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ABSTRACT

CHEMICAL INVESTIGATION OF THE LEAVES OF MORINGA STENOPETALA

BY

Alemayehu Mekonnen

Research advisor: Dr. Tarekegn G/Yesus

Moringa stenopetala is a fast growing tree that grows abundantly in the southern part

of Ethiopia, especially in the Konso area. It is widely used in Ethiopian traditional

medicine for the control of diabetes, malaria and hypertension. The seeds are used

traditionally as water clarifying agent.

The ethanol extract of the leaves of M. stenopetala led to the isolation of three

medicinally useful glycosides. The compounds were identified to be rutin, 4-(4'-0-acetyl-
a -L-rhamnosyloxy)benzylisothiocyanate and 4-(4'-0-acety!-a-L -

rhamnosyloxy)benzaidehyde. 4-(4'-0-acetyl-a-L-rhamnosyloxy)benzylisothiocyanate

and 4-(4'-0-acetyl-a-L-rhamnosyloxy)benzaldehyde are reported for the first time from

M. stenopetala. Structure determination was accomplished by means of spectroscopic

methods (UV, IR, 1H NMR, MS ) and chemical studies.
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1.0 INTRODUCTION

1.1 MORINGACEAE

Moringaceae is a monogeneric family with 14 xerophytic known species, which are

indigenous to Africa (9), Madagascar (2), Arabia (2) and India (1). Half of them are

relatively common and are sporadically cultivated. All of them are fast growing

ornamental trees [1, 2, 3, 4], They have swollen trunks and their woods are mostly brittle

with resinous or gummy barks. Their stems are often thickened with myrosin cells. Only

Moringa oleifera, because of its many uses, is planted in the whole tropical belt. M.
oleifera is easily cultivable, grows easily even in pots in red, loamy and black soils and

the yield is bountiful. The plant starts flowering in 3.5- 6 months’ time, and the fruits are

fit for harvesting. The second flowering occurs with an interval of three months with the

result that two crops per year are possible [2].

1.2 Chemical constituents and medicinal uses

Moringa oleifera is a smali-to-medium sized tree with multiple uses. Its different parts

are reputed to be used in folk medicine for the treatment of a variety of human ailments,

such as chronic rheumatism, paralytic infections, epilepsy, tetanus and ascites. The

seeds are the source of oil and the leaves, flowers and fruits are eaten as vegetables.

The root is also used as a horseradish substitute. In addition, almost every part of the

plant is used as a vegetable. Moreover, seeds of the plant are traditionally utilized for

water purification because of its strong coagulating properties for sedimentation of

suspended mud and turbidity, and its disinfectant effect against pathogens [5]. During

some coagulation experiments, a slight decrease of total bacterial count of the purified

water was observed indicating the presence of antimicrobial substances, such as benzyl

isothiocyanate [6, 7, 8 ]. It removes more than 90% of Schistosoma mansoni cercariae.

Because of the flocculating property of its seeds, M. oleifera is also known as “clarifier

tree” [9,10,11], Natural coagulants were detected by laboratory studies in seeds of

I



seven different Moringa species: M. oleifera (Sudan), M. peregrina (Egypt), M.

stenopetala (Kenya), M. longituba (Somalia), M. ovalifolia (Namibia), M. drouhardii

(Madagascar) and M. concanensis (India and Pakistan) [1]. The active substances

which could be isolated from these species consisted of water soluble basic

polypeptides (proteins) with molecular masses of 6,000-16,000 Dalton. For instance,

their number amounted to six in M. oleifera and nine in M. stenopetala. It seems likely

that the rare Moringaceae also contain natural coagulants, but this is not of practical

interest [6, 7, 8],

The purified proteins are more effective coagulants than alum. As a coagulant, Moringa

is nontoxic and biodegradable. Unlike alum, it does not significantly affect the pH.

Sludge from coagulation with Moringa is 4-5 times less in volume than the chemical

sludge produced by alum coagulation (12, 13, 14]. A flocculating protein from the seeds

was isolated by extraction with phosphate buffers followed by cation exchange
%

chromatography. The amino acids were analyzed and sequencing showed high

contents of glutamine, arginine, and proline and a total of 60 residues. Proline in M.

oleifera was less than in M. stenopetala.

The crushed seed powder, when mixed with water, yields water soluble proteins that

possess a net positive charge. The solution acts as a neutral cationic polyelectrolyte

during water treatment. The positively charged coagulant causes compression on the

double layer of the colloids and provides the neutralization of the electrostatic surface

potential of the particles. The particles are destabilized and stick together when contact

is made [4], In general colloidal particles, suspended in raw water, carry negative

electrical charge. These particles are surrounded by an electrical double layer and thus,

they can’t get in contact with each other. It can be assumed, therefore, that most of the

Moringa seed powder will be trapped in the sediment, only water soluble ingredients will

remain in the supernatant water [4],

Seed powders from M. drouhardii and M. ovalifolia could be used in almost equal

concentration to those of M. oleifera but more plant material was needed from M.
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peregrina. However clarification was achieved with lower doses of seed powder from

M. longituba and in particular M. stenopetala. At the present time M. stenopetala is

considered the most suitable species to replace M. oleifera because of its bigger seeds

and the presence of more flocculating agents. If M. stenopetala seeds were planted, the

number of trees required to clarify a given water supply could be 3-4 times less. The

average mass of their white kernel is 300-310 mg. Thus optimum doses required for the

treatment of water were up to 2-3 times lower than for M. oleifera. For example, to

clarify 20 L of White Nile water with low turbidities (50-75 FTU) requires 18- 19 average

seeds of M. oleifera but only 4-6 seeds of M. stenopetala were needed. Therefore, the

later species is more economical in the long term as far as cultivation costs, soil and

water requirements and time for cleaning the seeds are concerned. M. stenopetala has

the disadvantage of taking several (2.5-3) years to flower and fruit for the first time. The

quantity of fruits seems at least as high as in the case of fully grown M. oleifera. After

4 years the annual seed production can reach 250-500 pods per tree, with an average

of about 100 seeds per pod. A rough estimate reveals that five trees would produce

seeds to purify 200 L water per day for a whole year. Number of seeds per tree also

varies with age and with the height of the tree [1, 4, 8],

Although the use of Moringa seeds had no major effect on the quality of the treated

water, there was a considerable increase in the concentration of organic matter in the

treated water with increased dosage of Moringa seeds [15], Furthermore, the regrowth

of bacteria after a certain time-lag (about 24 hrs) is a rather negative impact. This is

because the activity of antimicrobial substances decreases with time. Purified water has

to be consumed within 24 hours after treatment. With regard to possible toxicological

effects of the coagulants, Moringa species was found to be nontoxic during an acute

toxicity study [4],

On account of its cheapness, local availability, demand of unskilled manpower, and

above ail its simplicity to carry out at household level, researchers in developing

countries are engaged in investigating methods for the utilization and optimization of

these cheap, native flocculants [4].
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Furthermore, it was found in India that plant extracts from M. oleifera showed antiviral

activity against ranikhet disease (identical with new castle disease virus) strains. This

activity appears to be carried out by protein molecules biologically resembling interferon

[7, 14).

M. oleifera is widely cultivated as a source of gums, oils and pungent principles.

Phytochemical studies on its different parts resulted in the isolation of various chemical

constituents such as flavonoids, steroids, mustard oils and proteins [5, 7], Moringa

seeds of different species also contain an oil, in amounts of 25-50%, which is used

traditionally for eating purposes and as an ointment [8, 16], The kernel from M. oleifera

yields clear, sweet oil that is applied externally for skin infections [17, 18, 19, 20). The

oil consists of a 60% liquid olein fraction and 40% solid fat. The oil is high in oleic acid,

stearic acid, behenic acid, myristic acid, palmitic acid and lignoceric acid and is of high

market value for cooking and soap manufacture. The presscake remaining after oil

extraction contains the active components affecting water coagulation [21, 22, 23],

According to the Indian experience fresh leaves from M. oleifera are more nutritious

than most other vegetables. The ieaves contain an equal amount of vitamin A as carrot

roots and are richer in vitamin C than tomatoes, radishes, carrots and peas. Their

protein content is equivalent to peas and Ca and P amounts are higher than in many

other vegetables. Further minerals detected in the ash of the ieaves are Fe, Mg, Mn,

Na, S and Cl. The seeds are considered a good source of calcium suggesting a

possibility of its capacity to absorb fluoride during the treatment. The defluoridation
A

efficiency of M. oleifera is 25% in the seed kernel compared to the whole seed. Further,

it was found to soften hard water by precipitation, independent of the pH [24, 25, 26).

The vitamin contents of the flowers and seeds of M. oleifera were identified and

quantified. Significant amounts of thiamin, riboflavin, nicotinic acid, folic acid, pyridoxine,

ascorbic acid, p-carotene and a-tocopheroi were obtained. The flowers were particularly

rich in riboflavin, ascorbic acid, nicotinic acid and folic acid, whereas the seeds

4



contained significantly higher amounts of thiamin, (3-carotene and a-tocopherol [27, 28,

29],

In India, M. oleifera is cited for the treatment of diseases of the liver and spleen and for

articular pains. The tender leaves are used to treat scurvy and catarrh, and given to

children suffering from flatulence. Its leaves and young pods are used as vegetables

and added to soups and salads to aid digestion and to stimulate appetite [18, 19, 20 ].

The leaves of M. oleifera are rich in amino acids including aspartic acid, glutamic acid,

serine, glycine, threonine, a-alanine, valine, leucine, isoleucine, histidine, lysine,

cystine, methionine, arginine and tryptophan. The flowers and the fruits also contain

amino acids such as a-alanine, arginine, glutamic acid, glycine, serine, threonine,

aspartic acid and valine. Lysine was detected only in the flowers [6, 18, 19],

in addition to flocculants and oils, the horseradish-like substance, 4-(a-L-rhamnosyloxy)

benzyl isothiocyanate (A), benzyl isothiocyanate (B) and 4-(a-L-rhamnosyloxy) phenyl

acetonitrile (C) antibiotics were isolated from the raw seeds of both M. oleifera and M.

stenopetala by hot water extraction. Defatted and shell free seeds of both species

contained -8-10 % of A, but this amount was produced from M. oleifera only when

ascorbic acid was added during water extraction [7, 8, 18, 19], M. stenopetala seeds

released more than twice as much of this antibiotic substance as M. oleifera seeds. A

and B act on several bacteria and fungi and they were found active against Bacillus

subtilis but inactive against Escherichia coli. C was inactive against both organisms and

it was produced from the parent 4-(a-L-rhamnosyloxy)benzyl glucosinolate. When left

to stand in an aqueous methanol solution, A decomposes and loses its antibacterial

activity. Minimal bactericidal concentration in vitro was 40 pmol/L for Mycobacterium

phlei and 56 pmol/L for Bacillus subtilis [26, 27, 28], 4-(4'-acetyl-a-L-

rhamnosyloxy)benzyl isothiocyanate has also been proved more effective than the

currently used benzyl isothiocyanate and could be a welcome substitute [30, 31], The

precursors of A are found in the highest concentration in dry, matured seeds, if the seed

cotyledons are crushed, thioglycosides are hydrolysed in the presence of
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thioglycosidase, whereby the strong smelling mustard oil is formed [27, 28],

Most isothiocyanates are unstable and pungent substances easily detected by their

biting taste. In higher concentration they possess vesicant and frequently lacrimatory

properties. Because of these properties many isothiocyanate-producing plants species

have found application as potherbs, condiments and remedies in folk medicine. Some

of them are steam volatile oils. Only 4-(a-L-rhamnosyloxy)benzyi isothiocyanate from

M. oleifera and M. stenopetala seeds has so far been assessed in detail as bactericide

and fungicide [8, 30, 31, 32],

Only the roots of M. oleifera contain high concentration the same antimicrobial

substances A and B [30, 31], Screening tests of the root extracts of M. oleifera against

larvae of a plant pest feeding on tomato plants and eggs of ascaris have shown very

promising nematocidal properties [7, 8], This effect might also be due to the
*

isothiocyanate. The isothiocyanate in M. oleifera seeds might be a repellent and act as

a toxic agent to certain lower animals, as ecotoxicological assays have suggested [7,
8, 33, 34],

Mono-palmitic, di-oleic triglyceride with a molecular formula of C55H102O6 has been

isolated from the benzene extracts of semi-dried seeds of Moringa oleifera. A new

glycoside provisionally named as moringyn (1) has been detected from the seeds [29],

In experiments with mammals, isothiocyanates occurring in the genera Brassica

(cabbage) , Ruphanus (radish), Aimoracia (horseradish) and Sinapis (white mustard)

were found to act as goitrogens (cabbage goitre). It is generally accepted that normal

consumption of goitrogen containing foods does not cause discernible harm in man, a

possible exception being in areas of high incidence of endemic goitre [8, 35],

Compounds having mutagenic activity, 4-hydroxyphenylacetonitrile and 4-

hydroxyphenyiacetamide have been isolated from roasted seeds of M. oleifera [3, 36],

Fresh flowers of M. concanensis were chemically analyzed and quercetin, rutin and

kaempferol-3-rutinoside were identified as the main compounds [37], Rutin was also
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detected from acetone extracted leaves of M. stenopetala [38], A new anthocyanin

characterized as leucodelphinidin-3-O-p-D-galactosyl (1-> 4)-glucoside was isolated from

M. oleifera [39], Seeds of M. peregrina, on treatment with myrosinase, produce 2-propyl,

2-butyl and methyl propyl isothiocyanates in addition to 4-(4'-0-acetyl-oc-L-

rhamnosyloxy) benzyl isothiocyanate, 4-(a-L-rhamnosyloxy) benzyl isothiocyanate and

5,5-dimethy!oxazolidine-2-thione (2) [6],

From stems of M.oleifera indian chemists recently succeeded in isolating 4-

hydroxymellein, a potential fertility regulating agent which was reported for the first time

in a plant species. The stem bark has been shown to contain sterols and terpenes, as

well as 4-hydroxymellein (3), vanillin, p-sitosterol, p-sitosterone and octacosanoic acid

[8, 40], The root bark yields the sulfurated amino bases: moringinin, pterygospermin (4)

and spirochin, as well as benzylamine (moringin) and glucotropaeolin (5) [30).
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