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ABSTRACT
/

/

PHYTOCHEMICAL INVESTIGATIONS OF BULBINE ABYSSINICA, BULBINE
NATALENSIS AND TRACHYANDRA DIVARICATA

Advisor: Dr. Wendimagegn Mammo
Co-advisor: Prof. Sebsebe Demissew

Phytochemical studies were carried out on Bulbine abyssinica, Bulbine natalensis and
Trachyandra divaricata. All three plants belong to the family Asphodelaceae.

8. abyssinica is the only Bulbine species knowen to occur in Ethiopia. 8. natalensis
and T. divaricata are of South African origin.

The extract of the roots of 8. abyssinica afforded knipholone-6'-methyl ether (12)
chrysophanol (14), knipholone anthrone (20), isoknipholone (22), knipholone (24), aloe-
emodin (2), 8-hydroxy-1-methylnaphtho[2,3-c]furan-4,9-dione (16) and 5,8-dihydroxy-1-
methylnaphtho[2,3-c]furan-4,9-dione (18).

The extract of the roots of 8. natalensis gave chrysophanol (14), knipholone anthrone
(20), isoknipholone (22), knipholone (24), aloe-emodin (2), 8-hydroxy-1-

methylnaphtho[2,3-c]furan-4,9-dione (16) and 5,8-dihydroxy-1-methylnaphtho[2,3-

c]furan-4,9-dione (18).

The occurence of chrysophanol (14), aloe-emodin (2), chryslandicin (48) and islandicin
(58) in the roots of T. divaricata was ascertained by direct TLC comparison with
authentic samples. No knipholone-type compounds were detected in the extract of the
roots of T. divaricata.

The structures of the compounds were elucidated based on their 1H NMR, IR, UV and
mass spectra and in some cases, by direct comparison with authentic matrials.
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1.0 INTRODUCTION

1.1 General

Secondary metabolites have been considered as having no direct function in the

biochemical activities that support the growth, development, and reproduction of the

organism in which they occur [1], It is now believed that these compounds have, if not

crucial, important role for the continuation of life on this planet. Without these

compounds, which are used as defense, communication, genetic coding and many

more applications, life would have been very difficult [2]. Mankind used these naturally

occurring compounds for thousands of years as medicines, cosmetics, dyes,

preservatives, poisons, etc. [3].

In recent years, in addition to the numerous uses cited above, they are also

investigated for academic or scientific purpose. Secondary metabolites are now vital

source of information in some newly emerging multi-disciplinary sciences such as

chemical ecology, chemotaxonomy, etc. [2],

Due to this, a new bridge has been formed between Biology and Chemistry, specially

natural product chemistry. The occurrence or absence of structurally similar

compounds could be used to confirm or rule out the placement of plants under the

same systematic group [4], The field of chemotaxonomy generates ample information

in this regard to strengthen taxonomic studies of plants. In recent years such studies
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have gone deep into understanding the interrelationship of the living system which led

to the emergence of chemical ecology [2],

1.2 Chemotaxonomy and its significance

Chemical plant taxonomy or chemotaxonomy of plants may be defined as a scientific

investigation of the potentialities of chemical characters for the study of problems of

plant taxonomy and plant phyiogeny. Plant taxonomy is the science of classifying,

describing and naming appropriately taxa and arranging them in a natural system of

plants.
t

The principles of chemotaxonomy were elaborated in the past century by A. P. De

Condolle and by Greshoff [5]. De Condolle put forward two postulates.

I. Chemical characteristics of plants will be most valuable to plant taxonomy in

the future.

II. Plant taxonomy will be the most useful guide to man in his search for new

industrial and medicinal plants.

Now his postulates have come true, both in delimitation of plants and in the search for

new medicinal plants. Much work is being done and hence a large bulk of knowledge

has been acquired in this field.

The position of many taxa in the natural system of plants is still highly uncertain. The

position of Kniphofia, Bulbine and Trachyandra in the family of Asphodelaceae could
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be taken as an example [6,7,8], Such problem appears in all levels of taxonomic

categories, e.g.; species in a genus; genera in a family; families in an order and even

orders in a class.

Varying interpretation and evaluation of morphological characters very often result in

disagreement regarding classification, e.g., morphological similarities of members of

the genus Bulbine and some members of the subfamily Alooideae was one such

encounter [9], In such instances taxonomists as a rule look for characters other than

morphological ones. Generally anatomical, embryological, paiynoiogical and cytological

characters are considered first. Sometimes these characters do not generate complete

information regarding plant taxa. In such situations chemical characters may become

very useful guide to taxonomists. At present one important task of chemotaxonomy

consists of procuring additional evidence in all cases of obscure relationships of plants.

So far little has been done in delimitation of the family Asphodelaceae reinforced with

chemotaxonomic evidences [10],

1.3 Chemotaxonomy of the family Asphodelaceae

In the last few years taxonomic problems of the family Asphodelaceae have been

investigated. Delimitation of members of this family have been problematic due to

similarity in morphological characters between Aloe and Kniphofia; Asphodelus and

Asphodeline; Aloe and Bulbine, etc. The pioneering work on this subject was that of

Hegnauer [11] and Rheede van Oudtshoorn [12] that used chemical characters to

3
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establish the relation of the Alooideae and Asphodeloideae, Asphodeloideae and

Anthericaceae at gross family level. But this required further search within and between

the families. In this regard the contribution of the groups led by Prof. Ermias Dagne

and Prof. Sebsebe Demissew at Addis Ababa University and the work of the group led
by Ben-Erik van Wyk in South Africa enabled to propose the following partially resolved

ciadogram (Scheme-1) of the generic relationships in the Asphodelaceae [13,14,15].

Anthericaceae Trachyandra Eremurus Asphodelus Asphodeline Bulbinelfa Bulbine Kniphofia Aloaceae

Key character:
knipholone-type:
absent — 0, present = I

Key chracter :
l-mcthyl-8-hydroxyanthraqiiinones:
absent = 0, present = 1

Key character :

chrysophanol : absent = 0, present = 1

Scheme-I Partially resolved ciadogram of generic relationships in the Asphodelaceae,

Anthericaceae and Aloaceae.

Wide occurrence of knipholone (24) and absence of 1-methyl-8-hydroxy anthraquinone

derivatives in the genus Kniphofia [16], but widespread occurrence of the later in the

Aloe species [17] helped to establish the position and relationship of the genus

\
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Kniphofia with that of the subfamily Alooideae and Asphodelaceae. Here knipholone

(24) was suggested as taxonomic marker for the genus Kniphofia [10].

Some species of Bulbine, such as B. latifolia have karyotypes and morphologies similar

to certain taxa of the subfamily Alooideae. But still some argue that Bulbine should be

excluded from Alooideae, mainly on the basis of flower structure and lack of nectar

production [9],

The evidence to clarify this controversy has to come from chemotaxonomic

investigation of some members of the Asphodelaceae. Based on the presence of

knipholone and its derivatives in some species of the genera Bulbinella, Bulbine and

Kniphofia, conclusion has been drawn that these three genera form a monophyletic unit

within the family Asphodelaceae [10,18],

In addition to the three genera mentioned above, absence of knipholone-type

compounds in the roots of Asphodelus and Asphodeline species but existence of

chrysophanol (14) and aloe-emodin (2) was also reported [10]. It is worth noting that

no report appeared in the literature regarding the genus Trachyandra.

5



1.4 The family Asphodelaceae

The family Asphodelaceae comprises eleven genera namely; Asphodeline, Asphodelus,

Bulbine, Bulbinella, Eremurus, Hemiphylacus, Jodrellia, Kniphofia, Paradisea, Simethis

and Trachyandra [19] with more than 261 species in the old world. The main

distribution of the family is from the Mediterranean west to central Asia and Africa,

particularly South Africa. It is represented by 5 genera and 12 species in Ethiopia and

Eritrea [19]. This family is closely related to Anthericaceae and may sometimes be

difficult to distinguish on gross morphology, especially the genus Trachyandra which

until recently was even referred to the genus Anthericum.

1.4.1 The genus Bulbine

The genus Bulbine Wolf includes about 50 species worldwide, mostly in South Africa

and two in Australia [19], Some species in the genus have found traditional medicinal

applications for the treatment of various ailments that probably arise from bacterial and

fungal infections [20, 21]. Watt and Breyer-Brandwijk recorded that B. latifolia and 8.

capitata are used in southern Africa for the treatment of diarrhoea, dysentery and

rheumatism [22],

B. abyssinica A. Rich, is the only Bulbine species that is known to exist in Ethiopia. It

occurs in the south, east and centra! parts of Ethiopia as well as in Somalia, Kenya,

Uganda, Tanzania, Burundi, Rwanda and Congo Democratic republic [19].

6



1.4.2 The genus Trachyandra

Trachyandra Kunth, is a predominantly South African genus with about 50 species,

most of which are endemic in the winter rainfall areas in southwestern Cape. Only one

species reaches northeast Africa and has its northern most limit in Yemen. In the past

the genus had been placed in the family Anthericaceae. But recently it has been placed

in the family Asphodelaceae [19].

Only T. saltii is known to occur in Ethiopia. This species is very variable and has been

subdivided into three varieties, var. saltii (Baker)Oberm, var. secunda (Krause and

Dinter)Oberm and var. oatesii (Baker)Oberm. It is widely distributed in its different

forms mostly in eastern and southern part of the country [19].

1.5 Anthraquinones and related compounds of the Asphodelaceae

Anthraquinones and naphthoquinones constitute important classes of compounds with

important biological properties [23, 24, 25], These compounds, elaborated both by

higher and lower plants, are also among the most well known naturally occurring

pigments.

Anthraquinones and related compounds are located in all parts of a plant, including

roots, aerial parts, flowers and seeds.

7






















































































