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Aflatoxin By (AFB)) is a potent mycotoxin in humans and animals. The exposure to
AFB; is evidenced to implicate multi-organ toxicity in humans and animals,
particularly hepatotoxicity. Genkwanin (GNK) is a bioactive non-glycosylated
flavonoid with potential pharmacological properties. Therefore, the current study
aimed to determine the dose-dependent role of GNK against AFB;-instigated
hepatotoxicity. The investigation was carried out on 96 adult male albino rats,
which were equally distributed into eight groups. The effect of 3 different doses of
GNK (5, 10 and 20 mgkg-1) was evaluated against the toxicity elicited by 50 ugkg™
of AFB;. After the administration of AFB1 and GNK by the oral gavage for 56
days, the biochemical and hepatic serum markers were determined in addition to
histopathological observation. AFB, exposure disrupted the biochemical profile by
declining the activities of antioxidant enzymes (catalase, superoxide dismutase,
glutathione peroxidase, glutathione reductase and glutathione content), while
elevating the concentration of reactive oxygen species and malondialdehyde level.
Furthermore, AFB, exposure notably elevated the levels of hepatic serum enzymes
(alkaline phosphatase, alanine aminotransferase and aspartate aminotransferase)
along with the levels of inflammatory markers, nuclear factor kappa-B, tumor
necrosis factor-a, Interleukin-6, Interleukin-1p and activity of cyclooxygenase-2.
Besides, AFB; induction caused histopathological impairments in hepatic tissues.
Nonetheless, GNK co-administration remarkably ameliorated all the damages of the
hepatic system induced by AFB1 administration to the rats. Therefore, it was
demonstrated that the GNK could potentially cure AFB;-instigated hepatotoxicity
attributing to its antioxidative and ant-inflammatory potential.
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INTRODUCTION

Aflatoxins (AFs) are toxic fungal metabolites,
predominantly present in Aspergillus flavus and A.
parasiticus. Food and Drug Administration (FDA)
regarded the aflatoxins as unavoidable contaminants,
which affect a wide range of food commodities (Gell and
Carbone, 2019). At present, more than 20 AFs are
isolated and identified in which, aflatoxin B; (AFB;) is
most toxic and evidenced to show highly immunotoxic,
genotoxic, and nephrotoxic and hepatotoxic health
effects (Marchese et al., 2018; Ashraf et al., 2021; Bhatti
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et al., 2021). Around the globe, 4.5 billion people suffer
from AFB; intoxication, and around 25% of all high-
dose acute exposure leads to death (Voth-Gaeddert et al.,
2018). The LD50 of AFBI is noted to be 0.36 mgkg™!
(Nonaka ef al., 2009). However, 1.7 mgkg™! of daily AF
exposure is estimated in the countries having higher AFs
generation and dietary contamination (Faridha et al.,
2006; Imran et al., 2020). AFBI1 is particularly
considered a hepatotoxin because of its tendency to
implicate  liver damages in living organisms.
Furthermore, AFB; is listed as a human class I
carcinogen by the International Agency for Cancer



Research as its exposure resulted in 4.6 to 28.2% of all
hepatocellular carcinoma cases (Abrar et al., 2013).

AFB; exposure to humans occurs through
contaminated food, including cereals, tree nuts, oil seeds,
spices, and other commodities (Haque et al., 2020). After
being taken up by the body, it releases into the blood
circulation and gets transported to various organs,
especially the liver (Li ef al.,2019). Liver is the primary
target organ and biotransformation point that gets affected
by the toxic effects of AFB1 (Kamdem et al., 2009). In
the liver, AFBI1 converts into the more detrimental form,
AFBL1 8, 9 epoxide, with the aid of cytochrome (CYP)
P450. The AFBI activation culminates in the weakening
of antioxidant capacity of hepatocytes, which
subsequently elevates the concentration of reactive
oxygen species (ROS) and lays the foundation of
oxidative damages, such as lipid peroxidation (LP), and
disrupts the biomolecules (lipids, proteins, and DNA) in
cellular systems (Jiang et al., 2019). Hence, considering
the harmful effects of AFB on the hepatic system of living
organisms, research on finding the therapeutic treatment
against AFB;-induced hepatotoxicity is necessary.

Flavonoids are used as the traditional Chinese
medicine to counter the oxidative stress (OS) and organ
toxicities by stabilizing the enzymatic levels (Ijaz et al.,
2022). Genkwanin (GNK; 5,4'-dihydroxy-7-methoxy
flavone) is a bioactive non-glycosylated flavonoid, which
was primarily isolated from Daphne genkwa in 1932 with
reported immunomodulatory, anti-oxidative and anti-
inflammatory activities (Gao et al., 2014). Furthermore,
GNK was referred as the favorable drug candidate as it
fulfills the Lipinski’s rule of five (Rakib er al, 2020).
Hence, depending upon the considerable bioactive
properties of GNK, the current research was meant to
assess the ameliorative potency of GNK against AFB;-
instigated hepatotoxicity.

MATERIALS AND METHODS

Chemicals: AFB; and GNK were bought from Sigma-
Aldrich (Germany).

Animals: Adult male albino rats (Rattus norvegicus)
weighing 200+£20 g were kept in well-ventilated steel
cages in the animal faculty at Agriculture University
Faisalabad. They all were given standard chow and tap
water (H2O) ad libitum and exposed to the photoperiod of
12h light/ 12h dark cycle and temperature (22-26°C). All
protocols performed in the investigation were authorized
by the ethical committee for the handling of animals under
controlled conditions at Agriculture University Faisalabad.

Experimental Protocol: 96 sexually mature healthy male
albino rats (Rattus norvegicus) were divided into 8 groups
containing 12 rats in each group. They were acclimatized
to the laboratory conditions for 1-week prior to the
commencement of experiment and following treatments
were given to them by oral gavage:

Group I: Control rats will be administered with the corn
oil with 1% DMSO.

Group II: AFBl-induced group will be orally provided
with the 50 ug/kg of AFB,.
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Group III, IV and V: Co-treated groups (AFB1 + GNKI,
AFBI1 + GNK2 and AFB1 + GNK3) will be provided with
the AFB1 as well as the various doses of GNK to assess
the dose-dependent effect of GNK against the AFBI-
instigated liver toxicity. Apart from the provision of 50
ug/kg of AFB;, 5, 10 and 20 mgkg' of GNK will be
administered to the low, medium and high dose’ GNK-
induced groups respectively.

Group VI, VII and VIII: 5, 10 and 20 mgkg™! of GNK will
be provided to the low, medium and high dose” GNK-
treated groups respectively.

The entire experiment was conducted for 56 days. The 5,
10 and 20 mgkg! of GNK were chosen according to the
study of Bao ef al. (2019). At the end of experimentation,
rats were killed, blood was collected in tubes and liver
was removed. Serum was separated by centrifugation of
blood at 3000xg for 10 min and kept at -20°C until further
assessments. Half part of liver was kept at -80°C, washed
with chilled saline and later on homogenate was prepared
by mincing the liver tissue to obtain the supernatant.
Other half of liver was kept for histoarchitectural
observation after fixing in 10% formaldehyde.

Biochemical Assay: The activity of catalase (CAT) was
estimated by the technique of Aebi (1974). The
superoxide dismutase (SOD) activity was computed via
the methodology reported by Kakkar et al. (1984). The
glutathione peroxidase (GPx) activity was assessed via the
method of Rotruck er al. (1973). The glutathione
reductase (GSR) activity was evaluated via the protocol of
Carlberg and Mannervik (1975), while glutathione (GSH)
content was assessed via the methodology of Jollow et al.
(1974). The concentration of ROS was ascertained by the
technique of Hayashi et al. (2007). The level of
malondialdehyde (MDA) was quantified according to the
procedure of Ohkawa et al. (1979).

Hepatic serum enzymes: Hepatic serum levels of ALP,
ALT and AST were measured in accordance with the
ELISA kits (Abcam, MA, USA) bought from AMP
diagnostics.

Inflammatory markers: The levels of NF-«B, TNF-q,
IL-1p and IL-6, and COX-2 activity were ascertained with
ELISA kit (Cusabio Technology Llc, Houston, TX, USA)
as per the manufacturer's guidance.

Histopathology of hepatic tissues: Firstly, hepatic
tissues were washed gently in 0.9% chilled saline, kept in
10 % formaldehyde solution for one day. Secondly,
dehydrated in ascending grades of alcohol and encased
in paraffin wax. In the next step, sequentially paraffin-
embedded slices (5-pm) were cut via microtome and
stained with hematoxylin-eosin (H & E). In the last step,
slides were analyzed under Leica microscope at 400X.

Statistical analysis: The result values were shown as the
Mean+SEM. One-way ANOVA followed by Tukey’s
multiple comparison test was applied to interpret the
entire data using Minitab. P<0.05 was considered
statistically significant.
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Fig. 1: Effect of AFBI and various doses of GNK on the activities of A) ALP, B) ALT, and C) AST. All bars represent Mean+SEM values (n = 12 rats/
group). Bars represent mean+SEM values (n=96). Unlike superscripts indicate significant differences among groups (P<0.05).

Table I: Estimation of biochemical markers in various groups.

GROUPS

Parameters Control AFB, AFB, + GNKI AFB; + GNK2 AFB, + GNK3 GNKI GNK2 GNK3
CAT (Umg"' protein) 10.3330.28" 4.51£0.21¢ 589+£0.19%¢ 6.92+0.28> 8.15+0.27° 10.52£0.50° 10.67+0.62* 10.97+0.50*
SOD (Umg' protein) 8.67+0.35® 4.08+0.29¢ 506+ 024 5831033« 6.88+0.34* 8.81+0.60® 8.99+0.71° 9.02+0.60*
GPx (Umg"' protein) 19.47+0.99°  10.31+0.54° 12.58+0.60> 14.77£0.64°> 18.70+0.70° 19.62+0.79° 19.9+0.86* 20.22+0.69"
GSR (nM NADPH oxidized/min/  6.94+0.25®  3.08+ 0.27¢ 5.15£0.42° 593:0.48" 6.35£0.39® 6.99+0.55* 7.11+0.50° 7.23+0.37°
mg tissue)
GSH (nM/min/mg protein) 11.76£0.41° 3.85+0.28° 7.17+0.35° 7.61+0.34° 8511034 11.95£0.39° 11.82+0.37* 12.14+0.44*
ROS (Umg' tissue) 1.38£0.08% 9.11+ 034 3.46£0.25° 5.19+0.39°  4.86:0.48" 1.34£ 0.08¢ 1.26+0.07¢ 1.28+0.09¢
MDA (nmol/mg protein) 0.66+ 0.06° 2.05+0.11* 1.67+0.04° 1.5610.06° 1.15£0.06°  0.62+ 0.03¢ 0.59+0.03¢ 0.41+0.04¢
Results represent mean+SEM values (n = 12). Unlike superscripts indicate significant differences among groups (P < 0.05).
Table 2: Estimation of inflammatory markers in various groups

Parameters GROUPS

Control AFB, AFB; + AFB, + AFB, + GNKI GNK2 GNK3
GNKI GNK2 GNK3

NF-kB (ngg' tissue)  18.72+0.69° 79.40£0.85*  36.30+0.54° 29.26£0.52°  24.6620.74° 18.60£0.75°  17.94£0.52° 17.7740.64°

TNF-a (ngg’' tissue) ~ 8.74+0.24¢ 17.59+0.63*  13.9120.57° 12.77¢0.72  11.39+0.63°  8.63+0.28° 8.26+0.28¢ 7.73+0.30¢

IL-1B (ngg' tissue) 24.441046° 74.83+0.82°  34.36%0.53° 32.46+0.71°  29.25+0.80° 24.18+0.76¢  23.24+0.67¢ 22.61+0.82¢

IL-6 (ngg' tissue) 849+0.28¢ 19.69+0.53*  14.28+0.80° 13.14£0.77*  11.50+0.64°  8.36%0.30° 8.04+0.35¢ 6.92+0.29¢

COX-2 (ngg'tissue) 17.61+0.65% 66.27+0.99*°  30.81+0.89" 26.46£0.94°  20.89+1.35¢ 17.1240.68%  15.53+0.70°  13.33+0.86'

Results represent mean+SEM values (n = 12). Unlike superscripts indicate significant differences among groups (P < 0.05).

RESULTS

Impact of treatments on biochemical assay: Table 1
displays the results of the biochemical assay. AFB,
induction significantly (P<0.05) lowered the activities of
CAT, SOD, GPx, GSR, and GSH content, while elevated
the ROS concentration and level of MDA in the AFB;
administered rats in contrast to the control rats.
However, GNK co-administration with AFB; dose-
dependently raised the activities of CAT, SOD, GPx,
GSR, and GSH content, while substantially (P<0.05)
lowered the ROS concentration and MDA level in
comparison to the AFBj-administered  group.
Nevertheless, among all the co-treated groups, the
highest increase in antioxidative enzymes was noticed in
the AFB1 + GNK3-induced group which was
supplemented with the 20 mgkg™!' of GNK. Additionally,
the mean values of the only GNK treated and the control
groups were quite close to each other.

Impact of treatments on hepatic serum enzymes:
Figure 1 demonstrates the levels of hepatic serum
enzymes. The present investigation revealed that AFB;
intoxication significantly (P<0.05) elevated the serum
levels of ALP, ALT and AST in the AFB;-induced group
versus the control group. However, GNK brought a
decline in the levels of ALP, ALT and AST in dose-

dependent manner in the cotreated group versus the AFB;
group. However, the highest reduction was observed at
the administration of high dose (20 mgkg') of GNK.
Additionally, the only GNK treated groups presented
insignificant differences in the levels of hepatic serum
enzymes as contrasted with the control group.

Impact of treatments on inflammatory markers: Table
2 illustrates the relative changes in the values of
inflammatory markers. AFB; exposure considerably
(P<0.05) elevated the levels of NF-xB, TNF-a, IL-18, IL-
6, and COX-2 activity in the AFB,-intoxicated rats versus
the control rats. However, co-administration of GNK at
concentrations of 5, 10 and 20 mgkg™' declined the levels
and activity of all the above-stated inflammatory markers
versus the AFB; group. Nonetheless, the highest decline
was noted in the co-treated group (AFB1 + GNK3) with
higher GNK dose. Furthermore, there was an insignificant
difference between the only GNK treated (5, 10 and 20
mgkg™) and the control groups.

Impact of treatments on hepatic histopathology: Figure
2 depicts the relative alterations in the histopathology of
hepatic tissues. AFB; induction significantly (P<0.05)
elevated the sinusoids dilation, central venule disruption,
necrosis, and hepatic cells death in the AFB;-intoxicated
group versus the control group. However, co-
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administration of GNK with AFB; dose-dependently structure of hepatocytes in the co-administered groups
mitigated the intensity of histopathological damages such  versus the AFB; group as shown in Figure 2. However,
as central venule disruption, reduction in the dilation of  structure of liver tissues of only GNK administered-rats
sinusoids with no necrotic cells, and restored the standard ~ was quite similar to the control rats.

(G) GNK2-induced group (H) GNK3-induced group

Fig. 2: Ameliorative effect of GNK against AFB)-instigated histological damages in liver (Hematoxylin-Eosin. 400X). A) Control group; B) AFBI-
administered rats (50 ugkg™'); C) AFBI + GNKI-induced rats (50 ugkg™ + 5 mgkg'); D) AFBI + GNK2-induced rats (50 ugkg"' + 10 mgkg'); E) AFBI
+ GNK3-induced rats (50 ugkg' + 20 mgkg"'); F) GNK | -induced rats (5 mgkg™'); G) GNK2-induced rats (10 mgkg™'); H) GNK3-induced rats (20 mgkg’

I).



DISCUSSION

In the current investigation, biochemical analysis
revealed that AFBi-intoxication potently reduced the
activities of antioxidant enzymes such as CAT, SOD,
GPx, GSR and GSH content; while raising the ROS
concentration and levels of MDA. SOD is one of most
vital antioxidant enzymes, which transforms superoxide
anion (Oy) into hydrogen peroxide (H>O,), while CAT is
shown to convert H>O, into H,O. It also separates Oy
produced by NADPH oxidase from neutrophils (Nieskens
et al., 2018). GSH is regarded as a co-factor for GPx,
which hinders the cells against OS by reducing the levels
of H202 as well as other peroxides. Furthermore,
reduction in GSH functions as an electron donor in these
reactions, whereas GSR maintains the level of GSH
content (Ali et al., 2020). Hence, a reduction in the
activities of antioxidant enzymes boosts the ROS
concentration. When the concentration of ROS
overwhelms the body's antioxidant-defense capacity, OS
occurs that subsequently destroys the selective
permeability of the cell membrane, which results in LP
that harms cells, tissues, and organs (Forman and Zhang,
2021). Nevertheless, the GNK co-administration
remarkably diminished the ROS concentration and levels
of MDA, presumably by augmenting the activities of
antioxidative enzymes.

A phenomenal increase was seen in the levels of
hepatic serum enzymes (ALP, ALT, and AST) after AFB1
intoxication. As reported previously, these enzymes are
present in hepatocytes, and serum levels are usually low.
Nonetheless, when hepatocytes are injured, their
membranes become more permeable or may even be
damaged, letting their enzymes leak into the blood
(Nagai et al., 2016). Another recent investigation has also
noted the rise in level of hepatic serum enzymes following
the AFB1 administration in rats (Owumiet al., 2022).
Furthermore, elevated levels of serum enzymes revealed
that the OS was the main culprit behind damaged
hepatocellular function (Knudsen et al., 2016). However,
administration of GNK to rats potentially lowered the
levels of liver serum enzymes by reducing OS.

AFB; intoxication further led to a profound elevation
in the levels of inflammatory markers such as NF-kB,
TNF-a, IL-1pB, IL-6 and COX-2 activity. NF-«B is one of
the key inflammatory mediator that activates quickly after
sensing the internal or external cellular stimulation that
eventually raises the expression of TNF-o, IL-1B, IL-6
and COX-2 activity (Taniguchi and Karin, 2018). Hence,
obstructing the nuclear translocation of inflammatory
markers like NF-kB initiates a systematic cascade to
inhibit inflammation. In the present research, co-
administration of GNK potentially reduced the levels of
inflammatory markers, which may be attributed to its ring
structure (Gao et al, 2014). In an earlier study, it was
revealed that the anti-inflammatory role of flavones is due
to the methoxylation of the 5- or 7-hydroxyl groups on the
A-ring or non-methoxylation of the 3'-hydroxyl groups on
the B-ring (During and Larondelle, 2013).

Histopathological analysis of hepatic tissues
demonstrated that AFB; exposure caused severe
disruption of the central venule, sinusoid dilation, and
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necrosis. These histological alterations of hepatic tissues
are due to the OS-induced LP that is evident from the
elevated inflammatory markers and hepatic serum
enzymes level in the current study followed by the
exposure of AFB;. Our results are in line with a previous
study, which reported that high concentration of ROS
induced histopathological damages in the liver of rats
(Abo-Hiemad et al., 2022). However, GNK treatment
remarkably ameliorated the histopathological damages
induced after exposure to AFB;. These protective impacts
of GNK are attributed to its potential free radical
scavenging and anti-inflammatory activities.

Conclusions: AFB; administration potently elevated the
levels of hepatic serum enzymes, inflammatory markers,
and impaired histopathological profile in male albino rats.
Besides, AFBI1 intoxication decreased the activities of
antioxidant enzymes (CAT, SOD, GPx and GSR) and
GSH content, thereby affecting the body’s antioxidant
defense capacity by increase in the concentration of ROS
and the level of lipid peroxidation (MDA). Nonetheless,
administration of GNK potentially alleviated the aforesaid
AFB;-instigated damages in the dose-dependent manner
owing to its ROS scavenging and anti-inflammatory
potency.
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