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TOXINS AND ICARCINOGENS IN THE ENVIRONMENT:
AN OBSERVATION IN THE TROPICS '

Enitan A, Bababunmi__..

" Department of Biochcmislr'y', School of Mcdicine,'
- University of lbadan, Ibadan, Nigeria

CThe incidence of primary liver cancer in the counliries of tropical Africa is the highest in
the world. There is a growing beliel that the relatively high prevalence of heputoceliulor
curcinoma in Nigeria may have a multiple chemical factor etiology Ia such forms as food
contaminants, herbal tegs, and environmental chemicals. Mojor chemical loxins and
carcinogens that have been identified so far In the tropical enviromment include
supotoxin, cycasin, mushroom loxin, capsaicin, oxalic acid, prussic acid, flum voleic acid,
N-nitroso compounds, aflatuxin, ;wa"moroxm, pyrrolizidine atkaloids, quinine, DOT, and
cyclamate. :

INTRODUCTION

N During the pasl iwo decades, there has been an increasing awarcness of
+ the hazards to human and animal health from various chemical substances

ibat occur in the tropical environment. There is evidence to indicate that
=s=garious health problems, including some forms of cancer, have their origin
in the presence of toxic chemicals in medicines, herbal residues, pesticides,
foods, and drinks. Some¢ of these problems are common to countrics
throughout the world, while others are peculiar 1o Africans who live in the
tropics. For example, altogether the incidence of primary liver cancer in
adult males. is the highest in the world in African countrics such as
Nigeria, Uganda, and Mozambique (IARC, 197])

The primary objective of the present review is to focus attention on
the presence . of toxic chemicais in foods and in the chvironment of
tropical Alrican countrics, palttcularly. Nigeria, which is the most populous
country in Africa. Some of these toxins have been shown to possess
carcinogenic  {or mutagenic) properties in various biological systems.
However, in a largé number of cases, adverse cffects of some of these
toxic substances on human health are not known. It is hoped that this
paper will have the important effects of stimulating more research into the
special toxicological problems that are of concern to_people living in the

tropics.

This article was written during the author’s lenure as an ICRETT Fellow of UICC (1977) at
the Departiment of Biochemistry and King’s College, University of Cambridge, Cambridge, England.
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ENDOGENOUS FOOD TOXINS

Endogenous food toxicily is widespread in tropical Africa. Nicholls et
al. (1961} deait with the various types of tropical foods that carry toxins.
Thc review of Crampton and Charlesworth (1975) adcqualuly covers the
occurrence of food toxtns in the nontropual world

Hypoglycm

This toxin is contained in the unripe fruit of the food plant, Bfighia
sapida. In Nigeria the fruit is called isin, whereas it is commorily known as
akee in Jamaica., There are two types of this toxin, A and B. Although
both types arc biologically active, the A type {§-methylenecyclopropyl-
alanine) is the more toxic, Very lllllc work has been donc on the chemtstry
and the biological function of the B type.

Dioscorine _ _

“This toxic chemical is sometimes referred to simply as dioscorea toxin;
it is an alkaloid that is present in Dioscoreq hispida. The main toxic
species  of these tropical yams of West Africa are . hispida, D.
dumctorum, D. sansibarensis, and D. bulbifera. Since the isolation and
identification ol the reiated alkaloid dehydrodioscorine by Bevan and Hirst
(1958), scientists. have not looked into the existence of these or olhcr
structures in the other species of the wild yams.,

Sapoloxin

Some tropical foodstuffs such as soybean, breadfruit, 10mato, melon,
orange, and groundnutl conlain soeme sapotoxin, which, at high concentra-
tions, has drastic cflects on humans. The toxin can cause gastrocnteritis
and produce paralysis of the nerve centers. Sapotoxin is a nitrogen-free
glycoside.

Cycasin . _

- Cycasin occurs in plants of the family Cycadaceae, which are indigen-
ous to fropical and subtropical regions (IARC, 1972). The biologically
active moiety ol cycasin is the aglycone methylazoxymethanol. Cycad
sceds are used as medicine in some parts of Alrica, Indochina, and India.
Feeding of a cycad dict has been shown 1o induce malignant tumors of
the liver in the rat, mouse, hamster, fish, and guinca pug, (IARC 1972).

Mushroom Toxin _

A large number of mushroom specics are edible, but certain specics
that are caten in the tropics are poisonous. Examples of toxins elaborated
by these species are agaritine (Agaricus bisporus toxin) and champigeon
(A. hortensis toxin). Muscarine and Amanity phaﬂmdcs toxin have been
reported 1o be toxic by Nicholls et al. (1961). :
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Names for different species of mushrooms are descriptive in many
parts of the tropics. tn the western state of Nigeria, these names give an
indication cither of the habitat, morphology, and texture or of the growth
habitat ol tlhie fungi (Oso, 1975). Corprinus ephemerus, a fungus that
grows on dunghills, appears at night or early in the morning, and within a-
very short time the pileus is fully expanded. However, it deliquesces in the
sun, It is considered poisonous by the Yoruba people of Nigeria, and local
doctors use it in the preparation of some charms. Extracts. of the fungus
should be tested for mutagenicity.

Capsaicin (Red Pepper Toxin)

The substance is the active principle of the plants Capsicum annum
and C. frutescens. tt is a powerlul irritant and a skin blister. Although
~these plants are rich in vitamin C, excessive feeding on them can be
dangerous, Species of pepper such-as Piper nigrum contain alkaloids and
volatile oils that are toxic lo both animals and humans. -

Halogeton Toxin (Oxalic Acid)

Plant species such as Halogeton glomeritus, Celosia argentae,
Amaranthus candatus, Celosia laxa, and- Talinum arc used as food in
tropical Alrica, especially on the west coast. These vegetables contain
significant levels of oxalic acid (Oke, 1967). There are-conflicting data on
the lethal dose for humans, Howcever, Oke showed that an average healthy
Nigeriart would consume about 6 g ol oxalic acid daily, on thc basis lhat
50 g of fresh vegetables could be consumed at a meal,

- Cyanogen (Prussic Acid)

Tropical planis, cassava, maize, and sugar cane are good sources of
cyanogenctic glycosides such as linamarin and dhurrin. Cassava {manioc;
Munihot utilissima) is the most widely grown of all tropical root crops. It
is mainly & carbohydrate food with a very low protein content. In West
Afvica, manioc Tlour {gari) has become a major dict, In the West Indics the
dried Iluur is called farina. All over the tropics it 15 used as food for the
~young and adults in one form or another,

The enzyme linase liberates prussic acid (HCN) irom linamarin, HCN is
toxic to many species of animals, including humans, The production of
HCN varies with the varicty ol the plant and the conditions of cultivation
(Osuntokun ¢t al., 1969).
~Although squilt.ml amounts of HCN are sald to occur anly in the
bitter variety of cassava, there is in fact no clear differentiation between
the sweet and bitter strains. The fact that the cortex of the root contains
the highest concentrations of the toxin provides biological protection for
the plant against invading insects, Chronic cyanide intoxication by labora-
tory animals has resulted in nicural ddmage in the guunca pig, rabbit, sheep,
and cal. :
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Fluotooleic Acid _

_ The seeds of the West African plant Dichapetalum toxicarum contain -
fluoroeleic acid and some minute amounts of shorter-chained fluoro acids,
These fluoro compounds are toxic. Local doctors in the countries of West
Africa often administer the sced extracts in an attempt to produce loss of
motor activity, loss of sensation, and sometimes death {Peters et al,,
1960). Free oleic acid uncouples oxidative phosphorylation {Pressman and
fardy, 1956).

N-Nitroso Compounds

Dimethylnitrosamine (DMN) and diethylnitrosamine (DEN) have been
detected in measurable quantitics in several alcoholic beverages in Nigeria
(Juaquim, 1973). Bababunmi ¢t al. (1977) reviewed the extent of con-
tamination of these drinks by the two carcinogens, There is some evidence
that the formation of these nitrosamines involves bacterial action,

FUNGAL TOXIC CONTAMINANTS

Fungus-infected  Toodstuffs are the cause of many types of food
poisoning {sce Kadis ct al.,, 1972). In the tropics, a varicty of fungal
species have been reported to be involved in some toxicity syndromes.
Notable examples are Aspergillus, Penicillium, Stachybotrys, Trichoderma,
Fusarium, Pseudomonas, and  Helminthosporium  species.  The  most
ubiquitous in Nigeria are Aspergillus and Penicillium. Many strains of cach
of these fungi are toxigenic. Among the common toxic metabolites of the
aspergilli are aspergitlic acid, flavacol, g-nitropropionic acid, kojic acid,
sterigmatocystin, ochratoxin, aspertoxin, atlatoxin, und palmotoxin,
Penicillium claborates the mycotoxins patulin, islanditoxin, lutcoskyrin,
rugulosin, citrinin, frequentic acid {citreomycetin), gliotoxin, costaclavine,
and citreviridin, OF these, aflatoxin has been studied most extensively,
mainly because of its potent carcinogenic propertics, A cometabolite of
allatoxin, palmotoxin, has been the subject of investigation for some years
in this laboratory, Many other naturally occurring toxins (Table 1) that
arc. known should be tested for carcinogenicnty. '

Aflatoxin

The literature on  the biochemistry, toxicity, carcinogenicily, and
mulagenicity of aflatoxin is cnormous (Goldblatt, 1969; Wogan, 19754,
1975b; IRAC, 1976). The discovery of aflatoxin in the tropics (Asplin and
Carnagnan, 1961) as a contaminant of human. and animal foodstuffs
{nroundnuts) aroused. the interest of scientists all over the world because
ol it. health hazards and possible cconomic effects on the producers of
these foods, Nigeria is one of the world’s major exporters of groundnuts.
‘Other tropicdl Toods that are vectors of aflatoxin are beans, corn, rice,
cocog, and wheat.,
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TABLE 1. Somce Known Nawurally Occurring Toxins

Possille human

Toxi¢ substance Qucurrence in exposure through

Fusaric acid ' Fusarium oxvsporium ' Tomato, sorghum,
, o naize

Periconin Periconia circinaty . - Sorghum
T toxin Helminthosporivm maydis Maize
tielminthosporoside Helminthosporium sacchari Sugarcane
Tabtoxin Pscudomonas coromuciens Tobacco
Javanicin Fusarium solan{ _ Maize

Aspergillus flavus, the main source of aflatoxin, is common in air and
soil. 1t will grow on agricultural products and food materials in a favorable
environment with a relative humidity of 70-90% and a minimum tempera-
ture of about 10°C. In gencral, the growth of A. flavus can be correlated
with the production of aflatoxin e¢xcept at high temperaturcs, 40-50°C.

In dilferent regions of Muranga in Kenya (East Africa), mean aflatoxin
levels of about 0.25 ppm in food and 0.1 mg/l in beer have been detected
(IARC, 1972). When common food preparations of Nigeria’s principal
food crops were sampled from local market stalls and assessed for aflatoxin
contamination by convenfional technigucs, the aflatoxin content was not
less than 0.5 ppm in any of the foods {Bababunmi, 1976). Scveral
industrialized countries such as the United States, Denmark, Britain, and
ltaly consider a level ol aflatoxin of the order of 0.25 ppm as dangerous
and the contaminated food as unconsumable.

Although the proportional contribution of agriculture to the Nigerian
cconomy continues  to fall, it will continue to be the single most
important scctor in the cconomy for a long time (Aboyade, 1971). The
export value of cocoa ranks second to that of oil” in Nigeria. In 1974,
Nigeria’s foreign trade was $3.462 billion. If oil accounted for 80% of the
export value in the 1974-1975 fiscal year, other export products such as
cocoa, groundnuts, and palm products should account lor about $700
million. Therefore, i aflatoxin contamination in this class of export
commodilics is not eliminated, Nigeria’s foreign reserves may  diminish
continuously.

Palmotoxin _

Isolation of two additional fluorescent toxins from cultures of A.
flavus on unfermented palm sap (a common West African wine) obtained
from a varicty of Llaeis guineensis was reported by Bassir and Adekunle
(1968). Toxicity titrations of palmotoxins By and Gy on 6-d-old White
Rock chick embryos indicated that By is as toxic as aflatoxin B;. Recent
results of Uwaifo ot al. (1977) suggest that the structures of the
palmotoxins could be heterocyclic and may be similar to - those of the
allatoxin family (Asao et al.,. 1965). Comparative mutagenicity studies by
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Uwdifo et.al. (1978) show that palmutoxin B, induces microlesions that
consist ol point  mutations. in  Ames’ lester  strains  of  Salmonella
typhimurium. However, the ratio of the mutagenicity ol aflatoxin B, to
that of palmotoxin B, is aboul 6:1, '

In Nigeria and several developing African countrics, several facilities
and preservation techniques lor agricultural products are quite inadequate.
The combination of this unfortunate situation, the natural warm and
moist weather, ‘a dirty environment, human crror, and ignorance is
conducive to the growth of A. flavus and conscquently to the elaboration
of mycotoxins (such as aflatoxin and palmotoxin) on agricultural com-
-modities, 1t scems o me, therefore, that the problems associated with
mycotoxin contamination of food and agricultural products will remain in
the developing wropical regions of the world for some time, at lcast in the
forcseeable future, unless very drastic control measures are initiated.

HERBAL RESIDUES

For years, herbalists and Jocal doclors in tropical Africa have used
“herbs  and lhcw concoclions 1o treal various human diseascs (Dalziel,
1948). In modern times, countrics such as Nigeria and Ghana have
intensificd their scarch for authentic medicinal plants and their active
principles. Apart from their use as focal medicines, many toxic plant
species are used as food in many parts ol ‘West Africa,

Many chemical compounds have been isolated {roni useful plants of
West  Africa and  characterized in their pure forms. In this respect,
scientists in the Department of Chemistry ol the University of Ibadan have
contributed immensely to the knowledge of the chemistry of - active
principles in planis, Toxicological and other biological studies of these
chemicals are, however, scanty. Miller and Miller {1976) stated that the
plant genera Crololuria, Senccfo, Laburnum, and Heliotropium have long
been known to contain carcinogenic subsldm,(.s (IARC, 1976), some of
which arc pyrrolizidine alkaloids, i

FOREIGN TOXIC CHEMICALS

Environmental toxins of this class exist in. such forms as medicines,
pesticides, and  food additives. . With the gradual emergence of some
tropical African countries {for example, Nigeria) from the underdeveloped
{o the developing state, environmental pollution and the presence of
industrial materials such as those used in the processing and packaging of
foods are potential sources of toxins. Common examples in. this category
are ‘onizing radiation, plasticizers, adhesives, paraffius, printing inks, and
treca'ed  papers. Well-recognized  environmental  toxic {or  carcinogenic)
chetvical substances in this tropical arca of the world include quinine
(antimalarial drug), DDT (inscecticide), and cyclamate {food additive).
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Quinine

Malavia is a discase that occurs throughout the tropical and subtropical
countries. It is actually a group ol diseases characterized by recurrent
attacks of fever, anemia, and cnlargement of the spleen. Malaria can also
oceur in temperale climates if the environmental temperature is right for
the protozoan species (e.g., Plusmodium falciparum) 10 complete their life
cycle in the female Anopheles mosquitoes. The parasite lives in the red
blood cells, There are three forms of the malaria parasite in humans
corvesponding 1o malignant tertian, benign tertian, and quartan malaria. In
the tropics the most common malaria is the malignant tertian, although
“the other two varieties have been identified in a very few cases.

Chloroquine, mepacrine, and quinine arc drugs that are very cffective
in rapidly destroying the parasite in the blood. Chlorequine (Nivaquine) is
the most widely used antimalarial drug and has been reported to be the
safest. Mepacrine (Atebrin) can be given only intramuscularly and is not
often used. '

Quinine is the oldest of all the antimalarial medicines. It is also the
quickest acting. For many years quinine was the only drug available for
the treatment of malaria, Although quinine has some toxic side effects, it
is still used, especially for cases that are resistant to other drugs. Quinine
was the first alkaloid isolated from the bark of the Cinchona tree. A single
oral dose of about 8 g is regarded as fatal {or an adult man. Quinine
poisoning usually results in nausea, headache, visual disturbances, nervous
system and cardiovascular system disorders, and respiratory arrest.

DODT

The insecticidal propertics of DDT are well known (IARC, 1974). This
compound has been cxtensively used as an insecticide and produced
commetcially for this purpose since 1943, when a low-cost production
lechnique was .developed. 1t has been widely used for the control of
numcrous insect pests—for cxample, as a mosquito larvicide and as a
residual spray for cradicating malaria in the tropics. DRT is distributed by
the World Health Organization throughout the world for the prevention of
yellow fever, sleeping sickness, and malaria. Apart from these uses,
quantitics ‘of DDT are used for the trcatment of peppers, onions,
soybeans, groundnuts, cowpeas, and sweel potatocs, in storage.

Tropical countrics such as the Upper Volta and Ghana use at least 500
kg of DDT annually for agricultural purposes. In 1973, rescarch on the
environmental cifects of pesticides in the tropics was carried out at the
International Institute for Tropical Agriculiure (lITA), Ibadan. The study
was concerned with the effects of DDT (used as a crop protector) on the
fertility of agricultural soil. Cowpea (Vigna unguiculata var, Prima), which
is- a high-yielding legume, was sclected in the HTA study because it
requires regular  pesticide. applications and also because of its growing
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importance in tropical agnculture. Since 1970, DDT has been restricted to
uses other than on human and animal foodstuffs in the more advanced
countries. The hepatocarcinogenicity of DDT on oral administration has
been amply demonstrated in several strains of mice. Liver cetl tumors were
produced in both male and female mice, and an increased tumor incidence
was reported in some other organs. The most frequent tumor types were
leukemia, reticulum cell sarcoma, carcinoma of the lungs, and hemangio-
endothelioma (IARC, 1974},

Cyclamate

Calcium Lyclamate (cyclohexylsulfamic acid calcium sait) is still used
as a nonnutritive sweetener in a large number of soft drinks in many
African countrics, The -use of cyclamic acid as a sweetcner has been
banned in several industrialized countrics because the compound was
suspected of being a bladder carcinogen in the rat.

CONCLUSION

Apart from foods, beverages, and medicines, there are other sources of
potential toxins and carcinogens that are introduced by humans into the
tropical cnvironment, cspecially in the cities, in such forms as narcotics
and atmospheric pollutants, With the arrival of various industries in big
Alrican cities, inhalation of dust, vapors, and exhausts presents a new
form of danger. Epidemiologic appraisal of these factors is lacking. There
is a need to estimate the (otal load of toxins and carcinogens in the
tropical environment. ' '
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