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Abstract: Aflatoxin By (AF) is an unavoidable environmental pollutant that contaminates food,
feed, and grains, which seriously threatens human and animal health. Arabic gum (AG) has re-
cently evoked much attention owing to its promising therapeutic potential. Thus, the current
study was conducted to look into the possible mechanisms beyond the ameliorative activity of AG
against AF-inflicted hepatic injury. Male Wistar rats were assigned into four groups: Control, AG
(7.5 g/kg b.w/day, orally), AF (200 ug/kg b.w), and AG plus AF group. AF induced marked liver
damage expounded by considerable changes in biochemical profile and histological architecture.
The oxidative stress stimulated by AF boosted the production of plasma malondialdehyde (MDA)
level along with decreases in the total antioxidant capacity (TAC) level and glutathione peroxidase
(GPx) activity. Additionally, AF exposure was associated with down-regulation of the nuclear factor
erythroid2-related factor2 (Nrf2) and superoxide dismutasel (SOD1) protein expression in liver
tissue. Apoptotic cascade has also been evoked following AF-exposure, as depicted in overexpression
of cytochrome ¢ (Cyto c), cleaved Caspase3 (Cl. Casp3), along with enhanced up-regulation of
inflammatory mediators such as tumor necrosis factor-a« (TNF-), interleukin (IL)-6, inducible nitric
oxide synthase (iNOS), and nuclear factor kappa-B transcription factor/p65 (NF-«B/p65) mRNA
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expression levels. Interestingly, the antioxidant and anti-inflammatory contents of AG may reverse
the induced oxidative damage, inflammation, and apoptosis in AF-exposed animals.

Keywords: aflatoxin By; Arabic gum; liver injury; oxidative stress; inflammatory cytokines; apoptosis

Key Contribution: Arabic gum supplementation attenuates aflatoxin B;-induced oxidative stress,
lipid peroxidation, inflammatory reactions, and cell death in liver tissue.

1. Introduction

Aflatoxins are di-furanocoumarin derivatives generated by Aspergillus flavus and A.
parasiticus strains [1]. They are unavoidable environmental pollutants due to their presence
in spices, nuts, cereals, vegetables, fruits, and animal feeds, affecting both human and
animal health [2]. The maximum limits of aflatoxins in foodstuffs have been regulated at
20 ppb [3]. Among the several types of aflatoxins, aflatoxin B; (AF) is the most ubiquitous
and the most toxic [4,5]. AF has been classified as category I carcinogen by the International
Agency for Research on Cancer [6]. AF intoxication has immunosuppressive, oncogenic,
teratogenic, mutagenic and genotoxic consequences on various organs [5,7]; however, liver
is the principal target for AF-induced tissue injury [8].

AF is known to evoke tissue injury via its metabolite, namely, aflatoxin-exo-8,9-epoxide
(AFO), which is an extremely reactive cytotoxic metabolite. In the hepatic microsomal
system, AF undergoes an epoxidation process mediated by cytochrome-P450, where AFO
is generated from AF [1,5]. AFO has a high electron affinity forming irreversible covalent
bonds with nucleophilic hetero-atoms of biological macromolecules (nitrogen, oxygen, and
sulfur), resulting in hepatic damage [9-11]. Thereafter, liver glutathione-S-transferases
orchestrate the conjugation of AFO with reduced glutathione (GSH), a master endoge-
nous antioxidant required to neutralize the AFO’s toxic potential [11,12]. Eventually, the
AFO-GSH complex is subsequently metabolized in the liver to non-toxic mercapturic acid
and then excreted in urine [13]. A large body of evidence has recorded the occurrence of
oxidative stress after AF exposure exhibited by exhaustion of the intracellular antioxidant
enzymes along with over-generation of reactive oxygen species, ROS [4,14,15]. These
events trigger tissue damage confounds to AF-epoxy-DNA adduct, lipid peroxidation
(LPO), protein cross-linking, and ultimately necroptosis [11,15,16]. Inflammatory pathways
are reported to be a sequel to ROS overproduction [9]. Accordingly, antioxidant supplemen-
tation may be a potential therapeutic approach to withstand AF-triggered tissue damage
by combating oxidative damage and promoting tissue renewal.

Natural antioxidants have lately evoked global attention due to their substantial ther-
apeutic efficacy and are recently widely employed as substitutional medicament [17,18].
Among these, Arabic gum (AG) is an edible gum obtained from Acacia trees which belongs
to the leguminosae family in the tropical and subtropical regions [19,20]. AG is composed
of polysaccharides, glycoproteins, and minerals such as calcium, magnesium, and potas-
sium [21]. AG has tremendous pharmacological benefits, including antioxidant [19,22],
anti-inflammatory [23], anti-obesity [24], and anti-carcinogenic [25] properties. AG an-
tioxidant potential is attributed to its robust capability to quench the over-generated ROS,
boost the oxidant scavenging system, and dampen LPO [25,26]. Furthermore, AG has
an anti-inflammatory property through its ability to produce short chains of fatty acids,
thus altering inflammatory cytokine production and chemotaxis in immune cells [23,27].
Accordingly, there is a plethora of literature that has elucidated the hepatic protection
capability of AG toward a diversity of environmental pollutants and drugs, including
CCly [28], gentamicin [29], and acetaminophen [30] intoxication.

In line with this affirmation, we anticipated that AG supplementation might mitigate
AF-stimulated oxidative stress and inflammation. The current study was destined to explore
the potential mechanisms of AG protection against AF-induced liver damage. Herein, a
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RNA, DNA, as well as other protein constituents, provoking tremendous generation of ROS
such as superoxide anions (O, °7), hydroxyl radicals (OH®), hydrogen peroxide (H,O,), and
nitric oxide (NO) intracellularly [10]. Notably, GSH is the key sovereign antioxidant that
abundantly exists in all biological systems and is essential for quenching the AFO damag-
ing effect via the formation of AFO-GSH conjugates as well as scavenging the generated
ROS [11]. Consequently, the GSH store is depleted, causing perturbation of cellular redox
homeostasis and acceleration of LPO [4,11,15]. Herein, the current results emphasized that
oxidative stress, and increased LPO played a crucial role in AF-induced hepatic injury. This
was evident in decline in the activities of GPx and TAC content alongside marked elevations
of MDA levels in rats exposed to AF. Additionally, the Nrf2 and SOD1 protein expressions
were downregulated. It is well known that Nrf2 signaling pathway is a key modulator of
cellular detoxification process and the redox state [33], which helps boost cellular antioxi-
dant capacity shown by the upregulation of SOD1 expression [7]. Interestingly, GPx is an
endogenous antioxidant enzyme that serves as the initial line of enzymatic antioxidant
defense essential for catalyzing H,O; into O, and H,O and reduction of LPO [34-36]. Thus,
the observed increase of the LPO marker (MDA) in the present data may be attributed to
the AF-induced reduction in the GPx activity and exhaustion of the antioxidant defense
mechanisms [36]. Even worse, MDA itself has the ability to significantly alter the mito-
chondrial membrane potential, cellular proteins, and DNA integrity resulting in extensive
cellular damage [4]. As expected, the elevated LPO compromised the membrane integrity
of the liver cells, increasing their permeability, enabling hepatic enzymes (transaminases)
to be released into the circulation and consequently elevating their plasma levels, thus
uncovering the existence of hepatic dysfunction [10]. In accordance with our data, Hua
et al also reported a significant impairment of hepatic function with increased liver enzyme
activity following AF exposure [37]. Our histopathological examination of liver sections
vividly mirrored this biochemical finding.

Furthermore, we observed disruption of lipid metabolism, as revealed by increases
of cholesterol, TG, and HDL levels providing evidence of substantial hepatocellular de-
terioration in response to the induced aflatoxicosis [32]. These findings are in agreement
with those reported by Aleissa et al. [10] who also observed a significant increase in choles-
terol level after AF exposure in a rat model. In addition, parallel to the previous research,
our study revealed decreased albumin concentration in the AF-treated animals [14,38].
The reduction in albumin confirmed the occurrence of liver dysfunction which may have
been influenced by ROS-induced DNA and protein degradation that in turn inhibited the
transcription and translation processes [37].

Moreover, our findings demonstrated hepatocellular damage represented by a sub-
stantial decrease in hemoglobin and RBCs. During liver damage, protein synthesis is
inhibited, lowering the albumin levels, iron-binding capacity, hematopoietic factors (iron,
folic acid, and vitamin B12), and the synthesis of erythropoietin. Consequently, the erythro-
cyte synthesis was inhibited [6,39,40]. Another potential contributory factor for anemia is
AF-stimulated erythrocyte oxidative stress, which changes membrane permeability and
induces erythrocyte hemolysis [6].

According to accumulating data, inflammation is strongly associated with oxidative
distress [41,42]. Therefore, we hypothesized that the inflammatory pathway is another
possible mechanism involved in AF-induced hepatic injury [43]. Oxidative stress and
increased ROS generation are thought to enable the proinflammatory gene expression and
release of the inflammatory cytokines stimulating the inflammatory response [16]. In the
current investigation, AF significantly enhanced the TNF-«, IL-6, iNOS, and NF-«B/p65
expression in liver tissue which may contribute to the induction of inflammation. Notably,
upregulation of mRNA expression of these inflammation-related genes, has been formerly
observed after AF exposure in various studies [15,33,35,44]. TNF-« is the earliest and most
important inflammatory mediator involved in the pathogenesis of inflammation [45,46].
TNF-« and NF-kB/p65 pathways trigger the activation of proinflammatory cytokines,
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including IL-6 and iNOS, together with adhesion molecules which stimulate the recruitment
of leukocytes at the site of inflammation [39,42,47-49].

Unfortunately, iNOS promotes the production of NO as well as the formation of
toxic peroxy-nitrite species (ONOO™) which have an affinity for cellular biomolecules and
adversely enhance inflammatory reaction and cell death [50,51]. These data were confirmed
by our histopathological examination, where marked inflammatory cell infiltrations in
hepatic tissue were demonstrated along with significant increases in total WBCs and
lymphocytic counts.

Increasing evidence suggests that AF stimulates the apoptotic signaling pathway by
induction of mitochondrial and oxidative stress and inflammation [7,15,35,43]. It has been
documented that AF induces irreversible mitochondrial membrane injury leading to the
liberation of Cyto c into the cytosol; thereby, the Casp3 is activated with its downstream
apoptotic proteins initiating the apoptotic cascade [52,53]. In accordance, the current
investigation revealed a dramatic up-regulation of apoptotic biomarkers (cleaved Casp3-17,
Casp3-19, and Cyto c) in the liver tissue [54]. Therefore, together with previous studies,
our data strongly suggest the involvement of apoptotic pathways in AF-induced hepatic
damage [7,55].

AQG, is an edible proteinaceous polysaccharide plant product widely used in Arab
folk medicine for its renowned antioxidant, anti-inflammatory, and immunomodulatory
capabilities [56]. The antioxidant property is owing to its content of amino acid residues
such as lysine, tyrosine, and histidine as well as branched chains of polysaccharides [22,24].
There is copious evidence corroborating the idea that AG consumption increases the ac-
tivity of antioxidant enzymes through modulation of the expression of oxidative stress
genes, including Nrf2 [19,22], along with mitigation of LPO [56,57]. In addition, AG has
been reported to exhibit potent anti-inflammatory effects via suppuration of TNF-«, iNOS
expression, monocyte chemotactic protein-1, and IL-6 [19,23,37]. Moreover, AG is a rich
source of bioavailable short-chain fatty acids produced in substantial quantities by intestinal
microbiota’s fermentation of AG, mainly butyrate, that play a crucial function in suppress-
ing the expression of proinflammatory cytokines [26,56-58]. The current histopathological
examination revealed a decreased inflammatory cell infiltration in liver tissues when AG
was provided to AF-intoxicated animals.

In addition, The current findings agree with a growing body of literature that supple-
mentation with AG lowers plasma total cholesterol and TG concentrations by increasing
the intestinal content viscosity which, in turn, reduces intestinal absorption of lipids. An ad-
ditional mechanism proposes that soluble fibers enhance the secretion of bile acids and thus
decrease plasma cholesterol levels [24]. Furthermore, AG supplementation also showed an
anti-apoptotic effect against AF-induced up-regulation of Casp3 expression [59].

To summarize the various contributions through different interventions on the liver
tissue, we adopted multivariate statistical analysis represented by PCA. Each treatment was
mainly discriminated along the PC1 axis (84.2%). AF-treated animals could be markedly
differentiated from the other groups because they were clustered on the right side of the gel,
away from other treatments. However, the AG+AF co-exposed group was clustered close
to the Control and AG groups. The clustering heatmap illuminated noticeable differences
between the concentration values of all variables in response to AF exposure compared to
the other treatment groups. Hence, a higher dose of AF than the standard international
regulation was used in this experiment. These data strongly confirm the potential protective
effect of AG against AF intoxication. The molecular insights underlying the protective
effect of AG following AF-induced toxicity are outlined in Figure 8.
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experiment, all animals were fed a standard basal diet as well as given water ad libitum.
The Ethics Committee of the Faculty of Veterinary Medicine, South Valley University
approved the use of experimental animals and the study design (Approval no. 31).

Subsequent to acclimatization, experimental animals were designated to 4 equivalent
groups (5 rats each). Control group; AG group, rats were given AG dissolved in the
drinking water at dose of 7.5 g/kg b.w (2 mL for each rat, orally once a day) [60]; AF
group which set as a positive toxic group, where, animals were exposed to AF (dissolved
in saline) at dose rate 200 pg/kg b.w, orally day after day [61], representing about 6.7 ppm
in feedstuffs; and AG+AF group, in which rats were given the forementioned doses of AG
and AF. Noteworthy, AG was administrated 5 h before AF exposure. The experiment was
continued for 28 sequential days. AF (purity > 99%) and AG were purchased from Sigma
Aldrich (St Louis, MO, USA).

5.2. Specimens Collection and Processing

On the 28th day of the trial, a 3-4 mL blood sample was retrieved from the retro-
orbital venous plexus and centrifuged at 3000 g for 15 min; the plasma was collected
and then maintained at —20 °C for biochemical bioassay. Next, all animals were sacrificed
under the conventional protocol of inhalation anesthesia (isoflurane), and the liver was
rapidly dissected and washed out with ice-cold physiological saline to scrub away clotted
blood, and cut into several portions. One portion was fixed in 10% formalin for further
histopathological analysis. Other fresh tissue parts were employed for RNA/protein
extraction and kept within —80 °C. The remaining portions of fresh tissue were preserved
at —20 °C for sequent evaluation of oxidative cascade marker.

5.3. Biochemical Parameters Bioassay and Hematological Profile

The gathered plasma was employed for assessment of the liver function biomarkers,
including aspartate aminotransferase (AST), alanine aminotransferase (ALT), and albu-
min (ALB). Moreover, triglycerides (TG), total cholesterol, and high-density lipid (HDL)
were assessed. All procedures were accomplished in accordance with the manufacturer’s
(Laboratory Biodiagnostics Co., Giza, Egypt) recommendations.

Hemoglobin concentration (Hb), RBCs, WBCs, and lymphocyte counts were deter-
mined for the whole blood samples using an automated blood analyzer (Urit-2900 plus,
Urit Medical Electronic Co., Shenzhen, China).

5.4. Antioxidants and Peroxidation Biomarkers

The plasma levels of oxidative biomarkers were evaluated, including malondialdehyde
(MDA), total antioxidant capacity (TAC) and glutathione peroxidase (GPx). All parameters
were according to the manufacturer’s protocol (Laboratory Biodiagnostics Co., Cairo, Egypt).

5.5. Reverse Transcription-PCR

Total RNA was isolated from liver homogenate employing QIAzol Lysis Reagent
(QIAzol™, QIAGEN®, MD, USA) following the manufacturer’s instructions. The quantity
and quality of total RNA in the samples were checked with a spectrophotometer (NanoDrop
ND-1000 Spectrophotometer, Thermo Scientific, MA, USA). The RNA quality was estimated
by the 260/280 nm absorbance ratio. The isolated total RNA was reverse transcribed into
cDNA using miScript IT RT kit (QTAGEN®, MD, USA). The cDNA was synthesized from
1 pg RNA using a random primer (oligo(dT) primers, PrimeScript™, TaKaRa Bio Inc, CA,
USA). A thermal cycler (A200 Gradient Thermal cycler, LongGene®, Hangzhou, China) was
used to perform the PCR employing the listed primers in Table 1. The PCR was achieved
after 30 cycles of 95 °C/30's, 60 °C/30 s, and 72 °C/1 min. Next, the yielded PCR products
were electro-phoretically segregated in an ethidium bromide-stained 1.5% agarose gel
(Scientific Limited, Northampton, UK) in tris-borate-EDTA (TBE) buffer. All separated
bands were observed by a gel recording system (Bio-Rad, CA, USA) and band strength was
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