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ABSTRACT

According to Food and Agriculture Organization, United Nations, approximately one-fourth of the world’s food
crops are continuously being contaminated comprehensively by mycotoxins. More than 300 types of mycotoxins
are produced by one-fourth of the cereal crops infected The foodstuffs containing aflatoxins are indiscriminately
being consumed by people developing various ailments, diseases and even cancer innocently. Aflatoxins (Afs) have
been the most widely studied mycotoxin worldwide. The disease caused by the ingestion of aflatoxins is collectively
called aflatoxicosis. They are mostly found in peanuts, mouldy maize grains, rice and perishable dairy products.
There are four major types of aflatoxins (AFB1, AFB2, AFG1 and AFG2) found in nature mainly produced by the
Aspergillus flavus, A. parasiticus and A. nomius. Aflatoxin B1 has always been a potent carcinogen classified by the
WHO in Group “A” as causing cancer in humans. It induces mutation in the p53 gene to develop hepatocellular
carcinoma (HCC) in humans. This is the third leading cause of cancer deaths worldwide. Keeping view in mind the
present paper is an attempt to review the research done so far in the field of aflatoxins in humans. The review
focuses on occurrence, epidemiology, historical glimpses, chemical nature and the types of aflatoxins, detection
and detoxification, diagnosis, clinical symptoms and the treatment of aflatoxicosis in humans.

KEYwoRDS: Aflatoxins, Occurrence, Detection, Detoxification, Aflatoxicosis, AFB1, AFB2, AFG1, AFG2, Hepatocellular
Carcinoma.

INTRODUCTION

Mycotoxins are produced by mould fungi grown
on a variety of foodstuffs. They cause various
ailments, diseases and even cancer in humans
when these contaminated foods are ingested
innocently. Similarly, due to some unavoidable
circumstances, these contaminated foods are
deliberately being consumed by society without
knowing their ill effects and diseases caused by
them in future (AFB,, AFB,, AFG, and AFG,) [1,2].

Mycotoxins are the toxic secondary metabolites

usually released by the saprophytic filamentous
moulds like Aspergillus, Penicillium and
Fusarium easily grown on cereals, foodstuffs
and foods of animal origin. They are naturally
cultured while the infected crops are either
growing during harvest or post-harvest storage
conditions. Unfortunately, more than 300 types
of mycotoxins are being produced by one-fourth
of the cereal crops infected with fungi globally.
These mycotoxins, with their different modes of
action, are either cytotoxic, genotoxic, mutagenic
or carcinogenic. The mycotoxin appears not
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only as yet to define properly but are also
quite challenging to classify them. They can be
classified either as hepatotoxic, nephrotoxic,
neurotoxic or immunotoxic. Similarly, depending
on the definitions used, though the mycotoxins
are of fungal origin, not all toxic substances
released by the fungi are called mycotoxins [3-6].

Further, these mycotoxins cause immune
suppression, toxic aleukia, leukaemia , impaired
ribosomal functions, lymphoma, astrocytomas,
mesothelioma, bronchial, uterine and renal cell
carcinoma, demyelination, seizures, headache,
muscular and neural disorders. They can also
inhibit protein, RNA and DNA synthesis. These
mycotoxins virtually destroyed the entire organ
and systems of the body. They cause chromosomal
aberrations, abnormal sister chromatids
exchange and mismatched and displaced DNA
synthesis [7-12].

One of the most important naturally occurring
mycotoxins is aflatoxin, which develops
hepatocellular carcinoma in humans (IARC,
1987) [13]. These aflatoxins are aflatoxin B,,
aflatoxin B,, aflatoxin G,, aflatoxin G,, aflatoxin
M, and aflatoxin M,. While fatality caused by
acute aflatoxin poisoning is as multiple organ
failure, chronic aflatoxin poisoning causes cancer
development of the same organ in future via the
abnormalities occurring in the cellular genome.
Aflatoxin B, mutated the pS3 gene inhibiting the
glucose and glycogen breakdown. It develops
uncontrolled proliferation of cells and cancer in
humans [14-17].

The present paper deals with the study of
structure, types and biosynthesis, historical
glimpse, occurrence, distribution and
epidemiology of aflatoxins with their disease-
causing abilities including cancer, diagnosis,
clinical symptoms, detection, detoxification and
treatment of aflatoxicosis in humans in the light
of recent researches done so far in the field of
medical microbiology and toxicology.

Historical Glimpse

In London, nearly 1 lac Turkey birds died suddenly
due to the ingestion of Brazilian peanut meal
contaminated with Aspergillus flavus. The people
for the first time in 1960 knew about the horror of
mycotoxins globally. Further, the term mycotoxin
was coined in 1962. Similarly, the name aflatoxin
is given by virtue of its origin from Aspergillus
flavus as “afla” [14,18]. Finally, aflatoxin was
separated by thin-layer chromatography (TLC).
It was administered in one-day-old ducklings;
within 24 hours symptoms of the same turkey
“X” disease appeared with the damaged liver

Similarly, the same effects were also observed
in rats, chickens, pigs and other animals as
well. These aflatoxins have also been detected

in the mother’s milk and urine [5,19]. While
these aflatoxins are usually found in agriculture
and dairy products infected by A. flavus and A.
parasiticus; they are mostly found in peanuts,
oilseeds, rice, meat, cheese, bread, and butter [1,
2,6, 12, 20].

Occurrence, Distribution and Epidemiology

Aflatoxins are a group of toxins produced by
the Aspergillus mould fungi abundantly found
in moist and humid conditions; they can easily
contaminate the crops growing in fields at
harvest or during the handling of the same
plants. Farmers are usually exposed during the
handling of crop plants. Similarly, other people
are also affected by ingesting contaminated plant
products and consuming the infected meat or
dairy products. Further, various environmental
factors including climatic changes influence the
growth of Aspergillus in nature [21-24].

Aflatoxicosis is the poisoning of aflatoxins in
humans. Chronic poisoning with aflatoxins
developed hepatocellular carcinoma (HCC) in
humans. HCC is the third leading cause of
cancer deaths worldwide. This is quite surprising
that approximately 83% of deaths from the
intoxication of aflatoxins occur only in southeast
Asia and sub-Saharan Africa [9,16,25,26]. This is
due to the chronic infections of hepatitis B and C
viruses in association with exposure to aflatoxins
intoxication in that region. This has already been
reported that the individuals already suffering
from hepatitis viruses if exposed to aflatoxins in
future are 30X more at risk of developing HCC
than the individuals exposed to aflatoxins alone.
Unfortunately, both HBV infection and aflatoxin
exposure are very common in poor countries like
India, Taiwan, Uganda and Kenya [27].

Several outbreaks of aflatoxin poisoning took
place globally. There were a couple of outbreaks
of aflatoxin poisoning that happened in northwest
and western India in 1974. These outbreaks
were due to the consumption of mouldy grains
of maize. Aflatoxin B1 in large concentration was
detected in persons who died of the same cause
[28,29]. Similarly, Kenya faces aflatoxin exposure
in 1981 and 2014 [30].

Chemistry,
Aflatoxins

Biosynthesis and Types of

Chemically, the aflatoxins are Di furanocoumarin
derivatives produced by the polyketide’s pathways.
They are produced by many strains of Aspergillus
as A. flavus, A. parasiticus, A. ochraceoroseus,
A. bombycis, A. nomius and A. pseudotamari.
Further, based on their fluorescence under
UV light and relative mobility in thin-layer
chromatography (TLC), there are four major
types of aflatoxins named as aflatoxin B, (AFB),
aflatoxin B, (AFB,), aflatoxin G, (AFG,) and
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aflatoxin G, (AFG,). Similarly, aflatoxin M, (AFM,)
and aflatoxin M, (AFM,) were first isolated from
milk. However, there are well over 20 aflatoxins
found in nature. These aflatoxins are now famous
for their hepatoxic, carcinogenic, teratogenic and
immunosuppressive effects. Although the fungus
A. flavus is either grey-green or yellow-green, its
aflatoxin is colourless, odourless, and tasteless.
In addition, aflatoxin B and G gave blue and
yellow-green colours under UV light respectively.
Aflatoxin B, has been the most potent and widely
studied aflatoxin produced by A. flavus (Figure
1) [2,31-33]. Several genes and their enzymes are
involved in the biosynthesis of aflatoxins [34-36].

These aflatoxins contain naturally occurring
highly oxygenated heterocyclic compounds
having closely related molecular formulae as
under:

. Aflatoxin B, (C,, H , O/)

. Aflatoxin B, (C,, H,, O/)

. Aflatoxin G, (C,, H, O,)

. Aflatoxin G, (C, H, O,)

. Aflatoxin M, (4-hydroxy aflatoxin B))

. Aflatoxin M, (4-dihydroxy aflatoxin B,)

S o1 A W N

The toxicity level of different aflatoxins is graded
as AFB >AFG >AFB,>AFG,. It means that AFB, is
rather more toxic than any other aflatoxins found
in nature [37].

Diagnosis and Clinical of

Aflatoxicosis

Symptoms

Aflatoxin intoxication is diagnosed simply by the
testing of urine. This is also carried out with the
help of nasal secretions, sputum, blood or tissue
biopsy. The clinical manifestations of acute
aflatoxicosis are as under:

Difficult digestion, nausea and vomiting,

anorexia, loss of appetite, abdominal and colic

ﬁ
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pain with or without diarrhoea, oral and skin
burning, red-coloured rashes on the body, sore
throat, running nose, coughing, sneezing and
watery eyes, sinus infection and fever, icterus,
jaundice with lethargy and fatigue, feeling
agitated and depressed, Convulsion, ataxia, loss
of muscle control, coordination, balance and
speech, difficult walking, swallowing and eye
movements, blurring in eyes, seizures, bloody
faeces, elevated liver function test, difficult
breathing with increased heart and respiratory
rate. [9, 12, 38]. The clinical symptoms of chronic
aflatoxicosis have some additional life-threatening
symptoms in addition to the symptoms of acute
aflatoxicosis. Some of these lethal symptoms of
chronic aflatoxin poisoning are as under:

1. Peripheral limb, pulmonary and cerebral
oedema

Impaired immunity with serious infections
Stunted growth

Hepatomegaly, fatty degeneration of the liver,
liver cirrhosis, hepatocellular carcinoma and
liver failure

5. Multiple organs failure
6. Finally, coma and death [17, 39]

Moreover, as the symptoms differ individually,
one should not quickly be linked with mould
exposures unless the aflatoxin poisoning is fully
established.

Detection of Aflatoxins

After proper sampling, the samples are screened
for the detection of aflatoxins with the help
of various techniques such as thin-layer
chromatography (TLC), liquid chromatography
(LC), high-pressure liquid chromatography
(HPLC) and some immunochemical methods
such as radioimmunoassay (RIA), Enzyme-linked
immunosorbentassay (ELISA )and immunoaffinity
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Figure 1. Skeletal formulae of different aflatoxins
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column assay (ICA). Finally, the confirming tests
are performed for the identity of aflatoxins by
mass spectrophotometry (MS). Similarly, human
exposure to aflatoxins is measured by the analysis
of aflatoxin DNA adducts and albumin adducts as
the basis for the cause of genotoxicity in people.
Urine samples were also collected to establish
the aflatoxin exposure for the detection of 2,3,
dihydroxy-2-(N7- guanyl)-3- hydroxy aflatoxin B1
(AFB-gual) in urine [37,39-41].

Aflatoxins Causing Diseases and Cancer in
Human

The symptoms of aflatoxin exposure appeared
either by the inhalation and ingestion of spores
or through direct skin contact. The main route
of entry of aflatoxin absorption is the GI tract.
On the contrary, the aflatoxin is excreted usually
from bile, urine and milk. Similarly, the depth
of disease intensity depends upon the dose and
duration of exposure, age, sex and nutrition[10].

Aflatoxins are produced by Aspergillus in soil,
crops, hay and perishable plant parts mainly
during the process of harvesting, storage and
processing of food materials. Its toxicity developed
nausea, vomiting, convulsions and abdominal
pain. Chronic infection causes hepatocellular
carcinoma in humans [17,27,42].

Some of the diseases caused by aflatoxins in
humans and animals are as under:

* A. flavus is an opportunistic fungus in humans
and animals causing aspergillosis of the lungs,
especially in immunocompromised individuals.
The mould spores are thus colonized inside the
lung cavities. The fungi might cause a lump
combined with white blood corpuscles and blood

Agnculivmal Crops Contuminated
with Aflatoxins Producing Fung
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clots [43].

* Aflatoxins are found in blood and semen [8].
It has also been reported that a higher amount
of aflatoxin ingestion developed infertility in men
[44].

* Aflatoxin induces pre-term births in humans
and animals [45].

* It poses a threat to a developing baby in utero and
is transferred from mother to infant via milk [10,
46, 47]. Aflatoxin causes delayed development of
the embryo and stunted growth in children [32,
48|.

* Aflatoxin affects almost all major organs of the
body like liver [15,16], Kidney [49], lungs [43],
brain [S0], testes [51], epididymis [52], Skeletal
muscles [53], endocrine and exocrine glands
[38,53].

The disease caused by the ingestion of aflatoxins
is collectively known as aflatoxicosis. Though
the aflatoxins are usually excreted by the urine,
liquid bile and through milk, they are quite toxic
while inside the body. While the higher degree
of aflatoxicosis results in death, their chronicity
mainly developed immune suppression and
cancer in humans. Aflatoxin B1 usually develops
hepatocellular carcinoma in humans [33]. It is
more easily developed in those already having
hepatitis B infection in the past. The disease is
further characterized by nausea and vomiting,
stomach pain, oedema and aspergillosis in the
lungs, convulsions, fatty liver, kidney failure,
heart anomaly, cerebral oedema, coma and death
[1, 17, 38] (Flowchart 1).

Aflatoxin’s cancer-causing abilities are due
to the production of DNA adducts. It causes

= Aflatoxins Produced i Food Crops
and Feed
¥
Consumplion of Aflatoxing via Food
Materials

-

Aflmoxicosis in Humans

b
Drevelopment of the DChacase
Symploms

= Hepatocellular Carcinema in Human

Flowchart 1. Aflatoxin causes diseases and cancer in human
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hepatocellular carcinoma in humans. Aflatoxin
causes pS53 gene mutation. This is a tumour
suppressor gene found in humans protecting
from cancer. This is mutated in such a way
that transversion of amino acid took place at
codon 249 developing HCC in humans [15, 54,
55]. Aflatoxins interfere with the mechanism of
host protein biosynthesis. They interact with
the nucleosides to form adducts with DNA,
RNA and proteins. It inhibits RNA synthesis.
Disordered protein biosynthesis and the lack of
proteins developed necrosis and damage to the
liver, kidney, heart and skeletal muscles [4, 38,
49, 56, 57]. Further, in addition to chromosomal
strand breaks, unmatched DNA synthesis and
chromosomal structural mutations, aflatoxins
also produce mutagenic substances by hepatic
cytochrome p450 to cause cancer in human .The
aflatoxigenic effect in the liver is mainly due to
lipid peroxidation and oxidative damage to DNA.
Hepatic aflatoxicosis resulted in proteinuria,
ketonuria, glycosuria and hematuria. Chronic
liver failure leads to the accumulation of ammonia
and fatty acids causing the damage of brain in
individuals due to hyperammonemia crossing the
blood-brain barrier [4, 42, 58].

The increased synthesis of glutamate
neurotransmitters causing cytotoxicity in the
brain cells developed hepatic encephalopathy.
Most specifically pediatric encephalopathy
with the fatty degeneration of viscera (Reye’s
syndrome) gives the symptoms as the loss of
balance, coordination and orientation, sudden
memory loss with insomnia. Aflatoxins also cause
brain tumours such as glioma, meningioma and
schwannoma [11, 38, 59].

Detoxification of Aflatoxins

Aflatoxin mitigation is a process which we use to
reduce the aflatoxin concentration in foodstuffs.
The process also reduces the health risk from
the occurrence of aflatoxins in foodstuffs. Several
physical, chemical and biological methods are
employed for the detoxification of aflatoxins.
While physical methods include separation,
thermal inactivation, irradiation, extraction,
adsorption and light treatment chemical
methods are specifically employed as the use of
several chemicals to degrade and inactivate the
aflatoxins. The dietary chemicals and chemo
sorbents are also being applied. Ammoniation
and treatment with sodium bisulfite are the
approaches for the same purposes [60-62].
Further, the sunlight treatment for drying the
pepper (Capsicum annum) is also found effective
in reducing the levels of the same mycotoxin [63,
64]. Similarly, heat is also effective. Since the
fungus Asperygillus parasiticus has low resistance
to heat, the treatment given to them can reduce
the level of aflatoxins from peanuts, walnuts,

hazelnuts and pistachios if roasted. Though the
aflatoxins are thermostable they can be removed
partially if the nuts are roasted at 150°C for 90
minutes. However, mycotoxins cannot completely
be destroyed under normal cooking temperature s
[1]. An antioxidant ethoxyquin has been reported
as chemopreventive and anticarcinogenic for
aflatoxin B1 in humans [65]. Ozone therapy for
food commodities like peanuts has also been
found effective in reducing the level of aflatoxins
[66,67]. Similarly, detoxification of aflatoxins
from contaminated poultry feeds by bentonite,
activated charcoal and Fuller’s earth have also
been tried [68].

Currently, microbiological post-harvest
intervention with the use of several probiotic
and non-probiotic bacteria and yeasts has
been tried. Some of them are Bifidobacteria,
Lactobacilli, Streptococcus thermophilus, Bacillus
subtilis, Bacillus licheniformis, Escherichia
coli, Enterobacter spp., Saccharomyces and
Candia spp. [61,69,70]. With the use of these
microorganisms, it has been observed that the
level of aflatoxins is reduced significantly. The
yeast supplementation has also reduced the level
of aflatoxins in milk. The degradation of aflatoxins
with the use of these probiotic bacteria and yeast
has proved to be an eco-friendly measure of
detoxification [71-73].

Last but not the least, while some operations for
the management of mycotoxins are in practice to
reduce the level of aflatoxins, different awareness
programmes should be framed and conducted
to make people aware of the harmful effects of
mycotoxins.

Treatment of Aflatoxicosis

Chronic ingestion and inhalation of aflatoxins
are lethal. There is no antidote for aflatoxins.
Similarly, no specific treatment is reported.
However, most of the disease symptoms are
disappeared as soon as the toxicity is removed
from the body. Only symptomatic and supportive
therapies are to be given. Sometimes, a very weird
situation is developed when a medical practitioner
treats the patient as a case of simple poisoning.
However, there are some reports of Lactobacillus
effectively binding dietary mycotoxins [74]. A large
case series of successful treatments of patients
exposed to mould and mycotoxins is given by
[31]. Finally, as the growth of fungi producing
mycotoxins in crops and food commodities has
always been an unavoidable problem leading to
chronic mycotoxicoses resulting in death, several
prophylactic measures are being employed for
the prevention of these aflatoxins. It has been
reported that a small dose of chlorophyll or
chlorophyllin might reverse the effects of aflatoxin
poisoning [75].
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CONCLUSION

The paper discusses the toxicity of aflatoxins
in humans. This is a general phenomenon that
plant products and food commodities are infected
by fungi . But, currently, it has now become a
global problem as nearly 25% of the world’s
food crops are continuously being contaminated
comprehensively by mycotoxins (FAO, UN). These
mycotoxins are often produced by mould fungi The
contaminated foodstuffs containing mycotoxins
if ingested developed various ailments, diseases
and even cancer in humans. In the recent past ,
there has been an increasing trend in researching
the carcinogenicity of mycotoxins in humans.
Aflatoxins are now probably existing the best
known researched and extensively studied
mycotoxins of the world. AFB,, AFB,, AFG,
AFG,, AFM , and AFM, are released mainly by the
Aspergillus flavus, A. parasiticus and A. nomius.
Aflatoxin B, is a potent carcinogen causing
mutation developing specific AGG to AGT amino
acid transversion at codon 249 of the p53 gene. It
develops hepatobiliary carcinoma in humans. It
also causes breast cancer in humans and animals
via point mutations and DNA strand breaks

Further, this is an epidemiologically and
experimentally proved fact that chronic low-level
exposure to aflatoxin B, produces hepatocellular
carcinoma in future. Sometimes Kwashiorkor
and Reye’s syndrome patients marked by the
fatty degeneration of viscera and liver were also
detected with pediatric aflatoxicosis. Currently,
various preventive measures have been taken
to avoid contamination and the availability of
aflatoxins in foodstuffs.
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