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Abstract
The neurotoxic im pact of d ie ta ry  exposure to aflatoxin  B i  (A F B J  is docum ented in 

experim ental and epidem iological studies. G a llic  acid (GA) is a tripheno lic phyto- 

chem ical w ith  potent anticancer, anti-inflam m atory, and antioxidant activ ities . 

There  is a knowledge gap on thè influence of G A  on A FB i-ind u ced  neurotoxicity . 

Th is  study probed thè influence of G A  on neurobehavioral and biochemical 

abnorm alities in rats o ra lly  treated  w ith  A F B i  per se (75pg/kg  body weight) or 

adm inistered together w ith  G A  (20 and 40m g/kg) fo r 28  uninterrupted days. 

Behavioral endpoints obtained w ith  video-tracking so ftw are  dem onstrated sig-
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nificant (p < .0 5 ) abatem ent of A F B r induced anxiogenic-like behaviors (increased 

freezing, urination, and fecal bolus discharge), motor and locom otor inadequacies, 

nam ely increased negative geotaxis and dim inished grip strength , absolute turn  

angle, total tim e mobile, body rotation, maximum speed, and total d istance trave led 

by G A . The im provem ent of exp lo ra to ry  behavior in anim als that received both 

A F B i  and G A  w as confirm ed by track  plots and heat maps appraisal. Abatem ent of 

A FB j- ind u ced  decreases in acety lcho linesterase  activ ity , antioxidant sta tus and 

glutathione level by G A  w as accompanied by a marked reduction in oxidative stress 

m arkers in thè cerebellum  and cerebrum  of rats. Add itionally , G A  treatm ent abro- 

gated A FB i-m ed ia ted  decrease in in terleukin-10 and elevation of inflam m atory in- 

dices, nam ely tum or necrosis factor-a , m yeloperoxidase activ ity , in terleukin-l|3 , and 

n itric  oxide. Fu rther, G A  treatm ent curta iled  caspase-3 activation  and histological 

in ju ries in thè cerebral and cerebe lla r tissues. In conclusion, abatem ent of 

A FB i- ind u ced  neurobehavioral abnorm alities by G A  invo lves anti-inflam m atory, 

antioxidant, and antiapoptotic m echanism s in rats.

K E Y W O R D S
aflatoxin B i, apoptosis, gallic acid, neurotoxicity, oxido-inflammation

1 | IN T R O D U C T IO N most predominant and poisonous form of aflatoxins.111 The presence
of A FB i in foods and feedstuffs has been detected in contaminated 

Aflatoxins are naturally occurring mycotoxins with foremost deleter- peanuts, corn, wheat, cotton seeds, fruit juices, milk, and several
ious consequences on animai and human health. Aflatoxin B i (AFBd, agricultural produces.12'31 Dietary exposure to A FB i is reported to be
which is produced by Aspergillus flavus and Aspergillus parasiticus, is thè more in thè tropical than temperate regions owing to favorable
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humidity and hot climates, which are essential for fungi's growth. 
However, thè prevalent harmful impact of AFBi-contamination of 
food products in thè world is associated with thè extensive transac­
tion of agricultural foodstuffs/41 Acute exposure of humans to 
aflatoxins is often characterized by abdominal pain, convulsions, vo- 
miting, coma, and death with cerebral edema.1561 The toxic effects of 
A FB i in exposed organisms have been documented to involve meta- 
bolic activation by cytochrome P-450 (CYP450)-dependent mono- 
oxygenase to its reactive AFBl-8,9-epoxide, which subsequently 
interferes with cellular macromolecules.1781

Dietary exposure to A FB ì  is a worldwide health burden because 
A FB i has been implicated in hepatotoxicity, carcinogenesis, im- 
munotoxicity, reproductive dysfunction, and neurotoxicity.1591 An 
epidemiological report revealed that A FB i was detected in autopsy 
brain samples of children in Nigeria.1101 Moreover, A FB i reportedly 
enters thè brain via destruction of thè blood-brain barrier's integrity 
and consequently induces cognitive deficits.1111 Previous neurotoxi- 
city data from animai models showed that exposure to A FB ì  sig­
n ifican ti impaired locomotor function and disrupted neural 
development in zebrafish embryos and larvae.1121 Moreover, prenatal 
exposure to A FB i markedly delayed learning ability, thè develop­
ment of reflex response with attendant locomotor deficits in rat 
offspring/131 Neurobiochemical modifications associated with A FB i 
exposure in animals include inhibition of enzymes involved in choli- 
nergic neurotransmission, oxidative phosphorylation, and antioxidant 
defense,114151 as well as induction of oxidative stress.1161 Histo- 
pathological lesions associated with A FB i exposure include diminu- 
tion of nerve fibers and neuronal degeneration in thè frontal cortex 
and hippocampus/171 Thus, in view of thè various harmful impact of 
A FB i on human and animai health, research into thè possible anti- 
dotes for toxicities due to A FB ì  exposure is warranted.

Gallic acid (GA), otherwise known as 3,4,5-trihydroxybenzoic 
acid, is an important low molecular triphenolic phytochemical com- 
monly found in numerous vendible beverages, specifica li green tea, 
coffee, red wine, and pomegranate juice/181 Beneficiai health effects 
of GA have been related to its anticancer, antimicrobial, anti- 
inflammatory, and antioxidant activities.119201 Industriali, GA is an 
essential food additive for thè prevention of rancidity of fats and 
oils.[21] Earlier investigations in rodents showed that GA protected 
against neurotoxicity associated with glutamate,1221 cobalt chlor- 
ide,[23] arsenic,1241 and aluminum chloride.1251 Besides, GA effectively 
diminished neuroinflammation induced by lipopolysaccharides by 
attenuating protein aggregation and necroptosis in rats.1201 GA re- 
portedly protected against ketamine-induced memory impairments 
and lesions in thè brain of rats,1261 rescued cognitive failure in APP/ 
PS1 doublé transgenic mouse via interference with A(3(l-42) ag­
gregation,1271 and effectively inhibited aflatoxin production in As- 
pergillus flavus.1281 Recent studies from our laboratories 
demonstrated thè ameliorative influence of GA on AFBi-mediated 
hepatorenal and reproductive damage in rats.[29301 However, scien- 
tific evidence on thè role of GA in thè neurotoxicity linked to A FB i 
exposure is lacking. We hypothesized that owing to thè widely re- 
ported intrinsic beneficiai biological activities of this ubiquitous

phytochemical, GA may play a significant role in ameliorating 
AFBi-induced neurotoxicity.

The current study aimed at examining, for thè first time, thè 
influence of GA on AFBi-associated neurotoxicity in rats by asses- 
sing thè locomotor and exploratory characteristics using video- 
tracking software and an established neurobehavioral technique in 
an open field.[31] Thereafter, biochemical assays comprising activity 
acetylcholinesterase (AChE), inflammation, antioxidant en- 
zyme activities, indices of oxidative stress, as well as histomorpho- 
metrical and histological examination of thè cerebellum and 
cerebrum of rats were done.

2 | M ATERIALS A N D  M ETH O D S

2.1 | Chemicals and assay kits

GA (>95%) and A FB ì  (>98%) were purchased from Sigma-Aldrich 
Chemical Co. Evaluation of interleukin-10 (IL-10), tumor necrosis 
factor-a (TNF-a), interleukin-lf! (IL-1(3), and caspase-3 were done 
using enzyme-linked immunosorbent assay (ELISA) kits procured 
from Elabscience Biotechnology Company.

2.2 | Care of experimental rats

Fifty male rats (Wistar strain, 8 weeks old, 156 ± 5 g) used for thè 
current research were gotten from thè Faculty of Veterinary Medi­
cine, University of Ibadan. The rats were accommodated in standard 
cages sited in an aired animai room with 12 h light:12h dark pho- 
tocycle. The rats were given drinking water and rat food ad libitum 
and acclimatized for a week before administration of test com- 
pounds. An ampie amount of wood shavings was supplied as bedding. 
The care of animals and treatment approach were executed after 
institutional approvai and in conformity with thè ratified rules of thè 
University of Ibadan Ethical Committee and thè U.S. National In- 
stitute of Health.

2.3 | Research design

Five groups of 10 rats each were treated for 28 successive days as 
follows.

Control: Rats administered 2 ml/kg body weight (bw) of corn oil 
alone.

GA alone: Rats administered 40mg/kg bw of GA alone.
AFB1 alone: Rats administered 75 pg/kg bw of AFB1 alone. 
AFB1 + G A I: Rats administered 75 pg/kg bw of AFB1 and 

20 mg/kg of GA.
AFB1 + GA2: Rats administered 75 pg/kg bw of AFB1 and 

40 mg/kg of GA.
AFB1 and GA doses administered in thè current investigation 

were chosen from previously published articles.129301
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2.4 | Evaluation of behavior and exploratory 
accomplishments
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2.6 | Histological and histomorphometrical 
evaluation

The behavior and exploratory accomplishments of rats in all thè 
groups were monitored on Day 29 in a novel wooden box (56 cm 
Iengthx56cm  w id thx20cm  height) in line with thè established 
technique.1311 Briefly, each rat was put in thè box and allowed to 
freely roam for 8 min, while thè behavior was captured by a webcam 
(DNE webcam) directly sited overhead thè novel box. The videotapes 
were analyzed by video-tracking software (ANY-maze, Stoelting Co). 
The box was thoroughly cleaned with 70% ethanol and cotton wool 
after each trial. Automatically generated locomotor parameters were 
total time mobile, maximum speed, total distance traveled, path ef- 
ficiency, absolute turn angle, body rotation, and total freezing time, 
whereas track plots and heat maps represent exploratory activities 
of thè rats in thè novel apparatus. In accordance with thè established 
protocols, a negative geotaxis test was done to appraise thè motor 
fitness,1321 whereas a forelimb grip test was performed to evaluate 
thè strength of thè limbs of animals.133'341 Further, fear or anxiety- 
related behavior was assessed by recording thè frequency of urina- 
tion and fecal pellets release according to thè established 
protocol.134'351

2.5 | Assay of AChE activity and
oxido-inflammatory stress indices

The rats were weighed and killed using light ether anesthesia fol- 
lowing behavioral assessment. The brain was carefully excised and 
separated into cerebrum and cerebellum before homogenization in 
ten volumes of 50 mM Tris-HCI buffer (pH 7.4). Subsequently, thè 
homogenate was centrifuged (12,000g for 15 min at 4°C) and thè 
supernatants of thè cerebrum and cerebellum were used for bio- 
chemical assays. Protein concentration was assessed using thè stan­
dard protocol.1361 AChE activity was analyzed in accordance with 
Ellman et al.[371 Activities of antioxidant enzymes, namely catalase 
(CAT) was assayed in accordance with Claiborne,1381 superoxide dis- 
mutase (SOD) in accordance with Misra and Fridovich,1391 glutathione 
peroxidase (GPx) in accordance with Rotruck et al.,1401 and 
glutathione-S-transferase (GST) in accordance with Habig et al.[411 The 
level of glutathione (GSH) was assayed, as described by Jollow et al.[421

Oxidative stress parameters, precisely thè levels of reactive 
oxygen and nitrogen species (RONS) and lipid peroxidation (LPO), 
were evaluated in accordance with Farombi et al.[431 and Adedara 
et al.[441 respectively. Inflammatory indices, namely nitric oxide (NO) 
level and myeloperoxidase (MPO) activity, were appraised using 
standard procedures by Green et al.[451 and Granell et al.,1461 re­
spectively. Besides, TNF-a, IL-1(3, and IL-10 levels, as well as caspase- 
3 activity were analyzed using ELISA Kits as itemized in thè manu- 
facturer's guide. Activities of CAT and SOD were analyzed using 
7525 UV-VIS Spectrophotometer, whereas all other biochemical 
estimations were performed using a SpectraMax piate reader 
(Molecular Devices).

Histological and histomorphometrical assessment of thè cere­
bellum and cerebrum was executed using 5 pm sections with 
hematoxylin and eosin stain in accordance with thè established 
practice.1471 The quantification of Purkinje and cortical neurons 
was done by counting both thè viable and degenerated neurons 
using a graticule and a microscope at varied magnifications. A 
minimum of 10 observations was charted in each slide and thè 
average values were computed for each group. Viable neurons 
were identified by thè presence of distinct nucleoli, dispersed 
chromatin, and absence of celi death features, specifically 
karyolysis and pyknosis, at high power by pathologists. The 
quantity of degenerated Purkinje and cortical neurons was pre- 
sented as percentages.

2.7 | Statistica! analyses

One-way analysis of variance and Bonferroni's post hoc test using 
GraphPad Prism 5 software (Version 4; GraphPad Software) were 
used to analyze thè results of thè present study. Values of p< .05 
were considered significant.

3 | RESULTS

3.1 | GA abrogateci AFBj-induced anxiogenic-like 
behavior and motor activity decline in rats

Anxiogenic-like behavior and motor activity of rats administered 
A F B i per se or cotreated with GA are presented in Figure 1. A F B i 
alone-exposed rats displayed more anxiogenic-like behaviors 
evidenced by increased freezing time and frequency of urination 
and fecal bolus discharge than control rats. Moreover, A F B ì  
alone-exposed rats displayed less motor activity evidenced by 
significant (p < .05) decrease in grip strength and increased ne­
gative geotaxis compared with control. Effects of GA alone on 
anxiogenic-like behavior and motor activity were comparable 
with control. Rats cotreated with A F B ì  and GA at 20 and 
40 mg/kg evidently showed reduced freezing time and frequency 
of urination and fecal bolus discharge, negative geotaxis with 
concomitant improvement in thè grip strength compared with 
A F B i alone group.

3.2 | GA abated AFBi-induced impairment of 
exploratory and locomotor actions in rats

Figures 2 and 3 show thè influence of GA on exploratory and 
locomotor actions of AFBi.treated rats. Exposure to A F B i alone 
significantly impaired locomotor actions of thè rats as evidenced
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Fecal bolus Urination
Freezing time

F I G U R E  1 Impact of GA on anxiogenic-like behavior and motor activity in AFBi-treated rats. G A I and GA2 denote Gallic acid at 20 and 
40 mg/kg, respectively; A FB ì  denotes aflatoxin B i at 75 pg/kg. Data are presented as mean ±SD for 10 rats per group. A FB ì , aflatoxin B i; GA, 
gallic acid. aValues differ significantly from control (p < .05). bValues differ significantly from A FB ì  alone (p < .05). cValues differ significantly 
from A F B j + G A I (p < .05)
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F I G U R E  2 Impact of GA on locomotor activity of AFBi-treated rats. G A I and GA2 denote gallic acid at 20 and 40 mg/kg, respectively; A FB ì  
denotes aflatoxin B i at 75 pg/kg. Data are presented as mean ±SD for 10 rats per group. A FB i, aflatoxin B j; GA, gallic acid. aValues differ 
significantly from control (p < .05). bValues differ significantly from A FB i alone (p < .05). cValues differ significantly from A FB i + G A I (p < .05)
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F IG U R E  3 Impact of GA on exploratory behavior of AFBi-treated rats. G A I and GA2 denote gallic acid at 20 and 40 mg/kg, respectively; 
A FB i denotes aflatoxin B i at 75pg/kg. The data were analyzed using video-tracking software (ANY-maze; Stoelting Co). A FB i, aflatoxin B j; 
GA, gallic acid

by decreased time mobile, body rotation, maximum speed, 
absolute turn angle, and total distance traveled. Further, exposure 
to A F B i alone impaired exploratory competency as demonstrated 
by reduced track plot density and higher heat map intensity in thè 
novel apparatus. Effects of GA alone on locomotor and ex­
ploratory actions were comparable with control. On thè other 
hand, rats cotreated with A FB ì  and GA at 20 and 40 mg/kg de­
monstrated enhanced locomotor and exploratory actions com- 
pared with A F B i alone group.

3.3 | GA modulateci AFBi-induced decrease in 
antioxidant status and AChE activity in rats

Figures 4 and 5 portray thè influence of GA treatment on AChE 
activity and antioxidant status in AFBi.treated rats. Compared with 
control, A FB i treatment alone significantly diminished cerebral and 
cerebellar AChE activity, a biomarker for nervous System function, in 
thè rats. Moreover, thè level of GSH and activities of CAT, SOD, GST, 
and GPx in thè cerebellum and cerebrum of rats treated with A FB i

Cerebellum: AChE activity
! ! 24 i  
§ !  20-

x  f  16-
fn o 
' T 15- m ? lz  z ?

o  E 8-
<-> =3
4) J! -
O E 4-

n .

Cert:b ellurn : G S

a

T acti\/ity

b

U I 1 1 I I
^  ^

<y. V  x x
6  f

Cerebellum: GSH level

F IG U R E  4 Impact of GA on AChE and GST activities as well as GSH level in cerebrum and cerebellum of AFBi-treated rats. G A I and GA2 
denote Gallic acid at 20 and 40 mg/kg, respectively; A FB ì  denotes aflatoxin B i at 75 pg/kg. Data are presented as mean ±SD for 10 rats per 
group. AChE, acetylcholinesterase; A FB ì , aflatoxin B i; GA, gallic acid; GSH, glutathione; GST, glutathione-S-transferase. aValues differ 
significantly from control (p < .05). bValues differ significantly from A FB i alone (p < .05). cValues differ significantly from A FB i + G A I (p < .05)
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FIGLI RE 5 Impact of GA on SOD, CAT, and GPx activities in thè cerebrum and cerebellum of AFBi-treated rats. G A I and GA2 denote gallic 
acid at 20 and 40 mg/kg, respectively; A FB i denotes aflatoxin B i at 75 pg/kg. Data are presented as mean ±SD for 10 rats per group.
A FB i, aflatoxin B i; CAT, catalase; GA, gallic acid; GPx, glutathione peroxidase; SOD, superoxide dismutase. aValues differ significantly from 

control (p < .05). bValues differ significantly from A FB i alone (p < .05). ‘Values differ significantly from A FB i + G A I (p < .05)

alone were significantly decreased compared with thè control. The 
impact of GA alone on AChE activity and antioxidant status were 
comparable to control. Rats cotreated with A FB i and GA at 20 and 
40 mg/kg exhibited marked improvement in nervous System function 
and antioxidant status as evidenced by increased AChE and anti­
oxidant enzyme activities alongside GSH level in thè cerebellar and 
cerebral tissues.

3.4 | GA abated AFBi-induced increase in 
oxido-inflammatory stress and caspase-3 activity

Biomarkers of inflammation, oxidative stress, and apoptosis in thè 
cerebellum and cerebrum of rats treated with A FB i alone or co­
treated with GA are shown in Figures 6-8. Treatment with A FB i 
alone caused a significant increase in biomarkers of oxidative stress, 
namely RONS and LPO levels, alongside inflammatory indices, spe- 
cifically NO, TNF-a, and IL-1|3 levels and MPO activity compared 
with control. Moreover, thè concentration of anti-inflammatory cy- 
tokine IL-10 in thè cerebrum and cerebellum of rats treated with 
A FB i alone was significantly reduced compared with control. The 
effects of GA alone on oxido-inflammatory stress and caspase-3 
activity were not different from control. The cotreatment with A FB ì  
and GA at 20 and 40 mg/kg increased IL-10 concentration but di- 
minished biomarkers of inflammation and oxidative stress in thè 
cerebrum and cerebellum of thè treated rats compared with A FB i 
alone group. Further, rats exposed to A FB i alone showed a sig­
nificant increase in cerebral and cerebellar caspase-3 activity,

whereas its activity was markedly decreased upon cotreatment with 
GA at 20 and 40 mg/kg when compared with A FB i alone group.

3.5 | GA abrogateci histomorphometrical and 
histological modifications in AFBj-exposed rats

Figures 9 and 10 are thè representative photomicrographs of thè 
cerebellum and cerebrum of rats exposed to A FB i alone or coad- 
ministered with GA. The histological appearance of thè cerebellum 
and cerebrum from control and GA alone groups is similar to normal 
neurons. However, A FB ì  alone-exposed rats exhibited degenerated 
neurons with mild vacuolation of thè neuropil, onset of pyknosis, and 
marked congestion in thè cerebral cortex, whereas degenerated 
neurons in thè Purkinje celi layer of thè cerebellum was character- 
ized with reduced nuclear material. The cerebral and cerebellar in- 
juries due to A FB ì  intoxication were considerably ameliorated upon 
cotreatment with GA at 20 and 40 mg/kg.

4 | D IS C U S S IC I

The current study demonstrated extrahepatic menace of A FB ì , 
which may cause neurobehavioral deficits in exposed populaces 
and that GA effectively abated AFBi-induced neurotoxicity in 
exposed rats. Specificaily, exposure to AFBialone triggered motor 
debility characterized by a decrease in body rotation, grip 
strength, and turn angle, which are key motor agility features
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Cerebrum: MPO activity

Cerebellum: NO level Cerebellum: MPO activity

F IG U R E  6 Impact of GA on MPO activity and NO level in cerebrum and cerebellum of AFBi-treated rats. G A I and GA2 denote gallic acid 
at 20 and 40 mg/kg, respectively; A FB i denotes aflatoxin B i at 75 pg/kg. Data are presented as mean ±SD for 10 rats per group. A FB i, 
aflatoxin B j; GA, gallic acid; MPO, myeloperoxidase; NO, nitric oxide. aValues differ significantly from control (p< .05). bValues differ 
significantly from A F B i alone (p < .05). 'Values differ significantly from A FB i + G A I (p < .05)

Cerebrum:TNF-alpha level Cerebrum: IL-1beta level Cerebrum: IL-10 level

Cerebellum: TNF-alpha level Cerebellum: IL-1beta level

F IG U R E  7 Impact of GA on TNF -a, IL-l(3, and IL-10 levels in cerebrum and cerebellum of AFBi-treated rats. G A I and GA2 denote Gallic 
acid at 20 and 40 mg/kg, respectively; A FB i denotes aflatoxin B i at 75 pg/kg. Data are presented as mean ±SD for 10 rats per group. GA, 
gallic acid; A FB i, aflatoxin B j; IL-10, interleukin-10; IL-l(3, interleukin-l|3; TNF-a, tumor necrosis factor-a. aValues differ significantly from 
control (p < .05). bValues differ significantly from A FB ì  alone (p < .05). cValues differ significantly from A FB ì  + G A I (p < .05)
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Cerebrum: RONS level Cerebrum: LPO level Cerebrum: Caspase-3 activity

Cerebellum: RONS level Cerebellum: LPO level Cerebellum: Caspase-3 activity

F IG U R E  8 Impact of GA on RONS and LPO levels and caspase-3 activity in cerebrum and cerebellum of AFBi-treated rats. G A I and 
GA2 denote gallic acid at 20 and 40 mg/kg, respectively; A FB i denotes aflatoxin B i at 75 pg/kg. Data are presented as mean ± SD for 10 rats per 
group. A FB i, aflatoxin B j; GA, gallic acid; LPO, lipid peroxidation; MDA, malondialdehyde; RONS, reactive oxygen and nitrogen species. aValues 
differ significantly from control (p < .05). bValues differ significantly from A FB i alone (p < .05). cValues differ significantly from 
A FB i + G A I (p < .05)

Purkinje neurons

F IG U R E  9 Representative photomicrographs and histomorphometry of thè cerebellum. Control and GA alone sections showing normal 
structure. Sections from A FB i alone showing degenerated neurons with reduced nuclear material (black arrows) in thè Purkinje celi layer of thè 
cerebellum. Sections from rats cotreated with A FB ì  and GA appear similar to control. A FB ì , aflatoxin B i; GA, gallic acid
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F IG U R E  10 Representative photomicrographs and histomorphometry of thè cerebral cortex. Control and GA alone sections showing normal 
structure. Sections from A FB i alone showing degenerated neurons with mild vacuolation of thè neuropil (yellow arrow), onset of pyknosis, and 
marked congestion (black arrow) in thè cerebral cortex. Sections from rats cotreated with A FB i and GA appear similar to control. A FB i, 
aflatoxin B j; GA, gallic acid

during physical activities.1481 This observation implies a deficiency 
in thè coordination between thè muscle and thè nervous System in 
rats intoxicated to A F B i alone. Moreover, thè decrease in total 
time mobile, maximum speed, distance traveled, and thè ability to 
sustain a straight path in rats exposed to A FB ì  alone is indicative 
of locomotor inadequacies triggered by A F B i The boost in these 
motor and locomotor actions in rats cotreated with GA obviously 
revealed thè abrogating effect of GA on AFBi-induced neurobe- 
havioral insufficiencies in thè rats.

Anxiogenic-associated behaviors like increased freezing, geo- 
taxis, frequency of urination, and fecal bolus discharge are often 
presented by animals during exposure to stressors.13435491 The rats 
intoxicated with A FB i alone in thè current study showed these 
anxiogenic-related behaviors, thus indicating a condition of anxiety 
and fear in thè AFBi-treated rats. The decrease in thè freezing time, 
negative geotaxis, frequency of urination, and fecal bolus discharge 
in rats co-treated with GA at 20 and 40 mg/kg evidently demon- 
strated attenuation of AFBi-mediated anxiety-like behaviors by GA. 
Moreover, thè organism acquires information about its spadai 
surroundings through exploration.150511 Hence, thè reduction in thè 
density of track plots together with higher heat maps intensity 
following exposure to A FB ì  revealed incompetence in spadai and 
exploratory behavior of thè exposed rats. This is thè first study to 
characterize exploratory and anxiogenic-like behaviors associated 
with AFBi-mediated neurotoxicity. Conversely, thè enhancement in 
exploratory fitness as shown by increased track plot densities 
and lesser heat maps intensity upon treatment with GA at 20 and

40 mg/kg in this study clearly suggests abatement of exploratory and 
spadai behavior disorder associated with A FB i exposure by GA.

Biochemical assays, namely AChE activity, antioxidant status, 
GSH, oxidative, and inflammatory stress parameters, were done 
using cerebrum and cerebellum samples to elucidate thè mechan- 
isms of neuroprotection offered by GA in AFBi-exposed rats. Loco­
motor and novelty exploratory behaviors are mostly controlled by 
thè cholinergic neurotransmission System in numerous organisms.1521 
Normally, AChE terminates thè synaptic neurotransmission by con- 
verting acetylcholine, an essential cholinergic neurotransmitter, to 
choline and acetate. Thus, thè decreased AChE activity in A FB ì - 
exposed rats in thè current study indicates suppression of its ef- 
fectiveness to hydrolyze acetylcholine. Backlog of acetylcholine at 
thè synaptic nerve due to reduced AChE activity reportedly down- 
regulates and desensitizes cholinergic receptors,1531 which eventually 
diminishes thè normal neuronal function in thè treated rats. Thus, 
thè AFBi-induced diminution in thè AChE activity may be connected 
with locomotor, motor, and exploratory insufficiencies displayed by 
rats exposed to A F B i alone in this investigation. The boost in both 
AChE and behavioral activities following treatment with GA in­
dicates its beneficiai role in thè enhancement of cholinergic neuro­
transmission in thè treated rats.

The marked reduction in CAT, SOD, GPx, and GST activities in 
thè cerebellum and cerebrum of rats administered A FB i alone 
showed that thè cellular antioxidant defense mechanisms were 
compromised. This may subsequently result in cellular oxidative 
stress due to RONS buildup in thè brain of thè exposed rats. GSH is
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an important nonenzymatic antioxidant largely responsible for thè 
maintenance of thiol groups on membrane proteins as well as acts as 
a substrate in thè detoxification of electrophilic compounds by GST 
and degradation of peroxides by GPx. It is a well-known marker of 
cellular detoxification and oxidative stress status.154'551 The sig- 
nificant reduction in thè cerebellar and cerebral GSH level in rats 
exposed to A FB ì  alone in this investigation indicates its excessive 
consumption to combat cellular oxidants. The decreased GST activity 
in AFBi-treated rats may interfere with free-radical detoxification 
pathway by thè enzyme. However, cotreatment with GA at 20 and 
40 mg/kg abated AFBi-induced reduction in antioxidant enzyme 
activities and GSH level in cerebrum and cerebellum of thè rats. The 
restoration of antioxidant status due to GA treatment may be 
attributed to its antioxidant activities in thè cerebellum and 
cerebrum of thè rats.

Moreover, induction of oxidative stress mechanism following 
exposure to xenobiotics is associated with oxidation of cellular lipid 
components, leading to thè formation of malondialdehyde (MDA) 
and 4-hydroxynonenal,[561 which subsequently interact with nucleic 
acids and proteins.1571 The increased level of RONS and MDA, a 
marker of LPO, in rats exposed to A FB i alone therefore suggests 
oxidative damage in thè cerebellum and cerebrum of thè rats. The 
abatement in RONS and LPO levels in rats administered both A FB i 
and GA in thè current study signifies that GA cotreatment effectively 
attenuated RONS production but boosted cellular antioxidant de- 
fense capability, thereby inhibiting oxidative damage in thè rats. The 
protective influence of GA on AFBi-mediated neurotoxicity may be 
linked to its intrinsic antioxidant potential of augmenting antioxidant 
status and suppression of oxidative stress.

Further, thè contribution of anti-inflammatory properties of GA 
in thè neuroprotection was probed by assaying cerebellar and cer­
ebral MPO activity, levels of NO, IL-1|3, TNF-a, and IL-10. The normal 
activation of inducible nitric oxide synthase to synthesize NO and 
cytokines during inflammatory response in thè celi is principally 
regulated byTNF-a.[581 However, excessive NO production results in 
depletion of antioxidant status, nitrosative stress, and cellular da­
mage. Also, cellular activation of MPO is associated with increased 
hypochlorous acid production, which additionally harms thè cells.1591 
Therefore, elevated MPO activity and levels of pro-inflammatory 
biomarkers, namely NO, TNF-a, and IL-1|3 with diminution of anti- 
inflammatory cytokine IL-10 in thè cerebellum and cerebrum of rats 
administered A FB ì  per se obviously evidenced a condition of in- 
flammation and nitrosative stress. However, thè abatement of these 
inflammatory parameters and an increase in IL-10 following admin- 
istration of GA revealed thè role of thè anti-inflammatory mechanism 
of GA in lessening AFBi-mediated neurotoxicity in thè rats.

Finally, thè assessment of caspase-3 activity and histological 
features of cerebellum and cerebrum was carried out to further 
expound thè influence of GA on AFBi-induced celi death and tissue 
damage in thè treated rats. Caspase-3 is normally prompted to ac- 
complish specific cleavage of proteins in thè apoptotic celi death 
pathway.160'611 The increase in caspase-3 activity in thè cerebellum 
and cerebrum of rats exposed to A FB ì  alone suggests its activation

in thè apoptotic pathway. However, thè reduction in thè caspase-3 
activity in rats cotreated with A FB i and GA demonstrates thè anti- 
apoptotic role of GA by inhibiting thè downstream executioner 
protease. Histopathological and morphormetrical findings revealed 
that GA treatment effectively attenuated AFBi-induced neuronal 
degeneration in thè cerebral cortex and Purkinje celi layer of thè 
cerebellum, thus substantiating thè neuroprotective role of GA in 
AFBi-treated rats.

Collectively, undue exposure to A FB i caused neurotoxicity, 
which was considerably ameliorated by GA treatment. The neuro­
protective mechanisms of GA are linked to enhancement of AChE 
activity and abatement of oxidative stress, inflammation, and 
caspase-3 activation in rats. Therefore, GA, a naturai phytochemical 
with antioxidant and anti-inflammatory activities, may be a pro- 
spective therapeutic approach antidote for neurotoxicity caused by 
A FB i exposure. Also, plant sources of GA may be utilized as func- 
tional foods to mitigate thè neurotoxic effect of A FB ì  in both animai 
production and humans.
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