of
suppressing the germination and growth of various plants demonstrating its allelopathic potential

[119].

2.1.1.3. Brief Review on Chemistry of the Genus Dodonaea

Phytochemical screening showed that the leaves of D. angustifolia contain compounds belonging

to diverse groups of secondary plant metabolites such as flavonoids, terpenoids, saponins, tannins,
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cardiac glycosides, steroids, etc [99]. In general, more than 40 compounds have been reported
from the leaves of D. angustifolia and D. polyandra. The major secondary metabolites reported are
flavonoids and terpenoids [104]. A complete list of compounds so far reported from two species of
Dodonaea are given in Table 1.

Table 1: List of compounds isolated from Dodonaea organized by compound class

Compound Compound name Str. Plant Ref
class No source
Flavonoids  3,5,7-Trihydroxy-4'-methoxyflavone 79 D.v [108]
5,7,4’-Trihydroxy-3,6-dimethoxyflavone 80 « [113,
120]
5,7-Dihydroxy-3,6,4'-trimethoxyflavone/santin 81 « [113,
114]
5-Hydroxy-3,7,4'-trimethoxyflavone 82 «“ [93]
5-Hydroxy-3,6,7,4'-tetramethoxyflavone 83 «
3,5-Dihydroxy-7,4',-dimethoxyflavone 84 «“
3,4’,5,7-Tetrahydroxyflavone 85 « [113,
120]
Pinocembrin 86 «“ [120]
Methylenebissantin 87 « [121]
Kaempferol 3-methyl ether 88 «“ [121]
5,7-Dihydroxy-3,6,4'-trimethoxy-3'-(4-hydroxy-3-methyl-but-2- 89 «“ [122]
enyl)flavone
5,7,4’-Trihydroxy-3’(3-methylbut-2-enyl)-3-methoxy flavones (12), 920 D.p [123]
5,7-Dihydroxy-3’(3-methylbut-2-enyl)-3,4’-dimethoxyflavone 91 « «
5,7,4’-Trihydroxy-3’,5’(3-methylbuyt-2-enyl)-3-methoxyflavone 92 « «
5,7,4’-Trihydroxy-3’,5’(3-methylbuyt-2-enyl)-3-methoxy-6- 93 «“ «
metoxyflavone
5,7,4’-Trihydroxy-3’-(3-methylbuyt-2-enyl)-3-methoxy-5’- 94 «“ «“
methoxyflavone
Phenolics Vanillic acid 95 D.v [121]
Nebrodenside A 926 « «
Docosyl caffeate 97 « «
Terpenoids  5-(2-Furan-3-yl-ethyl)-8a-hydroxymethyl-5,6-dimethyl- 98 D.v [121,
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3.,4,4a,5,6,7,8,8a-octahydro-naphthalene-1-carboxylic acid

124]

5-(2-Furan-3-yl-ethyl)-8a-hydroxymethyl-5,6-dimethyl- 929 « «
3,4,4a,5,6,7,8,8a-octahydro-naphthalene-1-carboxylic acid methyl
ester 100 “

Table 1 continued

Terpenoids 5-(2-Furan-3-yl-ethyl)-8a-hydroxymethyl-5,6-dimethyl-
4a,5,6,7,8,8a-hexahydro-naphthalene-1-carboxylic acid
hautriwaic lactone 101 «“ «“
6p-Hydroxy-15,16-epoxy-54,84,95,10a-cleroda-3,13(16),14-trien- 102 « «“
18-oic acid
Methyl dodonate C 103 « «
Methyl dodonate C 104
Methyl dodonate B 105 «“ «“
Dodonolide 106 «“ “
Stictic acid 107 «“ [125]
Visclerodol acid 108 «“ “
Mkapwanin 109 « [93]
15-Methoxymkapwanin 110 «“ «
Ent-15,16-epoxy9aH-labda-13(16),14-diene-34,8a-diol 111 D.a [124]
8p-hydroxy-3-0O-f-D-glucopyranosyl- 112 « [115]
ent-labda-13-en-15,16-diol
Ent-15-ethoxy-labdan-3a,8f-dihydroxy,13(14)-en-15,16-olide 113 « [115]
ent-16-hydroxy-labdan-3a,8f-dihydroxy,13(14)-en-15,16-olide 114 «“ [115]
13,17-epoxy-13-methyl-15-oxo-labda-7-ene 115 D.p [126]
17-Hydroxy-13-methyl-labda-7,13Z-diene-15-oic acid 116 «“ «“
13-Methyl-17-oxo-labda-7,13Z-diene-15-oic acid 117 «“ «“
2,18-Dihydroxylabda-7,13(E)-dien-15-oic acid 118 D.v [122]
2,17-Dihydroxylabda-7,13(E)-dien-15-oic acid 119 « «
2-Hydroxylabda-7,13(E)-dien-15-oic acid 120 « «

No: structure number; D.v: D. viscosa; D.a: D. angustifolia; D.p: D. polyandra

Chemical structures of compounds so far reported from D. angustifolia are given below.

Flavonoids [93, 108, 113, 114, 120-122]
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Phenolics [121]

90. H
91.CH,

92.H
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2.2. Objectives

Despite the traditional use of this plant for the treatment of malaria in some parts of Ethiopia, to
our knowledge there is no published report describing the anti-malarial activities of the leaves of D.
angustifolia. Indeed, a preliminary study conducted at the Department of Biology of Addis Ababa
University [49, 127] on the crude extract of this plant for its in vivo antiplasmodial effect showed
desirable activity. Hence this study was geared towards bioassay guided isolation of compounds
responsible for the antiplasmodial activity of the extract of the leaves of D. angustifolia. The

radical scavenging potential of the leaves of D. angustifolia was also explored.
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2.3. Results and Discussion

Activity guided antiplasmodial study of the 80% aqueous methanol extract of the leaves of D.
angustifolia led to the isolation of three significantly active compounds identified as pinocembrin
(86), santin (81) and 15,16-epoxy-2-hydroxy-3,13(16),14-clerodtriene-18-oic acid (128) which
suppressed the P. berghei by 81% at 40 mg/kg, 80% at 50 mg/kg, and 70% at 40 mg/kg,
respectively. The ethanol extract and the ethyl acetate soluble portion of the ethanol extract of the

leaves of D. angustifolia were analyzed using TLC with the results depicted in Fig. 1.
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k Mobile phase EtOAc:petrol (3:2)
Spraying agent: Vanillin/H,SO,

Compound 86
Compound 81

Compound 80 & 125

Compound 128

Compound 114

Fig. 1: TLC profile of the EtOH extract (B) and the EtOAc soluble portion of the EtOH extract (C)

of the leaves of D. angustifolia

This section also discusses the column chromatographic fractionation of the ethyl acetate soluble
portion of the ethanol extract of the leaves of D. angustifolia which resulted in the isolation of
three other compounds in addition to 81, 86 and 128, identified as 5,7,4’-trihydroxy-3,6-
dimethoxyflavone (80), 5,6,7-trihydroxy-3,4’-dimethoxyflavone (125), and ent-16-hydroxy-
labdan-3a,8/-dihydroxy,13(14)-en-15,16-olide (114). Compound 125 has not been reported before
as natural product. The extracts and the flavonoids isolated from the leaves of D. angustifolia were
examined for their radical scavenging activities which furnished 5,7,4’-trihydroxy-3,6-

dimethoxyflavone (80) as the most active compound.

2.3.1. Characterization of Compounds Isolated from the Leaves of D. angustifolia

Pinocembrin (86)
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Compound 86 was obtained as yellow solid (mp 190-191°C (Lit. 194-195°C) [128]) recrystalized
from ethanol. It is optically active with [a]Z, = -12.5 (c 0.4, EtOH). TLC on a 0.25 mm thick

layer of silica gel on aluminum plate showed a spot at Rf 0.65 using EtOAc:petrol (3:2) as eluent.
It gave a pink spot after spraying with vanillin/H2SO4 followed by heating with hot air gun. The
negative mode ESI-FT-MS of compound 86 showed molecular ion peak at m/z 255.0663 (calcd
255.2538 for Ci5H1104) corresponding to the molecular formula CisH1204 which was in agreement
with the "*C-NMR spectrum which showed resonances for fifteen carbon atoms. The UV-Vis
spectrum (MeOH) of compound 86 showed absorption maxima at 290 and 333 nm with the latter
band of lower shoulder which is characteristic feature of flavanone chromophore [130]. This is in
good agreement with the literature report that flavonoids exhibited two absorption bands in their
UV-Vis spectrum with the first band situated between 310-370 nm (band I) while the second band
appears in the range 250-290 nm (band II) [129].Literature report also indicate that the absorption
maxima involving the A-ring benzoyl system (band II) of flavanone show great bathochromic shift
(above 15 nm) with respect to values for flavone analogues which occurs around 270 nm [131].

This strongly supports flavanone skeleton for compound 86.

The '"H-NMR spectrum of compound 86 (Table 2) displayed signals at d 2.60 (1H, dd, J = 17.20
and 3.20 Hz) and 2.91 (1H, dd, J = 17.20 and 12.80 Hz) due to diastereotopic methylene protons
on C-3. Another signal at 6 5.25 (1H, dd, J = 12.80 and 2.80 Hz) is due to the proton at C-2. The
diastereotopic methylene proton signals at 0 2.91 and 2.61 showed COSY correlations with the
proton signal at 6 5.25 (H-2). The signals at 6 5.82 (1H, d, J =2.00 Hz) and ¢ 5.83 (1H, 4, J=2.00
Hz) are ascribed to aromatic protons situated mefa to one another in the A ring of a flavonoid
establishing 5,7-dihydroxy substitution patterns. These protons showed cross coupling with each
other in their COSY spectrum. The absence of substitution on ring B of compound 86 is evident

from the appearance of a five proton signal centered at 6 7.26.

The proton decoupled 3C-NMR spectrum of compound 86 analyzed with the aid of DEPT-135
(Table 2) established the presence of six quaternary carbons. The most downfield signal at 6 195.6

is due to the ketone carbonyl (C-4). The remaining five quaternary carbon signals at 0 166.8, 163.7,
159.0, 138.8 and 102.2 were assigned to C-7, C-9, C-5, C-1" and C-10, respectively. Four well
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resolved methine carbon signals appeared in the aromatic region at 6 128.6 (C-2°, 6°, and 4°),
125.9 (C-3’, 5°), 96.3 (C-6) and 95.4 (C-8). The spectrum also exhibited a signal due to an
oxygenated carbon at 0 78.9 (C-2). Furthermore the most upfield signal at 6 43.0 (C-3) is

presumably due to carbon adjacent to the carbonyl.

The HMBC spectral data of compound 86 demonstrated that the methine proton signal at 6 5.23
(H-2) showed interactions with the carbon signals at ¢ 43.0 (C-3), 138.3 (C-1") and 195.6 (C-4).
Further HMBC correlation observed was between the proton signal at 6 2.61 and the carbon
signals at 0 102.2 (C-10) and 138.3 (C-1’). Additional HMBC connectivity observed was between
the proton signal at ¢ 5.82 with the carbon signals at 6 96.3 and 6 95.4. Furthermore the signal due
to H-6 (6 5.83) correlates with the quaternary carbon signal at 6 102.2 (C-10). Some of the key
correlations deduced from HMBC spectral data leading to the structure of compound 86 are

depicted as in 121.

120

Compound 86 is the known flavanone pinocembrin. Table 2 compares the 'H- and '*C-NMR
spectral data of compound 86 with those reported for pinocembrin [132].

Table 2: The 'H- and '3*C-NMR spectral data of compound 86 and the reported spectral data for
pinocembrin [132]

Posit NMR data of compound 86 (CDCl3/CD30D) Data reported for pinocembrin (CD3;0D) [132]
ion "H-NMR BC-NMR '"H-NMR BC-NMR
2 5.25 (1H, dd, J = 12.80, 2.80) 78.9 533 (1H, dd, J=12.8, 3.6) 80.4
3 2.60 (1H, dd, J=17.20, 12.80); 2.91 43.0 298 (1H, dd,J=17.4,12.8);2.67 44.1
(1H, dd, J=17.20, 3.20) (1H, dd, J=16.9, 3.6)
4 - 195.6 - 197.3
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5 - 163.7 - 165.4
6 5.83 (1H, d, J = 2.00) 95.4 5.87 (1H,d,J= 1.84) 96.2
7 - 166.8 - 168.3
8 5.82 (1H, d, J = 2.00) 96.3 5.87 (1H,d,J= 1.84) 97.2
9 - 163.0 - 164.6
10 - 102.2 - 103.3
I - 138.8 - 140.3
2 7.26 (1H, m) 125.9 7.34 (1H, m) 127.3
3 7.26 (1H, m) 128.6 7.34 (1H, m) 129.6
4 7.26 (1H, m) 128.6 7.34 (1H, m) 129.7
5 7.26 (1H, m) 128.6 7.34 (1H, m) 129.6
6 7.26 (1H, m) 125.9 7.34 (1H, m) 127.3

Assignments made on the basis of COSY, HSQC and HMBC correlations;  in ppm; Coupling constants are in Hz.

The spectroscopic data of compound 86 agreed well with the literature reported for pinocembrin
(86) [132] which was isolated from propolis for the first time [133]. Other biological sources of

pinocembrin include rhizomes of Boesenbergia rotunda [132] and Boesenbergia pandurata [134].

Pinocembrin has been reported as a non toxic flavonoid [135] with antimicrobial, anti-
inflammatory, antioxidant, and anticancer activities [136]. It has a potent protective effect on
neurovascular unit and is now in phase I clinical trial as a new drug to treat ischemic stroke [133].
Furthermore pinocembrin has been shown as a potent phytotoxic material for weed control which

might serve as new and effective tool in organic agriculture [128].

Santin (81)
Compound 81 was isolated as a yellow solid from the ethyl acetate soluble portion of the ethanol

extract of the leaves of D. angustifolia. It was recrystalized from ethanol, mp 160-161°C. It is

optically inactive ([ar]%, = 0.00, ¢ 0.4, EtOH). TLC on a 0.25 mm thick layer of silica gel on

589
aluminum plate showed a spot at Rf 0.64 using EtOAc:petrol (3:2) as eluent. It was visualized as a
yellowish spot after spraying with vanillin/ HoSO4 followed by heating with hot air gun. The
78



negative mode ESI-FT-MS of compound 81 demonstrated a peak at m/z 343.0858 (calcd 343.3154
for C1sH1507) compatible with the molecular formula CisH1607. The peak at m/z 287 is due to the
loss of methyl group from the parent ion. The UV-Vis spectrum (MeOH) of compound 81 showed
absorption maxima at 271 and 338 nm suggesting a flavonol chromophore with 3-OH substituted.
The absorption maxima of band II in the UV-Vis spectrum of a flavonoid containing 6-methoxy
are reported to be below 279 nm while those with 6-hydroxy exhibit absorption maxima beyond
279 nm [137]. Hence the UV-Vis spectrum of compound 81 clearly indicated the presence of
methoxy group on C-6. The IR spectrum displayed an absorption band at 1646 cm™ attributable to
an a,f-unsaturated carbonyl. The presence of C-O and C-H stretching were evident from the

observed absorption bands at 1090 and 2924 cm’!, respectively.

The '"H-NMR spectrum of compound 81 revealed signals at 6 3.86 (3H, s), 3.91 (3H, s), and 4.05
(3H, s) suggesting the presence of three methoxy groups. The presence of five methine protons
was evident from the signals in the aromatic region at 6 6.57 (1H, s), 0 7.03 (2H, d, J = 8.80 Hz)
and 0 8.08 (2H, d, J = 8.80 Hz). The proton signals at 0 7.03 and 8.08 are due to symmetrically
placed hydrogens on unsymmetrically para substituted B ring of flavonoid which showed mutual
ortho coupling in their COSY spectrum as shown in 122, whereas ring A of the flavonoid only
showed a single proton singlet at 0 6.57 which is characteristic for H-8. The presence of a 5-
hydroxy substitution on ring A of a flavonoid is evident from the appearance of a downfield signal

at 0 12.90 (1H, s) corresponding to a chelated hydroxyl group in the compound.

The proton decoupled *C-NMR spectrum of compound 81, analyzed with the aid of DEPT-135
spectrum (Table 3), showed ten quaternary carbons which are attributed to five oxygenated
aromatic carbons at ¢ 130.0 (C-6), 151.8 (C-5), 152.2 (C-7), 155.0 (C-9) and 161.7 (C-4’); two
oxygenated olefinic carbons at 0 138.4 (C-3) and 156.2 (C-2); two aromatic quaternary carbons at
0106.2 (C-10) and 122.7 (C-1’); and an a,f-unsaturated carbonyl carbon at 6 179.2 (C-4). Three
methine carbon signals are also observed in the aromatic region at ¢ 93.2 (C-8), 114.1 (C-3°, 5’)
and 130.2 (C-2’, 6°). Furthermore the spectrum demonstrated the presence of three methoxy
groups at d 55.4, 60.1 and 60.9. The HSQC showed correlation such that the methyl proton signals
at 0 3.91, 3.86 and 4.05 correlate with the carbons at 6 55.4, 60.1 and 60.9, respectively. Other
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HSQC correlations observed were between aromatic protons at § 6.57, 7.03 and 8.08 with aromatic

carbon signals at 6 93.2, 114.1 and 130.2, respectively.

123

Close inspection of the HMBC spectral analysis revealed that the proton signal at ¢ 6.56 (H-8)
showed long range connectivity with the carbon signals at 6 152.2 (C-7), 155.0 (C-9), 130.0 (C-6)
and 106.2 (C-10) as shown in 123. The most downfield signal in the 'H-NMR at § 12.90 (5-OH)
showed HMBC cross peaks with the signals for C-5 (¢ 151.8), C-6 (0 130.0) and C-10 (6 106.2)
suggesting the position of this hydroxyl at C-5. The spectrum also showed significant correlation
led to the conclusion that the methoxy groups at 0 4.05 and 3.86 are clearly attached to C-6 (0
130.0) and C-3 (0 138.4), respectively. The signal due to the third methoxy group at ¢ 3.91
correlates with the carbon signal at 6 161.2 (C-4’) establishing the location of the third methoxy
group at C-4’ as depicted in 123. Furthermore, the NMR spectral data of compound 81 were

compared with the literature data reported for santin as shown in Table 3.

Table 3: The 'H- and '3C-NMR spectral data of compound 81 and the data reported in the literature
for santin [138]

Position NMR data of compound 81 (CDCl3/CD30D) Data reported in the literature for santin [138]
(CDCl3)
"H-NMR BC-NMR "H-NMR BC-NMR
2 - 156.1 - 156.2
3 - 138.4 - 138.4
4 - 179.2 - 179.2
5 - 151.8 - 155.1
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6 - 130.0 - 130.1

7 - 152.2 - 151.8

8 6.57 (1H, 5) 932 6.57 (1H, 5) 93.1

9 - 155.0 - 152.2

10 - 106.2 - 106.1

ik - 122.7 - 122.7

2> and 6’ 7.03 (2H, d, J = 8.80) 130.2 7.02 (2H, d) 130.2
3’ and 5° 8.08 (2H, d, J = 8.80) 114.1 8.07 (2H, d) 114.1
4 - 161.7 - 161.7
OCH; 3.91 (3H, s) 55.4 3.70 (3H) 55.5
OCH; 3.86 (3H, s) 60.1 3.80 (3H) 60.2
OCH; 4.05 (3H, s) 60.9 3.80 (3H) 60.9

Assignments made on the basis of COSY, HSQC and HMBC correlations; ¢ in ppm; Coupling constants are in Hz

The above physical and spectral data of compound 81 are in close agreement with the data
reported in the literature for santin [138]. Santin (5,7-dihydroxy 3,6,4’-trimethoxyflavone) was
previously isolated from the leaves of Dodonaea viscosa [113, 114, 121], Parthenium

hysterophorus [139] and the aerial parts of Tanacetum microphyllum [140].

Santin was shown to be a non cytotoxic compound displaying trypanocidal, leishmanicidal [141]
and anti-inflammatory activities [140]. It is also found to exhibit cyclo-oxygenase inhibitor, 5-

lipoxygenase inhibitor, and anti-tubercular properties [139].

5,6,7-Trihydroxy-3,4’-dimethoxyflavone (125)

Compound 125 was isolated as a yellow solid (mp 226-229°C) from ethyl acetate soluble portion

of ethanol extract of D. angustifolia leaves. It is optically inactive ([at]3, = 0.00, ¢ 0.4, EtOH).

TLC on a 0.25 mm thick layer of silica gel on aluminum plate showed spot at Rf 0.50
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(EtOAc:petrol, 3:2). It was visualized as a yellowish spot after spraying with vanillin/H>SO4
followed by heating with hot air gun. The UV-Vis spectrum (MeOH) showed absorption maxima
at 285 and 346 nm which is distinctive of compounds having flavonoid skeleton with 3-OH
substituted. The absorption maxima observed for band II (Amax 285 nm) clearly indicated that the
compound is 6-hydroxylated [137]. The (+)-ESI-FT-MS displayed a molecular ion peak at m/z
331.0803 (calcd 331.2968 for Ci7H1507) corresponding to the molecular formula Ci7H1407. A
prominent peak was observed at m/z 316 accounting for the loss of methyl group from the parent

ion.

The 'H-NMR spectrum of compound 125 disclosed the presence of two methoxy signals at J 3.80
(3H, s) and 3.90 (3H, s). The methine proton signal at 6 6.63 (1H, s) was assigned to H-8. The
doublets at 0 8.02 and 7.12, showing only ortho coupling (each 2H, J = 8.80 Hz) were due to H-2',
6’ and H-3', 5, respectively. The most downfield sharp singlet signal at 0 12.60 is characteristic of
a chelated hydroxyl group establishing the presence of 5-OH.

The proton decoupled '3 C-NMR spectrum of compound 125 with the aid of DEPT 135 showed ten
quaternary, three methine, and two methoxy carbon signals. The two methoxy carbon signals were
observed at 6 54.9 and 59.3. The methine carbons at 6 113.9 (C-3°, 5°) and 130.0 (C-2°, 6’) are
due to symmetrically placed aromatic carbons on unsymmetrically para substituted B-ring of a
flavonoid. The carbon signal at § 93.5 is due to C-8. The diagnostic signal in the '*C-NMR
spectrum at J 178.7 is suggestive for the presence of a,f-unsaturated carbonyl carbon. The
compound exhibited oxygenated aromatic quaternary carbon signals at 6 161.7 (C-4’), 155.8 (C-2),
152.8 (C-7), 149.7 (C-9), 146.7 (C-5), 138.2 (C-3), and 128.5 (C-6). Quaternary carbon signals
were also observed at  123.0 and 105.2 due to C-1" and C-10, respectively. The physical and
spectral data generated for compound 125 is in agreement with 5,6,7-trihydroxy-3,4’-
dimethoxyflavone. This was further confirmed using 2D NMR experiments (COSY, HSQC and
HMBC).

The HSQC spectrum of compound 125 showed that the proton signals at J 8.02, 7.12, 6.63, 3.90
and 3.80 were correlated to carbon signals at 6 130.0, 113.9, 93.6, 54.9 and 59.3, respectively. The
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'H-'"H COSY spectrum showed correlation between proton signal at 6 8.02 with 7.12 and vice
versa, confirming that these protons are symmetrically placed protons on unsymmetrically para
substituted aromatic ring. The HMBC spectrum indicated connectivity between the proton signal at
0 12.60 with the carbon signals at 6 105.5 (C-10), 128.6 (C-6) and 146.4 (C-5) as shown in 124.
The proton signal at 6 6.63 (H-8) showed HMBC correlation with the carbons at ¢ 105.5 (C-10),
128.5 (C-6) and 152.8 (C-9).

The positions of the two methoxy groups were established using HMBC spectral analysis. The
methoxy proton signals at 0 3.80 and 3.90 showed connectivity with the olefinic carbon signals at
0 138 (C-3) and ¢ 161.8 (C-4’), respectively. The physical and spectroscopic findings presented
above disclose that compound 125 is 5,6,7-trihydroxy-3,4’-dimethoxyflavone which has not yet

been reported from any natural source.

5,7,4’-Trihydroxy-3,6-dimethoxyflavone (80)

Compound 2 was obtained as a yellow solid from ethyl acetate soluble portion of ethanol extract of
D. angustifolia leaves. The TLC on a 0.25 mm thick layer of silica gel on aluminum plate
(EtOAc:petrol, 3:2) showed a yellow spot (Rf 0.50), which was visualized after spraying with
vanillin/H,SO4 followed by heating with hot air gun. The 'H-NMR spectrum of compound 80
suggested the presence of two methoxy groups at 0 3.60 (3H, s) and 3.70 (3H, s). A pair of
doublets at 0 6.70 (2H, d, J = 8.80 Hz) and 7.74 (2H, d, J = 8.80 Hz) were characteristic of H-2’/
H-6" and H-3’/H-5’, respectively, of the 1,4-disubstituted aromatic ring system. A typical signal
due to H-6 was observed at 0 6.30 (1H, s).
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The proton decoupled *C-NMR spectrum (Table 4) of compound 80 showed ten quaternary, five
methine, and two methoxy carbon signals. The signals at 0 55.2 and 59.9 are evident for the
presence of two methoxy groups which was found in agreement with the "TH-NMR spectrum of the
compound. The carbon signals at 6 94.0 (C-8), 115.2 (C-3",5’) and 130.0 (C-2’,6’) are due to
methine carbons. The latter two resonances are characteristic of symmetrically placed carbons on
unsymmetrically para substituted aromatic ring. Other carbon signals observed were at 6 105.0 (C-
10), 121.0 (C-1), 131.0 (C-6), 138.0 (C-3), 152.0 (C-4’), 152.1 (C-9), 156.5 (C-7), 157.4 (C-5),
160.0 (C-2), and 179.0 (C-4). The presence of a,f-unsaturated carbonyl carbon is evident from the
appearance of a carbon signal at 6 179.0. Table 4 gives the 'H- and *C-NMR data of compound 2
and the reported spectral data for 5,7,4’-trihydroxy-3,6-dimethoxyflavone.

Table 4: The 'H- and '3C-NMR spectral data of compound 80 and the data reported in the literature
for 5,7,4’-trihydroxy-3,6-dimethoxyflavone [120].
Position NMR data of compound 80 (CDCI3/CD30OD)  Data reported in the literature for 5,7,4’-trihydroxy -
3,6-dimethoxyflavone (CD;0D) [120]

'H-NMR BC-NMR '"H-NMR BC-NMR
2 160.0 161.8
3 138.0 139.0
4 179.4 180.0
5 157.4 158.7
6 131.0 132.6
7 156.5 158.2
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8 6.30 (1H, s) 94.0 6.40 (1H) 95.1

9 152.1 153.8
10 105.0 106.0

I’ 121.0 122.7

2’ and 6’ 6.70 (2H, d, J = 8.80) 130.0 6.8 (2H) 131.5
3’ and 5° 7.74 (2H, d, J = 8.80) 115.2 7.90 (2H) 116.0
4 152.0 153.7
OCH; 3.60 (3H, s) 59.4 3.70 (3H) 60.6
OCH; 3.70 3H, ) 59.9 3.80 (3H) 60.9

The NMR spectrum of compound 80 are in close agreement with those reported in the literature
for the known compound 5,7,4’-trihydroxy-3,6-dimethoxyflavone which was isolated as a major

flavonoid from D. angustifolia of South Africa [120].

15,16-Epoxy-2-hydroxy-3,13 (16), 14-clerodtriene-18-oic acid (128)

Compound 128 was isolated from the leaves of D. angustifolia as a white solid, mp 145-147°C. It
is an optically active compound with [a]%, = -17.5 (c 0.4, MeOH). The TLC Rf value was 0.35 on

a 0.25 mm thick layer of silica gel on aluminum plate eluted with EtOAc:petrol (3:2). The spot
visualized after spraying with vanillin/H,SO4 followed by heating with hot air gun. The negative
mode ESI-FT-MS of compound 128 provided a peak at m/z 331.1990 (caled 331.4339 for
C20H2704) establishing the molecular formula as C20H2s04 and this was also evident from the *C-
NMR spectrum which showed resonances for 20 carbon atoms. A prominent peak at m/z 287 in the
mass spectrum is presumably due to the loss of CO» from the parent ion. The UV-Vis spectrum
(MeOH) showed maximum absorption bands at 270 and 333 nm indicating the presence of
conjugated chromophore. The IR spectrum showed an absorption band at 1690 cm™! suggesting the
presence of an a,f-unsaturated carboxyl group. Other absorption bands appeared at 3375, 2962 and
1027 cm™! due to O-H, C-H, and C-O stretching, respectively. The presence of hydroxyl group was
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further confirmed by the phosphoric acid catalyzed dehydration of compound 128 which gave a
compound with a greater Rf value than that of compound 128 in its TLC profile.

The 'H-NMR spectrum of compound 128 (Table 5) revealed the presence of three methyl groups
at 0 0.73 (3H, s), 0.80 (3H, d, J = 6.4 Hz) and 1.26 (3H, s) with the signals at ¢ 0.75 (H-20) and
1.26 (H-19) corresponding to methyl groups on quaternary carbons while the signal at 6 0.80 (H-
17) is due to methyl group on tertiary carbon. The methylene proton at 6 1.12 (1H, m) and 2.30
(1H, m) are due to diastereotopic protons on carbon at d 35.5 (C-6) as observed from one bond
"H/'3C NMR spectrum of the compound. The proton signal at 6 1.98 (1H, m) and 6 1.39 (1H, m)
are diastereotopic methylene protons on C-1 (¢ 27.4). The diastereotopic methylene protons at &
1.62 (1H, m) and ¢ 1.51 (1H, m) were situated on carbon at ¢ 38.5 (C-11). The compound also
exhibited diastereotopic methylene proton signals at 0 2.10 (1H, m) and 2.30 (1H, m) due to
protons on C-12. The proton signals at ¢ 4.30 (1H, m) and 6.60 (1H) are due to H-2 and H-3,
respectively. The former signal is accounted for the methine proton on carbon bearing hydroxyl
group. The proton signals in the aromatic region at 6 6.25 (1H, s), 7.20 (1H, s) and 7.30 (1H, ¢, J =
1.80 Hz) are evident for the presence of furan ring. Literature reports showed that the coupling
constant for the proton signal at 6 7.30 is 1.80 Hz [142]. This strongly supports the presence of

furan ring for compound 128.

The '*C-NMR and DEPT-135 spectra of compound 128 (Table 5) demonstrated the presence of 20
well resolved signals attributable to five quaternary (6 37.9, 38.4, 125.3, 143.3 and 169.9); five
methylene (0 18.1, 26.9, 27.4, 35.5, and 38.5); three methyl (6 15.9, 18.3 and 20.4) and seven
methine carbon signals (0 35.9, 45.1, 68.5, 110.9, 138.3, 138.9 and 142.7). The presence of an a, -
unsaturated carboxyl carbon was evident from the carbon signal at 6 169.6 (C-18). The carbon
resonances at ¢ 138.9 (C-3) and 143.2 (C-4) are due to two olefinic carbon atoms. The presence of
an aliphatic oxygenated carbon is evident from the appearance of a carbon signal at J 68.5 (C-2).
Moreover the signals at 6 110.9 (C-14), 138.3 (C-16), and 142.7 (C-15) are characteristic carbon
signals of the furan ring. The 'H and '*C-NMR spectral data of compound 128 are given in Table 5.

Table 5: The 'H- and '3C-NMR spectral data (CDCl3/CD30D) of compound 128 (J in ppm)
86



Position '"H-NMR (400 MHz) BC-NMR (100 MHz) Multiplicity

1 1.98 (1H, m) and 1.39 (1H, m) 27.4 CH,
2 4.30 (1H, m) 68.5 CH
3 6.60 (1H, m) 138.9 CH
4 - 143.3 C

5 - 37.9 C

6 1.12 (1H, m) and 2.30 (1H, m) 35.5 CH,
7 1.46 (1H, m) and 1.39 (1H, m) 26.9 CH,
8 1.51 (1H, m) 35.9 CH
9 38.4 C

10 1.37 (1H, m) 45.1 CH
11 1.51 (1H, m) and 1.62 (1H, m) 38.5 CH,
12 2.10 (1H, m) and 2.30 (m, H) 18.1 CH,
13 - 125.3 C

14 6.25 (1H, bro s) 110.9 CH
15 7.30 (1H, ¢, J= 1.80 Hz) 142.7 CH
16 7.20 (1H, s) 138.3 CH
17 0.80 (3H, d, J = 6.40 Hz) 15.9 CH;
18 - 169.9 C

19 1.26 (3H, s) 20.4 CH;
20 0.73 (3H, s) 18.3 CH;

Assignments made on the basis of COSY, HSQC and HMBC correlations; ¢ in ppm; Coupling constants are in Hz

The structure of compound 128 was further deduced using 2D NMR experiments. The proton
signal at ¢ 6.25 (H-14) showed COSY interactions with the proton signal at J 7.30 (H-15) and 7.10
(H-16) suggesting that these protons are part of the furan ring. The olefinic proton signal at 6 6.60
(H-3) showed cross peaks, in its COSY spectrum, with the proton at 6 4.30 (H-2) and 1.98 (H-1).
Another COSY coupling was displayed between methine proton signal at 6 4.30 with the proton
signals at 0 1.39 (H-1), 1.98 (H-1) and 6.60 (H-3) which established the position of hydroxyl group
on C-2. From 'H, 13C, DEPT-135 and COSY, the following fragment shown as 126 can be
suggested.
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O~ OH 0~ TOH
126 127

In the HMBC spectral analysis, the proton at ¢ 7.30 (H-15) showed correlation with the carbon at
110.9 (C-14) and ¢ 138.3 (C-16) while the proton at 0 6.25 (H-14) correlates with a carbon at &
142.7, 138.3 and 110.9. The above HMBC correlations indicated that C-13, C-14, C-15 and C-16
constitute the furan ring. H-12 (6 2.30) displayed long range 'H/'*C-NMR coupling with the
carbon at ¢ 125.3 (C-13) and 6 38.5 (C-11) establishing the attachment of C-12 to C-13. The
olefinic proton signal at 0 6.60 displayed correlation with the carbon at 6 169.8 (C-18), 143.2 (C-4),
37.9 (C-5) and 27.5 (C-1). The methine proton signal at 6 4.30 (H-2) showed long range
correlations with C-3 (6 138.9) and C-4 (6 143.2) locating the hydroxyl group at C-2 which agreed
well with the COSY spectrum of compound 128.

The methyl proton signals at 0 0.80 (H-17) and 0.73 (H-20) showed HMBC correlations with C-8
(6 35.9) and C-9 (0 38.4), respectively, ascertaining the attachment of C-17 to C-8 and C-20 to C-9.
The other methyl group was connected to C-5 (6 37.9) as long range correlation was observed
between H-19 and C-5. The HMBC correlations observed leading to the structure of compound
128 is displayed in 127. Literature report showed that the C-20 of trans-clerodanes resonates at
higher field (J 17-19) than its cis-counterpart (6 21-29) [93]. In the '3C-NMR spectrum of
compound 128, the C-20 resonated at 0 18.3, supporting the frans geometry. From the foregoing
considerations it is quite evident that compound 128 is identified as 15,16-epoxy-2-hydroxy-

3,13(16),14-clerodtriene-18-oic acid.

20 11 12
//,'
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Ent-16-hydroxy-labdan-3a,8p-dihydroxy,13(14)-en-15,16-olide (114)

Compound 114 was isolated from the EtOAc soluble portion of the ethanol extract of the leaves of
D. angustifolia. The TLC Rf value was 0.20 on a 0.25 mm thick layer of silica gel on aluminum
plate eluted with EtOAc:petrol (3:2). It was visualized after spraying with vanillin/H>SO4 followed
by heating with hot air gun. The '"H-NMR spectrum (DMSO-d6) of compound 114 displayed
signals at 6 7.60 (1H), 4.30 (1H) and 3.90 (1H) which are attributed to protons on heteroatoms as
these signals did not show any correlations to carbon atoms in its HSQC spectrum. The signal due
to olefinic proton adjacent to a carbonyl was observed at 6 7.00 (1H, bro. s) confirming the
presence of only one double bond. The compound also exhibited signal at 6 6.00 (1H, d, J = 8.26
Hz) due to methine proton on acetal carbon. Other methine proton signals were at 6 3.00 (1H, H-3),
0.81 (1H, dd, J = 8.20 and 1.92 Hz, H-5) and ¢ 1.01 (1H, H-9). Signals due to diastereotopic
methylene protons are evident at 0 1.69 (1H, m, H-7) and 1.33 (1H, m, H-7); 6 1.58 (1H, m, H-1)
and 0.96 (1H, m, H-1); and 1.29 (1H, m, H-11) and 0.86 (1H, m, H-11). Also observed methylene
proton signals are at 0 0.89 (2H, H-12), 1.46 (2H, m, H-2), 1.55 (2H, m, H-6). The proton signals at
0 1.00 (3H, s, H-17), 0.89 (3H, s, H-18), 0.72 (3H, s, H-20) and 0.65 (3H, s, H-19) are attributed to

four methyl groups on quaternary carbons.

Analysis of the proton decoupled 3*C-NMR spectrum (DMSO-d6) of compound 114 together with
DEPT-135 disclosed the presence of well resolved carbon resonances of twenty carbon atoms
which are accounted to five quaternary, five methine, six methylene and four methyl groups. The
most deshielded signal in the '*C-NMR spectrum at J 172.2 is evident for the presence of a
carbonyl group. Two olefinic carbon signals were observed at 6 145.7 and 136.8 due to C-14 and
C-13, respectively. Further inspection of the '*C-NMR spectrum of compound 114 showed the
presence of three oxygenated carbons at ¢ 72.5, 77.2 and 97.6 due to C-8, C-3 and C-16,
respectively. The latter oxygenated carbon signal justifies the presence of methine carbon of the
acetal group, which is consistent with the "H-NMR spectrum. The signals at 6 60.8 and 55.1 are
ascribed to C-9 and C-5, respectively. Two quaternary carbon signals were observed at d 38.9 (C-4)
and 38.6 (C-10). The spectrum also displayed the presence of six methylene carbon signals at &
44.4,37.9, 28.3, 27.3, 23.2, and 20.2 due to C-7, C-1, C-12, C-2, C-11, and C-6, respectively. The
BC-NMR spectrum also revealed signals due to four methyl groups at 6 28.7 (C-18), 24.0 (C-17),
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16.1 (C-19) and 15.7 (C-20). The 'H-, 3C- and DEPT-135 NMR spectral analysis likely
established the frame work for compound 114 as a diterepenoid, with its full structure further

worked out using 2D NMR.

The COSY spectral analysis showed connectivity between the proton signal at 6 7.60 (OH) with
the methine proton signal of the acetal group at J 6.00 (H-16). This phenomenon in combination
with the multiplicity observed for H-16 established the hydroxy at 6 7.60 on C-16. The hydroxy
proton signal at 6 4.30 correlates with the methine proton signal at 6 3.00 (H-3) which enables the
attachment of the hydroxy at 6 4.30 on C-3. The methine proton signal at ¢ 3.00 (H-3) showed
COSY correlation with the methylene proton signal at ¢ 1.46 (H-2) establishing the connectivity of
C-3 with C-2. Other COSY connectivities observed were between the diastereotopic methylene
protons at ¢ 1.69 (1H, m, H-7) with the proton signal at ¢ 1.33 (1H, m, H-7); the proton signal at o
1.58 (1H, m, H-1) with the proton signal at 0 0.96 (1H, m, H-1).

The HMBC spectral analysis revealed that the proton signal at 6 7.60 showed correlations with the
carbon signals at d 97.6 (C-16) and 145.7 (C-14). The olefinic proton signal at ¢ 7.00 displayed
HMBC correlations with the carbons whose signals appeared at 6 97.6 (C-16), 136.8 (C-13), and
172.2 (C-15). The methine proton signal of the acetal group at 6 6.00 correlates with the carbonyl
carbon signal at 0 172.2 (C-15). The HMBC spectral analysis leading to a five membered a.,f-

unsaturated lactone moiety is as depicted in 129.

0]
14\ 116
OH
12
1= : S
ZH 6
114

The methylene proton signals at 6 1.46 (H-2) and 1.33 (H-7) exhibited HMBC connectivity with

C-3 (6 77.2) and C-8 (0 72.5), respectively. The methyl group at 6 1.00 (H-17) was placed on the

oxidized quaternary carbon C-8 (0 72.2) due to the observed HMBC correlations of this proton

with the carbons at d 44.4 (C-7), 72.5 (C-8) and 60.8 (C-9). The presence of gem-dimethyl on C-4

(0 38.9) was evident from the observed HMBC correlations between the methyl proton signals at &
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0.89 (H-18) and 0.65 (H-19) with the carbon signal at 6 38.9 (C-4). The gem-dimethyl on C-4
along with the 'H, '*C and DEPT-135 spectral analysis established the presence of labdane
diterpenoid core structure for compound 114. The methine signal at 6 1.01 (H-9) showed HMBC
correlation with C-12 (J 28.3) indicating that the labdane diterpene core structure was connected to
o.f-unsaturated lactone by one of the two methylenes whose signal was observed at 6 28.3 (C-12).
The proton signal at 0 0.82 (H-5) correlates with the carbon signal at 6 16.1 (C-19). The key
HMBC spectral analysis leading to structure 114 is shown as in 129. In addition the HMBC
correlations observed between the proton signal at 6 0.72 and the carbon signals at 6 37.9, 55.1 and
60.8 allowed theplacement of the methyl group on C-10. Hence, based on the above NMR spectral
analysis compound 114 was identified as ent-16-hydroxy-labdan-3a,8f-dihydroxy,13(14)-en-
15,16-olide (114) which was previously reported from the aerial parts of D. viscosa [115].

2.3.2. TLC Profiles of the Ethyl acetate Extract of Dried Leaves and the Acetone Extract of
the Leaf Exudates of D. angustifolia

In the course of this work, the extract from the leaf surface exudates obtained by simple dipping of
the fresh leaves of D. angustifolia in acetone was compared with the ethyl acetate extract of the
dried leaves of D. angustifolia using silica gel TLC. The purpose of this study was to find out if
those compounds isolated from column chromatographic fractionation of the EtOAc extract are
present in the extracts of the leaf surface exudates. The spots on the respective TLC (eluent
EtOAc:petrol, 4:1) were visualized after spraying with vanillin/H,SO4 followed by heating with
hot air gun (Fig. 2). As shown in Fig. 2, the TLC profiles of the two extracts displayed comparable
number of spots. This indicated that the TLC profile of the solvent extract of the leaves and the

leaf exudates are similar.
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Compound 86
Compound 81

Compound 80 and 125

Compound 128

Compound 114

Fig. 2: TLC of the EtOAc extract of dried leaves (A) and the acetone extract of the leaf surface
exudates (B) of D. angustifolia

It is interesting to compare the TLC profiles of the extracts obtained by the two methods of
extraction. The extract obtained from the leaf surface exudates by simple dipping technique is
chlorophyll free. Furthermore the yield of the extract obtained by dipping the leaves in acetone is
10% while the extraction of the dried leaves with EtOAc is 6%. This experiment clearly
demonstrates that simple dipping is a quick and convenient method for the isolation of terpenoids
and flavonoids from the leaves of D. angustifolia. The above results are in agreement with
literature report for leaf exudate extraction of Salvia divinorum [143]. Comparison of the
secondary metabolites profile of the acetone extract of the leaf surface exudates obtained by simple
dipping technique with those secondary metabolites reported in the literature for surface leaf

extract of D. angustifolia by Omosa et al., exhibits a gross difference [7].

2.3.3. Bioassay
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2.3.3.1. Antiplasmodial Assay

The antiplasmodial activity of the ethanol extract of the leaves of D. angustifolia was screened at
higher dose (300 mg/kg) against Plasmodium berghei infected mice. The extract inhibited
parasitaemia significantly (%para 77) which can be attributed to the presence of secondary
metabolites. The ethanol extract was sequentially extracted using hexane and ethyl acetate and the
resulting hexane, ethyl acetate and the marc (the material left after extraction with ethyl acetate)
were subsequently tested for their antiplasmodial activities. The ethyl acetate soluble portion of the

ethanol extract was found active; however, the hexane extract and the marc were inactive.

Inspired by the antiplasmodial result of the ethyl acetate soluble portion of the ethanol extract, the
plant material was extracted with 80% aqueous methanol and partitioned using EtOAc. The
organic phase showed inhibition of parasitaemia by 80% at 150 mg/kg; however, the freeze dried
aqueous phase was found inactive exhibiting low percent inhibition of parasitaemia (19%) as
compared to the negative control mice treated with DMSO. On the other hand the percent
parasitaemia for the ethyl acetate soluble phase was found to be low (7.0%) in contrast to those
mice administered DMSO as the negative control which exhibited 34.0%. In order to clearly
identify the active ingredients responsible for the antiplasmodial activity of the plant material, the
active portion was subjected to column chromatographic separation using column chromatographic
separation using silica gel and Sephadex LH20 to afford compound 86 (10 mg), 81 (40 mg), and
128 (30 mg). The structures of these compounds were established using physical and spectroscopic
methods with compound 86, 81, and 128 identified to be pinocembrin, santin and 15,16-epoxy-2-
hydroxy-3,13(16),14-clerodtriene-18-oic acid, respectively.

128

Compounds 86, 81 and 128 were assayed for their antiplasmodial activities. The percent
parasitaemia inhibition observed on administration of santin (81) at a dose of 100 mg/kg and 50

mg/kg were 85% and 80%, respectively. On the other hand pinocembrin (86) was found to induce
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inhibition of parasitaemia by 77% and 81% at doses of 20 mg/kg and 40 mg/kg, respectively,
where as 15,16-epoxy-2-hydroxy-3,13(16),14-clerodtriene-18-oic acid (128) inhibited the parasite
by 60% and 70% at doses of 20 mg/kg and 40 mg/kg, respectively. CQ suppressed the parasites by
100% at 25 mg/kg. The percent parasitaemia of pinocembrin (86), santin (81) and 15,16-epoxy-2-
hydroxy-3,13(16),14-clerodtriene-18-oic acid (128) were found to be 6.0 at 40 mg/kg, 4.0 at 100
mg/kg and 11.0 at 40 mg/kg of body weight, respectively. Furthermore, there was no significant
difference on mean body weight between Do and Dy in all groups of mice treated with the three
compounds isolated from the leaves of D. angustifolia compared to mice treated with the standard
drug (CQ). It was also found out that those mice treated with the extract and pure constituents
showed prolonged MST as compared to their negative control groups treated with DMSO. The
high percent suppression and low percent parasitaemia exhibited by compound 81, 86 and 128

presumably account for the traditional use of the leaves of D. angustifolia against malaria.

2.3.3.2. Radical Scavenging Assay

The DPPH radical scavenging activities of the hexane and the ethyl acetate soluble portions of the
ethanol extract of the leaves of D. angustifolia were examined by comparison with ascorbic acid.
The EtOAc and hexane soluble fractions exhibited percent inhibition of DPPH by 90% and 7%
at100 pg/mL, respectively. In contrast to the hexane fraction, the EtOAc soluble portion showed
immediate discoloration of methanolic solution of DPPH from purple to yellow. Furthermore, the

EtOAc soluble fraction exhibited the lowest ICso value as compared to the hexane fraction

indicating its high scavenging potential.

80

As a follow up to the antioxidant activities shown by the EtOAc soluble portion of the ethanol
extract of the leaves of D. angustifolia, the radical scavenging tests were done for all flavonoids
(pinocembrin, santin, 5,7,4’-trihydroxy-3,6-dimethoxyflavone, and 5,6,7-trihydroxy-3,4’-

dimethoxyflavone) isolated from the leaves of D. angustifolia.
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Table 6: Radical scavenging activities of flavonoids from the leaves of D. angustifolia

Tested samples % Scavenging of DPPH at 10 pg/mL  ICso
Pinocembrin 57 5.4

Santin 58 4.08
5,6,7-Trihydroxy-3,4’-dimethoxyflavone 70 4.37
5,7,4°-Trihydroxy-3,6-dimethoxyflavone 84 0.87
Ascorbic acid 90 0.45

Analysis were done in triplicates and the %scavenging of DPPH were reported as an average

The best radical scavenging activity was displayed by 5,7,4’-trihydroxy-3,6-dimethoxyflavone (2)
in comparison with the others (Appendix 3) with its radical scavenging property comparable with
ascorbic acid. This is most likely because of the fact that this compound has the right structural
feature (hydroxyl at C-4’) for free radical scavenging activity. Methylation and absence of hydroxy
group in flavonoids at 4’ position substantially reduce the antioxidant activity as observed in santin,
pinocembrin and 5,6,7-trihydroxy-3,4’-dimethoxyflavone (Table 6, Appendix 3). The ICso values

of compounds isolated from D. angustifolia exhibited good correlation coefficients.

2.4. Conclusion

Six compounds, namely, pinocembrin (86), santin (81), 5,6,7-trihydroxy-3,4’-dimethoxyflavone
(125),  5,7,4’-trihydroxy-3,6-dimetoxyflavone  (80), 15,16-epoxy-2-hydroxy-3,13(16),14-
clerodtriene-18-oic acid (128) and ent-16-hydroxy-labdan-3a,8/5-dihydroxy,13(14)-en-15,16-olide
(114) were isolated and characterized from the EtOAc soluble portion of the ethanol extract of the
leaves of D. angustifolia. 5,6,7-Trihydroxy-3,4’-dimethoxyflavone (125) has not been reported
before as a natural product. Activity guided antiplasmodial activity of the leaves of D. angustifolia

led to the isolation and characterization of three active compounds: pinocembrin, santin, and
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15,16-epoxy-2-hydroxy-3,13(16),14-clerodtriene-18-oic acid (128). The antiplasmodial activities
of these compounds were significant compared to chloroquine hence accounting for the traditional
use of this plant against malaria. All flavonoids isolated from the leaves of D. angustifolia
exhibited pronounced radical scavenging activities with 5,7,4’-trihydroxy-3,6-dimetoxyflavone (80)

identified to be the most active compound

2.5. Experimental

Plant material: D. angustifolia leaves were collected from Lideta Mariam, in November 2012,
near the Russian Embassy, Addis Ababa. The plant specimen was identified by Mr. Melaku
Wondafrash and a voucher specimen (TWO001/2012) of the plant was deposited at the National
Herbarium of Addis Ababa University, Addis Ababa, Ethiopia.

Reagents and Instruments: See section 1.5 (page 37)
Extraction and Isolation for Chemical Study

The ground leaves of D. angustifolia (150 g) were extracted with ethanol (750 mL) by shaking for
6 h with a mechanical shaker, filtered and concentrated using rotary evaporator at 40°C to afford
25 g (16 %). The ethanol free semi solid material was defatted with n-hexane (150 mL) and the
marc was extracted with EtOAc (150 mL) by shaking for 6 h, filtered and concentrated to afford
10 g (6%). The EtOAc soluble phase (6 g) was adsorbed on silica gel and subjected to silica gel
(80 g) column chromatography. The column was eluted using petrol:EtOAc of increasing polarities
to afford 30 fractions which were pooled together according to their TLC profile to eleven

combined fractions as depicted in Table 7.

Table 7: Column chromatographic fractionation of the EtOAc extract of the leaves of D.

angustifolia
Fractions Eluent (ratio) Volume of eluent in mL Amount in mg
Fr1&2 100% petrol 100 450
Fr 3-5 petrol:EtOAc (9:1) 100 1000
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Fr 6-10 petrol:EtOAc (9:1) 150 1000

Fr11-13 petrol:EtOAc (4:1) 100 200
Fr 14 petrol:EtOAc (4:1) 50 80
Fr 15-18 petrol:EtOAc (7:3) 160 700
Fr 19-21 petrol:EtOAc (1:1) 160 250
Fr22-24 petrol:EtOAc (1:2) 100 100
Fr 25-26 petrol:EtOAc (1:3) 80 300
Fr27&28 petrol:EtOAc (1:4) 80 150
Fr29&30 100% EtOAc 80 150

Fraction 3-5 (700 mg) was adsorbed and applied on a silica gel (13 g) column. Elution was done
first with petrol (10 mL, 20 mg, Frl) and then petrol:EtOAc (9:1, 30 mL, 80 mg, Fr2&3; 4:1, 20
mL, 35 mg, Fr4; 1:1, 20 mL, 30 mg, Fr5; 2:3, 40 mL, 109 mg, Fr6&7; and 1:4, 10 mL, 80 mg, Fr8)

of increasing polarities to afford eight subfractions. Fraction 8 was identified to be santin (80 mg).

Fraction 6-10 (700 mg) was adsorbed and chromatographed over silica gel (17 g). Elution was
done using petrol (10 mL, 10 mg, Frl) first followed by gradient elution of petrol:EtOAc (9:1, 20
mL, 25 mg, Fr2; 4:1, 120 mL, 200 mg, Fr3; 3:2, 60 mL, 80 mg, Fr4; 3:2, 20 mL, 60 mg, Fr5; 1:1,
40 mL, 120 mg, Fraction 6) and ended with 100% EtOAc (40 mL, 68 mg, Fraction 7). The TLC
(0.25 mm thick layer of silica gel on aluminum plate) profiles of Fraction 6 and Fraction 7 showed

one similar spot identified as santin (188 mg).

Fraction 11-13 (100 mg) were dissolved in MeOH:CHCI; (1:1) and applied on Sephadex LH20
using MeOH:CHCI; (1:1) as eluent to afford seven fractions (each 5 mL). The sixth and seventh
fractions showed one spot each on TLC (0.25 mm thick layer of silica gel on aluminum plate) and

found to be santin (25 mg) and pinocembrin (12 mg), respectively.

Fraction 15-18 (500 mg) was adsorbed and applied on a silica gel (15 g) column. Gradient elution
was conducted using petrol:EtOAc (9:1, 35 mL, 80 mg, Frl; 4:1, 20 mL, 50 mg, Fr2; 3:2, 30 mL,
50 mg, Fr3; 1:1, 20 mL, 60 mg, Fraction 4; 2:3, 20 mL, 80 mg, Fr5; and 1:4, 20 mL, 80 mg,
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Fraction 6) and ended using 100% EtOAc (20 mL, 112 mg, Fr7) to afford seven subfractions. On
TLC examination, Fr4 and Fr6 showed one spot each on TLC(0.25 mm thick layer of silica gel on
aluminum plate) which were identified as santin (80 mg) and 15,16-epoxy-2-hydroxy-
3,13(16),14-clerodtriene-18-oic acid (80 mg), respectively. On the other hand, Fraction7 was
suspended in CHCI;s and filtered. The filtrate was concentrated to afford yellowish solid identified
to be 3,5,7-trihydoxy-6,4’-dimethoxyflavone (18 mg).

Fraction 19-21 (250 mg) was adsorbed on silica gel and chromatographed over silica gel (12 g).
Elution was done using petrol (20 mL, 20 mg, Frl) first followed by petrol:EtOAc (9:1, 20 mL, 30
mg, Fr2; 4:1, 30 mL, 188 mg, Fraction 3; and 1:1, 60 mL, 68 mg, Fr4) to afford four subfractions.
On eluting the fourth fraction a solid formed which was separated by decantation to afford 5,6,7-
trihydroxy-3,4’-dimethoxyflavone (12 mg). The third fraction was applied on Sephadex LH20
and eluted using MeOH:CHCI3 (1:1, 10 mL each) to afford seven subfractions. The third and
fourth subfractions were identified as 15,16-epoxy-2-hydroxy-3,13(16),14-clerodtriene-18-oic
acid (160 mg).

Fraction 25-26 (100 mg) was dissolved in CHCl;:MeOH (1:1) and applied on Sephadex LH-20
and eluted with CHCl3:MeOH (1:1) to afford seven fractions (each 10 mL). Fractions 2 and 3 were
combined (30 mg) to afford ent-16-hydroxy-labdan-3a,8p-dihydroxy,13(14)-en-15,16-olide
(114). The flow sheet diagram showing the extraction and isolation of compounds from the leaves

of D. angustifolia is depicted in Scheme 1.
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| 80 (18 mg)
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Scheme 1: Flow sheet diagram showing fractionation of EtOAc soluble portion of D. angustifolia

leaves

Leaf Surface Extraction of D. angustifolia: Freshly cut D. angustifolia leaves (5 g) were
individually dipped into a 100 mL beaker filled with acetone (40 mL) for 30 seconds with gentle
swirling. Evaporation of the solvent using rotary evaporator gave a yellowish resin-like material

(500 mg, 10%). The dried extract was re-dissolved in acetone and analyzed using silica gel TLC.

Extraction and Bioassay Guided Fractionation of the Leaves of D. angustifolia: The powdered
leaves (100 g) of D. angustifolia were extracted with 80% aqueous MeOH by shaking for 6 h using
mechanical shaker. The greenish filtrate obtained after filtration was diluted to 50% aqueous
methanol solution and partitioned with ethyl acetate. The ethyl acetate soluble phase was dried
over anhydrous Na,SQOs, filtered and concentrated under reduced pressure to afford 4.5 g (4.5%
with respect to dried plant material) dark green solid. It was adsorbed on silica gel and
chromatographed over a silica gel (80 g) column packed with n-hexane. The column was eluted

with hexane:EtOAc of increasing polarities to afford twenty seven fractions as shown in Table 8.
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Table 8: Column chromatographic fractionation of the EtOAc soluble portion of the 70% aqueous

EtOH extract of the leaves of D. angustifolia

Fractions Eluent (ratio) Volume of eluent in mL Amount in mg
Frl 100% hexane 20 30
Fr2-4 hexane:EtOAc (4:1) 90 180
Fr 5-6 hexane:EtOAc (3:2) 60 400
Fr 7-8 hexane:EtOAc (3:2) 60 120
Fr9-10 hexane:EtOAc (1:1) 60 80
Fr11 hexane:EtOAc (2:3) 40 120
Fr 12-14 hexane:EtOAc (1:4) 90 120
Frl15 EtOAc 40 20
Fr 16-18 EtOAc 120 150
Fr 19-21 EtOAc 90 200
Fr 22-25 EtOAc 120 300

Fr 26-27 EtOAc 60 2

Bioassay result conducted traces the activities into four combined fractions (Fr7&8, Fr9&10, Frl1-
15 and Fr19-21). Hence, Fr7&8 was suspended in petrol. Upon washing the petrol insoluble
fraction with diethyl ether gave santin (40 mg) as yellow crystals. The diethyl ether soluble phase
was concentrated and applied on Sephadex LH20 using MeOH:CHCls (1:1) as eluent to afford
pinocembrin (10 mg). The other active fraction, F9&10, was concentrated and dissolved in hot
EtOAc:MeOH (1:1). The solid formed on addition of hexane was filtered to give 15,16-epoxy-2-
hydroxy-3,13(16),14-clerodtriene-18-oic acid (30 mg). Likewise washing Fr11-15 and Fr19-21
with EtOAc:ether (1:1) gave 15,16-epoxy-2-hydroxy-3,13(16),14-clerodtriene-18-oic acid as a

white solid. The extraction and isolation procedure is schematically shown in Scheme 2
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Scheme 2: Flow sheet diagram showing bioassay guided fractionation of the leaves of D.

angustifolia
DPPH Radical Scavenging Assay: Performed in accordance with the procedure on page 45 and 46

Pinocembrin (86): yellow solid; soluble in CHCIs, mp 190-191°C; [a]Z, = -12.5 (c 0.4, EtOH);

UV(MeOH) Amax nm: 290, 333; TLC: Rf 0.65 (eluent EtOAc:petrol, 3:2); (-)-ESI-FT-MS: m/z
255.0663 (caled 255.2538 for CisH1104), molecular formula CisHi20s; 'H NMR (400 MHz,
CDCl): 6u 2.6 (1H, dd, J=17.20, 3.20, H-3), 2.91 (1H, dd, J = 17.20, 12.80, H-3), 5.25 (1H, dd,
J=12.8,2.80, H-2), 5.82 (1H, 4, J = 2.00, H-8), 5.83 (1H, d, J =2.00, H-6), 7.26 (SH, m, H-2’-6’);
13C NMR (100 MHz, CDCl3): d¢c 195.6 (C-4), 166.8 (C-7), 163.7 (C-5), 163.0 (C-9), 138.8 (C-1°),
0128.6 (C-2’,4’ and 6°), 125.9 (C-3’ and 5°), 102.2 (C-10), 96.3 (C-6), 95.4 (C-8), 78.9 (C-2) and
43.0 (C-3)
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Santin (81): Yellow solid; soluble in methanol; mp 160-161°C; TLC: Rf 0.64 (mobile phase
EtOAc:petrol, 3:2); UV (MeOH) Amax nm: 271, 338; optically inactive; IR vem-1: 1646 (C=0), C-O
(1090), C-H (2924); (-)-ESI-FT-MS: m/z at 343.0858 (calcd 343.3154 for CisHi507), molecular
formula Ci3H607; '"H NMR (400 MHz, CDClz): du 3.86 (3H, s, OCH3), 3.91 (3H, s, OCH3), 4.05
(3H, s, OCH3), 6.57 (1H, s, H-8), 7.03 (2H, d, J = 8.80, H-2’ and 6’), 8.08 (2H, d, J = 8.80, H-3’
and 5°) and 12.9 (1H, s, 5-OH); '3C NMR (100 MHz, CDCls) ¢ in ppm: dc 179.2 (C-4), 161.7 (C-
4%), 156.1 (C-2), 155.0 (C-9), 152.2 (C-7), 151.8, 138.4 (C-3), 130.2 (C-2’, 6°), 130.0 (C-6), 122.7
(C-17), 114.1 (C-3°, 5°), 106.2 (C-10), 93.2 (C-8), 60.1 (OCH3), 60.9 (OCH3) and 55.4 (OCH3)

5,6,7-Trihydroxy-3,4’-dimethoxyflavone (125): Yellow solid; optically inactive; mp 226-229°C;
TLC: Rf 0.50 (mobile phase EtOAc:petrol (3:2)); UV (MeOH) Amax nm: 285, 348; (+)-ESI-FT-MS:
m/z 331.0803 (calcd 331.2968 for Ci7H1507), the molecular formula C17H407; 'H NMR (400 MHz,
CD;COCD:3): 6u 3.80 (3H, s, OCH3), 3.90 (3H, s, OCHz3), 6.42 (1H, s, H-8), 7.12 (2H, d, J = 8.80,
H-2’ and 6°), 8.02 (2H, d, J = 8.80, H-3” and 5” ), and 12.60 (1H, s, 5-OH); '3C NMR (100 MHz,
CD3COCD:3) ¢ in ppm: oc 178.7 (C-4), 161.7 (C-4’), 155.8 (C-2), 152.8 (C-7), 149.7 (C-9), 146.7
(C-5), 138.2 (C-3), 130.0 (C-2°,6%), 128.5 (C-6), 6 123.0 (C-1"), 113.9 (C-3°,5°), 105.2 (C-10), 0
93.5 (C-8), 54.9 (OCH3), 59.3 (OCH3)

5,7,4’-Trihydroxy-3,6-dimethoxyflavone (80): Yellow solid; TLC: Rf 0.45 (mobile phase
EtOAc:petrol (3:2)); 'H NMR (400 MHz, CDCIl3/CDsOD): du 3.60 (3H, s, OCHs), 3.70 (3H, s,
OCHs3), 6.30 (1H, s, H-8), 6.70 (2H, d, J = 8.80, H-2’ and 6’) and ¢ 7.74 (2H, d, J = 8.80, H-3" and
5%); BC NMR (100 MHz, CDCI3/CD30D) 6 in ppm: dc 179.0 (C-4), 160.0 (C-2), 157.4 (C-5),
156.5 (C-7), 152.0 (C-4’), 138.0 (C-3), 131.0 (C-6), 130.0 (C-2’, 6°), 115.2 (C-3°, 5’), 105.0 (C-
10), 94.0 (C-8), 59.9 (OCH3) and 59.4 (OCH3).

15,16-Epoxy-2-hydroxy-3,13(16),14-clerodtriene-18-oic acid (128): White solid; mp 145-147°C;
TLC: Rf 0.35 (mobile phase EtOAc:petrol (3:2)); [a]i, = -17.5 (¢ 0.4, MeOH); (-)-ESI-FT-MS:

m/z 331.1990 (caled 331.4339 for C20H2704), molecular formula C20H2804; UV Amax nm: 270, 333;
IR Uem-1: 1690 (carboxyl), 3375 (O-H), 2962 (C-H) and 1027 (C-O); 'H NMR (400 MHz,
CDCl3/CDsOD): ou 1.98 (1H, m, H-1), 1.39 (1H, m, H-1), 4.30 (1H, m, H-2), 6.60 (1H, m, H-3),

1.12 (1H, m, H-6), 2.30 (1H, m, H-6), 1.46 (1H, m, H-7), 1.39 (1H, m, H-7), 1.51 (1H, m, H-8),
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1.37 (1H, m, H-10), 1.51 (1H, m, H-11), 1.62 (1H, m, H-11), 2.10 (1H, m, H-12), 2.30 (1H, m, H-
12), 6.25 (1H, br s, H-14), 7.30 (1H, ¢, J = 1.80, H-15), 7.20 (1H, s, H-16), 0.80 (3H, d, J = 6.40,
H-17), 1.26 (3H, s, H-19), and 0.73 (3H, s, H-20); '*C NMR (100 MHz, CDCl;/CD;OD) § in
ppm: dc 18.3 (C-20), 18.1 (C-12), 15.9 (C-17), 20.4 (C-19), 26.9 (C-7), 27.4 (C-1), 35.5 (C-6),
35.9 (C-8), 37.9 (C-5), 38.4 (C-9), 38.5 (C-11), 45.2 (C-10), 68.5 (C-3), 110.9 (C-14), 125.3 (C-
13), 138.3 (C-16), 138.9 (-C-3), 142.7 (C-15), 143.3 (C-4) and 169.9 (C-18)

Ent-16-hydroxy-labdan-3a,8f-dihydroxy,13(14)-en-15,16-olide (114): TLC: Rf 0.20 (mobile
phase EtOAc:petrol (3:2)); 'H-NMR (400 MHz, DMSO-d6): du 7.60 (1H, 16-OH), 7.00 (1H, bro.
s, H-14), 6.00 (1H, d, J = 8.26 Hz, H-16), 3.00 (1H, H-3), 4.30 (1H, 3-OH), 3.90 (1H, 8-OH),
0.81 (1H, dd, J = 8.20 Hz and 1.92 Hz, H-5), 1.01 (1H, H-9), 1.69 (1H, m, H-7), 1.33 (1H, m, H-
7), 1.58 (1H, m, H-1), 0.96 (1H, m, H-1), 1.29 (1H, m, H-11), 0.86 (1H, m, H-11), 0.89 (2H, H-12),
1.46 (2H, m, H-2), 1.55 (2H, m, H-6), 1.00 (3H, s, H-17), 0.89 (3H, s, H-18), 0.72 (3H, s, H-20)
and 0.65 (3H, s, H-19); 3C-NMR (100 MHz, DMSO-d6) ¢ in ppm: dc 172.2 (C-15), 145.7 (C-14),
136.8 (C-13), 97.6 (C-16), 77.2 (C-3), 72.5 (C-8), 60.8 (C-9), 55.1 (C-5), 44.4 (C-7), 38.9 (C-4),
38.6 (C-10), 37.9 (C-1), 28.7 (C-18), 28.3 (C-12), 27.3 (C-2), 24.0 (C-17), 23.2 (C-11), 20.2 (C-6),
16.1 (C-19) and 15.7 (C-20).
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Part 3

Comparative Chemical Studies of Moringa stenopetala and Moringa oleifera
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3.1. Introduction
3.1.1. The family Moringaceae and the genus Moringa

The family Moringaceae is a monotypic family that contains only one genus known as Moringa
[144]. The genus Moringa comprises 14 species confined to Asia and Africa. These are M.
pterygosperma, M. oleifera, M. arborea, M. borziana, M. concanensis, M. drouhadii, M.
hildebrandtii, M. longituba, M. ovalifolia, M. peregrina, M. pygmaea, M. rivae, M. ruspoliana and
M. stenopetala [145]. Two of the fourteen Moringa species occur in Asia including the widely
cultivated M. oleifera [146]. Twelve species of Moringa are known to occur in Africa [146], of
which six are found in Ethiopia, namely, M. arborea, M. borziana, M. longituba, M. rivae, M.

ruspoliana and M. stenopetala [146].

The Asian M. oleifera is the most well known and widely distributed species. M. stenopetala,
originating from Ethiopia, is the second most prominent Moringa species in terms of its economic
and medicinal uses. Although there is huge body of scientific and other information on M. oleifera,
there is only one report [147] to our knowledge that dwells on the comparison of these two species
with respect to their main chemical constituents. Our work reported here is a further contribution
that compares the nature and level of the main chemical constituents present in the two Moringa

species.

3.1.1.1. Moringa oleifera

M. oleifera is the best known species of the genus which is widely cultivated in India [148]. It has
also been introduced throughout the tropics and subtropics including in many African countries.
The plant is commonly named as Drumstick Tree (from the appearance of the seedpods), Ben Oil
Tree (from its pressed seed oil), and Horseradish Tree (from the taste of the roots which resembles
horseradish and because its roots are used as horseradish substitute). M. oleifera is a small or
medium sized tree, about 10 m high [148]. The bark is white, grey or pale brown. The branches
bear two or three pinnate leaves. It is drought tolerant and grows best in the hot, semi-arid tropics

with rainfalls of 250-1500 mm and altitude of less than 1000 m
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Every part of M. oleifera tree is said to have beneficial properties. It has long been known in folk
medicine as having extraordinary properties [149] including treatment of heart complaints, eye
diseases, tumors, and earache [150]. There is ample evidence in the literature showing the plant to
have a wide array of biological activities including anti-tumor [151-155], anti-hyperglycemic [156-
159], antimalarial [160], antioxidant [153-155], anti-inflammatory [161-163], antifungal [164], and
antibacterial [149].

M. oleifera is among the most nutritious trees in the world with all parts except the wood are edible
[165-167]. Nutritional analyses showed that the leaves offer great varieties of nutrients including
proteins [165, 168-170] with all standard twenty amino acids [166]. The leaves of M. oleifera are
outstanding as a source of vitamin A and vitamin C [169, 171]. It provides considerable quantities
of macro nutrients (Ca, P, Na, K, and Mg) and micronutrients (Mn, Cu, Fe, and Zn) [167, 172].
The seeds are good water clarifying agents [173]. The active agents playing a role in the water
purifying properties of Moringa species are reported to be basic cationic polypeptides [174] which
attract predominantly negatively charged particles such as clay, silk, and other toxic particles in
water. Flocculation process occurs when peptides bind the negative charges forming flocs through

the aggregation of particles in the water.
3.1.1.2 Moringa stenopetala

M. stenopetala, a tree growing to 12 m high, is endemic to East Africa mainly southern Ethiopia, Somalia and
northern Kenya. It is the second most important domesticated Moringa species after M. oleifera
which is known by different names including Cabbage Tree (English), Shiferaw (Ambharic), Aleko
(Gamo Gofa), Shalkayda (Konso), Haleko (Burji, Derashe), and Halakwa (Wollayta) [175]. The
species occurs in southemn Ethiopia between 500 and 1600 m. The leaves, seeds and pods of M.
stenopetala are larger in contrast to M. oleifera. On the other hand pods of M. stenopetala have

twisted shape while those of M. oleifera are straight.

M. stenopetala is a highly valued plant cultivated in home gardens in southern Ethiopia where the
leaves are eaten as vegetables [176]. The flowers of M. stenopetala can be eaten or used to make
tea [169]. Beside the nutritional aspect of M. stenopetala, the plant is traditionally used for the

treatment of different ailments such as malaria, hypertension, and some other problems like asthma
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and diabetes. It is also used to heal stomach-ache and expel retaining placenta in women [177].
Pharmacological reports showed that the leaves of M. stenopetala showed anti-leishmanial [178],
antispasmodic [177], anti-hyperglycemic [157-159], antibacterial [149], and blood pressure
lowering properties [179]. Nutritionally, different parts of M. stenopetala have been shown to have
a wealth of essential and disease-preventing nutrients comparable with M. oleifera [167, 168, 172].
The seedcake powder is recommended for water treatment through coagulation [168]. Its water
clarifying property is more effective than M. oleifera [168]. Furthermore Moringa seedcake can
also be used to reduce the incidence of water borne diseases such as diarrheal diseases, and its

effectiveness is related to the glucosinolate profile [180].
3.1.1.3. Review of the Chemistry of the Genus Moringa

Literature survey of the previous phytochemical studies on the genus Moringa shows that the plant
is rich in alkaloids, flavonoids, glycosides, phenolics, glucosinolates, isothiocyanate, steroids,
triglycerides and fatty acids. So far, over 60 compounds have been reported from M. oleifera and
M. stenopetala. The most structurally unique compounds reported from the genus are
carbamates/thiocarbamates and glucosinolate with the latter producing isothiocyanates on
hydrolysis (mustard oils). A complete list of compounds reported so far from the genus Moringa

is given in Table 1
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Table 1: List of compounds from Moringa organized by compound class

Cpd class Cpd name Str. Plant Plant part Ref
No source
Alkaloids Moringine 130 M.o RB [157]
Pyrrolemarumine 4-O-a-L-rhamnopyranoside 131 Mo RT [181]
Amide Marumoside A 132 « LF [162]
Marumoside B 133 « LF [162]
Aurantiamide acetate 134 « « [162]
Carbamate/thiocar  E)-O-cyano 4-(R-L-rhamnosyloxy)- 135 « Pod [181]
bamate benzenethiocarbamate
E)-O-cyano-4-(O-acethyl-R-L-rha 136 « « [181]
mnosyloxy)benzenethiocarbamate
Benzyl thiocarbamate 137 « «“ [181]
4-(a-L-rhamnopyranosyloxy) benzylcarbamate 138 “ LF [181]
0O-Methyl-4-(4’-O-acethyl-a-L-rha mnosyloxy)benzyl 139 « SD [182]
thiocarbamate
Benzylcarbamothioethionate 140 «“ RB [182]
O-ethyl-4-(a-L-rhamnosyloxy)benzyl carbamate 141 « SD [151]
4 (a-L-rhamnosyloxy) benzyl isothiocyanate 142 « « [151]
Niazimicin 143 «“ «“ [151]
Niazirin 144 «“ «“ [151]
Niazinin 145 «“ «“ [151]
Esters n-Heptacosanyl n-octadec-9, 12,15-trieneonate 146 « SB [182]
n-Docas-4-en-11-one-1-yl-n-decanoate 147 « « [182]
1,3-Dilinoleoyl-2-olein 148 M.s RT [183]
1,3-Dioleoyl-2-linolein 149 « « [183]
Fatty acids Palmitic acid 78 « RW [184]
Oleic acid 150 « « [184]
Octacosanoic acid 151 M.o SD [184]
Stearic acid 77 Mo/M.s « [185,186]
Linoleic acid 152 «“ «“ «“
Arachidic acid 76 «“ “ “
Gadoleic acid 153 «“ «“ «“
Behenic acid 75 “ “ “
Flavonoids Kaempferol 154 M.o LF [187]
Rhamnetin 155 «“ «“ [187]
3-Hydroxy-4-phenylchromenone 156 “ « [187]
Quercetin 157 «“ «“ [157]
Fla. Gly. Kaempferitrin 158 « « [187]
Isoquercitrin 159 « « [187]
D-(6’-O-malonyl)-glucoside 160 « « [187]
Astragalin 161 « « [187]
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Table 1 continued

Kaempferol 3-O-f-D-(6’’-O-malonyl)-glucoside 162 «“ «“ [187]
Rutin 163 M.s LF [188]
Glucosinolate 4-(a-L-rhamnopyranosyloxy) benzyl glucosinolate 164 M.o/M.s «“ [179]
Hydrocarbon n-Octacosane 165 Mo «“ [184]
Isothiocyanate Isothiocyanatomethylbenzene 166 Mo « [182,
189]
4-(4’-O-acethyl-a-L-rhamno- syloxy)- 167 “ “ [182]
benzylisothiocyanate
4-(a-L-rhamnopyranosyloxy)-benzylisothiocyanate 168 M.o/M.s SD/LF [182,
189]
4-(f-D-glucopyranosyl-1—4-a-L- 169 M.o “ [182]
rhamnopyranosyloxy)-benzyl isothiocyanate
4-(4’-O-acethyl-a-L-rhamnosyloxy)-benzaldehyde 170 M.s LF [188]
Nitrile Niazirin 171 Mo Pod [190]
Niaziridin 172 «“ «“ [190]
15-Cyano-pentadecanoic acid methyl ester 173 « « [191]
Phenolics 4-Hydroxyphenyl acetic acid 174 M.o SD [182]
4-0-(4-0-a-D-glucopyranosyl) caffeoyl quinic 175 « LF [187]
acids
4-0-(3-0-a-D-glucopyranosyl) caffeoyl quinic 176 « « [187]
acids
Chlorogenic acid 177 «“ «“ [187]
4-0-Caffeoyl quinic acid 178 «“ «“ [187]
5-O-Caffeoyl quinic acid 179 «“ «“ [187]
Steroids p-Sitosterol 180 M.s RW [184]
3-0-(6’-0-oleoyl-B-D-glucopyranosyl)-f-sitosterol 181 M.o SD [192]
Sitosterol-3-O-f-D-glucopyranoside 64 M.o/M.p « [192,
193]
Miscellaneous Nitrile 182 M.o [157]
Thiocyante 183 “ [157]
Isothiocyanate 184 “ [157]

M.s: M. stenopetala; M.o: M. oleifera; M.p: M. peregrina; LF: leaf; SD: seeds; RT: root; RW: root wood; RB: root
bark; SB: stem bark; Cpd: compound; Fla. Gly.: Flavonoid Glycosides
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The chemical structures of compounds so far reported from M. oleifera (53 compounds) and M.

stenopetala (13 compounds) are given as follows

Alkaloids and amides [157, 162]

& @m\ P NOH;

HO™ HO

Carbamates and thiocarbamate glycosides [151, 182, 183]

S o)

@A @AN*OCN @A*
%f ﬁ\f J@f N

141 142

S

S
N)J\OCH CH P
(0]
777, ) /
Q ﬁ\of
HO
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143 HO 144 145
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Esters/triglycerides [182, 183]

CH3 (CH2)25CH20CO(CH2)7(CH=CHCH2)3CH3 CH3(CH2)10CO(CH2)5CH=CH(CH2).,CH,OCO(CH2)sCH3

)(J)\/\/\/giw_\/\/\ MVW/\/\
0 o T T O o
%O/l\/\/\/\/;/\/\/\/ %O/j\/\/\/\/:\/z\/\/\
O\”/\/\/\/E/E/\/\/ O\[I/\/\/\/E/\/\/\/\
o) 148 0 149

Fatty acids [184-186]

@&m@mc&
mmmm

Flavonoids and flavonoid glycosides [187, 188]

154 155 156 157
OH 158 Ry =0H, R, =rham, R3 =H, R4 = rham
159 R;=OH, R,=Glu, R3 = OH, Ry=H
R4O O R 160 R;=OH, R,=Glu-malonyl, Rs=OH, Ry=H
O‘ ! 161.R, = H, R,=Glu, R3 = OH, Ry=H
OR2 162. R1 = H, R2 = Glu-malonyl, R3 = OH, R4 =H
Ry O 163. R; = OH, R, = Glu-rham, Rs = OH, Ry=H
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Glucosinolate and Hydrocarbon [179, 184]

-058Q

Isothiocyanates [182, 188, 189]
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Nitriles and Phenolics [180, 182, 187, 190, 191]
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Steroids and other miscellaneous compounds [157, 184, 192, 193]

HO —
oy f o f R oo
180.R=H HO S%\N/\é/&o 183 R=-SC=N

181.R = 6'-O-oleoyl-D-glucopyranosyl OH 184 R=-N-C=s
RO 64. R = /-D-glucopyranosyl

The demand for the leaves and seeds of the two Moringa species is increasing because of the
outstanding nutritional and medicinal applications. There is considerable interest among the public
who also demand to know if there are scientific bases on the increasing popularity of the two
species. In spite of the fact that M. stenopetala is known for its pharmacological, nutritional and
water clarification properties, little work has been done on its chemistry. The main aim of this work
was to contribute to the chemical study of the leaves and seeds of M. stenopetala. This has then led
us to embark on the comparison of the chemical constituents of M. stenopetala with the better
known M. oleifera. Our results not only help to distinguish the two species by relying on their
respective diagnostic markers but could also aid in quality control of both species. Furthermore,
while the antioxidant activities of M. oleifera are well documented in the literature [152, 153],
there is no report describing the antioxidant potential of the leaves of M. stenopetala. Hence, the
radical scavenging and anti-lipid per-oxidation potential of the extracts of M. stenopetala are

reported here for the first time.
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3.2. Objectives

The main objectives of this work are to
isolate and characterize marker compounds from the leaves of the two Moringa species

develop TLC, UV and HPLC-MS profiles of the leaves of M. stenopetala and M. oleifera

1

2

3. determine the level of rutin in the leaves of M. stenopetala

4. 1isolate and characterize compounds from the leaves and seeds of M. stenopetala
5

evaluate the radical scavenging and anti-lipid per-oxidation potential of the extract and

constituents of the leaves of M. stenopetala
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3.3. Results and Discussion

The extracts of the leaves of the two Moringa species, M. stenopetala and M. oleifera, were
compared using TLC, HPLC-MS, and UV-Vis spectrophotometry. The results obtained in this
work showed significant differences in the chemical profiles of the extracts of the leaves of the two
species. Three flavonoid glycosides, one from M. stenopetala and two from M. oleifera, were
isolated and characterized. Analysis of the extract of M. stenopetala leaves revealed the presence
of rutin (163), which however was not observed in the extracts of M. oleifera leaves in consistence
with previous literature report [147]. On the other hand quercetin-3-O-f-D-glucoside (159) and
kaempferol-3-O-f4-D-glucoside (161) were identified from the leaves of M. oleifera but not in the
leaves of M. stenopetala. Furthermore the leaves of the two Moringa species were found to have

one common compound, namely, sitosterol-3-O-f-D-glucoside (64)

High performance thin layer chromatographic (HPTLC) method for the quantitative determination
of rutin in M. stenopetala leaves was developed and validated. Results showed that the amount of
rutin in the 70% aqueous ethanol extracts of the leaves of M. stenopetala was found to be
1.9+£0.08%. The level of rutin obtained using UV-Vis spectrophotometry (1.8%) and isolation
(1.9%) were found in close agreement with the results obtained using HPTLC. The complete
structure elucidations of flavonoid glycosides, fingerprint analysis of the leaves of M. stenopetala

and M. oleifera, and quantification of rutin in the leaves of M. stenopetala are described below.

3.3.1. Isolation and Characterization of Marker Compounds from the Leaves of M.

stenopetala and M. oleifera

Column chromatographic fractionation of the 70% aqueous ethanol extract of the leaves of M.
oleifera over Diaion HP-20 followed by silica gel column chromatography afforded three
glycosides: quercetin-3-O-f-D-glucoside (159), kaempferol-3-O-f-D-glucoside (161) and
sitosterol-3-O-f-D-glucoside (64). Diaion HP-20 is composed of styrene-divinyl benzene
copolymers used as traps for organic compounds containing double bond(s) and/or aromatic
groups [194] on washing the column with water while those without such groups are eluted
through the column. On the other hand the 70% aqueous ethanol extract of the leaves of M.

stenopetala furnished rutin (163) as the major constituent.
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Rutin (163)

Compound 163 was obtained as yellow solid and was recrystalized from methanol, mp 189-191°C
(Lit. 187-190°C) [188]. The TLC Rf value was 0.50 on a 0.25 mm thick layer of silica gel on
aluminum plate eluted with EtOAc:MeOH (3:2) as eluent. It was visualized after spraying with fast

blue B salt. The compound was optically active with [a], = +3.50 (¢ 0.4, EtOH). The UV-Vis

spectrum (MeOH) showed absorption maxima at 260 and 357 nm which are features of flavonols
with the 3-OH substituted. The IR spectrum of compound 163 showed an absorption band at 3428
cm’! due to the presence of hydroxyl group. The absorption band at 1653 c¢cm™ is attributed to
chelated a,f-unsaturated carbonyl demonstrating the presence of 5-OH group. The negative mode
ESI-FT-MS displayed molecular ion peak at m/z 609.1451 (caled 609.5095 for Ci7H29016)
compatible with the molecular formula C27H30016 which is in agreement with the *C-NMR which
showed carbon resonances of twenty seven carbon atoms. Other prominent peaks observed in the
mass spectrum of compound 163 were at m/z 465 and 302 presumably due to the sequential losses

of two hexose sugars from the parent ion establishing the aglycone as quercetin.

With the aim to confirm the identity of the aglycone, compound 163 was subjected to acid
hydrolysis which gave a yellowish solid (20%) identified to be compound 157. The TLC Rf value
was 0.7 on a 0.25 mm thick layer of silica gel on aluminum plate using EtOAc as eluent. It was
visualized as yellow spot after spraying with vanillin/H,SOs. The UV-Vis spectrum (MeOH) of

compound 157 demonstrated absorption maxima at 255 and 372 nm suggesting flavonoid
chromophore with the 3-OH unsubstituted. The [a]i, = 0.00 (¢ 0.4, EtOH) suggesting 157 is
achiral. The IR spectral analysis of compound 157 showed the presence of a hydroxyl stretching

band at 3391 c¢cm'. The (+)-ESI-FT-MS of compound 157 displayed m/z at 303.0510 (caled
303.2436 for Ci15H1107) corresponding to the molecular formula Ci5H1007.

The '"H-NMR spectrum of compound 157 showed a signal at 6 12.20 (1H, s) due to chelated
hydroxy group which is in agreement with the presence of 5-OH. The three aromatic proton
signals at 6 7.84 (1H, 4, J=2.00 Hz, H-2"), 7.71 (1H, dd, J = 8.80 Hz and 2.00 Hz, H-6’), and 7.00
(1H, d, J = 9.2 Hz, H-5’) are typical of a flavonoid with 3’,4’-disubstituted B ring. The other
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aromatic proton signals at 6 6.53 (1H, d, J = 1.60 Hz, H-8) and 6.27 (1H, d, J = 1.60 Hz, H-6) are

apparently due to meta coupled protons on the A-ring of flavonoid.

The proton decoupled *C-NMR spectrum combined with DEPT-135 of compound 157 revealed
the presence of only five methine and ten quaternary carbons (Table 2). The presence of an a.f-
unsaturated ketone is evident from the appearance of the carbonyl carbon signal at § 175.6. The
NMR spectral data of compound 157 was compared with that reported in the literature for

quercetin (Table 2).

Table 2: The 'H- and'3*C-NMR spectral data of 157 and the reported data for quercetin (J in ppm, J in
Hz) [195]

NMR spectral data of compound 157 (CD3COCD3) Data reported for quercetin (DMSO-d6) [195]
Position BC-NMR '"H-NMR BC-NMR '"H-NMR

2 146.1 - 147.9 -

3 135.8 - 137.2 -

4 175.7 - 177.3 -

5 161.1 - 162.5 -

6 98.2 6.27 (1H, d, J = 1.60) 99.3 6.17 (1H, d, J = 2.00)

7 165.1 - 165.7 -

8 93.5 6.53 (1H, d, J = 1.60) 94.4 6.37 (1H, d, J = 2.00)

9 156.9 158.0

10 103.2 104.4

I 122.8 124.1

2’ 114.8 7.84 (1H, d, J=2.00) 116.0 7.73 (1H, d, J = 2.00)
3 144.9 146.2

4 147.4 148.7

5’ 115.3 7.00 (1H, d, J=9.20) 116.2 6.87 (1H, d, J = 8.00)

6 120.5 7.71 (1H, dd, J = 8.8, 2.00) 121.0 7.62 (1H, dd, J = 2.0, 7.50)
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The physical and spectral data of compound 157 are in close agreement with the data reported in
the literature for quercetin [195]. The above NMR spectral results substantiate the mass spectral

analysis of compound 157 indicating that the aglycone of compound 163 is quercetin.

The '"H-NMR spectrum of compound 163 showed a singlet at 12.60 (1H) due to chelated hydroxy
group. The proton signals observed in the aromatic region at 6 7.54 (1H, dd, J = 8.24, 2.40 Hz),
7.50 (1H, d, 2.40 Hz) and 6.84 (1H, d, J = 8.24 Hz) are ascribed to H-6’, H-2’, and H-5’,
respectively. The two doublets observed at 6 6.30 (1H, d, J = 2.10 Hz, H-8) and 6.20 (1H, d, J =
2.10 Hz, H-6) are characteristic of a phloroglucinol-type A-ring in a flavonoid. The two doublets at
0 535 (1H, d, J = 7.83 Hz) and 4.38 (1H, bro. s) are assigned for the anomeric protons of the
glucose, H-1""and rhamnose H-1""" moieties, respectively. The latter signal along with the doublet
observed at ¢ 0.97 (3H, J = 6.09 Hz) for a secondary methyl group were evident for the presence of
rhamnopyranose moiety. On the basis of its coupling constant, the configuration of the glucose
moiety was established as f [196, 197]. The spectrum also exhibited a series of peaks in the region
between 4.00-3.00 accounting for the presence of sugar moieties. The signal at 6 5.14, 4.60 and

4.45 are due to protons on the oxygen atoms of hydroxyl groups in the structure of the compound.

The proton decoupled "*C-NMR together with the DEPT-135 spectrum of compound 163
displayed ten quaternary, one methyl, one methylene and fifteen methine carbons. The downfield
signal at 0 177.7 (C-4) suggested the presence of an a,f-unsaturated carbonyl group in agreement
with the FT-IR spectrum of the compound. Other signals in the '*C-NMR spectrum were observed
at 0 156.8 (C-5), 161.6 (C-7), 157.0 (C-2), 164.4 (C-9), 148.8 (C-4"), 145.1 (C-3°), 133.7 (C-3),
122.0 (C-6’), 121.5 (C-17), 116.6 (C-2"), 115.6 (C-5"), 104.3 (C-10), 99.1 (C-6) and 94.0 (C-8). A
series of signals in the region between ¢ 80.0 to 67.4 combined with the signals at 0 101.5 (C-1""),
101.1 (C-1""") and 18.2 (C-6"") are evident for the presence of two sugar units. The methyl signal

at 6 18.2 further supports the presence of a rhamnose group in compound 163.

A long range 'H/'3C-NMR correlation was observed between the proton signal at § 6.20 (H-6) with
the carbon signal at ¢ 156.8 (C-5), 161.6 (C-7), 94.0 (C-8) and 104.3 (C-10) justifying the location
of these carbons on ring A of a flavonoid. H-8 showed HMBC correlations with C-7 (6 161.6), C-9
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(0 164.4), C-6 (0 99.1) and C-10 (0 104.3). H-2’ correlates with C-2 indicating that ring C is
connected to ring B of the flavonoid skeleton through C-2 (6 157.0). H-5" showed HMBC cross
peaks with C-6°, C-3° and C-1° while H-6" correlates with C-1°, C-2°, C-4’ and C-5" which
confirm the presence of these carbons on the same ring of the flavonoid. The NMR spectral data of

compound 163 were compared with that reported in the literature for rutin (Table 3) [188].

Table 3: The 'H- and'3*C-NMR spectral data of compound 163 and that reported in the literature for
rutin [188, 198]

Position NMR data of compound 163 (DMSO-d6) Data reported for rutin (DMSO-d6)
"H-NMR BC-NMR "H-NMR BC-NMR
2 - 157.0 157.3
3 - 133.7 134.1
4 - 177.4 178.2
5 12.60 (1H, s, 5-OH) 156.8 12.60 (1H, s, 5-OH) 157.5
6 6.20 (1H, d, J=2.10) 99.1 6.18 (1H, d) 99.5
7 - 161.6 164.9
8 6.30 (1H, d, J=2.10) 94.8 6.38 (1H, d) 94.5
9 - 164.4 162.1
10 - 104.3 104.8
I - 121.5 122.5
2’ 7.50 (1H, d, J = 2.40) 116.6 7.56 (1H, d) 116.1
3’ - 145.1 145.6
4 - 148.8 149.3
5’ 6.84 (1H, d, J=8.24) 115.6 6.84 (1H, d) 117.1
6’ 7.54 (1H, dd, J = 8.24, 2.40) 122.0 7.56 (1H, d) 122.0
1” 5.35(1H, d, J=17.83) 101.5 5.34 (1H, d) 101.6
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Table 3 continued

Position NMR data of compound 163 (DMSO-d6) Data reported for rutin (DMSO-d6)
'"H-NMR BC-NMR '"H-NMR BC-NMR
2 3.22 (1H, m) 74.5 74.9
37 3.28 (1H, m) 76.3 77.3
4» 3.39 (1H, m) 70.4 72.7
57 3.21 (1H, m) 76.8 76.7
6” 3.69 (1H, d) & 3.25 (1H, m) 67.4 67.9
1 4.38 (1H, bro. s) 101.1 4.38 (1H, s) 102.2
2> 3.26 (1H, m) 70.8 70.8
3 3.05 (1H, m) 71.0 71.2
4> 3.06 (1H, m) 72.3 71.4
57 3.26 (1H, m) 68.7 69.1
6’ 0.97 3H, J=6.09) 18.6 0.95 (1H, d) 18.6
2” 3.22 (1H, m) 74.5 74.9
37 3.28 (1H, m) 76.3 77.3
4” 3.39 (1H, m) 70.4 72.7
5” 3.21 (1H, m) 76.8 76.7
6 3.69 (1H, d) & 3.25 (1H, m) 67.4 67.9

Assignments made on the basis of COSY, HSQC and HMBC correlations;  in ppm; Coupling constants are in Hz.

The above spectral facts in combination with the literature report [188, 198] indicated that

compound 163 is quercetin-3-O-rutinoside commonly named as rutin (163).
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Rutin was reported from the leaves of M. stenopetala [188], Teucrium polium [198], Morus
atropurpurea [199], Delphinium staphisagria [200] and Astragalus hamosus [201]. It has been
shown to have remarkable pharmacological activities including antioxidant [202], antidiabetic
[203], anti-cancer [204], anti-inflammatory [205], and hepatoprotective [206]. The anti-
inflammatory, anti-allergic, antiviral, as well as anti-carcinogenic properties of rutin were reported
as partly due to its antioxidant activity [207]. The antiglycation and insulinotropic properties of
rutin were documented in the literature, demonstrating its significance in preventing glycation
associated complications in diabetes [198]. Furthermore, rutin was shown to inhibit a-glucosidase
activities demonstrating its hypoglycemic activities [199]. Rutin enhances the antibacterial
activities of flavonoids such as quercetin and quercitrin [208]. Food and Drug Administration
(FDA) declared rutin as a safe drug that reduces recurrent clots indicating its thrombolytic

properties [209, 210].

Kaempferol-3-O-#-D-glucoside (161)

Compound 161 was obtained as yellow solid from the leaves of M. oleifera, mp 189-191°C (Lit.
192-194°C) [211]. The UV-Vis (MeOH) spectral analysis of compound 161 demonstrated Amax at
265 and 350 nm indicating flavonoid chromophore with the 3-OH substituted. The negative mode
FT mass spectrum of compound 161 revealed molecular ion at m/z 447.0924 (calcd 447.3689 for
C21H19011) compatible with the molecular formula C21H20011. The diagnostic fragment at m/z 284

is due to the loss of hexose sugar establishing the aglycone as kaempferol.

The 'H-NMR spectrum of compound 161 revealed the presence of six methine proton signals in
the aromatic region at ¢ 8.16 (2H, d, J = 9.20 Hz) and ¢ 7.00 (2H, d, J = 9.20 Hz) which are
characteristics of symmetrically placed protons on unsymmetrically para substituted aromatic ring.
The signals due to meta located protons in the compound were observed at 6 6.54 (1H, d, J =2.00
Hz) and 0 6.30 (1H, d, J = 2.00 Hz). The spectrum also showed a signal at 6 5.20 (1H, d, J = 7.20
Hz) which is ascribed to an anomeric proton of glucose possessing f-configuration [196, 197]. The
other methine proton signals of the glucose moiety were observed in the oxygenated region

centered at ¢ 3.59 and integrated for a total of six hydrogens.
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The '3C-NMR spectrum (Table 4) of 161 analyzed with the aid of DEPT-135 showed nine
quaternary, eight methine and one methylene carbon signals. The presence an a,f-unsaturated
carbonyl is evident from the appearance of carbon signal at 6 178.3. The five carbon signals in the
region between J 80.0 to 60.0 along with the signal at 6 103.9 clearly indicated the presence of
only one hexose sugar. The carbon signal at  103.9 and 62.4 are ascribed to the anomeric and
methylene carbons of the glucose moiety, respectively. The position of glucose moiety on C-3 was

evident from the UV-Vis spectral analysis which showed the substitution of the hydroxy on C-3

Table 4: The 'H- and'*C-NMR spectral data of compound 161 and that reported in the literature for
kaempferol-3-O-f-D-glucoside [212]

Position NMR spectral data of 161 Data reported for kaempferol-3-O-$-D-glucoside [212]
'H-NMR 3C-NMR TH-NMR 3C-NMR

2 - 158.8 - 159.2
3 - 1353 - 1355
4 - 178.3 - 179.5
5 - 162.9 - 163.0
6 6.30 (1H, d, J=2.00) 99.7 6.20 (1H, s) 100.0
7 - 165.8 - 166.2
8 6.54 (1H,d, J=2.00) 94.6 6.40 (1H, s) 94.8
9 - 158.2 - 158.5
10 - 104.2 - 105.8
I - 123.0 - 122.3

2°&6° 8.16 2H, d,J=9.2) 131.2 8.02 (2H, d, J=8.6) 132.2

&S 7.00 (2H, d, J=9.2) 1159 6.87 (2H, d, J=8.6) 116.1
4 - 161.4 - 161.6
1 5.20 (1H, d, J=7.20) 103.9 5.10 (1H, s) 104.2
27 3.59 (6H, H-2"’- H-6"") 75.5 3.70-3.20 (6H, H-2"’ - H-6"") 75.6
3” 78.2 78.3
4 71.2 71.3
57 77.9 78.1
6” 62.4 62.5
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The aforementioned spectral data of compound 161 are in agreement with the data reported in the
literature for kaempferol-3-O-f-D-glucoside commonly named as astragalin [212]. Kaempferol-3-

O-p-D-glucoside was previously reported from the leaves of M. oleifera [187].

Other biological sources of kaempferol-3-O-4-D-glucoside (161) include aerial parts of Cressa
cretica [212] and Delphinium staphisagria [200], flowers of Asclepias syriaca [211], leaves of
Phytolacca americana [197], Morus atropurpurea [199], Pyrus communis [213], Diospyros
cathayensis, Diospyros rhombifolia [214] and Astragalus hamosus [201]. Kaempferol-3-O-4-D-
glucoside was reported to have antioxidant [214], anti-inflammatory [215], anti-hyperglycemic and

o-glucosidase inhibitory activities [199].

Quercetin-3-O-f-D-glucoside (159)

Compound 159 was obtained as a yellow solid from the leaves of M. oleifera, mp 192-194°C (Lit.
186-189°C) [216]. The negative mode FT-MS showed molecular ion peak at m/z 463.0882 (calcd
463.3683 for C21H19012) establishing the molecular formula as C21H20012. This was in agreement
with the BC-NMR spectrum of compound 159 which disclosed the presence of carbon resonances
of twenty one carbon atoms. A major fragment ion was observed at m/z 301 in the mass spectrum
of compound 159 due to the loss of hexose sugar from the parent ion establishing the aglycone as
quercetin. The absorption maxima at 265 and 354 nm in its UV-Vis spectrum revealed the
presence of flavonoid skeleton with the 3-OH substituted. The IR spectrum demonstrated
absorption bands at 3368, 1665, 1609, and 1062 cm™ due to stretching of hydroxyl, a.f-

unsaturated carbonyl, C=C (aromatic), and C-O, respectively.

The 'H-NMR spectrum of compound 159 demonstrated signals at 6 7.72 (1H, d, J = 2.40 Hz, H-2"),
0 7.60 (1H, dd, J = 2.40 and 8.80 Hz, H-6") and ¢ 6.80 (1H, d, J = 8.80 Hz, H-5") due to methine
protons on the B-ring of a flavonoid. On the other hand the proton signals at 6 6.41 (1H, d, J=2.00
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Hz) and ¢ 6.23 (1H, d, J = 2.00 Hz) are meta situated protons, H-6 and H-8, of the A-ring of a
flavonoid with the 5,7-dihydroxy substitution pattern. The presence of only one sugar moiety
having a f-configuration was evident from the appearance of methine proton signal at 6 5.27 (1H,
d,J="7.60 Hz [196, 197]. The remaining proton signals of the glucose moiety were observed at &
3.52 (1H, H-2""), 3.36 (1H, H-3""), 3.44 (1H, H-4""), 3.24 (1H, H-5""), 3.70 (1H, H-6"") and 3.61
(1H, H-6").

The proton decoupled 3C-NMR of compound 159 (Table 5) together with the DEPT-135 spectrum
showed ten quaternary, ten methine and one methylene carbon signals. The presence an a.,f-
unsaturated carbonyl carbon was quite evident from the appearance of a signal at 0 178.1. The
compound showed the presence of an anomeric carbon signal at 6 102.8. A series of carbon signals
at 0 74.3, 76.7, 69.8, 77.0 and 61.1 are due to C-2”’, C-3"°, C-4”’, C-5"" and C-6"’ of the hexose
moiety in the structure of the compound, respectively. The only methylene signal in the spectrum
of compound 159 was observed at 6 61.1 (C-6"). The location of glucose on C-3 (6 134.2) was
established on the basis of HMBC spectral analysis which showed connectivity between the
anomeric proton signal at J 5.27 with the signal for C-3. This complements the results of UV-Vis
spectral analysis which showed that the 3-OH is substituted. The identity of this compound as
quercetin-3-O-f-D-glucopyranoside was further substantiated by comparison of its spectral data

with those previously reported in the literature (Table 5).
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Table 5: The 'H- and'3C-NMR data of compound 159 and the data reported in the literature for
quercetin3-O-p-D-glucoside (0 in ppm, J in Hz) [196]

Ppsit NMR spectral data of compound 159 Data reported for quercetin-3-O-4-D-glucoside [196]
o 'H-NMR BC-NMR '"H-NMR BC-NMR
2 - 157.6 - 158.4
3 - 134.2 - 135.6
4 - 178.1 - 179.4
5 - 161.6 - 162.9
6 6.41 (1H, d, J=2.00) 98.4 6.19 (d, J=2.00) 99.8
7 - 164.6 - 165.9
8 6.23 (1H, d, J =2.00) 932 6.38(d, J=2.00) 94.7
9 - 157.0 - 158.4
10 - 104.9 - 105.6
r - 121.6 - 123.0
2 7.72 (1H, d, J=2.40) 116.1 7.71 (d, J=2.00) 117.5
3 - 144.5 - 145.8
4 - 148.4 - 149.8
5 6.80 (1H, d, J = 8.80) 114.5 6.87 (d, J=8.40) 116.0
6’ 7.60 (1H, dd, J=2.40, 8.80 ) 121.7 7.58 (dd, J=2.00, 8.40) 123.2
1” 5.27 (1H, d, J=7.60) 102.8 5.23 (d, J=7.60) 104.3
2” 3.52 (1H, m) 74.3 3.48 (¢,J=19.20) 75.7
37 3.36 (1H, m) 76.7 3.35(t,J=8.80) 78.1
4 3.44 (1H, m) 69.8 3.43 (¢,J=9.60) 71.2
57 3.24 (1H, m) 77.0 3.24 (m) 78.3
6’ 3.70 (1H, m) & 3.61 (1H, m) 61.1 3.73 (m) and 3.56 (m) 62.5

Assignments made on the basis of COSY, HSQC and HMBC correlations; ¢ in ppm; Coupling constants are in Hz.

The physical and spectral data discussed above for characterization of compound 159 agreed with

those reported in the literature for quercetin-3-O-f-D-glucoside [196].
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Quercetin-3-O-f-D-glucoside (isoquercitrin) was reported as constituent of apple, tea, onions [217],
M. oleifera [187], Azadirachta indica [196], Byrsocarpus coccineus [218], Diospyros cathayensis,
Diospyros rhombifolia [214], Pyrus communis [213], Delphinium staphisagria [200], Asperula
arvensis [219] and Cressa cretica [112]. Quercetin-3-O-f-D-glucoside was shown to possess a
wide range of biological activities including antimicrobial [196], antioxidant [214, 218], anti-
carcinogenic [217] and anti-inflammatory [220]. Mounting evidence showed that quercetin-3-O-4-
D-glucoside can reduce symptoms like fatigue, depression, anxiety, and coronary heart diseases
[217]. It has also been reported to exhibit high phytotoxic effect demonstrating its allelopathic
potential [217].

Sitosterol-3-O-f-D-glucoside (64): Sitosterol-3-O-f-D-glucoside was isolated as a white powder
after Diaion-LH20 column chromatography of the 70% aqueous ethanol extract of the leaves of M.

oleifera using acetone as eluent. The structure elucidations are discussed in pages 16-19

3.3.2. Comparison of Extracts of the Leaves of M. stenopetala and M. oleifera

Thin Layer Chromatography (TLC)

Planar chromatography is among the most versatile option for the quality control of herbal
products. In spite of other available analytical techniques, such as liquid chromatography (LC), gas
chromatography (GC) and high performance liquid chromatography-mass spectrometry (HPLC-
MS), TLC still remains a useful, quick, effective, and low-cost method for the separation and

identification of complex mixtures of plant constituents [221].

In this work, the leaves of M. stenopetala from Ethiopia and M. oleifera from Rwanda were

compared using TLC. After the respective ethanol extracts of the two Moringa species were
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defatted with dichloromethane, same amount were dissolved in ethanol and spotted on a 0.25 mm
thick layer of silica gel on aluminum plate using a Camag Linomat 5 sample applicator. The TLC
plate was developed using EtOAc:AcOH:HCOOH:H;O (7:1:1:1) as a mobile phase which gave
high resolution of the spots. The spots were visualized after spraying with fast blue B salt followed

by heating with hot air gun.

As seen in Fig. 1, there is a clear cut difference in the chromatograms of the two Moringa species.
The intense spot observed at an Rf value 0.49 in the thin layer chromatogram of M. stenopetala
was not detected in the chromatogram of M. oleifera indicating that there is a distinct compound
which can aid in distinguishing M. stenopetala from the other species. The spot at Rf 0.49 in the
TLC profile of M. stenopetala was identified as rutin (163). The identity of this compound was
confirmed by comparing its Rf value with reference rutin. The two intense spots in the thin layer
chromatogram of M. oleifera leaves extract at an Rf value of 0.65 and 0.67 were not observed in
the ethanol extract of the leaves of M. stenopetala. These two spots were identified as kaempferol-
3-0O-p-D-glucoside (161) (Rf 0.67) and quercetin-3-O-f-D-glucoside (159) (Rf 0.65). Hence TLC
can distinguish these two species rapidly. Furthermore this method has the potential to detect the

presence of adulterants in either of the two samples.
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Kaempferol glucoside ——

Quercetin glucoside ——

-+—— Rutin

. MO MS

Fig. 1: TLC profile of defatted ethanol extract of Moringa leaves (MO: M. oleifera and MS: M.
stenopetala); Spraying agent: fast blue B salt

UV-Vis spectrophotometry

The CHCl3:MeOH (1:1) extract of the leaves of M. stenopetala and M. oleifera were analyzed
using UV-Vis spectrophotometry (Fig. 2) and the spectrum revealed that there is clear difference
between the extracts of the two species. The intensity of the bands at Amax 260 and 410 nm were
comparable in the UV-Vis spectrum of the leaves of M. stenopetala. However the band at Amax 260
nm in the UV-Vis spectrum of M. oleifera was found more intense than the band at Amax 410 nm.

This aids to distinguish the two Moringa species.
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Fig. 2: Overlayed UV-Vis spectra of M. oleifera (black) and M. stenopetala (red)
High Performance Liquid Chromatography-Mass Spectrometry (HPLC-MS)

The hyphenation of chromatography with spectroscopy could provide additional spectral
information, which will be helpful not only for the qualitative analysis of herbal drugs but also for
the structural elucidations of the constituents [222]. The fingerprint obtained by hyphenated
chromatography, can be used as the main tool for quality control of herbal medicines. In this work,
HPLC-MS was employed to distinguish the two highly demanded Moringa species: M. oleifera
and M. stenopetala. The HPLC-MS obtained for the water extract (the water extract described
herein is the extract of the marc after the leaves of the plant material were extracted with
CHCl13:MeOH (1:1)) of the two Moringa species were compared. The results showed conclusively
that there is clear difference between the chromatograms of the water extracts of the leaves of the

two species.

Six peaks were observed in the chromatogram of the water extract of M. stenopetala. Especially
significant in the chromatogram of the extract of the leaves of M. stenopetala is the intense peak
eluted at retention time of 12.959 min (Fig. 3) which exhibited molecular ion peak at m/z 611
(Appendix 4) in its mass spectrum. The loss of hexose moiety from the molecular ion afforded a

significant ion at m/z 465. The diagnostic fragment in the spectrum at m/z 303 is presumably due to
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the loss of two sugar moieties from the parent ion establishing the aglycone as quercetin. Hence
the mass fragmentation pattern observed indicated that the peak eluted at retention time of 12.959
min is rutin (163). This was confirmed through isolation and characterization of rutin from the
leaves of M. stenopetala. It is quite clear from Fig. 3 that the flavonoid glycoside rutin is the major
constituent in the chromatogram of the water extract of the leaves of M. stenopetala which

however was not detected in the extracts of the leaves of M. oleifera.
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Fig. 3: HPLC fingerprint profile of water extract of M. stenopetala leaves

The water extract of the leaves of M. oleifera showed the presence of seven major peaks (Fig. 4)
which however were not observed in the chromatogram of the extract of the leaves of M.
stenopetala. The compound which eluted at retention time of 13.653 min (Fig. 4) in the
chromatogram of the extract of the leaves of M. oleifera showed molecular ion peak at m/z 465 in
its mass spectrum (Appendix 5). The fragment ion observed at m/z 303 is apparently due to the
loss of hexose from the parent ion establishing the aglycone as quercetin. Hence the compound
eluted at retention time of 13.653 min was found to be quercetin-3-O-f-D-glycoside (159). The
peak eluted at retention time of 14.099 min (Fig. 4) in the chromatogram of M. oleifera leaves
displayed molecular ion peak at m/z 449 (Appendix 6), which upon loss of hexose sugar afforded
prominent peak at m/z 287. The latter peak is evident for kaempferol as the aglycone. Hence the
mass fragmentation pattern observed showed that the peak eluted at retention time of 14.099 min is

kaempferol-3-O-f-D-glucoside (161).
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The two peaks eluted at retention time of 13.653 and 14.099 min in the chromatogram of the
extract of the leaves M. oleifera corresponding to quercetin-3-O-f-D-glucoside and kaempferol-3-
O-p-D-glucoside, respectively, were not observed in the chromatogram of the extract of the leaves
of M. stenopetala. Therefore, these compounds can distinguish the extracts of the leaves of M.
oleifera from M. stenopetala. The identities of these compounds were further confirmed through
isolation and characterization. The results obtained from HPLC-MS were in agreement with the

TLC results.
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Fig. 4: HPLC fingerprint profile of water extract of M. oleifera leaves
3.3.3. Quantification of Rutin in the Leaves of M. stenopetala

High Performance Thin Layer Chromatography (HPTLC)

Fingerprint analysis shows the similarities or differences among samples, and may not display the
quantity of marker compounds [223]. Nevertheless the concentrations of chemical constituents can
be used as an indicator of the quality of herbal medicine [224]. In the course of this work, it was
found that the leaves of M. stenopetala proved to be rich in the flavonoid glycoside rutin which
was reported to have remarkable biological activities as described on page 101 [202-208].

Furthermore, this compound may be taken as the bioactive principle of M. stenopetala for which
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the leaves are used in traditional medicine. Hence the quantitative evaluation of the marker

compound, rutin, in the leaves of M. stenopetala is necessary to undertake.

The level of rutin in the 70% aqueous ethanol extract of the leaves of M. stenopetala collected
from Arba Minch was performed using HPTLC. From the stock sample solution (1 mg/mL), 20 uL.
and 40 pL were applied on HPTLC plate in the form of bands with a Camag 100 pL sample
syringe on tracks 2 and 4 while on tracks 1, 3 and 5 standard rutin solutions of 2, 6, and 10 pL
were applied, respectively. The TLC was developed using EtOAc:HCOOH:AcOH:H2O (7:1:1:1,
v/v) as a mobile phase which showed good resolution of the spots. After development, the plate
was scanned at 260 nm and eight spots were detected in the chromatogram with Rf values in the
range of 0.1 to 0.9 (Fig. 5). The spot of rutin in the plant material was observed at an Rf value of
0.49 which was verified by comparing with reference rutin (Fig. 5).
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Fig. 5: Typical chromatogram of the 70% aqueous EtOH extract (left) of M. stenopetala leaves and
standard rutin (right).

The calibration plot obtained from this result via peak area exhibited a correlation coefficient of

0.996 and standard deviation of 8.66. The peak area of rutin on track 4 of the plate was found to be
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24.23 pg. Hence the level of rutin in 70% aqueous EtOH extract of M. stenopetala leaves collected
from Arba Minch, calculated via peak area, was 2.1£0.04% w/w (Table 6).

The level of chemical constituents in herbal products may vary depending on the geographic and
climatic conditions under which the plant is grown. To see if there is a potential variation in the
content of rutin due to geographical location, three samples of M. stenopetala leaves obtained from
northern (Gondar), eastern (Dire Dawa) and southern (Arba Minch) parts of Ethiopia were
examined using HPTLC and UV-Vis spectrophotometry. The analysis was done following similar
procedure used for the determination of rutin in the leaves of M. stenopetala collected from Arba
Minch. Results showed that the amount of rutin in the 70% aqueous ethanol extract (I mg/mL) of
the leaves of M. stenopetala obtained from Gondar and Dire Dawa were found to be 1.8 and
1.9%w/w, respectively. Hence, the level of rutin in M. stenopetala leaves quantified using HPTLC
vary between 1.8% to 2.1% w/w. As shown in Table 6, the level of rutin is slightly higher for
samples collected from Arba Minch (2.1%) and lower for samples collected from Gondar (1.8%).
The summary of the whole results displaying extract yield, amount of rutin obtained after 40 uL of
the extracts were applied on track 4 and the percent of rutin in the leaves of M. stenopetala

obtained from Arba Minch, Gondar and Dire Dawa are shown in Table 6.

Table 6: Level of rutin in the leaves of M. stenopetala using HPTLC

Sample source  Extract yield in mg from Amount of sample Peak area from  %Rutin (M£SD)

2 g M. stenopetala applied in uL (ug)  Camag in ug

Arba Minch 70 40 24.23 2.1+0.04% w/w
Gondar 66 « 20.30 1.8
Dire Dawa 68 « 22.24 1.9

M+SD: mean plus or minus standard deviation; three samples of M. stenopetala leaves obtained from Arba Minch and
each one sample of Moringa from Gondar and Dire Dawa were analyzed

An attempt was also made to determine the amount of rutin in the ethanol extract of M. stenopetala

leaves collected from Arba Minch using HPTLC following similar procedure as above. The level
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of rutin was found to be 1.8% w/w. This indicated that the 70% aqueous ethanol extracted slightly

higher level of rutin than ethanol.

The HPTLC method was validated by assessing its linearity, limit of detection, limit of
quantification, accuracy, repeatability and reproducibility. The peak areas for different
concentrations of rutin were found to be linearly dependent on the concentrations in the range of 2-
10 pL. This was done three times which exhibited a correlation coefficient of 0.999 indicating a
high degree of correlation and a good linearity of the method. Furthermore the limit of detection
and limit of quantification of rutin in M. stenopetala leaves were found to be 0.02 and 0.07 pg,
respectively. Results for repeatability expressed as %RSD done using HPTLC were found to be
0.14% and 0.13% for intraday and interday study (Appendix 8), respectively. The low values of
%RSD obtained from HPTLC reflect the high precision of the methods. Reproducibility was
further checked by analyzing the samples by another analyst using same instrument and same
laboratory. There was no significant difference between the %RSD values, which indicates that the
proposed method is reproducible. Moreover the recovery (Appendix 9) of the method conducted
using HPTLC was 99.5% which indicates excellent reproducibility of the methods.

UV-Vis spectrophotometry

The level of rutin in M. stenopetala leaves were evaluated using UV-Vis spectrophotometry. In
this regard, the absorbance at 260 nm of the 70% aqueous ethanol extract (0.1 mg/mL) of M.
stenopetala leaves collected from Arba Minch, Gondar and Dire Dawa were recorded using UV-
Vis spectrophotometer. On the other hand, the absorbance of reference rutin at 260 nm (MeOH)
was generated using various concentrations of rutin (0.15, 0.1, 0.05, 0.025 and 0.007 mg). On the
basis of the results, a calibration curve with the different concentrations of reference rutin against
the corresponding absorbances at 260 nm which gave a linear equation y = 18.3x-0.108, and R? =
0.995 (Fig. 6) was obtained using Origin software. The level of rutin in M. stenopetala leaves
collected from the three sources (Arba Minch, Gondar and Dire Dawa) were calculated based on

the linear calibration curve, with the results presented in Table 7.
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Table 7: Level of rutin in M. stenopetala leaves using UV-Vis spectrophotometry

Sample source Absorbance at 260 nm  Amount of rutin in 0.1 mg/mL % Rutin

extract sample

Arba Minch 0.84 0.052 1.8
Gondar 0.78 0.048 1.7
Dire Dawa 0.80 0.049 1.7

Amount of plant extracted and extract yield were shown in Table 5; %rutin was calculated with respect to dry weight
basis, samples were analyzed in triplicates

The overlayed UV-Vis spectra at different concentrations of reference rutin together with the
spectra of 70% aqueous ethanol extracts of the leaves of M. stenopetala collected from Arba
Minch (MsAM), Gondar (MsG) and Dire Dawa (MsDD) aredepicted in Fig. 6. Simple inspection
of the overlayed UV-Vis spectra of the leaves of M. stenopetala samples at Amax 260 nm indicated

that there is a slightly higher level of absorbance for samples collected from Arba Minch.
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Fig. 6: Overlayed UV-Vis spectra of various concentrations of rutin along with 70% aqueous

EtOH extracts of M. stenopetala leaves (left) and calibration curve of reference rutin (right)
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For confirmation purpose, rutin was isolated from the 70% aqueous EtOH extract of M.
stenopetala leaves and found to be 1.9% w/w. Therefore, the amount of rutin determined using

HPTLC, UV-Vis spectrophotometry and isolation were in close agreement.

3.3.4. Contributions to the Chemical Studies of the Leaves and Seeds of M. stenopetala

The ground leaves of M. stenopetala were extracted with CHCl;:MeOH (1:1) to afford a black
semisolid material (8%) which after silica gel column chromatography furnished four compounds:
I-heptacosaol (185), sitosterol-3-O-f-D-glucoside (64), rutin (163) and inositol dimer (186).
Soxhlet extraction of the kernel of M. stenopetala with petrol gave 36% yellowish oil. The marc
after Soxhlet extraction was extracted with ethanol and subsequently chromatographed over silica
gel to afford three compounds identified as stearic acid (77), 4-(a-L-rhamnopyranosyloxy) benzyl
glucosinolate (164) and sucrose (187). FT-MS analysis of fatty acid mixtures obtained after
hydrolysis of M. stenopetala oil afforded palmitic acid (78), oleic acid (150), icosanoic acid (76)
and behenic acid (75). In addition to these fatty acids, GC-MS analysis of the fatty acid methyl
esters (FAME) obtained from the oil of M. stenopetala furnished stearic acid (77), linoleic acid
(152), myristic acid (188) and palmitoleic (189). Furthermore stearic acid (77), compound 190 and
allantoin (191) were isolated by silica gel column chromatographic fractionation of the ethanol
extract of the husk of M. stenopetala for which no prior report is available in the literature. The
complete spectral assignments of the isolated compounds were carried out using spectroscopic and

physical methods as discussed below.

3.4.4.1. Characterization of Compounds from the Leaves of M. stenopetala
Heptacosanol (185)

Compound 185 was isolated as a white powder from the leaves of M. stenopetala which melted at
82-83°C (Lit. 81-82°C) [225]. It is optically inactive. The UV-Vis spectrum (CHCls) showed
absorption maxima neither in the ultra-violet nor in the visible region indicating the absence of
conjugated chromophore. The IR spectrum displayed absorption bands at 3400 and 2950 cm™' due

to hydroxy and aliphatic C-H stretching, respectively.
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The 'H-NMR spectrum (CDCI3) of compound 185 demonstrated a triplet signal at 6 3.66 (J = 6.60
Hz) assigned to methylene protons on oxygenated carbon. The quintet at 6 1.59 integrating for two
protons is due to methylene protons on carbon flanked between two methylene groups. A broad
singlet at 0 1.27 (48H) is characteristic signal for many methylene protons in the compound which
was supported by appearance of an intense carbon signal at § 29.6 in the '*C-NMR spectrum. An
upfield triplet signal at 6 0.90 (3H, J = 6.70 Hz) is evident for the presence of terminal methyl
group in the compound. In the *C-NMR spectrum, the downfield signal at 6 63.1 corresponds to
an oxygenated aliphatic carbon. Furthermore, the carbon resonance at ¢ 14.1 is characteristic

signal for terminal methyl group.

Table 8: 'H- and 3C-NMR spectral data of compound 185 with those reported in the literature for

heptacosanol, ¢ in ppm and J in Hz

NMR spectral data of compound 185 Data reported for 1-heptacosanol [225]

"H-NMR BC-NMR '"H-NMR BC-NMR

3.66 (2H, ¢, J = 6.60, H-1) 63.1 (C-1) 3.64 2H, t,J = 6.30, H-1) 63.1 (C-1)

1.59 (2H, m, H-2) 32.8(C-2) 1.57 (2H, m, H-2) 32.8(C-2)

1.27(48H, bro s, H-3 to H-26) 31.9(C-3) 1.25(48H, br s, H-3 to H-26) 31.9(C-3)
29.7-29.3(C4-24) 29.7-29.3(C4-24)

25.7 (C-25) 25.7 (C-25)

22.6 (C-26) 22.6 (C-26)

0.90 3H, t,J=6.70, H-27) 14.1 (C-27) 0.88 (3H, ¢, J = 6.60, H-27) 14.1(C-27)

Comparison of the NMR spectral data of compound 185 with those reported in the the literature
for 1-heptacosal [225] was in close agreement (Table 7). This compound was previously reported
from the leaves of Strobilanthes crispus [225] but has not been reported from any species of

Moringa.
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Sitosterol-3-O-f-D-glucopyranoside (64): Compound 64 was isolated as white powder from
CHCI3:MeOH (1:1) extract of M. stenopetala leaves. The physical and spectral data of compound
64 were in agreement with sitosterol-3-O-f-D-glucopyranoside. This compound has not been
reported before from M. stenopetala. The full structural elucidation of sitosterol-3-O-f-D-

glucopyranoside was presented on pages 16-19.

Rutin (163): Compound 163 was obtained as yellowish solid from column chromatographic
fractionation of CHCl3:MeOH (1:1) extract of M. stenopetala leaves. The spectral data of 163 is in

close agreement with that of rutin discussed on pages 98-102.
Inositol dimer (186)

This white solid compound was obtained from silica gel column chromatographic fractionation of

the CHCl3:MeOH (1:1) extract of M. stenopetala leaves using ethanol as eluent. It was found
optically active with [a]% = -75.0 (¢ 0.2, MeOH). The '"H-NMR spectrum (D-0) of compound

186 displayed signals in the oxygenated region only. The triplet signal at ¢ 3.11 (2H, J = 9.20 Hz)
is due to H-1. The other methine proton signal was observed at 6 3.36 (4H, dd, J = 9.60, 2.80 Hz).
The compound also exhibited two methine proton signals centered at 6 3.49 (4H, ¢, J = 9.60 Hz)
and 0 3.93 (2H, bro 1).

The proton decoupled *C-NMR spectrum (D20) of compound 186 with the aid of DEPT-135
demonstrated the presence of well resolved carbon resonances of four methine carbons all of
which resonated in the oxygenated region at 0 74.3 (C-1), 72.4 (C-2 and 6), 72.1 (C-4), and 71.1
(C-3 and 5). The carbon signals at 0 71.1 and 72. 4 were intense relative to the other carbon signals
at 0 74.1 and 72.1, justifying the presence of symmetry in the compound. Key HMBC correlations
observed are depicted in 192. With the data generated, compound 186 was identified as inositol

dimer. This compound has not been reported from the genus Moringa.

4 HO OH OH o
HO HHO 1 Ho—~ LN OH
186
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Inositol is a naturally occurring isomer of glucose. It was reported as a member of the B vitamins
[226] and a primary component of cellular membrane phospholipids. Numerous bioactive
properties have been attributed to inositol and its derivatives. The mixture of inositol and its
hexaphosphate (IP6) is sold as a dietary supplement for cancer patients [226]. Research findings
showed that patients suffering from clinical depression generally have decreased levels of inositol

in their cerebrospinal fluid showing its antidepressant properties [227].

3.3.4.2. Chemical Constituents of M. stenopetala Seeds Kernel
Analysis of M. stenopetala Oil

The oil content of M. stenopetala seeds was determined by employing two methods of extraction,
viz., solvent extraction using hexane and Soxhlet extraction. The oil content obtained using Soxhlet
extraction with petrol was found to be 36% which turned out to be almost similar with the solvent
extraction procedure utilizing hexane. The oil was analyzed using UV-Vis and NMR spectrometry.
The UV-Vis result of M. stenopetala oil demonstrated absorption maxima neither in the ultra-
violet nor in the visible region indicating the absence of compounds possessing conjugated
chromophores. On the other hand the NMR spectrum of the oil obtained from M. stenopetala was
compared with some edible oils used in Ethiopia such as sesame, linseed, niger seed, palm,
soybean, olive and peanut. Results showed that M. stenopetala oil displayed similar NMR spectral
profile with olive oil (Appendix 10).

An attempt was made to determine the fatty acid profiles of M. stenopetala oil. In this regard, fatty
acid mixtures obtained on hydrolysis of M. stenopetala oil were analyzed using FT-MS. The
negative ion ESI-FT-MS showed four major peaks at m/z 339.3269 (calcd 339.5786 for C2,H430,),
311.2952 (calcd 311.5224 for C20H39032), 281.2481 (calcd 281.4534 for CisH330:2), and 225.2328
(caled 255.4151 for Ci6H3102) compatible with the molecular composition of C22H440, for behenic
acid (75), C20H4002 for icosanoic acid/archidic acid (76), CisH34O: for oleic acid (150) and
Ci16H320: for palmitic acid (78), respectively (Appendix 11). The presence of behenic acid (28) in
M. stenopetala oil shows the close resemblance of the seeds of this plant with its sister species M.

oleifera which is commonly called Ben Oil Tree owing to the presence of this acid.
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The fatty acid compositions of M. stenopetala oil were also determined using gas chromatography-
mass spectrometry (GC-MS). This was done after the oil was converted to fatty acid methyl esters
using BF3-MeOH. The fatty acid identifications were made by comparing the spectra of the
components with the database of the spectrum of known components stored in the GC-MS library.
The results obtained from GC-MS (Table 8, Appendix 12) showed that M. stenopetala oil contains
a large proportion of double bond containing fatty acids. The dominant unsaturated fatty acid was
found to be oleic acid (63%) demonstrating the close resemblance of this oil with olive oil which
contains large proportion of this acid. The GC-MS result was consistent with the proton NMR
spectral analysis, since M. stenopetala oil and olive oil exhibited similar "TH-NMR patterns. The

fatty acid profile of the oil of M. stenopetala is given in Table 9

Table 9: Fatty acid composition of the oil of M. stenopetala seeds

Fatty acids Structure No Relative percent

Tetradecanoic acid/ Myristic acid (14:0) 188 0.2

Hexadecenoic acid/Palmitoleic acid (16:1) 189 1.2
Hexadecanoic acid/Palmitic acid (16:0) 78 11
Octadecenoic acid/Oleic acid (18:1) 150 63
Octadecanoic acid/Stearic acid (18:0) 77 11

9,12-Octadecadienoic acid/Linoleic acid (18:2) 152 1.2
Eicosanoic acid/archidic acid (20:0) 76 6
Docosanoic acid/Behenic acid (22:0) 75 6

140



Stearic acid (77)

Compound 77 was obtained from the hexane extract of M. stenopetala kernel as a white powder,
mp 70-71°C. The optical rotation was found to be zero. The UV-Vis spectrum of 77 showed no
absorption maxima. The IR spectral analysis displayed the presence of carboxyl and aliphatic C-H
stretching at 1707 cm™ and 2917 cm’!, respectively. The negative ion mode mass spectrum of

compound 77 disclosed m/z at 284 compatible with the molecular composition of Ci1sH3602.

The 'H-NMR spectrum of compound 77 showed signals only in the aliphatic region. The triplet
signal at 0 2.36 (2H) and quintet at 6 1.65 (2H) are distinctive of hydrogens o and f to a carboxyl
group, respectively. The signal due to many overlapping methylene protons was observed at 0 1.31
(28H, bro. s) which was supported by the appearance of an intense carbon signal at ¢ 29.7 in the
BC-NMR spectrum. The presence of a terminal methyl group was evident from the appearance of
proton signal at 6 0.90 (3H, ¢, J = 6.70 Hz) with the corresponding carbon signal at 6 14.2. In the
BC-NMR spectrum of compound 77, the downfield signal at 6 180.6 is attributed to the carboxyl
group in the compound. The remaining carbon signals observed at ¢ 33.8, 31.9, 29.5, 29.4, 29.3,
29.2, 29.0, 24.6, and 22.6 were due to methylene carbons in the compound. The data generated

were in agreement with stearic acid (77).
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Oleic acid (150)

Compound 150 was obtained from the oil of M. stenopetala. The (-)-ESI-FT-MS showed a peak at
m/z 281.24816 establishing the molecular formula as CisH340,. The '3C-NMR spectrum of
compound 150 demonstrated carbon resonances of 18 carbon atoms. The signal at 6 179.0 is
evident for the presence of a carboxyl group. The compound exhibited two carbon signals in the
olefinic region at 6 130.0 and 129.0 evident for the presence of one double bond in the structure of
the compound. The carbon signal at 6 34.0 is typical of methylene carbon adjacent to carboxyl
group. This was supported by the appearance of triplet signal at 6 2.30 (2H) in the 'H-NMR
spectrum of the compound. The most upfield carbon signal at J 14.0 in the '*C-NMR spectrum of
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compound 150 accounts for the presence of a terminal methyl group. The remaining thirteen
methylene carbon signals were observed in the range between J 32.0 to 23.0. The NMR spectral

analysis described above allowed the identification of compound 150 as oleic acid (150).
O

OH

150
4-(a-L-rhamnopyranosyloxy) benzyl glucosinolate (164)

Compound 164 was isolated as a yellowish jelly solid from M. stenopetala kernel. It is soluble in
polar solvents such as water and methanol. The TLC (Rf 0.5) developed using EtOAc:MeOH (3:2)
as a mobile phase gave a yellowish spot which was detected after spraying with vanillin in HoSO4
followed by heating with hot air gun. The UV-Vis spectrum of this compound showed absorption
maxima at 245 and 273 nm demonstrating the presence of conjugation in the compound. The IR
spectral analysis displayed bands at 3400, 2924, and 1613 cm™! due to hydroxyl, C-H, and aromatic
C=C stretching, respectively. The molecular formula C20H20NO14S; was established from (-)-ESI-
FT-MS, which displayed a quasi-molecular ion peak at m/z at 570.0960 (calcd 570.5666 for
C20H2sNO14S2). A prominent fragment ion peak was observed at m/z 97 corresponding to
bisulphate ion. The peaks at m/z 570 and 97 are characteristic of 4-(a-L-rhamnopyranosyloxy)
benzyl glucosinolate [147].

The '"H-NMR spectrum of compound 164 displayed signals at 6 7.25 (2H, d, J = 8.40 Hz) and 7.04
(2H, d, J = 8.40 Hz) which are due to ortho coupled protons symmetrically placed on
unsymmetrically para substituted aromatic ring. These protons showed connectivity in their COSY
spectrum. The compound exhibited anomeric proton signal at ¢ 5.30 (1H, 4, J = 1.36 Hz)
characteristic of a rhamnopyranosyl group with an a-configuration [187]. The presence of a
rhamnosyl group was further supported by the appearance of terminal methyl signal at 6 1.13 (3H,
d, J = 5.60 Hz). The proton signal observed at 6 4.60 (1H, d, J = 3.2 Hz) is due to H-1" which
showed HSQC correlation with the carbon signal at 6 81.3 (C-1"). The methylene proton signal at
0 4.00 (2H, bro. s) is due to H-7. A series of proton signals between J 4.00 to 3.00 are accounted

for the methine protons of the sugar moieties.
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The proton decoupled '*C-NMR spectrum of compound 164 showed well resolved carbon
resonances of 18 carbon atoms which agreed with the result obtained from FT-MS. The '*C-NMR
spectrum along with DEPT-135 displayed signals due to three quaternary carbons at 6 162.5 (C-8),
154.6 (C-1) and 130.6 (C-4); four methine carbon signals at 6 129.4 (C-3, 5), 117.5 (C-2, 6), 98.8
(C-1"") and 81.3 (C-1’); two methylene carbon signals at ¢ 37.4 (C-7) and 60.2 (C-6"); one methyl
resonance at 6 16.5 (C-6’’) and the remaining 8 carbon resonances observed in the region between

0 80.0 to 68.0 are attributed to methine carbon signals of the sugar moieties.

& OH . s
1" _S. 8 4 OH
4/ O HO OH
HO™  oH m ZM
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164 6"

The HSQC spectrum showed correlations such that the proton signals at 6 7.04 (H-2, 6) and 7.25
(H-3, 5) correlates with the carbon signals at 6 117.5 and 0 129.4, respectively. The two methylene
proton signals at 0 3.70 (H-6") and 4.00 (H-7) were found to correlate with the carbon signals at o
60.0 (C-6"’) and 6 37.4 (C-7), respectively. The connectivity between C-7 and C-8 was evident
from the observed HMBC correlation between the carbon signal at 0 162.6 (C-8) with the
methylene proton signal at 6 4.00 (H-7). Another key HMBC correlation was observed between
the H-1"" signals and the quaternary carbon signal at 6 154.6 (C-1) which established the location
of the rhamnopyranose group on C-1. On the basis of the above physical and spectral evidence,

compound 164 was identified to be 4-(a-L-rhamnopyranosyloxy) benzyl glucosinolate (164).
Sucrose (187)

This water soluble compound was isolated as a white solid from the kernel of M. stenopetala.

Compound 187 is optically active with [a]Z, = +56 (¢ 10, H20). The molecular formula

C12H22011 (molecular weight 342) was established from the mass spectrum of the compound. The
"H-NMR spectrum of compound 187 displayed signals in the oxygenated region only. The
spectrum showed signal for one anomeric proton at ¢ 5.30 (1H, d, J = 3.60 Hz). The remaining
proton signals of this compound appeared in the region between 3.00 to 4.00. The *C-NMR
spectrum together with DEPT-135 revealed the presence of one quaternary, three methylene and
eight methine carbons. All were found in the oxygenated region which was found in agreement
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with the result obtained from the proton NMR spectrum. The compound exhibited anomeric
carbon signal at 0 103.0. The physical and spectral data above are in agreement with the structure

depicted in 187.

The identity of this compound was further confirmed using TLC, polarimetry and NMR
spectrometry against standard sucrose. Compound 187 displayed similar optical rotation with
reference sucrose. The TLC of compound 187 and reference sucrose, developed using
EtOAc:Isopropanol:MeOH:AcOH (6:3:0.5:0.5) as eluent after same amount of each sample were
spotted on the same TLC plate (0.50 on a 0.25 mm thick layer of silica gel on aluminum plate)
showed that the two compounds had the same Rf values. The spots were visualized after spraying
with anisaldehyde followed by heating with hot air gun. Confirmation was made using NMR after
equal amount of compound 187 and reference sucrose were mixed, dissolved in D,O and subjected
to NMR studies. The NMR spectrum obtained indicated that both compounds were identical.

Therefore the above spectral and physical data indicated that compound 187 is sucrose.

3.3.4.3. Characterization of Compounds from the Husk of M. stenopetala Seeds
Compound 190

Compound 190 was obtained as a white solid from column chromatographic fractionation of the
ethanol extract of the husk of M. stenopetala seeds, mp 153-155°C. The compound was optically
active with an [a]2, = -15 (¢ 0.4, MeOH). The UV-Vis spectrum (MeOH) of compound 190

displayed absorption maxima at 271 nm due to m—n* transition. No bathochromic shift was
observed on addition of sodium hydroxide to the cuvette containing methanolic solution of

compound 190 suggesting the absence of free phenolic hydroxy group. The IR spectral analysis
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showed the presence of hydroxyl, C=C, and C-O due to the absorption bands at 3387, 1612 and
1064 cm!, respectively. The FT-MS spectral analysis showed a peak at m/z 269.1028 (caled
269.2704 for C13H1706) compatible with the molecular formula Ci3H15Oe.

The proton NMR spectrum of 190 displayed signals at 6 7.22 (2H, d, J = 8.20 Hz, H-3) and ¢ 6.96
(2H, d, J = 8.20 Hz, H-2) due to the presence symmetrically placed protons on unsymmetrically
para substituted aromatic ring. These protons showed cross coupling with one another in their
COSY spectrum supporting their ortho placement as depicted in 193. Further analysis of the 'H-
NMR spectrum indicated the presence of one sugar unit, suggested to be rhamnose from the
anomeric proton signal at 0 5.32 (1H, d, J = 1.32 Hz, H-1’) and a secondary methyl group
resonance at 0 1.07 (3H, d, J = 6.14 Hz, H-6"). The coupling constant (J = 1.32 Hz) established
that the rhamnose has an a-configuration [187]. The two hydrogen doublet at 6 4.40 (2H, d, J =
4.73 Hz, H-7) is due to benzylic methylene protons on oxygenated carbon. The signals at J 5.18
(1H, d, J = 4.23 Hz), 5.92 (1H, d, J = 5.92 Hz), and 4.81 (1H, d, J = 5.92 Hz) are attributed to
protons on hydroxyl groups of sugar moiety as established by its HSQC spectrum. The series of
signals at ¢ 3.25 (1H, m, H-5), 3.43 (1H, m, H-3"), 3.61(1H, m, H-2’) and 3.62 (1H, m, H-4") are

due to methine protons of the rhamnose moiety.

The proton decoupled '*C-NMR spectrum with the aid of DEPT 135 of compound 190 showed the
presence of two quaternary, eight methine, one methylene and one methyl carbon signals. The
quaternary carbons resonating at ¢ 155.3 and 136.2 are due to C-1 and C-4 of the aromatic ring,
respectively. The other two signals in the aromatic region at 0 128.4 and 116.6 are due to C-3, 5
and C-2, 6, respectively. The spectrum further disclosed that the sugar unit is a rhamnopyranosyl
moiety from the set of the chemical shifts at 6 98.8 (C-1"), 70.8 (C-2’), 70.6 (C-3°), 72.2 (C-4’),
69.7 (C-5) and 18.3 (C-6’) in agreement with the proton NMR spectrum. The benzylic methylene
carbon signal was observed at 0 62.9 (C-7).

The complete structure of compound 190 was deduced from the results of COSY, HSQC and
HMBC spectral data. The one bond 'H/!3C NMR spectrum showed that the proton signals at § 1.07,
4.40, 3.25, 3.43, 3.61, 3.62, 6.96 and 7.22 were found attached on carbon atoms whose signals
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appeared at ¢ 18.2, 62.9, 69.7, 70.6, 70.8, 72.5, 116.6, and 128.4, respectively. The HMBC
spectrum showed correlation between methylene proton at 6 4.40 (H-7) with the carbon at 128.4
(C-3) and 136.2 (C-4) establishing the site of attachment of C-7 to C-4 of the benzene ring as

shown in 194

H H
H(\ H . &OH /@‘:\OH
) HOWOOH Ho—fo 2
193 194 190

Another key correlation observed was between anomeric proton signal at ¢ 5.32 (H-1") with the
oxygenated aromatic carbon signal at § 155.2 (C-1) which established the site of attachment of
rhamnose to the aromatic ring as depicted in 194. This was in agreement with the UV-Vis spectral
analysis which showed the absence of phenolic hydroxy. The spectral and physical data are in
agreement with structure 190 for this compound. There is no prior report of compound 190 in the

literature.

Allantoin (191)

Compound 191 was isolated as a white solid from the husk of M. stenopetala seeds, mp 220-222°C.
The asymmetric and symmetric stretching of primary amide were observed in the IR spectrum at
3438 and 3343 cm', respectively. This was substantiated by the appearance of C-N stretching of
primary amide at 1385 c¢cm!. The intense band at 1715 cm™ is characteristic of five membered
cyclic lactams [228]. The UV-Vis (MeOH) spectral analysis showed absorption maxima at 266 nm
indicating the presence of a chromophore in the structure of the compound. The FT-MS showed
molecular ion at m/z 181.0332 (calcd 181.10537 for C4HsO3N4Na) compatible with the molecular
composition of C4HsO3Na.

The "H-NMR spectrum of compound 191 displayed signals at 6 5.21 (1H, d, J = 8.00 Hz, H-3) and

6.97 (1H, d, J = 8.00 Hz, H-3"). The latter is due to a proton on heteroatom as observed from the
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absence correlation to a carbon signal in its HSQC spectrum. Other signals in the proton NMR
spectrum were observed at ¢ 10.70 (1H, bro. s, H-1"), 8.10 (1H, s, H-2") and 5.85 (2H, s, H-4").
The downfield signal at 6 10.70 is due to H-1". The singlet signal integrating for two protons at &
5.85 is assigned to H-4".

The proton decoupled '*C-NMR with the aid of DEPT-135 spectrum of compound 191 showed the
presence of well resolved resonances of four carbon atoms, three of which turned out to be
quaternary (¢ 174.0 (C-1), 157.9 (C-2) and 157.3 (C-4)) and one was a methine carbon signal (6
62.8 (C-3)). The structure of compound 191 was further analyzed using 2D NMR. The proton
signal at 0 5.21 showed COSY connectivity with the proton signals at 6 8.10 and 6.96. The proton
signal at 0 8.10 showed HMBC correlation with the carbon signals at 6 62.8, 157.3 and 174.0.
Other key correlation was established between the proton signal at d 6.96 with the carbon signals
at 0 62.8, 157.9 and 174.0. Furthermore the only methine proton signal at 6 5.21 showed HMBC
correlation with the carbon signals at 6 174.0, and 157.3. The key correlation observed from
COSY and HMBC leading to the structure of compound 191 are depicted as 195 and 196,

respectively. Compound 191 is the known compound allantoin.
o AL 5
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The '*C-NMR data reported for allantoin [229] are in close agreement with the '*C-NMR spectral

data generated for compound 191.

Allantoin was previously reported from the root of Symphytum asperum [230] and Umbilicaria
esculenta [229]. It has long been known to enhance the efficacy and desirability of cosmetic
creams and lotions through its actions as a skin protectant [230]. Allantoin has been shown to
promote cell division and the growth of connective tissue, bone, and cartilage and accelerate the
healing of wounds [230]. The utility of allantoin as a protective agent against asthma was also

reported [231].
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Stearic acid (77): Stearic acid (77) was isolated as a white powder from column chromatographic
fractionation of the husk of M. stenopetala. The physical and spectral data generated for this

compound were in agreement with the structure of stearic acid.

3.3.5. Antioxidant Assay
The antioxidant activities of the two Moringa species were assayed employing two methods:

DPPH (diphenylpicrylhydrazyl) radical scavenging assay and ferric thiocyanate methods.
DPPH (diphenylpicrylhydrazyl) radical scavenging assay

The radical scavenging properties of extracts of both species of Moringa were evaluated using
DPPH. Results demonstrated that the percent inhibition of the EtOH extract of the leaves of M.
stenopetala and M. oleifera were found to be 77% and 73%, respectively, indicating their strong
activities radical as inhibitors. The extracts of the two species turned out to have of almost similar

radical scavenging potential.

Table 10: DPPH radical scavenging activity of the EtOH extracts and constituents of the leaves of
M. stenopetala and M. oleifera

Samples tested Scavenge (%) ICso Remark
M. stenopetala EtOH extract 77 6.1
M. oleifera EtOH extract 73 6.0
Rutin 83 2.45 From M. stenopetala
Sitosterol- -D-glucoside 36 15.6 “
1-Heptacosanol 26 14 “
Quercetin glucoside 85 23 From M. oleifera
Kaempferol glucoside 75 2.7 “
Sitosterol- -D-glucoside 36 15.6 “
Ascorbic acid 90 0.45
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Three compounds isolated from M. stenopetala (1-heptacosanol, sitosterol-S-D-glucoside, and
rutin) and three compounds isolated from M. oleifera leaves (sitosterol-3-O-f-D-glucoside,
quercetin-3-O-f$-D-glucoside and kaempferol-3-O-f-D-glucoside) were subjected to radical
scavenging assay. Results demonstrated that rutin exhibited radical scavenging property and ICso
of 83%, and 2.45, respectively (Table 10). In contrast quercetin-3-O-f-D-glucoside and
kaempferol-3-O-f4-D-glucoside showed percentage inhibition of DPPH by about 85% and 75%,
respectively (Table 10). The antiradical activities of rutin and quercetin-3-O-f-D-glucoside were
found to be comparable with ascorbic acid which was used as positive control (Table 10). Hence
rutin presumably accounts for the radical scavenging activity of M. stenopetala leaves as

quercetin-3-O-f-D-glucoside and kaempferol-3-O-f-D-glucoside for M. oleifera leaves.
Ferric thiocyanate method

Lipids having many unsaturation sites are susceptible towards free radical chain reaction [232]. On
oxidation, such lipids undergo deterioration producing a number of toxic metabolites [233] which
are known to interact with biological materials thereby causing cellular damage [234]. The degree
of lipid peroxidation can be used to measure the antioxidant potential of compounds or extracts.
This can be done using the ferric thiocyanate method. Fatty acid peroxides change Fe** to Fe** and
the generated Fe** forms red colored ferric thiocyanate, which absorbs at 500 nm [235]. In the
course of this work, the extracts of the leaves of both Moringa species were incubated with linoleic
acid at 40°C and a small portion was taken from the mixture after 24 h and added to a solution
containing Fe?" and thiocyanate ion. The absorbance at 500 nm of this solution was measured. The
percentage inhibition using ferric thiocyante method was calculated according to the following

formula.

Percentage inhibition = 100 - <§—§ X 1OC> %,

where As is absorbance of the sample and Ab is absorbance of the blank [236].
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Table 11: Anti-lipid peroxidation activities of the EtOH extracts of M. stenopetala and M. oleifera

Sample name Absorbance at 500 nm %inhibition Remark
Blank 0.56 -
Ascorbic acid 0.11 80
M. oleifera EtOH extract 0.12 78
M. stenopetala EtOH extract 0.14 74

Ascorbic acid was used as positive control

As depicted in Table 11, the EtOH extracts of the leaves of M. oleifera and M. stenopetala
inhibited peroxide formation by 78 and 74%, respectively, demonstrating their potential in
preventing the formation of lipid peroxides. The anti-lipid per-oxidation displayed by the extracts
of the two Moringa species were comparable with ascorbic acid indicating the potential of the

leaves of the two Moringa species as natural antioxidants.

3.4. Conclusion

Since the use of Moringa species is growing steadily, a quality control method using TLC, UV and
HPLC-MS were developed to differentiate this species from various sources by chemical
fingerprints. Simultaneously, markers were isolated to carry out qualitative diagnosis. The marker
compound for M. stenopetala is rutin while the markers in M. oleifera leaves are quercetin-3-O-4-
D-glucoside (159) and kaempferol-3-O-4-D-glucoside (161). Sitosterol-3-O-f-D-glucoside (64) is
the common compound isolated from the leaves of the two Moringa species. These results may be
useful in establishing presence or absence of adulterants, an issue that is of great concern in the use
and marketing of leaves, extracts and other products of Moringa. Therefore, the present
fingerprinting profile can be used as a diagnostic tool to identity and to determine the quality and

purity of the leaves of M. stenopetala and M. oleifera

The level of rutin in the 70% aqueous ethanol extracts of the leaves of M. stenopetala was found to
be 1.9+0.08% indicating that the leaves of M. stenopetala are rich in rutin (163). 1-Heptacosanol
(185) and inositol dimer (186) isolated from the leaves of M. stenopetala are new to the genus

while sitosterol-3-O-4-D-glucoside (64) has not been reported from M. stenopetala
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The kernel of M. stenopetala is proved to be a rich source of oil (36%) with diversified fatty acid
profile including palmitic (78), oleic acid (150), stearic (77), linoleic (152), icosanoic acid (76),
behenic acid (75), palmitoleic (189), and myristic acid (188). The marc left after extraction with
petrol was found to contain a glucosinolate called 4-(a-rhamnopyranosyloxy) benzylglucosinolate
(164) along with sucrose (187). Allantoin (191) and compound 190 were isolated from the husk of

M. stenopetala with the latter compound has not been reported from any natural source.

The antiradical and anti-lipid peroxidation activities displayed by the extract of M. stenopetala
leaves were accounted to the presence of rutin (163). On the other hand quercetin-3-O-4-D-
glucoside (159) and kaempferol-3-O-f-D-glucoside (161) were responsible for the antioxidant
potential of M. oleifera leaves. The antioxidant property displayed by M. stenopetala adds one

positive attribute to the nutritional and pharmacological importance of the leaves of this species.
3.5. Experimental
Reagents, Standard Solutions and Materials

Standard rutin was isolated from the leaves of M. stenmopetala and recrystalized twice from

methanol. For more information see section 1.5 (page 37)

Plant Material

Leaves of M. stenopetala were collected from Gondar (Feb. 2012), Dire Dawa (Feb. 2012), Arba
Minch (May 2013) and Adama (Sep. 2014). Seeds of M. stenopetala were collected from Arba
Minch (May 2013). M. oleifera leaves and seeds were collected from Debre Zeit Agricultural
Institute in September 2014. The plant identification was done by Mr. Melaku Wondafrash of the
Department of Biology, Addis Ababa University, Addis Ababa, Ethiopia. Voucher specimen
YMO002/2015 and YMO001/2014 for M. stenopetala and M. oleifera leaves, respectively, are
deposited at the National Herbarium of Addis Ababa University. M. oleifera leaves used in this
work were obtained from Rwanda and its identity was confirmed using TLC and UV in

comparison with authentic M. oleifera leaves collected from Debre Zeit Agricultural Institute.
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Extraction of Moringa species for HPTLC, UV and HPLC-MS Analysis

To the dried and ground leaves of M. stenopetala (2 g) collected from Arba Minch was added
ethanol (15 mL) and extracted by shaking using a mechanical shaker for 6 h. It was filtered and
concentrated at 40°C under reduced pressure using rotary evaporator to afford 70 mg (3.5%) of the
crude extract. Likewise M. oleifera leaves (2 g) was extracted using EtOH following similar
procedure as above to afford 80 mg (4.0%). Both extracts were defatted with CH2Cl> and
subsequently analyzed using TLC.

Each 20 g ground dried leaves of M. stemopetala and M. oleifera were extracted using
CHCI3:MeOH (1:1) by shaking for 6 h at room temperature using a mechanical shaker, filtered and
concentrated to afford 1.8 g (9%) and 2 g (10%) of the corresponding extracts, respectively. Each
0.1 mg of the extracts was separately dissolved in 1 mL of CHCI3:MeOH (1:1) and analyzed using
UV-Vis spectrophotometry. The marc of each Moringa species was further extracted with water

and analyzed using HPLC-MS.

Each 2 g of M. stenopetala leaves from Arba Minch, Gondar (Metema), and Dire Dawa were
extracted using 70% aqueous ethanol (15 mL) by shaking for 6 h using a mechanical shaker,
filtered and concentrated to afford 70 mg, 66 mg and 68 mg of their corresponding extracts,
respectively. These extracts were subsequently used for quantification of rutin in the leaves of M.
stenopetala. In the course of this work, three samples of M. stenopetala collected from Arba

Minch and each one sample collected from Gondar and Dire Dawa were analyzed.
UV-Vis Measurement

Standard rutin solution: rutin (5 mg) was dissolved in EtOH (5 mL) to afford 1 mg/mL. From the
standard solution 0.15, 0.1, 0.05, 0.025 and 0.007 mg/mL of rutin solution were sequentially
subjected to UV-Vis spectrophotometery and in each case absorbances at 260 nm was recorded.
The linear regression equation of the calibration curve was generated using the various

concentrations of rutin against the corresponding absorbance at 260 nm.

Sample stock solution: Each 1 mg of 70% aqueous ethanol extract of M. stenopetala leaves from

Arba Minch, Gondar and Dire Dawa were separately dissolved in EtOH (10 mL) to afford 0.1
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mg/mL of the corresponding solution. The absorbance of each Moringa sample at 260 nm was

measured using UV-Vis spectrophotometer.
HPTLC measurement

Standard and sample stock solution: Standard stock solution of rutin was prepared by dissolving
rutin (10 mg) in ethanol (20 mL). Similarly sample stock solutions for M. stenopetala leaves
collected from Arba Minch, Gondar and Dire Dawa were prepared by dissolving each Moringa

sample (10 mg) in ethanol (10 mL) to afford 1 mg/mL solution.

Chromatographic conditions, detection and quantification of rutin using HPTLC: Chromatography
was performed on pre-coated silica gel HPTLC plates using ethyl acetate:formic acid:acetic
acid:water (7:1:1:1, v/v) as a mobile phase. From the stock sample solution, 20 uL and 40 uL were
applied in the form of bands with a Camag 100 pL sample syringe (Hamilton, Bnaduz,
Switzerland) on track 2 and 4, respectively. On track 1, 3 and 5, a standard rutin solution of 2, 6,
and 10 uL were applied, respectively. All samples and standard solutions were applied to the layer
as 14 mm wide bands, positioned from the bottom of the plate, using an automated Linomat V
(Camag, Muttenx, Switzerland) TLC applicator with nitrogen flow providing delivery from the
syringe. These critical parameters were maintained for all analysis performed. The development
distance was 55 mm. Spots were detected by observing under UV light. Following the
development, the TLC plate was dried with the help of an air drier at 110°C for 2 min, and
immediately scanned at Amax 260 nm with a slit width of 5.0 x 0.45 mm, a scanning speed of 10
mm/s with a computerized Camag, TLC scanner-3 integrated with winCATS 4 software. The

presence of rutin in the extract was determined by comparing with the Rf of the reference rutin.
Validation of HPTLC

Linearity of HPTLC method: A calibration curve of standard rutin was obtained by plotting peak
area of rutin against various concentration of rutin in pg. Stock solution of rutin was prepared in
ethanol and 2, 4, 6, 8, and 10 pL/spot of these was loaded onto a TLC plate for preparing
calibration curves. There was a good linear relationship between peak area and concentration in the
range 1-5 ug per zone with a correlation coefficient of 0.999 and standard deviation of 2.73. The

experiments were performed in triplicate
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Limit of Detection (LOD) and Quantification (LOQ): The limit of detection and limit of
quantification was determined based on the linear regression equation of the calibration curve. The
LOD and LOQ were calculated based on the standard deviation (SD) of the Y-intercept and the
slope (s) as 3SD/s and 10SD/s, respectively [237, 238].

Precision: The precision was determined as intra-day assay precision (repeatability) and inter-day
assay precision (reproducibility). Intraday precision using HPTLC was determined by analyzing
the level of rutin in extract of M. stenopetala leaves three times for the same day. Similarly the
interday precision was determined by analyzing rutin in the plant material six times on different
days (Appendix 8). The precision of this method is expressed as percent relative standard deviation,

%RSD

Accuracy (% Recovery) using HPTLC: Recovery study of rutin was made by using standard
addition method. In line with this, to a known amount of pre-analyzed sample, certain amount of
rutin was added and the amount of rutin was obtained from linear regression via peak area. The

accuracy of the method is expressed as the percentage recovery of the added rutin (Appendix 9).
Extraction and Isolation of Markers from M. stenopetala and M. oleifera leaves

Ground leaves of M. stenopetala (100 g) was extracted with 70% aqueous ethanol (700 mL) by
shaking for 6 h using a mechanical shaker, filtered, the solvent reduced to about 20% using rotary
evaporator and left standing overnight. The precipitate formed was filtered and the dried solid was
recrystalized from methanol to afford rutin (1.9%). Similarly, to the ground leaves of M. oleifera
(100 g) was added 70% aqueous ethanol (700 mL) and extracted by shaking for 6 h, filtered and
concentrated to afford a black jelly solid (15%). This was defatted with CH:Cl; and
chromatographed over Diaion LH20 (50 g). The column was eluted first with water (Frl, 250 mL)
followed by EtOH:H>0 (1:1, Fr2, 100 mL), then 100% EtOH (Fr3, 20 mL, 800 mg; Fraction 4, 20
mL, 300 mg); and ended with acetone (Fr6, 20 mL, 50 mg) to afford six fractions. Fraction 5

eluted with acetone was identified to be sitosterol-3-O-f-D-glucoside.

Fraction 4 (300 mg) was adsorbed and chromatographed over silica gel to afford nine fractions.
The first seven fractions were eluted using EtOAc (10 mL each) while the last two were eluted

using MeOH (10 mL each). Among fractions eluted using EtOAc, Fraction 2-4 (160 mg) were
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combined, adsorbed and rechromatographed to afford four fractions. The first three fractions were
eluted using EtOAc (5 mL each) while the fourth fraction was eluted using EtOAc:MeOH (1:1, 10
mL). The third fraction was identified to be kaempferol-3-O-4-D-glucoside (10 mg). The forth
fraction (80 mg) was dissolved in hot ethyl acetate:MeOH (1:1). The TLC profile of the soluble
portion (30 mg) was promising hence was purified using Sephadex LH 20 with MeOH:CHClIs (1:1)
as eluent to afford three fractions. The third fraction was found to be quercetin-3-O-f-D-glucoside
(4 mg). The flow sheet diagram showing the isolation of marker compounds from M. stenopetala

and M. oleifera leaves are depicted in Scheme 1.

M oleifera leaves (100 g)
Extraction and Isolation 70%aqu. EtOH (0.7 L)

Black jelly solid (15%0)
M stenopetala leaves (100 g) | CH,Cl,

70% aqu. EtOH (0.7 L) ey T
CH,Cl, soluble Marc, CH,Cl; insoluble
Filtrate ‘

CC over Diaion LH20
Solvent reduced to 20%o, v i ]
.leﬂ overnight. filtered ’ H,0 EtOH:H,O | EtOH |EtOH | acetone
%rl F;Z F;'j Fr5 (sitosterol-3-

Frd O-D-glucoside)

Precipitate Mother liquor

CCoversilica gel ‘
Recrystalized from MeOH !

Rutin (1.9%) | J, l

\ OH o™ OH
=

HO
HO ot g | on O | o
o OH 0’\3%()" OH © ’B‘f%ou
[¢] o OH OH O OH OH
OH O - -
0%%;;' Kaempferol glucoside Quercetin glucoside
Rutin HO oH

Scheme 1: Isolation of marker compounds from M. stenopetala and M. oleifera leaves
Extraction and Isolation of Compounds from M. stenopetala Leaves

To ground M. stenopetala leaves (100 g) was added CHCI3:MeOH (1:1, 500 mL) and extracted by
shaking for 6 h using a mechanical shaker, filtered and concentrated to afford 8 g (8%) black

semisolid substance. This was adsorbed on silica gel and chromatographed over silica gel (120 g,
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230-400 mesh). The column was eluted using CH>Cl>, CH2Cl2.EtOAc, 100%EtOAc, EtOAc:EtOH
and ended with EtOH as depicted in Table 12.

Table 12: Column chromatographic fractionation of the CHCl3;:MeOH extract of the leaves of M.

stenopetala

Fractions Eluent (ratio) Volume of eluent in mL Amount in mg
Frl CHxClz 40 800
Fr2-4 © © 800
Fr5 © @ 100
Fr6 © © 80
Fr7 © " 56
Fr8&9 © © 30
Fr10 © © 60
Fr1l " © 50
Fri2 CH2CL2:EtOAc (1:1) " 20
Fr13 © © 10
Fr14-16 " " 50
Fr17&18 © © 40
Fr19 © © 40
Fr20&21 © © 60
Fr22 © " 20
Fr23 © © 25
Fr24 " © 25
Fr26-30 © © 40
Fr 32-35 EtOAc © 150
Fr36 EtOAc:EtOH (4:1) < 200
Fr37 " " 150
Fr38 © © 120
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Table 12 continued

Fr39 © © 10
Fr40 © © 100
Fr41 EtOAc:EtOH (1:1), " 200
Fr42 © © 220
Fr43 © © 80
Fr44 © © 285
Fra5 © © 30
Fr46 EtOH © 20
Fra7 © < 80
Fr48 © < 80
Fr49 © © 280
Fr50 < < 150

Fraction 11 and Fraction 39 were identified as 1-heptacosanol and sitosterol-3-O-f-D-glucoside
(10 mg), respectively. Fraction 43 and Fraction 44 were combined and suspended in CH>Cl; and
the insoluble portion was found to be rutin (250 mg). Fr49 (280 mg) was dissolved in MeOH. The
insoluble portion was found to be inositol dimer (5 mg). The flow sheet diagram showing

extraction and isolation of compounds from the leaves of M. stenopetala is shown in Scheme 2

| M stenopetala leaves (100 g) |

CHCl3:MeOH (1:1. 500 mL).
Shaker (6 h). filtered, cond.

Extraction and Isolation oo
Black senmusolid (8 g)

Adsorbed then CC

100°6CH,ClL, | EtoAc EtOACEtOH (1:1) EtOH

Frll. Heptacosanol Fr39, Sitosterol-3-O- Fr42&4 3 tin

(350 mg) D-glucoside (10 mg) (250 mg) | Fr49_ Inositol dimer (5 mg) |

Scheme 2: Flow sheet diagram showing extraction and isolation of compounds from M.

stenopetala leaves
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Hydrolysis of Rutin: A mixture of rutin (100 mg) and H2SO4 (1N, 20 mL) was heated at 80°C for
1 h. After cooling, the mixture was extracted with EtOAc (20 mLx2) and the combined organic
parts were dried over anhydrous Na>SOs, filtered and concentrated under reduced pressure to
afford a yellowish solid (20 mg). The TLC of this product showed a single spot at an Rf value of
0.7 using EtOAc as mobile phase and its structure was assigned by NMR and other spectroscopic

methods.

Extraction and Fractionation of M. stenopetala Seeds

Ground M. stenopetala seeds (230 g) were Soxhlet extracted with petrol (2.3 L) for 15 h, filtered
and concentrated to afford 84 g (36%) yellowish oily material. The marc (100 g) was extracted
using EtOH (500 mL) by shaking for 5 h with a mechanical shaker, filtered and concentrated. The
extract was defatted with petrol by heating on steam bath (30 min) and filtered. The residue (3 g,
3%) was adsorbed and chromatographed over silica gel (230-400 mesh). Gradient elution was
done using CHCl3:MeOH (4:1, 20 mL, 100 mg, Frl; 3:2, 30 mL, 80 mg, Fr2; 1:1, 30 mL, 50 mg,
Fr3; 2:3, 40 mL, 98 mg, Fraction 4; and 2:3, 40 mL, 300 mg, Fraction 5) to afford five fractions.
The fifth fraction was identified to be sucrose (300 mg). Fraction 4 (98 mg) was applied on
Sephadex LH 20 and eluted using CHCl3:MeOH (1:1) to afford three fractions. The first two (14
mL, 40 mg) were combined and concentrated to afford 4-(a-L-rhamnopyranosyloxy) benzyl

glucosinolate while the third fraction (16 mL, 40 mg) was identified as sucrose.

On the other hand M. stenopetala oil (10 g) was mixed with MeOH (40 mL), placed on steam bath
for 30 min, and on a mechanical shaker for 4 h and left overnight in a deepfreeze. The precipitate

was filtered. The filtrate after concentrated was identified as oleic acid (200 mg).

Ground M. stenopetala kernels (5 g) were extracted with hexane (30 mLx2) by placing on steam
bath for 5 min. and on a mechanical shaker for 6 h. It was filtered and the combined filtrate was
concentrated to afford an oily material which solidifies immediately on standing (1.62 g, 32%)).
The solid was dissolved in hot hexane (2 mL) and left overnight. The white precipitate formed was
decanted, washed with hexane to afford a white powder identified as stearic acid (50 mg). The

schematic diagram showing the extraction procedure is depicted in Scheme 3.
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M stenopetala seeds (230 o) M stenopertala seeds (5 g)
_Soxlllet. petrol (2.3L), 15h

I\-ImI (100 g)

Hexane (30 mLx2)

0il (36%)
| Hot MeOH., deep fireezer, filtered

Marc Yellow solid, 32%
Hot hexane
v EtOH (500 mL). 5 h, filtered, concd
Filtrate
concd Jelly solid (3 g) Mother liquor ppt, stearic acid

oleic acid o
b Adsorbed, CC

1(H(I;:['-.le(l)H{4:1} CHCI;:MeOH (3:2) | CHCI:MeOH (1:1) | CHCI;:MeOH {1:1) l(H(I;:MeOH(l:l)

Frl (100 mg) Fr2 (50 mg) Fr3 (50 mg) Frd4 (98 mg) Frs., Sucrose (300 mg)
lSephadex LH20
4-(e-L-rhamnopyranosyloxy) benzyl glucosinolate, (40 mg) Sucrose, 40 mg

Scheme 3: Extraction and isolation of compounds from the seeds of M. stenopetala

Hydrolysis of M. stenopetala Oil: To M. stenopetala oil (2 g) was added EtOH (5 mL), H>O (5
mL), 10% aqueous solution of NaOH (10 mL), and boiling chips. The mixture was refluxed over
steam bath for 1 h, cooled, acidified to pH 1, filtered and the resulting white solid was washed with
ice cold water, and dried to afford 1.6 g (80%). This was analyzed using FT-MS.

Preparation of fatty acid methyl esters (FAME)

M. stenopetala oil (2 g) was placed in 25 mL round bottom flask which contained 6 mL hexane to
which 4 mL BF3 in MeOH solution was added. The reaction mixture was refluxed in water bath for
30 min. Then it was cooled to room temperature. To the cooled mixture, 5 mL of water was added
with vigorous shaking and two layers were formed. The upper layer was separated by using
separatory funnel, dried over anhydrous sodium sulphate, filtered and concentrated to afford 500
mg (25%). A small portion of the methylated fatty acids was dissolved in hexane and analyzed
using GC-MS

Extraction and fractionation of the husk of M. stenopetala seed: To ground M. stenopetala husk
(100 g) was added EtOH (600 mL), placed on steam bath (20 min.), on a mechanical shaker (8 h),
filtered and concentrated to afford 2 g (2%) yellowish jelly semisolid material. This was adsorbed
and applied on a silica gel column packed with CH>Cl.. The column was eluted with

CH:Cl2:MeOH of increasing polarities (Table 13).
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Table 13: Column chromatographic fractionation of the ethanol extract of the husk of M.

stenopetala
Fractions Eluent (ratio) Volume of eluent in mL Amount in mg
Frl CH»Cl» 20 240
Fr2 @ 30 40
Fr3 @ 50 60
Fr4 © 20 10
Fr5 " 50 12
Fr6 < 50 60
Fr7 @ 60 20
Fr8 @ 50 80
Fr9 " 40 10
Fr10 CH,Cl,: MeOH (9:1) 40 10
Frll © 30 20
Frl2 @ 50 80
Frl3 @ 10 20
Fr14 © 20 40
Frl5 @ 30 40
Frl6 CH:Cl2: MeOH (4:1) 30 20
Frl7 @ 30 20
Frl8 @ 25 30
Fr19 © 25 20
Fr20 @ 50 10
Fr21 25 30
Fr22 CH,Cl2:MeOH (1:1) 50 15
Fr23 @ 40 20
Fr24 MeOH 30 20
Fr25 © 40 85
Fr26 @ 30 50
Fr27 @ 30 100
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Fraction 8, Fraction 19 and Fraction 24 (20 mg) were identified to be stearic acid (80 mg),
compound 190 (20 mg) and allantoin (20 mg), respectively. The schematic diagram showing the

extraction procedure is shown in Scheme 4

M. stenepetala husk (100 g)
EtOH (600 mL) , shaker (8 h), filtered, concd
Yellowish semisolid (2 g)

Adsorbed and CC
l CH,Cl, l CH,Cl,:MeOH (4:1) ‘ l(THZC'lg:I\IeOH(lzl)

v ~ F120-23 Fr24

Allantoin, (20 mg
Stearicacid (80 mg) Compound 190 (20 mg) antoin, (20 mg)
Scheme 4: Flow sheet diagram showing extraction and isolation of compounds from the husk of M.

stenopetala
Radical Scavenging Assay: Performed according to the procedure on page 44 and 45

Thiocyanate Method: The antioxidant potential of M. stenopetala and M. oleifera leaves were
done according to the method of Nagatsu, A. [235]. Each 0.1 mg EtOH extract of M. oleifera and
M. stenopetala, 100 pL of linoleic acid, EtOH (5 mL) and phosphate buffer (5 mL, 0.05 M, pH =7)
in water were separately added in to a vial and incubated at 40°C in an oven. After 24 h, 0.1 mL
from each were taken and added in to a vial containing 75% aqueous EtOH (7 mL), 30% of
NH4SCN (0.15 mL) and 0.15 mL of 0.02M FeCl in 3.5% HCI. Each was then subjected to UV-
Vis spectrophotometery to record the absorbance at 500 nm. Absorbance of the blank and ascorbic

acid were done in the same fashion.

1-Heptacosanol (350 mg): White powder; mp 82-83°C; [a]%, = 0.00 (¢ 0.4, CHCI3); UV Amax
(CHCI3) nm: no absorption maxima; IR vmax cm™: 3400 (OH) and 2950 (C-H); 'H-NMR (400 MHz,
CDCls): 61 3.66 (2H, £, J = 6.60 Hz, H-1), 1.59 (2H, m, H-2), 1.27 (48H, br s, H-3 to H-26) and
0.90 (3H, 1, .J = 6.70 Hz, H-27); 3C-NMR (100 MHz, CDCl;): 6c 63.1 (C-1), 32.8 (C-2), 31.9(C-3),
29.7-29.3 (C4-24), 25.7 (C-25), 22.6 (C-26) and 14.1 (C-27)
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Rutin (250 mg): Yellowish solid recrystalized from methanol; mp 189-191°C; TLC: Rf 0.50
(eluent EtOAc:MeOH, 3:2), and fast blue B salt as spraying agent; [a]i, = 3.50 (¢ 0.4, EtOH);

UV Amax  (MeOH) nm: 260, 357; FTMS: molecular formula C27H30016, m/z 609.1451 (calcd
609.5095 for C27H30016), 465 (M-rthamnose) and 303 (M-rhamnose-glucose); IR Umax cm™! :3428
(O-H stretching), 2935 (C-H stretching) and 1653 (carbonyl); '"H-NMR (400 MHz, DMSO-d6): du
12.60 (1H, 5-OH), 7.54 (1H, dd, J = 8.24, 2.40 Hz, H-6"), 7.50 (1H, d, 2.40 Hz, H-2"), 6.84 (1H, d,
J=28.24 Hz, H-5"), 6.30 (1H, d, J= 2.10 Hz, H-8), 6.20 (1H, d, J=2.10 Hz, H-6), 5.35 (1H, d, J =
7.83 Hz, H-1""), 3.22 (1H, m, H-2""), 3.28 (1H, m, H-3""), 3.39 (1H, m, H-4""), 3.21 (1H, m, H-5"),
3.69 (1H, d, H-6"") & 3.25 (1H, m, H-6"), 4.38 (1H, bro. s, H-1"""), 3.26 (1H, m, H-2"""), 3.05 (1H,
m, H-3"""), 3.06 (1H, m, H-4>>"), 3.26 (1H, m, H-5""), 0.97 (3H, J = 6.09 Hz, H-6’""); 3*C-NMR
(100 MHz, DMSO-d6): oc 177.7 (C-4), 156.8 (C-5), 161.6 (C-7), 157.0 (C-2), 164.4 (C-9), 148.8
(C-4’), 145.1 (C-3°), 133.7 (C-3), 122.0 (C-6"), 121.5 (C-1"), 116.6 (C-27), 115.6 (C-5"), 104.3 (C-
10), 101.5 (C-1"’), 101.1 (C-1"""), 99.1 (C-6), 94.8 (C-8), 74.5 (C-27’), 76.3 (C-3"’), 70.4 (C-4"),
76.8 (C-5"), 67.4 (C-6"), 70.8 (C-2"""), 71.0 (C-3"""), 72.3 (C-4""’), 68.7 (C-5""") and 18.6 (C-6""")

Quercetin (20 mg): Yellowish solid; TLC (Rf 0.7) using EtOAc as a mobile phase; [a]i, = 0.00

(c 0.4, EtOH); UV Amax (MeOH) nm: 255, 372; FTMS: molecular formula CisHi0O7 and m/z
303.0510 (caled 303.2436 for CisHi107); IR vmax cml: 3391 (OH), 1613 (C=C); 'H-NMR (400
MHz, acetone-d6): ou 6.27 (1H, d, J = 1.60 Hz, H-6), 6.53 (1H, d, J=1.60 Hz, H-8), 7.84 (1H, d, J
=2.00 Hz, H-2"), 7.00 (1H, d, J = 9.20 Hz, H-5"), and 7.71 (1H, dd, J = 8.80, and 2.00 Hz, H-6’);
BBC-NMR (100 MHz, acetone-d6): dc 146.1 (C-2), 135.8 (C-3), 175.7 (C-4), 161.1 (C-5), 98.2 (C-
6), 165.1 (C-7), 93.5 (C-8), 156.9 (C-9), 103.2 (C-10), 122.8 (C-17), 114.8 (C-2’), 144.9 (C-3°),
147.4 (C-4°), 115.3 (C-5’) and 120.5 (C-67)

Kaempferol-3-O-f-D-glucoside (10 mg): Yellow solid; mp: 189-191°C; UV Amax (MeOH) nm:
265, 354; FT-MS: molecular formula C»1H20011, m/z 447.0924 (calcd 447.3689 for C21Hi9011),
and 284 (M-glucose); 'H-NMR (400 MHz, acetone-d6): ou 8.16 2H, d, J = 9.20 Hz, H-2’, 6°),
7.00 (2H, d, J =9.20 Hz, H-3" 5°), 6.54 (1H, d, J = 2.00 Hz, H-8), 6.30 (1H, d, J = 2.00 Hz, H-6)
and 5.20 (1H, d, J = 7.20 Hz, H-1"), 3.59 (6H, H-2"’— H-6""); 3C-NMR (100 MHz, CDCl;3): dc
158.8 (C-2), 135.3 (C-3), 178.3 (C-4), 162.9 (C-5), 99.7 (C-6), 165.8 (C-7), 94.6 (C-8), 104.2 (C-
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10), 123.0 (C-1°), 131.2 (C-2’ and C-6), 115.9 (C-3’ and 5°), 161.4 (C-4"), 103.9 (C-1""), 75.5 (C-
27), 78.2 (C-3"), 71.2 (C-4°"), 77.9 (C-5°"), and 62.4 (C-6"")

Quercetin-3-O-#-D-glucoside: Yellow solid; mp: 192-194°C; UV Amax (MeOH) nm: 265, 354; IR
Vmax ¢cm™' = 3368 (OH stretching), 1665 (a.f-unsaturated carbonyl), 1609 (aromatic C=C), and
1062(C-O stretching); FT-MS: molecular formula C21H20012, m/z 463.0882 (calcd 463.3683 for
C21H19012) and 301 (M-glucose); 'H-NMR (400 MHz, DMSO-d6): éu 7.72 (1H, d, J = 2.40 Hz,
H-27), 7.60 (1H, dd, J = 2.40 and 8.80 Hz, H-6"), 6.80 (1H, d, H-5"), 6.41 (1H, d, J = 2.00 Hz, H-
6), 6 6.23 (1H, d, J = 2.00 Hz, H-8), 5.27 (1H, d, J = 7.6 Hz, H-1"); 3*C-NMR (100 MHz, DMSO-
d6): oc 178.1 (C-4), 164.6 (C-7), 161.6 (C-5), 157.6 (C-9), 157.0 (C-2), 148.4 (C-4’), 144.5 (C-3°),
134.2 (C-3), 121.8 (C-1’), 121.7 (C-6"), 116.1 (C-5), 114.6 (C-2’), 104.2 (C-10), 102.9 (C-1""),
98.4 (C-6), 93.3 (C-8), 77.0 (C-5""), 76.7 (C-3""), 74.3 (C-2""), 69.8 (C-4"), and 61.1 (C-6"")

Inositol dimer (5 mg): White solid soluble in water; [a], = -75.0 (¢ 0.2, MeOH); 'H-NMR (400

MHz, D;O): éu 3.93 (2H, br. ¢), 3.49 (4H, t, J = 9.60 Hz), 3.36 (4H, dd, J = 9.60, 2.80 Hz) and
3.11 (2H, d, J=9.20 Hz); 3C-NMR (100 MHz, D;0): dc 74.3 (C-1), 72.4 (C-2 and 6), 72.1 (C-4),
and 71.1 (C-3 and 5).

4-(a-L-rhamnopyranosyloxy) benzyl glucosinolate (40 mg): Yellowish jelly solid soluble in
water and methanol; TLC (Rf 0.5) using EtOAc:MeOH (3:2) as a mobile phase and vanillin as
spraying reagent; UV Amax (MeOH) nm: 245, 273; FTMS: molecular formula C20H2sNO14S,>™ and
m/z 570.0960 (calcd 570.5666 for C20H2sNO14S2); IR vmax cm!: 3400 (OH stretching), 2924 (C-H
stretching), and 1613 (C=C stretching); 'H-NMR (400 MHz, D>0): ou 7.25 (2H, d, J = 8.40 Hz,
H-3,5), 7.04 (2H, d, J = 8.40 Hz, H-2,6), 0 5.30 (1H, d, J=1.36 Hz, H-1""), 1.13 3H, d, J = 5.60
Hz, H-6"), 4.00 (2H, bro. s, H-7) and 4.00 to 3.00 ( methine protons of the sugar moieties); '*C-
NMR (100 MHz, D20): dc 162.5 (C-8), 154.6 (C-1), 129.4, (C-3,5), 117.5 (C-2, 6), 98.8 (C-1""),
81.3 (C-17), 60.2 (C-6°), 37.4 (C-7), 16.5 (C-6""), 79.8, 76.6, 72.0, 71.7, 70.0, 69.9, 69.4, 68.7 and
60.2 (C-6")

Compound 190 (20 mg): White solid; mp 153-155°C; [at]z4, = -15 (0.4, MeOH); UV Amax (MeOH)
nm: 271; IR vmax cm™': 3387 (OH stretching), 2920 (C-H stretching), 1612 (aromatic C=C), and
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1064 (C-O stretching); '"H-NMR (400 MHz, DMSO-d6): du 7.22 (2H, d, J = 8.20 Hz, H-3), 6.96
(2H, d, J = 8.20 Hz, H-2), 5.32 (1H, d, J = 1.32 Hz, H-1"), 6 4.40 (2H, d, J = 4.73 Hz, H-7), 5.18
(1H, d, J=4.23 Hz, OH), 5.92 (1H, d, J = 5.92 Hz, OH), and 4.81 (1H, d, J = 5.92 Hz, OH), 3.25
(1H, m, H-5"), 3.43 (1H, m, H-3"), 3.61(1H, m, H-2’) and 3.62 (1H, m, H-4"), 6 1.07 3H, d, J =
6.14 Hz, H-6"); 3C-NMR (100 MHz, DMSO-d6): dc 155.3 (C-1), 136.2 (C-4), 128.4 (C-3), 116.6
(C-2),98.8 (C-17),0 72.2 (C-4°),70.8 (C-2"), 70.6 (C-3), 69.7 (C-5"), 62.9 (C-7), 18.2 (C-6")

Allantoin (20 mg): White solid; mp 220-222°C; UV Amax (MeOH) nm: 266; FTMS: molecular
formula C4HeO3N4 and m/z 181.0332 (caled 181.10537 for C4HeO3NsNa); IR vmax cm': 3438 (NH
stretching), 2921 (C-H stretching), and 1715 (amide carbonyl ); 'H-NMR (400 MHz, DMSO-d6):
oun 10.70 (1H, br. s, H-1), 8.10 (1H, s, H-2"), 6.97 (1H, d, J = 8.00 Hz), 5.85 (2H, s, H-4’), 5.21
(1H, d, J = 8.00 Hz, H-3); *C-NMR (100 MHz, CDCl3): dc 174.0 (C-1), 157.9 (C-2), 157.3 (C-4)
and 62.8 (C-3)
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Appendices

Appendix 1: Mass spectrum of fatty acid mixtures of the leaves of C. myricoides
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QED-358neg_141014180804 #1-25 RT: 0.00-0.46 AV: 25 NL: 4.32E3
T: FTMS - p ESIFull ms [150.00-1500.00]

311.2951
R=33931
C20Hzss O2 = 311.2956
1.5 RDBE
100+ -1.3450 ppm
955 283.2638
E R=34509
905 C1g Hgs O2 = 283.2643
El 1.5 RDBE
854 1.4328 ppm
803
753 339.3263
E R=31790
703 255.2326 C22 Haz O2 = 339.3269
El R=37646 1.5 RDBE
65 C16 H31 O2 =255.2330 -1.6678 ppm
E 1.5 RDBE
® 60 -1.2611 ppm
g 3
S 557
2 °°3
3 =i
£ 503
s 7
2 .3
£ 459
e 7 312.2985
407 R=33957
E 327.0464 367.3575
355 R=33066 R=31267
E| 248.9724 264.9676 C24 H7 O2 =327.0452 C 24 Ha7 O2 = 367.3582
305 R=38133 R=36474 21.5 RDBE 1.5 RDBE
3 C3Hs 013 =248.9736 | C3 Hs O14 = 264.9685 3.9102 ppm 17624 ppm
257 1.5 RDBE 1.5 RDBE
3 -4.5269 ppm -3.3527 ppm
209 284.2672 340.3299
E R=35603 R=32238
155 256.2360
103 R=36522 368.3612
3 R=30761
st bl ﬂ | |
:MMHMMH‘H[M1|“4\ njuiﬁnlhlunh.mnll Il Julh.hnr‘h mhy Annl. Lolod . ‘l‘.ﬂ | " N ‘uHL\‘k Vol |i L
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Appendix 2: DPPH inhibition and ICso values of compounds isolated from C. myricoides leaves

Sample tested

o-spinasterol

Verbascoside

Ixoroside

Compound 72

Concentration in pg/mL

10
5
2.5
1.25
10

2.5
1.25

10

2.5
1.25
10

% Scavenging of DPPH

6
5
4.8
1.7
84
63
58
52
13
9.2
7.8
7
15

1Cso

124

0.69

65

50
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2.5 9

1.25 7

Appendix 3: DPPH inhibition, ICso and ARP of compounds isolated from D. angustifolia leaves

Tested Samples Concentration in % Scavenging of 1Cso Anti-radical
ug/mL DPPH activity
Pinocembrin 10 57 54 0.185

5 52
2.5 47
1.25 38

Santin 10 58 4.08 0.245

5 53
2.5 49
1.25 44

5,6,7-Trihydroxy-3,4’- 10 70 4.37 0.23
dimethoxyflavone

5 53
2.5 47
1.25 38

5,7,4-Trihydroxy-3,6- 10 84 0.87 0.31
dimethoxyflavone

5 67
2.5 57
1.25 50

Appendix 4: Mass spectrum of compound at retention time of 12.959 min
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80
60
40 - pox e
20 B & S
0 IR l . L 1
L) T I L] L) T E L] ¥ T r L)
200 400 A0 mfz

Peal at 12.959 min (12.684 to 13.464 min)
The analysis found only one component, indicating a pure peak

Appendix 5: Mass spectrum of compound at retention time of 13.653 min

80 =
60 - x =
404 2 o =
5 o w
20 £ B
D‘E SRR TS| U] Ly N PR A - ¥ vk i l . l P
T T | T I T | T T 1 I 1
200 400 600m/2

Peak at 13.653 min (13.485 to 13.917 min)
-> The analysis found 2 components, indicating an impure peak.

Appendix 6: Mass spectrum of compound at retention time of 14.099 min

80 5
BD—: ~ o
404 g = >
209 (r ?
= o wl e ; ) —
2 : ; | ' ' : | ' ' ' | ;
200 400 600 m/z

Peakat 14.899 min (13.917 to 14.683 min)
-> The analysis found 2 components, indicating an impure peak

Component 1: Peak at Scan 847.3. Top ions are 551 552
Component 2: Peak at Scan 862.3. Top ions are 449

Appendix 8: Intra- and Inter-day precision of HPTLC method
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Amount Intraday precision (n = 3) Interday precision (n = 6)

(ug spot™?) Mean area from Camag  %RSD Mean area from Camag %RSD

20 6458 0.14 6397 0.13

Appendix 9: HPTLC results of the recovery study

Rutin in pre- Spiked Theoretical Experimental Recovery (%)
analyzed amount(ng) value(pg) value(png)
sample (pg)
3.923 1.00 4.923 4.944 100
4.000 1.00 5 4.944 99
10.19 0.50 10.69 10.46 98
10.46 0.50 10.98 11.00 100

Appendix 10: Overlayed 'H-NMR spectra of M. stenopetala oil and olive oil

oo o o+ o
- S & = O
Moo =
< o <
3 \ )
I i N
pM_ M
' - ) \
M. stenopetala oil /\ (RS TSN |
4.3 4.2 ppm M h
A bl Byl M - L, },
T T T T T T T T T T \l
7.5 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3 2.

=
o 15 lo ppm

Qlive oil
, - f\r b J{t,f i,,/\ A ,VJ{; o

Appendix 11: FT-MS profile of fatty acid mixtures of M. stenopetala oil
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QED-365neg_141014180804 #1-25 RT: 0.00-0.31 AV: 25 NL: 5.59E5
T: FTMS - p ESI Full ms [150.00-1500.00]
281.2481
R=37057
C1g Has O2 = 281.2486
2.5 RDBE
-1.6795 ppm

Relative Abundance
o
S

311.2952
35 R=33473
C20 Hag O3 =311.2956
1.5 RDBE
25 -1.0353 ppm
282.2517
R=36977

255.2328
15 R=38550 339.3269

C 16 Ha1 Oz = 256.2330 R=32166 %s::;‘?gg;
10 1.5 RDBE C22 Haz Oz = 339.3269 o 2989 | 5045

-0.5764 ppm 1.5 RDBE o

5 0.2422 ppm p
-0.6944 ppm
1L

L L s s s B s e B i T LN e e e e e e e B At B B e B
360 380 400 420 440 460 480 500 520 540 560 580
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Appendix 12: GC-MS profile of fatty acids of the oil of M. stenopetala

Abundance TIC: 00701002.D\data. ms
50.259
S5e+07
4.5e+07
4e+07
5().855
3.5e+07
44,522
3e+07
61.866
2.5e+07 56.531
2e+07
1.5e+07
1
1e+07 202
1.0do
5000000 55.58
26.324 43647 p édezzg
&35 12029 16asg. 21595 30.407 5.795 ool ’
: 8.171 : 318 29 43.316 |47.60
h $3e° 1%’?01 1 3 F O T e [ | N
' S e T —" T T L ey T T =R =t
5.00 10,00 15.00 20.00 25.00 30.00 36.00 40.00 45.00 50.00 55.00 60.00 66.00

Appendix 13: List of compounds isolated in this project
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Cpd No | Compound Name Plant Source Amt Structures
(mg)
81 Santin D. angustifolia(LF) 80
86 Pinocembrin D. angustifolia(LF) 3
12 Verbascoside C. myricoides 150
(LF)
77 Stearic acid M. stenopetala (SD) 70
157 Quercetin M. stenopetala(LF) 40
163 Rutin M. stenopetala(LF) 2500
Appendix 13 continued
Cpd No | Compound Name | Plant Source Amt Structures
(mg)
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164 4-(a-L- M. stenopetala(SD) | - OH
rhamnopyranosylo o s ‘ HO  on on
Xy) benzyl HO N 0
. HO \ O
glucosinolate OH  osoy CH,
125 5,6,7-trihydroxy- | D.angustifolia 1 O OCHs
3.4°- (LF) HO o]
dimethoxyflavone O |
HO OCH,
OH O
128 15, 16-Epoxy-2- D. angustifolia(LF) | 150 HO
hydroxy-3, 13 7
(16), 14- O
clerodtriene-18- 0~ “OH
oic acid
61 Heptacosanol M. stenopetala 100 m
OH
63 a-Spinasterol C. myricoides(LF) | 5
X
HO
64 Sitosterol-3-O-4- | C. myricoides(LF) | 2
D-glucoside
OH
Homo
HO
OH
Sesamin sesame (SD) 20 <O O o
0]
Q
o ULy
(0]

Appendix 13 continued

Cpd No

Compound Name

Plant Source

Amt (mg)

Structures
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71

C. myricoides (LF)

- H
OH N
_ )
07 H OH
“ o) OH
o Y@O !
73 Ixoroside C. myricoides (LF) by P
A
)
HOTEH G 9 on
0 T5;pH
80 5,7,4’-trihydroxy-3,6- D. angustifolia(LF)
dimethoxyflavone
117 ent-16-hydroxy-labdan- | D. angustifolia
3a,8f-dihydroxy,13(14)- | (LF)
en-15,16-olide
161 kaempferol-3-O-$-D- M. oleifera (LF) O OH
glucoside Ho O 3 o .,
159 Quercetin-3-0-f-D- M. oleifera (LF) M o
glucoside HO O o O
L PHon
OH O Oﬁ%&'ﬂ
186 Inositol dimer M. stenopetala Ho X oH
(LF) HO HO™" 51 o on
190 - M. stenopetala /@OH
(husk) 9
191 allantoin M. stenopetala 0

(husk)

Appendix 14
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Comparative Chemical Study of the Wondrous Ethiopian Plant: Moringa stenopetala with the
Indian Moringa oleifera

Abstract: Moringa stenopetala is a cultivated plant in home gardens and farms mainly in southern
regions of Ethiopia. It is known as cabbage tree, indicating its use as food and also by different
local names (e.g. Aleko, Shiferaw). Families depend on it as an additional source of food. In the
past few years, wide interest has been generated outside of its origin areas on account of the
claimed nutritional and medicinal values. The leaves of this plant are now being sold in different
parts of Ethiopia including in shops and supermarkets in Addis Ababa. This means that farmers in
the South now have an additional source of income from their home garden plant. However, there
is misconception about this new market, as if it is a cause of new threat. How can a cabbage plant
grown in home gardens be threatened by new markets? On the contrary, since there is huge
potential for wider cultivation of this plant in home gardens or in farms, this plant brings a truly
golden economic opportunity for the farmers.

In a pioneer chemical study conducted in the Department of Chemistry (AAU) several years ago
the flavonoid glycoside rutin was found to be the major constituent of the leaves [1]. In this study
[2] we compared M. stenopetala from Ethiopia with the well known Indian species M. oleifera.
Several compounds were isolated from leaves of both species. Different techniques including TLC,
HPLC-MS, and UV-Vis were employed. Our results unambiguously show significant differences
in the chemical profiles of the leaves of the two species. Rutin (1) is the principal flavonoid
glycoside (2%) of the leaves of M. stenopetala, which however was not detected in the leaves of M.
oleifera. On the other hand M. oleifera contains significant amounts of two other glycosides:
quercetin-3-0-f-D-glucoside (2) and kaempferol-3-O-f-D-glucoside (3). It is interesting to note
that compounds 2 and 3 are not detected in M. stenopetala.

'Oral presentation by Yadessa Melaku at RiSE (Research in Science Exposition) held at the
College of Natural Sciences, AAU, June 19, 2015

Appendix 15: PhD defence presentation slides
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Bioassay Directed Chemical Study of Antimalarial Substances from
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and
Comparative Chemical Studies of Moringa stemoperala and Moringa olejfera

By Yadessa Malakn
Advisar: Prof Ermnias Dazme

Jane 1, 2015

1.1. Introduction
# Clerodendrum myricoides, Misrch In Amharic
++Indigenous plant m Ethiopia
“+Also occurs in Nigena, Kenya, and South Africa

#Traditional uses of C. mpricoides: Against malaria, diabetes,
typhoid, fevers. pneumonia

#Previous biological reports:
4 Antinmtazenic properties agamnst Salmonella yphimurium [36]
#+Against diarthea and dysentery

FPrevious studies showed crude extract possesses antiplasmodial
activities
#No pricr report cn chemical constituents of the plant

[36] Reeid B A ot o, 2006, Jourmal of Evhnopharmacclogy, 106, 24-50

1.3 Results and Discussion
O myricoider leaves (100 g)
| Acetone
Bllack jelly solid (5%)
J CC, 3] fractons
" JI CHOLEi0Ae (23} | BRACMOE )

| ElAMeOE
Icﬂ,ﬂ,-_nm (s1) | CHCLEDA O i ot 1)
7 21 (250 mg) A
e Frll(150ms)  Frl7 (00 ms) Fr6(1g)

o [Verbascoside (250 mg)
& Fatty acids (30me) | [ St p0-
b— Ennsida (10 meg)
a-Spinasteral (40 mg) 4 CHIC, Mol {1:1) e
Fr3 (50 mg) P:I"-'.fﬂﬂ mg)
Saphadsn L
¥ , FHChaceeza (51)
| Conpound 72 (20 mg) Fri-3 (33 me) =
CcC
Imoroside, 10 mz

Scheme]: Flow sheet diazram showing extraction and
isolation of compounds from the leaves of C. mpyricoides

Part 1: Bioassay Directed Chemical Study of Antimalarial
Substances from Clerodendrum myicotdes

Pictre 1: €. myricoides aerial part (Lidets Mariam, Addis Ahaba, Picere by VM)

1.2. Objectives

#To conduct bioassay guided isolation and characterization of]
compounds responsible for the antiplasmodial activities of the
extracts of the leaves of C. myricoides

#To identify the compounds responsible for the radical scavenging
activities of the extracts

13.1. Charactenization of 3 compounds isolated in this study from
leaves of C. myricoides

L}




Compound 63 P T 3
»White selid recrystalized from isopropyl aleohol; mpl44-145°C 2 EF' gl ¥ E
£20 Carbons: 30, 11CH, BCH, BCH,
MS: miz 412, CooHaO
=The IR vemd: 3269 0 (0-H), 1609.0 (C=C) and 1062 (C-0)
; Pre'\il:!usrepurnedacﬁ\'iti.es.:
»IH-NMR: six methyls at & 0.60 (3H, 5). 4 0.80-0 860 (9H, m), 5 0.87 a-spinastercd *"m?ﬂa-lmm Eh'euft;;l‘*m&
(3H.d,J=64Hz) and 4 1.13 (3H,d. J= 6 8 Hz) e P g
L}Sﬂwmmmm and,‘-'igm‘h_'mﬁal :
"Proton signals mtegrating for 25H were observed m the range sy,
23010 1.00 | : e
"The signal at 4 3 63 (1H, m) along with three olefinic protons at & Ii I J
5.04 (H-23), 5.17 (H-7) and 5.18 (H-22) : ; i
" ) i Fig. 1: UC-NMR specirum of 63
UV imax: 227 nm for isolated double bonds : [58] Godk-Che, T at ai. 2008, Experimental and Molecular Medicine, 37(2), 111-120
Compound 64 Compound 33
'»V.'hi'_te powder; TLC (Rf=0.4), hexane-FrO4e (1:4) l'_\-{ajnr constituent; np 147-148=C
# (e, =-25.0(c 0.4, MaOH) sFT.MS: m'z 623.1981, C,.H,.0,4 s
#IR- 3429 (OH), 2918 (C-H), and 1063 em {C-0) *IR: 3398 cor(OHD) and 1698 cm*(ester €O i
#FT-MS: m/z 599.4293, C,.H..0. S —
bl Cmile : s leanth
=IHNMR: 5 743 (1H. 4,.J=15.7T Hz) and 6.20 (1H. d, J=15.7 Hz),
#H-NMR: six methyl groups at & (.63 (3L ), 0.95 (3H, 2), 090 (3H, 0, double bond
0.93 (3H, d), and 4 0.80 (6HL m) 25702 (1H, d. J= 169 Hz), 6.98 (1H. dd, J= 8.14. 1.60 Hz), and
»Olefinic proton: & 3.30 6.75 (1H. d. J=8.14 HZ), caffeic acid substituent

=Proton on oxygenated carbon- 6 4.47 (1H, m)

~Anomeric proton of glucose: § 4.21 (1H, d. J = 8.00 Hz) % Phenylethyl moiety at § 6.63 (1K 4, J=18.14 Hz), 6.62 (1H, bro 3),

»3CNMR: 33 carbon signals (3Q, 14CH, 12CH, 6CH,) and 6.49 (1H, dd. J=18.14, and 1.48 Hz)
FSitosterel-3-0-f-D-glucoside: antcancer “Rhammose: 6 5.01 (1H, d, J=1.3 Hz} and 0.94 (3H. d, J=6.24 Hz)
[63] and antibacterial & .

_ ; " % Anomeric proton of glucose at 4435 (1H, d. J=7.82 Hz)
[463] Shabama, M.M. e al, 2013 J Corcinogone Mutrgane, 4 (3), 140-135

. 5. Compound 76 o
130 " 135- 3 o [
#+1C-NME and DEPT-133: showed 29 carbon resonances & White solid: rmp 198-201°C 15 ,I:“..
HMBC i@ [efil=-130.0(c 0.4, MeOH) &
i DM o + R vam: 3391 (0-H).1660 (C=0), o= P'II
J s & SFT-MS: mz 3591348, C,H,.0, MR T
H

wara ban o (|

Verbascosida [33) “C-NMR and DEPT-135 spectrum
, _ 51912, 1617 md 1245, 5 95.1, & 784 (1Q), & 50.7 and 28.8
S it s lemves i gl S 1) (two CH), 340.7 and 28.7 (two CH,) and 5 22.0 (one CH,): Iidoid

maodety
“Previous pharmacological reports: antiviral . anhitumor and anti- ' ca romT - - 5
it tory “+One sugar moiety: 498.7(C-17), 77.7 (C-57), 77.1 (C-37),

73.5(C-27). T0.5 (C47) and 61.6 (C-67)

Isldele maledy Lt

. n
.} 1
¢ 4 o
0 ? 1 o
2o it #l H 2
[43] Micol, V., er al., 2005 _dnriviral Research, 66, 128-136 <+ Compound 76 is ixoroside e ;‘\B—'@»
| S ol L
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Compound 72 -

Mp: 178-180°C b L
STLC (RE0.4)using EXOAc:AOH (41) 57 /
STR-1680 ester CO), 1674 (Aldebyde C0) b5L ./

FFT-MS: mé 551.2463, Cp HywOy, L N S
20 ) 200 W
ware lengrly (ne | *

=H-NME.: 4 6.77 (olefinic) and 1.67 (1H. m)
#+Four mathylenes: §222, 156 &128,132and 360 ¢
“+Two methyls: & 1.81 (3H, 5) and 0.94 (3H. d) "

%_ﬂ

#3C-NMF. spectrum and DEPT-135 showed:

++Ester carbonyl (5 167.6), o

+Olefinic carbons (5 1282 & 142 3),

“»Four methylenes, - oj‘gi%:

+ One methine (4 29.7) and " AT

% Two methyls (6 11.5 and 20.5) ix B
Tl i P

1.3.2.1. Antiplasmodial assay conducted in
collaboration with research group of Professor
Yalemtsehay Mekonnen

1.3.1.1. Radical Scavenging Assay

Q.0

e = hatioxidsalr
= Astioxidas) —

DEPH mdical (Purpie in ¢

i =351T7om) DPPH-H (Welow’
Testad samples DPPH radical scavensing sssay
% mhibition at 10 pgml.  IC,, values
Acetone exmact 50 10
o-spinasterol ] 123
Suesterol-3-0-0-D-ghicoside 36 16
Ioroside 13 63
Compound T2 15 30
Verdazceside &4 0.75
Ascorbic acd ap 045

Tahle I: DPPH radical scavenging activities of the acstone ewmact and  constieents of
the keaves of C. syrionides
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Fatty acids: white zohd
#NME result: saturated and unsaturated fatty acids

»The fatty aced mumcture was dissolved in hexane:CHCL(1:1) on boilng and
left standing overnight

FNME. result: steanc actd

FFIMS: CuHy 0, (mit 367, CouHlaOy (miz 335) Coollhe0,; (ms 311

CyoHusO; (m 383) C,;HyO, (s 255) identified as tetracosanoic (74),
behenic (75), icozanoie (T6), stearic (77), and palmitic acid (T8)

EiOH
Ex0H extract _Antiplasmodial | %.Supp. 74 at
| asEAY 00 mzks, acdve
Hexane
e
Hesafie ext | !
| Antiplasmodial assay LEOE ey
i et EtOAc ext Antpiasmodial | %Supp. = Marc 2
300 mgfkg assay T, active
1) MeQH-H,O (1:1), 2) Heane
| Benane sol., active (50% a1 100 mekg) | Aqueous phase
cC CHCIL

!
(CHCL sol. moctve(g®y) | OueoLs pnase

i | n-butanal
..m.

% = it
= ] n-butanel, inactive (28%) |
| %4 Supp. 51% for 63 and 45% for 64 ar 0 mzky | -

Schame 3: Flow shoet diagam shewing factionation and astplasmodial activity of . mpricoiges ¢

1.4 Summary of major findings on the leaves of C. nyricoides

#The acetone extract afforded five compounds: a-spinasterol

sitosterol-3-0-5-D-glucoside. verbascoside. ixoroside and compound
T2

“+Compound 72 has not been reported previously as a natural product
#The extracts and the tested 2 compounds exhibited sipnificant
suppression of plasmodium parasites on infected mice corroborating
the traditional uses of thus plant

++The acetone extract displayed high free radical scavenging activity
with verbascoside as the most active compound

#+The leaves were found to be nch in fatty acids




Part 2: Bioassay Directed Chemical Study of Antimalarial
Substances from Dodonaea angusnfolia

Pichae 2 [, angusifbiia aevial part (Lideta Mariam A& pictwe by Yadessa M)

2.2, Objectives

#To conduct mmtiplasmodial activity gwided iselation and |
characterization of compounds from the leaves of D. angustifolia

#To examine the radical scavengmg activities of the crde and
the pure constituents of the leaves of D. angustifolia

| 2.3.1. Characterization of Compounds from the Leaves of D. angusnifolia |

Mobile plase EAe petral (3:7)
Speaying apen: VandllinH, 50,
HO. Ha,
G D

|- L

Compeund
‘ &,_ Congund 3
| Compound & a
oM a

g B

||<|\§j_b j‘;'\
W Compusad 36
4 !

L5 ':
M
Fig. 3: TLC profils of Br0E axract (B) and ErOAc whibls partion of ErfOH sxrmact () of the
Taaves of 1. anguniinia

Cumpound 58
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2.1. Introduction

FDodonaea angustifolia (syn. D. viscosa), kitkita in Amharie
It occurs I most Ethiopian regions

Traditiomal Uses:

<+ Apamst fevers. malaria. trachoma. to expel roundworms

Phamacological reports: Anfibacterial anfi-fimgal antioxidant,
anti-diarheal,  antidiabetic. anti-inflammatory. hypotensive, and
wound healing activity [106]

»No information describing the antimalarial properties of D
angustifalia

106) EKbmmam, M. ot &l 2008, Molecules, 14, 13532-1341

2.3 Fomls and Dhiscussion D amgustifolia leaves ( 150 g)
EtZH

ErDH exiract (25
n—haumEgJ
+

* .
Hexane soluble Marc 1
EtOAc
ErOAc solible (6 £) Maxc2
| Adsorbed, and then CC: 30 fractions.
! Tl EiD: | petrotmacis: 4 PesclEode 03 | Pomat B0 (11 mt
oy .
A Fﬂl 13 ESERT) Frig21 Frls-26
A s |cc cC | Sephadex
! = ! ! | 35 (30 meg)
3 (268 meg] | me ¥ prlq d ¥
| ' 3] | Sepbadex. A
B(12mg) + s mg | |
' 203mg) | '
! 320 2(18 mg) 4
35 mg) (Boma)| Sad, 51 (11 mg)
58 (30 me)

Scheme 4 Flow sheat dixsram showing fractionation of ErQiAc soluble pordon of I
anguzrfvia kaves

Compound § §
< Yellow solid ; mp 190-191°C |
*ali=-12.5(c 04, EtOH)

+HEFT-MS: ms 255.0663, C,,H, 0,

Biwe MY ZRDN AN 333

4 'H-NME. spectrum:

#8260 (1H, dd) and 2.91 (1H, dd)
#6525 (1H dd, J=12.80 and 2.80 Hz)
6582 (1H. . J=2.00 Hz) and 4 5.83 (1H. d. J=2.00 Hz)

#4726 (5H, m). no substitution pattern on rmg B Hom"@
]

“+Compound § 1= 5, T-dhydroxyflavanone (Pimocembnn) o4 ©
“Pinocembrin:  antimicrobizl  anti-inflawmatory,  antomidant,  and
anticancer

=Has 2 potent protective effect on neurovascular unf [133]

=Phytotorae matenal for weed control

[133] Qinzyn, Y. e al, 2002, Chin T Chem. 30, 1315-1318




| Compound 3
=Yellow solid recrystalized from ethanol; mp 160-161°C
FIR vemt: 1646 (o famsaturated carbomyl), C-O (1090}

»[eliy =0.00(c 0.4, EtOH)
»FT-MS: m/z 343 0858, C15H, 405 miz 287 (loss of methyd)

g B 1 | TR PIPTEE S '
| | Amax 271 and 338 nm

T 300 FI
ware lemsth (nm)

'PCUB:IPCI'I.UJ.d j: il T b gl &5 in
#Yellow solid; mp 226-228:C i of s B
#[als, =0.00(c 0.4, EtOH) A £

#TLC (R 0.50) using EtOAccpetrol (3:2)
#(+)-ESLFT-MS: m/z331.0803, C;-H,,0;
m/z 316 (loss of methyl group)

#BC.NMR. and DEPT-133:104Q, 5CH and ?methoxy groups
Two methoxy groups: 4 34.9 and 59.3

W
i

#H-NMR: Two methoxy: ¢ 3.60 (3H. 5) and 3.70 (3H. 5)
<A pair of doublets at 6 8.10 (2H, J=8.8) and 7.10 (2H. J=8.8)
“Asinglet at 5 6.50 (1H, 5)

3
#5115 5,6.7-mhydroxy-3.4"-dimethoxyflavone :E;I:é:r

EHDsz

Compound 58
#White solid; mp 143-147°C;
#[efpa=-17.5 (c 0.4. MeOH)
#IR vem!: 1690 (& famsaturated carboxyl), 3375 (OH)
#On treatment with H;PO, 5§ gave a compound with greater Bf
value

»FT-MS: m/z 3311990, CyH,<0, and mz 2872015 (M-CO,

#!H-NMR spectrun
“+three methyls: § 0.73 (3H. 5), 0.80 (3H, 4, J = 6.4 Hz) and 1.26
(3H.3)

%& 4.30 (proton on oxygenated carbon) and 6 60 (olefinic)
“Furanmng 4 6.25 (1H, 5), 7.20 (1H, 5 and 7.30 (1H. £, 1.80 Hz)
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i I
3.7-dihydroxy 3.6.4°-trimethoxy flavene (Santin)
#IDNMR
#Reported from D. viscosa
#Previous biological reports: trypanocidal. leishmamcidal | |
| anti-inflanmatory and anti-tubereular [140] i

] 1 !

| i .1l

L i LB onE L}

T T T I T T T T T T
= Fiz. 4: Procon WME. spectram of compound 3

[140] Martinez, 1. o¢al, 1997 1 Nt Prod. 60, 142-144

Compound 1
#Yellow solid: TLC (Rf 0.5) using EtQAc:petrol (3:2) as eluent

# HNMR Spectrum-

4 Two methoxy: 4 3.60 (3H. 5) and 3.70 (3H, 5}

<A pair of doublets at §6.70 (2H. J=8.8) and 774 (JH. J=8 8 Hz)
“+Asmglet at 4630 (1H, 5)

#13C NMR and DEPT-135: 10Q, 5CH and 2methoxy groups
Two methoxy: 6 59.4 and 59.9

#Compound 2 is 4°.5. 7-trihydroxy-3. 6-dimethoxyilavone

v Feported from D. angustifolia [120]

[120] van Heerden, FE. ot al, 2000. Fiosrapia, 71, 602-504

g

H7

)

FUC-NMR and DEPT-135:
5, TCH, SCH,, and 3CH,

Fig_ & Proton decoupled "C-NME specinm of compomd 58



Compound 36 +UC3ME. and DEPT-135:

#TLC: Rf 0.20 (EtOAc-petrol, 3:2) | 351722 (carbonyl group)

#6 145.7 and 136 8 (two olefinies)
4+ H-NME and HSQC: ¥ 25 772 ad 976
4 7.60, 430 and 3.90 (OH) {oxcyzenated carbons)

#& 700 (1H, bro. s} olefinic proton | =6 608 and 551 (methme

#4600 (1H, d) acetal proton carbons)
% Three methines FQuaternary carbons: ¢ 389 and
Six methylene protons 386 )
»Methyl singlets at §1.00, 0.89, |*5ix methylenes: § 444, 373,
0.72 and 0 65 28.3,273, 23.2,331&20.2
o #Four methyls: 6 28.7. 24.0, 16.1
Pl amd 15.7
i 2R #Compound 36 is ent-16-hydrosy-labdan-32 86-
(Fif~e  dibvdrey ] 3(14)-en-15,16-olids (36) which was
L ' b reported from the aenal parts of D, vizeaza [115]

E1Y
[115] Oliveira, 5.0). ¢t al, W12, Physachemizry Lemars, 5, S00-505

2.3.3.1. Antiplasmodial Assay
D. angustifolia leaves

| 80% aqu MeOH
rﬂlt_rlng
50% aqu. solution
|Et0Ac -
e i y
| EtOAe sol. (Yampp =80 at 150 meke) | Aqu. phase,
Adserbed, CC Sasupp.= 19%
' ]

Pinocembrin, %Supp 80 | | Santin, %Supp 85 at | |58, %Supp. 70 ‘
at40mgkg 100 mgkg at 40 mgkg

" !
Scharns. 5: Flowr hast dingramm s antiplsmodial acsiity guided isclation of corpouns Fram fhe
Toves of £ ampureiiiotia

2 4. Summary of major findings on the leaves of D. angustifolia
#Four flavonowds and twe terpenoids were 1solated and characterizad

#3536 7-Tuhvdroxzy-3 4 -dimethoxyflavone has not been reported as a
natural product

*Actmity guded anfiplasmedial activity led to the 1solation of three active
compounds: pinocembrin (8), santin (3), and 13,16-epoxy-2-hydrowy-
3,13(16),14-clerodtriene-18-atc acid (58)

#The antiplasmodial actiities of these compounds were sigmificant
compared to chloroqune hence zccounts for the traditional use of this plant
agamst malara

»The flavonoids tsolated exhibited propounceable antioxidant activity with
3.0 4 -mbwdroocy-3_ 6-dunetercvflavone  1dentified as the most active
compound
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1.3.1, TLC Profiles of Ethyl acetate Extract of Dried Leaves and
Acetone Extract of Leaf Exudartes of D. angusafalia

Compaend &
Comporard 3 = = = - -
Cmeperd 2 % Simple dipping is a quick
and convenient method for
the isolation of terpencids and
= flavonoids from the leaves
Cormparersd 34

Fig. 7: TLC af the EnDAc exmact of dried leaf (A and acetons extract of leaf surface
exndates (B) of D amgusefibiia; Eluery Er0Acpemol (3-2) and vanilin as sprayine agent

2.3.3.1. Radical Scavenging Assay

Tested samples Concenfration % Scavenging  IC,
(ugml} of DEPH
EtQAC axt 100 o -
Pinocembrin 10 57 34
Zantn 10 58 4.0
5, §, 7-Tribydroxy-3.4"~dimethoxvdavone 10 T 437
3.7.4"-Tribydroxy-3 ,6-dimethexyflavone 1% B4 0.6

Tahle 1: Radical scvenging activities of flavenodds isolated from I amgncrifbiia

£9.4' Triydroay-1.6-
dimcihos yilveac

54, 7-Trikydrazy-3.4%

Fizezembrn Saalm dimziberpihare

Part 3: Comparative Chemical Studies of Moringa
stenopetala and Moringa oleifera

Pichme 3: M srenopetala from Adams

Picture 4: M. oleifera fom DAT




3.1. Inroduction
#Morngaceae: one genus and 14 species
Two species in Asia and 12 are m Africa

# M oleifera and M stencpetala are highly valued plants in different
parts of the world

#The demand of Moringa species is IncTeasing
#Little work has been done on the chemical study of M. stenopetala

#No report dealing with the anfioxidant potential of the leaves of M.
stenopetala

33 Femltz and Discuszion

M stencpetala leaves (100 2) M olsifera leaves (100 &)
| 70% aqu EOH I 70% aqu. EOH
Faltrate Black jelly solid (15%)

Solvent reduced o 20%,

left overnight, fltered l CC over Digion LH?0

et Mother bguor | H,0 | EOHH,O | EBOH | E10H Jr

Reaystalized from MeOH b1 y Fr5 (sisnstercl-
. gt 3 [t | Dohcoside)

CC. silica gel

— 8

]_ H - an
o h
W "
o HO,
om
SR P " o
M 0, - o H o L
:?’.-—éf_“ os o H an a on

Rubm, 38

Rutin (1.9%)

- " Easmpfrsl ghicoside, 36 Qusrcetin glucesids. 34

Scheme §: Flow cheet diazrams showing isolytion of marker compounds

Compound 36 . |
#Yellow solid: mp 189-191°C w7~ 3%t
»FT-MS: mi 4470924 CuH,0,, 3% 7
m= at 284 (aglycone) )
! H-NMR. spectrum i L
#4816 (QH.d J=92Hz). 6700 (2H.d. J=92 Hz)
#5634 (1H. d,J=2 Hz) and §6.30 (1H, 4, J=2 Hz)
<+ Anomeric proton at  5.20 (1H. d. J=7.20 Hz)

»Compound 36 is kaempferol 30D glucoside [212]

*=Previous biological reports: ™
“rantioxidant, antiallergy, ant-inflammatory LT
36

[212] Shahat A A ot al, 2005. Qatar Univ Sci. 7, 25, 7277
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3.2, Objectives

“+Isolate and characterize marker compounds from the leaves of the
two Moringa species

“Develop TLC, UV and HPLCMS profile of the leaves of AL
stenopetala and M. elsifera

4+Determine level of mitin in the leaves of M. stenopetala

“Isclate and charactenize compounds from the leaves and seeds of
M stenopetala

“Evaluate the radical scavenging and anti-lipid peroxidation
potential of the extract and constifuents of the leaves of M
stenopetala

3.3.1. Characterization of Marker Compounds

Compound 38 o P B
+Yellowish solid; mp 189-191°C R SR i
TR ven': 3428 (OH), 1653 (carbonyl) Pt Al

SFIMS: mi 609.1451, CyrHaOye0 S R
ms 302 (quercetin} - R
“+The hydrohmis of compound 38 confirms the aghycone as quercetm

SIH-MNME. of 38: §5.35 (1H, J="7.83 Hz): anomenic proton of ghicese
= 6438 (1H bro. 5) and 097 (3H, 4, J= 6.09 Hz): rhamnose moety
4 Compound 38 15 muim which was reported from the same plant [188]
Previous phamacological reports:
Antiodant, antidibetic, anti-cancer, anti-
™ mflammatory, hepatoprotective, thrombolytic
- :39%:" and a-glecesidaze mhibitory

[185] Mekoren, 4.t al., 2000, Buii. Chem. Sor. Ethige. 14(1), 5135

oH O

Compound 34 I aniy
“+Yellow solid mp 192-194-C o | YR
IR vom? - 3368 (OH), 1663 (CO) et < o
+HE-FI-MS: m/z 463 0882, C: LH:nOg:

m:z 301 {aglycone) L ; :
SIHNME- L L R

#07.72(d, J=24Hz). 7.60 (dd, J=24,88Hz), 6.80(d, J=8.8 Hz)
#0641(1H,d.J=84Hz) and ¢ 6.23 (1H. d, J=2.00 Hz)
#Anomeric proton at & 5.27 (1H. 4, J= 7.6 Hz)

+Compound 34 15 quercetin-3-0-8-D-glucoside o

iy

#Previous biclegical reports: antinflammatory, antimicrobial,
anticarcimogenic [217]

#Previous sources: M. aleifera, and 4. indica

[217) Razavi, SM., or i, 2008 Russian Jowrnal of Biooreanic Chemiciry, 38(3), 376-378




3.3.2 Compariton of Extracts of the Leaves of M. stemoperala and M. olejfera 3.3.2.3. High Performance Liquid Chrematography-Mass Spectrometry

3321 Thin Laver Chromatography (TLC) =
% Elent: bipsie e ;
EtOAc:AcOHHCOOH:H,0 e - S
(71:1:1) g or 3
4 Spraying agent: fast blue B 400 3 =
= i 200 U ] 'T-_ 1 -
AR I —— o 3 li‘__?x. O Lo
T I| ER [Ler — g = : ey
aﬁmm:;m““‘h Fiz 11" HPLC fnzerpr: profile of M. sromoperaia leaves
rapidly

% TLC has the potential to
detect presence of
adulierants m erther of the

fwo samples
" me T3 =
Fig. 9: TLC profile of M. stemoperala (MS) and M olajfera (MO) . Fiz 11 HPLC fngerprint profile of M olefmy leaves
3.3.3. Quantification of Rutin in M stenopetala Leaves #Good resolution of spots: EtOAcHCOOH: AcOH-H,O (7:1:1:1)
3331 HPTLC #The plate was scanned at 260 nm
|Extm¢l:'mnl #Eight spots were detected in the HPTLC chromatogram of M.
stenopetala leaves extract
M stenopetalaleaves (280 )4 stenopetala leaves #The spot of rutin in the plant material was detected at an Rf value
| Er0H | 70% aqu. EtOH of 0.49
Black jelly solid Black jelly solid v
FHPTLC measurement

v'Standard stock solution: Rutin (10 mg) in ethanol (20 mL)
v'Sample stock solution: Extract (10 mg) in ethancl (10 mL)

#20 uL and 40 pL of the sample were applied on track 2 and 4
while on track 1. 3 and 3 a standard rutin solution of 2, &, and 10 pL

were applied on HPTLC plate, respectively Fig 13- Typical chromatogram of M. siengpetala leaves exiract {Ieff) and standard rusin frisht)

Sammple source Amourr applied in pL Peak area (ug) %tRurin
(ug)
Arba Minch 40 24.23 il Fomus
Gondsr 20.30 18 Pl
Dhira Dawa 24 19 - i

‘Table 3: Level of rutin in M. stenopetala using HPFTLC
7 This was repeated for EtOH extract and found to be 1. 7%
»Confirmed through izolation (1.9%)

- e

e Tami wnw e f ‘:imm::wcrunn
wave lengeh {nm)
Validation of HPTLC Method Fig 14 Onarbiniad LVEVia ajsoctia of mutin and 709 aqu. ExOH cetct (Lell) snd calibration urve (right)
»Linearity fu=3), r = 0,999, sdv = 2.73% hiegle e Aleoduvratddim: % lan
»Limit of Detection (LOD) and Quantification (LOGQ) Asba Minch 084 1.7
* Arcuracy: Yerecovery study of 99.5%: Gondar 07s 168
¥ Iniraday precision (repeatability): %RSD = 0.14% Dire Dawa 080 171

FInterday precimion (reproducibihity)2eBSD =0.13%

Tabile 4 Loval of ritin in M. siemapetals lewros using UV-Vi: spectroplbotomstry
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Conclusion

+Since the use of Monnza species 15 mrowing steadily, 2 quabty control
method using TLC, U7V and HPLC-MS were developed to differentiste thiz
spectes from various sources by chemical fingerprnnts

+ The marker compound for M semoperala 15 rum wihale the markers m M
alejfera leaves are quercetin-3-0-8-D-glieoside and kasmpferel-3-0-8-D-
ghicoside

+A simple HPTLC and UV method for the detenmination of mutm i the
extracts of M stemopetala was developed and vahidated

+The level of miin m the 70%% aguecus EtOH extract of the leaves of M.
stenopetala is 1.920.08%

+These finperprinting results may be wseful not only in differentiating the
two species but also in establishing presence or absence of adulterants, an
1ssue that 1= of great concearn in the use and marketing of leaves, and other
products of Moringa

Isclation of Compounds from the Leaves of Moringa stenoperala
| M stemopemala leaves (100 £)
CHCLMeOH (1:1)
Black semizolid (8 2)
CC, 50 fractions
EfDACFOH (1:1) mon

| 1oecC, | EtOAe

Fr38, Sitosterol-
]-O-D-glunos:.de
(10 mz]

Frll,
Heptacosanol
(350 mg)

Fr49 I.uomtni dimer

|Bmg

Fﬂ2&43
(250 me)

Scheme 10: Schematic diapram showing extraction and isolation of compeumds from
M. stenopetala leaves

Compound 62
4 a white solid soluble in water
& [@lf, =-75.0(c 0.2, MeCH)

EFEE R

oH
- o+
A 2'%"‘

UC and DEPT-135 NMR:
#4743 (C-1),

#4724 (C-2 and 6),
#4721 (C-4), and

#d 711 (C-3 and 5) Inositol dimer (62)
A LT
—_— —_—r— —_

Fig. 15 *H NMR spectrum of Inositol dimer
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3.3.4. Contributions to the Chemical Studies of the Leaves and
Secds of M. stenopetala

Characterization of Compound 61 and 62
Compound 61
% White solid powder; mp 83-83°C
IR 3400 (OH))
4 UV-Vis spectrum: no absorption maxima

<+'H-NMR. spectrum: =
#4366 2H. 1. J=6.6 Hz);
=4 1.39 2H, 3

4127 (48HL bro. 5) and 0.90 (3HL ) L

“*Compound 61 is I-heptacosancl which was confirmed by
comparison with literature reported for the same compound [225]

[225] Koay, C.X. e af, W13, Rec. Nr Frod 7(1), 50-54

3.3.4.2. Chemical Constituents of M. stenopetala Seeds Kemel

M stemopenala seeds
| Soshiler
ad e Mare (100 )
Hot MeCH,
Treezer fhered | BOH (500 mL)
Filtrate, oleic acid Telly solid (3 g)
Adsorbed, CC
CHCLMeOH (1:1) CHEMEOH {1:1)
FLi g
| Seghadex
4(aLr yranesylory) benzyl glocosi (40mg)  Sucrose, 40ms

Scheme 11- Diagram showing extmaction and isalytion of compounds from 1 senspennl seads



Analyziz of M stenaperala il

FUNVis spectrum: no absorption maama

#The NMFR spectrum was compared with some edible oils
%+Dizplayed similar NMR pattern with olive el

SFTMS:
“emfz 339.3269 (C,,H,,0, ), behenic acid (18),
semfz 311.2952 (C,,H,,0,), archidic acid (26).
<mz 281 2481 (C,,H.,0, ). cleic acid (22) and
dmz 2252328 (C H,,0, ), pakmitic acid (21}

>FAME analysis using GC-MS
Results: myristic (0.2%), palmitoleie (1%), pabmitic (1%), oleic (33%),
stearic (%), linoleic (1%94), archidic (4%) and behenic acid (3%)

Iselation of Compounds from the Husk of M. stenopetala Seeds
M stemoperala busk (100 g

E#OH (600 ml)
Yallowich semizolid (2 £)
lCC.E?ﬁ?etim:ls
lCH,CIJ !E"ﬂ: dwOb (4:1] l CHCIZMeOH (1:1)
EC FrlLB FIU o Erog Fras 27
swacrtcxildcwmgnl | Compound 66 (20 me) [ C : d 67 (20 mg) |

Scheme 12: Exmaction and isolation of compounds from: the bnsk of M stemapel seeds

Compound 67

#White solid; mp 220-222:C

#IR venn!: 1715 (anude). 3438 (N-H) and 3343 (N-H).
»FT-MS : méz 181.0332, C.H,O:N,

FH-NME: 4 5.21 (1H), 6.97 (NH), 10.70 (NH), 8.10 (NH) and 5.85
(NHz)

#*3C.NMR and DEPT-135: 4 174.0,157.9, 1573 and 628 (CH)
#+Compound 67 is identified as allantoin

“CO5Y and HMBC ;i
o= i - . “‘(amfi *
| [\I M‘JL‘IH) A 4 M
w
7 k] L

# Allantoin enhance the efficacy and desmrability of cosmetic creams
¥ Accelerate the healing of wounds
#Agamst asthma
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3.3.4.3 Characterization of Compound 39

Compound 39

#Yellowish jelly solid; UV } max nm: 245 and 273
#IRocm™: 3400 (OH).1613 (C=C})

#FT-MS: m/z at 370.5666, CypHo N0 .5,

#The peaks at m= 97 and 570 are characteristic of 4-{a-L-
rhamnopyranosyloxy) benzyl ghucosinolate [147]

#HNMR:4725(2H.d J=88)and 4 704 2H. d. J=88 Hz)
“PFhammose: 4 343 (1H, d,.J=136)and 4 1 13 (3H, 4 J=356Hz)
+4460(1H.d, J=32Hz H-1)
< 4.00 2H, bro. s, H-T) & raal.d
4+ 4.00 to 3.00: protons of sugar I~ 1 7
o £ T

g e
#Compound 39 15 4-{g-L-thamnepyranesyloxy) benzyl ghicosmolate
[147] Bemmete, BW ., & al, 2008. J dzric. Food Chem 51, 3546-3553

(Charactenzation of Compound 66 and 67

Compound 66 oo | FTnm
*White solid mp 153-155°C |

#IR. vem™: hydroxyl (3357)

PFIMS: miz at 2691028, C,.H,,0, g

S m
oy ek
HNMR: 5727 (2H. 4, J=82 Hz) and 6.96 (2H 4. J=820Hz)
#5440 (2H, d J=4.40 Hz), benzylic protons
#Rhamnose: § 5,32 (1H. d,J=1.32 Hz) and 4 1.07 (3H. &, J= 6.14 Hz)

% "“C.NMR and DEPT-135: 5135.3,136.2, 128 4, and 116.6
44985, 708,706, 72.2, 69.7 and 18.3 due to CH of rhammnose
44 61.9 due to benzyle carbon

> No bathochromic shift (’?:H “?dz[j"’
69 iy

Antioxidant Activities of M. stenopetala and M. oleifera Leaves

A DPPH radical seavenming assay

Samples tested Scavenge (%) IC,,
M stenoperala E4OH extract 77 6.1

M oleifera E¢OH extract s ] 6.0

Rutm 81 245
Sitosterol-3-0-F-D-glucoside 36 156
1-Heptacesancl 26 14

Chercetn-3-0-§-D-ghicoside 85

e

ol

Ly

[ ]

Faempferol-3-0-F-D-shceside

Table 5: DPPH mdical scavenging activity of extract and pure coopounds fom
M ssemoperain and A olejir leaves




B. Ferric thincyanate method

Lindeicadd jng ped gt 4FC  S7El avount wes rarsfamedio Aesorbance
5 Jnoubeed 2 AFC,

Sl e vid cortairirgFed achHSN. | @S0
Samples tested Absorbance at 500 nm  %ainhibition
Blank 0.56 -
Accerbic aced 0.11 80
M olsifera EfOH extract 012 T8
M stemopemla BtOH extract 0.14 T4

Table 6: Ang-lipid perovidation potential of M srenopetaiz and M. slejfera EfOH exmct
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Conclusion
»The leaves extract of M. stemopetala afforded heptacosanol,
sitosterol-3-0-f-D-ghicoside, rutin and inositol dimer

FM. stenopetala seeds kemel 15 a rich source of ol (36%) with
diversified fatty acid profile inchiding behenic, icosancic, linoleic,
oleic, steanc, palmitoleic, palmitic and nymistic acid

#4-{g-rhamnopyranosyloxy) benzylglucosinolate and sucrose were
isolated from the kemel of M. stenopetala seads

#The husk of M stemopetals seeds fumnished allantoin and
compound 66

#The antiradical and anti-lipid peroxidation activity displayed by the
extract of M. stenoperala leaves were due to the presence of rutin

e




