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ABSTRACT

Introduction: Aflatoxin By (AFB,) is produced by filamentous fungal strains of Aspergillus flavus
and Aspergillus parasiticus that infect field crops, therefore AFB; is a frequent contaminant of
dietary staples such as rice, maize and peanuts. Humans and animals are exposed to AFB; through
consumption of contaminated foods, predisposing them to various diseases. AFB1 is a potent
hepatotoxin that has been classified by the International Agency of Research on cancer (IARC) as
a groupl carcinogen. The carcinogenic effects of AFB1 have been attributed to the metabolism of
this toxin to an epoxide that promotes the production of free radicals, mitochondrial toxicity and
induction of cell death. With the increasing prevalence of kidney associated diseases in humans,
and the AFB;-associated kidney toxicity observed in animals, this study investigated the cytotoxic
effects/mechanism of AFB; in human embryonic kidney (Hek293) cells.

Methods: Hek293 cells were exposed to AFB; (0-100uM) for 24hrs. The effect on cell viability
was assessed using the methylthiazol tetrazolium (MTT) assay, which also produced the half
maximal inhibitory concentration (ICsp) used in subsequent assays. Free radical production was
evaluated by quantifying malondialdehyde (MDA) and nitrate concentration, while DNA
fragmentation was determined using the single cell gel electrophoresis (SCGE) assay and DNA gel
electrophoresis. Damage to cell membranes was ascertained using the lactate dehydrogenase
(LDH) assay. The concentration of ATP, reduced glutathione (GSH), necrosis, annexin V and
caspase activity was measured by luminometry. Western blotting and quantitative PCR was used
to assess the expression of proteins and genes associated with apoptosis and oxidative stress.
Results and discussion: The MTT assay revealed a reduction in cell viability of Hek293 cells as
the AFB: concentration was increased, with a half maximum inhibitory concentration (ICso) of
32.60 uM. The decreased viability corresponded to decreased ATP concentration. The upregulation
of Hsp70 indicated that oxidative stress was induced in the AFB;-treated cells. While this implies
an increased production of free radicals, the accompanying upregulation of the antioxidant system
indicates the activation of defense mechanisms to prevent cellular damage. Thus, membrane
damage associated with increased radical formation was prevented as indicated by the reduced
LDH release and necrosis. In addition, cytotoxic effects were evident as AFB; activated the
intrinsic pathway of apoptosis with corresponding increased DNA fragmentation, p53 and Bax
upregulation and increased caspase activity, but externalisation of phosphatidylserine (PS), a major

hallmark of apoptosis, did not occur in AFB: treated Hek293 cells.
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Conclusion: The results suggest that AFB;: induced oxidative stress leading to cell death by the
intrinsic pathway of apoptosis in Hek293 cells.
Keywords : Aflatoxin B: (AFB1), oxidative stress, apoptosis, Hek293 cells
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CHAPTER 1: INTRODUCTION

11 BACKGROUND

Fungi belonging to Aspergillus, Penicillium and Fusarium genera are frequent contaminants of a
variety of agricultural commodities that form part of the South African staple diet (da Rocha et al.,
2014, Alshannaq and Yu, 2017, Misihairabgwi et al., 2019). These contaminating fungi produce
toxic low molecular weight secondary metabolites (mycotoxins) due to compromised
environmental conditions such as high temperatures and increased humidity (Liu and Wang, 2016).
Mycotoxins persist in food despite cooking and processing, and consumption of contaminated food

commodities can cause diseases and death in humans and animals (da Rocha et al., 2014).

Aflatoxins are mycotoxins that are produced by the filamentous fungi Aspergillus flavus and
Aspergillus parasiticus that are found on peanuts, wheat, corn, beans and rice products (de Oliveira
and Corassin, 2014, Alshannag and Yu, 2017). It is postulated that aflatoxin B1 (AFB1) is the most
potent member of the aflatoxin family, and has been classified as a group 1 carcinogen by the
International Agency for Research on cancer (IARC) (Chen et al., 2016). The carcinogenic effects
of AFB: are based on its metabolism; AFB; is bioactivated to a potent AFB1-8,9-epoxide by
cytochrome Psso (CYP), but this can be detoxified by the phase 2 glutathione (GSH) pathway
(Kumar et al., 2017, Deng et al., 2018). The AFB1-8,9-epoxide targets guanine residues of DNA
forming adducts that result in well-known mutations associated with adduct formation, most
notably the Ras oncogene and p53. The epoxide also forms adducts at lysine residues of proteins,
as observed with albumin, the albumin-lysine adduct is used as a biomarker for AFB1 exposure
(Rushing and Selim, 2018).

Aflatoxin Bz exposure is implicated in hepatocellular carcinoma and increased lung cancer risk.
Cytotoxic effects related to these organs have been demonstrated in human hepatocellular
carcinoma (HepG2) cells (Liu et al., 2014, Li et al., 2017) and human bronchial epithelial (BEAS-
2B) cells (Zhang et al., 2014) . Oxidative stress is one mechanism that may pre-dispose to AFB1-
induced cell injury, because free radical damage to DNA and protein are associated with
carcinogenesis. AFB: exposure is also linked to aberrant cell death mechanisms especially
apoptosis. In addition to its carcinogenic capability, previous studies have reported that AFB: is
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also mutagenic, genotoxic and immunotoxic to mammals (Kumar et al., 2017). Studies also
demonstrate AFB: to be nephrotoxic and induce renal damage in rats, and suggests that prolonged
exposure has the potential to induce kidney disease (Abdel-Hamid and Firgany, 2015, Kumar et
al., 2017, Asa et al., 2018, Yilmaz et al., 2018). However, the biochemical mechanism underlying

the mechanism of AFB; effects in human kidney has not been elucidated.

Kidney damage in rats is not surprising since the kidney is the principal route for excretion of
biotransformed water-soluble metabolites (Pizzorno, 2015). Drugs and metabolites are selectively
taken up and concentrated by the renal tubular cells before excretion in the urine, therefore high
intracellular concentrations of toxic substances may be retained mainly in the renal medulla
(Pizzorno, 2015, Camara et al., 2017). As a result, direct toxic damage to renal tubules and renal

papillae may predispose to kidney disease (Camara et al., 2017).

Apart from a variety of physiological functions performed by the kidneys, they also possess
biotransformation capabilities. The kidneys have been reported to express metabolizing enzymes
cytochrome Psso (CYP) including CYP2B6 which is involved the metabolism of diverse
environmental chemicals (Zanger and Schwab, 2013). In addition, CYP3A4 and CYP3AS5 are also
expressed in the kidney; it has been reported that CYP3A4 and CYP3ADS are involved in AFB:
metabolism (Knights et al., 2013, Zanger and Schwab, 2013).

Toxic phase 1 intermediates require conjugation with GSH. The kidneys are reliant on an adequate
GSH supply to function normally. This is based on the exposure to high concentrations of oxidants
and reactive electrophiles (Pizzorno, 2015). GSH protects against oxidative stress which is essential
for mitochondrial and cellular homeostasis and aids in the detoxification of xenobiotics.
Detoxification of chemicals involves conjugation with GSH to form GSH adducts that are
considered less toxic and can be excreted from cells via the mercapturic acid pathway (Pizzorno,
2015).

12 PROBLEM STATEMENT
Wheat and maize are a major part of the diet, and are considered the most staple foods in South
Africa (Misihairabgwi et al., 2019). Maize and its products are highly prone to mycotoxin

contamination both in the field and in storage. One of the potent mycotoxins elaborated, AFB4, is
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considered the most toxic amongst mycotoxins and has been reported to possess carcinogenic,
mutagenic and hepatoxic effects, which confer major health risks to humans and animals.
Moreover, it has been linked to the development of hepatocellular carcinoma (Deng et al., 2018)
and nephrotoxic effects in rat kidney (Abdel-Hamid and Firgany, 2015, Asa et al., 2018, Yilmaz
etal., 2018). Several studies using human cell lines have indicated aberrant apoptosis and oxidative
stress as mechanisms for AFB1-mediated cytotoxicity. Cytotoxicity to human lymphocytes by the
induction of apoptosis and necrosis in human lymphocytes has been reported by Al-Hammadi
(2014)(Al-Hammadi et al., 2014). Pro-apoptotic activity of AFB; was also demonstrated in HepG2
and BEAS-2B cells (Liu et al., 2014, Zhang et al., 2014, Li et al., 2017). AFB; has also
demonstrated cytotoxicity to human peripheral blood mononuclear cells (PBMCS) by impairment
of oxidative status (Bernabucci et al., 2011). The biochemical mechanisms underlying the effects
of AFB: in kidney cells has not been investigated in humans. Considering the essential role of the

kidney as an excretory organ in the body, the effects of AFB1 in kidney cells requires investigation.

1.3  AIMOF THE STUDY
This study aimed to determine the cytotoxic effects of AFB1 on human embryonic kidney (Hek293)
cells.

1.4  HYPOTHESIS

Null hypothesis: Acute exposure (single dose in 24 hours) to AFB;1 has no effect in Hek293 cells.
Alternate hypothesis: Acute exposure (single dose in 24 hours) to AFB: induces oxidative stress
and apoptosis in Hek293 cells.

1.5 OBJECTIVES OF THE STUDY

This study was conducted to determine the

o changes in cell viability after administration of various AFB; concentrations in Hek293
cells to derive the ICsp

o effect of AFB; on production of free radicals in Hek293 cells

o antioxidant responses induced by AFB: in Hek293 cells

o cell death pathways triggered by AFB1 in Hek293 cells



CHAPTER 2 : LITERATURE REVIEW

This study investigated the effects of aflatoxin B1 (AFB1) on Hek293 cells. The literature review
established what is known about the mycotoxin AFB1 which colonizes various food commodities
and is a health concern worldwide. Given the challenges posed by AFB; in food toxicology, food
security and public health, this chapter covers what has been reported on the effects of AFB1 on
human and animal health. It also establishes the gap in literature, since AFB: effects in the human

kidney have not been investigated.

2.1 MYCOTOXINS

Myecotoxins are toxic low molecular weight (below 700kDa) secondary metabolites produced by a
variety of fungi or mould. There are over 400 different mycotoxins, with new ones still being
classified (da Rocha et al., 2014, Yao et al., 2015). The genera Aspergillus, Fusarium, Penicillium
and Alternaria are deemed as the most mycotoxin producing fungi (da Rocha et al., 2014, Carvajal-
Moreno, 2015). The synthesis of mycotoxins by these toxigenic species depends extensively on the
internal parameters of fungal strains (biochemical, physical and genetic), but also on external
factors such as humidity and temperature (Misihairabgwi et al., 2019, Zinedine and EI Akhdari,
2019). Therefore, mycotoxins are produced when fungi reach maturity; and their production can
occur in the field, before harvest, post-harvest, during processing, packaging, distribution and

storage in different grains and agricultural commaodities (Liu and Wang, 2016).

The occurrence of mycotoxins in human and animal food is a significant problem adversely
affecting food quality in developing countries as well as developed countries (da Rocha et al., 2014,
Alshannag and Yu, 2017). The detrimental effects include a decrease in nutritional value of food
and reduced yields in crop and livestock. It has been reported that approximately 25-50% of
products produced worldwide, particularly basic foodstuffs are contaminated with mycotoxins (da
Rocha et al., 2014, Misihairabgwi et al., 2019). Most mycotoxins are not affected by food
processing; for example cooking and they can be converted to toxic intermediates by metabolism
in humans and animals (Alshannag and Yu, 2017). In addition, the metabolism of mycotoxins to
their toxic form can potentially pose risks to human health, resulting in disease and death in

mammals.



Exposure to mycotoxins occurs when fungal infected crops are directly consumed by livestock, for
example wheat, corn, oats and sorghum (Alshannag and Yu, 2017). However, indirect
contamination may occur when the toxigenic fungus has been eradicated during processing, but
the mycotoxins remain in the final product. The main route of exposure to mycotoxins in humans
is through the ingestion of contaminated plant and animal products, including food derived from
these products such as cheese, milk and meat (Figure 2.1) (da Rocha et al., 2014, Alshannaq and
Yu, 2017). However, inhalation and dermal contact may also be important routes of exposure.
Direct effects of mycotoxins range from acute disease where exposure to the toxin may result in
severe health conditions prior to death, these conditions are expected after exposure to high levels
of mycotoxin (da Rocha et al., 2014, Alshannaqg and Yu, 2017, Zinedine and ElI Akhdari, 2019).
Chronic disease manifestations may result from prolonged exposure to small quantities of the toxin.
The diseases resulting from mycotoxin exposure are known as mycotoxicosis. Mycotoxicosis
usually remain unrecognized except when large numbers of people are affected with no apparent
connection to a known aetiological agent (Alshannaq and Yu, 2017, Zinedine and El Akhdari,
2019).

Mycotoxins

Human consumption

Peanuts

Susceptible foods

Figure 2.1 : The main route of exposure to mycotoxins humans and animals (Prepared by author).



‘Turkey-X disease’ marked a breakthrough in the association of mycotoxin-contamination with
disease in animals. The plague occurred in the early 1960’s, and was marked by the death of turkey
poults in England after consumption of a peanut meal that originated from Brazil and Africa
(Alshannag and Yu, 2017). The secondary metabolite responsible for the death of the birds was
produced by Aspergillus flavus and studies of these toxins ensued. The genus Aspergillus, first
described in 1729 by Pier Antino Micheli, is more common in warmer tropical and subtropical
areas than in moderate areas of the world. Aspergillus species are filamentous saprophytic fungi
that can produce active comp