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Aflatoxins BI(AFB1) is an ancillary lethal metabolite archetypally spawned by Aspergillus
flavus as well as A. parasiticus mostly found all over the world but more in tropic and humid
regions. AFB1 has been isolated is almost all food products. The isolation of AFB1 in humans
was demonstrated using human fluid like urine, serum as well as breast milk. Also, AFB1 was
isolated in human placenta in pregnant women. ELISA is extremely sensitive in detecting AFB1.
AFB1 was capable of compromising the activities of the blood-brain barrier (BBB). AFB1
was capable of triggering peripheral and central nervous degeneration. Acute central nervous
system (CNS) symptoms like coma, cerebral edema as well as death has been observed in AFB1
exposure to the brain. Also, symptoms of brain destruction such as dullness, restlessness, muscle
tremor, convulsions, loss of memory, epilepsy, idiocy, loss of muscle coordination, and abnormal
sensations have been associated with deficiencies of these neurotransmitter during AFB1exposure.
AFB1 was capable of influencing the end products of proteins as well as amino acid metabolism
leading to hyper-ammonemia which easily cross the BBB to trigger the synthesis of glutamate
neurotransmitters which are cytotoxic to the brain cells and causes encephalopathy. Glutathione
(GHS) depletion resulted in destruction to critical cellular components such as DNA, lipids and
proteins via the 8,9 epoxides of AFB1.This review therefore elucidates the novel neurotoxic and

Neurotoxin,
Neuroimmunotoxic

neuroimmunotoxic roles of AFB1 on the CNS.

INTRODUCTION

Aflatoxins BI(AFBI1) is a subsidiary poisonous metabolite
archetypally spawned by Aspergillus flavus as well as A. par-
asiticus [1-3]. These species of molds are routinely isolated in
warm or tropical counties across the world [1,4]. AFBI1 are
currently the most ruinous carcinogens amongst all the vari-
ous kinds of aflatoxins isolated [1,2]. Studies have shown that,
ingestion of food contaminated with AFB1 often linked with
central nervous system (CNS) disease like neuropathies, de-
myelinating disease as well as neurocognitive deficits [3,5,6].
Furthermore, AFB1 was capable of causing direct damage to
the CNS [7]. One of the mechanisms via AFB1 caused damage
to the brain was downregulation of Na*, K*-ATPase in the cere-
brum which was established in rats [3,7]. Also, AFBI was able
to modulate the concentrations of several biogenic amines in
the brain of mice [3,8]. More so, the toxin was able to modify
entire brain serotonin (5-HT) concentrations in chickens [3,9].

Additionally, introduction of AFB1 into the rat’s brains for
three weeks augmented brain levels of the lipoperoxidation
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indicators such as malondialdehyde as well as 4-hydroxyalke-
nals [3,10]. Nevertheless, continuing incorporation of af-
latoxins into feeds for turkeys, cattle as well as chickens
resulted in neurological signs and symptoms like anorexia,
staggering gait, recurrent falls as well as adrift movements
in circles [7]. AFB1 has also been implicated in hypothetical
oxidative stress-associated mechanisms [11]. The toxin was
able to modify protein kinase C (PKC) resulting in cancer be-
cause this kinase acts as a cancer faciliatory receptor [3,12].
This review therefore elucidates the novel neurotoxic as well
as neuroimmunotoxic roles of AFB1 on the CNS.

DETECTION OF AFLATOXIN B1 IN HUMANS

The isolation of AFB1 in humans was demonstrated using
human fluid like urine, serum as well as breast milk [13,14].
Nevertheless, no study has demonstrated the isolation of
AFBI in the cerebrospinal fluid (CSF) of humans. Sever-
al studies have investigated urine samples and confirmed
a relationship between overall daily ingestion of AFBI1
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and excretion of AFM1[13, 15]. Also, urine samples were
examined and the concentrations of AFB1-N7-guanine ad-
duct was concurrent well with AFB1 ingestion [16]. Wild
et al also indicated that, the levels of AFB1-N7-guanine
in urine was maximum on the first two days after AFB1
ingestion [17].

Studies have demonstrated a correlation between
AFBI1-lysine and daily ingested AFB1 contamination and
established that AFB1-lysine could be a biomarker [17,18].
Wild et al also indicated that, the levels of AFBI1-lysine
in serum was maximum from 2-3 month after exposure to
AFBI1[17]. AFM1, a key metabolite of AFB1 was also de-
tected in milk during lactation, and numerous studies con-
firmed incidence of this metabolite in human milk [18,19].
Furthermore, AFB1 was also isolated in samples of umbilical
cord blood, signifying they can cross the placenta [17,20].

The laboratory investigative modalities used in detecting
AFBI-lysine adduct in serum includes radioimmunoassay,
enzyme linked immunosorbent assay [17,19]. Also, purifica-
tion with immunoaffinity columns followed by separation by
high performance liquid chromatography (HPLC) as well as
detection by fluorescence was utilized to detect AFB1[17,21].
ELISA is extremely sensitive in detecting AFBI, but it was
less specific and displays higher levels of AFB1-lysine be-
cause of concurrent isolation of adducts from reactions with
other amino acids as well as ingestion of aflatoxins of analo-
gous structure, for example AFG1[17]. HPLC-fluorescence is
specific for AFB1-lysine, but it is less sensitive for large scale
detection of AFB1 during mass contaminations [21].

AFLATOXINS B1 AND NERVOUS SYSTEM

AFBI usual gets into the gut via food contaminated with the
toxin [22]. After ingestion of the toxin, it passes through the
gut and finally absorbed into the blood stream via passive dif-
fusion [22]. The most principal organ with high affinity for the
toxin is the liver because it detoxifies most of toxins including
AFBI1[23]. When the toxin gets to the liver, it is transformed into
its epoxide form by liver biotransformation enzymes [22,23].
The epoxide form exits the liver into the systemic circulation
which then delivers it to almost all the body organs and cells
most especially the brain, lymphocytes and the lungs [24]. The
toxin is able to enter the systemic circulation because of its li-
pophilic nature [22,23]. AFBI is capable of depleting myelin
sheath of the nerves thereby exposing the nerves to injuries.
Myelin sheath is a substance that shells the nerves [22].

Several studies have demonstrated that, AFB1 was capable
of triggering aberrations in mitochondrial DNA of brain cells
resulting in malfunctioning oxidative phosphorylation [25,26].
The defective oxidative injury often leads to destruction in
key cellular macromolecules like DNA, lipids as well as pro-
teins [25,26]. Studies have further proven that; cellular fatty
acids are freely oxidized by reactive oxygen species (ROS)
triggered by AFBI1 to generate lipid peroxyl radicals which
in turn proliferate into MDA. The resultant MDA interrelates
with cellular DNA to form DNA-MDA which influences the
generation of energy in the brain [25,26]. The ROS often trig-
gers aging, chronic degenerative disorders, neuroinflammato-
ry disorders as well as glioma [27].

AFB1 was detected in the brains of about 81% of children
living in regions with high exposures during autopsies [22,24].
In neuroblastoma cells, it was established that AFB1 deregu-
late signal transduction actions [28]. Furthermore, AFB1 was
capable of compromising the activities of the blood-brain
barrier (BBB) [22]. It is proven that; the BBB is constituted
by human brain microvascular endothelial cells (HBMEC)
which are derivatives of the brain cells [22]. The cytotoxicity
effect of AFB1 was capable of disrupting HBMEC which are
key constituents of the BBB resulting in the destruction as
well as a comprise of the BBB [22].

Furthermore, brain cells have high affinity for AFB1 be-
cause of its lipophilic nature tissue [7,24]. A body of evidence
indicates that, AFB1 augmented (-glucuronidase and f3-ga-
lactosidase during early stages of peripheral nervous system
(PNS) as well as CNS degeneration in rats [7]. This means
AFBI is capable of triggering peripheral and central nervous
degeneration. Furthermore, AFB1 was capable inducing neu-
ropathy via these enzymes [7]. The levels of these enzymes in
the cerebellum, cerebrum as well as medulla oblongata were
elevated in an experiment involving rats with AFB1 toxins
which subsequently developed neuropathies [22].

NERVOUS SYSTEM AFLATOXIN B1 SIGNALING
PATHWAYS

Studies have shown that AFB1 directly binds to unknown
receptors on neuronal cells leading to a dose as well as
time-dependent reduction in neuronal cell numbers [1,7].
More studies are needed to identity these unknown recep-
tors. Nevertheless, it has been established that, the genera-
tion of energy in the nervous systems was compromised by
AFBI via the inhibition of magnesium pump (Mg**-ATPase)
(Figure 1) [7].

Souza et al demonstrated that, AFB1 was capable of mod-
ifying the energetic balance associated with ATP metabolism
via the inhibition of a crucial enzyme of cellular homeostasis
in cells with high as well as moderate energy needs like brain
cells [1]. They indicated further that, the inhibition reduces
ATP production as well as the interaction sites of ATP initia-
tion and utilization with a resultant inhibition of cerebral so-
dium-potassium pump (Na*, K*-ATPase) activities [1]. Na”,
K*-ATPase is a fundamental enzyme conscientious for the
electrochemical gradient across cell membranes, preserva-
tion of membrane potential, cell capacity, cellular, as well as
excitatory neurotransmitters [1,29]. The enzymes required
for ATP generation are often perceived at the terminal phase
of oxidative phosphorylation (Figure 1) [7].

Souza et al further demonstrated that, AFB1 was capable
of blocking cerebral creatine kinase (CK) action [1]. Zala et al
demonstrated that, ATP produced by CK is predominantly
utilized by brain cells via the Na*, K*-ATPase (Figure 1) [30].
It was proven that, CK is extremely sensitive to free radicals
such as hydrogen peroxide, peroxyl radical, superoxide anion
as well as hydroxyl radicals. CK was also implicated in the
oxidation of the thiol group of these free radicals [1, 30, 31].
CK is well-known as a fundamental regulator of cellular en-
ergy homeostasis in the brain which has enormous as well
as altering energy needs [32]. CK was capable of generating
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Figure 1. This an illustration showing the mechanisms via which AFB1 is able deplete energy in the brain. Abbreviations list: Aflatoxins
B1 =AFBI, Creatine kinase = CK, Protein kinase C = PKC, Phosphocreatine = PCr

a huge pool of briskly circulating phosphocreatine (PCr) for
temporal as well as spatial buffering of ATP concentrations
via reversible transformation of creatine into PCr [32].

Schlattner et al indicated that, an energy transport sys-
tem referred to as the CK/PCr shuttle or circuit is formed via
the interconnections between CK and PCr (Figure 1) [33].
This energy transportation system shuttles energy from sub-
cellular locations such as the mitochondria to locations of
energy utilization, where the cellular ATPases as well as
ATP-dependent ion pumps, like Na*, K*-ATPase are situat-
ed and wield a vital function in the appropriate role of this
enzyme [33]. Venkataraman et al indicated that, CK activity
was extremely susceptible to inactivation via oxidative reac-
tions as well as oxidative damage, and thus one of the foci
for ROS in cerebral diseases [34].

It has been proven that AFB1 contrarily modifies PKC
activity in numerous nonneural cell types as well as neural
cells [3,35]. Studies have also shown that, PKC signaling
modulates Na*, K*-ATPase as well as oxidative stress in the
brain (Figure 1) [36,37]. Activation of PKC was capable of
influencing essential activities of neuronal physiology as
well as regulatory processes in diverse subcellular compart-
ments [3,38].

Studies have shown that, during the hepatic metab-
olism of AFBI1, the detrimental consequences of AFBI
are intermediated by an augmented generation of reactive
species like superoxide anion, hydroxyl radical, as well as
hydrogen peroxide [3,39]. Studies have demonstrated that,

low dose of AFB1 was incapable of modifying the action
of catalase (CAT), malondialdehyde (MDA), superoxide
dismutase (SOD), glutathione reductase as well as gluta-
thione-S-transferase (GST) concentrations in brain [3,40].
Nevertheless, high dose of AFB1 had pro-oxidant influence
in the brain [3]. The pro-oxidant effects lead to an augment-
ed activity in SOD as well as a reduced GSH-Px activity in
the brain, without contemporaneous modifications in MDA
concentrations as well as CAT activity [3,41].

NEUROTRANSMITTERS AND AFLATOXIN B1

It has long been established that neurotransmitters as well
as enzymes are the main substance that alters the behavior
of all animals [3]. Studies have shown that food contami-
nated with AFBI facilitates the pathological process of cer-
tain idiopathic as well as debilitating nervous diseases in
humans [42,43]. AFB1 was capable of modifying the me-
tabolism of tryptophan which in turn decrease the levels se-
rotonin in the brain [44]. Also, AFB1 was able to lower the
levels of striatal dopamine as well as serotonin which means
that the toxin triggers dopaminergic as well as serotoninergic
pathways via specific transformation of tyrosine to biogenic
catecholamine neurotransmitters [45]. Furthermore, acute
AFB1 contamination reduces brain acetylcholinesterase,
while chronic exposure to the toxin up-regulates the levels
of adenohypophyseal acetylcholinesterase [46].

Acute CNS symptoms like convulsions, coma, cerebral
edema as well as death was observed during AFB1 exposure
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to the brain [6]. Initial studies have demonstrated that,
chronic exposure of AFB1 was capable of modulating cho-
linergic as well as dopaminergic transmission in the adult
rat brain [46,47]. Furthermore, it was established that, AFB1
was able to modulate biogenic amine concentrations in some
brain regions in a mouse exposed to AFB1-rich diet [6]. This
modification was associated with transformations in the ac-
tions of some metabolic enzymes [8]. Also, AFB1 was impli-
cated in the stimulation numerous histopathological modifi-
cations in the cerebral cortex as well as hippocampus in a rat
model [48]. Moreover, maternal exposure to AFB1 as well as
its metabolite AFM1 revealed crossing of these toxins from
the bloodstream into milk and subsequently modifications in
hippocampal neurogenesis with down-regulation of cholin-
ergic signals in their progenies’ [6,49].

It is well established that, AFB 1 upregulates cholinesteras-
es or acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE), as well as adenosine deaminase (ADA) actions [50].
Up regulation of these enzymes during the AFB1 intoxication
suggest the involvement of these enzymes in the pathologi-
cal process [50]. Thus, ACh, BCh and ADA contribute to the
physiological as well as pathological actions as inflammatory
mediators and neurotransmission [50]. Furthermore, upregu-
lations of AChE, BChE and ADA actions led to inflammation
as well as tissue injury resulting in disease progression [50].
Also, modification in AChE and ADA actions may be asso-
ciated with clinical signs of apathy, because these enzymes
have significant contribution in neurotransmission as well as
neuromodulation, correspondingly[50].

Acute exposure to AFBI resulted in a reduction in re-
gional brain AChE leading to alteration in cognitive func-
tions, memory as well as impaired learning humans while
chronic exposure resulted in an upsurge in adenohypophy-
seal AChE [23,51]. Studies have demonstrated that, absence
of these neurotransmitter resulted in neurological symptoms
like neurocognitive regression and modulation of sleep cy-
cle [23,47]. Also, symptoms of brain destruction such as
dullness, restlessness, muscle tremor, convulsions, loss of
memory, epilepsy, idiocy, loss of muscle coordination, and
abnormal sensations have been associated with deficiencies
of these neurotransmitter during AFBlexposure [23]. AFB1
bind with guanine remains in DNA leading to AFBI1-N7-
guanine adducts and subsequently initiation of guanine to
thiamine transversion mutations [23,52]. AFB1 also modi-
fies the concentrations of numerous biogenic amines as well
as their antecedents in rat and mouse brains [52].

ENCEPHALOPATHY AND DETOXIFICATION OF
AFLATOXIN B1

It was well established that, the metabolism of AFB1 tonic
effect starts from the live and often leads to liver failure as
well as cancer of the liver [53]. Encephalopathy arises when
the liver is incapable of detoxifying ammonia during failure
or cancer as a result of AFBI1 toxicity [54]. The end products
of protein as well as amino acid metabolism often results in
hyper-ammonemia which easily cross the BBB to trigger the
synthesis of glutamate neurotransmitters which are cytotoxic
to the brain cells leading to encephalopathy [53].

Cases of toxic encephalopathy in humans were first
observed in Chinese children [55]. The involvement of AFB1
in toxic encephalopathy has also been observed in children
with Reye’s syndrome who were on salicylates [56]. AFB1
contamination resulting in Reye’s syndrome with symp-
toms of encephalopathy as well as fatty degeneration of the
viscera in humans who were not on salicylates have been
reported [23,57]. Consequently, toxic encephalopathy asso-
ciated with aflatoxicosis in dogs has also been reported [23].
Studies have shown that, AFB1 associated toxic encepha-
lopathy often engrosses multiple symptoms such as recent
memory decline, headaches, loss of balance, light headed-
ness, insomnia, spaciness/disorientation, as well as loss of
coordination [23,58].

Studies have shown that, AFB1 are metabolized via cy-
tochrome P450 (CYP450) microsomal enzymes to aflatox-
in-8,9-epoxide [59]. A sensitive type of the enzyme often
adducts as well as damage DNA by binding to DNA as well
as albumin in the blood serum [59, 60]. CYP3A4 as well as
CYP1A2 are the principal human CYP450 isoforms impli-
cated in the metabolism of AFB1 in humans [59]. However,
CYP3A4 was the key CYP450 enzyme involved in the trans-
formation of AFBI into its epoxide type as well as AFQ1, a
less toxic purification metabolite [59].

Glutathione (GSH) is an antioxidant that is capable of
stabilizing as well as maintaining the cell membrane via
decreasing oxidative stress and high ROS which stimulates
lipid peroxidation [61]. Studies have shown that, AFB1 was
capable of depleting GSH resulting in aberrantly high con-
centrations of ROS in cells [62,63]. The absence of GSH for
GSH-peroxidase catalysis of O, to H,O, often result in lip-
id peroxidation as well as cell membranes impairment [63].
GHS depletion often results in destruction to critical cellular
components such as DNA, lipids and proteins via the 8,9
epoxides of AFB1[62].

Souto at al found that, AFB1 was capable of depleting
key non-enzymatic soluble antioxidant defenses, ascorbic
acid, as well as non- protein thiols in the cerebral cortex [3].
They explained that, AFB1 exposure modifies the brain re-
dox state via non- protein thiols and ascorbic acid [3]. They
specify that even a single exposure to AFB1 was capable of
triggering acute imbalance in the brain non-enzymatic anti-
oxidant defenses [3].

NEUROIMMUNOTOXIC EFFECTS AFB1

Studies have demonstrated that, murine microglial cells were
able to trigger free radicals as well as inflammatory reactions
during AFBI1 contamination [64,65]. The cytotoxic conse-
quence of AFBI was perceived precisely at high levels on
microglial cells in both time as well as dose-dependent man-
ner [64]. Furthermore, ATP was significantly depleted in mi-
croglial cells contaminated with AFB1 using firefly lucifer-
ase assay [64]. Also, caspase-3/7 activities in AFB1-exposed
microglia was significantly augments in bioluminescence
assays which means that AFB1 is capable of influencing
caspase-3/7 activity in microglia cells (Figure 2). Neverthe-
less, AFB1 was capable of triggering microglial apoptosis
during microglial necrosis [64].
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Gene expressionanalyses of humanmicrogliademonstrated
that, AFBI has the ability initiate inflammatory response in
human microglial cells at the mRNA level (Figure 2) [64].
Also, proinflammatory reactions associated with AFB1 toxin
was implicated in the over-secretion of receptors such toll-like
receptors (TLRs), myeloid differentiation primary response
88 (Myd88), nuclear factor kappa-light-chain-enhancer of ac-
tivated B cells.

(NF-kB), nuclear factor of kappa light polypeptide gene
enhancer in B-cells inhibitor.

(IKp), C-X-C chemokine receptor type 4(CXCR4), C-C
chemokine receptor type 4 (CCR4), and C-C chemokine re-
ceptor type 8 (CCR8) (Figure 2) [64].Nevertheless, AFB1
was unable to transform M, phenotype of microglial cells
although the toxin is capable of triggering inflammatory re-
sponse in the human microglial cells [64]. Therefore, microg-
lial cells function as sensor of inflammation in the brain [66].
Granulocyte-macrophage colony-stimulating factor (GM-
CSF) secretion in the AFB1-exposed microglia acts as danger
signal for other resting microglial cells (Figure 2) [67]. This
danger signaling modality occurs when GM-CSF binds to
TLRs in microglia cells exposed to AFB1[67]. Also, aug-
mentation of GM-CSF resulted in increased recruitment of
inflammatory cells into the brain (Figure 2) [68].

A study demonstrated that, AFB1 was capable of
modulating the expression of fundamental mRNAs as well
as proteins associated with inflammation in essential im-
mune-keeper cells of the microglial lineage in the brain [65].
These immune-keeper cells of microglial cell induce neu-
rotoxic astrocytes [64,69]. The destructive consequences of
AFBI1 on human microglia was often due to ATP depletion
as well as the induction of apoptosis [64]. These reactions
automatically elucidate the hypothetical warning of neuro-
immune dysregulation by AFB1 on the human brain [64,65].

Park et al in a recent study indicated that, AFB1 treat-
ment triggered mitochondria-dependent apoptosis of the hu-
man astrocytes, NHA-SV40LT cells [70]. They stated that,
AFBI triggered cytosolic and mitochondrial calcium chang-
es as well as ROS production in the cells above [70]. AFB1
was capable of modulating the proliferative abilities of the
NHA-SV40LT cells via the AKT and ERK1/2 MAPK sig-
naling [70]. Also, AFB1 blocked the sustainability as well
as growth of zebrafish embryo via the triggering of casp3a,
casp8, casp9, and tp53 [70]. AFB1 was capable of trigger-
ing apoptosis in astrocytes as well as oligodendrocytes in the
brain and axon of the zebrafish embryo [70]. Thus, AFB1
stimulated cell death in astrocytes as well as blocked general
brain growth [70].

AFB1 W

AFB1 AFB1

TLRs

7 D

Neuroinflamatory
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Figure 2. This an illustration showing the cytotoxic effect of AFB1 on microglial cells. Abbreviations list: Aflatoxins B1 = AFBI,
C-X-C chemokine receptor type 4 = CXCR4, C-C chemokine receptor type 4 = CCR4, C-C chemokine receptor type 8 = CCRS,
Granulocyte-macrophage colony-stimulating factor = GM-CSF, Myeloid differentiation primary response 88 = Myd88, Nuclear
factor kappa-light-chain-enhancer of activated B cells = NF-kB, nuclear factor of kappa light polypeptide gene enhancer in B-cells

inhibitor = Ik3, Toll-like receptors =TLRs
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CONCLUSION

Ingestion of food contaminated with AFBI is associated
with CNS disease like neuropathies, demyelinating disease
as well as neurocognitive deficits. Also, acute CNS symp-
toms like convulsions, coma, cerebral edema as well as
death has been observed in AFB1 exposure to the brain. AF-
Blinteracts with protein as well as amino acid metabolism
resulting in hyper-ammonemia which easily cross the BBB
to trigger the synthesis of glutamate neurotransmitters which
are cytotoxic to the brain cells leading to encephalopathy.
Furthermore, GHS depletion results in destruction to critical
cellular components such as DNA, lipids and proteins via
the 8,9 epoxides of AFB1. The destructive consequences of
AFBI on human microglia was often due to ATP depletion
as well as the induction of apoptosis. These reactions au-
tomatically elucidate the hypothetical warning of neuroim-
mune dysregulation by AFB1 on the human brain. Further
signaling (interleukins) studies on the effect of AFB1 on the
nervous system is warranted.

ABBREVIATIONS LIST

Acetylcholinesterase = AchE, Adenosine deaminase =
ADA, Aflatoxins B1 = AFB1, Blood-brain barrier = BBB,
Butyrylcholinesterase = BChE, Creatine kinase = CK,
catalase = CAT, cytochrome P450 = CYP450, C-X-C chemo-
kine receptor type 4 = CXCR4, C-C chemokine receptor
type 4 = CCR4, C-C chemokine receptor type 8 = CCRS,
Glutathione = GHS, glutathione-S-transferase =GST, Gran-
ulocyte-macrophage colony-stimulating factor = GM-CSF,
High performance liquid chromatography = HPLC, Human
brain microvascular endothelial cells = HBMEC, Protein
kinase C = PKC, Malondialdehyde = MDA, Myeloid dif-
ferentiation primary response 88 = Myd88, Nuclear factor
kappa-light-chain-enhancer of activated B cells = NF-kB,
nuclear factor of kappa light polypeptide gene enhancer in
B-cells inhibitor = Ikf3, Peripheral nervous system = PNS,
Phosphocreatine = PCr, Reactive oxygen species = ROS, Su-
peroxide dismutase = SOD, Toll-like receptors =TLRs.
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