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ABSTRACT

Aflatoxins are believed by many investigators to play a major role
in the etiology of primary hepatocellular carcinoma (PHC). As PHC is the
commonest tumour of men in Zambia, investigation of aflatoxin exposure
of the Zambian population is warranted. Previous studies in Zambia have
shown that aflatoxins are present in certain foods and confirmation of
consumption was obtained from a study demonstrating the presence of
aflatoxin metabolites in human urine. fén this study urine samples were
collected from patients with and without liver disease admitted to the
University Teaching Hospital in Lusaka, in an attempt to examine the
possible effect of liver pathology on the type and amount of aflatoxin
metabolite(s) excreted. No significant differences were observed. The
present study was therefore carried out to investigate this relationship
in more depth.

Studies have shown that conjugation reactions play an important role
in aflatoxin metabolism in animals although the amount and type of
aflatoxin conjugates in humans is not known. Thus urine samples, from
patients with and without liver disease,were collected for one year and
analysed for both free and conjugated aflatoxin metabolites.

The incidence of urinary aflatoxin excretion in liver disease and
control patients was 3.7 per cent with a mean concentration of 9.1 ng/
100 ml. Aflatoxins By» M, and aflatoxicol (AFL) were detected. No
significant differences were observed between the two groups of patients
although aflatoxins were seen more frequently and at greater concentrations
in urine of control patients. This may suggest that patients with liver

disease have an impaired ability to metabolize and excrete aflatoxin.
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aflatoxin studies, serum and liver samples were analysed for HBV markers.

The HBV carrier state in this study was observed to be exceedingly

high: 32 per cent of control patients were shown to have hepatitis B
virus surface antigen in their serum. No relationship between the
presence of HBV markers, aflatoxin metabolites excreted, and PHC was
observed. It was noted, however, that patients excreting aflatoxin also
had evidence of HBV infection. A longitudinal, prospective study should
now be carried out to investigate the possible interactions of these two

factors more closely.
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Glucuronide and sulphate conjugates of aflatoxins M1, P1 and AFL
were looked for. Surprisingly, no conjugated metabolites were detected,
even in patients excreting up to 20 ng of free aflatoxin /100 ml urine.
This suggests that these conjugation reactions do not play a major role in
aflatoxin metabolism in humans.

The urinary survey was extended to a rural hospital in the Eastern
Province. Consumption of aflatoxin was observed to be more of a problem
there, where urinary aflatoxins were detected significantly more often
(incidence = 15.4 per cent) and at greater concentrations (mean = 16.5 ng
/100 ml).

Liver tissues, taken at autopsy from subjects with and without liver
disease, were also examined for aflatoxin metabolites. Only aflatoxin
B1 was observed, at concentrations of 0.3-9.5 ng/g. Most of the samples
were from controls and therefore the effect of liver pathology on the
type and /or amount of aflatoxin metabolite(s) observed could not be

assessed. However, the liver of one PHC subject was included and was
rﬁ%%éﬁﬁd to-contain over 10 times more aflatoxin than the highest level
observed in controls.

The results of the urinary and liver studies were tabulated
according to age, sex and season. Aflatoxin was detected significantly
more often (P <0.05) in livers obtained from males than females and, in
Lusaka, only urine samples collected from males were positive for
aflatoxin. It was found that the likelihood of consuming aflatoxin was
significantly higher in the rainy season than the dry season (P <0.05).

It is generally believed that both aflatoxin and hepatitis B virus

(HBV) influence the incidence of PHC. Therefore, concurrent with
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CHAPTER ONE

INTRODUCTION




1. History of Aflatoxins

Mycotoxins, toxic metabolites of certain saprophytic fungi, cover
a wide range of chemical compounds. Aflatoxins, produced as secondary
metabolites by various strains of Aspergillus flavus (A. §lavus) and
Aspergillus parasiticus, have been the most intensively studied because
of their extraordinary potency as hepatocarcinogens in a wide variety
of animal species.

The aflatoxins were first isolated in 1961, subsequent to an
outbreak of an apparently new disease in turkey poults occurring in
England in 1960, causing an estimated loss of more than 100,000 birds
(Blount, 1961). Outbreaks of a disease with similar symptoms were
reported simultaneously in other species and in other countries.
Reports were received from Kenya and Uganda of severe losses of
ducklings and in the United States and an outbreak of liver cancer was
noted among hatched rainbow trout (Wolf and Jackson, 1963). Investigations
carried out by numerous scientists revealed that the disease resulted
from the presence of a toxic factor in the feeds of these animals. Further
examination revealed the presence of the fungus A. §€avus, and subsequently
the metabolites of the fungus were identified as the toxic agents
(Asplin gnd Carnaghan, 1961; Sargeant et af., 1961). In view of their

origin they were collectively named aflatoxins (de. A. flavus toxins).

In 1963 aflatoxins were demonstrated to be a mixture of four related
compounds, using chromatography on thin layer silica gel plates
developed in chloroform:methanol (98:2) (Hartley et ae.; 1963). A
single blue fluorescent spot was split into four components. Two of these

fluorescad Hue under ultraviolet light (365 nm), had RF values of 0.4




and 0.36, and were designated aflatoxins B1 (AFB1) and 82 (AFBZ)
respectively. The other two fluoresced green, had RF values of 0.34 and
0.31 and were designated aflatoxins G1 (AFG1) and 62 (AFGZ) respectively.
The isolation of these four main aflatoxins was soon followed by
the isolation of a number of other analogues. The most important of
these is perhaps aflatoxin M1 which is the principal free metabolite
produced when animals and humans ingest AFB1. It was first discovered
by de Iongh et af., (1964) as a toxic factor in cow's milk, hence its
name aflatoxin M1 (AFM1). Subsequently it was found that the aflatoxin
metabolite commonly found in the urine of animals fed AFB1 was also AFM

1
(Masri et a£., 1967).

2. Sources of Aflatoxins

Aflatoxins arise naturally when a toxin-producing strain of A. §Lavus
or A. parasiticus grows on a substrate in a geographical area where
environmental conditions are suitable for the development of the mould.
Aflatoxin-producing strains appear to be distributed ubiquitously but
in general contamination is a problem of tropical and semi-tropical areas.
Optimal production occurs on foodstuffs at temperatures of 25-30°¢C and a
relative humidity of 85 per cent or greater (Heathcote and Hibbert, 1978).

Virtually every foodstuff or food product is potentially susceptible
to contamination, which may occur at any stage of food production or
subsequent processing (IARC Monographs, 1975). Samples of nearly all
major dietary staples have been found to contain aflatoxin at one time
or another and commodities commonly reported to be contaminated include
groundnuts and groundnut products, maize and other grains such as rice,

wheat and millet, and vegetables like beans, soybeans and dried green




leaves (Muhihu, 1978). The highest concentrations of aflatoxins have
been found in edible nuts: In Eastern, Central and Southern Africa
groundnuts are the most serious source of contamination (e.g. Mozambique
Van Rensburg et a£., 1975).

Contamination of a food commodity with aflatoxin is generally
believed to occur most often during post-harvest and is associated with
poor drying and storage practices. Thus the risk of exposure is increased
in rural areas with simple storage methods. Adequate control measures
involving especially rapid post-harvest drying of crops and storage at
moisture contents of less than 10 per cent can virtually eliminate
contamination (IARC Monographs, 1975). There is also evidence that pre-
harvest contamination can be a problem and this is usually associated
with insect damage. Therefore insect pests should be controlled (Lillehoj

et al., 1976; Njapau, personal communication).

3. Chemistry of Aflatoxins

The four naturally occurring aflatoxins, as stated previously, are
designated aflatoxins B1, BZ’ G1 and GZ’ according to their fluorescent
colour and chromatographic positions. The structures of these parent
aflatoxins and the metabolites that have been isolated and characterized
are given in Figure 1.1. They all contain a difuran ring structure fused
to a substituted coumarin moiety. The reactions of the aflatoxins are
derived from the'unsaturation in the furan moiety and from the lactone
structure and are mediated, in animals, by the hepatic microsomal mixed
function oxidase system. AFB1 is the major fungal metabolite although
AFG1 is likely to occur whenever there is AFB1. AFB2 and AFG2 are the
dihydroderivatives of AFB1 and AFG1 respectively, hydrogen being added



OCH3

Aflatoxin B

Aflatoxicol My Aflatoxin Q3

Figure 1.1 STRUCTURE OF THE AFLATOXINS




across the double bond in the terminal furan ring. The other
metabolites all contain an additional hydroxy group at one of various
positions (Figure 1.1). These more polar metabolites are apt to be
conjugated and excreted (Adekunle et af., 1977). Each metabolite differs
in its biological activity and therefore metabolism plays a prominent

role in determining the toxicity and carcinogenicity of these compounds.

4. Toxicity of Aflatoxins

4.1. Animal Studies

The acute and chronic effects of aflatoxin exposure have been well
studied and it is known that they are toxic to a large number of
animal species. AFB1 is the most acutely toxic parent metabolite,
followed by aflatoxins G1, BZ’ and GZ’ in order of decreasing potency.
In tests on day-old ducklings, Carnaghan et al., (1963) gave the LD 50
values (in mg/kg body weight) as: B1, 0.36; G1, 0.78; BZ’ 1.70; GZ’ 3.45.

The sensitivity of animals to aflatoxin varies from species to
species as shown in Table 1.1. Even within any given species variation
in susceptibility is seen among individuals. In a study using rhesus
monkeys, Deo et af., (1970) found that among animals of the same sex
and age, given the same amount of toxin and maintained with identical
dietary intakes, some showed massive haemorrhagic necrosis of the liver
and others only minimal alterations.

Susceptibility to aflatoxins is determined to some extent by the
sex and age of the animal. Young animals are more susceptible than
mature animals and the male (rat) is more sensitive than the female

(Table 1.1). Susceptibility is also influenced by the condition of the



TABLE 1.1

ACUTE TOXICITY OF AFLATOXIN B; IN VARIOUS SPECIES

SPECIES I('Drﬁg %gﬁ%;gggy WEIGHT)
;;ckling* 0.3
['rout + 0.5 -1.0
big 0.6
Sheep + 1.0 = 2.0
suinea Pig * 1.4
laboon + 2.0
hicken+ 6.0 - 16.0
at *
neonate 0.56
weanling 5.5
male 7.0
female 18.0
ouse* 9.0

(+Coker, 1979; *Newberne and Butler, 1969)




animal and composition of its diet. Most significant is the observation
that a protein-deficient diet enhances toxicity (Madhavan and Gopalan,
1965).

The toxic effects of aflatoxins on various animal species were
thoroughly invesfigated by Newberne and Butler (1969) and have been more
recently reviewed by Heathcote and Hibbert (1978). The initial
manifestations of aflatoxicosis include general malaise, failure to
thrive and a decreased resistance to infection. The main acute effects
are hepatic cell necrosis, gastrointestinal bleeding, nephritis and lung
congestion. Chronic toxicity results in liver lesions and liver tumours.

The liver is the main target organ in all species studied and bile
duct hyperplasia has come to be recognized as the most characteristic
and easily identifiable result of aflatoxin poisoning although not
specific to aflatoxin. The location of liver necrosis varies with the
species. The rat and duckling display periportal distribution, in guinea
pigs and swine the necrosis is centrilobular, while in rabbits mid-zonal
lesions are seen (Newberne and Butler, 1969). This observation, in
addition to the results demonstrating that susceptibility to toxicity
varies from species to species, suggests that different species metabolize
and excrete aflatoxin in different ways and/or at different rates.

Animal experiments which are perhaps most relevant to the question
of whether humans are susceptible to aflatoxicosis are those involving
primates. A limited amount of work in this area has been published.

The majority of studies involve the rhesus monkey.

Deo et af., (1970) fed a partially purified mixture of AFB1 and
AFG1 to 64 young male rhesus monkeys at dose levels of 1.0 mg/kg body
weight daily (Group I), 0.25 mg/kg body weight twice weekly (Group II),




and 62 ug/kg body weight once a week (Group III). All animals in

Group I died before the end of the third week. This dose however, is
very high and is unlikely to occur in a human situation. Dose levels

of Groups II and III are more realistic and could conceivably be consumed
by humans (see Table 1.2). Thus it is significant that the animals of
Group II exhibited signs of severe liver damage and the animals of

Group III showed similar symptoms in a milder form. The authors
concluded that the rhesus monkey is a species highly susceptible to
aflatoxicosis.

Campbell and Stoloff (1974) have summarized available primate data

and have suggested that, for primates in general, a daily dose likely

to produce serious liver damage in a short period of time is about 0.05
mg/kg body weight and a single dose resulting in death is about 2.2 mg/kg
\bgdy weight.

\\\\\\
4.2. ‘Hyman Studies

AN

The ﬁossible acute and chronic effects of aflatoxin in humans have
been estimated by observing suspected cases of aflatoxicosis and
investigating the diet associated with these cases and/or examining tissue
and body fluid specimens for evidence of aflatoxin consumption. Human
incidents in which aflatoxin involvement is claimed or postulated are
given in Table 1.2.

In order for the reported aflatoxin contamination levels to have
meaning an estimation of the dose required to produce a toxic effect in
humans must be made using experimental animal data. Campbell and Stoloff

(1974) have summarized the data on toxicosis in primates and computed the



TABLE 1.2

HUMAN CASES OF AFLATOXICOSIS

YEAR INVESTIGATORS COUNTRY EVIDENCE FOR AFLATOXIN CONSUM- CONSEQUENCES
PTION

1966 Payet et al. Senegal peanut meal o.mlu.oamwmwg\wm chronic hepatitis

1970 Serek-Hansen Uganda Cassava 1.7mgAFB; /kg death of one boy sib-

lings ill
19870 Torres et al 900 meals analyzed -9.3%AF toxic hepatitis commonly
and r . Mozambique positive range 0-1.5mgAF /kg seen in a histological
VanRensburg

1974 study

1971 Amla et al. India peanut meal 0.3mgAFB, /kg Indian Childhood Cirrhosis

1971 Bourgeois et al. Thailand rice 6mgAFB;/kg EFDV/Reye's Syndrome
tissue specimens at autopsy-

1971 Shank et al. Thailand mewmwwmmmsﬁ in 22 out of 23 23 cases of EFDV/Reye's
liver - 93ngAFB/kg Syndrome
stomach - 1270ngAFB, /g

o liver specimen at autopsy- sudden death of one sub-

1972 Bosenberg Germany AFB} present ject with liver sclerosis
liver specimens at autopsy-

1974 Dvorackova Czechoslavakia| AFB; present in 2 out of 3 EFDV/Reye's Syndrome

et al.

cases




TABLE 1.2 cont'd

YEAR INVESTIGATOR COUNTRY EVIDENCE FOR AFLATOXIN CONSUM- CONSEQUENCES
PTION
maize -2mgAF/kg; estimated toxic hepaitis outbreak
1975 Krishnamachari| India people consuming 2-6mgAF daily| -397 cases 105 deaths
et al. for about 1 month
1976 Richir et ql. France liver specimens at autopsy - liver disease cases
AFB)] present
1982 Ngindu et al. Kenya maize -3,2-12,0mgAF/kg liver toxic hepatitis outbreak

specimens at autopsy -89ngAFB;
/9

-20 cases, 12 deaths

1
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necessary level of contamination of human food to ensure a toxic dose.
They concluded that humans eating food containing 1.7 mg/kg daily would
develop serious liver damage in a short period of time. This value is
within the range of a number of reported incidents (Table 1.2). It is
also important to consider that populations usually exposed to aflatoxins
may be expected to have a higher rate of concurrent disease and
malnutrition, thus the primate data may overestimate minimum hazardous
levels (Van Rensburg, 1977). In addition, the majority of suspected
cases concern children, who are likely to have a lower tolerance for
aflatoxins than adults.

Encephalopathy and fatty degeneration of the viscera (EFDV) or Reye's
syndrome is an acute disease of children chéracterized by cerebral edema
and fatty degeneration of the viscera, particularly the liver. Becroft
(1966) suggested that aflatoxins may cause Reye's syndrome based on
pathological indications that the liver lesions were toxic in origin,
the similarity of the lesions to those of experimental aflatoxicosis,
the special sensitivity of young animals to aflatoxins, and indications
from case histories that the disease is likely to result from ingestion
of a toxin present in food (Becroft and Webster, 1972).

This syndrome has been recognized in a number of countries but is
especially common in Thailand whefe it affects hundreds of children.

A study of aflatoxin contamination of Thai foods has shown that it
corresponds with seasonal and geographical patterns of EFDV (Bourgeois
et a€., 1971). In two cases of EFDV samples of the main food consumed
prior to the fatal illness were found to be heavily contaminated with
aflatoxin. One of the food samples, steamed rice, contained 6 mg/kg,

one of the highest known intakes by humans (Campbell and Stoloff, 1974).

v
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Aflatoxins have been observed in tissue specimens of Thai children
who suffered from EFDV. In a study of 23 EFDV cases AFB1 was found in
one or more tissues from 22 of the 23 cases studied. Although aflatoxin
was also detected in tissue specimens from some of the control subjects,
only cases of EFDV had more than trace amounts of>AFB1 (Shank et af.,
1971).

Aflatoxin has also been incriminated in the etiology of Indian
Childhood Cirrhosis, a condition of obscure etiology which is the third
most common cause of death in hospitalized children under the age of five
years in India (Chandra and Seth, 1972). Amla et af. (1971) reported
on 20 kwashiorkor patients that had received a supplementary diet of
peanut flour later found to contain AFB1 at a level of 0.3 mg/kg.

Three of the children displayed signs of subacute toxicity and had
hepatic lesions identical to those seen in Indian Childhood Cirrhosis.
The level of aflatoxin contamination reported in this study is relatively
low but may still be significant as the toxic effect of aflatoxin has
been shown to be enhanced in a protein-deficient state (Madhavan and
Gopalan, 1965).

Recently aflatoxins have been linked with kwashiorkor. Hendrickse
and co-workers (1982) analyzed aflatoxins in serum and urine samples
from Sudanese children and observed that aflatoxin serum levels were,
on average, 10 times higher in children with kwashiorkor than in other
malnourished and control groups. In contrast, aflatoxin levels in
urine were lower in children with kwashiorkor. These findings possibly
indicate that the ability of children with kwashiorkor to transport
and excrete aflatoxins is impaired by the metabolic derangements

associated with kwashiorkor. The authors, in turn, point out that
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several metabolic effects of aflatoxins produced in animal studies,
including hypoalbuminemia (Tung et at., 1975), fatty liver (Hamilton,
1977) and immunosuppression (Richard, 1978), are similar to derangements
consistently found in kwashiorkor. They go on to describe a possible
vicious cycle in which the liver, after suffering initially from the
symptoms of kwashiorkor, is impaired in its ability to handle and

excrete aflatoxins, causing serum aflatoxin levels to rise as the ability
to handle these substances progressively declines.

In addition to being implicated in the diseases of children
described above, aflatoxins have been reported to cause illness in
adults. Serck-Hansen (1970) described a single fatal case of apparent
aflatoxicosis in Uganda. Cassava collected from the home of the subject
was found to contain 1.7 mg/kg aflatoxin and no other cause of death
was visible.

An extensive outbreak of toxic hepatitis occurred in Western
India in 1974, affecting 397 people, 106 of whom died (Krishnamachari
et al., 1975). The outbreak was associated with conSumption of maize
heavily contaminated with A. §favus and maize samples taken from the
homes of those affected showed aflatoxin levels ranging from 6.25 to
15.6 mg/kg. The population involved here, as in most cases of
aflatoxicosis, was rural and poor and virtually dependent on a single
crop produced by themselves.

A more recent outbreak of possible aflatoxicosis occurred in Kenya
in 1981 (Ngindu, et al.,1982). Twenty patients with hepatitis were
admitted to hospitals, 12 of whom died. The illness tended to occur
in family groups, family clusters accounting for 80 per cent of cases
and 83 per cent of fatal cases. Two families, from which 8 of 12 sick

members died, were eating maize containing as much as 12 mg/kg aflatoxin
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and specimens of liver tissue obtained at autopsy contained up to
89 ng/q AFB,.
There are perhaps many more cases of aflatoxicosis than those
reported. Van Rensburg (1977) has stated that there is a lack of
awareness of the potential problem of toxicosis among clinicians even
though the hepatocarcinogenic character of aflatoxins has received wide
recognition. This is likely due to the similarity of aflatoxjcosis to

other common diseases, especially hepatitis, and the fact that

treatment for both diseases would be similar.

5. Carcinogenicity of Aflatoxins

5.1. Animal Studies

The carcinogenicity of aflatoxin has been demonstrated in many
animal species. The most frequently studied animals have been the trout
and rat. In rainbow trout a diet containing 0.1 Fg/kg AFB1,gave a 100 per
cent tumour yield (Hélver, 1965) and in rats dietary AFB1 levels of 0.1
mg/kg, given for up to 80 weeks induced liver carcinoma at an incidence
of greater than 50 per cent (Wogan, 1973), making AFB1 the most potent
hepatocarcinogen known. There is, however, wide species variation and
there are species relatively resistant to the induction of hepatic tumours,
for example the mouse (Wieder et af., 1968). In addition, factors such
as strain, age and sex that contribute towards the acute toxicity of
aflatoxin also affect its chronic toxicity. The results of feeding

trials in various animals are shown in Table 1.3.



TABLE 1.3
e ————————atet

LEVEL OF AFLATOXIN B, IN DIET RESULTING IN LIVER TUMOURS 1IN

IN VARIOUS SPECIES

SPECIES

B} IN DIET ( yg/kg)

PERIOD FOR TUMOUR
INDUCTION (MONTHS)

rainbow trout
sockeye salmon
rat

duck

pig

marmoset

guppy

rhesus monkey

2.0
12,0
15.0
30.0
1000
2000
6000

500 mg over 6 years

20

?

24

14

11

No tumour after 18
months

(IARC,

15

1975)
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A limited amount of work with primates has been published.
Gopalan et g¢. (1972) administered a mixture of aflatoxins in a sub-
acute dose to a male and female rhesus monkey for five and a half years.
Two and a half years after administration had been discontinued the
male animal died from a hepatoma. Three years fater the female died
after developing a metastasizing intrahepatic bile-duct carcinoma
(Tilak, 1975). Adamson et af. (1973) carried out a study using A mixed
sex and species group of 40 rhesus and cynomologous monkeys. Primary
liver carcinoma developed in one female rhesus monkey after administration
of a sub-acute dose of AFB1 for six years.

Aflatoxin B1, administered at sub-acute, has also been shown to
produce hepatic tumours in marmosets (Lin et al. (1974) and tree
shrews (Reddy and Svoboda, 1975).

Hepatomas are not the only tumours resulting from aflatoxins.

Butler and Barnes (1966) noted the induction of carcinomas of the
glandular stomach in rats fed aflatoxin. The same authors (1968) also
described oncogenic effects on the kidney. In addition, it has been
shown that AFB1 induces colonic cancer in rats (Wogan and Newberne, 1967)
and pulmonary tumours in mice (Wieder et al., 1968).

Since afiatoxins are most frequently found to contaminate foodstuffs
in regions where there is a high prevalence of malnutrition, experimental
attempts have been made to determine the effect of diet, particularly
protein, on aflatoxin carcinogenicity. Interestingly, a high protein
intake has consistently been shown to increase AFB1 carcinogenicity
but depress its acute toxicity (Madhavan and Gopalan, 1965, 1968;
Adekunle et af., 1977; Temcharoen et al., 1978). These studies gave
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evidence that dietary protein deficiency affords moderate protection
against AFB1 carcinogenicity in rats and monkeys.

In addition to the carcinogenic effect of chronic administration
of aflatoxin, immunosuppressive actions have been observed (reviewed
by Lutwick, 1979). For instance, diets containing 250-500 pa/kg atlatoxin,
when fed to poultry, predisposed them to attack by viruses and bacteria
(Edds et a£., 1973). If this decrease in resistance to infectious
diseases is applicable to humans, it may represent an important feature

of the chronic effects of aflatoxins.

5.2. Human Studies

Epidemiological studies carried out in Swaziland (Keen and Martin,
1971; Peers et al., 1976), Uganda (Alpert et af., 1971), Thailand
(Shank et af., 1972), Kenya (Peers and Linsell, 1973), and Mozambique
(Van Rensburg et af., 1974) offer statistical support for the association
between the incidence of hepatocellular carcinoma and consumption of
foods contaminated with aflatoxin. In these studies it was assumed
legitimate to compare current exposure to aflatoxin with present cancer
rates as observations were limited to stable rural populations with
diet, storage and cooking habits that had not changed over the recent
past.

Keen and Martin (1971) analyzed market samples of groundnuts,
known to be a main source of aflatoxin, and the frequencies of
contamination were related to cancer registration in three geographical
areas of Swaziland, which could be expected to yield different exposures
to aflatoxin. In the high veld the average intake of aflatoxin was

5.1 ng/kg body weight/day and the incidence of hepatoma was 2.2
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/100,000/year. In the middle veld intake was 8.9 ng/kg body weight/
day and the rate of hepatoma was 4.0/100,000/year, while in the low
veld intake was 43.1 ng/kg body weight/day and the hepatoma rate was
9.7/100,000/year. Although this study measured pnly one dietary item,
the correlation of level of contamination with frequency Qf liver cancer
is clear.

The study by Alpert et a£. (1971), in Uganda, extended the range
of food examined to include other major dietary staples. Again an
association between levels of aflatoxin contamination and distribution
of liver cancer was demonstrated.

The studies from Mozambique, Thailand, Kenya and a further study
in Swaziland, attempted to evaluate aflatoxin exposure using 'food from
the plate' surveys and then to relate this to cancer incidence. Van
Rensburg et af. (1974) reported a mean dietary aflatoxin intake of
222.4 ng/kg body weight/day in the Inhambane district of Mozambique.
The liver cancer incidence of this area was calculated to be
13.0/100,000/year (Van Rensburg, 1977). Thus the area with the highest
reported aflatoxin consumption level had the greatest recorded hepatoma
rate.

The results of some of these studies are summarized in Table 1.4.
It can clearly be seen that cancer rates increase as consumption of
aflatoxin increases. Over a wide range there is a linear relationship
between cancer incidence and the logarithm of the level of aflatoxin

intake (Figure 1.2).



TABLE 1.4

SUMMARIZED RESULTS OF EPIDEMI
PRIMARY LIVER CANCER INCIDENCE RATE AND AFLATOXIN INTAKE

TUDT M

R

-

stupy SUB-AREA TELATON TN TNIARE || CANCER RATE
Kenya high altitude 3.5 0.7
Thailand Songkhla 5.0 2.0
Swaziland high veld 5.1 2.2
Kenya mid altitude 5.8 4.0
Swaziland mid veld 8.9 4.0
Kenya low altitude 10.0 4,2
Swaziland Lebombo 15.4 4.3
Thailand Ratburi 45.0 6.0
Swaziland low veld 43,1 9.7
Mozambique Inhambane 222.4 13.0

o~

(Van Rensburg, 1977)
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Figure 1.2 Relationship between the level of aflatoxin intake of
populations and primary liver cancer rate (y=6,449 log

X =
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The data from these epidemiological studies indicate a highly
probable causal relationship although they do not prove a cause-and-
effect situation because of the possible involvement of some other
factors. Van Rensbdrg (1977) has concluded that the best approach now
would be to concentrate on accumulating exclusive evidence to show that
no other plausible factor can be demonstrated to have a similar relation-
ship.

Additional human studies which support the aflatoxin-cancer
hypothesis are summarized in Table 1.5. It is interesting to note that
not all of the cases cited involve liver cancer. Aflatoxin has also
been implicated in cancers of the colon (Deger, 1976) and lung

(Dvorackova, 1976, 1981).

6. Metabolism of Aflatoxins

Metabolism plays a prominent role in determining the toxicity and
carcinogenicity of AFB1. It is generally believed that AFB1 requires
metabolic activation to exert its toxic and carcinogenic effects and
that there are several competing pathways existing in the hepatocyte,
in which ultimate toxicity or carcinogenicity is determined by the
partitioning of the toxin among these pathways. The mixed function
oxidase (MFO) system, located in the microsomal membrane, is responsible
for the formation of a number of less toxi; metabolites of AFB1, including
AFM1, AFQ1, AFP1 and AFBZa' The cytoplasmic reductases reduce AFB1 to
aflatoxicol (AFL). These metabolites are generally considered as
detoxification products although to varying degrees they are still

considerably toxic and carcinogenic (Table 1.6).



TABLE 1.5

HUMAN CASES WHERE AFLATOXIN HAS BEEN IMPLICATED AS THE ETIOLOGICAL FACTOR

YEAR INVESTIGATORS COUNTRY EVIDENCE FOR AFLATOXIN INVOLVEMENT
A study of men who had inhaled aflatoxin-contami-
] nated particles while working in a mill. Estima-
1973 Van Nieuwenhuize | Netherlands ted dose: 160-395 ugAF/M3/man/week. Of 55, 12 Fatal
et al. liver disease cases 11 various cancer cases. Of

55 matched controls, no liver disease cases, 4
various cancer cases.

1976 Babummi et al. Nigeria A study of urinary samples of Nigerians mwosmm
increased levels of aflatoxin in those with
hepatomas and other liver diseases.

Two men aged 42 and 28 years, developed colonic
1976 Deger . carcinoma after spending 3 years and 1 year res-

d United States pectively, scraping aflatoxins from chromatogra-
phic plates.

A study of a man who developed alveolar carcinoma
after working on aflatoxin contaminated peanut
1976 Dvorackova Czechoslavakia | meal. Lung tissue obtained at autopsy contained
a compound with the same chromatographic proper-
ties of AFBj).

) . A study of a man with carcinoma of the rectum and
1976 Phillips et ai, United States | liver reported liver tissue to contain 520ngAFB;/g
liver.
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TABLE 1.5 cont'd

YEAR

INVESTIGATORS

COUNTRY

EVIDENCE FOR AFLATOXIN INVOLVEMENT

1980

Onyemelukwe et aly

Nigeria

A study of liver tissues obtained at autopsy from
8 liver disease subjects, 5 of whom had died of
liver cancer, and 15 control subjects. AFB, was
detected in the tissue of 4 of the 5 liver cancer
cases (2-15ng/g) and none of the remaining cases,

1981

Dvorackova

Czechoslavakia

A study of pulmonary tissue obtained at autopsy
from 2 subjects revealed AFBjto be present in both
cases. One of the subjects had been exposed daily
for 3 months to dust of aflatoxin - contaminated
peanut meal.

1981

Stora et al,

Czechoslavakia

In a study of liver biopsy tissues obtained from
15 liver cancer cases it was shown that 5 contained
AFB), at concntrations of 0.36 - 5.2 ng/g.

1982

Bulatao-Jayme
et al,

Philippines

A study of dietary intakes of 90 primary liver
cancer cases and 90 matched controls revealed
that the mean aflatoxin load per day of the liver
cancer cases was 440% that of controls.

2



TABLE 1.6

AMES' SALMONELLA MUTAGENIC ASSAY OF AFLATOXINS

NUMBER OF REVERTANTS

MUTAGENIC POTENCY

COMPOUND PER ug RELATIVE TO AFBj
AFB, 8527 ¥ 1434 1.000
AFL, 1940 ¥ 337 0.228
AFG, 285 £ 50 0.033
AFM, 275 % 41 0.032
AFQ, 99 29 0.012
AFB, 18 £ 13 0.002
AFPl 10 i- 5 0.001
AFG, g % 9 0.001
AFB,, 2 1t 2 0.000

(Wong and Hsieh, 1976)
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The above metabolites are hydroxy metabolites which can potentially
be further metabolized by Phase II enzymes into glucuronide and sulphate
conjugated metabolites rendering them easily excretable. However,
Autrup (1982) has pointed out that conjugation of primary metabolites
could also be used as a transport mechanism to transfer metabolites
to a different cell type, where they could be deconjugated and
reactivated into metabolites that bind to cellular macromolecules.
Glucuronides of carcinogens have been postulated to be important in
kidney, bladder and colon carcinogenesis.

The MFO system is also responsible for converting AFB1 into a
highly reactive chemical species capable of binding to DNA, AFB1-2,3-
epoxide, believed to be the "ultimate carcinogen." The various pathways
of AFB1 metabolism are shown in Figure 1.3.

AFB1-2,3—epoxide is formed from AFB1 by AFBZ-2,3-oxygenase. This
metabolite, because it is highly reactive, has not been isolated.
However, metabolism of many xenobiotic compounds proceeds via the
formation of epoxides, which is frequently followed by their hydration
by epoxide hydrolase enzymes, yielding corresponding dihydrodiols.
Therefore, the formation of a dihydrodiol is evidence for the prior
existence of an epoxide. The proposal that the unstable electrophile,
AFB1-2,3-epoxide, is formed metabolically is based on the identification
of its dihydrodiol, 2,3-dihydroxy-2,3-dihydroaflatoxin B1 (AFB1-dhd),
the major product of hydrolysis of AFB1-DNA and AFB1-protein adducts
formed 4n vivo or {n vitro (Swenson et al., 1974). By forming adducts

with endogenous or added nucleophiles (DNA, RNA or protein) AFB,-2,3-

1
epoxide can be trapped 4n situ and determination of AFB1-macromolecu1e

adducts is now routinely used to indicate the existence of AFB,-2,3-

1
epoxide (Garner et af., 1979).
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Considerable work has been carried out in an attempt to understand

the interaction of this activated form of AFB, with DNA. The major

1
aflatoxin-DNA adduct formed 4n vdivo in liver or other animal tissues,
and 4n vitro in the presence of DNA and a metabolic activation system,

7

is 2,3-dihydro-2-(N7-guany1)-3-hydroxy aflatoxin B1 (AFB1—N -Gua). The

1

second most abundant adduct is 2,3-dihydro—2—(N5-formy1(-21,5 ,61-triamino-

41-oxo-NS-pyrimidyl-3-hydroxyaf1atoxin B1 (AFB1 formamidopyrimidine)
(Essignmann et af., 1982). The absolute structures of these adducts have
been established (Figure 1.4). Further DNA-bound derivatives of AFB1
and other aflatoxin metabolites are known to form but have not been

fully characterized. All available data indicate that it is always the

N7 atom of guanine that is the principal, if not exclusive, target in

DNA.

The deactivation of AFB1-2,3—epoxide involves the formation of
the polar metabolite, AFB1-dhd,as well as AFB1-glutathione (GSH) conjugate,
catalyzed by epoxide hydrolase and GSH-epoxide transferase respectively
(Figure 1.4).

The glutathione conjugate of AFB1 has been shown to be a major
metabolite in rat bile (Emerole, 1981). The ability to conjugate AFB,
with GSH parallels species susceptibility to AFB1 and the formation of
AFB1-GSH is an important detoxification mechanism in resistant species,
such as the mouse (Degen and Neumann, 1981; 0'Brien et af., 1983; Raj
and Lotlikar, 1984).

O'Brien et af. (1983) examined the 4n vitro ability of cytosol
prepared from the liver of various species, including the male human, to
conjugate epoxide with GSH. Large differences in conjugating ability were

observed, ranging from 0 to 72 per cent for quail and mouse respectively.

Human cytosol produced AFB,-dhd but little or no AFB,-6SH, suggesting that
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Figure 1.4 Metabolism of Aflatoxin By - 2713-epoxide

(Emerole, 1981; Essigmann et af.1982)
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humans may be relatively highly susceptible compared to other species
if, in fact, GSH conjugation is an important deactivation mechanism.

Ch'ih et a€. (1983), on the other hand, using rat hepatocytes,
concluded that AFB1—2,3—epoxide is primarily deactivated by epoxide
hydrolase and that the depletion of epoxide by GSH was insignificant.
This is in agreement with Emerole et al. (1979), who suggested that GSH
is a less efficient nucleophile for AFB1 metabolism than for other
chemical carcinogens.

The activities of GSH-transferase and epoxide hydrolase have been
shown to be sex-dependent. Female rat liver preparations have higher
levels of GSH conjugation activity than male preparations (Degen and
Neumann, 1981) and Kamden et af. (1982) demonstrated that GSH-transferase
activity is inducible by 40 per cent in females administered AFB1,
whereas in males its activity may decrease by 50 per cent. These authors
also showed that AFB1 administration increased the activity of epoxide
hydrolase in female rats by more than five-fold compared to only a two-
fold increase in males.

The éxtent of formation of AFB1-epoxide correlates well with species
susceptibility to the toxic and carcinogenic effects of aflatoxin (Garner
and Wright, 1975; Swenson et af., 1977; Neal et al., 1981). Ueno ot q¢.
(1980) reported that the level of in vivo binding of metabolized AFB1 to
DNA appears to reflect species susceptibility to the carcinogenic action
of the toxin, and the level of protein binding the susceptibility to the
acutely toxic action of AFB1. From these findings, Bennett et af. (1981)
suggested that measurement of the extent of formation of these adducts
in the liver of AFB1-treated animals would allow estimation of the risk

presented to these animals as a result of their exposure. These
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investigators showed that administration of AFB1 to rats resulted in
urinary excretion of AFB1-N7-Gua in a dose-dependent manner. Thus, by
measuring this metabolite in urine an estimation of species ability to
form and bind AFB1¥epoxide to macromolecules, apd ultimately the
potential risk of developing toxic and carcinogenic symptoms of aflatoxin
poisoning as a result, can be made.

Recently this method has been applied to humans. Autrup et af.
(1983), working in the Murang'a district of Kenya where food samples are
known to be contaminated with aflatoxin (Peers and Linsell, 1973), analyzed
human urine samples by high performance liquid chromatography (HPLC) and
found six of 81 samples to contain AFB1-N7-Gua. These results indicate
that the active form of AFB1 does interact with cellular nucleic acids
in humans and lends further support for the hypothesis that aflatoxin
plays an important role in the etiology of liver cancer.

The metabolites of AFB1 given in Figure 1.3 have all been isolated
as 4in vdvo and/or in vitro metabolites in numerous species. Aflatoxin
M1 has received the most attention because it was the first metabolite
to be identified and because it is the predominant metabolite found in
urine and milk. However, it represents only about 3 per cent of the
ingested AFB1 dose in various species studied (e.g. 1-4 per cent of AFB1
dose in humans, Campbell et al., 1970; 4 per cent of AFB1 dose in pigs,
Luthy et af. 1980).

AFM1 toxicity data has been reviewed by Campbell and Hayes (1976)
who concluded that the acute toxicity is equivalent to that of AFB1 and
the carcinogenicity and mutagenicity are considerably less than that
observed for AFB1. However AFM1 still possesses the 2,3-epoxidizable
double bond and thus could potentially contribute to aflatoxin

carcinogenicity (Essigmann et af., 1982).
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AFM,, possessing a hydroxyl group, can be conjugated with glucuronide
and sulphate to yield water-soluble metabolites which are likely to be
excreted easily. However, it appears that this is not a major route as
Dalezios et af. (1973) were unable to defect AFM1 conjugates in monkeys
administered AFB1. Recently, Wong and Hsieh (1980) reported conjugates
of AFM1 to account for only 1.2 and 0.4 per cent of urinary aqueous
aflatoxin metabolites in the monkey and rat, respectively.

AFB2a is a second hydroxylated metabolite of AFB1 although it has
rarely been observed in animal studies. Dann et af. (1972) found AFB2a
in urine of rats dosed with AFB1 and Hsieh et al. (1977) reported the
in vitro conversion of AFB1 to AFB2a by various species, including
humans. Some investigators (Patterson and Roberts, 1970; Gurtoo and
Dahms, 1972) have considered AFB2a to perhaps represent a major metabolite
as it is possible that AFB2a is quickly removed by protein adsorption
through Schiff's base formation, a reaction favoured by the slightly
alkaline pH of most body tissues (Heathcote and Hibbert, 1978). Toxicity
studies of AFB2a indicate that it is essentially non toxic (Wogan, 1973)
and it is generally regarded as a detoxification product of AFB1.

AFL, whose formation is catalyzed by a reversible cytoplasmic
reductase(s) has been shown to be produced 4in vitro by numerous species
(Hsieh et af., 1977) and has been identified as an 4in vivo metabolite
in rat plasma (Wong and Hsieh, 1978) and more recently in human plasma
(Hendrickse et af., 1982), urine (Hendrickse, 1984), and liver samples
(Lamplugh and Hendrickse, 1982). In these human studies AFL was detected
mainly in samples taken from children suffering from kwashiorkor or

marasmic kwashiorkor.
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AFL has been reported to be the most potent mutagenic and
carcinogenic metabolite of AFB1 isolated (Table 1.6). It has been
suggested that metabolic conversion of AFB1 to AFL plays a significant
role in the carcinogenicity of AFB1 and that AFL-forming activity may be
used as a parameter to estimate species susceptibility to aflatoxin-
induced carcinogenesis (Wong and Hsieh, 1978). In a comparative metabolism
study carried out by these authors (1980) AFL was identified as the major
4n vivo metabolite in the plasma of rats, a species highly susceptible
to aflatoxin carcinogenesis, but not in the plasma of similarly dosed
mice, a species resistant to aflatoxin carcinogenicity.

In addition to the highly toxic nature of AFL per se, the
reversibility of the enzymatic formation of AFL from AFB1 has led to
the theory that AFL may serve as an intracellular reservoir of AFB1
and thus possibly enhance the action of AFB1. Wong et af. (1979) found
that AFL was rapidly metabolized to AFB1, both in the rat {n vivo and
in primary hepatocyte culture. In addition, AFL is believed to be
lipophilic and this could presumably facilitate intracellular migration
of AFB1 to target sites, £.e. the liver. As AFB1—epoxide is highly
reactive and since no protein carrier systems have been identified to
suggest cellular transport of the epoxide, the reservoir of AFB1 created
by the reversible formation of AFL may increase the intracellular
bioavailability of AFB1 for nuclear activation (Wong and Hsieh, 1978).

AFP1, a further hydroxy metabolite of AFB1, is formed by O-demethy-
lation and was so named because it is a phenol (Dalezios et af., 1971).
Dalezios et af. (1973) showed that in rhesus monkeys, AFP1 accounted
for about 5 per cent of an orally administered dose of AFB1 and was present

mainly in a conjugated form (3.3 per cent as glucuroride and 1.2 per cent
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sulphate conjugate). Merrill and Campbell (1974b) demonstrated that
small quantities of AFP1 could be produced by human liver microsomal
preparations taken at autopsy. However, their attempts to detect its
excretion as either a free or conjugated metabolite in the urine of
humans ingesting 9.6-40.3 ug AFB1 over 48 hours were unsuccessful
(Merrill and Campbell, 1974a). It appears that AFP1 has never been
reported as a metabolite in human urine.

The acute toxicity of AFP1 has been shown to be much less than
that of AFB1 in animal studies (Buchi et af£., 1973) and, using the Ames'
Salmonella assay, it was found to be essentially non-mutagenic (Table 1.6).
In addition, AFP1 excretion has been shown to parallel species suscepti-
bility to aflatoxin. Species relatively resistant to aflatoxin, such as
the mouse, were more active in converting AFB1 to AFP1 (Wong and Hsieh,
1980).

The most recently identified hydroxy metabolite of AFB1 is AFQ1,
reported to be a major 4in vitro metabolite in numerous species (Hsieh
et at., 1977; Shank, 1977), including humans (Buchi et al., 1974; Hsieh
et al., 1977). However, it does not appear to have been reported as
an £n vivo metabolite. In a study of the excretion patterns of the
monkey, rat and mouse, AFQ1 was not detected in the urine of animals
administered AFB1, either in its free or conjugated form (Wong and Hsieh,
1980). Campbell and Hayes (1976) were unable to detect free or conjugated
AFQ1 in urine of humans known to have ingested 11.7 to 30.1 ug of AFB1
during a 48 hour collection period.

AFQ1 has been shown to be approximately 18 times less toxic than
AFB1 using the Chicken Embryo Test (Hsieh et af., 1974) and was essentially

non-mutagenic in the Ames' Safmoneffa mutagenic assay (Table 1.6). It
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was however, found to be carcinogenic to rainbow trout (Hendricks et al.,
1980). AFQ1 does retain the 2,3-double bond believed to be responsible
for the carcinogenic activity of AFB1 but the introduction of the hydroxyl
group should make it susceptible to conjugation with glucuronide or
sulphate and render it excretable.

Recently, Rohring and Yourtee (1983) showed AFQ1 to be metabolized
at significant turnover by rat liver post-mitochondrial fractions to
yield the glucuronide conjugate as well as three unidentified chloroform-
soluble metabolites. Further analyses showed a notable percentage was
strongly bound to proteins and/or undergoing metabolic degradation to
"metabolic fragments" that were nonultraviolet-absorbing molecules.

These findings may help to explain why AFQ1 has not been observed as an
4in vivo metabolite.

There have been a few reports observing unmetabolized AFB1 in urine
although it appears that the percentage of an AFB1 dose remaining as
AFB1 is always very small. For example, in monkeys administered AFB1,
0.05-0.02 per cent of the dose remained as free as AFB1 in urine
(Dalezios et af., 1973). AFB1 was detected in urine of children suffering
from Indian Childhood Cirrhosis (Amal et af., 1970) and recently Hendrickse
and co-workers (1982) reported AFB1 in urine of African children. These
reports contrast those of Cambpell et af. (1970) in the Philippines and
Lovelace et af. (1983) in Zambia who found only AFM1. Campbell and
Stoloff (1974), after comparing the results of the Indian and Philippine
studies, suggested that different populations may metabolize aflatoxin

in different ways.
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Water-soluble conjugates of aflatoxins have been shown to account
for a significant percentage of total aflatoxin excreted in a number of
species. In turkeys Gregory et af. (1983) reported that 55 to 91 per-
cent of total aflatoxin residues excreted were.conjugated metabolites
and, in rats and hamsters, conjugates accounted for 60 percent of total
excretion (Raj and Lotlikar, 1984). In a comparative study Wong and
Hsieh (1980) showed that levels of urinary water-soluble conjugates
correlated with species susceptibility to aflatoxin, the more susceptible
rat and monkey producing less water-soluble metabolites than the mouse,

a resistant species. It appears that very few attempts have been made

to detect water-soluble aflatoxin conjugates in the urine of humans.
Merrill and Campbell (1974a) and Campbell and Hayes (1976), who looked
for conjugates of AFP1 and AFQ1 respectively, both failed to detect any
conjugates in urine of humans known to have ingested AFB1.

In addition to urinary metabolites two further excretory routes
have been investigated to a lesser extent.

Firstly, aflatoxin metabolites have been observed in milk. Most
of this work has been done with Cows in order to assess the possibility
of human exposure through this important food. It has been established
by several surveys that cow's milk often contains trace amounts of AFM1
(reviewed by Patterson et a., 1980). Rodricks and Stoloff (1977)
calculated that the ratio of the concentration of AFB1 in feed to that
of AFM1 In milk was approximately 300:1 and Patterson et af. (1980)
reported that 2.2 per cent of ingested AFB1 appeared in milk as AFM1.
In a more recent report (Trucksess et al., 1983) aflatoxins B1 and M1

and AFL were detected in cow's milk in the ratio of approximately

1:10:100.
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Of greater interest are the reports of aflatoxin in human breast
milk. A study carried out in India (Robinson, 1967) described the
presence of AFB1 in human milk, although this finding was not confirmed.
Recently, in Zambia AFM1 was detected in human milk at levels ranging
from 0.1 to 1.0 ppb (Bayley, personal communication). AFM1 and AFM2
were also detected in one-third of milk samples collected from 99
Sudanese women (Coulter et af., 1984).

Biliary excretion of aflatoxin is also an important route to
consider. AFB1 and its metabolites have been observed in faeces
samples from various species, including humans. Shank et af. (1971)
reported AFB1 in human stool samples from Thai children who had died
of EFDV at concentrations as high as 123 ng/g. Hendrickse (1984) has
also observed AFB2 and AFG1 in faeces of Sudanese children suffering
from PEM. The faeces has been found to constitute the major route of
excretion in rhesus monkeys (Dalezios et af., 1973) and pigs (Luthy
et al., 1980), accounting for 42 and 58 per cent of an AFB1 dose
respectively. The results of this limited number of studies may
indicate that faecal excretion of aflatoxins is important in humans.

The rate and pattern of excretion of aflatoxin metabolites have
been shown to differ among species and have been related to variation
in species susceptibilities. More resistant species excrete aflatoxin
at a greater rate: the mouse excreted 54 per cent of an AFB1 dose
within 24 hours, the rat 47 per cent and the monkey only 32 per cent.
Renal excretion was prominent in the monkey, while biliary excretion
was more active in the rodents. It was also shown that the biological
half-life of aflatoxins in the plasma and liver decreased in order of

species susceptibility, namely rat, monkey and mouse.
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Several additional studies, bésed on administration of radioactive

AFB1, have looked at the rate of clearance of aflatoxins in various
animals. Gregory and Edds (1983) reported that aflatoxin residues

were rapidly cleared from turkeys fed AFB1, with a half-life of

1.4 days for total aflatoxin clearance from the liver. In pigs,

Luthy et al. (1980) found the biological half-life of aflatoxin
metabolites in the plasma to be approximately six days. An interesting
observation was that most of the aflatoxin in the plasma (70 per cent)
was bound to proteins. After 10 day§ the plasma still contained
significant radioactive aflatoxin because of the very slow elimination
of the high molecular weight aflatoxin metabolites. Nassar et al. (1982),
after noting the small percentage of total aflatoxins normally recovered
as identifiable metabolites from urine, faeces and milk (i.e. only 1-4
per cent of dose seen as AFM1 in human urine - Campbell et al., 1970),
carried out a study to reveal the form in which aflatoxin metabolites

are delayed in treated animals. Using rats, they found that AFB1,
AFG1, and their metabolites existed in the systemic blood as protein
conjugate. More specifically, this was an aflatoxin-albumin conjugate
which was irreversible and permanent. Thus, the conjugate could act
as a continuous endogeneous source of the toxin to the liver within
the rate of plasma albumin catabolism, explaining why a single dose

of AFM1 given to the rat will result in acute liver damage. They
concluded that this persistent aflatoxin - albumin conjugate may be
considered as a factor for low excretion levels seen in the urine of

animals and humans who have ingested aflatoxin.
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With respect to tissue distribution the liver has quite
consistently been reported as the organ containing the highest
concentrations of aflatoxin. Again, like plasma, most of this seems
to be in a bound form. Luthy et af. (1980), using pigs, found that
less than 0.2 per cent of liver aflatoxin was soluble in methylene
chloride and less than 7 per cent was water-soluble and dialysable.
Using rhesus monkeys Dalezios et af. (1973) demonstrated that the liver
contained appreciable levels of aflatoxin and retained up to 5.1 per
cent of a dose one week after administration and 1 per cent even after
five weeks.

Information on tissue distribution and retention time of aflatoxins
in humans can only be speculated upon from data obtained from animal
studies and the limited number of studies reporting the presence of
aflatoxin in human tissue specimens. Some of these studies are cited
in Tables 1.2 and 1.5 and show that aflatoxin has been reported numerous
times, mainly in the liver, at concentrations as high as 520 ng AFB1/g
(Phillips et al., 1976). Other human tissues that have been found to
contain aflatoxin include lung (Shank et af., 1971: Dvorackova, 1976,
1981), kidney and brain (Shank et af., 1971).

7. Biochemical Effects of Aflatoxins

It has clearly been established that AFB1 forms covalently linked
adducts with nucleophilic sites in target cell DNA, RNA and protein
4<n vivo and that formation of these adducts accounts largely for the
biological effects of aflatoxin (Swenson et al., 1974, 1977; Garner and
Wright, 1975). DNA is the major site of AFB1 binding and the major
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adduct formed is AFB1-N7-Gua comprising 80 per cent of DNA adducts
formed. The second most abundant adduct is AFB1-formamidopyrimidine,

a derivative of AFB1N7-Gua formed by the imidazole ring of guanine
opening up. An interesting consequence of this is that the bond linking
AFB1-formamidopyrimidine to the deoxyribose of DNA backbone becomes
chemically stabilized, a property of potentially great biological
significance (Essigmann et af., 1982). Thus this adduct is likely to

be very stable in DNA whereas AFB1-N7-Gua would have a tendency to
depurinate. The findings of Croy and Wogan (1981) support this concept.
These authors, by examining patterns of covalent modification of DNA
produced in rat liver after AFB1 dosing, found that AFB1-formamido-
pyrimidine was removed very slowiy, if at all, during a 72 hour period
after a single dose had been administered and that multiple dosing
caused accumulation in liver DNA over a 14 day period. At least 10
additional minor adducts are known to form and these include AFP1-N7-Gua
and AFM1-N7-Gua (Essigmann et af., 1982).

DNA in eukaryotic cells is complexed with chromosomal proteins and
organized into transcriptionally active and inactive chromatin and
because of this the question of whether AFB1 binding is selective or
random has been raised. Recently Yu (1983) demonstrated that AFB1,
after metabolic activation, binds preferentially to the physiologically
active regions of rat liver nucleolar chromatin. Furthermore, it was
shown that this binding specificity was largely lost after the removal

of chromosomal proteins from the nucleoli.
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This finding supports the concept that chromosomal proteins have
important structural and regulatory roles in eukaryotic gene expression,
conferring features that help to distingpish'aptive genes from inactive
ones. Thus the work of Groopman et af. (1980), showing that histones
represented major protein targets for AFB1 binding in rat liver nuclei
may be of significance. Within the histone fraction, histone H1
contained 30 to 50 per cent of the bound AFB1 and histone H1 is believed
to be responsible for stabilizing chromatin structure. 1In contrast,
Prince and Campbell (1982) found that aflatoxin binding to nonhistones
was greater than to histones. They did however, report that binding was
influenced by the sex of the animal, females binding less AFB1 than
males. |

Numerous investigations have been carried out to evaluate the
possible relationships between qualitative and quantitative features
of adduct formation and differences in species susceptibility to
aflatoxin. Lutz et a£. (1980) demonstrated that, although the type of
adducts formed was the same, the level of 4n vivo covalent binding of
AFB1 and AFM1 to liver DNA differed widely in the rat and mouse. DNA
binding per dose, expressed in units of a 'Covalent Binding Index' (CBI),
( mole aflatoxin /mole DNA nucleotides)/mmole aflatoxin/kg animal),
was 10,400 for rats and only 240 for mice. This difference reflects
the varying susceptibility of these two species to the hepatocarcinogenic
activity of AFB1 which is at least 60 times lower in mice than rats
(Table 1.1).  Similar results were obtained by Ueno et af. (1980).
Booth et a£. (1981) also showed that the level of binding correlated
with carcinogenic susceptibility using the rat, hamster, and

mouse. These authors went on to examine AFB, binding to
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liver DNA obtained from human biopsy samples of six individuals. The
data showed considerable variation, the values being of the order of
those found for the mouse and hamster, species relatively resistant to
AFB1 carcinogenesis. The authors suggested further studies be carried
out to examine any genetic differences in human‘populations in their

ability to activate and bind AFB It appears from the literature

1
that no attempts have been made to look for the integration of AFB1
into DNA of the liver of humans suffering from hepatocellular carcinoma
as has been done for hepatitis B virus (Section 9.2). This would, of
course, be of great value.

It is known that one feature of AFB1 carcinogenicity is its high
degree of specificity with which it induces tumours and toxic lesions
in the liver. This led some workers to compare the liver with non-
target organs with respect to the formation of AFB1-DNA adducts. One
non target organ is the kidney and Essigmann et af. (1982), after dosing
rats with radioactive AFB1 and analyzing their livers by HPLC, found
levels of adducts in kidney DNA to be 10 per cent of those in liver.

The formation of covalent adducts with DNA and chromatin proteins
induces direct chromosomal damage. However, chromosomal damage can
also be brought about indirectly through the formation of reactive
secondary agents upon interaction with non-DNA targets. These secondary
agents which are mostly active oxygen species, lipid-hydroxperoxides
and their degradation products, then bring about chromosomal damage.
One mechanism by which these species can do this is through their
clastogenic activity on chromosomal membranes which can lead to numerous
chromosome aberrations such as chromatin fragmentation. Xenobiotics
which act both by direct and indirect mechanisms are believed by some

investigators to represent potent complete carcinogens. Recently,




AFB1 was shown to have a membrane-active character, acting as a potent
clastogen at very low levels of covalent AFB1-DNA adducts, indicating
AFB1 may be a complete carcinogen (Amstad et al., 1984).

AFB1 has also been shown to produce dramatic inhibition of liver
nuclear RNA polymerase II activity in rats. This enzyme is responsible
for cellular mRNA synthesis and its malfunction may thus affect genetic
information transfer and be related to AFB1 carcinogenesis. Yu et af.
(1982) attempted to relate RNA polymerase II inhibition to AFB1
carcinogenesis by examining tissue, sex and species specificities
known to be characteristic of AFB1 carcinogenesis. Their results
showed that AFB1 inhibited RNA polymerase II activity only in the
target tissue, liver, and not in non-target tissues, e.g. lung and
brain, it inhibited activity preferentially in male over female rats,
and had no effect on mouse liver RNA polymerase II activity.

It is believed by some investigators that while the hepato-
carcinogenic effects of AFB1 are mostly related to DNA binding,
susceptibility to the hepatotoxicity of AFB1 is related to the level
of protein binding (Ueno et al., 1980). In guinea pigs, a species
relatively susceptible to the acute toxicity of AFB1 but quite resistant
to the hepatocarcinogenic effects of AFB1 when compared to the rat, AFB1
was shown to accumulate more in liver protein and RNA and less in DNA.

The key intermediate metabolite in the formation of AFB1-protein

adducts is believed to be AFB1-dhd, formed by hydrolysis of AFB,-2,3-

1
epoxide (Swenson et af., 1977, Ueno et al., 1980). Neal et a£. (1981)
showed that protein synthesis was extremely sensitive to AFB1-dhd and
that the relative production of AFB1-dhd by microsomes from various species

paralleled their susceptibility to acute AFB1 poisoning. AFB1-dhd has
been observed to react covalently with proteins at physiological pH,
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presumably by the spontaneous formation of aldehyde derivatives which
can then react with protein amino groups by Schiff base formation
(Swenson et af., (1975).

In addition to the formation of aflatoxin-protein adducts, AFB1
has been shown to inhibit protein synthesis at ﬁumerous stages by
affecting various cell organelles, including the disaggregation of
polysomes and the degranulation of the endoplasmic reticulum (cited
in Groopman et af., 1980). Furthermore, aflatoxin has been reported
to affect additional organelles. For instance, AFB1 decreases lysosome
integrity and this may be related to its carcinogenicity. Lastly,
the mitochondria are considered to be one of the major intracellular
targets for AFB1 (Niranjan et a£., 1982) and AFB1 has been shown to

inhibit oxidative phosphorylation.

8. Primary Hepatocellular Carcinoma

Primary hepatocellular carcinoma (PHC) has a characteristic
geographical distribution in sub-Saharan Africa and the Far East and
has for many years been a major problem in the countries of Southern
and Eastern Africa. In Zambia, PHC is the commonest tumour of men
(Zambia Tumour Registry Records) and the risk is estimated to be at
least ten cases per 100,000 men over the age of 30 years (Bayley, 1979).
The mean age at onset is 42 years, with a range from 18 to over 70
years. PHC affects men more than women, the sex ratio being 8:1 in
Zambia. Thus, the majority of patients are men in the prime of life

with heavy family and social responsibilities (Bayley, 1979).
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The tumour originates in the parenchymal cells of the liver and
grows very rapidly: 58 out of 110 patients seen in Lusaka during the
years 1971-1978 were dead within 60 days of diagnosis (Bayley, 1979).
The typical clinical picture in Zambia can be described as follows:

A male patient in his early forties, previously well, has developed
right sided abdominal pain and has evident weight loss. An easily
visible, hard and irregular lump can be felt in the upper abdomen.
Surgery is rarely possible because the tumour usually involves the
whole liver. Cytotoxic drugs help some patients, but only for a
few weeks or months. Survival beyond four months is exceptional
(Bayley, 1979).

Several features of liver cell carcinoma vary between low and
high incidence areas and these are summarized in Table 1.7. In
addition to the marked geographical distribution of PHC there are
distinct ethnic and cultural variations. The high incidence in
Southern Africa affects the negriform race chiefly, and not Whites
or Asians living alongside them (Oettle, 1965). Within Negro groups
the risk is not uniform. For instance, the Shangaan tribal people
living amongst Swazis in Swaziland have a much higher incidence of liver
cancer (Keen and Martin, 1971). In Uganda, a greater frequency of
PHC is seen in poor immigrant tribes from Rwanda and Burundi than in
the local Baganda tribe (Alpert et al., 1969). Extraordinary
fluctuations in incidence have also been noted between relatively
adjacent areas where tribal differences are not significant. For
example, the people of the low veld region of Swaziland stand a
much greater risk of developing liver cancer than those living in

the high veld (Table 1.4).



COMPARISON OF THE FEATURES

TABLE 1.7

OF HEPATOCELLULAR CARCINOMA IN LOW AND HIGH INCIDENCE AREAS

U.S.A, WESTERN EUROPE

SUB-SAHARA AFRICA, S.E. ASIA

Incidence

5

low - 2 to 3% of all
cancersl

high - as great as 20 to 40%
of all cancersl ‘

Age and sex

middle to old, 60+
years linear increase
with age male predomi-
nance

young, 30-40 years do not have
a linear increase with age2
male predominance

Previous state of
health

often develops as a
complication of cirr-
hosis of long duration
= alcohol is a common
feature

Perfectly well prior to onset

Incidence of cirrhosijg

Common

Common

Morphology

Micronodular

Macronodular

Relative proportionsg of
hepatocellular carci-
noma and cirrhosis

Cirrhosis outnumbers
carcinoma

Carcinoma outnumbers cirrhosis
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1
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The clinical picture of PHC varies considerably between low and
high incidence areas (Table 1.7). The course of the disease described
for Zambians is typical of all Africans, where the presentation is
acute and deterioration is rapid. In the West, liver cancer tends to
develop at the end of a long illness and may be‘discovered unexpectedly
at post montem as a complication of’underlying chronic disease
(Oettle, 1965).

Excessive alcohol consumption is a common feature among liver
cancer patients in Western countries. In Africa, although alcoholism
is prevalent, studies have shown that it does not seem to be a major
factor in liver cancer. A study in Uganda (Alpert et af., 1969) showed
that the rate and type of alcohol ingestion was similar in controls and
cases.

Cirrhosis is a common feature of all liver cancer cases although
Anthony (1977) has made an interesting observation in that, whereas
in Western countries liver cancer often develops as a complication of
cirrhosis of long duration (Kew et af., 1971), in tropical countries
the two diseases arise almost simultaneously: most patients present
and die with their tumour without any preceding symptom or sign of
cirrhosis (Alpert et af., 1969).

A further feature of PHC which varies between low and high incidence
areas is the age at which the disease occurs. Patients in the United
States and Western Europe tend to be 60 years of age or older and a
linear increase with age is observed. In Africa and Asia liver cancer
patients are more often in their thirties or forties and a linear
increase with age is not observed, but rather an increase up to 40

years of age followed by a decline in incidence with age (Figure 1.5).
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This could possibly be due to increased exposure to the carcinogen
during adulthood or differences in age susceptibility to a standard
dose. Alternatively, the disease may be precipitated at an earlier age
in individuals having a particular predisposition when exposed to higher
levels of the carcinogen (Van Rensburg, 1977). Furthermore, this
observation may be explained, in part, by failure to register older
age-groups adequately (Oettle, 1965) and also by differences in life
expectancy figures between the countries of Africa and North America
and Europe, making the percentage of the population which is elderly
vary a great deal.

An interesting observation is the seasonal fluctuation in occurrence
seen in Africa, notably Mozambique (Purves, 1973; Van Resburg, 1977)
and Nigeria (Okonkwo and Obionu, 1981). The Mozambique data show a
remarkable seasonal variation (Figure 1.6), suggesting the carcinogenic
stimulus varies seasonly in its intensity and implying a very short
latent period for the predisposing factors (Oettle, 1965; Van Rensburg,
1977).

A further point of interest is that there is a lowering of the risk
in high incidence groups who move to a low incidence area. Japanese
immigrants to Hawaii do not carry with them the high risk of liver
cancer which the Japanese population in the homeland display (Quisen-
berry, 1960). This observation, together with the marked geographical
and cultural .distribution of PHC, suggest strongly an environmental
etiological factor such as aflatoxin, although the role of hepatitis

B virus is viewed with equal or greater importance.
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9. Proposed Etiological Factors of Primary Hepatocellular Carcinoma

Factors which have been implicated in the etiology of PHC include
aflatoxins, hepatitis B virus, genetic factors, alcohol, malnutrition,
cirrhosis, parasites, iron overload and environmental chemical
carcinogens. Evidence from a number of epidemiological and laboratory
studies has suggested that there is an interplay of two or more of these
factors and thus evidence for one factor does not necessarily discredit

another.

9.1. Aflatoxins

The possible role of aflatoxins in the etiology of PHC has been
discussed in Sections 5 to 7. There is some evidence that aflatoxins
may act in combination with hepatitis B virus in the pathogenesis of

PHC and this is discussed in Section 9.2.

9.2. Hepatitis B Virus (HBV)

The hypothesis that a hepatitis virus may play a role in the
etiology of PHC was put forward in the mid 1950's (Paget et af., 1956;
Steiner and Davis, 1957), five years before aflatoxins had even been
discovered. The evidence for the implication of HBV in the pathogenesis
of liver cancer is based on epidemiological and geographical observations
of a strong correlation between HBY infection and PHC; the observed
significant increase in the prevalence of HBV markers in serum of PHC
patients compared to the general population; observations that indicate
HBV infection precedes the development of the tumour; the presence of

hepatitis B antigens in malignant tissue; evidence of covalent
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integration of the HBY genome into the DNA of tumour cells; the
observations that several cel] lines derived from PHC cases secrete
hepatitis B virus surface antigen; and finally, the finding of chronic
liver damage and PHC in animal species infected with a virus phyloge-
netically related to human HBV.

The first three lines of evidence -came after the development
of specific serologic assays, most importantly radioimmunoassay (RIA)
for markers of HBY infection. Various markers appear in the plasma
of infected individuals at different stages. These are summarized
by Zuckerman (1982). The first marker is hepatitis B virus surface
antigen (HBsAg) which appears in the plasma two to eight weeks before
biochemical evidence of liver dysfunction or the onset of jaundice.
This antigen persists during the acute illness and usually disappears
from circulation during convalesence. Next to appear is a specific
hepatitis B DNA polymerase associated with the core of the virus and
at approximately the same time another antigen, the e antigen, becomes
detectable. Antibody to the core antigen (anti-HBc) is present two to
four weeks after the appearance of HBsAg and is always detectable during
the early acute phase of the illness. Core antibody of the IgM class
Is not detectable within a few weeks of uncomplicated acute infection,
but core antibody of the IgG class persists after recovery for many
years, possibly for life. Next to appear in the circulation is antibody
to e antigen. Antibody to the surface antigen component (anti-HBs)

Is the last marker and appears late in convalesence.




The presence of HBsAg in the blood for more than six months
constitutes the HBV carrier state (WHO Report, 1977) and it has been
estimated conservatively to number about 200 million people. Surveys
conducted in many areas of the world have shownvthe prevalence of
HBsAg in healthy persons to vary from 0.1 per cent or less in North
America and Australia, to 20 per cent or more in some tropical
countries of Africa and South East Asia (cited in Zuckerman 1982).

In the latter areas over half of the population carry anti-HBs,
indicating a past infection. Moreover, many studies have shown that
the frequency of serological markers of HBV infection parallels the
incidence of PHC in various parts of the world. It has also been
clearly demonstrated that the presence of HBsAg in the serum of PHC
cases is significantly much greater than in control cases (Table 1.8).

In Zambia, patients with liver Cancer have been investigated
for evidence of past or present HBV infection. Chronic infections
were found in 68 per cent of the cases compared to 8 per cent of
controls (Tabor et al., 1977). In a more recent study by Zumla and
Vpller (1982), using the enzyme linked immunosorbent assay (ELISA),
HBsAg was found in 60 per cent of Zambian patients with PHC compared
tq 16 per cent of matched tumour controls and 14 per cent of healthy
controls, again revealing a highly significant difference (p <0.01).

A case - controlled study of PHC cases and their families in
Senegal (Larouze et af., 1976) showed that 97 per cent of PHC patients
and 93 per cent of controls had evidence of HBV infection but that
the patients were less likely to have surface antibody. Seventy-one
per cent of mothers of PHC cases were chronic carriers of HBY compared
with only 14 per cent of mothers of controls. The chronic infection

rates of the fathers of patients and controls were identical.



BODY TO HEPATITIS B CORE (ANTI-HBcC

TABLE 1.8

IN BLOOD OF PATIENTS

FREQUENCY OF HEPATITIS B SURFACE ANTIGEN (HBsAg) AND ANTI-

WITH PRIMARY HEPATOCELLULAR CARCINOMA AND IN CONTROLS 1IN

SELECTED COUNTRIES

(based only on studies using RIA or a test of equivalent

sensitivity and in which controls were included)

—

—

Country Serums of patients Serums of Controls

with PHC

Number Percent Number Percent

tested positive tested positive

Hepatitis B surface antigen
Greece 189 55.0 106 4.7
Japan 260 37.3 4,387 2.6
Mozambique 29 62.1 35 14.3
Senegal 291 51.9 100 12,0
Singapore 156 35.3 1,516 4.1
South Africa 138 59.5 200 9.0
Spain 31 19.3 101 2.0
Taiwan 84 54.8 278 12.2
Uganda 47 47.0 50 6.0
United States 34 14,7 56 0
Vietnam 61 80 .3 94 24.5
Zambia 19 63.1 40 7.5
Antibody to hepatitis B core antigen

Greece 80 70.0 160 31.9
Hong Kong 37 70.3 58 36.2
Senegal 291 87.3 100 26.0
South Africa 76 86.0 103 31.7
Spain 31 87.0 101 14.8
United States 33 48.5 56 0

(Blumberg, 1980)
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However, none of the fathers of PHC patients had anti-HBs, while 48
per cent of fathers of controls were anti-HBs positive. These results
suggest that chronic HBV infections which are important for the
development of PHC are passed from mother to child early in life and
also reveal a paternal effect, the failure of féthers of PHC patients
to produce anti-HBs even though heavily exposed to HBV. This suggests
a child may be at greater risk of developing PHC by inheriting from
his father a relative incapacity to produce protective antibody.
Alternatively, it may indicate that an environmental factor(s) in
the household is responsible for suppressing the antibody response
to HBsAg. The authors proposed that aflatoxin could be this factor.

The hypothesis that the role of aflatoxin in liver cancer may
be immunological rather than directly carcinogenic was proposed by
Lutwick (1979), based on the calculation by Prince (1978) that the
risks of hepatoma development in HBV carriers in Mozambique and the
United States were similar. Aflatoxin, by suppressing the cellular
immune response, may increase the HBV carrier rate and hence the risk
of PHC. Lutwick further postulated that supressed cell-mediated
immunity may also, or alternatively, act by failing to limit
beginning malignancies, permitting cells to grow into clinically
overt hepatomas. Numerous papers have demonstrated that various
aspects of the immune response are suppressed by aflatoxin (reviewed
by Lutwick, 1979).

A second hypothesis proposed to link HBV infections and
aflatoxin in the genesis of PHC is that persons with chronic HBV
infection use different hepatic pathways to metabolize aflatoxin

compared with people not infected with HBYV. This is based on known
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variations in susceptibility to aflatoxin shown in animals (Table 1.1)
which appear to depend on differences in their metabolic handling of
the toxin.

Studies demonstrating a correlation between HBV infection and
the incidence of PHC do not demonstrate a cause and effect relationship
unless there is evidence that the carrier state of HBsAg preceded the
development of liver cancer. An indication of this was provided by
Beasley et af. (1981). Between 1975-1978, 22,707 male Chinese in
Taiwan were enrolled in a cohort study to determine prospectively the
incidence and the relative risk of PHC among HBsSAg carriers and to
determine whether the HBsAg - carrier state is antecedent to the
development of PHC. On recruitment 15.2 per cent of the men were
discovered to be carriers of surface antigen. At the end of 1980 a
pronounced excess of deaths from PHC and cirrhosis was observed in
those who were HBsAg-positive. Forty out of 41 men who died from
PHC and 17 of 19 men who died from cirrhosis were HBsAg-positive.

PHC and cirrhosis together accounted for 57 of 105 deaths among HBsAg-
positive subjects (54.3 per cent) compared with 3 of 202 deaths among
subjects negative for HBsAg (1.5 per cent). The relative risk of
developing PHC between the two groups was 223.

Although a correlation between HBV and PHC has been reported in
many studies there are also a number of conflicting reports. A study
carried out in Kenya (Bagshawe et al., 1975) revealed no significant
difference in the prevalence of HBSAg between two distinct areas
known to have differing liver cancer rates and where previous ‘work
(Peers and Linsell, 1973) had shown a significant correlation of PHC

incidence and dietary aflatoxins.
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Skinhoj et af. (1978) examined the occurrence of cirrhosis and
liver cancer in the Eskimo population of Greenland where hepatitis B
is hyperendemic. Neither cirrhosis nor PHC were found to be a more
prevalent cause of death in this population than in Northern Europe
where hepatitis B is at least ten-fold less pfevalent, suggesting
hepatitis B infection per se does not contribute significantly to the
development of liver cancer at least in the Eskimo population of
Greenland.

After examining available epidemiological data on the HBV-PHC
hypothesis Van Rensburg (1977) concluded that populations with both
high PHC and hepatitis-B antigenemia rates show no correlation
between the extent of elevation of these two parameters, unlike
populations with both high liver cancer rates and aflatoxin intakes
(Table 1.4 and Figure 1.2). Furthermore he pointed out that PHC is
virtually unknown in Whites living amongst Blacks in the high liver
cancer area of Mozambique and believes this striking difference to be
more likely due to the completely different dietary pattern than
exposure to a virus.

The next three lines of evidence for the implication of HBV in
the pathogenesis of liver cancer come from the field of molecular
biology. The most striking advance has been the finding of integrated
HBV-DNA in patients with chronic hepatitis and hepatocellular carcinoma.
Lutwick and Robinson (1977) reported the presence of hepatitis B virus
DNA in primary hepatocellular carcinoma tissue. Then with the wide-
spread use of recombinant DNA technologies, the integration of viral
DNA sequences into the host genome was demonstrated. Shafitz and

Kew (1981), by molecular hybridization using 32P - labelled recombinant,
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cloned and purified HBV-DNA, found HBV-DNA sequences covalently
integrated into the host genome in carcinomateous tissue of PHC
patients known to be carriers of HBsAg. HBV-DNA was not found in

DNA extracts from tumours of patients who were not carriers of the
surface antigen. Integrated HBV-DNA has also Been found in non-tumour
tissue of PHC patients (Shafritz et af., 1981), suggesting integration
precedes the development of neoplasia (Zucterman, 1982). Many recent
studies have detailed the integration patterns of HBV-DNA into host
cell DNA and have been well reviewed by Zuckerman, 1982; WHO, 1983;
Mason et af., 1984,

One further line of evidence for the HBV hypothesis comes from
experiments using animals. Several reports of experiments with mice
(e.g. Desmyter et af., 1978; Bassendine et al., 1980) have demonstrated
the transplantability of a HBsAg-producing cell line from a human
hepatocellular carcinoma and the subsequent development of liver
tumours. In contrast, chimpanzees infected with HBV have been shown
to develop chronic hepatitis but none have developed liver cancer
(cited in WHO Technical Report, 1983). A study with marmosets again
demonstrated that viral hepatitis did not induce hepatic tumours,
although when given in combination with aflatoxin B1, it was shown
to enhance the development of liver disease (Lin et al., 1974).

The detection of a high incidence of liver cancer occurring
"naturally" in certain animal species led researchers to the discovery
of hepatitis B-like animal viruses. These viruses share similar
morphological and biological properties and genomic organization with
the human hepatitis B virus and have been identified in eastern wood-

chucks, prairie-dogs, ground-squirrels, and certain ducks (reviewed

by Summers and Mason, 1982).
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Hepatitis B infection has now been shown to be preventable by a
hepatitis B vaccine (Szmuness ot al., 1980). Presently trials of
this vaccine are being carried out in Katete in the EFastern Province
of Zambia (Bayley, personal communication). In the near future it
should be possible, by immunization early in life, to prevent the
establishment of the HBy carrier state in high prevalence regions of
the world. If this vaccine is accompanied by a marked fall in the
incidence of PHC this would provide the final link in the chain of

evidence implicating HBV as an etiologic agent in PHC.

9.3. Genetic Factors

Reports of a familial occurrence of liver cell carcinoma have been
documented. (Qne study in Chile (Velasco et al., 1971) reported a family
of eight in which one member, a male aged 21 years, had liver cancer
and two of his brothers had died of liver cancer at ages of 14 and 17
years. It was shown that four of the family members were carriers of
hepatitis antigen, the propositus, a brother, the mother and a maternal
aunt.

Another study carried out in Japan (Ohbayashi et al., 1972),
described three family cases. 0f 54 members, 15 had chronic liver
disease or liver cancer. Again, a high proportion were positive for

hepatitis antigen, especially the siblings of affected members.

disease has also been reported and therefore there must be additional
factors, genetic or otherwise, present for carcinoma to develop

(Anthony, 1977).
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9.4, Cirrhosis

Cirrhosis, a degenerative condition in which the liver becomes
hard and fibrotic, results from long-continued loss of liver cells
accompanied by compensatory liver cell hyperplasia and nodule formation
and progressive replacement by fibrous tissue. Cirrhosis due to any
cause predisposes to the condition of PHC. In Britain, 10-15 per cent
of patients with cirrhosis from various causes, including chronic
hepatitis and alcohol, progress to liver cancer (MacSween and Scott,
1973). In patients with PHC, underlying cirrhosis is found in more than
70 per cent (Lefkowitch, 1981) and this figure may in fact be as high
as 90 per cent (Mason et af., 1984). 1In Africa, the precise frequency
of an underlying cirrhosis in hepatoma cases is difficult to assess
because of lack of post mortem data and the fact that livers of such
patients are often largely replaced by the tumour (Bagshawe et af., 1971).

These observations have led to the postulation that some etiologic
agents implicated in PHC act indirectly by producing cirrhosis. For
instance, it has been suggested that persistent infection with HBV
leads to cirrhosis and that carcinoma then arises from regenerative
nodules by mechanisms in which the virus is not involved. However,
Zuckerman (1977) has pointed out that liver cancer associated with
persistent hepatitis B infection is seen in about 25 per cent of
patients in the absence of fibrosis. It would appear more likely,
from the evidence given,that both HBV and aflatoxin are intrinsically

carcinogenic.
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9.5.  Alcohol

In Western countries alcoholic cirrhosis is the most common
antecedent of liver cell carcinoma (Anthony, 1977). However, it is
generally believed that the development of cancer in this case is more
likely the result of the increased rate of cell turnover inherent in
cirrhosis and that alcohol by itself, without cirrhosis, does not
increase the risk of liver cancer.

In Africa, alcohol consumption, although prevalent, is not
believed to be a major factor in liver cancer. A study in Uganda
(Alpert et al., 1969) showed the rate and type of alcohol ingestion
to be similar in liver cancer patients and controls and this was
similarly reported in Mozambique (Prates and Torres, 1965) and South
Africa (Higginson and Oettle, 1960). In addition, Oettle (1965) has
pointed out that fatty change of the liver, a characteristic feature
of alcoholic liver disease, is strikingly absent in the Bantu population

of South Africa who are known to have a high incidence of PHC.

9.6. Malnutrition

The view that malnutrition is a factor in liver cancer is based
on the high incidence of both conditions in the same populations and
on experimental data showing the importance of protein and other
nutrient deficiencies in the development of hepatomas in rats (Oettle,
1965). It is now believed that the association of liver cancer with
malnutrition is not of causal significance but is due to the fact that
both are promoted by many similar environmental and socioeconomic
circumstances. Malnutrition may play a contributory role in liver cancer

by damaging the liver and thus aggravating the effects of aflatoxin

and other hepatotoxic agents.
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9.7. Parasites

The incidence of bile-duct carcinoma in the East is believed to
be related to infestation with Clonorchis sinensis and other liver
flukes (Gibson, 1971). This led to suspicion that bilharziasis might
be responsible for liver cancer in Africa. This was hypothesized before
aflatoxins and hepatitis virus had been discovered and this theory,

although not disproven, has now been largely discarded.

9.8. Iron Overload

Haemochromatosis has been considered by some to be a predisposing
factor in liver cancer. Much of this evidence comes from studies of
the Bantu population of South Africa who have a high incidence of PHC
and who, by brewing in iron pots, have a very high iron intake. However,
it has been observed that liver cancer only arises in people with
haemochromatosis after development of cirrhosis. Thus, cancer is

likely the outcome of cirrhosis, not the condition of iron overload.

9.9. Environmental Chemical Carcinogens

This term encompasses a vast array of chemicals, both naturally
occurring and synthetic. Naturally occurring substances, other than
aflatoxins, which are thought to be liver carcinogens include the
additional mycotoxins, cyclochlorotine, luteoskyrin and sterigmatocystin,
and a number of plant substances, namely pyrollizidine alkaloids found
in herbal teas and medicines, cycasin from the cycad tree, safrole,

and tannic acid, found in coffee and tea.



Synthetic chemicals implicated as liver carcinogens include
chlorinated hydrocarbons, such as organochlorine and polychlorinated
biphenyl pesticides, the solvents carbon tetrachloride and chloroform,
and nitrosamines, possibly formed in the gastrointestinal tract from

the common food additive, nitrite.

10. Aflatoxin Consumption in Zambia

Maize is the most important staple food in Zambia, supplemented
by a "relish" usually of green leaves, sometimes with onion or
tomato, cooked in oil. Groundnuts are commonly available and are eaten
as a snack or cooked into a paste. Maize and groundnuts are the two
main foods commonly reported to be contaminated with aflatoxins and
the importance of them in the Zambian diet, combined with its tropical
climate and the fact that the rural population grow and store their
own food, make Zambia a country of high potential risk to aflatoxin
exposure.

Aflatoxin consumption has been demonstrated in Zambia. Analysis
of 200 plate food samples, collected from five villages in Eastern
province during the late dry seasons of 1975 and 1977, revealed six
contaminated samples with aflatoxin levels ranging from 0.6-43.9 ,,g/kg
(Lovelace and Salter, 1979). It is interesting that four of the six
contaminated samples were green vegetables (cooked and dried).

Other studies, in Kenya (Peers and Linsell, 1973) and Nigeria
(Okonkwo and Obionu, 1981), have shown seasonal variations in aflatoxin
levels of foods: higher levels are generally found in food samples

collected in the rainy season. This has been attributed to two factors.
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Firstly, a warm, humid environment favours proliferation of A. §Lavus
and secondly, the rainy season is generally the planting period and
foods sold in the markets at that time typically come from the previous
harvest and have therefore been stored for a prolonged period (Okonkwo
and Obionu, 1981). |

More recently, in Zambia, food samples were collected during the
rainy season (Njapau, personal communication). Collection began in
February 1983 and to date 211 samples have been analyzed from or near
St. Francis' Hospital, Katete and 35 samples from Eastern Co-Operative
Union, Chipata, both in the Eastern Province. The results are given
in Table 1.9(a) and (b). Average levels of contamination ranged from
10-15 ug/kg, except for samples of germinated maize which were more
heavily contaminated with levels up to 150 ug/kg. This level is very
high. Moreover, the rate of contamination was 73 per cent. This is
potentially serious as germinated maize, chimelfa, is used to prepare

sweet beer, thobwa, which is consumed by children as well as adults.

1. The Purpose of the Present Study

Contamination of foods with aflatoxin has been shown to be a
problem in various African countries. In Zambia aflatoxin has been
identified in plate foods (Lovelace and Salter, 1979) and further
confirmation of aflatoxin consumption was obtained from a study showing
the presence of aflatoxin in human urine (Lovelace et af£., 1983). In
this study urine samples were obtained from patients with and without
liver disease who had been admitted to the hospital in Lusaka, in an
attempt to examine the possible effect of liver pathology on the type

and amount of aflatoxin metabolite(s) excreted. However, no significant

differences between liver disease and control patients were demonstrated.



Table 1.9(a)

FOOD SAMPLES OBTAINED AT OR NEAR ST. FRANCIS' HOSPITAL,

KATETE
NO. OF
COMMODITY SAMPLES ‘NO. CONTAMINATED
Soaked maize (phale) 27 0
Shelled dry maize 31 8 (26 Percent)

Germinated maigze (chimelia) 11 8 (73 Percent)
Institutional nsima (maize) 43 3 ( 7 Percent)
Institutional beans 34 0
Village meals 65 0

Total 211 19 ( 9 Percent)

Table 1.9 (b)

MATIZE PRODUCTS OBTAINED FROM EASTERN CO-OPERATIVE UNION,

CHIPATA
NO. OF - o
PRODUCT SAMPLES NO. CONTAMINATED
Breakfast meal 14 6 (43 Percent)
Roller meal 11 3 (27 Percent)
Maize bran 10 3 (30 Percent)
Total 35 12 (34 Percent)

64

(Njapau, personal communicatic
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It was there decided to carry out a further study to look at this
in more depth. |

Urine samples, from patients with-and without liver disease, would
be collected for one year and analyzed for both free and conjugated
aflatoxin metabolites. Studies have shown that conjugation reactions
play an important role in aflatoxin excretion in animals and the
amount and type of aflatoxin cbnjugates in humans is not known. First
of all, a method for enzymatic hydrolysis of urinary aflatoxin conjugates
would be developed using the rat as the experimental animal. Analysis
of both free and conjugated metabolites, if detected, would provide
information on the detoxification processes involved in humans as well
as giving a better, more sensitive estimate of the amount of aflatoxin
being consumed by people in Zambia. By examining patients with and without
liver disease the possible effect of liver pathology on the metabolism
and excretion of aflatoxin would be examined further. The use of a
year long survey would provide information on the seasonal variation
of aflatoxin contamination of foods.

Aflatoxin contamination has been demonstrated to show variation
between urban and rural areas. Thus additional urinary samples would
be analyzed from a rural area of Zambia and these results compared with
those of Lusaka.

The method employed for the previous study carried out in Lusaka
was acceptable but since that time newer extraction methods have been
developed that have lower detection limits and require less t¢ime and
solvents. Therefore various methods would be performed and one of these

selected and standardized for urinary analyses.
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Liver tissues, taken at autopsy from subjects with and without
liver disease, would also be examined where possible, as this would
give direct evidence of the presence of aflatoxin at the target organ.

Concurrent with this work, serum and liver samples would be

analyzed for HBV so that the role of both etiological factors in PHC

could be assessed.



CHAPTER TWO

METHODOLOGY
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1. Reagents

Solvents were analar grade where possible, or laboratory grade
in which case distillation was carried out before use. Distilled
chloroform had 0.75 per cent ethanol added as stabilizer. Solvents
and chemicals were obtained from BDH (Poole, Dorset, England) or
Merck (Darmstadt, Germany). Chromatographic materials were supplied
by Merck and aflatoxin standards were obtained from Sigma Chemical
Company (Poole, Dorset, England) and Makor Chemicals Limited.
(Jerusalem, Israel). B-Glucuronidase and sulphatase (type H-2) and

assay chemicals were obtained from Sigma Chemical Company.

2. Sampling

2.1. Urine Samples from University Teaching Hospital, Lusaka

Sample collection commenced in September 1983 and continued for
one year. Patients with liver pathology (hepatitis, Cirrhosis, PHC)
were selected soon after admission to the University Teaching Hospital
(U.T.H.) and a urine sample was collected. A second sample was
collected after 24 hours. Control patients, matched with liver
patients by sex and age where possible, and showing no liver pathology,
were selected soon after admission and urine samples were taken as
for patients with liver pathology. Each sample was accompanied by
a data sheet (Figure 2.1). A 50 m] portion was extracted immediately
or frozen at -20°C for approximately one week before extraction. A
further portion was stored at -20%¢ for analysis of conjugated

metabolites.
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AFLATOXIN METABOLITE PROJECT

NAME teieneieeeeeeeenneenecaconconnans Project NO: ceeeennenenennnnn
Ade tiriiiiiiiiianen Sex M F Ward coeeeeneenieneeeenennens
Provisional DiagnoSis tueeveeeeeeneeeeeeeeeeeoecosccaosncncaacanenes
Date of Admission ....cveiiieiinnnnnnnnn..
Urine 1st sample ...iuiiiiiienennnnnnnnn 2nd sample civeeininnnnnn.
3rd sample ..iiiiiiiiiiiiieeinaean
Blood 10 ml taken date ..iuieeeeiiiiiinneiiiiiineeeeeeeennncenennns
Examination Liver Yes ﬁgidﬁf'édéféf'MaﬁgaﬁfM
Spleen Yes No
Ascites Yes No
Jaundice Yes No
Oedema Yes No
Diagnosis confirmed Yes No
Histology No: S/ /
Histology Report .ieiveieeineiennenenneanns

ooooooooooooooooooooooooooooooooooooooooooo

COMMENT :

Figure 2.1 Data Sheet for Urine Sample Collection
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2.2.  Serum Samples from University Teaching Hospital

A sample of blood was collected from both control and liver
disease patients at the time of the first uriqe collection. Serum
was prepared and immediately frozen at -20°C to await analysis for

HBsAg and anti-HBs.

2.3.  Urine Samples from St. Francis' Hospital, Katete

Urine samples were collected over a four day period in April,
1984 from all newly admitted patients to St. Francis' Hospital in
Katete. The age, sex and diagnosis of each patient was recorded.
Samples were immediately frozen and analyzed within 14 days for free
aflatoxin metabolites. Where possible a further portion was stored

frozen for analysis of conjugated metabolites.

2.4. Liver Samples from University Teaching Hospital

Samples were collected during December 1983 to November 1984.
Specimens of liver tissue were taken at autopsy from subjects with
and without liver pathology. Each sample was accompanied by a data
sheet (Figure 2.2). Samples were frozen immediately until aflatoxin
analysis was performed. A further portion was stored for analysis

for HBsAg.

3. Experimental Animals

Male albino rats weighing 200-250 grams were used for all

experiments. They were caged individually for the duration of the

experiment.
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AFLATOXIN METABOLITES IN THE LIVER

PROJECT NO. AFL/..../....

] AGE .......... SEX weveenanss
WARD ............ FIRM/UNIT .......... DATE OF ADMISSION .....cee.....
DATE OF DEATH ciivveennnnnn....
DATE OF POSTMORTEM ............

CLINICAL DIAGNOSIS uuvieiieiiiteetennencensensensenseesconsancannnnns
RELEVANT LABORATORY RESULTS - Hb
- ESR
- LFT
POSTMORTEM DIAGNOSIS = PM  NOuuueeeeeererneenonnnnnn.
POSTMORTEM HISTOLOGY NO....cevvuunn...
AFLATOXIN

Figure 2.2. Data Sheet for Liver Sample Collection
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4. Preparation of Aflatoxin Standards (AOAC Official Method)

4.1. Preparation of Stock Solutions

Aflatoxin standards were obtained as either crystals or solutions.
They were diluted with chloroform to an approximate concentration of
8-10 ug/ml, using the label statement of aflatoxin weight or
concentration as a guide. The vial was then agitated vigorously for

one minute using a Vortex mixer (Gallenkamp Spin Mix).

4.2 Calibration of Spectrophotometer

A spectrophotometer (Shimadzu UV-120-01) with 1 cm quartz - face
cells was calibrated as follows:

Three standard potassium dichromate solutions were prepared,
0.25 mM, 0.125 mM and 0.0625 mM, in 9 mM H2504. The absorbance, A,
of each solution was determined at maximum absorption near 350 nm,
against H2504, 9 mM, as a solvent blank. The molar absorptivity

coefficient, ¢ , was determined at each concentration:

A
= —— . h
€ ST where
b = path length in m

concentration in mmol/}

(@]
1

The three ¢ values were averaged and the correction factor, CF,

for the instrument and cells was determined by substituting in

equation: CF = §%§9, where 3160 is the literature value for € of



K2Cr207 solutions. If CF was <0.95 or >1.05 the instrument and
technique were checked and the cause was eliminated before continuing

with the standardization procedure.

4.3 Determination of Aflatoxin Concentrations

The concentrations of aflatoxin stock solutions were determined
by measuring A at the wavelength of maximum absorption close to 350 nm

and using the following equation:

A X MW X 1000 X CF

€

g aflatoxin/ml = , Where

MW = molecular weight
CF = correction factor obtained in section 4.2
€ = molar absorptivity of aflatoxin

4.4 Preparation of Standard Solutions

A portion of the stock solution from 4.3 was diluted away from
light, with chloroform, to obtain a standard solution with a
concentration suitable for thin layer chromatography (TLC) analysis
(usually between 0.1-0.5 1g aflatoxin/ml). The vial was agitated
vigorously for one minute using a Vortex mixer. It was then wrapped
tightly in aluminum foil and stored at -20°C. Before use solutions
were brought to room temperature to avoid incorporation of water by
condensation. The concentration of these standard solutions was
considered to be stable for two weeks. Thereafter, before any
quantitative analyses were carried out they would be restandardized.

To facilitate the spotting procedure during TLC analysis a portion
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of these solutions was used to make up one solution containing a
mixture of aflatoxins, usually AFB1, AFM1, AFL and AFP1, for

qualitative analysis of urine.

5. Extraction of Free Aflatoxin Metabolites

5.1. Extraction from Urine

Few procedures exist in the literature for the extraction of
aflatoxins from urine. However, numerous methods have been developed
for various foodstuffs and some of these, particularly those for milk,
are suitable for aflatoxin extraction from urine. Five methods were
investigated. Each method was performed using urine samples spiked
with aflatoxins B1 and M1 at levels ranging from 0.05 to 1.00 ppb.

The same aflatoxin standard solutions were used for both spiking and

TLC determination. The urine was from healthy individuals and from
jaundiced patients admitted to U.T.H. The final extract obtained from
urine of jaundiced patients often contains more background interferences
on the TLC plate, making identification of aflatoxin spots more difficult.

Van Egmond et af. (1981) have developed a method for milk which
is suitable for urine analysis. The extraction column consists of a
polypropylene tube (15 cm length, 4 cm width), half filled with inert
hydrophilic matrix (Chem Tube No. 2050, Analytichem International,

Inc., Harbor City, CA 90710, U.S.A.). A 50 ml urine sample was measured,
poured onto the column, and allowed to be absorbed by the matrix for
10 minutes. Then the aflatoxins were eluted with three 50 ml portions

of chloroform:acetone (3:1). The solvent was allowed to drain through
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the column after each addition but the column was not permitted to
dry between extractions. The eluates were collected in a 250 ml”~
round bottom flask and evaporated to near dryness on a rotary
evaporator under vacuum. The residue was then cleaned up.

The clean-up step employs a silica gel mini-column. (15 c¢cm x 0.7
cm id, fitted with a sintered glass filter and a luer nylon stopcotk-
Econo-columns, Bio-Rad Laboratories, Richmond, CA, U.S.A.) (Figure 2.3).
A silica gel (Silica Gel 60, Merck, mesh 0.05-0.20 mm) slurry (1.5 g
in chloroform) was prepared. The slurry was poured onto the column
and stirred with a glass rod until all air bubbles were removed.

The column was then capped with 1 g anhydrous sodium sulphate. The
urine residue was transferred quantitatively to the column with 10 ml
chloroform (Figure 2.4). This was allowed to drain through the column
and the eluate discarded. n-Hexane (3 ml) was passed through the
column followed by 12 ml acetonitrile:ether:hexane (2:3:5). Both eluates
were discarded. During preliminary analyses, using samples spiked with
aflatoxins, these eluates were collected and shown to be free of
aflatoxin. Aflatoxins were then eluted from the column with 7.5 ml
chloroform:acetone (3:1) and the eluate collected in a 10 ml teflon-
lined screw-cap vial. This was evaporated under a stream of nitrogen
in a heating block at approximately 50°C and redissolved in 100 ul
chloroform for TLC analysis. During preliminary analyses, using
samples spiked with aflatoxins, a further 7.5 ml of solvent was drained
through the column to confirm that all aflatoxin had been removed

during the first elution.



Figure 2.3 Silica Gel Mini-Cclumns

75



Figure 2.4 Transfer of Urine Extract to Mini-Columns
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Average recoveries for AFB1 and AFM1 were 65 and 70 per cent
respectively using this method. The extracts were found to be clean,
with low background fluorescence.

Hsieh et af. (1981) have developed two methods for milk which
can be applied to urine samples. These methods employ the same
extraction column described by Van Egmond et af. but use a chloroform:
acetone ratio of 9:1 instead of 3:1 for elution. In addition, the
eluate is passed through 10 g anhydrous sodium sulphate, held in
Whatman No. 1 filter paper, before being collected in a round bottom
flask.

The first of these methods also uses a silica gel mini-column
for the clean-up step. The silica gel was first oven activated at
105°¢C for one hour, then deactivated by adding 3 per cent water and
allowed to equilibrate overnight in a tightly sealed container at
room temperature as recommended by the authors. The urine residue
was transferred quantitatively to the column with anhydrous diethyl
ether (5 ml + 10 ml). The solvent was allowed to drain through the
column and the eluates were discarded. Aflatoxins were eluted with
two 10 ml portions chloroform:acetone (9:1) and collected in a 50 mI
round bottom flask. The extract was then evaporated to dryness under
vacuum and quantitatively transferred with chloroform to a small vial.
This was evaporated to dryness under nitrogen in a heating block and
redissolved in 100 ul chloroform for TLC analysis.

This method gave recoveries similar to the Van Egmond method;
however, the background fluorescence was higher. This is a significant
disadvantage because urine extracts from patients with liver pathology

generally show considerable interfering fluorescence.
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In the second method by Hsieh et al. (1981) the silica gel mini-
column is replaced by a Sep-Pak silica cartridge (No. 51900, Waters
Assoc., Inc., Milford MA 01757, U.S.A.). The long end of the Sep-Pak
is attached to the Luer tip of a small (5-10 ml) syringe. The urine
residue was dissolved in 2 ml chloroform, transferred to the syringe
barrel, and loaded onto the Sep-Pak slowly. This was repeated and
the eluates were discarded. 2 ml chlorofom:acetone (4:1) were added
to the flask, passed through the Sep-Pak slowly and collected in a
small vial. This step was repeated twice and the combined eluates were
evaporated to dryness under nitrogen and redissolved in 100 ul chloro-
form for TLC analysis.

This method was faster than the methods using a silica gel column
and gave recoveries of 70-75 per cent for both AFB1 and AFM1. The
background fluorescence on the TLC plate was low. It also used small
volumes of solvent which is of importance considering all solvents
are imported into Zambia.

The fourth method, reported by Stubblefield (1979), involves
extraction of urine with chloroform in a separatory funnel. 50 ml
urine, 10 ml saturated sodium chloride solution and 120 ml chloroform
(35°C) were measured and shaken in a 250 ml separatory funnel for
60 seconds. The chloroform layer waé drained into a 125 ml Erlenmeyer
flask and 10 g anhydrous sodium sulphate were added. This solution
was stirred occasionally for three minutes before being filtered into
a graduated cylinder to measure the filtrate volume. Then a silica
gel (2 g) mini-column was set up as described previously and the
sample was added in portions and drained through the column. The

column was washed with 25 ml glacial acetic acid:toluene (1:9),
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followed by 25 ml hexane, and lastly with 25 ml acetonitrile:ether:
hexane (2:3:5). Aflatoxins were eluted with 40 ml chloroform:acetone
(4:1) into a round bottom flask. The extract was evaporated to near
dryness and transferred quantitatively with chloroform to a vial.

This was then evaporated to dryness and redissolved in 1001 chloroform
for TLC analysis.

The recoveries of this method were found to be lower, approximately
50 per cent, and the background fluorescence on the TLC plate was high.
In addition, when compared to the first three methods, more steps, and
thus time, were involved. This method also required larger volumes
of solvent.

The last method to be investjgated was one which had been used
successfully for a previous study of aflatoxins in urine samples in
Zambia (Lovelace et a£., 1982). It was based on the method described
by Messripour and Nesheim (1977). Celite 545 filter aid (10 g) was
added to 100 ml urine. The mixture was stirred continuously for
10 minutes with a magnetic stirrer while 200 ml acetone were added
slowly. Then the mixture was filtered into a 600 ml beaker. The
filtrate was stirred and 100 ml distilled water were added, followed
by 10 ml 20 per cent lead acetate solution. The mixture was allowed
to stand for 5-10 minutes, until the precipitate coagulated, and then
5 ml saturated sodium chloride were added slowly, with stirring,
followed by 5 g filter aid. This mixture was filtered into a 600 ml
beaker and a freshly prepared ferric hydroxide slurry (30 ml 6.7 per
cent ferric chloride and 170 ml 0.2 M sodium hydroxide) was added

slowly, with stirring, followed by 5 g filter aid. The mixture was
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stirred for three minutes, then transferred to two 500 ml separatory
funnels and 50 ml 0.1 per cent sulphuric acid was added to each. The
filtrate in each flask was extracted with two portions of chloroform
(15 ml + 10 ml) and the two extracts combined and washed by shaking
with 100 ml 5 per cent sodium chloride solution: The washed extract
was evaporated to near dryness on a rotary evaporator under vacuum
and transferred quantitatively with chloroform to a vial. This was
evaporated to dryness under nitrogen and redissolved in 0.6 ml of
chloroform for TLC analysis.

This method had average recoveries of 55 and 60 per cent for
AFB1 and AFM1 respectively. The biggest disadvantage of this method
was that it required more time than the other methods, making it
unsuitable for a survey. In addition it required larger volumes of
solvent than the first three methods described.

Thus after consideration the method of Hsieh et af. (1981),
using Sep-Pak silica cartridges, was selected for urine analysis for
the one year survey. Further preliminary work with spiked samples
showed that the lowest detectable concentrations of aflatoxins B1,
M1, and AFL were 2.5, 3.0 and 3.0 ng/50 ml urine respectively, using
this method.

As there was a limited number of Sep-Pak cartridges available the
method of Van Egmond et af. (1981) was chosen to replace the method
of Hsieh et af. (1981) during the latter part of the survey. It was

also used for the St. Francis' Hospital, Katete samples.
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5.2 Extraction from Liver

The method used for the extraction of free metabolites from liver
was as reported by Stubblefield and Shotwell (1981). The volumes
given are for a 10 g sample although sample weights varied from 5 to
25 g and volumes were adjusted accordingly. A sample was blended to
form a paste. The paste was transferred to a wide-mouthed, stoppered
flask, weighed accurately and 20 per cent citric acid solution (1 ml)
was added and mixed in thoroughly with a glass rod. After five minutes
2 g of diatomaceous earth (Celite Filter aid) was added, followed by
20 ml dichloromethane. The flask was shaken vigorously for 30 minutes
and the mixture subsequently filtered into a 50 ml flask containing
* g anhydrous sodium sulphate. The filter paper top was closed and
the residue compressed against the funnel to expel a maximum filtrate.
The flask was gently swirled intermittently for two minutes and then
refiltered into a 25 ml graduated cylinder and the filtrate volume
recorded. This was then evaporated to near dryness in a round bottom
flask, under vacuum.

The clean-up step procedure employed a silica gel mini-column as
described in the methods for urine (page 73). The silica gel was pre-
treated by first stirring one hour in methanol, filtering, and stirring
one hour in chloroform. After filtration it was air-dried in a shallow
pan overnighf, oven activated at 105°C for one hour, then mixed with 1
per cent water and allowed to equilibrate overnight in a vightly sealed
container at room temperature. The column was set up by making a silica-
dichloromethane slurry, pouring it into the column and stirring until all
air bubbles were removed. The extract was quantitatively transferred to

the column with 7 ml dichloromethane (3ml +2ml +2ml). The solvent



was allowed to drain through the column and the eluates discarded.
The column was washed with 5 ml glacial acetic acid:toluene (1:9),
5 ml hexane and 5 ml acetonitrile:ether:hexane (1:3:6) and the washes
discarded. Aflatoxins were eluted with two 10 ml volumes chloroform:
acetone (4:1) and the eluates evaporated to near dryness under vacuum.
The extract was then quantitatively transferred to a vial with chloroform,
evaporated to dryness under nitrogen, and dissolved in 50 ul chloroform
for TLC analysis.

This method was carried out without difficulty using rat and
human liver samples and the final extract was clean, with minimal
interference on the TLC plate. Average recoveries for aflatoxins B1
and M1, at spiking levels ranging from 0.2-1.2 ng/g, were found to
be 65 and 75 per cent respectively. The lowest detectable concentrations
of AFB1 and AFM1 were 0.20 ng/g and 0.25 ng/g respectively. These
values are somewhat higher than those reported by other investigators.
In a collaborative study involving 13 laboratories (Stubblefield et al.,
1982) some reported detection limits of 0.03 ng AFB1 and AFM1/g.
However the limit of detection value depends, to some extent, on sample
size. The larger the sample, the more aflatoxin in the final extract.
In this collaborative study 100 g of liver were used compared with

only approximately 10 g in the present study.

6. Extraction of Conjugated Metabolites from Urine

The method used for analysis of conjugated metabolites in urine
was based on the procedure described by Wong and Hsieh (1980). In
order to standardize this method preliminary experiments using rats

were carried out.
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6.1 Administration of AFB1 and Urine Collection

AFB1 was administered orally to rats by absorbing a chloroform
solution containing 150 ﬁg AFB1 (1 ug/pl) onto a food pellet and
removing all other pellets until the contamingted one had been
completely consumed. This dose is approximately 3 per cent of an
LD50 dose.

The rats were caged individually and clean trays, with wire mesh
above them, were placed under the cages. Urine was collected 24 and
48 hours after the aflatoxin had been consumed. This was done by
washing the trays thoroughly with water (20 m1) and chloroform:acetone
(4:1) (20 ml), with the aid of a Pasteur pipette. The combined rinses
were collected in a 100 ml glass-stoppered flask and stored at -20°C.
It was not possible,due to the design of the cages, to collect urine
free of faecal contamination. However, as the purpose of these
experiments was to perfect a method for the recovery of conjugated

metabolites from human urine this was not considered important.

6.2 Extraction of Water Soluble Conjugates and Their Enzymatic

Hydrolysis

After removal of particulate matter by vacuum filtration the
samples were extracted five times with an equal volume of chloroform
in a separatory funnel. With some sanples severe emulsions formed and
phase separation could only be achieved by centrifugation. The residual
aqueous phases were collected in a 250 ml Erlenmeyer flask and recycled

several times through an Amberlite XAD-4 (Rohm and Hass, Philadelphia,
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PA., U.S.A.) column to recover aflatoxin conjugates. The urinary
conjugates were eluted from the column with 25 ml acetone followed by
25 ml methanol and collected in a round bottom flask. The solvents
from the eluate were evaporated under vacuum and the residue was
quantitatively transferred to a small vial with acetone followed by
methanol. The solvents were again removed, under a stream of nitrogen
in a heating block, and the remaining extract was suspended in 2 ml

of a 0.2 M acetate buffer (pH 5.0). This extract, rather than being
completely dry as reported by Wong and Hsieh (1980), was found to
contain approximately 2 ml water from the resin column which could not
be evaporated at the low temperature required when working with
aflatoxins. Thus, instead of suspending a dry extract in 2 ml of a
0.2 M acetate buffer, a 2 M acetate buffer was prepared and 0.2 ml

was added to the 2 ml water already present in the extract. The
conjugates were then subjected to enzymatic hydrolysis with 200 units
of sulphatase and 10,000 units of g-glucuronidase for 48 hours in

a shaking water bath at 37°C. The activity of the enzymes was

determined before use as recommended by Sigma.

6.3 Analysis of Hydrolyzed Extracts

The hydrolysate from 6.2 was extracted five times with an equal
volume of chloroform and the extracts combined, concentrated and
analyzed for aflatoxin metabolites using TLC. However it became
apparent that this extract was too dirty to proceed directly to TLC

analysis and subsequently a clean-up step was introduced. The
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concentrated extract was passed through a silica gel mini-column as
described previously by Van Egmond et af. (1981) (Section 5.1) and
thereafter TLC analysis was successful. Using this method on rat

urine conjugates of AFM1 and AFP1 were recovered.

6.4 Human Studies

Following these experiments human samples were analyzed by the
same method. The sample size was 50 ml. The first step, removal of
particulate matter, was not necessary and fewer emulsions were

encountered than with rat samples.

7. Thin Layer Chromatography Analysis

7.1 Separation

Using spiked urine and liver samples numerous one-and two-
dimensional solvent systems were tested. It was found that one-
dimensional TLC rarely gave satisfactory separation of extracts and
therefore two-dimensional TLC was used for all samples. Solvent ratios
were varied until the best developing mixture was chosen.

The two-dimensional method of Schuller et af. (1973) as described
by Van Egmond et af. (1978) was used with slight modifications. Pre-
coated 10 x 10 cm TLC plates (Merck, Darmstadt, Germany, 0.25 mm),
self-cut from 20 x 20 cm plates, were used. Two straight lines were
scored at right angles 1.5 cm from each edge to limit migration of
developing solvent fronts. Extract and standard spots were applied

on TLC plates using microsyringes (Hamilton, Bonaduz, Switzerland) as
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indicated in Figure 2.5. The following aliquots were spotted: A,

20 ul sample extract; B and C, 25 u] standard solution containing

3 ng of AFM1; E and C, 25 ul standard solution containing 3 ng AFB1.
Additional standards (AFP1, AFL) were sometimes applied on top of B
and C. Samples and standards were applied as quickly as possible in
subdued light to minimize decomposition and care was taken to ensure
spots were uniformly sized and <0.5 cm in diameter.

The plate was developed in the first direction in a saturated
tank containing ethylether:methanol:water (92:6.5:1.5). After
development the plate was allowed to dry for 10-15 minutes in the
dark, then developed in the second direction with chloroform:acetone:
methanol (90:10:2) in an unsaturated tank. All plates were developed
in the dark by placing the tank in a cupboard or by covering it with
thick cardboard, as exposure of aflatoxins on adsorbent surface to
ultraviolet (UV) light may lead to decomposition, especially in the
presence of solvents (Schuller and Van Egmond, 1981).

As an additional check on the location and appearance of aflatoxin
spots from the sample a second plate was prepared. At A (Figure 2.5)
25 ul of AFB1 and AFM1 standard solutions were spotted, together with
20 #lof sample extract on top of the standard spot. This plate was
developed as described above. These two plates were always placed in
the same tank, facing each other, to obtain developing conditions as
equal as possible.

The plates were examined under UV light (365 nm). If aflatoxins
M1 and B1 were present in the extract blue fluorescing spots were

L and D1 respectively (Figure 2.5). The spot pattern of

visible at A
this plate was compared to the pattern of the second plate with the

sample spot containing the internal standards.
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Figure 2.5 Schematic representation of thin layer chromatogram

Direction 1: ethyl ether: methanol: water (92:6.5:1.5, lined tank)
Direction 2: chloroform: acetone: methanol (90:10:2, unlined tank)
Al = AFMy spot from sample

Bl and Cl = locations of standard AMMy spots

Dl = AFBy1 spot fram sample

1

Etand F1 = locations of standard AFB{ spots
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In order for a sample to be suspected as positive the superimposed
standard and the presumed aflatoxin spot from the sample had to
coincide and the spot from the sample containing the internal

standard had to be more intense than either sample or standards alone.
Figure 2.6 shows a chromatoplate on which an extract of urine contain-
ing an internal standard (AFB1, AFM1 and AFP{) was subjected to two-

dimensional TLC.

7.2 Confirmation

Once a sample was found that was believed to be positive the
identity of the aflatoxin(s) was confirmed with the method of
van Egmond et al., (1978). This step is essential, as numerous
substances can resemble aflatoxins on the TLC plate. The locations
of AFM1 and AFB1 spots from sample (A1 and D1) and standards
(B1 and E1) (Figure 2.7) were marked with a pencil carefully. These
Spots were then treated with 1-2 M1 trifluoroacetic acid (TFA)
using a microsyringe. The plate was kept in the dark 3-5 minutes at
room temperature and then placed on a hot glass plate (20 x 20 cm) in
the oven at 75°C. The marked areas (A1, B1, p'! and E1) were covered
with a hot glass plate and heated for five minutes. The plate was
allowed to cool for one minute on a cold surface and was then developed
In the dark in the first direction with a mixture of chloroform:methanol:
acetic acid (90:10:2) in an unsaturated tank.

The plate was examined under UV light (365 nm). Aflatoxin M1
standard from B1 shows a blue fluorescent spot of the reaction
product of M1 with TFA (811) and a weak yellowish fluorescent spot

111).

of unreacted M1 at a higher R.(B

F( The M1 derivative from the
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Figure 2.6 Two-dimensional TLC separation of urine extract
containing internal standards AFB1, AFMy and AFP1
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Figure 2.7 Schematic represenation of thin layer chromato-
gram after reaction with TFA and third development in
Direction 1 in chloroform: methanol: acetic acid (90:10:2,
unlined tank)

Al, Bl, Dl and E1 = locations were TFA has been superimposed,
corresponding to Al, Bl Dl and EL of Figure 2.5

G1 = location for spotting AFBystandard after 2-dimensional
TLC, and for superimposing TFA

All = reaction product of AFM1

BIl = reaction product of AFMq{ standard

pll = reaction product of AFB1 from sample

E!N ang 6IT - reaction products of AFBy standard

AIIl = residual AFM1 from sample

glil - residual AFMj from standard
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extract (A11) has moved the same distance as the standard M1 derivative

L

. The identity of AFM1 in the extract is confirmed when the
RF values of the M1 derivatives from sample and standard match. The
B1 derivatives from the sample and extract are blue fluorescent spots

1" 1"

and are located at D' ' and E

respectively. The AFB, derivative is
its hemiacetal, AFB2a (Schuller and Van Egmond, 1981).

Figure 2.8(a) shows a chromatoplate on which an extract of
urine was subjected to two-dimensional TLC. The sample was found to
be positive for AFM1. Figure 2.8(b) demonstrates the same urine
extract, after the confirmatory test with TFA. Figures 2.9 and
2.10 show chromatoplates on which extracts of urine were subjected
to two-dimensional TLC and then confirmed for AFM1 and AFB1 respectively
by derivatization with TFA and third development in Direction 1. From
Figures 2.8(b) and 2.9 it can be seen that AFM1 has not reacted
completely with TFA.

Occasionally an additional test was applied to sample
chromatograms. Sulphuric acid (25 per cent) was sprayed onto a plate
after the second development. This changes the fluoresence of
aflatoxin from blue to yellow. This test only confirms the absence
of aflatoxins; £.e. spots which do not turn yellow are positively
not aflatoxin, whereas many substances other than aflatoxin may give
a yellow spot with sulphuric acid. This simple test was carried out
on samples that had a blue fluorescent spot at or near standard
aflatoxin locations but which, from past experience of examining many
chromatograms, are thought to be most likely negative. As this occurred
fairly often, solvents were minimized oy confirming a negative result

before proceeding with the derivatization procedure.
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Figure 2.8(a) Two-dimensional TIC separation of Figure 2.8(b) TIC plate with urine extract of
urine extract. Sample was suspected to contain AFMy (a) after treatment with TFA and development .

The AFM; derivative is clearly visible, confirming
the presence of AFMy. Residual AFMj is also
visible,
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Figure 2.9 TIC plate with urine extract containing A?Mia The TFA
~ derivative is clearly visible ; :

derivative

Figure 2,10 TILC plate with urine extract containing AFBi. The TFA
derivative is clearly visible.
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7.3 Quantification

For quantification of aflatoxin a second TLC plate was prepared
as shown in Figure 2.11. By examination of the aflatoxin spot in
the sample on the first plate an approximatibn was made of the amount
of aflatoxin present and from this three different quantities of
aflatoxin standard were spotted. For instance, if the sample was
judged to contain roughly 1 ng AFM1 in 20 pl of extract, 15, 5, 10
and 15 ul of a 0.1 ng/ul AFM, standard solution were spotted at
B, C, Dand E respectively. Then the fluorescent intensity of the
AFM1 in the sample (A1) was compared with those of the standard spots
(C1, p! and E1) and it was determined which of these matched the
sample spot. If necessary an interpolation was made or, in the case
where the aflatoxin spot in the sample was more intense than the
standard spot with the greatest amount of aflatoxin, the extract was

suitably diluted. The calculation of the concentration of aflatoxin

in the sample was made using the following formula:

ng/g or ng/ml = SxY¥YxV
X x W
where: S = pl of aflatoxin standard equal to unknown
Y = concentration of aflatoxin standard, ug/ml
V = pl of final dilution of sample extract
X = pl sample extract giving a spot intensity equal to S
W = weight of liver sample (g) or volume of urine sample

(ml) represented by final extract for TLC
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In the method used for liver (Stubblefield and Shotwell, 1981) and
in the method of Stubblefield (1979) for urine the filtrate volume
is taken into consideration by multiplying W by : filtrate volume

(ml)/extraction solvent volume (ml) £.e. 20 ml dichloromethane for

a 10 g liver sample gives approximately 12 ml filtrate.

8. Analysis of Samples for Hepatitis B Virus Markers

8.1.  Serum Samples

Serum samples were analyzed for HBsAg and anti-HBs by radio-
immunoassay (RIA) by the Bureau of Biologies, National Institute of

Health, Maryland, U.S.A.

8.2 Liver Samples

Liver samples were analyzed for HBsAg using Shikata's method of
orcein staining performed by Dr. N.K. Nkanza, Department of Pathology,

U.T.H.

9. Statistical Procedures

The significance of difference between two values was calculated
using Fisher's Exact Test except where otherwise indicated. The
Chi-square test was not used as frequency values were low. A result
was considered to be statistically significant where probability P

was < 0.05.



CHAPTER THREE

RESULTS
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1. Free Aflatoxin Metabolites in Urine Samples Collected from

University Teaching Hospital, Lusaka, September 1983 -

September 1984

Urine samples from 136 patients at U.T.H.‘were analysed, 67 were
patients showing liver pathology and 69 were control patients with
clinically normal liver function. The results are presented in Table
3.1 and tabulated according to age, sex and season of the year in
Table 3.2.

The presence of urinary aflatoxin was confirmed for five patients of
whom three were patients with liver disease and two were controls.
Aflatoxins B1 and M1 and AFL were detected. AFP1 was also looked for
but was not observed. In these cases aflatoxin was observed in the
initial or 24-hour or both urine collections. In a previous study by
Lovelace et af. (1983) a patient's urine was only considered positive
when both samples were found to contain aflatoxin. However, Wong and
Hsieh (1980) have shown that, in monkeys, urinary levels drop sharply
within 24 hours. Thus it was decided that only one urine collection
need contain aflatoxin for a patient's urine to be considered positive.

The incidence of aflatoxin excretion was 3.7 per cent and the
range of urinary aflatoxin was 4.0-20.0 ng/100 ml, with a mean
concentration of 9.1 ng/100 ml. The difference in incidences of
aflatoxin excretion for the two groups was not significant (P <0.05).
It can be seen that the mean urinary aflatoxin concentration of control
patients was more than twice that of liver disease patients. However
the number of positive samples was considered too small for a test of

significance to be carried out.



Table 3.1 Aflatoxin Analysis of Urine Samples Collected from University

Teaching Hospital, Lusaka, September 1983 to September 1984

Liver Control

Total Patients Patients
Number of Samples 136 67 69
Number of Positive 5 3 2
Samples
Incidence of Positive
Samples {percent) 3.7 4.5 2.3
Range of Aflatoxin 4.0~20.0 4,0-6.6 5.0-20.0
Concentration (ng/100ml) (mean=9.1) (mean=5.6) (mean=13.9)
Aflatoxin metabolite (s) AFB; (1) AFB;

observed AFM; (1)

AFL (1)
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Table 3.2 Classification of Patients used for Aflatoxin

Analysis of Urine Samples collected from University

Teaching Hospital, Lusaka.

(a) Age Range (in years)

0-19 { 20-29 30-39 40-49 50+
Controls 7 30 18 7 7
Patients 10 32 8 8 9
Total 17 62 26 15 16
Number of
Positive Samples 0 3 0 0 2
Incidence of
Positive Samples 0 4.8 0 0 12.5
(Percent)
(b) Sex
Male Female

Controls 50 19

Patients 53 14

Total 103 33

Number of

Positive Samples 5 0

Incidence of

Positive Samples 4.9 0

(percent)
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Table 3.2 cont'd

(c) Season

Rainy Season

Dry Season

(Nov. - Mar.) (Apr. - Oct.)

Controls 39 28
Patients 37 32
Total 76 60
Number of

Positive Samples 5 0
Incidence of

Positive Samples 6.6 0

(percent)

100
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From Table 3.2 it can be seen that aflatoxin excretion was
observed only in males, in the age groups 20-29 and 50+ years,
although this finding was not significant at P <0.05. All samples
containing aflatoxin were collected during the rainy season showing
that the likelihood of consuming aflatoxin was significantly higher in

the rainy season (P <0.05).

2. Free Aflatoxin Metabolites in urine Samples Collected from

St. Francis' Hospital, Katete, April 1984

Urine samples from 49 patients at St. Francis' Hospital were
analysed, five were patients showing liver pathology and 21 were control
patients with clinically normal liver function. A further 23 samples
were collected from children under seven years of age who suffered
-mainly from protein energy malnutrition. As these patients could not
easily be classified as control or liver disease patients they were
excluded. (There was one positive sample in this group, collected
from a child with marasmic kwashiorkor, 22 ng AFM1/1OO ml urine).

The results .are presented in Table 3.3 and tabulated according to
age and sex in Table 3.4. The presence of AFM1 was confirmed for
four patients, all of whom were controls. Aflatoxins B1, P1 and AFL
were also looked for but were not observed. The incidence of AFM1

excretion was 15.4 per cent and the range of urinary AFM1 was 8.0 -

25.0 ng/100 ml, with a mean concentration of 16.5 ng/100 ml.



Table 3.3 Aflatoxin Analysis of Urine Samples Collected
From St. Francis' Hospital, Katete, April 1984

Total Liver Control
Patients | Patients

Number of Samples 26 5 21
Number of Positive
Samples 4 0 4
Incidence of Positive
Samples (Percent) 15.4 0 19.0
Range of aflatoxin 8.0-25.0 - 8.0-25-0
concentration (ng/100ml) | (mean=16.5) (mean=16.5)
Aflatoxin metabolite(s)
observed AFM; - AFM,

102



Table 3.4 Classification of Patients used for Aflatoxin

Analysis of Urine Samples collected from St. Francis'

Hospital, Katete, April 1984,

(a) Age Range (in years)

7.-19 ] 20-29 30-39 40-49 50+
Number of
samples 11 8 0 5
Number of Posi-
tive samples 2 1 0 1
Incidence of
Positive Samples 18.2 12,5 0 20.0
(percent)
(b) Sex
Male Female
Number of Samples 11 10
Number of Positive Samples 1 3
Incidence of Positive
Samples (Percent) 9.1 30.0
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No significant findings were made with respect to age or sex
and the incidence of urinary aflatoxin excretion. However, it was
interesting to note that two of the AFM1-positive samples were from

young women who suffered from incomplete and threatened abortions.

3. Conjugated Aflatoxin Metabolites in Urine Samples Collected from

University Teaching Hospital, Lusaka and St. Francis' Hospital,

Katete

Glucuronide and sulphate conjugates of AFM1, AFP1 and AFL were
looked for in urine specimens from 48 of the patients from U.T.H.,
including all samples previously shown to be positive for free aflatoxin
metabolites, and eight of the patients from St. Francis' Hospital,

including one sample known to contain a high level of AFM No

1.
conjugates were detected in any of these samples.

4. Comparison of Urban and Rural Urine Samples

The incidence of urinary aflatoxin excretion was 3.7 per cent in
samples collected from U.T.H. and 15.4 per cent in samples collected
from St. Francis' Hospital. Using the Test of Proportions this
difference was found to be highly significant (P <0.01). The mean
urinary aflatoxin concentrations of U.T.H. and St. Francis' Hospital
samples differed by almost two-fold, the mean concentrations being

9.1 and 16.5 ng/100 ml at U.T.H. and St. Francis' Hospital, respectively.
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5. Free Aflatoxin Metabolites in Liver Autopsy Samples Collected

from University Teaching Hospital, Lusaka, December 1983 -

November 1984

Liver samples were taken at autopsy from 34 subjects and analysed

for aflatoxins B,, G,, M P1 and AFL. The results are presented in

(R R
Table 3.5 and tabulated according to age, sex and season in Table 3.6.
The presence of AFB1 was confirmed in five samples (14.7 per cent), of
which four were from control subjects and one was from a male who had
suffered from PHC. Only AFB1 was detected, at concentrations ranging
from 0.3-0.86 ng/g in control cases, and at a level of 9.5 ng/g in the
PHC case. Thus the sample from the hepatocellular carcinoma subject
contained over 10 times more aflatoxin than the highest level observed

in controls.

From Table 3.6 it can be seen that aflatoxin was observed in males
more than females and this difference was significant (P <0.05). With
respect to age the 50+ years group had the highest percentage of positive
samples. As in the case of urine samples collected from U.T.H., all
liver samples containing aflatoxin were collected during the rainy

season, although this finding was not significant (P >0.05).

6. Hepatitis B Virus Markers in Samples Collected from University

Teaching Hospital




Table 3.5 Aflatoxin Analysis of Liver Autopsy Samples

Collected from University Teaching Hospital, Lusaka

Number of Samples
Number of Positive Samples

Incidence of Positive
Samples (Percent)

Range of aflatoxin
concentration (ng/g)

Aflatoxin metabolite(s)
observed

Liver Cancer Control
Total Subjects Subjects
34 1 33
5 1 4
14.7 100 12.1
0.3-9.5 9.5 0.3-0.86
(mean=2,3) (mean=0.54)
bm.w“_. E.uwu.
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‘Table 3.

6 Classification of Patients Used for Aflatoxin

Analysis of Liver Autopsy Samples, University Teaching

Hospital, Lusaka.

(a)

Age Range (in years)

1-19 20-29 30-39 40-49 50+
Controls 7 8 7 5 6
Patients 0 0 1 0 0
Total 7 8 8 5 6
Number of Posi-
tive Samples 0 2 1 0 2
Incidence of
Positive Samples 0 25,0 12.5 0 33.3
(Percent)
(b) Sex
Male Female
Controls 20 13
Patients 1 0
Total 21 13
Number of Posi-
tive Samples 4 1
Incidence of Positive
Samples (Percent) 19.0 7.7




Table 3.6 cont'd

(c) Season

Controls
Patients
Total

Number of Posi-
tive Samples

Incidence of Positive
Samples (Percent)

Rainy Season

Dry Season

(Nov.~Mar.) (Apr.-Oct.)
30 3
1 0
31 3
5 0
16.1 0
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6.1 Serum Samples

Serum samples from 65 patients at U.T.H. were analysed for
HBsAg and anti- HBs, 31 were patients showing liver' pathology, mostly
hepatitis, and 34 were control patients with cLinically normal liver
function. The results are presented in Table 3.7. The presence of
HBsAg was detected in 32 per cent of serum samples obtained frbm control
patients and in 74 per cent of samples obtained from liver disease
patients. Anti- HBs was détected in 71 per cent of control cases and in
45 per cent of liver disease cases. These percentage values are age and
sex dependent and therefore the data for control patients is tabulated

according to age and sex in Table 3.8.

6.2. Liver Samples

Fourteen liver samples were collected and analysed for HBsAG and

11 were found to be postive (79 per cent).



Table 3.7 Hepatitis B surface antigen (H.BsAg)“and antibody to

hepatitis B surface antigen (anti-HBs) Analysis of

Serum Samples collected from University Teaching

Hospital, Iusaka, September 1983 to September 1984

Number of HBsAg Positive anti-HBs Positive

Samples (Percent) (Percent)
Controls 34 11 (32) 24 (71)
Patients 31 23 (74) 14 (45)
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Table 3.8  Classification of Control Patients used for HBsAg
and anti-HBs Analysis of Serum Samples collected

from University Teaching Hospital

(a) Age range (in years)

Age Number of HBsAg Positive anti-HBs Positive
Samples (Percent) (Percent)

15-19 4 1 (25) 3 (75)

20-29 16 5 (31) 11 (69)

30-39 8 1 (13) 5 (63)

40-49 3 2 (67) 3 (100)

50+ 2 2 (100) 2 (100)

(b) Sex

Sex Number of HBsAg Positive anti-HBs Positive

‘ Samples (Percent) (Percent)

Male 24 10 (42) 17 (71)

Female 10 1 (10) 7 (70)

"1
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Data relating rates of PHC incidence, HBV status and aflatoxin exposure
of specific rural and urban populations in Zambia has not been collected
and would be valuable in investigating the relative roles of both
etiological factors in PHC.

Comparison of this study with urinary studies carried out in
other parts of Africa may show that aflatoxin contamination of foods
in Zambia is not as serious as elsewhere. For instance, in Sudan,

25 per cent of urine samples were found to contain aflatoxin, at
concentrations greater than those in the present study (Hendrickse
et al., (1982). However, the results of the recent food study, with
rates of aflatoxin contamination as high as 73 per cent in certain
maize products (Table 1.9a) indicates that aflatoxin still poses a
serious health hazard in certain areas of Zambia.

The incidences of aflatoxin excretion in liver disease and control
patients at U.T.H. were similar although the mean urinary aflatoxin
concentration of control patients was more than twice that of liver
disease patients. At St. Francis' Hospital, only urine samples collected
from control patients were found to contain aflatoxin metabolites. The
more frequent detection and higher mean concentrations of aflatoxin in
the urine of control patients overall may suggest that patients with
liver disease have an impaired ability to metabolize and excrete these
substances. The three liver disease patients excreting aflatoxin
metabolites suffered from cirrhosis, hepatitis and tuberculosis with
liver involvement. The liver function of these patients would be
impaired and thus it is possible that higher levels of aflatoxins are

being retained in their tissues. It should also be noted that urine
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samples from five patients with PHC were included in this survey and
none were found to contain aflatoxin metabolites. This may simply be
because these people had not consumed any aflatoxin contaminated food;
alternatively it may indicate a decreased ability to metabolize and
excrete aflatoxin. |

The detection of AFB1 in the urine of control patients at U.T.H.
was an unexpected observation. At St. Francis' Hospital AFM1 was the
only urinary metabolite observed, a finding consistent with the work
of Campbell et al. (1983) and Lovelace et al. (1983). Other workers
have detected AFB1 In human urine but apparently only in patients with
impaired liver function. Amla et al. (1970) observed AFB1 in urine of
children suffering from Indian Childhood Cirrhosis and Hendrickse (1984)
reported urinary AFB1 in African children with protein-energy malnutri-
tion (PEM). The observation of AFB1 in the urine of one patient with
liver disease in the present study is therefore consistent with these
findings.

The detection of AFL in urine collected from a man suffering
from cirrhosis and not in controls may indicate some difference in
the metabolism of aflatoxin in the two categories of patients. This
may be a consequence of the disease with serious potential. Aflatoxicol
has been reported to be the most potent mutagenic and carcinogenic
metabolite of AFB1 (Table 1.6) and in vivo formation of AFL has been
shown to parallel species susceptibility to aflatoxin carcinogenesis
(Wong and Hsieh, 1980).

The failure to detect glucuronide and sulphate conjugates of AFM1
or AFP1 in urine, even in patients who had been excreting up to 20 ng

of free aflatoxin /100 ml urine, was an unexpected finding. Conjugation
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of toxic metabolites is known to be an integral part of cellular
defense against environmental carcinogens (Autrup, 1982) and urinary
aflatoxin conjugates have been observed in a number of species,
including monkeys (Dalezios et af., 1973; Wong and Hsieh, 1980). This
finding is however, in agreement with the reports of Merrill and
Campbell (1974a) who were unable to detect glucuronide or sulphate
conjugates of AFP1 in urine obtained from humans ingesting 9.6-40.3

ug AFB1/48 hours. The same workers (1974b) also observed, in a study
of the {n vitro metabolism of AFB1 by human hepatic tissue, that incuba-
tion with glucuronidase and sulphatase did not yield any additional
free aflatoxin metabolites.

The results of the present study suggest that glucuronide and
sulphate conjugation reactions do not represent a major aflatoxin
excretory route in humans. In fact, the percentage of ingested aflatoxin
recovered as urinary glucuronide and sulphate conjugates in animal
studies is often low. For instance, Dalezios et af. (1973) estimated
that, in monkeys, only 3.3 per cent of an AFB1 dose was excreted as
AFP1 glucuronide and 1.2 per cent as sulphate conjugate and conjugates
of AFM1 were not detected. Thus in the present study glucuronide and
sulphate conjugates of AFM1 and AFP1 may have been present in the urine
of liver disease and/or control patients but at concentrations below
detectable levels.

One of the purposes of this study was to investigate whether a
relationship exists between liver pathology and the type of aflatoxin
metabolite(s) excreted. Unfortunately, interpretation of the findings

in this respect is very difficult as there is no consistent relationship
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between liver pathology and the type of aflatoxin metabolite(s)
excreted. The need for caution in interpreting data obtained from
human metabolism studies was demonstrated by Hendrickse (1984) who
carried out serial simultaneous estimations of aflatoxins in serum,
urine and faeces. Specimens were collected at six hour intervals
from 12 children. The results showed rapid changes in aflatoxin
metabolism, reflected by qualitative and quantitative changes in all
three types of samples. For example, urine samples collected from
one child at 0, 6 and 12 hours contained AFL1 AFB1 and AFM1 respectively.
The results of the present study lead to further questions about
the metabolism and excretion of aflatoxins in humans. If free urinary
aflatoxin metabolites represent only about five per cent of ingested
aflatoxin as quoted by most workers, and conjugdted urinary metabolites
also make up a minor excretory route, one is left with a very high
level of "unaccounted for" aflatoxin. This finding is, in fact,
frequently encountered in aflatoxin metabolism studies. The identifica-
tion of a bound aflatoxin-albumin complex in the systemic blood of some
species (Luthy et af., 1980; Nassar et al., 1982) has been considered
as one explanation for the low excretion rates observed and needs further
investigation in humans. Reports showing the faeces to constitute a
major route of excretion in some animals (Dalezios et af.,1973; Luthy
et al., 1980) and the observation oﬁ aflatoxin metabolites in human
faeces at concentrations as high as»123 ng/g (Shank et af., 1971) point
to the need for additional study of this excretory route in humans.
The findings of Luthy et af. (1980) must be taken into consideration.
These workers showed that only a small percentage of faecal aflatoxins

in pigs was extractable with methylene chloride, suggesting that most
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of the aflatoxin was present as a conjugate or strongly bound to
faecal components.

The results of the liver analyses show that aflatoxin exists in
the liver in its unmetabolized AFB1 form. This finding is in agreement
with other studies (Phillips et af., 1976; Onyemelukwe et af., 1980;
Stora et af., 1981) which also observed only AFB1. More recently,
however, AFL and AFM1 were also detected in human liver (Lumplugh and
Hendrickse, 1982). The concentrations of AFB1 detected in the present
study are comparable with those of Onyemelukwe et af., 1980 and Stora
et al., 1981 although much higher levels have been reported: Shank
et al. (1971) detected 93 ng/g in the livers of EFDV subjects and
Phillips et a£. (1976) found 520 ng/g in the liver of a man who had
suffered from cancer of the liver and rectum. In addition, it has been
observed in pigs dosed with AFB1, that less than 0.2 per cent of aflatoxin
present in the liver was soluble in methylene chloride (Luthy et af.,
1980), suggesting that the actual concentrations of aflatoxin in human
liver could be much greater than those reported in the present study.

The finding that the liver of a PHC subject contained over ten
times more AFB1 than the highest level observed in controls may be
significant. The presence of AFB1 in the livers of control subjects
probably reflects recent exposure but may be indicative of accumulation
in the PHC case. This subject would have been extremely anorexic for
a number of weeks prior to his death and exposure to aflatoxin would
have been unlikely during this time. This observation is consistent
with the work of Onyemelukwe et. af. (1980) in Nigeria who detected
AFB1 in hepatic tissue of liver cancer subjects but not in controls.

Stora et af. (1981) also reported AFB1 in liver tissue of PHC subjects
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but no controls were included, making it impossible to compare the

two categories. It was unfortunate in the present study that no
significant comparisons could be made between liver disease and control
subjects due to the limited number of liver samples from PHC subjects.
Whether the accumulation of AFB1 in liver tissue is causally related

to PHC or is a consequence of the disease cannot be determined. Studies
that demonstrate the integration of AFB1 into DNA of tumour tissue

are required for more conclusive evidence of the role of aflatoxin in
PHC.

Aflatoxin was detected significantly more often in livers obtained
from males than females (P <0.05) and, at U.T.H., only urine samples
collected from males were positive for aflatoxin, although this finding
was not significant at P <0.05. Males generally eat more food and
drink more alcoholic beverages than females and therefore would have
greater exposure to aflatoxins. This is believed to explain, in part,
the male preponderance of PHC (Harris and Sun, 1984) and the present
study supports this idea. However, a number of studies using rats have
demonstrated that males, when concurrently subjected to the same dosing
protocol as females, are more sensitive to the carcinogenic action of
aflatoxin (Wogan and Newberne, 1967; Butler and Barnes, 1968; Prince
and Campbell, 1982). Moreover, it has been observed that testosterone
administered to females and castrated males abolishes this sex difference
(Gurtoo and Motycka, 1976). Mainigi and Campbell (1981) have suggested
that this female resistance could be related to their lower capacity
to transport AFB1 into or within the liver cell to the ultimate receptor

site(s) and to metabolize AFB1 to its 2,3-epoxide.
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The mean age of presentation of PHC is 42 years in Zambia, however
no pattern was observed between aflatoxin and age in the present study.
Generally, excretion of aflatoxin metabolites was seen more frequently
in younger patients, aged 16-25 years, and in older patients, over the
age of 50 years. The fact that, in areas of PHC prevalence, the age
peak is in approximately the fourth decade of life is difficult to
understand but it is believed that the aflatoxin hypothesis, rather than
the HBV hypothesis, more logically explains this observation, either
through increased exposure to the carcinogen earlier in life or
differences in age susceptibility to a standard dose (Van Rensburg,
1977; Harris and Sun, 1984).

The finding that the likelihood of consuming aflatoxin was
significantly higher in the rainy season was expected and is in agreement
with previous work carried out in Zambia (Lovelace et al., 1983) and
elsewhere. In Nigeria, where aflatoxin levels in food were found to be
highest during the rainy season, a seasonal variation in the rate of
PHC has also been observed (Okonkwo and Obionu, 1981). Although these
authors do not attribute this variation to seasonal fluctuations in the
aflatoxin levels of foods, they do point out a study showing the lack
of a seasonal pattern of hepatitis in Nigeria (Okum, 1977). Evidence
of a seasonal fluctuation in the rate of PHC diagnosis has also been
observed in Mozambique (Purves, 1973; Van Rensburg, 1977). This implies
a seasonal variation of exposure to the carcinogen involved and these
authors feel the carcinogen is likely dietary. Therefore, the finding
in the present study that aflatoxin exposure shows a seasonal fluctuation

may be significant in the etiology of PHC.
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The HBV carrier state of the Zambian population included in this
study was observed to be exceedingly high: 32 per cent of control
patients were shown to have HBsAg in their serum. Zuckerman (1982)
has stated that surveys conducted in many pafts of the world have shown
that the prevalence of HBsAg in the serum of healthy persons varies
from 0.1 - 20 per cent. The HBsAg rate of controls in the present
study is higher than HBsAg values given for numerous other countries
(Table 1.8) and is also considerably higher than the rate of 14 per cent
reported in a previous study carried out in Lusaka (Zumla and Voller,
1982). The prevalence of anti-HBs in the serum of control patients in
this study was also greater than values reported by workers elsewhere
(Table 1.8) and was again higher than the previously reported rate of
54 per cent in Lusaka (Zumla and Voller, (1982). 1In addition, in the
present study there were 16 persons in whom HBsAg and anti-HBs co-existed,
perhaps indicating double infection with HBY of different subtypes.

The finding that 78 per cent of liver samples collected at autopsy
from controls with no signs of liver pathology had HBsAg again indicates
the extraordinary prevalence of HBV in the Zambian population.

The HBV carrier state is known to bg more common in males (Zuckerman,
1982) and the findings of this study are in agreement with this. Forty-
two per cent of male control patients were positive for HBsAg compared
with only 10 per cent of female controls (Table 3.8b). In addition,
during the year long survey, more cases of hepatitis were seen in males
than females: 37 males compared with 12 females. This is believed by
some workers to explain, in part, the male preponderance of PHC and

the present study supports this idea.
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In countries where infection with HBV is common, the highest
prevalence of HBsAg is observed in children 4-8 years old, with declining
rates among older age groups. In the present study this was not observed
(Table 3.8a), although this observation was based on a limited number
of patients and may not be valid.

It has been well documented that chronic HBV infection is
significantly more prevalent in PHC patients compared with controls
(Section 1.9.2.). 1In this study it was not possible to make this
comparison due to the limited number of PHC cases examined. However
this correlation has been reported previously in Zambia. Zumla and
Voller (1982) found HBsAg in 60 per cent of patients with PHC compared
to 14 per cent of healthy controls, demonstrating a highly significant
association between HBsAg and PHC (P <0.01).

It is generally believed that both HBV and aflatoxin influence
PHC rates. One hypothesis formulated to explain how these two factors
interact is that aflatoxin exposure occurs first and, by causing
immunosuppression, determines the community carrier rate for chronic
HBV infections (Lutwick, 1979). Alternatively aflatoxin exposure,
after HBV infection is established, may precipitate malignant change.

In the present study it was demonstrated that the Zambian population

is exposed relatively frequently to aflatoxin in their diet and it was
clearly observed that the HBV carrier rate for this community is very
high. However no clear relationship between the presence of HBV markers,
aflatoxin metabolites excreted and PHC could be observed. It should

be noted though, that four of the five patients shown to be excreting

urinary aflatoxin were also tested for serological HBV markers and that
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all of these patients had evidence of HBV infection (HBsAg, anti-HBs
or both). Ideally a longitudinal, prospective study should now be
carried out to study the possible interactions of these two etiological

factors more closely.
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