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ABSTRACT

It has been reported that AFBI is related to renal adverse effects,
specially with Uncertain cause chronic kidney disease. It is a phrase
that has been employed to refer to CKD that is not caused by any well-
known risk factors, such as hypertension, diabetes, or HIV. Across the
world, reports of CKDu are becoming more frequent, and in several
areas in Central America, eastern Europe, and south Asia, they are
reaching epidemic levels. In the first epidemiological investigation,
which was conducted in 2007 and sought to uncover potential risk
factors of CKDu, it was claimed that the disease was caused by the
environment (1). Environmental factors that have been researched as potential causes of CKDu include heavy metal
exposure, high seasonal temperatures, pesticide use, mycotoxins, polluted water resources, and snake bites. In order
to comprehend and avoid CKDu, it may be useful to highlight common risk factors across various international
settings and populations as the underlying aetiologies in most locations have not been adequately defined. 30% and
21%, respectively, of ESRD patients have diabetes and hypertension; however, younger individuals in
underdeveloped nations are more likely to have glomerulonephritis and CKD with an unknown aetiology. As a
result, the goal of this research was to follow the theoretical research on AFB1 and its part in the aetiology of chronic
renal disease, which is yet unknown.
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INTRODUCTION

African nations, comprising Benin, Ghana, Mali,

Considering the issue of food security as well as due to
the Financial damages brought on by this, poisoning of
agricultural commodities with AF is a severe issue (2).
Itis estimated that solely corn harvests in the USA lose
52 million dollars annually (3).

Aflatoxin exposure varies in severity and duration
according to the health disorders it causes. Numerous
health problems, including cancer, hepatocellular
carcinoma, liver cirrhosis, infertility, aflatoxicosis,
immunodeficiency, anemia, stunting, nephropathy,
underweight in humans, and nutritional interference,
can be brought on by aflatoxins poisoning (4). Also,
recent research suggests that populations that use
maize as amain dietary source may be atrisk for neural
tube problems due to the B aflatoxins (5). According
to Darwish WS (4), ochratoxins, zearalenone,
deoxynevalenol, and beauvericin are the next most
prevalent mycotoxins in Africa after aflatoxins
(43.75%), fumonisin (21.87%), and ochratoxins
(12.5%). In samples gathered from a number of

Togo, and Bourkina Faso, as well as Lesotho, Sudan,
Zambia, Uganda, Kenya, Egypt, Tunisia, Tanzania,
Morocco, South Africa, and Nigeria, they found high
levels of aflatoxin. In small-scale studies in sub-
Saharan Africa, exposure to aflatoxin while pregnancy
has been linked to poor birth outcomes. The SHINE
(Sanitation Hygiene Infant Nutrition Efficacy)
experiment is a significant, a community-based,
cluster-randomized study conducted in Zimbabwe
with the goal of examining the impacts of a
combination of diets and cleanliness treatments on the
development and the potential role of aflatoxin
exposure (6).

In addition to their presence in food and consuming
agricultural products, aflatoxin might be discovered in
biological samples. In fact, monitoring aflatoxin
exposure is crucial in humans and animals by looking
for indicators for Aflatoxin in bodily fluids like blood
and urine (7).

Since the damage to human health of the estimated
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aflatoxin exposure affects 4.5 billion people on a
continuous basis can be viewed as being extremely
high (8). The liver, which is often in charge of
detoxifying chemicals and toxins, is where aflatoxin
has its most severe effects on people. During severe
aflatoxicosis, Hepatocellular damage and death are
caused by the AFBIl-epoxide's interactions with
different cellular macromolecules. Aflatoxin exposure
in humans and animals resulted in substantial bile duct
growth and considerable necrosis of parenchymal
cells in liver tissue samples (9).

Experiments conducted in China and African nations
with high rates of hepatitis B infection and widespread
dietary aflatoxin exposure have provided evidence of
aflatoxin's detrimental impact on human health. Blood
tests have revealed that a relatively high percentage of
West Africans are aflatoxin-exposed, suggesting that
exposure to aflatoxins in West Africa is common and
likely begins in utero. About 98% of participants in a
research conducted in Nigeria, Guinea Conakry, the
Gambia and Senegal tested positive for aflatoxin
indicators (10).

According to reports, B aflatoxin causes liver and
kidney cancers in rats, and there may be a connection
to an increase in esophageal cancer. Animal products
such visceral organs, milk, and meat contain
mycotoxins and their metabolites and eggs as well as
plant-derived meals, contaminated air, and dust are all
risk factors, have been shown to cause human
exposure to mycotoxins. This has led to the recent
recognition of aflatoxins as a significant sanitary issue
(11).

According to reports, Aflatoxins are quickly absorbed
in the digestive system after ingestion (because to their
low molecular weight) by an unidentified passive
mechanism. After 15 minutes, metabolites of
aflatoxins are subsequently detected in the blood, and
as soon as 12 hours after feeding, they are detected in
milk (12). Aflatoxins are hepato-carcinogenic and can
lead to aflatoxicosis in episodes of poisoning,
especially when combined with prolonged viral
hepatitis B infection. Moreover, exposure to aflatoxin
in Gambian children has been linked to a lower amount
of'salivary IgA. (13).

Mycotoxin exposure happens in regions of the world
inappropriate storage practices and food handling are
common. starvation is an issue, and there are few
restrictions in place to safeguard the population who
are exposed. A. flavus-contaminated food products are
a common way for people to become infected with
AFBI. Both humans and animals exposed to AFB1
develop liver cancer. It also causes acute
hepatotoxicity. Hemorrhage, Hepatocellular necrosis

in the periportal region with bile duct injury are the
hallmarks of both acute and chronic hepatotoxicity
from AFB1 (14).

AFLATOXINBI1

AflatoxinB1 circulate in human bloodstream with
concentration 10-30 ng /liter of blood ,Also
transferred to woman milk  (AFM1)  with
concentration ranged from 16-1990 ng / liter of milk
(15) (16). Consuming contaminated food is the major
method of contact to AFB1 (17). Yet, individuals
exposed to the environment have reported using the
dermal and inhalation channels (18).

Child malnutrition, Reye syndrome, toxic hepatitis,
liver fibrosis, and immunodeficiency are a few of the
negative impacts on human health associated with
exposure to AFB1 (19). (20). Together with infection
with the hepatitis B virus, AFBI1 is a substantial health
risk for hepatocellular cancer (21). Aflatoxin exposure
during infancy can also affect a child's ability to grow
(22).

In epidemiological research examining how exposure
to mycotoxin is related and disease risk, biomarkers of
exposure to AFB1 were crucial (23). Aflatoxin binds to
and disrupts the enzymes and substrates necessary for
the transcription, translation, and beginning of protein
synthesis. They engage in interactions with purines
and purine nucleosides, creating adduct with proteins,
DNA, and RNA that hinder protein synthesis.
Aflatoxin also prevents the production of RNA by
interfering with RNA polymerase activity that is
DNA-dependent and causes endoplasmic reticulum
degranulation. Moreover, increased liver and renal
necrosis may be the cause of the decreased protein
levels in bodily tissues such the heart, liver, kidney,
and skeletal muscle (24). AFB1 is a potent
immunosuppressive, teratogenic, mutagenic, and
carcinogen that has the potential to impair normal
protein synthesis processes and block multiple
metabolic systems, harming various organs, including
the kidney, liver, and heart (25). Aflatoxins have been
documented to have an impact on a variety of body
organs, including the heart, skeletal muscles, lungs,
brain, liver, kidneys, testicles, and numerous
exocrine and endocrine organs (26).

The decreased amount AFB1 harms the liver, as seen
by a decrease in total protein, because protein
synthesis is impaired, as well as on the kidney where
aflatoxins are known to suppress Activity of DNA-
dependent RNA polymerase, RNA production and
endoplasmic reticulum degranulation (25). According
to reports, AFB1 causes liver pallor, discoloration,
enlargement, In broiler chickens given aflatoxin, the
liver parenchyma was congested, hepatocytes'
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cytoplasmic vacuolation or fatty modifications,
necrosis, and necrosis of the newly developed biliary
system were all present as well as mononuclear and
heterophilic cell infiltration (27).

According to research on animals, under typical
conditions, 50% of the oral dose of AFB1 is promptly
absorbed in the duodenum and delivered to the liver
via the portal system. The liver and kidneys, to a lesser
extent, have high concentrations of AFB1. Furthermore,
free AFB1 or water-soluble metabolites may be
discovered in the mesenteric venous blood (28).

Evaluating AFB1 occupational exposure and
performing risk assessments as a result assessment can
both benefit from the use of internal dosage
biomarkers. These indicators can be found in bodily
fluids such milk, urine, serum plasma, and faeces, and
they may comprise metabolites or free aflatoxins.
However, it must be remembered that such
assessments may provide data about aflatoxin intake
as well as the extent of particular absorption (affected
by several factors, such as the specific work performed
and each person's distinct metabolic rates) and
digestion itself(29).

Rapid covalent reactions occur between AFBI1
activated form and macromolecules such proteins,
cellular DNA, RNA, and other types of ribonucleic
acids. The soluble component of liver homogenates
contains a NADPH-dependent cytoplasmic enzyme
can also be used to reduce AFB1 and produce
aflatoxicol (AFL). As seen in various species, These
AFBI1 biotransformation metabolites may all remain
as residues in the liver. These residues are regarded as
indicators of dietary toxin exposure (30).

They have garnered more attention than other
mycotoxins because AFB1 showed the strongest
carcinogenic effects in both people and animals. Many
developing nations, like Saudi Arabia, have tried to
lessen the toxicity of aflatoxins by enacting
regulations that govern exposure and set limitations on
how much of these poisons can be present in food and
animal feed. Nonetheless, it is recognized that
achieving absolute safety is exceedingly difficult. In
naturally contaminated food, Of the 17 chemicals,
AFB1 is the most pervasive, dangerous, and
carcinogenic AFs that have been identified so far (31).

PHYSIOCHEMICALPROPERTIES OFAFB1

AflatoxinB1 (C,H,,0,, MW ,,) is crystalline
compound, is 10-20 mg/litre moderately polar
solvents including methanol, chloroform, and water,
as well as and dimethylsulfoxide. AFB1 fluoresces
when exposed to UV light. AFB1's crystalline form is
stable at temperatures of 100Co in the absence of light,

makeup, AFB1 is a fused dihydrofurofuran moiety on
adesirable alternative coumarin structure (14).

One of AFB1's hydroxylated metabolites, aflatoxin
M1 (C17H1207, MW 328), is secreted in urine and
discovered in the milk of mammals that eaten AFB1.
When subjected to UV light, AFB1 exhibits the
designation B is due to the large amount of
fluorescence emission in the blue region and the
joining of a lactone ring from the coumarin structure
with a cyclopentenone ring (Figure 2).(32)

(0]

O

Aflatoxin M1 (AFM1)

Figure 2 shows the chemical compositions of
aflatoxin B1 and aflatoxin M1 (32).

The chemical makeup of both poisons is similar; they
are easily soluble in polar organic solvents but only
minimally soluble in water and nonpolar solvents (33).
They possess significant thermal stability that keeps
them from being thermally damaged during the
production of food, even at high temperatures (>100
Co). This represents a significant barrier to reducing
food contamination with aflatoxin, especially in dairy

especially UV radiation. According to its chemical roducts like milk as pasteurization and other heat
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treatments by themselves have shown to be ineffective
(34).

They become unstable in UV light when there is
oxygen present and at severe p H levels (3 or >10). In
an alkaline environment, the lactone ring opens, which
results in the destruction of aflatoxin; however, in an
acidic environment, this process is reversible. At high
temperatures, ammoniation opens the lactone ring,
resulting in the irreversible decarboxylation of
aflatoxins. (35).

AFLATOXIN INGESTION, DISTRIBUTION,
METABOLISM, EXCRETION, AND MODES OF
ACTION

Because of their chemical makeup, most mycotoxins
are chemicals that are highly liposoluble and

absorbable from the exposure site, including the
respiratory and gastrointestinal tracts, entering the
bloodstream, from which point they might expand
throughout the body and reach other organs including
the liver and kidneys (36).

As aflatoxins enter the body, they are taken up by cell
membranes and eventually reach the bloodstream. The
liver, which is the main organ for xenobiotic
processing, receives them through the blood to a
variety of tissues. Aflatoxins are mostly processed a
reactive epoxide intermediate is produced by the liver,
or the less dangerous aflatoxin M1 (37). P450s are
widely distributed in nature, which means that every
organism contains them. Plant poisons, environmental
carcinogens, and a wide range of anticancer
medications are just a few examples of the exogenous
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Fig. 3 : Biomarkers and the Metabolism of Aflatoxin B1. Mercapturic Acid, Glutathione, Glutathione S-transferase,
GST, Routes Through the Blood or Excretion that are Connected to or Unrelated to Epoxide Toxicity (41).
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and endogenous substances that are subject to
oxidative metabolism by P450 enzymes that
metabolise xenobiotics. First and foremost, P450
enzymes in the human liver are in charge of activating
the electrophilic AFBI1-8,9-epoxide from AFBI.
AFB1 can be activated to produce mutagenic
metabolites and derivatives related to DNA by five
distinct P450s from the human liver, suchas 1A2,2A6,
2B7,3A3,and3A4 (14).

A reactive form of aflatoxin called aflatoxin-8, 9-
epoxide binds to DNA and albumin in blood serum to
generate DNA-damaging adducts, is produced by the
cytochrome P450 (CYP450) microsomal enzymes in
humans and sensitive animal species. Aflatoxin is
transformed into aflatoxin-8,9-epoxide by a variety of
CYP450 enzyme isoforms in the liver. This reactive
oxygen species can attach to proteins to induce acute
toxicity (aflatoxicosis) or to DNA to trigger liver
cancer. (37).

The primary CYP enzymes involved in the
metabolism of human AFBI1 in the liver are CYP3A4,

0—CH,

Aflatoxin B1-8,9-epoxide

Accumulation

CYP3AS, and CYP1A2, whereas lipoxygenases and
prostaglandin H synthase appear to be important in its
biotransformation in the lung (38, 39). There are
numerous pathways in AFB1's metabolism, including
some of which are shown in figure 3. Additional
processes include odealkylation to AFPI,
hydroxylation to AFM1 and AFQ1, and ketoreduction
to AFL. The metabolites of aflatoxin B1, including
AFM1, AFQI1, and AFPI1, as well as AFB1-N7-
guanine, the DNA adduct's depurination product, can
be used as biomarkers to determine whether a person
has been exposed to this mycotoxin. Moreover, the
blood adduct of AFB1 and albumin or AFB1 and lysin
(40) are helpful biomarkers of exposure.

Because immune-mediated mechanisms include
constantly proliferating and differentiating cells, the
immune system is vulnerable to aflatoxin. Chronic
aflatoxin exposure has been shown to directly depress
immunological function in both humans and animals,
particularly in cell-mediated responses, as seen in
(Figure 4). (42).
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Fig. 4: Aflatoxin B1's Toxicological Life Cycle (42).
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AFBI1 is metabolised by CYP3A4, a distinct isoform
of P450, to AFBIl-endo-epoxide, a less hazardous
product that can be eliminated in a variety of ways and
cannot bind to nucleic acids. Exo- and endo-epoxides
can both quickly hydrolyze without enzymes to form
by reacting with serum albumin's lysine's -amino
group, AFB1-8,9 dihydrodiol is produced. (43).

AFBI attaches to DNA as well, altering its structural
properties and resulting in gene alterations as well as
adjustments to cell cycle control points and telomere
length (44). The genetic blueprint that controls cell
growth is corrupted by the liver cells' AFB1 binding to
DNA at the guanine base, which results in the
development of tumours (44). Apoptosis (increased
cell death) and ATP production disruption are caused
by mutation-induced harm to mit-DNA and
mitochondrial membrane adduction (45). By
interfering with the various control points that control
the growth and proliferation of the cell cycle, Reactive
aflatoxin-8, 9-epoxide can affect the mitotic (M)
phase, growth (G1 and G2), and DNA synthesis phase
(S phase) of the cell cycle, which can all have an
impact on cell dysregulation and the emergence of
cancer (46). according to Figure 5.

Spindle

Apoptosis \ Assembly
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i, Mitosis
N
P'm

‘ G2 A T. J
DNA Damage assembly ::
Checkpaints for division .

s G1
b chromosemes wytophnsm
replicate Honies ﬁ

DNA Damage
Checkpeint
Fig. 5: A Number of Cell Cycle Check Points, A
Number of Cell Cycle Phases, Including G1 and
G2 Gaps (Growth Phase), P-Prophase, M-
Metaphase, A-Anaphase, T-Telophase, and S-
Synthetic DNA Phase, Can be harmed by the
Binding of Aflatoxins and AF-8,9-epoxide. (47).

According to published research, AFB1 can cross the
human placenta and be digested by in-country
enzymes. Depending on where the placenta is in its
development, the placenta has varying concentrations
of P450 enzymes. The tissue-specific lipoxygenase,
however, has the ability to epoxidize AFB1 to ALF
(48). The epoxide can also be detoxified enzymatically
by conjugating to glutathione by the action of

glutathione Stransferase (49).

GSH serves as an antioxidant and performs a variety of
tasks related to membrane preservation and stability,
Lowered oxidative stress variables associated with
lipid peroxidation and high levels of reactive oxygen
species (ROS) they produce similar to how it aids in
the liver's ability to remove aflatoxins and other
chemicals (50). (51).

Increased GSH depletion causes metabolic processes
to become uncoupled, which compromises cell
membranes and causes lipid peroxidation. It also
results in unusually high amounts of ROS, which are
detected in aflatoxin-affected cells. This lowering
intensifies the harm caused by the 8, 9 epoxides to vital
biological components (DNA, lipids, and proteins).
Nevertheless, the AFB1-8, 9-epoxide metabolite's
reaction with DNA to produce adducts has the most
harmful side effects (52). The adduct causes gene
alterations that result in liver malignancies, notably
hepatocellular carcinomas, and is comparatively
resistant to DNA repair mechanisms (50).

AFM1 contamination of human milk is a serious
problem due to these drugs' ability to penetrate the
human placenta and accumulate there; infant exposure
to them might start during pregnancy. (53). A recent
epidemiological investigation, however, found Breast
milk contains AFB1, AFB2, AFG1 and AFG2 in
Egyptian women (54). According to reports, the
biliary pathway is used to eliminate AFB1 and AFM1
the most, followed by the urine pathway. Furthermore,
AFB1 was detected in two calves' kidney and urine at
varied amounts after being given 0.8 mg and 1.8 mg/kg
body weight, respectively (55). The two AFs' and their
metabolites' specific mechanism of toxicity is still
unknown.

CARCINOGENICITY OFAFB1

AFBI is classified by the World Health Organization
(WHO) as a class 1 carcinogen. (56). AFB1 may also
contribute to clinically diagnosed cases of
gastrointestinal cancer in Asians and Africans,
according to anumber of epidemiological studies (57).

Aflatoxin B1 has been identified as the mycotoxin that
causes cancer the most among the other mycotoxins. It
has been demonstrated that aflatoxin B1 may penetrate
cell membranes and bind to DNA, where it causes
permanent changes. (58).

AFBI1 is converted by liver p450 enzymes to aflatoxin-
8, 9-exo-epoxide. Particularly the p53 tumour
suppressor gene is susceptible to the extremely
reactive exo-ability of epoxides to interact with
proteins, DNA, and RNA to produce derivatives (59).

When AFB1 binds to DNA, it forms the most
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significant promutagenic adduct, 8, 9 dihydro-8-(N7
guanyl)-9-hydroxy. AFB1-N7-Gua can then be
converted into an AFBI1-formamidopyrimidine
(AFB1-FABY) adduct, which can result in mutations
that change guanine (G) into thymine (T) (60).
According to figure 6.

Moreover, these adducts may cause the p53 tumour
suppressor genes codon 249 to change from arginine to
serine, rendering the gene inoperable and promoting
the development of cancer (61). In addition to the
hepatotoxicity of AFB1 that was previously discussed,
other negative effects on different organs, such as the
kidney (62).

Cytochrome P450

aflatoxin that is primarily ingested by humans and
animals. Other forms of aflatoxin exposure include
ingestion of aflatoxins that are transferred milk and
milk derivatives, such as cheese and powdered milk,
are produced from feed. (b) by inhaling aflatoxins,
particularly AFBI1, from contaminated meals in
factories and enterprises (26).

In human groups who are more likely to acquire
hepatocellular carcinoma, several epidemiological
investigations examined urinary aflatoxin M1,
aflatoxinserum aflatoxin-albumin/lysin adduct, N7-
guanine, and as indicators of AFB1 exposure (65)
(23).
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Fig. 6: Pathways of Aflatoxin Bl1biotransformation (63).

Human exposure to AFB1

Flavonoids are extremely liposoluble substances that
are quickly absorbed from the exposure site into the
blood stream, typically via the respiratory tract and
digestive system. AFM1 is the predominant form of

CHRONIC CONDITIONS ASSOCIATED WITH
AFLATOXIN

The most prevalent and serious chronic condition
brought on by lifetime exposure to modest levels of
aflatoxins is cancer. Despite the fact that eating
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aflatoxins has historically associated with primary
liver cancer, including HCC and bile duct hyperplasia
(66). These mycotoxins have also been linked to the
development of cancer in a number of organs,
including the viscera, bone, kidney, pancreas, and
bladder (67).

Aspergilus flavus
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Acute suppression
aflatoxicosis Growth

failurein

children

Figure 7- AFB1 and AFM1's main
Contamination/exposure Routes, Harmful Human
Health Consequences, and other Information Are

Summarised in a Schematic Presentation. (64).

Food

It was predicted that only Aflatoxin B1 alone causes
25,200 to 155,000 cases annually (68), approximately
40% of those incidents taking place in sub-Saharan
Africa (8). due to the fact that one-third of all liver
cancer cases found on the African continent are
attributable to aflatoxin (69). China, which has the
highest liver cancer frequency in the world on a global
scale, has the majority of its liver cancer cases in its
southern region, where exposure to dietary aflatoxins
and HB chronic infections is widespread and most
frequent. (66).

Adverse renal consequences are linked to AFBI
exposure in animal studies. The exposed animals had
significantly lower levels of total proteins and higher
amounts of urea and creatinine (70). Treatment of
poultry with food contaminated with AFB1 can cause
renal tubular epithelial cells to degenerate, tubular
blood sinus congestion, a substantially greater
kidney/body the weight index, a lower glomerular
filtration rate, a decrease in renal tubular reabsorption
and glucose function, an increase in sodium and
potassium excretion, among other things. (71).

In postmortem kidney specimens from Nigerian
youngsters, substantial percentages of aflatoxins and
other mycotoxins (aflatoxin 60%) were found (72) ,
and ochratoxin levels were 61.29% and 93.5%,
respectively, in the urine of CKD patients from Sri
Lanka. (73). The kidney is vulnerable to a variety of

toxic chemicals because of how much blood it
receives, how much blood flows in at rest (20-25%),
and how much circulating toxins get to the kidneys
(74).

Due to their heavy activity, the kidneys also require a
lot of oxygen and nutrients; as a result, they filter about
one-third of the blood that enters them, and 98-99% of
the salt and water is reabsorbed. Before being
eliminated in the urine, aflatoxins, especially AFB1
and its metabolites, cause nephrotoxicity in several
areas of the nephrone (24).

According to reports, increased renal necrosis is what
causes the protein content to decrease as a result of
aflatoxin exposure (75). In experimental animals,
AFBI1 has been shown to generate kidney tumours,
while in 80% of hamsters, a combination of Hepatic
and renal tumours were discovered to be caused by
AFB and AFG. (76).

In the proximal renal tubules, Furthermore,
megalocytosis and kidney abnormalities were seen -
like characteristics. AFB1-exposed African birds were
reported to experience congestion and parenchyma
haemorrhageaberrant glomerular epithelial cell
growth, fatty and hemorrhagic kidney syndrome,
glomerular basement membrane thickness, aberrant
glomerular epithelial cell growth, and degenerative
changes in renal tubular cells (27). Other animals'
glomerular filtration rates, glucose uptake, tubular
transport of organic anions and electrolytes, as well as
the kidney alkaline phosphatases, pyruvate and
glutamate-oxaloacetate transaminases, and were all
found to be affected by aflatoxins, their metabolites,
and the ROS they produced. AFB1 led to the loss of
microvilli, chromatin aggregation, and mitochondrial
degeneration in cultured kidney cell lines. (27).

There are a number of mycotoxins that have been
suggested as nephritis causes. A study of the
mycotoxin levels in urine from 31 CKDu patients
found that fumonisins (19.4%), ochratoxins (93.5%),
and aflatoxins (61.3%) were present (77).

These indications point to AFB1's potential
accumulation in human kidneys and Despite the fact
that no research has looked at the connection in human
populations, AFB1 exposure and impaired kidney
function, there may be a link to chronic kidney disease
inindividuals (72).

Information on exposure over the course of two to
three months is provided by AFB1-albumin adducts
(78). The Lys product is the sole protein adduct of
AFBI1 that has been described. The production of this
substance may boost AFBl's acute toxicity and
carcinogenic potential. Adducts have been discovered
in cord blood (79) and peripheral blood (80).
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METHODS OF DETECTION SERUM
AFLATOXIN B1

For the purpose of finding mycotoxins, it's critical to
design quick, accurate, and repeatable assays. Several
academics are interested in the precise and quick
qualitative and quantitative examination for
mycotoxins. There have been established various
analytical techniques with varying sensitivity and
accuracy that can be utilised for various objectives.
Enzyme immunoassays, Techniques including high-
performance liquid chromatography (FD), TLC, and
HPLC with UV or fluorescence detection are widely
used to assess mycotoxins (EIAs). Mycotoxins can
now be evaluated both qualitatively and quantitatively
using recently developed techniques like liquid
chromatography-mass spectrometry (LC-MS) and gas
chromatography-mass spectrometry (GC-MS). (81).
The most popular quantitative techniques for studying
and the methods for analyzing High performance
liquid chromatography (HPLC), thin layer
chromatography (TLC), and liquid chromatography
(LC) are all methods used to analyze aflatoxins (82).
These methods have excellent sensitivity but
frequently call for experienced operators, thorough
sample preparation, and pricey machinery (83).

TLC, or thin-layer chromatography, is a method that
can be used to separate, assess the purity of, and
pinpoint organic molecules. One of the most popular
separation methods in aflatoxin analysis is TLC, also
known as simple chromatography or planar
chromatography. In normal-phase TLC, a stationary
phase, such as cellulose, silica, or alumina, is
immobilised on a glass or plastic plate while the
mobile phase is a solvent. The sample, which may be a
liquid or one that has been dispersed in a spot of the
solvent is positioned on the stationary phase.. By
running standards beside the unidentified spot, a
sample's composition can be determined. The solvent
then travels up the plate through capillary action after
being positioned vertically in a tank with one edge of
the plate in it. The plate is withdrawn from the tank
once the solvent has reached the other edge, and the
separated spots are seen using UV, fluorescence, MS,
or other methods because the components have
various partitioning behaviours (81).

Indicators of normal biological or pathological
processes that may be objectively examined and
assessed are called biomarkers, poisonous reactions to
a hazardous agent or pharmacologic reactions to a
therapeutic intervention. The three categorised
biomarker types are susceptibility, response, and
exposure (84).

Mycotoxin biomarkers are components of mycotoxins

or the consequences of their relationship to target
molecules, such as protein or DNA adducts and
glucuronide conjugates, that can be identified in
bodily fluids or tissues and linked to ingested
mycotoxins (85).

Biomarkers track cellular, biological, or molecular
alterations in bodily tissues, cells, or fluids to detect
disease or chemical exposure. The identification of
specific biomarkers may aid in the identification,
diagnosis, and treatment of people who a.re afflicted
and at risk but still asymptomatic since biomarkers are
used to monitor or suggest biological processes.
Environmental agent biomarker development should
be based on detailed understanding of metabolism,
byproduct generation, and overall mechanism of action
(28). AFM1, a hydroxylated metabolite of AFB1 that is
found in breast milk and indicates exposure over the
previous 24 hours, and aflatoxin-albumin adduct (AF-
alb) in plasma or serum are the biomarkers for aflatoxin
exposure. AF-alb has a half-life of 2 months and allows
the assessment of more chronic exposure to aflatoxin.
(86). Using HPLC-fluorescence or LC-MS/MS to
measure the serum proteolytic digests' AFB1-lysine
aflatoxin-lysine adduct is an alternative approach for
determining aflatoxin exposure utilising the AF-
albumin adduct (87).

All of these techniques may be used to investigate the
indirect assessment of AFs adducts, such as the serum
AFB1-lysine adduct, which may be a good indicator of
the long-term effects of aflatoxin exposure. Also, it
may be a good idea to use these techniques to examine
gene expression, which can provide light on the
processes of aflatoxicosis and lessen its impact on
renal damage, particularly in cases of unknown
actiology. The final step in food detection is the
development of nanomaterials technologies that can
precisely identify the contents and specific
components (AFB1 adduct).
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