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Abstract

Traditional medicine is widely used in Botswana and in recent years a number of plant
species have been submitted to the Botswana Police Forensic Science Laboratory by the
Police as exhibits in cases of suspected poisoning by herbal medicine. The request would
be for the forensic toxicologist to establish whether the plant material is toxic or not. In
this study a selection of these plants are being investigated phytochemically and
toxicologically. These include: Jatropha erythropoda Pax. (Euphorbiaceae), Cassia
italica (Mill.) Lam. Ex. (Leguminosae), Asclepias fruticosa L. (Asclepiadaceae), Albizzia
brevifolia Schinz (Leguminosae), Argemone mexicana L. (Papaveraceae) and
Enicostemma axillare L. (Gentianaceae). A DNA-based test capable of identifying the
species from powdered fragments of the plant material has also been developed in this

project.

Albizzia brevifolia, Enicostemma axillare and Jatropha erythropoda have not been

investigated before; neither phytochemically nor toxicologically.

Dichloromethane, methanol and water extracts of each of the plants were tested for

cytotoxicity against a panel of four cell lines — three human and one murine cell line.

While all extracts exhibited some degree of cytotoxicity, extracts from A. fruticosa were

found to be the most toxic with LDsq values for the crude extracts of 1.3 -3.4 pg/ml.

Phytochemical investigation of the extracts revealed the presence of a variety of
secondary metabolites from the plants. A. brevifolia yielded terpenoids, phenolics,

phenolic glycosides, a component of procyanidins, a lignan glycoside and sugars. E.
axillare yielded terpenoids, a secoiridoid, and sugars, whereas A. mexicana yielded

alkaloids. Investigation of C. italica and J. erythropoda revealed the presence of

terpenoids, flavonoids, glycosides and sugars and that of A. fruticosa the presence of

cardenolide glycosides.

Among the compounds isolated and tested for toxicity, sanguinarine, an alkaloid from A.

mexicana, was found to be the most toxic with an LDsg value of 0.22 — 1.4 pg/ml. The

11



compound expresses toxicity by inhibiting Na/K ATPases and by intercalating with DNA
bases and thus interfering with the replication process. Swertiamarin, the secoiridoid
isolated from E. axillare, constituted about 10% of the dichloromethane extract of this
plant, which showed significant toxicity. The plant also yielded swertiamarin as about
60% of the methanol extractive, which in contrast did not show any toxicity.
Swertiamarin itself did not show toxicity at the levels tested, an indication that it is not
responsible for the toxicity exhibited by the dichloromethane extract. However,

secolrridoids such as swertiamarin might transform in vivo to toxic alkaloids.

The phenolic compounds (and their glycosides), isolated from A. brevifolia, exhibited
very weak or no toxicity, whereas the terpenoid, betulinic acid, showed some
cytotoxicity. Another terpenoid, which was isolated from the plant, lupeol, is reported to
be cytotoxic. The extracts of the plant showed significant toxicity, especially the
methanol extract. The toxicity exhibited by betulinic acid could not account for the
toxicity displayed by the extracts, particularly the methanol extract. This toxicity 1is

perhaps due to other compound(s) that were not isolated or to synergistic activity.

A DNA-based test has been developed for species identification using allele specific
amplicons that show polymorphisms in the length of DNA sequences between two
conserved primers. This is going to allow the species identification in cases where only
small amounts of plant material are available, sometimes in mixture form. This will
particularly be useful where there are no unique chemical markers to be used for
identification. The test,is Polymerase Chain Reaction-based (PCR) and therefore very

sensitive. Once the species is known more of it can be collected from the source or the

wild to allow detailed toxicological and phytochemical work.
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CHAPTER 1:

INTRODUCTION



1.0 INTRODUCTION

1.1 Overview

Until recently, the use of traditional medicine was a practice common to poor Or
developing countries, where it was practiced as an alternative to orthodox medicine; or
was the only form of therapy as modemn health facilities could not adequately reach
everybody. However, interest in herbal medicine is on the increase all over the world, as
evidenced by the booming sales of herbal products in Europe, United States of America
and China. In the United States alone the market for herbal supplements i1s now
approaching $4 billion (BMJ 2000, editorial). In addition, researchers are involved in
rigorous screening of plants used in traditional medicine in an attempt to discover new
drugs, although “big Pharma” (large multinational companies) such as Merck are
abandoning natural product research, their involvement being through the financing of

small companies and universities. An example is the backing of Instituto Nacional de
Biodiversidad (INBIO, Costa Rica) by Merck.

According to Hedberg and Staugard (1989), up to the beginning of the last decade,
traditional medicine was used by more than two thirds of the rural population in
Botswana. As is the case worldwide, herbal medicine is increasingly gaining popularity
with the urban population. In general, people have different reasons for using herbal
medicine. Some individuals who have lost faith in modern medicine use herbal medicine

as their first choice where others are firm believers in phytotherapy and would only resort

to modern medicine when herbal treatments have failed.

Taking as an indicator the cases which have been handled by the Botswana Police
Forensic Science Laboratory, it is apparent that the outbreak of HIV/AIDS has led to
more people turning to traditional healing since modermn medicine has failed to identify a
cure. The widespread use of traditional medicine nowadays has led to such herbs being

sold in open markets in urban areas in Botswana and other parts of the world.



Herbal medicine 1s dispensed in various forms. It may be given to users as pieces of
roots, leaves, bark or seeds, as a powder of each of these, or a mixture, or a mixture of
different plants, or in a ready-made liquid form. Little information on the exact doses to
be taken is given. Usually these materials are boiled in a liquid medium, mostly water but
sometimes milk, allowed to cool and the liquid is taken by the mugful, rarely in spoonful
quantities (personal communication with traditional healers). An alternative to boiling
would be to let the plant material stand in the liquid for a period of time, for example
steeping overnight, before being ingested. While with modern medicine there is always
an indication of adverse effects, due to licensing requirements, such information is
normally not available to users of traditional medicine, mainly because the healers may
not be aware of these. As herbal medicine becomes more popular, potential toxicity
problems should be investigated thoroughly. There are limited data on the pharmacology,

toxicology, quality and active principles of most herbal medicines.

In Southern Africa (and supposedly in most African countries) possible toxicity of herbal
medicines has become a significant problem for forensic science services (personal
experience). Police in this part of the world often find themselves handling cases that
involve alleged poisoning by herbal medicines. This has become a challenge for forensic

toxicologists who have a duty to assist the Criminal Justice Systems in resolving such

matters. Not only in the interest of the state but also to assist the herbalists who often face

criminal charges against allegations of deliberately poisoning clients.

1.2  Reasons for this Study

As already stated, in Botswana, a number of these medicinal plants have been implicated
in cases of fatal poisoning. Though such prescriptions are often obtained willingly and
are given in good faith, the tendency nowadays is for the relatives of the deceased to
blame the traditional healer and to enlist police assistance in charging the individual with
poisoning. Therefore the forensic scientist is expected to establish the toxicity, if any, of
the culprit plant material and the possibility of it being the cause of death or discomfort.

As an indication of the scope of the problem, figures from the Forensic Pathologist’s



office for the Southern part of Botswana show that in 1999, 17 % of the 58 cases handled
by this pathologist were due to traditional medicine poisoning. In 2000 this figure was
28% of 47 cases and in 2001, 8% of 37 cases. The human organs affected are normally
the heart (pericarditis and pericardial effusion), the lungs (pleuritis and pleural effusion)

and the brain.

In the majority of cases the toxicologist has to work with only a few grams of the
powdered plant material recovered from the victim. This powder is usually a mixture of
several plants/parts and other non-botanical materials, such as animal waxes, petroleum
jelly, and inorganic chemicals. The toxicologist has to determine the toxic levels of the
material without any knowledge of the active components of the plant material or the
identity of the plant(s). In a few instances the original plants can be identified but there

are no documented data on the toxicity of most of the plants used.

At recent meetings of forensic scientists in the Southern African region it has become
evident that the problem of solving cases involving traditional medicine is universal to
the whole region. Indeed in some of the laboratories they refuse to work on such cases as
they consider them to be a waste of time. This frustrates law enforcement agencies, the

criminal justice system and the relatives of the deceased who would want such cases to

be resolved 1n one way or another.

Therefore detailed data on active constituents of medicinally used plants are required to
establish whether they are toxic, and if so, the level at which toxicity is manifested. These
details are vital in forensic work because for toxicity (lethal or otherwise) to be attributed
to a substance, the amounts involved should be stated. In addition, during the course of
such research, methods of isolation, purification, identification and toxicity testing would
be developed that can be used in a forensic science setting for routine casework in
African countries. Most of the work currently carried out by plant researchers is focusing
on identifying new medicines from plants and the toxicity of the extracts and the isolated

compounds is poorly researched.



A large number of 1ssues need to be considered when dealing with the toxicity of herbal
medicines. Whereas modern medical practitioners use purified ingredients, herbal
medicines are in most cases taken as mixtures and thus the possibility of synergic activity
1s high. Interactions with other drugs i.e. prescriptions from doctors is also possible since
In most cases these herbs are used simultaneously with other drugs. Chronic toxicity is
also bound to occur as much as it does with other substances. Another issue to be
considered is that of possible cross contamination due to poor handling (quality control)

especially in third world countries where only minimal forms of quality control exist.

1.3  What Are Plant Active Principles

Plant products are divided into primary and secondary metabolites. Carbohydrates,
proteins, and lipids are considered primary metabolites, as they are important for the
fundamental survival of the plant. In addition to a plant’s primary metabolites, a plant
also produces secondary metabolites, which are compounds with no apparent function in
the primary metabolism of the plant (Harborne, 1988). The importance of secondary
metabolites to the plant is still under debate but it is thought that some are produced by
the plant to defend itself against predators. For instance, some terpenes inhibit the growth
of other competing plants and others are insecticidal. Secondary metabolic products have
an extensive history as therapeutic agents. Plants produce hundreds of these. It 1s
estimated that about 23% of the currently employed drug prototypes for orthodox
medicines is of plant origin (Sneader, 1996). The most common secondary metabolites
occur in the following groups: terpenoids (monoterpenoids - essential oils and iridoids,
sesquiterpenoids, diterpenoids and triterpenoids - steroids, saponins, cardiac glycosides),
phenolic compounds (simple phenols, phenylpropanoids, coumarins, flavonoids, tannins,
quoinones) and alkaloids. (Cannell, 1998; Kaufman, et al., 1999). Examples of each of
these groups include, respectively, menthol (1), loganin (2), santonin (3), phytol (4),
stigmasterol (5), lemmatoxin (6), oleandrin (7), Catechol (8), myristicin  (9),
umbelliferone (10), kaempferol (11)), procyanidin B-1 (12), emodin (13) and codeine
(14).



Some of these are known to be toxic and the incidence of toxicity is not limited to certain
groups of compounds. The following are a few examples, but, as Paracelsus observed
centuries ago, “all substances are poisons; there is none which is not a poison; the right
dose differentiates a poison and a remedy” (Paracelsus (1493-1541). Some, however,
exhibit outstanding toxic properties in relation to others and are mentioned here to
demonstrate the potential hazard posed by some plant products. Polyacetylenes (e.g. 15),
which are hydrocarbons, from the water dropwort, Oenanthe crocota (Kaufman et al.,
1998) are known to be toxic. Cytotoxic lactones have been isolated from the Prodacarpus
spp. (Bruneton, 1995) and some iridoids are also known to be toxic. Among the
triterpenes, saponins such as lemmatoxin (6) and cardiac glycosides are well known to be
very toxic, especially the latter. The <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>