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Preface to the Second Edition

The first edition of the Handbook of African Medicinal Plants was published in 1993 to provide
a concise and easy reference of the major medicinal plants of Africa and an introduction to tradi-
tional African medicine. It presented a collation of the key literature available at that time on the
description, constituents, and uses of the plants; this information was otherwise scattered in several
publications. The volume addressed the needs of those involved in the discovery and development
of modern medicines from African plants, as well as the interests of practitioners of herbal medicine
who needed information on the plants used in African ethnomedicine. The book was well received
by scholars in both academia and industry as a source of secondary information on the plants it
covered. After 20 years, it has become necessary to revise and review the volume not only to update
the literature on the medicinal plants covered in the first edition of the book but also to provide an
objective review of the plants that have come into current use as phytomedicines and were largely
unknown in 1993. The status of some of the plants as major herbal medicines has also changed
dramatically during these two decades.

Several events and developments in the field of pharmacognosy and related disciplines have
influenced the changes contained in the present edition. A major fundamental change was based on
the publication in 2009 of an updated classification of the orders and families of flowering plants by
the Angiosperm Phylogeny Group (APG) along with two companion papers, one a linear arrange-
ment of the taxa and a second treating the land plants above the rank of order. These papers were
combined with full synonymy and bibliographic information along with an index to the names.
Following the widespread adoption of the APG schemes, a comprehensive guide called The Plant
List was produced in 2010 by an international collaboration led by the Royal Botanic Gardens, Kew
(United Kingdom) and the Missouri Botanical Garden. The plant names and family classifications
in this edition have been revised to conform to the APG classification system, which is available on
the Internet (The Plant List, Version I, http://www.theplantlist.org).

In the “Catalog of Major African Medicinal Plants” (Chapter 2), certain plant families have
been dropped to conform to the new taxonomic reclassification; however, the “old” names of the
plant families are shown but without any genus or species listed after them. Instead, readers should
check the plant names in the “new” families where they belong. Notable examples are the plants that
belong to Paplilionaceae, Caesalpiniaceae, and Mimosaceae, which have now been grouped under
their parent family Leguminosae. Similarly, all the plants under the large plant family Apocynaceae
are now grouped together instead of their former listings in the subgroups. Plants catalogued under
Palmae are now listed with the Arecaceae, Taccaceae into Dioscoreaceae, Leeaceae into Vitaceae,
Cruciferae into Brassicaceae, Agavaceae and Aloeceae into Asparagaceae, and Gramineae into
Poaceae, and plants under the family Capparidaceae are now listed as Capparaceae. Other changes
are shown in the catalog. Several genera and species have been renamed according to the new clas-
sifications and the synonyms streamlined to adopt the accepted names of the genera and species
listed. Some plant names have remained “unresolved,” and the original names have been retained
in this volume to provide a placeholder for the subject medicinal plants pending the resolution of the
taxonomic classification of such plants.

There has also been a paradigm shift of a kind in the conceptual framework in the study of
medicinal plants. In 1993, a typical pharmacognostical study of medicinal plants focused on the
isolation of different types of alkaloids, terpenoids, and glycosides as substances that were indica-
tive of the bioactivity of the plant. Flavonoids and related phenolics as well as glucans, iridoids,
and polysaccharides were considered ubiquitous and unimportant metabolites. With a better under-
standing of the role of oxidative stress in the pharmacogenesis and etiology of many diseases, the
significance of phenolic compounds in the modulation of the antioxidant status of tissues and their
role in disease prevention are now better appreciated. The pharmacological studies in the past were

Xi
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also restricted mainly to bioassays aimed at the identification of biologically active compounds for
the development of single-chemical compounds as active pharmaceutical ingredients. In addition to
this approach, investigators now include in their search botanical medicines or phytomedicine with
well-defined chemical constituents that can be used as phytopharmaceuticals.

The period since the publication of the first edition has witnessed tremendous expansion in the
study of African medicinal plants and traditional African medicine. The literature on the subject
has also increased severalfold; some journals and specialized Internet resources are now available
to assist scholars and investigators in these areas of study. Perhaps of greatest value is the new body
of literature on Southern African medicinal plants and traditional medicine that became available
since the political changes that occurred in South Africa in 1994. It is hard to imagine how inad-
equate our knowledge of African medicinal plants was without the huge and distinct flora of South
Africa. This edition has been greatly enriched by the many excellent volumes on Southern African
medicinal plants that were not generally available in 1993.

African medicinal plants have also gained some recognition as dietary supplements, and with
the increased use of herbal products as dietary supplements in developed countries, a new vista has
been opened in the use of medicinal plants in global health care delivery. Some of the pharmacog-
nostical profiles in this edition include sections on agriculture, commerce, and dosage forms to cater
to this new use of medicinal plants. The dietary supplements and health food applications of these
plants come with far more challenges than when herbs were used only as an alternative to main-
line chemically defined single-entity pharmaceuticals. It is no longer sufficient to conduct proxi-
mate analysis of a given plant medicinal ingredient. Background information on the plant material,
including source, age, time of collection and method of cultivation/collection, chemical profile, and
bioassays, has become necessary in the evaluation of a given plant species. The treatment of plants
as biomass for the isolation of biologically active compounds for drug discovery and development is
entirely different from the processes required when plants are used as herbal products. The herbal
product is a therapeutic entity in which the ecosystem, botany, chemistry, and biological activity are
interlinked indexes in the determination of the drug’s identity and activity. The presence or absence
of extraneous materials, pesticides, residual extraction solvents, heavy metals, and uptake of envi-
ronmental pollutants in the plant affects the identity and quality of a given herb.

In Chapter 2 of this volume, “Catalog of Major African Medicinal Plants,” new information
from reports of recent ethnobotanical field studies has been used to update the data. In the early
1990s, the International Center for Ethnomedicine and Drug Development at Nsukka, Nigeria,
owned by the Bioresources Development and Conservation Programme (BDCP), conducted an
extensive ethnobotanical study in Nigeria and Cameroon in collaboration with the defunct Shaman
Pharmaceuticals, Incorporated, formerly based in the United States in California. Another project,
the International Cooperative Biodiversity Group (ICBG), sponsored by the U.S. National Institutes
of Health, Department of Agriculture, and U.S. National Science Foundation, involved major eth-
nobotanical fieldwork in Nigeria and Cameroon by the BDCP. The two projects also independently
gathered ethnobotanical information from several African countries through direct bilateral agree-
ments with U.S.-based agencies such as the National Cancer Institute. During the same period,
Strathclyde University’s Institute for Drug Research (United Kingdom) established collaborative
arrangements with several African universities, and the collections sometimes included the ethno-
medical uses of the plants.

There has been an exponential increase in the number of publications on the use, chemical com-
position, and biological activities of medicinal plants during the last 20 years. The information from
these sources has been most valuable in updating the data on the pharmacognostical profiles of the
African plants selected for inclusion in Chapter 3 of this volume. The availability of Internet-based
resources, which did not exist in 1993, has greatly enriched this revision. These include the Plant
Resources of Tropical Africa” (PROTA), a Web database in English and French, which has detailed
information on the taxonomy, ethnography, and properties of many African plants. Many reference
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publications and compendia of monographs, such as Neuwinger’s Traditional African Medicine;
African Herbal Pharmacopoeia; AfricMed, which contains a compilation of ethnobotanical infor-
mation and summary of biological assays by InterCEDD (International Centre for Ethnomedicine
and Drug Development) at Nsukka; and the Nigerian Herbal Pharmacopoeia, published by the
Federal Ministry of Health (2008), were useful in preparing this update.

Although the Handbook of African Medicinal Plants has become widely used and cited by
many scholars, it remains a “handbook” and should be used as such. It should never be considered
an encyclopedia on African medicinal plants. Over 1100 references have been provided to enable
obtaining further details of the plants discussed.

Tam indebted to the following persons and institutions for the permission to use their photographs
to illustrate some of the plants: T. F. Okujagu, director general of the Nigerian Natural Medicine
Development Agency (NNMDA); Michel Tchimene and staff of InterCEDD; Steven Foster (http://
www.foster.com); and Marco Schmidt, Stefan Dressler, Giinter Baumann, Ulrich Meve, Tilman
Musch, Stefan Porembski, Philippe Birnbaum, Anne Mette Lykke, and Wilma Dijkstra, through
the courtesy of West African Plants photo database (http://www.westafricanplants.senckenberg.de).

I am immensely grateful to my editors, John Sulzycki and Jill Jurgensen of Taylor and Francis
Group, for their support and encouragement in the preparation of this edition. My gratitude goes
also to my family and the staff of Bioresources Development Group for their extensive assistance
in making this book possible.

It is my hope that this book will help to address a major paradox in this subject, namely, that
while there has been a phenomenal growth in global medicinal plant trade, exports from Africa
have not contributed much to the overall international trade in herbs and natural products in general.
Africa has unfortunately remained only a minor player in the global natural products market. Lack
of practical information on African medicinal plants has been a major factor in the underutilization
of African plants in global medicinal plant trade and industrial production of herbal medicinal prod-
ucts. The publication of the Handbook of African Medicinal Plants in 1993 contributed immensely
to the increased interest and awareness of the enormous potential that exists in the use of African
medicinal plants and herbs. It is my expectation that this edition will further provide the neces-
sary information to scholars, herbalists, and industrialists interested in the sustainable utilization of
African medicinal plants for human health.

Maurice M. Iwu, PhD
Abuja, Nigeria






CHAPTER 1

Introduction

BACKGROUND

Africais a huge continent that straddles the equator, extending from 37° N and 35° S and endowed
with an enormous wealth of plant resources. Over 50,000 distinct species are known to occur in
sub-Saharan Africa alone, and the continent is home to more than a quarter of recorded angiosperm
taxa in the world. Of the known species, more than 25% have been used for several centuries in
traditional medicine for the prevention and treatment of diseases. With over 1000 languages spoken
in about 3000 dialects and with individuals living in more than 50 independent countries, Africa
presents a veritable treasure of cultural and genetic resources, including medicinal plants. Its unique
and diverse indigenous cultures have produced a rich heritage of traditional knowledge on the uses
of plants for healing, for communications with the gods, and for food. The enormous biodiversity
in its tropical forests, savannas, veldts, and unique environments of sub-Saharan Africa is due to
its peculiar geography. It has no marginal oceanic trenches and subduction zones, so it lacks the
extensive mountain ranges found in the Americas, but much of the southern half of the continent
rests on a high plateau close to 1000 meters above sea level, broken only by the southern extension
of the Great Rift Valley and the slightly lower basin of the Congo River. It has been suggested that
it is the great latitudinal range that gives it an enormous variety of climates, and that this variability
is responsible for the continent’s extreme diversity of ecosystems and biodiversity.!

HISTORICAL PERSPECTIVE

The African continent is believed to have the oldest known human habitation and is generally
considered the cradle of human civilization. The ancient kingdoms and empires of Africa, such as
Kmt, Nubia, Ethiopia, Songhai, Bini, Oyo, Zimbabwe, Dogon, and Mende, as well as Nupe, Borno,
Mandingo, Jukun, Nri, and Somali, had extensively codified healing recipes. The history of healing
arts in Africa can be traced back to about 3200 BC, during the reign of Menes, the first pharaoh of
ancient Egypt. Athothis, the son of Menes, was credited with knowledge of many therapeutic prepa-
rations.? The honor of being the first African physician, in a scientific sense, actually belongs to the
great Imhotep, who lived in about 2980 BC, during the reign of Pharaoh Zosar of the Third Dynasty.
Imhotep was an accomplished architect, and the step pyramid at Saqqarah is among his numerous
works. He was also a scribe and a high-ranking administrator in the pharaoh’s court, a high priest,
and a renowned healer, who by 525 BC had become deified as the god of medicine. Another ancient
African physician is the scholar and scribe Hesy-Re, who lived about 2600 BC. According to the
writer Paul Ghalioungui, Hesy-Re was the chief of dentists and physicians during the Third Dynasty
(iii), a period in African history usually associated with the building of the pyramids.
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The ancient African healers had an elaborate materia medica, which consisted of mixtures of
various herbs, animal parts, minerals, and clays. The Ebers Papyrus, one of the oldest in medical
literature, listed several recipes used by ancient African healers. The list, however, was dominated
by numerous food plants, in keeping with the belief at that time that “every disease to which men are
liable is occasioned by the substances whereon they feed” (p. 42).3 Even today, there is no clear dis-
tinction in traditional African medicine regarding when an herb ceases to be a health food and when
it becomes a medicine. In traditional African medicine, many food plants are used for therapeutic
purposes, and medicines are not viewed as “necessary poisons.” This is in contrast to Western
orthodox medicine, in which drugs are seen as poisons that in low doses may cure diseases. One of
the most unfortunate ironies of herbal medical practice is that while African medicine consists pri-
marily of herbs and health foods, modern herbal producers and phytopharmaceutical manufacturers
seldom, if ever, include African medicinal plants in their lists. But, that is beginning to change with
the advent of “nutraceuticals” or dietary supplements in the Western system of medicine.

African materia medica do not consist of dietetics alone, but include many potent herbs. Few
African healing herbs are recognized in modern pharmacopoeias; the list includes calabar bean
(Physostigma venenosum), Strophanthus, areca nuts, kino, Salix, kola, the African periwinkle
(Catharanthus roseus), and the devil’s claw (Harpagophytum procumbens). It is interesting to
note that, in several instances, there are African varieties of many “official” drugs. The African
Rauvolfia vomitoria, for example, has a higher content of the antihypertensive alkaloid reserpine
and the antiarrythmic drug ajmaline than the better-known species of the genus Rauvolfia. Another
example is the willow plant, Salix capensis, which has been used in southeastern Africa for centu-
ries as a painkiller and antipyretic; it is known to contain esters of salicylic acid, a compound whose
acetylated form is the universal analgesic, aspirin. The ginger cultivated in Nigeria is valued by
consumers more than the Asian and Caribbean varieties. Although there are many research publica-
tions available on the constituents and biological activity of medicinal plants from Africa, the devel-
opment of therapeutic agents from African medicinal plants has remained a somewhat neglected
subject. The study of African medicinal plants also has not been taken as seriously or documented
as fully as in other traditional societies, such as the Indian and Chinese. Our knowledge of African
medicinal plants is rather limited. The little available information is often fragmented, and most
African medicinal legends have become distorted by several centuries of continuous waves of inva-
sion and conquest of various parts of Africa.

The documentation of medicinal uses of African plants is becoming increasingly urgent because
of the rapid loss of the natural habitat of some of these plants due to anthropogenic activities. The
continent is estimated to have about 216,634,000 hectares of closed forest areas with a calculated
annual loss of about 1% due to deforestation; many of the medicinal plants become extinct before
they are even documented. Africa has one of the highest rates of deforestation in the world; for
example, Cote d’Ivoire and Nigeria have 6.5% and 5.0% deforestation per year, respectively; the
global rate is 0.6%. Habitat conversion threatens not only the loss of plant resources but also tra-
ditional community life and cultural diversity and the accompanying knowledge of the medicinal
value of several endemic species. The vegetation of Africa can be classified into a number of phyto-
choria, that is, regions within which a substantial proportion of the plants are endemic, following the
scheme proposed by White.* These include (1) Mediterranean North Africa, (2) the cape region of
South Africa, (3) tropical Africa, and (4) Madagascar. Within tropical Africa, the major ecosystems
are (1) forests; (2) seasonal tropical vegetation (which consists of woodland, bushland and thicket,
grassland, shrublands); (3) deserts; (4) montane and afroalpine ecosystems; (5) wetlands; (6) lakes;
and (7) coastal vegetation. The majority of the plants found in Africa are endemic to the continent,
with the Republic of Madagascar having the highest rate of endemism, 82%. The island contains
over 12,000 species in its original forest areas, and 4900 of these species are found only on that
island.’ There is therefore an urgent need to document not only the uses but also the constituents
and pharmacological activity of these plants. Over 5000 plants are known to be used for medicinal
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purposes in Africa, but only a few have been described or studied. This book provides an overview
of the small fraction of the species that have been scientifically investigated.

CURRENT TOPICS

African medicinal plants are considered here from two viewpoints: as sources of biologically
active compounds and as elements in the complex equation of healing. At first glance, the two aspects
may appear very different and even conflicting, but a closer inquiry will reveal a common ground
in the two modes of medicinal plant utilization in traditional African medicine. Included is infor-
mation on the physical characteristics of the plants, including size, shape, color, texture, and taste,
which have traditionally served as important criteria in their selection for therapeutic purposes. Be
aware that a significant proportion of plants was selected on the basis of their physical resemblance
to an organ of the body, which is akin to the folk healing system called the ‘“‘doctrine of signatures™
ascribed to various medical traditions ranging from American Indian to ancient Chinese.

The volume gives a concise description of the materia medica of an enormous and extensively
varied continent, with well over 2000 distinct tribes, many diverse cultures, and several unique
floras. The first part of the book includes a catalog of the plants used as ingredients for the prepara-
tion of traditional remedies, including their medicinal uses and the part of the plant used. Following
the catalog is a pharmacognostical profile of 170 of the major herbs, arranged alphabetically accord-
ing to botanical names and plant families. A brief description of each herb, including the diagnostic
features of the leaves, flowers, and fruits, is provided. The monographs contain the botanical names.
common names, synonyms, African names, habitat and distribution, ethnomedicinal uses, chemical
constituents, and reported pharmacological activity, with references cited from over 1100 publica-
tions. The book is illustrated with photographs of some of the plants. A table of plants used as rem-
edies for specific maladies is included, as well as an index of pharmacological activities.

The second part of the book provides an introduction to African traditional medicine. The aim
is to situate medicinal plant use within the general African culture and to explain how such cultural
frameworks fit into the methods of healing in traditional African medical systems. This aspect
of healing is what is generally considered the symbolic aspect of traditional African medicine.
Symbols in traditional African medicine contain the scientific concepts, which are tangible and
extensive while retaining the intensity and potency of the mythical and religious components. It is
this aspect of healing that offers the individual a mythical but necessary sanctuary from the harsh
edges of daily existence.

The second section of the book also addresses the problems associated with the negative image
of traditional African medicine. The popular image of the African medicine man is that of the
fabled witch doctor, with his exotic paraphernalia of feathers, cowries, and animal skin, muttering
meaningless incantations and dispensing worthless potions to his equally ignorant clients. Even
the herbs dispensed are considered harmful, and when they are found efficacious, the detractors
of traditional medicine are quick to dismiss them as chance discoveries. The incantations and the
rhythm of the drums are said to be weird sounds and part of the mumbo jumbo designed to “hood-
wink the superstitious savages who are under their spell.” The reality of African medicine is far
more complex than is generally understood. Only a few appreciate the real capabilities of African
medicine. African medicine is concerned with power: the utilization of human energy, the environ-
ment, and the cosmic balance of natural forces as tools in healing. In the African world, the natural
environment is a living entity whose components, the land, sea, atmosphere, and faunas and floras,
are bound to humans in an intrinsic manner. The Handbook of African Medicinal Plants presents
an outline of this relationship as it concerns humans and plants.

In this introduction, it is pertinent to state that the African medical system does not fall into the
sphere of what is known as “alternative medicine,” but it is rather a complementary but different
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medical system that uses medicine in a more-or-less conventional manner for the treatment of dis-
eases. It employs, in a fundamental sense, the same basic methods as Western medicine, with addi-
tional contributions from the spiritual dimension, which gives the healing depth and meaning within
the African cosmology and experience. It cannot be reduced to simple herbalism. African traditional
medicine should also not be seen as a substitute for qualitative health care for the rural poor or (in
the name of conservation of cultural biodiversity) be misconstrued by politicians as a social alibi to
mask the inadequacies of public health programs. It is only one possible tool in health care.

Earlier attempts by some writers have been faulted by the constant importation and superimpo-
sition of preconceived values and concepts to the evaluation of events that they hardly understood.
Some analysts use contemporary perspectives to pass verdicts on events that took place in a dif-
ferent era, sometimes taken completely out of their original context. Many of the authors of books
on African culture and religion forget that the gods they discussed in those pages were considered
real by those who fashioned them and had once moved humans to acts of consummate worship
and inspired leaders to successful military campaigns. Few of the commentators ever wondered
why many of the practices they considered primitive still hold sway in the minds and lives of many
educated Africans.

Definitions are often limited to our ability to fit new experiences or concepts into our precon-
ceived categories and patterns. One is often reminded of the passage in Borges that was made famous
by Michael Foucault® in his monumental work, The Order of Things, in which a certain ancient
Chinese encyclopedia stated as follows: “Animals are divided into: (a) belonging to the Emperor,
(b) embalmed, (c) tame, (d) sucking pigs, (e) sirens, (f) fabulous, (g) stray dogs, (h) included in the
present classification, (i) frenzied, (j) innumerable, (k) drawn with a very fine camelhair brush,
(1) et cetera, (m) having just broken the water pitcher, (n) that from a long way off look like flies.”
Foucault concluded “in the wonderment of this taxonomy, that the thing we apprehend in one great
leap, the thing that, by means of a fable, is demonstrated as the exotic charms of another system of
thought, is the limitation of our own, the stark impossibility of thinking that.” But, he explained that
each of the categories mentioned can be assigned a precise meaning and a demonstrable content,
and the classification distinguishes carefully the very real animals (those that are frenzied or have
just broken the water pitcher) and those that belong to fantastic entities (fabulous animals or sirens).
The possibility of dangerous mixtures or forced powers of contagion have to be exorcised to retain
the meanings within that system of thought. In traditional African medicine, we are faced with a
system of medicine that does not fit into the familiar landmarks of the Western thought process, and
that is the problem. For example, the association between rituals and healing is often misinterpreted
by foreigners who isolate them out of their context. The familiar question has been: What were they
(the plants and artifacts) used for? What do they do? And, most people are disappointed when they
receive the correct answer: “Nothing.”

The bulk of this volume, however, provides scientific documentation of the correlation between
the observed folk use and demonstrable biological activity, as well as the characterized constituents
of the plants. It is essential that the study of traditional medicine, if it is not to become chimerical
and lose itself in arbitrary speculation, must begin with the dry, structural, and systematic analysis
of the methods and the objects used in the healing practice. Studies of anthropology, botany, chem-
istry, pharmacology, and even clinical evaluation of the remedies are useful standpoints to begin
such inquiry. But, the investigation must not stop with such structural studies, for healing is deeply
rooted in humanity; these studies, when properly considered and handled, should lead back to it.
This is the fundamental approach adopted in this book. It is a book on medicinal plants used in
African traditional medicine and is also a handbook of African plants with medicinal values. The
plants are presented both as drugs, ready and complete as they are, and as vessels with chemical
constituents that possess pharmacological activity.

Several medicinal plants of Africa have been investigated for their chemical components, and
some of the isolated compounds have been shown to possess interesting biological activity. A few
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have been found active even in controlled clinical evaluation. The results of these investigations
provide insights only into a part of the picture, not the whole activity of healing. Healing is not to
be viewed simply as a lifeless product of molecules reacting with cells and tissues, but as a produc-
tion, not as an act that ends with the administration of remedies, but as an activity that includes all
aspects of living. It presents itself to us as the recurring work of the spirit, not as a finished and final
product; if it were not so, but was sterile and inert, then the humanistic aspect of healing would be
lost. For symbols to hold any meaning, the validation has to be recognized within the practitioner’s
primary experience, beliefs, and perception of the world around the practitioner. The validity of the
traditional medical system, therefore, does not depend on the results of secondary evaluation but on
the utility of the experience to the subscribers of that system of healing.

It is not my intention to repeat all the facts and arguments that have been raised in the past
to support the general thesis that certain objects, artifacts, rituals, and things used in traditional
African medicine are symbols whose meaning is the only path to understanding the complex pro-
cess of healing in Africa. In a book devoted to medicinal plants, one can only offer very condensed
and concise ‘“statements” on the subject and refer the reader to earlier publications and the refer-
ences listed at the end of each section.

The basic point is that African traditional medicine has a systematic methodology of its own.
The fact that it may not conform to the present level of knowledge in de facto science should not
be held against it. The cures dispensed by the medicine man are not all products of chance, but
results of years of careful experimentation and painstaking observations. The pharmacopoeia of the
African medicine man is rich with cures for many diseases that afflicted him, including herbs for
snakebite, whooping cough, dysentery, infectious diseases, diabetes, and the expulsion of intestinal
worms. Modern practitioners of the profession have given indications that they can cure intractable
human diseases, such as cancer and various immune deficiency disorders.

The herbs discussed in this book were selected after a careful study of the available literature
and from the results of field studies conducted by the Phytotherapy Research Laboratory of the
University of Nigeria, Nsukka, in the 1990s and now undertaken by the International Centre for
Ethnomedicine and Drug Development (InterCEDD). There are three different plant lists. The first
is a catalog of the plants used as ingredients of polyprescriptions for one or more diseases. Only
plants cited in authenticated sources are listed. The selection has been limited to those species that
are used widely and occur in fairly large areas of the continent. The second list contains major
plants used specifically for a given disease state; in most cases, the active constituents are included.
The original list published in the earlier edition of this book was from a selection made from an
informal survey in which 12 acknowledged experts in African medicinal plants were asked to indi-
cate the species they considered to be among the 100 most important therapeutic agents from their
geographic zones. Only about 30 plants were finally included in all the subsets compiled by my
sources, and I selected the final list of 162 plants to be profiled as representing the major medicinal
plants of Africa. In this edition, the list has been expanded to over 170 plants. As in the previous
case, the selection was based on many factors, including frequency of use, known biological activ-
ity, chemical constituents, and relative importance based on the main therapeutic indications of the
species. Some arbitrariness in the selection was inevitable, and some better-known species were not
included solely because such species were of very limited distribution or were considered not native
to the continent. Minor species that are used in a manner similar to that of better-known species
are also excluded. It is my sincere hope that this book will help in a better understanding of African
medicine and medicinal herbs. The treatment modalities and the therapeutic agents discussed here
should be evaluated within the social context in which they are employed.

In presenting this volume, I am under no illusion that it will spontaneously remove the skepti-
cism and suspicion people have about traditional African medicine. It is my hope, however, that it
will stimulate some awareness and perhaps an appreciation of a system of medicine that has sus-
tained a people for so many generations. I have not attempted to offer justifications for some of the
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traditional practices that are anachronistic to “civilized” tastes and which should be discarded. I
have merely provided explanations of our medical practice and way of life.

No attempt has been made to present an account of traditional African medicine that will be
comprehensive enough to reflect all aspects of the healing methods used in Africa. The heteroge-
neous nature of the actual traditional medical practice is clearly recognized; indeed, no single para-
digm of medical practice applies to the entire continent. Only the general concepts and the essential
features that are common to the majority of the tribes are presented here. Readers are advised to
consult the references for details.

It was also not possible to list all the medicinal plants used in Africa. Only species with suf-
ficient documentation or those considered important from a therapeutic point of view are listed.
The references have been limited to the relevant key literature, and several cross-references have
been omitted for brevity. The chemical structures of the compounds isolated from the plants have
also not been included in a deliberate effort to make the book appealing to both experts and non-
experts alike.
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CHAPTER 2

Catalog of Major African Medicinal Plants

INTRODUCTION

This chapter contains a list of over 2000 plants used in traditional medical practice in Africa.
The plants are arranged according to families and listed alphabetically. The modern system of plant
classifications as proposed by the Angiosperm Phylogeny Group (APG) has been adopted for this
edition. In the earlier edition, plants belonging to the large family Leguminosae were listed under
the subfamilies Caesalpiniaceae, Mimosaceae, and Paplilionaceae, but they have now been grouped
together under the family Leguminosae. Similarly, plants belonging to the family Apocynaceae
have been grouped together. Certain plant families have been renamed and others merged for ease
of classification. Readers are advised to use the Index of Species, Genera, and Families at the end
of the book to search for plants not listed under a familiar family.

The column in Table 2.1 on medicinal uses of the plants is mainly from the collation of several
published sources and correspondents. The diseases treated and the biological activities are used inter-
changeably in this column to reflect the actual format used in the original reports. Pharmacological
terms have been used for the activities of the plants employed in the treatment of disease conditions
that are not adequately described by healers in modern pathological terms, which means that the
usage has to be interpreted in the broadest sense possible. Some seemingly contradictory responses
received on the use and biological activities of some of the plants are retained since it is now known
that the activity of plant extracts depends on several factors and may sometimes have opposite effects,
depending on the method of preparation, dosage, and physiological state of the patient. The activities
listed in this chapter are based on neither the results of pharmacological studies nor the reports of
controlled clinical trials. They are based entirely on reported ethnomedical uses.

The plant parts included in the catalog are mainly those commonly used for the preparation of
remedies for the conditions listed under the specific plant. In most cases, various parts of a plant
could be used for treating specific diseases, and, perhaps more important, the therapeutic activity
and the toxicity may reside in different parts of the plant. In most cases, the plant parts are listed in
order of preference or frequency of use, with the most frequently used plant part listed first.

Key references have been provided as a guide to sources of additional information on the individual
plants. The literature citations are limited only to reference works and books on African ethnobotany.
These include the Plant Resources of Tropical Africa (PROTA), a web database in English and French
that has detailed information on the taxonomy, ethnography, and properties of many African plants.!
Many reference publications and compendia of monographs, such as Neuwinger’s African Traditional
Medicine;? African Herbal Pharmacopoeia;® the AfricMED database, which contains a compilation of
ethnobotanical information and a summary of biological assays by InterCEDD (International Centre
for Ethnomedicine and Drug Development) at Nsukka;* and the Nigerian Herbal Pharmacopoeia,’
published by the Federal Ministry of Health (2008), were useful in preparing this update. In many
cases, no reference has been cited, which indicates that the information was derived from multiple
sources in journals or data from the AfricMED database at InterCEDD Nsukka (Nigeria).
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CHAPTER 3

Pharmacognostical Profile of
Selected Medicinal Plants

ABELMOSCHUS ESCULENTUS — OKRA

Botanical Name — Abelmoschus esculentus (L) Moench

Synonyms — Hibiscus esculentus L.; Abelmoschus bammia Webb; Abelmoschus officinalis;
Abelmoschus longifolius (Willd.) Kostel.; Abelmoschuspraecox Sickenb; Abelmoschus tuberculatus

Related Species — Abelmoschus manihot (L..) Medik

Synonyms — A. caillei (A.Chev.) Stevels; A. pseudomanihot DC. Endl; A. platidactylus (Bakh.)
Nakai and Hibiscus manihot; Hibiscus papyriferus Salisb

Family — Malvaceae

Common Names — Common okra, Okro, Okra, lady’s finger, ladies’ finger, gumbo

African Names — Akan (Twi): nkruman, nkruma (okra); Bantu: ki ngombo, ngumbo, gombo;
Congo, Angola: quillobo, ki ngombo; Swahili: gumbo; Igbo: okwuru.

Description — Okra is a stout annual herb typically reaching 2 m in height, but some African
varieties may grow up to 5 m tall, with a base stem 10 cm in diameter. The heart-shaped, lobed leaves
are attached to the thick, woody stem. They may reach 30 cm in length and are generally hairy.
Flowers are borne singly in the leaf axils and are usually yellow with a dark red or purple base. Some
of the African varieties bloom only in late fall in temperate zones and are photoperiod sensitive. It is
largely self-pollinated, although some outcrossing is reported, and it is often visited by bees.

The pod (capsule or fruit) is 10-25 cm long (shorter in the dwarf varieties). Generally, it is ribbed
or round and varies in color from yellow to red to green. It is pointed at the apex, hairy at the base,
and tapered toward the tip. It contains numerous oval seeds that are about the size of peppercorns,
white when immature and dark green to gray-black when mature.’”?

Habitat and Distribution — The genus Abelmoschusis is believed to have originated in South-
East Asia. The common okra, Abelmoschus esculentus, however, is a cultigen of uncertain origin.

11
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The vast occurrence of primitive types and wild relatives in Africa (especially Ethiopia, Nigeria,
Cameroon, and Ghana) indicates that okra is certainly African. It is, however, widespread in tropi-
cal, subtropical, and warm temperate regions but is particularly popular in West Africa, India, the
Philippines, Thailand, and Brazil. The common okra, Abelmoschus esculentus, grows in the whole
of tropical Africa, whereas West African okra, Abelmoschus manihot (L.) Medik [synonyms: A.
caillei (A.Chev.) Stevels; A. pseudomanihot DC. Endl; A. platidactylus (Bakh.) Nakai; and Hibiscus
manihot] is a cultigen occurring mainly in West and Central Africa. It has been reported from
Guinea to Nigeria in West Africa; in Cameroon, Gabon, and the Democratic Republic (DR) of the
Congo in Central Africa; and in Uganda in East Africa. Its distribution is restricted to humid and
perhumid climates in Africa, between 12° N and 12° S, most commonly between 5° N and 10° N,
whereas the common okra, Abelmoschus esculentus (L.) Moench, can be found worldwide through-
out the tropics, subtropics, and warm temperate regions.

Ethnomedicinal Uses — The immature fruits and the leaves are eaten in various ways. Fruits,
fresh or sliced and dried, are used for soups (West African draw-soup), also fried in oil. Leaves
are used as a potherb. Young shoots are also eaten. The mucilage is used medicinally and techni-
cally as an industrial raw material. A decoction of the immature okra fruits is demulcent, diuretic,
and emollient. It is also used in the treatment of catarrhal infections, ardor urinae, dysuria, and
gonorrhea. It has been used as a plasma replacement or blood volume expander. The seeds usually
obtained from mature and hard capsules are antispasmodic, cordial, and stimulant. An infusion of
the roasted seeds has sudorific properties. Leaves are sometimes used as a basis for poultices; as an
emollient, sudorific or antiscorbutic; and to treat dysuria.

Constituents — All the aerial parts of the plant are useful, although the ends of the fruits are
usually trimmed, leaving about 80% of the product as the edible portion. The composition of okra
fruits per 100 g edible portion is water 88.6 g (85.7-90.2), energy 144 kJ (36 kcal), protein 2.1 g
(1.1-3.0), fat 0.2 g, carbohydrate 8.2 g, fiber 1.7 g, Ca 84 mg (55-142), P 90 mg, Fe 1.2 mg (1.1-1.5),
3-carotene 185 pg (180-190), thiamin 0.04 mg, riboflavin 0.08 mg, niacin 0.6 mg, ascorbic acid 47
mg (20-126). The composition of okra leaves per 100 g edible portion is water 81.5 g (75.3-92.4),
energy 235 kJ (56 kcal), protein 4.4 g (2.8-5.6), fat 0.6 g, carbohydrate 11.3 g, fiber 2.1 g, Ca 532 mg
(258-635), P 70 mg, Fe 0.7 mg, B-carotene 385 pg, thiamin 0.25 mg, riboflavin 2.8 mg, niacin 0.2
mg, ascorbic acid 59 mg (9-75). Compared to other fleshy fruit-vegetables (tomato, eggplant), okra
is particularly rich in Ca and ascorbic acid. Okra seed meal contains more than 20% of good-quality
protein on a fat-free, dry-weight basis, whereas most of the suitable amino acids in okra seed protein
are present in amounts that are equal to or exceed the amounts in eggs and casein, and the U.N. Food
and Agriculture Organization (FAO) references okra as a protein source. The seed protein is similar
in amino acid composition to soya bean protein. It contains 20% oil (similar in fatty acid composition
to cottonseed oil). The seeds are rich in phenolic compounds, mainly composed of oligomeric cate-
chins (2.5 mg/g of seeds) and flavonol derivatives (3.4 mg/g of seeds). The skin’s polyphenolic profile
is composed principally of hydroxycinnamic and quercetin derivatives (0.2 and 0.3 mg/g of skins).!

Pharmacological Studies — Because of its high nutrient value, okra is considered a good
source for food fortification strategies. Okra has also been used in the management of duodenal
ulcers and diabetes. The glycosylated molecules found in the okra mucilage have been related to the
inhibition of adhesion of Helicobacter pylori to human gastric mucosa.? Such molecules could also
contribute to glucose entrapment and alpha-glucosidase inhibition, which might be advantageous
in the management of diabetes.® The fruit and the leaves have antioxidant properties. It has been
observed that the distribution of phenolics in methanolic extracts of okra correlates with distribution
of antioxidant activity. Studies have also shown that roasting of okra seed flour at 160°C for up to
40 min caused an increase in antioxidant activity, as determined by free-radical scavenging using
the DDPH (2,2-Diphenyl-1-picrylhydrazyl) assay.* A methanolic extract of okra seeds was shown to
have antioxidant activity, as evidenced by several criteria, and to exert antihypoxic activity in two
mouse models.’
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Toxicity — Okra is a common and popular vegetable with no known toxicity report. Both okra
tofu and the protein-rich residue left after oil extraction showed no acute toxicity and offer promise
as food additives and animal feed ingredients. The seeds in the mature fruits yield oil that is similar
to cottonseed oil, and some varieties are said to contain gossypol or a gossypol-like compound. In
some okra seed varieties, the oil contains small quantities of cyclopropenoid fatty acids with their
strong physiological properties.

Formulation and Dosage Forms — Okra is usually available in food stores and health food
outlets as fresh fruits or as frozen materials. Sun-dried and horizontally or vertically sliced fruits
are often sold in West African markets. Freeze-dried, microwave-dried, and controlled temperature
backed fruits prepared with the aim of preserving the secondary metabolites have been packaged
for the dietary supplement industry.

Commerce — Okra is grown throughout the world as an article of commerce. Countries in Asia
and Africa are the major producers. World production of okra as a fresh fruit-vegetable is estimated
at 6 million tons/year. Common okra makes up 95% of this amount, and the West African species
accounts for about 10% of world production. In West and Central Africa, the common okra and its
local variety share the market equally.

Agriculture — Farmers usually use seeds harvested from their own local cultivar or rather
heterogeneous landrace. The easiest way to keep the seed is to leave it in the pods. Seed weight
varies from 30 to 80 g/1000 seeds. To soften the hard seed coat, the seed is often soaked in water
or chemicals prior to sowing. The seed is usually dribbled directly in the field (1-3 seeds per hole).
Optimum plant densities are in the range of 50,000—-150,000 plants/ha. Emergence is within 1 week.
When the plants are about 10 cm tall, they are thinned to one plant per hole.

Germination and initial growth are improved greatly by cultural practices that lower soil tem-
perature (e.g., mulching, watering before the hottest part of the day, and sowing on ridge sides
least exposed to direct sunlight). The robust West African okra should be grown at 20,000-50,000
plants/ha. Emergence is also within 1 week, and the plants are then thinned to one plant per hole
for optimum growth.

Commercial okra growers usually practice sole cropping and prefer the early, homogeneous,
introduced cultivars of common okra (Abelmoschus esculentus). In traditional agriculture, farmers
grow their okra landraces in home gardens or in fields with other food crops. The landraces often
consist of a mixture of Abelmoschus caillei and Abelmoschus esculentus, the former being pre-
dominant in humid climates and the latter in drier climates. The uptake of minerals is rather high.
Indicative figures for total nutrient uptake per hectare of a crop with fruit yield of about 10 t/ha are
100 kg N, 10 kg P, 60 kg K, 80 kg Ca, and 40 kg Mg. Under humid tropical conditions, a full-grown
crop consumes about 8 mm of water per day. Some farmers practice ratoon cropping. A ratoon crop
flowers soon after cutting but usually results in poor-quality fruit with a high percentage of bent
fruits.! Organic cultivation of okra in north central Nigeria yielded good fruits comparable in both
composition and biomass with plants grown with chemical fertilizer .

ABRUS PRECATORIUS

Botanical Name — Abrus precatorius Linn.

Synonyms — Abrus abrus (L.) Wright, Abrus cyaneus R. Vig., Abrus maculatus Noronha,
Abrus minor Desv., Abrus pauciflorus Desv., Abrus squamulosus E. Mey., Abrus tunguensis Lima,
Glycine abrus L.

Family — Leguminosae

Common Names — Crab’s eye, love bean, lucky bean, prayer beads, wild licorice

African Names — Ewe: dedekuade, adekude; Hausa: da marzaya, idon Zakara; Chagga: mdela;
Giriam: Igbo: anya nnunu; Lozi: mutiti; Luvale: mukakenjenge; Ndebele: amabope; Nyamwezi:
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Kachenche; Shambala: lufyambo; Sukuma: lufiambo; Swahili: mongaluchi, mtipitipi; Tiwi: damma-
bo, obereku-aniwa; Yoruba: iwere-jeje; Mozambique: cessane, mini-mini, mpanamene, namecolo,
tsangariorio; Swaziland: umphitsi; Zanzibar, Tanzania: matscho ya tipitipi; Afrikaans (Namibia):
mini-minies, minie-minies, paternostertjies; Afrikaans (South Africa): minnie-minnies.

Description — A woody twining plant with characteristic red and black seeds. The seeds are
pinnate and glabrous, with many leaflets (12 or more) arranged in pairs. The leaflets are oblong,
measuring 2.5 cm long and 1.5 cm wide. The plant bears orange-pink flowers, which occur as
clusters in short racemes, sometimes yellowish or reddish purple in color, and small and typically
pea-like. Abrus produces short and stout, brownish pods, which curl back on opening to reveal pen-
dulous red and black seeds (4—6 in each pod).

Habitat and Distribution — It is found occurring wild in thickets, farms, and secondary clear-
ings and sometimes in hedges. The plant is widely distributed throughout the continent.

Ethnomedicinal Uses — The leaf decoction is used for treatment of coughs, constipation, colic,
and general pains. The leaves are chewed to relieve hoarseness and bronchial constrictions; the
vapor from crushed leaves boiled with water is used to treat eye inflammation.® The aqueous extract
of the seed is used for the treatment of cancer of the epithelioma and as a vermifuge and an abortifa-
cient. A single dose of the powdered seeds acts as a long-acting contraceptive, with the effect lasting
up to 13 menstrual cycles.” The seed infusion has been employed to hasten labor and for treatment of
conjunctivitis granulosa and trachoma.? The entire plant is drunk for treatment of venereal disease,
headaches, and snakebites. A poultice prepared from the seeds of Abrus, salt, and the unripe fruits
of Musa paradisica is applied topically to boils and abscesses.’

Constituents — The seeds contains abrin (a highly toxic glycoprotein), hyapaphnorine, preca-
torine, and some other uncharacterized indole alkaloids.!® Abrin, being a toxalbumin, is inacti-
vated by heat. Trigonelline and other related pyridonium derivatives have been isolated from the
plant. The plant contains phytosterols B-sitosterol and stigmasterol and flavonoids abrecatorin
(6,4’-dimethoxy-7,3"-dihydroxyflavone) and desmethoxycentaureidin-7-O-rutinoside." Two antho-
cyanins have also been identified (xyloglucosyldelphinidin and p-coumarylgalloyl ester of glucosyl-
delphinidin) in the seed coat of pigment of the plant. The free sugars present in the leaves, stems,
roots, and seeds of the plants have been characterized as galactose, arabinose, and xylose.'? Sweet-
tasting glycosides, the abrusosides, based on the novel cycloartane-type aglycone (abrusogenin),
have been isolated from the leaves of the plant.!?

Pharmacological Studies — The activity of the seed powder against cancer of the epithelioma
of the hand, skin, and mucosa has been reported.” The aqueous extract of the seed elicits a biphasic
response on the field-stimulated guinea pig ileum, being inhibitory at low concentrations but excitatory
at high concentrations. The excitatory exponent contracts most smooth muscles, including the uterus.
Its actions are atropine sensitive. The inhibitory fraction also contracts the uterus but relaxes the other
smooth muscles; it is resistant to common pharmacological blocking agents but is inhibited by indo-
methacin, a prostaglandin synthetase inhibitor.® The antifertility activity of the root has been reported.!?

Nwodo had shown that trigonellyl glycoside possesses both nicotinic and muscarinic activity at
the ganglion (i.e., it produces a depressor cum pressor activity on close arterial injection). He main-
tained that while the activity of the isolates of Abrus is blocked by indomethacin, these activities were
not essentially due to prostaglandin release.® The sweet-tasting glycosides found in the leaves, the
abrusosides, have been shown to be 30—100 times sweeter than sucrose. The glycosides were neither
acutely toxic when tested on mice nor mutagenic to Salmonella typhimurium strain TM677.13

A steroidal fraction of extract of the seeds has been shown to cause dose-dependent degenerative
changes in the testicular weights, sperm count, later stages of spermatogenesis, and Leydig cells in
testes of rats.'® The steroidal fraction also caused a dose-dependent decrease in the enzyme activity
of 3a,,3B,17B-hydroxysteroid dehydrogenase, glucose-6-phosphate dehydrogenase, sorbitol dehydro-
genase, and leucine aminopeptidase. A probable mechanism of the alterations in the testes could be
at the pituitary level by a feedback mechanism that may result in decrease in production and release
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of testosterone.!® Oral administration of a 50% ethanol extract of Abrus seeds (250 mg/kg) in albino
rats for 30 and 60 days induced absolute, but reversible, infertility in males, with marked suppression
of sperm motility in the cauda epididymis."” The treatment did not appear to affect the histological
and histocytometric characters of the testes and parareproductive tissues, but protein, sialic acid, acid
phosphatase, and succinic dehydrogenase levels were significantly depleted.” An isolate of the seeds,
BN, was shown to inhibit contractions of guinea pig ileum to field stimulation, acetylcholine, and
histamine and to reduce rhythmic activity of rabbit isolated intestine.'”® The seed oil was also found
to cause dose-dependent contractions of both gravid and primed virgin uteri.”” The contractions were
blocked by indomethacin but resistant to the effects of atropine. Furthermore, the sensitivity of the
tissue to oil could be restored by subeffective doses of prostaglandin E2 following blocking with
indomethacin.'” These effects appear to support the use of the seed extract as an antidiarrheal agent
in traditional medicine.

The extracts of the Abrus have also been shown to possess trypanosocidal action,?® aldose
reductase inhibition,?' antidiabetic properties,?> milk-induced leukocytosis and eosinophilia in the
management of asthma,?® antitumor and immunomodulatory activities,’* and anthelmintic activi-
ties.?> A polyherbal preparation containing extract of Abrus leaves has demonstrated hair-growth
properties in clinical studies.?

Toxicity — Fatal incidents have been reported for ingestion of well-chewed seeds of Abrus;
because of its hard seed coat, it can pass through the gastrointestinal tract undigested and remain
harmless. The unripe seed has a soft and easily broken seed coat and is thus more dangerous. It
has been reported that poisoning has been experienced through a finger pricked while stringing the
seed. Symptoms may develop a few hours to several days after ingestion; they include severe gastro-
enteritis with pronounced nausea and vomiting. Mydriasis will occur as well as muscular weakness,
tachycardia, cold sweating, and trembling. There is no known physiological antidote. The treatment
is essentially symptomatic. Since there is a long latent period associated with abrin poisoning, little
value can be placed on induction of emesis or gastric lavage; these measures are useful only if diges-
tion has just occurred. Bismuth trisilicate may be given during poisoning with Abrus to reduce the
degree of gastrointestinal damage. If the emesis or diarrhea become excessive, replacement fluids
and electrolytes are advocated. If hemorrhage occurs, blood transfusion may be necessary.

Toxicity of Abrus to goats has been evaluated. Doses of 2, 1, or 0.5 g/kg/day via stomach tube
caused death between days 2 and 5 for those given 2 or 1 g/kg; one goat that received 0.5 g died
on day 32, and another was killed on day 33. The main signs of poisoning include inappetence,
bloody diarrhea, dyspnea, dehydration, loss of condition, and recumbency."” Abrin, the main toxic
compound in Abrus, is antigenic, and animals can thus be immunized with small doses before
being allowed to graze on pastures infested with Abrus. Because of the potential use of abrin and
the related castor bean toxin ricin in terrorism as a chemical or biological warfare agent, human
immunization against both toxins is under development.?’

ACACIA SENEGAL

Botanical Name — Acacia senegal (L.) Wild

Synonyms — Mimosa senegal L., Acacia verek Guill. et Perr., Acacia circummarginata Chiov.,
Acacia cufodontii Chiov., Acacia oxyosprion Chiov., Acacia rupestris Boiss., Acacia spinosa
Marloth & Engl., Acacia volkii Suess., Acacia senegal (L.) Britton

Family — Leguminosae

Common Names — Gum Arabic tree (E), Gommier, Gommier blane (F)

African Names — Arabic: shagar; Samgh Arabic: konait; Bambara: patukill; Hausa: akovia,
dakwara; Fulani: dibehi; Kanuri: kolkol; Ndebele: umhlahalinye; Nyamwezi: katatula, mgwata,
kakakantunda; Peuhl: patuki, bulbi; Swahili: kikwata mgunga; Zinza: mkoto
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Description — Acacia senegal is a small tree or shrub, up to 7 m high, with a short bole, gray-
fissured stem, usually coming off as papery patches to reveal a powdery underlayer. It branches low,
and its dense foliage gives it the appearance of a somewhat large thorn at the base of the branchlets,
with 3 to 6 pairs of pinnae and 6 to 15 pairs of narrow leaflets, about 6—8 mm long. The cream-color,
fragrant flowers are borne in axillary clusters, as densely crowded spikes, usually longer than the
leaves. The fruits occur as membranous flat cloves, about 11 cm long and 2—4 cm wide, hairy and
pale brown in color; containing 7 or 8 flat and circular beige seeds.”?®

Habitat and Distribution — It is found in subdesert regions, the Sahelian, and dry tropical
zones. It occurs in Mauritania, Sudan, Niger, Mali, Senegal, Gambia, Nigeria, Burkina Faso, Kenya,
Uganda, Tanzania, and parts of southern Africa.

Ethnomedicinal Uses — In West Africa, especially in the Senegal-Gambia region, the gum is
used in the preparation of a remedy for dysentery and diarrhea and applied externally for modular
leprosy. In East, Central, and North Africa, the leaves have been used in remedies for ophthalmia,
colds, and hemorrhage,'” and gum was used for the treatment of local inflammations. The root is
used in the mainland of Tanzania as a gonorrhea remedy.

Constituents — The most important constituent of this plant is gum arabic, a colorless, odorless,
nontoxic solid substance soluble in water (1:2) that forms a sticky solution used in a variety of con-
sumer products.?’ The gum exudes from branches and by stripping off a patch of the bark. Gum arabic
consists of a glycosidal acid of high molecular weight that has been termed arabic acid, and it is com-
bined with potassium, magnesium, and calcium. It also contains diastases and oxidase enzyme (African
Pharmacopoeia®®). Acacia gums consist of galactose, arabinose, rhamnose, and glucuronic acids as the
only sugars found in all types of the gums. The difference between A. senegal and A. seyal (and the
other Acacia exudates) is the level of each sugar. The polysaccharide fraction is composed of a linear
chain of B-1,3-linked galactose. This chain is ramified in position with chains of galactose and arabi-
nose. Rhamnose, glucuronic acid, or methyl-glucuronic acid units are found as chain terminations.*

Pharmacological Studies — Acacia gum is used in the food industry and pharmacy as a sus-
pending and emulsifying agent, emollient, and adhesive in the manufacture of tablets and other oral
dosage forms. Acacia gum is highly appreciated in technical applications due to its unique proper-
ties; it is used not only as a film former in the printing industry and as an adhesive agent in glues,
but also as a binding agent when used as a natural substitute for chemicals. The gum’s technological
properties (texturing and film forming in confectionery, emulsifying, and encapsulating in flavors
and colors) and, for about 20 years, nutritional properties (fiber and prebiotic) in enriched foods and
nutritional complements have made it a preferred edible industry gum.? Various modifications have
been made to the natural gum for use in specific pharmaceutical formulations.3!

The unique properties of Acacia gum have also been adapted to provide a protective coating to
natural foods. For example, shiitake mushrooms coated with gum arabic plus natamycin (GANA)
maintained tissue firmness and showed a reduction in microbial counts from yeasts and molds com-
pared with the control. In addition, GANA coating delayed changes in the soluble solids concentra-
tion, total sugar, and ascorbic acid. Sensory evaluation proved the efficacy of GANA coating by
maintaining the overall quality of shiitake mushrooms during the storage period. The efficiency was
better than that of gum arabic or natamycin treatment alone. Our study suggested that GANA has
the potential to improve the quality of shiitake mushrooms and extend their shelf life up to 16 days.*

ACHYRANTHES ASPERA

Botanical Name — Achyranthes aspera L.

Synonyms — A. canescens R. Br., A. argentea Decne., A. grandifolia Moq., A. obovata Peter,
A. repens L.

Family — Amaranthaceae
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Common Names — Chichiri (Indian); chirchita or onga (English)
buhulula; Kiluguru: nara; Kisafwa: ndadaulo; Kiswahili: purura, purule; Kihehe: nugulukauna;
Kirangi: kyululankanga; Kinyaturu: munyori, mnyoli; Kinyamwezi: lukululankanga; Yoruba: abora

Description — It is an erect or suberect, annual or perennial herb 0.5-1.5 m high. The leaves
(1.5-1.6 cm long and 0.7 cm wide) are simple, opposite, with stipules absent, the blade ovate to
ovate-lanceolate or ovate-oblong with rounded apex. The base is cuneate, and the margins are
entire, pubescent above and below, with a petiole 0.5-3 cm long. It produces solitary hermaphrodite
flowers in the axil of the bract, 3.5-5.5 mm long, pinkish or greenish sepals, ovate-lanceloate. The
flowers enlarge with age, hardening and becoming pungent. The fruits are small, 2-5.3 mm long,
and detach from the plant with the perianth and bracteoles. Both the flowers and fruits are borne
concurrently throughout the year. It has a characteristic woody rootstock.>28:33

Habitat and Distribution — The plant occurs widely throughout the continent in different veg-
etation zones. It grows well in semiarid areas receiving about 250 mm rainfall and also high-rainfall
savannas with over 2000 mm annual rainfall and can be located in secondary clearings. The species
grows in open areas; it does not tolerate shade and therefore cannot be found as undercrops in dense
tropical canopies. It grows well in Nigeria, Ghana, Zaire, and Cameroon and has been located in
Mali, Kenya, Ethiopia, and Tanzania.

Ethnomedicinal Uses — The root is used as a hemostatic agent to stop wound bleeding. A
decoction of the roots or stem bark is administered to children for constipation. The leaves, when
fire cured like tobacco, are used as an embrocation for sprains and headache. When boiled, the
steam is inhaled for the treatment of severe catarrh and colds. The decoction of the root bark is
taken as a remedy for venereal diseases. A poultice made from the ash of the burned leaves is
applied on boils and as an ointment for scabies; the ash mixed with honey is administered for
coughs. The root infusion is used as an emetic and mixed with lime as a remedy for bronchitis,
malaria, and helminthic infestation. The root has also been dispensed as a gargle for toothache,
as a snakebite topical remedy, for the treatment of heartburn, to prevent miscarriage in pregnancy,
and as a poison antidote to control vomiting.3? In India, the plant extract is used for the treatment of
infectious diseases and in the management of leprosy.**

Constituents — The plant yields saponins and steroids, and the fruit has been shown to contain
a large percentage of alkaline potash. Betaine and ecdysterone may be present in the plant.3 A
betaine, achyranthine, based on N-methylpyrrolidine 3-carboxylic acid, has been isolated from the
plant.® Two fully characterized saponins, Achyranthes saponins A and B, have been shown to be
constituents of the seeds.’

Pharmacological Studies — The saponins are cardiotonic. The benzene extract has been found
to be abortifacient. The plant also possesses fungicidal activity. Oral administration of the crude
extract at a dose of 5 mg/kg exerts diuretic, purgative, and hypoglycemic action in rats.>’° It has
been suggested that the diuretic action may be due to its high potassium content.*® The saponin
fraction of the extract significantly increased the tone and contractility of the isolated hearts of
frog, guinea pig, and rabbits, with the observed activity quicker in onset but of a shorter duration
than that induced by digitoxin.**-*? The biological activity of achyranthine has been investigated.®
The compound has hypotensive, cardiac depressant, and vasodilatory activities, as well as analeptic
action on the respiratory system and spasmogenic effect on smooth muscles. Achyranthine is also
diuretic, purgative, and mildly antipyretic. The cardiac contractility caused by the saponin has been
attributed to its phosphorylase activity.

Studies have shown that Achyranthes possesses antiviral,* immunostimulant,** anti-inflamma-
tory,* wound-healing*® and antidiabetic properties.*’ The activity of the polysaccharides found to
be associated with the antiviral and antidiabetic activities of Achyranthes species appears to be
significantly enhanced in the sulfated derivatives.
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ACOKANTHERA SCHIMPERI

Botanical Name — Acocanthera schimperi Benth. & Hok

Synonyms — A. oubaio, A. abyssinica K. Schum., A. deflersii Schweinf. ex Lewin., A. friesio-
rum Markgr., A. scabra Schweinf. ex Markgr., Arduina schimperi (A. DC.) Baill., Carissa deflersii
(Schweinf. Ex Lewin) Pichon., Carissa friesiorum (Markgr.) Cufod., Carissa inepta Perrot & Vogt.,
Carissa schimperi A.DC.

Family — Apocynaceae

Common Name — Acokanthera

Description — This is an evergreen tree or shrub, growing up to 6 m in height. The leaves are
elliptic, with sharply cuspidate apex and acute base; they are ceraceous, shiny, and smooth above.
The leaves, 11 by 4.5 cm, display 7-13 lateral nerves on each side, with prominent venation showing
on both surfaces. The flowers are pink colored, up to 1.5 cm long in short, dense, axillary cymes.

Habitat and Distribution — The plant occurs in both savanna and rainforest vegetation. It
grows in Ghana, Nigeria, Zaire, and parts of East Africa.

Ethnomedicinal Uses — Acokanthera is the primary source of the dreaded African arrow
poisons, which are considered so dangerous that even minute quantities transmitted through small
injuries by the arrow prick could lead to fatal cardiac arrest within a few minutes of reaching the
bloodstream. Strophanthus species are employed as adjuncts or alternative ingredients in the prepa-
ration of the arrow poisons. Acokanthera species are generally unavailable, and they are not consid-
ered an economical source of the pharmacologically important cardiotonic ouabain. In traditional
African medicinal practice, the most important species are A. schimperi, A. venanta G. Don, and
A. longiflora. Githens*® listed the species for the treatment of snakebite and tapeworm infestation.

Constituents — The wood of African Acokanthera species yields very potent cardiotonics,
of which the principal compound is ouabain. Other constituents of Acokanthera species include G
strophanthin, acokantherin, and acovenoside A, B, and C. The seeds of the closely related species
Carissa acokanthera yield similar glycosides. Pichon has suggested that the plant should be treated
as a section of the genus Carissa.*

ADANSONIA DIGITATA

Botanical Name — Adansonia digitata Linn.
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Synonyms — Adansonia bahobab Gaertn., Adansonia integrifolia Raf., Adansonia scutula
Steud., Adansonia situla (Lour.) Spreng., Adansonia somalensis Chiov., Adansonia sphaerocarpa
A.Chev., Adansonia sulcata A.Chev., Baobabus digitata (L.) Kuntze, Ophelus sitularius Lour

Related Species — Adansonia fony Baill., Adansonia grandidieri Baill., Adansonia gregorii
F. Muell., Adansonia madagascariensis Baill., Adansonia perrieri Capuron, Adansonia suarezen-
sis H. Perrier, Adansonia za Baill.

Family — Malvaceae

Common Names — Baobab, monkey-bread tree, dead-rat tree, cream-of-tartar tree, magic tree,
chemist tree, symbol of the earth, upside-down

African Names — Ashanti: odade; Hausa: kuka, bumbu, murna; Bambara: sira; Bisa: hor-go,
poh-go; Gourounsi-Lele: koukoulou, ekoulou; Peul: boki, olohi; Igbo: Oyili-akpu; Wolof: gui, bui,
gif; Yoruba: ose, oske; Baoule: frondo; Malinke: sira; Senoufo: ngigue; Swahili: mbuyu, mkuu hap-
ingwa, mkuu hafungwa, muuyu

Description — This is a huge and dominant species in the savanna and Sahel regions of Africa.
Its massive structure with its bottle shape makes it easy to identify. The tree is rather remarkable for
its enormous trunk in comparison with the small crown of foliage. The trunk is comparatively short,
13—17 m high but 10—14 m or more in girth, with short, thick branches. A specimen with a girth of
37 m has been recorded. The bark is unarmed. The leaves are palmate with 5 sessile leaflets. The
flowers are large, 12.5-15 cm in diameter, white, with numerous monadelphous purple stamens.
The flowers are oblong, 15-20 cm long, pendulous on long stalks, woody, indehiscent, with large
seeds embedded in dry acid pulp.

Habitat and Distribution — Baobab occurs naturally throughout the drier parts of the conti-
nent, and it is available all year round. Outside Africa, it has been widely introduced in tropical and
subtropical regions as a commercial crop. Although it was introduced late in many Central African
countries, it is now a valued crop in many countries in that region. It is still not common in Rwanda,
Burundi, Djibouti, and Uganda. It has been introduced in Madagascar and many other Indian Ocean
islands. In West Africa, it often occurs in northern parts of the subregion from Nigeria to Senegal
in savanna forests and in baobab orchards around villages.

Ethnomedicinal Uses — This majestic tree is revered in Africa for its medicinal and nutritional
value. Many parts of the plant are used to treat various ailments, such as diarrhea, malaria, and
microbial infections. Other activities include use for urinary tract disorders; as a diaphoretic for
fevers; as an anti-inflammatory; for mild asthma, fatigue, dysentery, kidney and bladder diseases;
and as an expectorant, astringent, and tonic. It is reported that it is an excellent antioxidant due to the
vitamin C content. It has a widely held reputation as an antiviral and anti-inflammatory medicine.
The leaves are most valuable for medicinal uses, but the fruits and stem bark are also used in the
preparation of remedies.

Constituents — Baobab fruit pulp has 10 times the vitamin C content of orange (w/w). It also
contains the following, per 100 g: water 8.7 g, energy 1290 kJ (308 kcal), protein 2.7 g, fat 0.2 g,
carbohydrate 73.7 g, fiber 8.9 g, Ca 335 mg, Mg 167 mg, P 76.2 mg, Fe 2.7 mg, Zn 1.0 mg, thiamin
0.62 mg, riboflavin 0.14 mg, niacin 2.7 mg, ascorbic acid 209 mg. The seed, which is about 55% seed
coat and 45% kernel, contains the following, per 100 g of kernel: water 8.1 g, energy 1805 kJ (431
kcal), protein 33.7 g, fat 30.6 g, carbohydrate 4.8 g, fiber 16.9 g, Ca 273 mg, Mg 640 mg, P 5.1 mg, Fe
6.6 mg, Zn 6.7 mg, thiamin 0.25 mg, riboflavin 0.14 mg, niacin 1.0 mg. The fatty acid composition
is linoleic acid 34.9%, oleic acid 32.3%, palmitic acid 26.5%, and stearic acid 4.4%. Phytochemical
investigation has also revealed the presence of flavonoids, amino acids, fatty acids, vitamins, and
minerals. Phytosterols such as campesterol, stigmasterol, isoflucasterol, and avenasterol are present
in the seeds. An alkaloid, adansonin, has been identified from the bark of the baobab tree, and it is
believed to be the active agent that is responsible for the antimalarial properties of baobab tree bark.
The seed protein contains a large amount of lysine, but its use as a protein source is limited by the
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presence of antinutritional factors such as trypsin, tannins, oxalic acid, protease inhibitors, phytate,
and amylase inhibitors (African Herbal Pharmacopoeia''#!).

Pharmacology — The plethora of biological activities attributed to baobab are traceable to
the constituents found in the plant. The analgesic effect of the hot aqueous fruit of A. digitata in
vivo (mice) has been established. It was noted that the extract exhibited analgesic activity 2 h after
administration. At 800 mg/kg, the reaction time was 15.4 min in comparison to the negative control
(10.2 min). The petroleum ether extract containing seed oil of baobab also showed analgesic activ-
ity. The extract exhibited analgesic activity with the tail flick response in 6.1 s, which was not sta-
tistically different from aspirin used as a positive control. The antipyretic activity of baobab extract
has been established by laboratory studies in rats.

The hot water extract of the fruits showed in vivo anti-inflammatory activity in the rat paw
formalin-induced edema test. The extract tested at a dose of 400 and 800 mg/kg inhibited formalin-
induced edema. After 24-h administration of the aqueous extract, the mean swelling of the foot was
1.81 and 1.75 mm for 400 mg/kg and 800 mg/kg, respectively, in comparison to the negative control
(6.35 mm).!3! The DMSO (dimethylsulfoxide) of fruit pulp extract and aqueous leaf extract showed
significant inhibition against cytokine interleukin 8 (IL-8).!'32

The capacity of baobab extracts to reduce the mobility of Trypanosoma brucei, which causes
sleeping sickness, was evaluated using four different extracts (petroleum ether, chloroform, water,
and methanol) obtained from the leaves and the bark. The time at which mobility stopped ranged
between 10 and 45 min for the root bark, while with the leaves, the mobility ceased between 25
and 45 min when various extracts were tested at 2 mg/ml."33 The extracts also possess only modest
activity against the malaria-causing parasite Plasmodium falciparum.

Because of the widespread use of baobab extract in the treatment of viral infections in West
African traditional medicine, several in vitro and in vivo studies have been carried out to determine
the antiviral activity of various baobab plant parts. In comparative studies by Ananil et al.,''** bao-
bab extract was found more active than several herbal extracts tested against the herpes simplex
virus (HSV) and sindbis and polio viruses. A later investigation was made by Vimalanathan and
Hudson!!?? on the antiviral activity of the leaves, fruit pulp, and seed extracted with water, DMSO,
and methanol. The study was conducted using the minimum inhibitory concentration (MIC) method
against influenza virus, HSV, and the respiratory syncytial virus. It was shown that the influenza
virus was very susceptible, while the respiratory syncytial virus was resistant. The leaf extract
exhibited the most promising activity against the influenza virus, with the MIC value ranging from
0.12 pg/ml (DMSO) to 2.8 ug/ml (water). The activity of the leaf extract was promising against
the HSV (MIC value 1.0 to 11.7 pg/ml), while the pulp and the seed exhibited much lower activity
(MIC value 72.5 pg/ml). The study clearly demonstrated variation in biological activity when differ-
ent plant parts are investigated. Furthermore, the anti-HSV activity was considerably enhanced by
light, especially long-wavelength ultraviolet (UV) light, although they all showed “dark™ antiviral
activity as well. Thus, all the extracts contained antiviral photosensitizers.'32.1133

Baobab extracts have also been proved effective in laboratory studies to possess insecticidal and
insect repellant activity; antioxidant, drug permeation enhancement; and hepatoprotective, hypo-
glycemic, and hypolidemic activities.'3

Formulation and Dosage Forms — All parts of the plant are used for either food or medi-
cine. Several proprietary products are available with baobab as a major ingredient. In most parts of
Africa, the leaves of baobab are used either fresh as a cooked vegetable or dried and powdered as
an ingredient of soups and sauces. The shoots and roots of seedlings are eaten as well. The roots are
boiled and eaten in West Africa in times of famine. The flowers are eaten raw. The fruit contains
soft, white, edible, and nutritious flesh (“monkey bread”). It northern Nigeria, it is used to curdle
milk; it is eaten as a sweet and is used in making gruel and refreshing drinks and ice cream. In
Sudan, it is made into a milk-like drink called “gubdi.” The powdered fruit flesh is added to cold
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liquid, thus preserving vitamins. An emulsion of the fruit pulp may be used to adulterate milk. The
dried pulp is used as a substitute for cream of tartar in baking.!!4?

The seeds are eaten raw or roasted and are used to thicken and flavor soup. Fermentation of the
seed kernels improves the nutritional value. In coastal Kenya and Tanzania, the pulp-coated seeds
are colored and sugar coated and sold as sweets. The seeds are used to adulterate groundnuts and
sometimes as a coffee substitute. The oil extracted from the seed kernels by boiling and distillation
is semifluid, golden yellow, gently scented, and nondrying and has a long shelf life. It is used for
cooking and in the cosmetics industry. The most prominent commercial product is the sun-dried
fruit pulp. Roasting and fermentation of both the fruit pulp and the seeds improve their chemical
composition, and it is believed that the fermented product with decreased tannin content provides a
better ingredient in traditional medicine.

Commerce — Baobab is a major nontimber forest product (NTFP) that plays a significant role
in the lives of communities in the savanna, and its many products (seeds, oil, leaves, and fruits) con-
stitute a source of income for many rural people in Africa. Baobab products are used in pharmaceu-
tical and cosmetic industries. According to a United Nations Conference on Trade and Development
(UNCTAD) report (p. 7),!'* baobab is highly sought after in several market segments, such as for
food and beverages (Germany, France, and the Netherlands); botanical remedies (Germany, France,
and the Netherlands); and nutraceuticals as well as natural cosmetics (European Union, United
States, and Japan). Baobab fruit is an ideal candidate in the functional food market as it is very high
in vitamin C and other vitamins and minerals; the powder may be used as a thickener due to its high
pectin and fiber contents. The import value of the product class of rare edible dried fruit, which
includes baobab fruit pulp, grew by 13% in 2003.

The U.S. Food and Drug Administration (FDA) approved on 25 July 2009 the designation of
baobab dried fruit pulp (BDFP) as GRAS, indicating it is a substance that is generally recognized
as safe, which was based on a submission by PhytoTrade in 2008 to that agency. According to the
Federal Food, Drug, and Cosmetic Act, Sections 201 and 409, any substance that is intentionally
added to food as an additive is subject to premarket review and approval by the FDA. This makes
baobab a major article of international commerce. The designation of BDFP as GRAS, through sci-
entific procedures, allows for its use as an ingredient in blended fruit drinks and fruit cereal bars at
levels of up to 10% and 15%, respectively. Similar classification of baobab as a safe food ingredient
exists in the European Union.

ADENIA CISSAMPELOIDES

Botanical Name — Adenia cissampeloides

Synonyms — Adenia gracilis Harms (1897), Adenia gummifera (Harv.) Harms (1897), Adenia
guineensis W.J. de Wilde (1971)

Related Species — Adenia lobata

Family — Passifloraceae

Common Names — Monkey rope, snake climber, wild granadilla

African Names — Swahili: mandali, mkengeti; Ashante-Twi (Ghana): homakyem; Ga:
akpeka, peteha (A. lobata); Luguru (Tanazania): gale; Digo (Kenya): mgore, mugore, munua nyoka;
Shambaa: ghoye; Zigua: zokambago

Description — A. cissampeloides is a dioecious liana, growing up to 30 m long, with a stem
up to 10 cm in diameter, striped bluish-green and older stems often with whitish powder; stems
have simple or 3-fid tendrils 1020 cm long. Leaves are alternate, simple; stipules 0.5(-1) mm
long, broadly rounded to triangular, irregularly cleft; petiole (1-)1.5-11 cm long; blade entire or
more or less deeply 3(-5) lobed, orbicular to ovate or rhomboid in outline, (1-)3—14 cm long, base
cordate to truncate or cuneate, apex obtuse or retuse, rarely acute, with a single gland at the base,
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up to 4 glands on the lower leaf surface and 3—7 glands on the margins. Inflorescence an axillary
cyme, often with up to 2 (—4) cm long tendrils between the branches, up to 35 flowered in male,
2-6 flowered in female inflorescence; peduncle (0.5-)1-12(-16) cm long; bracts and bracteoles nar-
rowly triangular, 0.5-1 mm long, acute, minutely toothed. Flowers unisexual, regular, 5-merous,
pale greenish; pedicel 2—-10(-15) mm long in male flowers, slightly shorter in female ones; sepals
and petals free; male flowers with sepals up to 8 mm long and petals 8—11 mm long, filaments of
stamens fused at base, ovary rudimentary; female flowers with sepals up to 6.5 mm long and petals
up to 4.5 mm long, ovary superior, ovoid, 3—6 mm long, 3(—6) ribbed, stigmas almost sessile, kidney
shaped, stamens rudimentary. Fruit an ovoid capsule 2.5-4.5 x 1.5-3 cm, leathery to woody, pale
green, 30-50 seeded. Seeds ovoid, 3.5-5.5 x 3—4 x 2 mm, pitted.!40

Habitat and Distribution — The genus Adenia consists of about 95 species, about 60 of them
occurring on the African continent, 20 in Madagascar, and 15 in Asia. The genus is subdivided
into six sections. Adenia cissampeloides belongs to section Ophiocaulon, while Adenia lobata
belongs to section Blepharanthes. A. cissampeloides occurs from Senegal east to Somalia and south
throughout Central and East Africa to southern Africa, including South Africa. It is also found in
the Seychelles. A. lobata occurs from Senegal east to Ethiopia and has been found south to Angola
and Mozambique.

Ethnomedicinal Uses — Adenia species are used as fish poisons. The dried leaves have been
employed as diuretics, febrifuges, and abortifacients. Various parts of the plant have been used as
a diaphoretic and for the treatment of gallbladder problems, colic, dysentery, cholera, gonorrhea,
infertility, threatened abortion, and dysmenorrheal and chest problems. The stem and roots are
used in a limited extent for the same purpose. The exudate or sap from the plant is highly toxic and
should not be used.

Constituents — The plant contains cacogenic glycosides barterin (tetraphyllin B) and volkenin
(epitetraphyllin B) in the leaves, fruits, stem, and roots. The leaves also yield gummiferol, a cyto-
toxic polyacetylenic diepoxide with in vitro anticancer activity. Leaves and root bark are rich in
iron; the average iron content of the leaves per 100 g dry matter is 32.5 mg, of stem bark 9.9 mg,
and of root bark 32.1 mg.

Pharmacology — Adenia cissampeloides extract has been shown to contain hepatotoxic
compounds with in vivo liver-damaging activity, and the excessive use of the plant has been
associated with liver complaints among the Zulu people in South Africa. Stem pulp showed a sig-
nificant parricidal effect on the beet armyworm Spodoptera exigua. In a laboratory test, aqueous
extracts of the plant had a dose-dependant depressing effect on the blood pressure of cats. The
effect was neutralized by small doses of atropine. Possible sympathomimetic and vasoconstric-
tive activity were also shown. An extract of the plant showed poor in vitro activity when tested
against Plasmodium falciparum. A diethyl-ether extract from the bark, formulated as an emulsifi-
able concentrate, was found to be an effective anesthetic for the African honeybee (Apis mellifera
adansonii).! An extract of A. gummifera exhibited antioxidant and acetylcholinesterase inhibition
(AChEI) activity.*

AFRAMOMUM MELEGUETA

Botanical Name — Aframomum melegueta K. Schum

Synonyms — Aframomum grana-paradisi (L.) K. Schum; Aframomum meleguetella K.
Schum; Alexis grandiflora (Sm.) Salisb.; Alpinia grana-paradisi (L.) Moon; Amomum grandiflo-
rum Sm.; Amomum grana-paradisi L.; Amomum melegueta Roscoe; Cardamomum grana-paradisi
(L.) Kuntze; Cardamomum grandiflorum (Sm.) Kuntze; Torymenes officinalis Salisb.

Family — Zingiberaceae

Related Species — A. daniellii, A. strobilaceum, A. exscapum, A. korarim
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Common Names — Grains of paradise, guinea grain, alligator pepper, melegueta pepper

Description — A. melegueta is an aromatic plant cultivated for its edible spicy fruit. It is a
perennial herb growing up to 4 m high. The stem is short, marked with the encircling scars of fallen
aerial leaves, and it is highly branched. The lower surface bears the roots, which are adventitious
and slender. It yields an aromatic rhizome, which is horizontal and tuberous and bears scaly leaves
with occasional buds in axils. The leaves are large, about 30 cm long and 12 cm wide, with close
nerves below. They occur in two rows with an open or closed sheath sessile or stalked on the sheath;
the blades are usually large, with numerous closely parallel pinnate nerves diverging obliquely from
the midrib. The bracts are few and about half overlapping. The plant yields beautiful aromatic flow-
ers with orange-colored lip and a rich pinkish-orange part. They are solitary, borne separately from
the leafy stem. The fruits are fleshy and indehiscent and contain numerous small seeds embedded
in pleasant-tasting aril. The seeds are golden or red-brown when fresh but darken on drying; they
are angular and granular, strongly aromatic, and pungent.’

Geographical Distribution — Aframomum occurs throughout tropical Africa, but it is culti-
vated mainly in West and Central Africa.

Ethnomedicinal Uses — The genus is employed extensively in traditional medicine in West
and Central Africa. In Ewe (Ghana), the common name for the plant, megbe-dogboe, means “never
lacking for the sick.” In Southern Nigeria, it is typically chewed with kola nut as a masticatory agent.
The fresh fruit is used as an aphrodisiac. The leaf is dispensed for measles and applied externally for
the treatment of leprosy. The root decoction is taken by nursing mothers to check excessive lactation
and to control postpartum hemorrhage. The rhizome is used as an ingredient for the preparation of
a remedy for infertility to promote conception, and the fruit is used as a tonic for sexual stimula-
tion. The plant is also used as a purgative, galactogogue, anthelmintic, and homeostatic (hemostatic)
agent. The seeds are used with the leaves of Urera oblongifolia as an external treatment for tumors.
In Senegal, the seeds are mixed with salt and rubbed on the interior of the mouth as a treatment for
sleeping sickness.

Constituents — The members of the genus yield essential oil in most parts of the plants. The
seeds of A. melegueta have been shown to contain the benzenoids gingerol, shagaol, and paradol.’!
The seeds of A. danielli obtained from Cameroon have been shown to contain labdane diterpe-
noids.>? Other constituents of the genus include flavonoids,>* monoterpenes,’*>* and quinoids.> The
chloroform extract of the seeds contains antiestrogenic diarylheptanoids, named gingerenone D,
dihydrogingerenone A, dihydrogingerenone B, and dihydrogingerenone C.5

Pharmacological Studies — The essential oil obtained from the seeds and the benzenoid com-
ponents paradol, gingerol, and shagaol have been shown to possess antimicrobial and antifungal
activity.’® The alcoholic extract was lethal to snail hosts of schistosomes.” Extracts of the plant
showed positive activity in a cytotoxicity assay.®® Studies of sexual behavior in rats have shown that
A. melegueta modified the sexual behavior of male rats by increasing sexual arousal. The aqueous
extract of the seeds of this plant was shown to significantly increase the penile erection index, as
well as the frequencies of intromission and ejaculation. The plant extract was also found to enhance
the orientation of males toward females by increasing mounting and anogenital investigatory behav-
ior.%" A review of Aframomum indicated its potential as a dietary supplement or spice for foods and
as a potential source of new medicines for a variety of diseases, including inflammation, infections,
and central nervous system (CNS) disorders.® It has been suggested that the selective inhibition of
cyclooxygenase 2 (COX-2) enzyme by Aframomum constituents may be indicative of more tolerable
anti-inflammatory and analgesic compounds than most conventional nonsteroidal anti-inflamma-
tory drugs (NSAIDs).53 The phenolic component has been shown to possess a significant antiglyca-
tion and antioxidant effect,®® which may be useful in its application as a dietary supplement.%*

The potential benefit of grains of paradise in weight management has been demonstrated by
the effect of an extract of Aframomum and 6-paradol on the activation of thermogenesis in brown
adipose tissue.® Intragastric injection of an extract of 6-paradol enhanced the efferent discharges of
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the sympathetic nerves in a dose-dependent manner. The enhanced nerve discharges were sustained
for as long as 3 h. The rats did not become desensitized to the stimulatory effects of these com-
pounds on sympathetic nerve activity. The temperature of brown adipose tissue showed a significant
increase in rats injected with 6-paradol. These results demonstrated that Aframomum may be useful
for the regulation of weight loss and weight maintenance.®

Toxicity — Aframomum is considered a safe herbal supplement, and no human toxicity or aller-
gic reaction has been reported. A 28-day subchronic toxicity study in male and female Sprague-
Dawley (SD) rats to evaluate the safety of a grains-of-paradise extract showed a dose-related increase
in absolute and relative liver weights in males and females dosed with 450 and 1500 mg/kg, respec-
tively. There was a corresponding increase in alkaline phosphatase (ALP) with no signs of steatosis
or cirrhosis. At the same doses, there was a significant decrease in blood glucose in male rats.%

AGATHOSMA BETULINA

Botanical Name — Agathosma betulina (P.J. Bergius) Pillans

Synonyms — Barosma betulina (P.J. Bergius) Bartl. & H.L. Wendl.; Barosma orbicularis
Sweet; Bucco betulina Schult; Hartogia betulina P.J.Bergius

Related Species — Agathosma crenulata (L.) Pillans

Family — Rutaceae

Common Names — Buchu, diosma

African Names — Khoi: buchu; Afrikans: boegoe, rondeblaarboegoe; South Africa: Bucco,
Bookoo; Xhosa: ibuchu

Description — Agathosma betulina is a resprouting, broad-leaved aromatic shrub with erect
woody stems reaching 2 m tall, but low-growing and prostrate varieties also occur. The leaves are of
pale green color, leathery and glossy, with a blunt, strongly curved tip and a fine-tooth margin; round
pellucid oil glands are conspicuously scattered throughout the leaf, along the margins and lower
surfaces. They are strongly aromatic, usually opposite, ericoid, often crowded, simple, entire, from
0.5 to 3.5 cm long. The star-shaped flowers are produced in terminal clusters, 0.7-2 cm diameter,
with five white, pink, red, or purple petals. The brownish fruits are five chambered. The two related
buchu plants can be differentiated by the shape of the leaves: A. betulina is described as “round-leaf
buchu,” whereas A. crenulata is known as “oval-leaf buchu.” The latter species has been described as
a pungently aromatic, woody, single-stem shrub that reaches a height of 2.5 m. The glossy, dark green
leaves are more than twice as long as they are broad, with many oil glands throughout. The delicate
stems bear one to three, relatively large, white or mauve flowers in the leaf axils.®’

Habitat and Distribution — Buchu is a southern African plant that appears to be natu-
rally restricted to the Cederberg Mountain range of the Western Cape Province of South Africa.
Agathosma betulina is particularly adapted to dry conditions and can be found on sunny hillsides
where other crops will not succeed. It can be found on the rocky sandstone slopes of the northwest-
ern Cape region. A. crenulata grows on the damp lower and middle slopes and valleys, from Ceres
to Swellendam (South Africa).

Ethnomedicinal Uses — Buchu is a highly valued traditional medicine for the treatment of
inflammatory conditions and kidney and urinary tract infections. It has also been used as an appe-
tite stimulant, digestive, antispasmodic, and carminative and for the treatment of coughs, cystisis,
prostatitis, influenza, colds, hangover, rheumatism, and gout. Buchu is a general restorative tonic
in African ethnomedicine. It is also an effective insect repellant. In the pharmacopoeias, buchu
is categorized as a diuretic and urinary tract antiseptic. Herbal medicine shops include the plant
in formulations to treat arthritis, cellulite, cystitis, diarrhea, flatulence, kidney infections, nausea,
rheumatism, and wounds.
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Constituents — Both commercially important species of Agathosma yield essential oils (1-2%
w/w). A. betulina is characterized by the dominant presence of diosphenol in the oil (ca. 40% of
total oil) with limonene, menthone, I-pulegone (<5%), and (y)-diosphenol (anisomer of diosphenol),
whereas A. crenulata elaborates a high pulegone content of about 50% with near total absence of the
diosphenol found in A. betulina. Buchu also contains flavonoids, diosmin, diosmetin, quercetin-3,
7-diglucosides, and rutin. It has been reported that the characteristic black currant smell and flavor
of buchu oil is due to the presence of sulfur-containing minor compounds (8-mercapto-p-menthan-
3-one).""*! The two species can be standardized and qualitatively differentiated easily by liquid and
gas chromatographic (GC) techniques with or without coupling to mass spectroscopy (MS) based
on the analysis of the composition of the oils. The use of vibrational spectroscopy has also been
reported for the quality assessment of the two commercially important species.%®

Pharmacological Studies — The essential oil obtained from A. betulina has been shown to
inhibit 5-lipoxygenase (5-LOX) enzyme, which is involved in the inflammatory process (ICs, = 35.2
pg/ml).%®” The data clearly indicate that the Agathosma essential oil blocks the synthesis of 5-LOX
products in vitro. Since leukotrienes, for which 5-LOX is the key enzyme, are considered to be
involved in the initiation and maintenance of a variety of inflammatory diseases, it may be reason-
able to state that the inhibition of leukotriene synthesis may, at least in part, be responsible for the
anti-inflammatory action of these species. The spasmolytic activity on guinea pig ileum by the same
species has been demonstrated, which is indicative of apparent blockage of calcium channels.!'*!
Although buchu contains flavonoids, studies have shown that the plant has only weak antioxidant
activity in the DPPH (2,2-diphenyl-B-picrylhydrazyl) assay, both species having ICs, values greater
than 100 pg/ml. Neither was found to exhibit radical scavenging activity equivalent to that of the
standard, ascorbic acid (ICs, value of 2.47 + 0.178 ug/ml).

The antimicrobial activity of various extracts of buchu has been investigated by several schol-
ars who showed that buchu possesses moderate antimicrobial properties. In vitro antimicrobial
studies of A. betulina extracts (water, dichloromethane: methanol, and methanol) of seven patho-
genic microorganisms (Listeria monocytogenes, Pseudomonas aeruginosa, Candida albicans,
Escherichia coli, Proteus vulgaris, Staphylococcus aureus, and Enterococcus faecalis) using the
MIC microplate assay showed that the dichloromethane:methanol extracts had the greatest activ-
ity, with MIC values ranging between 3 and 6 mg/ml.’° The study also evaluated the effect of
buchu extracts on the growth and development of biofilms using the crystal violet (CV) assay. The
dichloromethane:methanol extracts prevented attachment of bacteria to the polyvinyl chloride sur-
face; however, exposure of Candida albicans to the extracts enhanced attachment and subsequent
biofilm formation. The growth and development of a preformed biofilm was also inhibited, but to a
lesser extent.””

An evaluation of the efficacy of buchu oil applied topically to treat pain resulting from muscle
damage has been conducted by the Research Unit of Exercise and Sports Medicine, University
of Cape Town (South Africa). In the study, 30 male participants did a bout of exercise using their
nondominant arm with the intention of causing exercise-induced muscle damage. The results from
the double-blind, placebo-controlled trail indicated that the group treated three times daily with
buchu gel showed a reduction in swelling that may be ascribed to the anti-inflammatory properties
of buchu.”

Toxicity — The extracts of A. betulina and A. crenulata were shown to be nontoxic at the
concentrations tested (ICs, values > 100 pg/ml) using the MTT (3-[4, 5-dimethyl-2-thiazol-yl]-2,
5-diphenyl-2H-tetrazoliumbromide) cellular viability assay. In the same assay, the essential oils
exhibited higher toxicity at the concentration tested, both having ICs, values less than 0.0001 pug/ml
when compared to the control.”! The compound cis-isopulegone present in both species may con-
tribute to the observed toxicity. R-(+)-Pulegone is known to be a hepatotoxic compound; large oral
doses have been shown to deplete glutathione (GSH), which is needed in one of several biological
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detoxification steps. This depletion along with excess pulegone leads to centrilobar hepatocellular
necrosis.”!

Formulation and Dosage Forms — The leaves are usually air dried and may be steam distilled
to obtain the oil. Apart from its use in the dietary supplement industry, it is a major ingredient in the
flavor and fragrance industry, where buchu is used to enhance fruit flavors. It is particularly used
to boost black currant-like flavors. Its fragrance has a minty camphoraceous, sweet berry, catty,
tropical guava, apricot and peach, green herbal taste. The oil is also used in perfumes and colognes.
Several proprietary products exist in which buchu is used either alone or in combination with gin-
ger, Garcinia kola, Curcuma longa for arthritis and with G. kola and Cola nitida (InterCEDD
Health Products) as a “hangover” tonic.

Commerce — The two species of Agathosma are articles of international trade. The crude drug
as well as the volatile oils are traded extensively. Herbalists and trade associations in South Africa
export buchu to Europe, especially Germany and France. Although producer prices have fluctuated
wildly in recent years, the demand for this crop has been stable since 2002. According to the Market
News Service (MNS) Bulletin on Medicinal Plants and Extracts—2011,''*® the wholesale price for
dried leaves of buchu was US$38.36/kg on cost insurance freight (CIF) terms.

Agriculture — Buchu is restricted to South Africa and is a typical component of fynbos vegeta-
tion of the Cape region. Although some cultivation has been embarked on since the 1970s to raise
improved varieties with more desirable properties, most of the commercial products are still wild
crafted. Recent efforts in crop development have resulted in buchu now being a viable option for
small-scale farming. Recently, growers experienced severe losses, ascribed to a soil-borne disease.
The bioequivalence of some of the hybrids and cultivars is yet to be determined.

AGAVE SISALANA

Botanical Name — Agave sisalana Perrine

Synonym — Agave rigida Mill

Family — Asparagaceae

Common Name — Sisal

African Names — Arabic: sisal, bambara, tangeka; Hausa: axomyis; Swahili: katani, mkonge

Description — This is a perennial plant with a short stem, numerous leaves (in a rosette) that
are thick, fleshy, and thorny and can reach 2 m in height and 15 cm in width. The inflorescence
occurs in panicles at the apex of a hardy and long central stem of 3 to 8 m; greenish-yellow flowers
that are rare develop into capsular fruits and into seed but produce a lot of plantlets that ensure
fast propagation.

Habitat and Distribution — The plant is widely distributed throughout East and Central
Africa. It is, however, cultivated in most tropical parts of the continent, requiring much sunlight
and preferring areas such as highlands with two rainy seasons. Sisal is a major crop in Tanzania,
Uganda, Angola, Mozambique, and Kenya.

Ethnomedicinal Uses — Sisal is used primarily as a source of commercial fiber. In traditional
medicine in East Africa, the sludge obtained from the sap is used in the preparation of a lotion for
the treatment of local inflammatory conditions.

Constituents — The fibers contain about 78% polysaccharide, of which about 84% consists
of cellulose and the remainder pentosan. The juice of the leaves contains hecogenin as the major
component and other steroidal sapogenins, such as sisalagenin, tigogenin, and neotigenin. Other
constituents include mucilage, pectins, mannitol, and reducing sugars. Agave contains phenolic
compounds, including flavonoids. The use of high-temperature and high-pressure reactors (PARR
model 4560) for phenolic extraction of Agave proved to be more efficient compared to the conven-
tional solid-liquid extraction at room temperature. It has been observed that an increase in both
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temperature and extraction time led to a corresponding increase in the amount of phenolic com-
pounds extracted and suggested that, after process optimization, Agave could be used as an interest-
ing source of polyphenols.

Pharmacological Studies — Extracts of the plant have been found to be devoid of antibacte-
rial activity.”> The inflorescence and leaf, as well as the juice, showed a positive hemolysis test,”
probably due to the saponin content of the plant. The d-mannitol present in the A. sisalana biomass
waste may add economic value to the natural sisal fiber production chain since the compound is
widely used in the pharmaceutical industry and is also used as a raw material for producing several
types of polymers.”* Hecogenin found in Agave has been shown to possess anti-inflammatory, anti-
oxidant, and gastroprotective activities.”” Agave sisalana constituents showed antiparasitic action
against gastrointestinal nematodes (GINs) in livestock, and the extracts could therefore be employed
in parasite management methods in the livestock sector.”®

AGERATUM CONYZOIDES

Botanical Name — Ageratum conyzoides

Synonyms — Eupatorium paleaceum Sesse & Moc., Chrysocoma maculata Vell., Carelia
conyzoides (L.) Kuntze., Caelestina microcarpa Benth. ex Qerst., Caelestina latifolia (Cav.) Benth.
ex Oerst., Cacalia menstrasto Vell., Alomia pinetorum L.O. Williams., Alomia microcarpa (Benth.
ex Benth.) B.L.Rob.

Family — Compositae

African Names — Chagga: ifuna; Efik: ikongifoiyen; Igbo: akwukwo-nwosinaka; Masai: ol
crowil el ajok; Ndoga: tongolla; Yoruba: imi-eshu

Description — Ageratum is an erect herb with many branches. It is up to 1 m tall, with charac-
teristic hairy stalks. The leaves are simple, oval shaped, 7.5 cm long and 5 cm broad, and oppositely
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arranged on the stem; they are roughly heart shaped, pointed at the apex and rounded at the base.
They have toothed margins, with two main veins arising from the midrib. The plant bears fruits
having angular achenes with five narrow and pointed bristles.”’

Habitat and Distribution — It is a deciduous forest plant that occurs in western and eastern
regions of the continent.

Ethnomedicinal Uses — Ageratum is used in folk medicine for the treatment of various dis-
eases,”’ especially for the treatment of wounds and burns.”® It has been dispensed as an emetic, for
treatment of fevers, and externally in lotions for scabies and in eyedrops for inflammations.”” For
wound healing, the juice of the bruised leaves is squeezed into the wound and covered by a bruised
but intact leaf.”® The root decoction or weak infusion of the whole herb is used by the Chagga as a
general remedy for abdominal discomfort and pain. The plant is used in East Africa for the treat-
ment of syphilitic sores; for this purpose, it has been reported that the root is placed in a small
shell, and an adolescent boy, who must be wearing a copper armlet, urinates into it; then, the fluid
is rubbed over a stone, and the slimy mess is applied to the sore with a cock’s feather.”

Constituents — The plant yields essential oil (about 0.16%), of which ageratochromone is the
principal constituent.®® The oil from the leaves also contains 6-dimethoxyagertochromone, phenols,
phenolic esters, coumarin, and traces of eugenol.’%%' Other constituents of the plant include the
flavonoid conyzorigun, dotriaconthene, 7-methoxy-22-dimethylchromene, and 5,6,7,8,3",4’5’-hepta-
methoxyflavone.3%82 An isoflavone glycoside, 5,7,2",4’-tetrahydroxy-6, 3’-di-(3,3-dimethylallyl)—iso-
flavone 5-O-o-L-rhamnopyranosyl-(1—4)-o-L-rhamnopyranoside 1, has been isolated from the
stems of Ageratum conyzoides.®

Pharmacological Studies — The plant has broad-spectrum antimicrobial activity.?* Ageratum
extract has been found effective against Helicobacter pylori, a Gram-negative microaerophilic bac-
terium that is a major etiological agent in duodenal, peptic, and gastric ulcers.®® It has proved useful
in treating wounds, but the activity does not appear to be due to direct antibacterial activity as the
extract has been shown not to be active against microbes isolated from wounds.?® The incorpora-
tion of Ageratum extract in the preparation of traditional West African black soap did not show any
significant effect on the antimicrobial activities exhibited by the various soaps against the bacterial
and fungal organisms tested.’” The extract also showed in vitro anthelmintic activity.3° The extract
has been evaluated against human lung cancer cell lines (SK-LU 1 and SK-MES1) and the human
skin fibroblast cell line (FS5 cells), with encouraging results.

Ageratum has been used in the management of Alzheimer’s disease (AD), a neurodegenerative
disease of the CNS that leads to dementia and behavioral and cognitive impairments. To evalu-
ate the herb as a possible treatment for the preliminary symptoms of AD, the effect of Ageratum
conyzoides on learning and memory has been investigated in mice. Ageratum conyzoides (250,
500, and 750 mg/kg p.o.) produced a dose-dependent improvement in the memory of young and
aged mice. Furthermore, it also reversed the amnesia induced by scopolamine (0.4 mg/kg i.p.)
and natural aging. It also produced a profound reduction in the whole-brain acetylcholinestrease
activity.® The dichloromethane extract from the aerial parts of Ageratum conyzoides was found to
exhibit broad-spectrum antiprotozoan activity, with pronounced activity (IC5,= 0.78 ug/mL) against
bloodstream forms of Trypanosoma brucei rhodesiense, the etiologic agent of East African human
trypanosomiasis (East African sleeping sickness). The extract also exhibited noticable activities
against Leishmania donovani (kala azar, IC5, = 3.4 ug/mL) as well as Plasmodium falciparum
(malaria tropica, ICs,= 8.0 ug/mL). Five highly methoxylated flavonoids along with the chromene
derivative encecalol methyl ether were isolated. All the isolated compounds did not give the antipro-
tozoan activity found in the dichloromethane extract, which is indicative of the fact that none of the
known isolates from Ageratum is responsible for its activity.”® Of immense therapeutic importance
is the finding that an aqueous extract of A. conyzoides has the ability to potentiate the antimalarial
activity of chloroquine and artesunate against induced plasmodiasis in mice.! If clinical evalua-
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tion in humans replicates the animal studies, then A. conyzoides could be used with antimalarial
compounds in the treatment of malaria.

The essential oil of Ageratum conyzoides inhibited the mycelial growth and aflatoxin B1 (AFB1)
production by Aspergillus flavus.”> AFBI is a highly toxic and carcinogenic metabolite produced by
Aspergillus species on food and agricultural commodities. The essential oil inhibited fungal growth
to different extents depending on the concentration and completely inhibited aflatoxin production
at concentrations above 0.10 ug/ml. The analysis of the oil by GC/MS showed that its main compo-
nents are precocene II (46.35%), precocene I (42.78%), coumarin (5.01%) and trans-caryophyllene
(3.02%). Comparison by transmission electron microscopy of the fungal cells, a control, and those
incubated with different concentrations of essential oil showed ultrastructural changes that were
concentration dependent of the essential oil of A. conyzoides. Such ultrastructural changes were
more evident in the endomembrane system, affecting mainly the mitochondria. Degradation was
also observed in both surrounding fibrils.”® The ability to inhibit aflatoxin production by A. conyzoi-
des may prove useful in the preservation of agricultural products.

Ageratum has also been shown to posess anti-inflammatory,’ anticoccidial,’* antioxidant, and
gastroprotective activities.”

ALCHORNEA CORDIFOLIA

Botanical Name — Alchornea cordifolia (Schum et Thon.) Muell. Arg.

Synonyms — Alchornea cordata Benth., Cacoucia caudifolia (Schumach. & Thonn.) Walp.,
Schousboea cordifolia Schumach. & Thonn.

Family — Euphorbiaceae

Common Names — Christmas bush

African Names — Hausa: bambami; Igbo: ububo; Efik: mbom; Yoruba: ewe-epa; Bwari: tahi;
Ijaw: epai; Bini: uwonowen; Igara: oje, ose

Description — Alchornea cordifolia is a multistemmed shrub or small tree, sometimes climb-
ing but most times an erect spreading plant, up to 5 m high and 30 cm girth. The leaves are simple,
broadly ovate, and cordate, with a drawn-out apex and heart-shaped base, 15-28 cm long and 8-16
cm broad. The margins are entire, wavy, or slightly dentate. They are sparsely hairy on the lower
surface with glands in axils of basal nerves. The stalks are from 5 to 14 cm long. The plant produces
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small, greenish-white flowers, often dioecious, borne on common stalks in the axils of the leaves,
with the individual flowers sometimes having no stalk. The fruits are greenish-gray in color, two
celled, and usually split to expose red seeds when they are ripe.’

Habitat and Distribution — It is found in secondary forests and is widespread in tropical Africa.
It has been located in Ghana, Nigeria, Senegal, Angola, Zimbabwe, Cameroon, and Tanzania.

Ethnomedicinal Uses — The leaves and stem bark are used in the preparation of remedies for
urinary, respiratory, and gastrointestinal disorders. A slurry of the fruits is administered for cough.
A complex laxative is prepared with the fresh leaves, the fruits of Xylopia aethiopica, and leaves
of Psidium quajava. A decoction of the leaves alone is used as an eye lotion. The leaves and bark,
when powdered, are drunk in water or eaten in food for piles. The juice of the leaves and fruits is
rubbed on ringworm and other skin infections. An extract of the roots of A. floribunda (Nianndo)
prepared by macerating the plant material for several days in palm wine is used in Zaire as a stimu-
lating intoxicant and aphrodisiac.’

Constituents — An indole alkaloid resembling yohimbine and related indole alkaloids has been
detected in several Alchornea species.’® In a later investigation, the presence of yohimbine in the
stem bark of Alchornea could not be confirmed; however, four unidentified alkaloidal compounds
were detected with terpenes, sterols, and their glycosides.”” The root bark has been found to contain
about 0.03-0.26% total alkaloids.®® The plant also contains the hexahydroimidazopyrimidine alka-
loids alchorine and alchornidine.”® Other constituents of the species include gentistic and anthra-
nilic acids, as well as tannins.

Pharmacological Studies — Extracts of the leaves have been shown to inhibit the growth of
both Gram-positive and Gram-negative bacteria.'? It has also been found active against methicillin-
resistant Staphylococcus aureus (MRSA).1! Its antistress activity has been positively assessed by
the ability of the extract to alter the duration of immobility; in the forced swim endurance test, a
picrotoxin-treated animal was employed as the model to assess its activity against convulsive sei-
zures.'”? The root extract has sympatholytic and hypotensive activity. Positive results were obtained
in clinical experiments with root and stem extracts in the treatment of icterus.'®

The leaf and root bark extracts showed significant topical anti-inflammatory activity in the
mouse ear edema model using croton oil at a dose of 90 pg/cm. Six compounds isolated from the
active extracts also exhibited significant topical anti-inflammatory activity. Of these, daucosterol,
acetyl aleuritolic acid, N1,N2-diisopentenyl guanidine, and N1,N2,N3-triisopentenyl guanidine
were found to be more active than indomethacin, while B-sitosterol and di(2-ethylhexyl) phthalate
were less effective.'% In egg-albumen-induced rat hind paw edema model, the leaf extract showed
impressive anti-inflammatory activity.' Alchornea extracts have been shown also to possess immu-
nomodulatory,'% analgesic, and antiprotozoal activities.!?”

ALLIUM SATIVUM

Botanical Name — Allium sativum L.

Synonyms — Porrum sativum (L.) Rchb., Porrum ophioscorodon (Link) Rchb., Allium pekin-
ense Prokh., Porrum ophioscorodon Link., Allium longicuspis Regel, Allium controversum Schrad.
Ex Willd.

Family — Amaryllidaceae

Common Names — Garlic, ail commun (French)

African Names — Hausa: tafanuwa; Igbo: ayo-ishi; Swahili: kitunguu-sumu; Yoruba: ayu

Description — Garlic is a herbaceous plant. It occurs as a bulb of fleshy scale leaves on the
lower part of the stem; each bulb consists of a number of bulbets or “cloves” that rest on a common
bulb base and are covered with membranous bracts. It has a very strong and disagreeable odor that
is noticeable in the breath and a strongly pungent and persistent taste; both the odor and taste linger
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for several days following the ingestion of the plant. Garlic includes two basic varieties: hardneck
and softneck. Hardneck garlics, which include A. sativum var. ophioscorodon and A. sativum var.
pekinense, are characterized by hard, woody central stalks that extend down to the basal plate at
the bottom of the bulb.

Habitat and Distribution — It is indigenous to Asia but has been introduced to Africa, where
it is cultivated in many parts of the continent.

Ethnomedicinal Uses — It is used for the treatment of respiratory infections and as an anthel-
mintic. It is applied externally in northern Nigeria for the treatment of skin diseases. In parts of
Chad, the fresh bulbs are used in the preparation of tonics for diabetes and hypertension.

Constituents — Garlic yields 0.1% to 0.3% of a volatile oil consisting of sulfur-containing com-
pounds, including S-allyl-2-propenthiosulfinate (allicin), methylallyltrisulfide (MATS), diallydisul-
fide, diallytrisulfide, diallytetrasulfide, allylpropyldisulfide, ajoene (4,5,9-trithiododeca-1,6,11-triene
9-oxide), 2-vinyl-4H-1, 3-dithiin, and allin, which yields allicin on enzymatic hydrolysis.!?®1% The
oil also contains the terpenes citral, geraniol, linalool, and o- and B-phellandrene and various
enzymes, including allinase, vitamins of the B group, flavonoids, and several minerals.?? Studies
have shown that aged garlic has a chemical profile that is distinct from the fresh materials, and
whenever possible, aged garlic should be used.

Pharmacological Studies — It has been established that extracts of garlic possess demonstrable
antiatheromatous properties. In feeding experiments with rabbits, the animals given garlic had a
much less marked increase in blood cholesterol than those given the same diet but without gar-
lic."!% The oil extracted from garlic prevents fat-induced hypercholesterolemia'!' and sucrose-induced
hyperlipidemia''? and enhances fibrinolytic activity.!'* In vitro studies showed that garlic inhibits
platelet aggregation."* It has also been observed that conversion of labeled arachidonate (AA) in
garlic oil-treated platelets was impaired compared to a control in the elaboration of platelet COX and
LOX products."'> Aqueous extract of garlic inhibited aggregation induced by adenosine diphosphate
(ADP), collagen, AA, epinephrine, and calcium ionophore A23187 in a dose-dependent manner.''® It
has demonstrable antioxidant properties.''” These effects have an indirect relationship to the use of
garlic in the treatment of hypertension. The drug has been shown in five consecutive cases of hyper-
tension to reduce the blood pressure to satisfactory levels.!

Other pharmacological activities include pronounced hypoglycemic activity in animals and
humans;'"® the drug also contains substances with hyperglycemic activity.'?® In rabbits, the maxi-
mum fall in blood sugar level given a glucose loading dose with garlic juice was 12% compared
with 20% for those treated with tolbutamide and 2% for those given a water control.'?! It has also
been observed that in a group of mice injected with cancer cells incubated with garlic extract, no
deaths occurred for up to 6 months while mice injected with untreated cancer cells died within 16
days.'?? Garlic extracts and more specifically allicin have been shown to be active in vitro against
Candida albicans, Trichomonas spp., Staphylococcus aureus, Salmonella typhi, and paratyphi,
Shigella dysenterica, Vibrio cholerae, and Escherichia coli.?*1?* It was active against some muti-
drug-resistant bacteria in vitro.'?> One of the active metabolites of garlic, allicin, possessed signifi-
cant antifungal activity in vitro against Candida, Cryptococcus, Trichophyton, Epidermophyton,
and Microsporum species.'**

Garlic shows a general tonic effect even at very low doses due to the stimulation of hypophy-
seal function, and this property has been exploited in relation to Seyle’s stress syndrome.'?® The
beneficial effects of garlic extract injections on lindane-induced damages in testes, brain, and thy-
roid function have been evaluated experimentally, and it was found that 300 mg fresh garlic/kg/day
counteracted the damage to these organs caused by lindane.!?

Clinical Applications — The lower incidence of heart disease in Italy and Spain when com-
pared to that in the United States has been attributed, at least in part, to the greater consumption
of garlic by the general population of these Mediterranean countries. The effect is believed to be
related to the herb’s hypolipidemic and antiplatelet aggregating effects.!”’
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In clinical practice, garlic is used for long-term treatment of hypertension,'?® degenerative heart
disease, and atherosclerosis.'? The medication should be given for an extended period, at least 3
months, to achieve the desired results. A social problem with garlic medication is the persistent
smell. Attempts to present garlic in dosage forms that mask the odor have not been successful since
the disagreeable odor comes about when constituents containing sulfur are eliminated via the skin
and respiratory passages. It has also been observed that reduction of the smell by encapsulation and
adsorption to charcoal invariably leads to reduced activity.'?” The dosage is determined relative to
the severity of the condition being treated and lies between 10 and 25 g of the whole drug or 2 and
8 ml of the syrup. Garlic is available in health food shops in the following forms: garlic bulbs, tinc-
ture, capsules, and garlic juice.

Garlic is also used as an expectorant, diaphoretic, disinfectant, and diuretic. Extracts of the
plant, as well as the constituents diallyldi- and trisulfides, are active against the Culex mosquito. The
isolates were larvicidal at 5 ppm.'*® According to some Chinese doctors, application of thin slices of
garlic bulb aided healing during repair of perforations of the eardrum in 17 of 18 patients.!!

Although garlic and onion are frequently recommended for degenerative heart disease, an anal-
ysis of the relationship of garlic and onion consumption to mortality from ischemic heart disease
in 27 countries raised doubts about the protective effect of garlic.!*? Several clinical trials, however,
have demonstrated the beneficial effects of garlic as a dietary supplement.

Toxicity — Garlic is not known to cause any serious toxicity when consumed in moderate
quantities. Allicin yields a degradation product that often causes severe halitosis following the
ingestion of large quantities of garlic.!*3 Contact dermatitis to garlic has been reported.’* There is
a case report of prolonged inhalation of garlic dust by a food industry worker that resulted in the
development of a severe asthmatic reaction with subsequent cross-allergenicity to other plants of
the families Liliaceae or Amaryllidaceae.'* Garlic medication is contraindicated in ambulatory
patients taking anticoagulant drugs due to possible prolongation of bleeding time. According to
Martindale’s Extra Pharmacopoeia,®® the administration of preparations of garlic to children is
dangerous, and fatalities have been recorded.

ALOE BARBADENSIS

Botanical Name — Aloe barbadensis Miller

Synonyms — A. vera., A. vulgaris Lamk., A. indica Royle
Family — Liliaceae

Common Names — Aloe vera, curacao aloe, aloe vera gel (AVG)
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Description — Aloe barbadensis is a perennial herb with rosettes of long pointed leaves from
a shortly branched creeping rhizome. The leaves are brittle and exude a clear yellowish viscous sap
when broken. They have soft marginal prickles. The flowers are yellow and borne in an elongated
compact raceme from the center of the rosette. Propagation is by means of the rhizome branches
since it does not produce fruit.??

Habitat and Distribution — It grows in subtropical regions of the continent. The plant is prob-
ably a native of South and East Africa and the Mediterranean regions, although it is widespread
throughout the continent. It is not very discriminatory to soil types and climatic conditions, but as
a member of the Liliaceae family, it will prefer a well-drained clayey loam, with rainfall of at least
80 in. per annum.

Ethnomedicinal Uses — The fresh leaf is used for wound dressing and for the treatment of
vertigo. In Nigeria, the exudate from freshly cut leaf is used in the treatment of guinea worm infes-
tation. In Trinidad and Tobago, the exudate is mixed with egg white and taken for colds and asthma
and to heal bruises; it is taken with seawater for stomach ulcers.!*® The dried exudate is used in the
treatment of severe constipation. Aloe vera possesses healing, moisturizing, and emollient proper-
ties useful in a wide range of cosmetic formulations. It is employed as a humectant in skin prepa-
rations such as moisturizers, suntan lotions, and aftershave creams. It has been found useful for
application to severely chapped skin.

Constituents — Aloes contain C-glycosides and resins. The crystalline glycoside known as
aloin is used in pharmacy as a cathartic. It is, however, the gel, said to contain several organic acids
and the so-called biostimulators, that the plant secretes as a repair agent on physical injury that
has the topical healing properties. The plant also contains polysaccharides, glycoproteins, sterols,
organic acids, and saponins.'?3137

Preparation of Aloe vera — AVG is prepared in various ways depending on the manufactur-
ing house. A common practice is to drain the free-flowing aloes first and then allow the leaves to
be soaked in 15% ethanol solution in the dark for up to 14 days; then, the finely chopped material
is subjected to a mill press. There is no scientific report on the differences (if any) between the
pharmaceutical aloes and those processed for cosmetic use. The methods of preparation are highly
customized and are the subjects of several patents, with each manufacturing house claiming the
superiority of its own method and product.

Pharmacological Studies — Aloe vera is one of the most effective wound- and burn-healing
agents in current use. Several publications are available in the literature substantiating the healing
properties of AVG, and only recent reports are reviewed here. Animal studies have shown that it
possesses both oral and topical wound-healing activity.'’® In the oral experiment, animals were
administered 25% aloe vera in their drinking water for 2 months. The animals in the topical experi-
ment were given 25% of the drug in a cream. The results showed that a 62.5% reduction in wound
diameter was noted in mice that received a 100 mg/kg/day oral dose of the substance; for the topi-
cally treated animals, a 50.8% reduction was recorded. In both groups, the wounds were induced on
both sides of the vertebral column of ICR mice with a biopsy punch.!3

In another study, full-face dermabrasion was used to evaluate the wound-healing activity of AVG
in comparison with the standard polyethylene oxide gel dressing.!* It was found that by 24-48 h,
there was dramatic vasoconstriction and accompanying reduction in edema on the side treated with
aloe vera; by the third to fourth day, there was less exudate and crusting at the site treated with the
drug; the fifth to sixth day witnessed the complete reepithelialization of the aloe site. It was esti-
mated that there was a 72-h acceleration of wound healing in the aloe-vera-treated sites against the
side of the face dressed with standard polyethylene oxide gel. It was observed that the acceleration
of wound healing is significant in the reduction of bacterial contamination, possible keloid forma-
tion, and pigmentary changes.!*® A suggestion has been made that the cicatrizant activity of aloe
vera is due, at least in part, to the gibberellin content of the plant.'*® Both aloe and gibberellins
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were shown to inhibit polymorphonuclear (PMN) leukocyte infiltration to a site of gelatin-induced
inflammation in diabetic animals.'#!-144

In the management of burn wounds, it was found that Hartley guinea pigs that received full-
thickness burns covering 3% of their body surface area by direct contact with a hot plate were
completely healed in 30 days versus 50 days for the control group dressed with gauze occlusive
dressing.'”> One comparative study of the burn wound-healing activity of aloe vera and that of 1%
silver sulfadiazine cream concluded that AVG hindered the healing process in second-degree burns
in the guinea pig.'** The aloe juice has been found effective in the treatment of third-degree X-ray
burns; more recently, it has been advocated in treating atomic radiation burns.!44143

At a dose of 60 mg/kg, aloe vera powder was found to increase both the fertility rate and the litter
size of female rabbits.'*¢ The plant was also useful in menstrual irregularities and functional steril-
ity.17148 Aloe vera is incorporated in several dietary supplements for its beneficial effects as an anti-
oxidant and in the prevention of premature tissue aging. Interestingly, AVG does not include the sap
of Aloe vera, which contains anthraquinones. AVG is widely used in cosmetics and toiletries for its
moisturizing and revitalizing action. The organic whole leaf of Aloe vera is reported to aid in cellular
repair and in digestion and assimilation of foods, vitamins, minerals, and other vital nutrients.'*” The
rheological characteristics of native Aloe gel and juice under dynamic and steady shear have been
evaluated for its use in topical formulations. The damping of the elastic moduli and viscous moduli
at various temperatures for the Aloe gel under oscillatory shear tests have been reported and were
observed due to the presence of the weak, fibrous, and random structure of polysaccharides in it. The
moduli for gel increased with increasing temperature and that for juice decreased with temperature.
Prior to attaining the plateau region after a certain shear rate, AVG and juice exhibited shear thin-
ning behavior, with a flow behavior index for Aloe gel samples of 0.1 in the shear thinning region.'>

Aloe vera has been found useful for the treatment of various diseases, including diabetes, and
studies have established that it possesses antifungal,’™! antihyperlipidemia, antiatherosclerosis, and
anti-inflammatory'>? properties and is used in management of gastrointestinal disorders.'>?

Toxicity — Aloe vera is generally regarded as safe and no serious adverse effects or toxicity have
been reported. However, a caution was raised by the U.S. National Toxicology Program, which has
found that rats grew tumors after drinking water spiked with an extract of the plant. The rodents were
given relatively high doses of a whole-leaf extract of Aloe vera over 2 years.'>* In rats that had drunk
water containing 1.5% by weight of the extract, 39% of females and 74% of males had malignant or
benign tumors in their large intestines. The report indicated that none of these growths was seen in
rats given pure drinking water. It is believed that the tumors were probably caused by aloin A. In 2002,
products containing aloin A or aloe extracts were removed from laxatives sold over the counter in U.S.
pharmacies because manufacturers did not provide sufficient safety information to the U.S. FDA.!%

ALOE FEROX

Over 80 species of Aloe (family Liliaceae) occur in various parts of the world. The main species
found growing in Africa is Aloe ferox, which yields the so-called Cape aloe. Another common spe-
cies is Aloe barbadensis (discussed in the preceding section), which is the source of Curacao aloe.
Socotrine and Zanzibar varieties originate from Aloe perryi.

Botanical Name — Aloe ferox Miller

Synonyms — Pachidendron ferox (Mill.) Haw., Pachidendron supralaeva (Haw. Haw.,
Pachidendron pseudo ferox (Salm-Dyck) Haw., Aloe galpini Baker., Aloe horrida Haw., Aloe muri-
cata Haw.

Family — Asparagaceae

Common Names — Aloe, Cape aloe

African Names — Arabic; Swahili: shubiri
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Description — The genus Aloe includes herbs, shrubs, and trees, bearing spikes of white, yel-
low, or red flowers. The leaves are fleshy, strongly cuticularized, and prickly at the margins. A. ferox
is a shrub, 3—4 m in height and about 12 cm in diameter, with a large rosette of leaves. The leaves
are oval-lanceolate, 40—60 cm long and 10—12 cm wide, with a thorny ridge and edges. Flowers have
a perianth 2.5 cm in diameter, tinged with yellow and purplish-blue, striped with red and green.?

Habitat and Distribution — It is a subtropical plant but widely cultivated in dry forest areas
of the continent.

Constituents — Aloe contains anthraquinone glycosides, the principal one being a yellow,
crystalline substance called barboloin. It also contains resin and aloe-emodin. The pharmaceutical
“aloe” is the solid residue obtained by evaporating the liquid that drains from the parenchyma tissue
in the center of the leaves of various species of Aloe. The aloe mostly used in cosmetics formulations
is the Curacao aloe from A. barbadensis Miller (see Aloe vera Linne). The major aglycone found
in A. ferox is aloe-emodin and is associated with decomposition product aloe-emodin-9-anthrone.

Production of Aloes — Aloes for pharmaceutical uses are prepared from the wild species of A.
ferox or are cultivated species of A. barbadensis by making transverse cuts near the base of the leaves
and collecting the ensuing juice for about 6 h. It is concentrated by boiling for about 4 h in an open
flame. Aloe ferox gel can be differentiated from AVG by the analysis of their monosaccharide con-
tent; A. ferox yields a mixture of glucose and galactose, whereas A. vera contains mainly mannose.'>

Pharmacological Studies — The main pharmaceutical use of the aloes is as a laxative, the
activity being due to anthraquinone glycosides. An anaerobic bacterium, Eubacterium sp., has been
isolated from human feces, which is capable of transforming barboloin to aloin-emodin anthrone,
and the bacterium is believed to be one of the bacteria responsible for metabolizing barboloin in
the intestine.'"” The mechanism of cathartic action of aloe-emodin-9-anthrone causes a significant
increase in water content of the rat large intestine, which has been attributed to its inhibition of
rat colonic Na*, K*-adenosine triphosphatase (ATPase) in vitfro and an increase in the pericellular
permeability across the rat colonic mucosa in vivo.'*® Aloes have also been found effective as anti-
hyperglycemics and hypoglycemics in experimental animals.' Aloe has been identified as one of
the most commonly used herbal proprietary products.'®

In a comparative analysis of the gels from various Aloe species for wound healing and antifun-
gal properties, A. ferox was found to have the highest antifungal activity, measured as absence of
or low percentage of infected wounds.!®! The antifungal activity was positively correlated with gel
aloin content. The use of Cape aloe in traditional medicine in Africa as a general tonic and restor-
ative medicine seems to be validated by the scientific evidence of its anti-inflammatory, anticholin-
esterase, and antioxidant activities,'¢? as well as its antimicrobial and wound-healing properties.'¢3

ALSTONIA BOONEI

Botanical Name — Alstonia boonei de Wild.

Family — Apocynaceae

Common Names — Boone’s, Alstonia, stool wood, pattern wood

African Names — Igbo: egbu; Bini: ukhu; Efik: ukpo; Yoruba: awun

Description — The plant is a large tree commonly found in the drier areas of the lowland and
rain forest. It often grows to significant heights (33 m high and 3 m in girth) with a straight and
fluted stem and without buttress roots. The bark occurs in commerce as brownish-gray, deeply fis-
sured pieces, with irregular fragments, up to about 1 cm thick. The dark brown bark is fairly rough
and flakes off in small patches. A cut through the bark exudes copious white latex, a characteristic
of most members of the family Apocynaceae. The latex can be used as a rubber adulterant. The
plant is often confused with A. congensis, even in the scientific literature; both plants differ substan-
tially in their appearance and habitat.!o*
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The leaves of A. boonei are simple, about 20-20 cm long and 5—-8 cm broad, appearing in whorls
of 5-8 leaves at each node. The individual leaf is glossy, dark green on the upper surface with some
bluish tint on the lower surface; it is leathery and smooth to the touch. Leaves are very shortly
pointed at the apex and gradually wedge-shaped common stalks at the base. The individual flower
is shortly stalked. Flowering occurs between October and March. The fruits (December—March)
are borne in follicles of up to 50 cm long, hanging down in pairs from the branches. They are finely
hairy and contain numerous elongated seeds about 5 cm long, which bear a tuft of long, silky hairs
at each end. When ripe, they split lengthwise.>?833

Habitat and Distribution — It is found in forest fringes, deciduous forest, swampy land. It
occurs in Ghana, Nigeria, Angola, Kenya, and southern Sudan.

Ethnomedicinal Uses — The plant is highly prized in African ethnomedicine for the treatment
of malaria, especially when the allopathic antimalarial drugs are found ineffective either because
of the presence of the drug-resistant malaria infection strains or because of acquired tolerance
from repeated dosing with synthetic antimalarials. For this purpose, Alstonia stem bark or leaves
are administered as a strong decoction or “teas” and sometimes as an ingredient in malaria “stem
therapy.” Alsonia was listed in the British pharmacopoeia of 1914 as an antimalarial drug. The
infusion of the bark alone is dispensed as a remedy for snakebite and sometimes for the treatment
of arrow poison.

The latex of the plant is smeared on swellings caused by filarial worms and then bandaged with
the crushed bark of the ordeal tree (Erythrophleum guineense) for cure.8! The plant has also been
reported to be an astringent, an alterative tonic, and a febrifuge for relapsing fevers; it has been
claimed to be useful in muscle tone after debilitating fevers.!®> The leaves and latex are used topi-
cally to reduce swellings and for the treatment of rheumatic pains. The latex has also been used to
stimulate lactation. A decoction of the bark is taken after childbirth to facilitate the expulsion of the
placenta.'?3 Extracts of Alstonia boonei have been employed in folk medicine for the treatment of
muscular pains, spasms, and hypertension. The plant has also been dispensed as an emmenagogue,
astringent, galactagogue, and anthelmintic.'®

Constituents — The plants contain several indole alkaloids, including echitamine, echitami-
dine, akuammidine, picraline, quebrachidine and its esters, vincamajine, alstonine, and akuammi-
line.'” The triterpenes B-amyrine and lupeol have been reported as occurring in the bark and ursolic
acid in the leaves.'®

Pharmacological Studies — The extracts of Alstonia have been shown to have antipyretic,
analgesic, and anti-inflammatory activity. Echitamine, one of the major constituents of A. boonei,
has been reported as being able to lower carotid pressure and increase renal output.'®® This find-
ing was corroborated by later using hypertensive cats; it was observed that the compound caused
a significant fall in blood pressure.'”® In a later investigation, however, it was observed that the
hypotensive effect of the compound occurred only occasionally after a first intravenous injection of
6 mg/kg, and it was suggested that the diuretic action on saline-loaded dogs and cats may explain
the hypotensive action.”! The same investigators reported the effect of the triterpene ursolic acid,
hitherto considered an inert compound, on the electrolytic balance. They established that a dose of 3
mg produced sodium retention in suprarenalectomized rats equivalent to that of 3 g DOCA (deoxy-
cortisone acetate) and considerably higher potassium retention. They also reported that echitamine
in particular potentiated the barbiturate sleeping time of mice and rats and enhanced the lethality
of strychnine; on an isolated toad rectus abdominis preparation, increased concentrations of acetyl-
choline enhanced its action, whereas in isolated rat hemidiaphragm, its action was reversed by phy-
sostigmine. Echitamine also regressed methylcholanthrene-induced fibrosarcoma by 80% and 53%
in Wistar rats at doses of 7.5 and 5 mg/kg, respectively, when given subcutaneously. The compound
also showed activity against p-388 lymphocytic leukemia at a dose of 16 mg/kg.'”

The antipyretic and antihypertensive activity of the drug has been experimentally shown to be
due (at least partly) to echitamine.'”'™ Although Alstonia has enjoyed a folk reputation in three
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continents as a remedy for malaria, there is apparently no laboratory evidence to confirm its efficacy.
An alkaloid-rich extract obtained from the New Guinea species was found to significantly inhibit
(in vitro) the growth of W-2 and D-6 clones of Plasmodium falciparum.'> An in vivo antimalarial
evaluation of extracts of A. scholariss showed no significant activity.'”® An evaluation of A. congensis
in Nigeria showed that the methanol of the species suppressed early infection chloroquine- sensitive
Plasmodium berghei in mice but had no effect when infection was already established.'”” A combi-
nation therapy with Khaya ivorensis has been found to be effective in malaria prophylaxis.'”® The
herbal mixture, when given to mice subjected to the 14-day repeated-dose toxicity test (subacute
toxicity test), did not cause any serious toxicity, such as weight loss, liver or kidney morphological
modifications, significant alterations in locomotor activity, or any other sign of illness.

A major component of Alstonia, the indole alkaloid alstonine, has been evaluated for its possible
use in the treatment or management of negative symptoms in schizophrenia. Negative symptoms of
schizophrenia are particularly problematic due to their deleterious impact on a patient’s social life.
The indole alkaloid exhibited an antipsychotic-like profile in mice, as well as anxiolytic properties.
Subchronic (but not acute) treatment with alstonine at 0.5 mg/kg (but not 1.0 mg/kg) significantly
increased social interaction in mice. Moreover, MK801-induced social withdrawal was completely
prevented by sulpiride (10 mg/kg) and alstonine 1.0 mg/kg and was partially prevented by alstonine
0.5 mg/kg. The study indicated that alstonine not only increased social interaction in normal mice
but also averted social deficits attributable to negative symptoms of schizophrenia.!”

ANACARDIUM OCCIDENTALE (CASHEW)

Botanical Name — Anacardium occidentale L.

Synonyms — Acajuba occidentalis Gaertn., Cassuvium pomiferum Lam., Anacardium micro-
carpum Ducke

Family — Anacardiaceae

Common Name — Cashew

African Names — Krio: kushu; Mende: kusui; Temme: e-lil-e-potho; Yoruba: kaju; Hausa:
kadinnia; Kanuri (Hausa): kanju; Igbo: kashu

Description — Cashew is a small tree, with leaves that are alternate, simple, entire, obtuse, and
borne on short leafstalks. The flowers are abundant, small, and fragrant and are produced in terminal,
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loose panicles. The enlarged juicy peduncle that bears the nut is known as the “cashew apple.” When
ripe, it is of a golden-yellow color and obovate in shape; it has a pleasant, acid flavor and is somewhat
astringent. The cashew nut hangs from the end of the cashew apple and is kidney shaped and about
2.5 cm long. It consists of an edible kernel surrounded by two shells. The outer shell is smooth and of
a bright brown color. Between the two shells, there is a very caustic oily substance. The cashew kernel
is considered to be of high nutritive quality and is covered with a thin reddish-brown skin or testa.'8

Habitat and Distribution — The cashew tree was originally native to Brazil and was later
introduced by the Portuguese to Mozambique and then India in the sixteenth century as a means
of controlling coastal erosion. It was not until the nineteenth century that plantations were devel-
oped, and the tree then spread to a number of other countries in Africa, Asia, and Latin America.
The cashew is now distributed throughout the tropics and in parts of the warm subtropics. Cashew
processing, using manual techniques, began in India in the first half of the twentieth century, when
cashews were exported to the wealthy Western markets, particularly the United States.

Ethnomedicinal Uses — All parts of the tree are used in traditional medicine. Cashew leaves
are used extensively in traditional medicine for the treatment of fevers, skin disease, diabetes, and
hypertension. The fresh juice from the fruit is effective for the treatment of syphilis, cholera, and kid-
ney disease and is antiscorbutic, astringent, and diuretic. Root infusion is an excellent purgative. The
stem bark is astringent, counterirritating, rubefacient, and vesicant and is used for ulcers. Cashew
nut shell oil is antihypertensive and purgative; it is used for blood sugar problems, kidney diseases,
cholera, cracks on the soles of feet, hookworms, corns, and warts. The kernel is a demulcent and an
emollient and is used for diarrhea. The resinous juice of seeds is used for mental derangement, heart
palpitation, and rheumatism. A gum exudes from the trunk and repels insects. An extract of the peri-
carp and nut is used to treat wood to give complete protection against beetles. Cashew syrup is a good
remedy for coughs and colds. Cashew apple juice is said to be effective for the treatment of syphilis.

Constituents — Cashew elaborates a complex mixture of compounds in different parts of the
plant. The kernel testa (skin) is reported to contain huge amounts of tannin, and the tannin extracted
from cashew kernel testa is used in the leather industry. The juice of the cashew apple is rich in
riboflavin (vitamin B,), ascorbic acid (vitamin C), and calcium. The nutrient composition of the
cashew fruit apple is as follows:

Composition of Cashew Apples

Moisture 86.1 (g/100 g)

Proteins 0.8 (g/100 g)

Fat 0.2 (g/100 g)
Carbohydrate  12.6 (g/100 g)

Fiber 0.6 (g/100 g)

Ash 0.3 (g/100 g)

Ca 0.2 (mg/100 g)

P 19.0 (mg/100 g)

Fe 0.4 (mg/100 g)

Vitamin B, 0.2 (thiamine mg/100 g)
Vitamin B, 0.2 (riboflavin mg/100 g)
Niacin 0.5 (mg/100 g)

Vitamin C 200 (mg/100 g)

The seed contains 21% protein and 35-45% oil. The oil contains 60-74% oleic acid and 20-8%
linoleic acid. Cashew nut shell liquid (CNSL) contains 90% anacardic acid (C,,H4,05) and 10%
cardol (C;,H,,0,). It also yields glycerides; linoleic, palmitic, stearic, and lignoceric acids; and
sitosterol. Other constituents include anarcardol, cardanol, quercetin, and kaempferol glycosides.
The presence of the phenolic lipids related to anacardic acid in cashew is of immense industrial and
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therapeutic importance. The testa contains o-catechin, B-sitosterol, and 1-epicatechin, as well as
proanthocyanidin leucocyanidin and leucopelargonidin. The dark color of the nut is due to an iron-
polyphenol complex. The oil content of the shell ranges from 16.6% to 32.9%, of the kernel from
34.5% to 46.8%. Reducing sugars range from 0.9% to 3.2%, nonreducing sugars from 1.3% to 5.8%,
total sugars from 2.4% to 8.7%, and starch from 4.7% to 11.2%. Gum exudates contain arabinose,
galactose, rhamnose, and xylose.

Pharmacological Studies — The pharmacological properties of cashew are usually classified
according to the plant part of interest. Leaves derive their activity due to the presence of flavonoid
glycosides. The leaves have been shown to be effective antimicrobial agents.'! The so-called cashew
apple contains nutrients that play health restorative roles. The most active components of cashew are
in the oils obtained from the shell. Anarcadic acid has been shown to possess broad-spectrum activity
against various bacteria, fungi, and algae'®? and has proved useful in treating tooth abscesses. Perhaps
of greater importance is its potentiating effect on antibiotics used for the treatment of drug-resistant
Gram-positive and Gram-negative bacteria.!s3 It has also been shown to possess insecticidal and mol-
luscicidal activities, as well as enzyme inhibition with potential application in certain cancers.'3*

Toxicity — Some persons are allergic to raw cashew nuts and cardol and anacardic acid in CNSL.
Other proteins have been identified as contributing to the allergic reaction to cashew. Cooking often
does not remove or change these proteins. These allergic reactions can be life threatening or even
fatal; prompt medical attention is necessary. Care must be taken before cashew products are taken
by sensitive individuals. Dermatitis among cashew nut workers has been reported in many countries.
During processing, care should be taken to ensure that CNSL does not contaminate the kernels.

Commerce — Cashew is cultivated for the nuts. Botanically, the nut is the fruit; the cashew
apple is the swollen, fleshy fruit stalk. The seed kernels are extracted by shelling the roasted nuts.
In production areas, cashew serves as food. Elsewhere, it forms a delicacy. The nut contains a high-
quality oil; the cake remaining after extraction serves as animal feed.

Value-Added Products from Cashew

Cashew kernels are used worldwide as a snack, but most of the exports from Africa are raw cashew
kernels sent to India and Europe for processing. Various diversified products can be obtained from
the raw cashew kernels with minimum product development. Value addition through minimum
processing can substantially enhance the economy of cashew production as follows:

1. Cashew Kernel Flour: The low-grade kernels, which can neither be exported nor sold in the domes-
tic market, are made into cashew flour, which is highly proteinaceous and is easily digested. It is an
excellent supplement to usual wheat flour.

2. Cashew Kernel Oil (“Caribbean Qil”): The kernel contains 35-40% oil,!'*” which can be used as a
substitute for imported olive oil. As in the case of cashew kernel flour, lower-grade kernels are also
used to extract kernel oil, which is comparable with olive oil in its healthy and nutritious properties.

3. Cashew Kernel Butter: The residue of the kernel after oil extraction is used to produce cashew ker-
nel butter, which can be used as a substitute for peanut butter. The oil-expelled kernel can also be
processed into cashew nut cake, which can be used as animal feed.

5. Cashew Kernel Milk: Sweetened and flavored cashew milk can be prepared from cashew baby bits.

6. Cashew Spread: Baby bits and other nonwhole seeds can be used to prepare cashew spread, which can
be sweetened with various flavors. (Adapted from Prabhakaran.!!37)

Agriculture — Nigeria was the world’s largest producer of cashew nuts with shell in 2010. Most
of the cashew nuts produced in Africa are still exported as raw nuts. Propagation is generally by
seeds but may be vegetative from grafting, air layering, or inarching. Cashew germinates slowly and
poorly; several nuts are usually planted in the hole and thinned later. Plantings are better done in situ
as cashew seedlings do not transplant easily. Recommended spacing is 10 X 10 m, thinned to 20 x 20
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m after about 10 years, with maximum planting of 250 trees/ha. Once established, a field needs little
care. Intercropping is common and may be done the first few years, with cotton, peanut, or yams.
Fruits are produced after 3 years, during which lower branches and suckers are removed. Full pro-
duction is attained by the 10th year, and a tree continues to bear until it is about 30 years old. In dry
areas, such as Tanzania, flowering occurs in the dry season, and fruits mature in 2—3 months. Flowers
and fruits in various degrees of development are often present in the same panicle. From the flower-
ing stage to ripe fruit requires about 3 months. Mature fruit falls to the ground, where the “apple”
dries away. In wet weather, they are gathered each day and dried for 1-3 days. Mechanical means for
shelling have been unsuccessful, so hand labor is required. Cashews are usually roasted in the shell
(to make it brittle and the oil less blistering), cracked, and the nuts removed and vacuum packed.'®

ANDROGRAPHIS PANICULATA

Botanical Name — Andrographis paniculata (Burm.f.) Nees

Synonym — Andrographis paniculata var. glandulosa Trimen

Family — Acanthaceae

Common Names — Andrographis, green chirayta, creat, king of bitters, India echinacea,
Kalmegh or Kalamegha

Description — Andrographis paniculatais is an erect herb that grows to a height of 30-110 cm.
The slender stem is dark green, squared in cross section with longitudinal furrows and wings along
the angles. The lance-shaped leaves have hairless blades measuring up to 8 cm long by 2.5 wide.
The small flowers are borne in spreading racemes. The fruit is a capsule around 2 cm long and a few
millimeters wide. It contains many yellow-brown seeds (Wikipedia).!!38

Habitat and Distribution — A. paniculata is often found in moist, shady places in a variety of
habitats, such as plains, hillsides, coastlines, and disturbed and cultivated areas such as roadsides,
farms, and wastelands. Native populations of A. paniculata are spread throughout Asia, especially
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China, India, and Sri Lanka. The herb has only been identified in Africa as occurring in Kaduna and
other northern parts of Nigeria. It may be an introduced species as it is not widely known in the country.

Ethnomedicinal Uses — Andrographis paniculatais is used in traditional medicine for the
treatment of many ailments. It has been used as an antibacterial, antifungal, antidiabetic, anti-
hypercholesterolemic, and antiviral agent. The leaves are used in Nigeria for the management of
hypertension.!'¢ In the Indian subcontinent, it is used as an immunostimulant, for hypertension, and
for cold and colic pains in children; it is a diuretic, an emmenagogue, an astringent, an emollient, a
gastric and liver tonic, an antipyretic, and a “blood purifier.” It is recommended in the Indian tradi-
tional system of medicine for gonorrhea, leprosy, boils and skin eruptions, scabies, and chronic and
seasonal fevers because of its supposedly blood-purifying properties.'8’

In China, the herb known as Chuanxinlian, Yijianxi, or Lanhelian is described as bitter and cold
and is used as an antipyretic, detoxicant, and anti-inflammatory and is thought to remove “patho-
genic heat” from the blood. A. paniculata is used for the treatment of pharyngolaryngitis, diarrhea,
dysentery, cough with thick sputum, carbuncle, sores, and snakebites. Various preparations and
compound formulas of the herb have been used to treat infectious and noninfectious diseases, with
significant effective rates reported for conditions such as epidemic encephalitis B, suppurative otitis
media, neonatal subcutaneous annular ulcer, vaginitis, cervical erosion, pelvic inflammation, her-
pes zoster, chicken pox, mumps, neurodermatitis, eczema, and burns.!®

Constituents —A. paniculata contains diterpenes, diterpene-glycosides, lactones, and flavonoids.
The main active chemical constituent is the diterpene lactone andrographolide