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ABSTRACT

Aflatoxin B1 (AFBL1) is acknowledged as a remarkably powerful
genotoxic and hepatocarcinogenic substance, posing a significant public health
risk. This study examined the capacity of ultrasound nanobubbles containing
TAK-242 to alleviate hepatorenal toxicity induced by AFBL1 in rats. A total of
thirty-two male albino rats were divided into four equal groups: a control group,
a group treated with TAK-242-loaded nanobubbles, a group exposed to AFBL1,
and a group receiving both AFB1 and TAK-242-loaded nanobubbles. The
therapeutic intervention involved the administration of 150 pl of nanobubbles
twice a day after exposure to AFB1, together with a 15-minute ultrasound
session at a frequency of 5 MHz. Following a 14-day duration, evaluations were
conducted using biochemical analyses, gene expression investigations, and
histological evaluations. Rats that were intoxicated with AFB1 showed
decreased levels of glutathione (GSH), superoxide dismutase (SOD), and
catalase (CAT) in their plasma. Additionally, they exhibited increased levels of
malondialdehyde (MDA), interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNFa), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), urea, and creatinine. In addition, there was an
increase in the expression of toll-like receptor 4 (TLR4) and neutrophil
gelatinase-associated lipocalin (NGAL) genes, along with significant
histopathological damage to the liver and kidney tissues. The administration of
TAK-242-loaded nanobubbles significantly improved these harmful effects, by
strengthening the body's antioxidant defenses and decreasing both the
biochemical and histopathological changes in the liver and kidney tissues.

INTRODUCTION

Aflatoxins, a group of secondary metabolites, are biosynthesized by the fungal
species Aspergillus flavus and Aspergillus parasiticus within various feed matrices. Aflatoxin
B1 (AFBL1), a preeminent member of this mycotoxin family, exhibits profound genotoxic and
hepatocarcinogenic potential. (Li et al., 2018). The aflatoxin mycotoxins encompass a
spectrum of variants: A. flavus is responsible for the exclusive production of aflatoxins B1
and B2, while A. parasiticus synthesizes aflatoxins B1, B2, G1, and G2. Among these, AFB1
is notably the most ubiquitous and is distinguished by its heightened toxicity in humans and
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its significant carcinogenicity in laboratory animals that are predisposed to such effects
(Mtimet et al., 2015). Regions characterized by warm, humid climates coupled with abundant
rainfall create ideal conditions for the proliferation of these molds. Suboptimal food storage
practices facilitate the contamination of AFB1, with staples such as peanuts, corn, rice, milk,
and oil being particularly vulnerable (Medina et al., 2014). Once foodstuffs are tainted with
AFB1, their removal becomes exceedingly challenging. (Rushing and Selim, 2019). The
insidious nature of AFB1 exposure, often undetected, can lead to the development of
hepatocellular carcinoma over an extended period (Nugraha et al., 2018).

The liver and kidneys are the main organs of focus in numerous studies due to their
vital functions in metabolism, detoxification, and elimination of foreign substances, which
makes them especially susceptible to the overall harmful effects of AFB1. (Farag and
Alagawany, 2018). Consequently, it is imperative to devise efficient approaches to alleviate
the hepatorenal toxicity caused by AFB1. (Deng et al., 2020).

Ultrasonic nanobubble-based drug delivery systems have garnered considerable
research interest due to their tiny size, exceptional stability, and unique physical and surface
properties. These characteristics facilitate efficient passage across the vascular endothelium
and penetration into target tissues (Suzuki et al., 2016, Endo-Takahashi and Negishi, 2020,
Sun et al., 2020). This therapeutic modality leverages the administration of nanobubbles
conjugated with pharmacological agents or genetic material, followed by the application of
ultrasound irradiation, which markedly enhances the absorption rate of these therapeutics
within the targeted region (Chen ef al., 2014).

Toll-like receptors (TLRs) are an essential group of receptors that play a fundamental
role in the body's main defense system against microbial organisms. The receptors have the
ability to detect both harmful exterior pathogens and internal signals from dying cells and
injured tissues. This allows them to coordinate the important interaction between the innate
and adaptive immune responses (El-Zayat et al., 2019).

TLRs are essential regulators of the inflammatory response and are involved in
multiple cellular processes that are triggered during episodes of acute kidney damage.
Consequently, numerous anti-inflammatory substances that specifically target TLRs have
been investigated in preclinical research to alleviate renal damage linked to acute kidney
injury. (Vazquez-Carballo et al., 2021). TLRs detect molecules derived from microbes, and
when they are activated, they initiate the NF-kB pathway, which results in a series of pro-
inflammatory reactions. (Shah et al., 2013).

As a consequence of hepatic injury, patients frequently exhibit endotoxemia and
elevated plasma concentrations of inflammatory cytokines. The activation of TLRs emerges
as a pivotal molecular mechanism that is closely associated with disease progression. (Kawai
and Akira, 2010). Excessive, uncontrolled, or sustained activation of TLRs can lead to a
chronic inflammatory state, contributing to the development of various immune-mediated
pathologies. Thus, strict regulation of the TLR4 signaling pathway is essential to protect the
host from excessive inflammatory responses (Véazquez-Carballo et al., 2021).

TAK-242 is a small-molecule inhibitor that mitigates the release of inflammatory
cytokines induced by pathogens through the inhibition of TLR-4-mediated signaling
pathways. Additionally, it exhibits inhibitory effects on the production of NO and TNF-a
triggered by the TLR4-specific ligand lipopolysaccharide (LPS) (Kawamoto et al., 2008).
TAK-242's restorative properties against TLR4-associated inflammatory responses contribute
to the reduction of mitochondrial component damage and hepatocyte necrosis, while
concurrently improving hepatic function (Zhong et al., 2019).

TAK-242, a small-molecule inhibitor, specifically hinders TLR4 activation by
attaching to the intracellular residue Cys747. Having established safety in human
investigations, TAK-242 is under clinical development as a potential treatment drug for sepsis.
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Additionally, it has been found to minimize target organ damage and systemic inflammation
in animal models (Behzadi et al., 2022). TAK-242 achieves its selective inhibition by
interfering with the interactions between TLR4 and its adaptor molecules, toll/interleukin-1
receptor domain-containing adaptor protein (TIRAP), and toll/interleukin-1 receptor domain-
containing adaptor protein inducing interferon-p-related adaptor molecule (TRAM)
(Matsunaga et al., 2011).

Neutrophil gelatinase-associated lipocalin (NGAL), a protein weighing 25 kilodaltons,
is quickly increased in renal tissue as a result of ischemia events and tubular injury (Batte et
al., 2022). NGAL functions as a biomarker, being released by neutrophils in the innate
immune system in response to inflammatory processes and renal ischemia (Zhang et al.,
2018).

Aflatoxin presents a substantial public health risk because of its carcinogenic
characteristics and its contamination of food items, which has a negative impact on consumer
well-being. There is a significant absence of studies examining the potential of ultrasound
nanobubbles loaded with TAK-242 to improve aflatoxin Bl-induced hepatorenal damage.
This study seeks to assess the potential of ultrasound nanobubbles loaded with TAK-242 to
act as a therapy and alleviate the hepatorenal toxic effects caused by aflatoxin B1 in rats. This
examination will specifically examine blood markers of liver and kidney function, markers of
oxidative stress, gene expression of TLR4 and NGAL, and histological alterations in liver and
kidney tissues

MATERIALS AND METHODS

Chemicals and Drugs:
= Aflatoxin B1 was purchased from Sigma Chemical Co. (St. Louis, MO, USA).
= Kits for assaying ALT, AST, CAT, SOD, reduced glutathione (GSH), MDA, IL-6 and
TNF-a were obtained from Biodiagnostic Company (29 El-Tahrir St. Dokki, Giza, Egypt).
» TAK-242, obtained from sigma-Aldrisch chemical co lots Missouri, USA.
= All the other chemicals and reagents were of analytical grades.
Animals:

A total of thirty-two adult male Sprague-Dawley rats, ranging in age from 2 to 3
months and weighing between 180 and 220 grams, were acquired from the Experimental
Animal Breeding Farm located in Helwan, Cairo. The rats were kept in groups of eight per
cage in a well-ventilated setting at the ambient room temperature in the Pharmacology
Department of Benha Faculty of Medicine. A 14-day acclimation period was given, during
which the rats were allowed to freely consume water and regular chow, following a 12-hour
light/12-hour dark cycle. The administration of the dose was consistently scheduled for 12
P.M. The experimental procedures followed the ethical rules of the Benha Faculty of Medicine
to ensure the humane treatment of animals. Measures were taken to minimize the number of
animals utilized and to alleviate their pain.

Experimental Design:

The rats were assigned at random to four groups of equal size and exposed to a
treatment regimen consisting of aflatoxin B1 and TAK-242-loaded nanobubbles for 14
consecutive days, according to the following protocol:

Group I (Control group) was provided with a regular basal diet.

Group II: Each rat was administered al 50 pl intravenous injection of nanobubbles loaded -
TAK-242 (3 mg/kg) into the tail vein, the procedure was performed bi-daily, utilizing
ultrasonic irradiation at a frequency of 5 MHz and a mechanical index (MI) of 1.2 for a
duration of 15 minutes per session (Engelmann et al., 2020).
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Group III: Administered a basal diet supplemented with AFB1 (3 mg/kg) for a period of 14
consecutive days (Abdel-Wahhab et al., 2007).
Group IV: Subjects were administered a basal diet containing AFB1 at a concentration of 3
mg/kg. Additionally, they received intravenous injections of 150 p nanobubbles loaded with
TAK-242 at a dosage of 3 mg/kg. The injections were initiated within 22 hours after the
consumption of AFB1. The treatment was given on alternate days, along with ultrasonic
exposure at a frequency of 5 MHz and an intensity of 1.2 mechanical index (MI), for a duration
of 15 minutes per session. Following a period of 14 consecutive days, the rats were euthanized
in order to conduct additional analysis.
Blood and Tissue Sampling:

At the conclusion of the experimental protocol, blood samples were collected from
the tail veins of the rats. These samples were allowed to clot at room temperature for 30
minutes and were subsequently centrifuged at 2500 rpm for 15 minutes. The separated sera
were stored at -20°C until biochemical analysis of ALT, and AST They were estimated
spectrophotometrically using commercial test kits of(AST and ALT) supplied by Diamond
Diagnostics. The level of both (AST and ALT) was expressed as (U/L), CAT, SOD, reduced
glutathione (GSH), MDA was measured using a colorimetric method (Bio diagnostics, Dokki,
Giza, Egypt), IL-6 and TNF-o were estimated by enzyme-linked immunosorbent assay
(ELISA Rat TNF-o andcaspase-3 Immunoassay kits) manufactured by Orgenium, Helsinki,
USA. Their levels were expressed as (pg/ml). Were determined using the colorimetric method
according to the manufacturer's instructions.

Following these procedures, the rats were euthanized by decapitation. Liver and
kidney tissues were then harvested and rinsed with normal physiological saline solution for
subsequent histopathological examination.

TAK-242 preparation

Synonyms TLR4 Inhibitor, TAK-242 InSolution, Ethyl-(6R)-6-(N-(2-chloro-4-
fluorophenyl)sulfamoyl)cyclohex-1-ene-1-carboxylate, (R)-Ethyl 6-(N-(2-
chloro-4-fluorophenyl)sulfamoyl)cyclohex-1-enecarboxylate

Description A cell-permeable cyclohexenecarboxylate that disrupts TLR4 interaction
with adaptor molecules TIRAP and TRAM by selectively binding to TLR4,
but not TLR1-3 or TLR5-10, via TLR4 intracellular Cys747 residue.
Shown to effectively inhibit TLR4-mediated signaling events, including
LPS-induced NO and inflammatory cytokines production in murine
RAW?264.7 macrophages (ICso = 1.8, 1.3, and 1.9 nM, respectively, against
NO, IL-6, and TNF-a production), TLR4/TIRAP-dependent NF-xB
activity as well as TLR4/TIRAP- and TLR4/TRAM-dependent ISRE
activity (ICso < 300 nM) in HEK293-hTLR4/MD2-CD14 transfected with
either TIRAP or TRAM. When administered at an i.v. A dose of 3 mg/kg,
TAK-242 is reported to completely prevent LPS- (7 mg/kg, i.p.) induced
death in mice in vivo. Complete elimination of septic shock-induced death
can be extended to live E. coli-infected mice when co-administered with
ceftazidime (3 mg/kg TAK-242 and 20 mg/kg ceftazidime, i.v.).

Form Liquid

Formulation A 25 mM (2 mg/221 pL) sterile-filtered solution of TLR4 Inhibitor, TAK-
242 (Cat. No. 614316) in DMSO.

Intert gas (Yes/No) | Packaged under inert gas


http://www.emdmillipore.com/products/EMD_BIO-614316
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CAS number 243984-11-4

Chemical formula CisH17CIFNO4S

Purity >98% by HPLC

Storage Protect from light
Avoid freeze/thaw
< -70°C

ﬁygroscopic

It was purchased from Sigma-Aldrich In Solution™ TLR4 Inhibitor, TAK-242 -
CAS 243984-11-4 — Calbiochem (Matsunaga et al., 2011).

TAK-242 was dissolved in DMSO and then diluted in sterile endotoxin-free water.
The final concentration of DMSO was 1%. The dissolved TAK-242 (1%) was injected in the
tail vein (3 mg/kg body weight) A typical nanobubble (NB) sample is anticipated to consist
of'a combination of gas-filled bubbles and aqueous-filled liposomes that are around the same
size.

NBs Preparation:

Nanobubbles were created by combining DPPC (1,2-dipalmitoyl-sn-glycero-3-
phosphocholine) and DPSE-PEG2000 (1,2-distearoyl-sn-glycero-3-phosphoethanolamine-
N-[methoxy (polyethylene glycol)-2000]) lipids in a ratio of 95:5. The resulting lipid
concentration was 2 mg/mL, using Avanti Polar Lipids, located in AL, USA. The lipids were
initially dissolved in a combination of chloroform and methanol in equal proportions. The
solvents were then removed through evaporation using nitrogen gas. Subsequently, the lipids
were rehydrated in a solution of PBS (phosphate-buffered saline) containing 1%
(volume/volume) glycerol. The lipid solution was emulsified with C4F10 (perfluorobutane)
gas using a multiplexed microspray microfluidic system to create bubbles, following the
method reported by Peyman et al. (Peyman ef al., 2016).

NB with Liposome Loaded with TAK242:

The lipid blend consisting of DSPC (1,2-distearoyl-sn-glycero-3-phosphocholine),
cholesterol, and DSPE-PEG2000 was dehydrated in round-bottom flasks under a nitrogen
atmosphere. The molar ratio of the lipids was maintained at 63:32:5, resulting in a total lipid
content of 15 mg/mL. The lipid film obtained was subsequently reconstituted either in
phosphate-buffered saline (PBS) to create liposomes or in a stock solution of NB for Nested-
NB synthesis. The rehydration process involved stirring for one hour. In order to administer
TAK-242, the chemical (Millipore) was dissolved in a solution containing 1% DMSO and
0.9% saline, resulting in a concentration of 0.4 mg/mL. This solution was then administered
via the tail vein. Prior to the rehydration stage, TAK-242 was added to the lipid mixture at a
final concentration of 100 mM. The rehydrated lipid solution was homogenized by extrusion
via a 400 nm PTFE membrane. TAK-242 and NBs without capsules were separated by
centrifugation at 17,000g for 20 minutes and then washed with PBS. The centrifugation and
washing procedure was repeated once more (Feng et al., 2023, Tian et al., 2018).

Stability of the Nanobubbles:

The synthesized nanobubbles exhibited robust stability at temperatures of 25 °C and
37 °C when diluted in both plasma and saline solutions, a finding confirmed through photo
correlation spectroscopy analyses. It was determined that the mean diameter of the
nanobubbles remained consistent at 25 °C after incubation in plasma. Conversely, at 37 °C,
an enhancement in nanobubble stability was observed over time, as indicated by an increase
in their mean diameter (Zhang et al., 2020).
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Ultrasound Exposure:

The rats were anesthetized using isoflurane inhalation (Ifran Liq.®, HanaPharm,
Gyeonggi-do, Korea) and placed on the operating table. Experimental conditions were
rigorously controlled at a temperature of 37°C (Ani1400T-TC, LMSKorea, Gyeonggi-do,
Korea). The rats' limbs were immobilized to maintain proper positioning, while an
ultrasound device (F37®, Hitachi Aloka Medical, Tokyo, Japan) was employed to precisely
locate the liver and kidney. The ultrasonic probe was secured in a fixed position to ensure
stability during the experiment. Ultrasound irradiation was then administered according to
the designated experimental protocol. Fluorescence imaging was captured at absorption and
emission wavelengths of 470 nm and 540 nm, respectively (Park and Park, 2023).
Sampling:

Blood samples were collected from the tail veins of the rats. Blood samples were
stored at -80°for further investigation.
RNA Extraction:

RNA was isolated from blood samples using the RNeasy RNA extraction kit
(Qiagen, USA), following the manufacturer's instructions. The quantity of the eluted RNA
was measured using the NanoDrop 2000 spectrophotometer (Thermo Fisher, USA).
cDNA Synthesis and PCR Amplification:

The One-Step RT-PCR Kit with SYBR® Green (BioRad, USA) was utilized
following the manufacturer's recommended protocols. The SYBR green-based RT-PCR
assay was carried out using a sequence detection system provided by Bio-Rad Laboratories
Inc. (Hercules, CA, USA).

Real-time RT-PCR was performed for 10 minutes at 50°C and for 5 minutes at 95°C.
Thirty PCR cycles of denaturation for 10 seconds at 95°C and annealing with extension for 30
seconds at 60°C were then conducted. 7900HT Fast real time PCR system (Rotorgene)

Quantitative gene expression analysis of TLR4 and NGAL was performed
employing the 2-AACT method, with GAPDH as the reference housekeeping gene (Table
1).

Table 1: Primer sequence of TLR4, NGAL and GAPDH

Gene Sequence
TLR4 Antisense: 5°-
Sense: 5°- CTGCCAGAGACATTGCAGAA-3’
ACCTGGCTGGTTTACACGTC-3’
NGAL neutrophil gelatinase-associated 5-
lipocalin 5- TCAGTTGTCAATGCATTGGTCGGTG-
CACCACGGACTACAACCAGTTCGC-3 |3
GAPDH 50- 5-CACCACCCTGTTGCTGTAGCC-30
ACCACAGTCCATGCCATCAC-30 65

Histopathological study:

Each rat in all experimental groups had their liver and kidney tissue specimens
collected and then fixed in 10% neutral-buffered formalin for 48 hours. Subsequently, the
specimens were treated using the paraffin embedding procedure. Hepatic and renal tissue
sections underwent staining with hematoxylin and eosin (H&E), using the methodology
outlined by Bancroft and Gamble (Bancroft and Gamble, 2008), and were thoroughly
scrutinized for any histopathological changes.

Statistical Analysis:

The results were collected, organized, and presented as the average value plus or

minus the measure of variability. The study utilized a one-way analysis of variance
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(ANOVA) to assess the disparities in average values between the treatment and control
groups. The statistical software SPSS version 16 was employed for this purpose. A P value
of less than 0.05 was regarded as indicative of statistical significance.

RESULTS

The contemporaneous delivery of ultrasonic nanobubbles loaded with TAK-242 had
a modulatory effect on the oxidative stress generated by AFB1 exposure, as shown in Table
2. The group exposed to AFB1 showed a substantial reduction (p<0.05) in plasma levels of
glutathione (GSH), superoxide dismutase (SOD), and catalase (CAT), as well as a significant
increase (p<0.05) in plasma malondialdehyde (MDA) levels compared to the control group.
Conversely, when TAK-242-loaded ultrasonic nanobubbles were administered
simultaneously with AFB1, there was a substantial and statistically significant rise in plasma
levels of GSH, SOD, and CAT, and a significant drop (p<0.05) in plasma levels of MDA, as
compared to the AFB1 group.

Table 2: Statistical comparison between all studied groups regarding MDA,GSH, SOD and

Catalase by ANOVA test.
Group (IV)
Group (I) US?;‘:I“D‘;‘(JL%“ Group (IIl) | Aflatoxin B1+ US
Control ey Aflatoxin Bl nanobubbles loaded | P value
group loaded with group with TAK-
TAK-242 group 242group
MDA . ,
2.53+0.23 "€* 2.27+0.245 €* 5.75+ 022§ " 4.24+ 0.20 $°€ 0.000**
(nmol/ml)
GSH 0.56+0.03"€* 0.44+0.01% €* 0.22:£0.02% ~* 0.31+0.01%"€ 0.000%*
(pm/ml)
(igrll:) 354+2.567€* 310+13.095 €* 243+2.565 ~* 263+3.208°€ 0.000**
C(:tfllrf‘l’;e 8.51+0.31°€* | 6.54£0.295€* | 4.64+0.263 " 5.35+ 0.27 $°€ 0.000%*

All values are expressed as mean+SD

Number of rats in each group =8

The mean difference is significant at < 0.05 level.

highly significant(**)

$: indicate significant change as compared with a group (I)
A indicate significant change as compared with a group (1)
€: indicate significant change as compared with a group (I1I)
*: indicate significant change as compared with a group (V)

Table 3, shows that AFB1 intoxication resulted in a substantial and statistically
significant elevation (p<0.05) of IL-6 and TNF-a levels in comparison to the control group.
In contrast, when TAK-242-loaded ultrasonic nanobubbles were administered at the same
time as AFBL1, there was a substantial and statistically significant reduction (p<0.05) in the
levels of these cytokines compared to the group that only received AFB1.

Table 4, demonstrates that AFB1 intoxication resulted in a statistically significant
elevation (p<0.05) in liver function tests (ALT, AST, ALP) and kidney function tests (urea
and creatinine) as compared to the control group. Conversely, when TAK-242-loaded
ultrasonic nanobubbles were administered at the same time as AFB1, there was a substantial
and statistically significant reduction (p<0.05) in the levels of AFB1 compared to the group
that only received AFB1.
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Table 3: Statistical comparison between all studied groups regarding TNFa, IL6 by

ANOVA test Table.
Group (1V)
Group (1) USi;%lj)Fl))t(Jlbll)ales Group (I1) | Aflatoxin BL+ US
P : Aflatoxin B1 nanobubbles loaded | P value
Control group loaded with rou with TAK-242
TAK-242 group group aroup

$ 1;51 ‘I‘) 37.74+ 034 % | 35.69+0325€* | 77.65:024 8~ |  48.83+371s€ | 0.000%*
(Plgl7r(1il) 7462027 "% | 6530195 €* | 15.88£ 0058~ |  9.61+0.15 $°€ 0.000

All values are expressed as mean+SD

Number of rats in each group =8

The mean difference is significant at < 0.05 level.

highly significant(**)

$: indicate significant change as compared with a group (1)
A indicate significant change as compared with a group (I1)
€: indicate significant change as compared with a group (III)
*: indicate significant change as compared with a group (1V)

Table 4: Statistical comparison between all studied groups regarding liver and kidney
functions test by ANOVA test.

Groﬂg (n Group (1V)
Group (1) nanobubbles Group (111) Aflatoxin B1 +
P . Aflatoxin B1 US nanobubbles P value
Control group loaded with loaded with
TAK-242 group oaded wit
TAK-242 group
group
ET.\;?LT) 27452057 ~e* | 25742022 $€* | 86.62+0288~ | 3684+017S°€ | 0.000%*
Q/LLT) 16.73+0.24 ~e* | 15.80+0.65$€* | 55.85+0.11$~ | 20.73+0.16 $°€ | 0.000%*
(A“/LLF; 30.54+0.43 "e* | 28.71+0.23$€* | 89.50+0.22$~ | 35.87+0.09$°€ | 0.000%*
(#ﬁgl) 28,50 +0.26°€* | 26.72+0.28$€* | 6532+ 0.28$* | 40.24+0558°€ | 0.000%*
Czﬁ]a;/'gl')”e 0.33+0.02€* | 0.31+0.01 €* 3.7+ 0.32 $ A 0.8+0.098% | 0.000%*

All values are expressed as mean£SD

Number of rats in each group =8

The mean difference is significant at < 0.05 level.

highly significant(**)

$: indicate significant change as compared with a group (1)
~: indicate significant change as compared with a group (1)
€: indicate significant change as compared with a group (IIT)
*: indicate significant change as compared with a group (V)

Table 5, clearly shows that AFB1 intoxication led to a substantial increase
(p<0.05) in the expression of TLR4 and NGAL genes, compared to the control group.
Concurrently administering TAK-242-loaded ultrasonic nanobubbles with AFB1 resulted in
a substantial decrease (p<0.05) in the expression of TLR4 and NGAL genes compared to the
AFB1 group.



TAK-242 Nanobubbles for AFB1 Toxicity 65

Table 5: Statistical comparison between all studied groups regarding TLR4 and NGAL by

ANOVA test.
Group (1) Group (1V)
Gggr';lﬁ’é:) US nanobubbles ,g‘lrgtl:)?(i(r: Ié)l Aflatoxin B1 + US P value
rou loaded with rou nanobubbles loaded
group 1 tAK-242 group group with TAK-242group
TLR4 1€ 1€ 5.67+ .83 $ 1 1.17+0.78 € <0.001**
NGAL 1€ le 6.19+0.87$ ~* 1.9+0.7 € <0.001**

All values are expressed as mean+SD

Number of rats in each group =8

The mean difference is significant at < 0.05 level.

highly significant(**)

$: indicate significant change as compared with a group (1)
A indicate significant change as compared with a group (1)
€: indicate significant change as compared with a group (11I)
*: indicate significant change as compared with a group (V)

In regards to the histopathological analysis, liver tissue samples stained with H&E
revealed a normal histological structure in the control group. This was observed as a central
vein with strands of hepatocytes extending from it towards the outer edges, with normal
sinusoids separating them (Fig. 1A). The rats that received TAK-242-loaded ultrasonic
nanobubbles exhibited hepatic histoarchitecture that was very similar to normal (Fig. 1B).
The liver tissue of rats exposed to AFB1 exhibited a congested central vein, hydropic
degeneration, necrosis, and inflammatory foci, as depicted in Figure 1C. In the group that
received both TAK-242-loaded ultrasonic nanobubbles and AFB1 at the same time, there
was a noticeable improvement in the structure of the liver tissue and a return to normal
histomorphological features, with the exception of some hydropic degeneration and a
congested central vein (Fig. 1D).

Microscopic images of rat kidneys from the control group, stained with
hematoxylin and eosin (H&E), revealed typical renal anatomy with a large number of
glomeruli (Fig. 2A). The rats who received TAK-242-loaded ultrasonic nanobubbles
exhibited glomeruli and tubules that were almost normal, as seen in Figure 2B. The kidney
tissue of rats exposed to AFB1 exhibited congestion, hydropic degeneration, and necrosis
foci, as depicted in Figure 2C. The group that received both TAK-242-loaded ultrasonic
nanobubbles and AFB1 showed improvement in the structure of the kidneys and a return to
normal histomorphological features, with the exception of minor congestion and hydropic
degeneration (Fig. 2D).
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A g YA L S : : : & B T N
Fig. 1: (A) the control group showed liver tissue section with normal hepatic histological
structure observed as normal central vein (black arrow) with normal strands of hepatocytes
radiating from central vein to the periphery (red arrow) separated by normal sinusoids
(yellow arrow) (H&E x20); (B) rats of US nanobubbles loaded with TAK-242 treated group
showed near normal hepatic histoarchitecture (H&E x20); (C) liver of AFB1 exposed rats
showed congested central vein (black arrow), hydropic degeneration (yellow arrow),
necrosis and inflammatory foci (red arrow) (H&E x40); (D) rats of concurrent use of US
nanobubbles loaded with TAK-242 with aflatoxin B1 treated group showed improvement in
the hepatic histoarchitecture and restored normal histomorphological structures except from
some hydropic degeneration (yellow arrow) and congested central vein (black arrow) (H&E
x40).
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Fig. 2: (A) photomicrographs of rats’ kidneys from control group stained with H&E showed
normal renal structure with numerous glomeruli(black arrow) (H&E x40) ; (B) rats of US
nanobubbles loaded with TAK-242 treated group showed near normal glomeruli (black
arrow) and tubules (blue arrow) (H&E x40); (C) kidney of AFB1 exposed rats showed
congestion (red arrow), hydropic degeneration (yellow arrow) and necrosis foci (black
arrow) (H&E x40); (D) rats of concurrent use of US nanobubbles loaded with TAK-242 with
aflatoxin B1 treated group showed improvement in the renal histoarchitecture and restored
normal histomorphological structures(black arrow) except from some congestion and
hydropic degeneration (yellow arrow) (H&E x40).

Aflatoxins (AFs) are poisonous byproducts created by fungi that contaminate various
feed products, posing a health risk to both humans and animals (Reda et al., 2020, Somorin
et al., 2012). AFBL1 is the predominant and very poisonous form among these metabolites
(Rushing and Selim, 2019). The study found that exposure to AFB1 resulted in a notable rise
in serum MDA levels and a considerable decline in the activities of GSH, SOD, and catalase.
The reason for this is most likely the production of reactive oxygen species (ROS) as a result
of the oxidation of AFs to their reactive intermediate (8,9-epoxide) by hepatic cytochrome
P450 enzymes. The decrease in GSH levels can be due to its combination with aflatoxin
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epoxide (Bernabucci et al., 2011). GSH plays a crucial role in removing and combining free
radicals and H202 generated by harmful substances (Abdel-Aziem et al., 2014).

The analysis revealed that AFB1-induced hepatorenal toxicity was demonstrated by
a notable elevation in TNF-a and IL-6 activity, which aligns with previous findings of AFB1-
induced liver damage (Aborehab and Waly, 2019). AFBL1 triggers oxidative stress, resulting
in harm to liver cells, programmed cell death, and the oxidation of lipids. This process alters
the permeability of cell membranes and stimulates the release of cytokines (Lawrence,
2009). AFBL1 also stimulates the production of cytokines, such as IL-6 and TNF-a, which
play a role in promoting inflammation by interacting with their specific receptors
(Hendrayani et al., 2016).

The current investigation found that exposure to AFB1 significantly elevated the
serum levels of ALT, ASP, ALP, urea, and creatinine. ALT, ASP, and ALP are biomarkers
that are highly responsive to hepatic diseases, cirrhosis, and liver tissue necrosis. Elevated
levels of ALT and ASP serve as early indicators of hepatocellular damage (Embaby et al.,
2015). The results align with the study conducted by Darwish et al. (Darwish et al., 2011),
which reported a substantial increase in ALT, ASP, creatinine, and uric acid levels in the
blood serum when aflatoxins were introduced into animal diet. The variations in these
biochemical parameters were particularly noticeable. The biochemical alterations observed
suggest that there is an early insult to the liver cells after treatment with AFB1 (Choi et al.,
2010). Additionally, these changes emphasize that the kidney is a primary target of AFs and
their metabolic byproducts (Li et al., 2018). Sun et al. have also confirmed the harmful
impact of AFs on liver and kidney functioning (Sun et al., 2015).

Nanobubbles (NBs) are a new type of nanocarriers that respond to ultrasound and are
specifically intended to improve the effectiveness of drug administration. These
nanoparticles have the ability to move from blood arteries into nearby tissues, which
enhances the effectiveness of delivering drugs and targeting specific areas. They demonstrate
exceptional stability, superior encapsulation and drug loading efficiency, and enable an
accelerated drug release rate when facilitated by ultrasound (Guo et al., 2020).

The capillary walls are physically damaged due to the resonance of microbubbles
when exposed to ultrasonic waves. This resonance causes the microbubbles to undergo
cyclic size changes, leading to their eventual disintegration. This method is based on the
assumption that ultrasonic radiation leads to the fragmentation of microbubbles into smaller
particles, which in turn enhances the penetration of medicines or genes into tissue. Moreover,
the presence of microbubbles in the bloodstream is disturbed by focused ultrasonic radiation,
leading to an elevation in the concentration of encapsulated chemicals specifically within
the desired organ. The process of microbubble disintegration alters the permeability of
capillaries, hence increasing the ability of blood vessels and tissues to allow the passage of
chemicals that are meant to be delivered (Lu et al., 2022).

In this investigation, the efficiency of ultrasound-targeted nanobubble destruction for
the delivery of TAK-242 into the rat liver and kidney was evaluated, contingent on the
duration of ultrasound exposure. The ultrasound was administered at a frequency of 5 MHz
with an irradiation period of 15 minutes. The impact of ultrasound on TAK-242-loaded
nanobubbles was comprehensively assessed through biochemical assays, gene expression
analyses, and histopathological studies.

TLR4 presents a promising therapeutic target for patients with liver diseases due to
its involvement in numerous inflammatory and fibrotic processes. It plays a crucial role in
modulating the extent of liver fibrosis induced by various pathological conditions (Rivera et
al., 2007).

In the present study, our gene expression analysis revealed elevated TLR4 levels in
the AFB1-exposed group, whereas TLR4 expression was markedly reduced following TAK-
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242(downregulated 4.5-fold)-79.3 efficacy in treatment. The upregulation of TLR4 in
hepatic and renal tissues associated with hepatorenal syndrome likely promotes the secretion
of inflammatory mediators and ROS, which can be attributed to the enhanced permeability
of blood vessels and intestines (Angeli ef al., 2019). The TLR4 signaling pathway has been
identified as a critical target for reducing inflammation and alleviating hepatic and renal
injuries in hepatorenal syndrome (Wang et al., 2022).

Engelmann et al. established that TAK-242, a selective antagonist of the TLR4
receptor, mitigates the intensity of inflammation and hepatocyte apoptosis, hence enhancing
organ functionality. The results clearly endorse the need for clinical trials of TAK-242, since
it has the potential to improve liver failure and serve as a possible treatment for hepatic
diseases by blocking TLR4 signaling (Engelmann et al., 2020).

In the current study, rats exposed to AFB1 and treated concurrently with ultrasound
nanobubbles loaded with TAK-242 exhibited significant improvements in serum
biochemical parameters and reduced hepatic and renal histopathological alterations. These
benefits can be attributed to the antioxidative, anti-inflammatory, and anticarcinogenic
properties of TAK-242-loaded ultrasound nanobubbles, potentially due to their high phenolic
and flavonoid content, which underscores their antioxidant effect .

TAK-242 enhances oxidative stress mitigation, mitochondrial function, and
inflammatory response by inhibiting the TLR4/NF-xB signaling pathway (Xia et al., 2024).

In a 2021 study conducted by Wen and Parikh, it was shown that the administration
of TAK-242 resulted in a considerable reduction in the serum levels of blood urea nitrogen
(BUN), creatinine (Cr), and cystatin C (Cys-C) in rats (Wen and Parikh, 2021). Previous
research conducted by Wang et al. (Wang et al., 2020) found that TAK-242 reduced serum
markers of kidney injury and alleviated histological alterations in rats with crush injury-
induced acute renal injury. In addition, Mohammad et al. demonstrated that TAK-242 has
the ability to improve the typical characteristics of acute kidney damage (AKI) caused by
ischemia/reperfusion, thereby offering protective benefits to the kidney (Mohammad et al.,
2018). In addition, Salama et al. (Salama et al., 2015) Demonstrated that TAK-242
successfully averted renal failure. A study conducted by Sujie Liu and colleagues in 2022
revealed that TAK-242 has the ability to suppress the TLR4/NF-«B signaling pathway via
the liver-gut axis. This mechanism effectively reduces the inflammatory response and
provides relief from heart failure in rat models (Liu et al., 2022).

Moreover, TAK-242 has demonstrated hepatoprotective properties in mouse models
of lipopolysaccharide/D-galactose-induced fulminant hepatitis (Wang et al., 2021).
Additionally, it has proven effective in reducing TLR4 signaling to alleviate both acute and
chronic liver failure in animals. TAK-242 has also been shown to decrease target organ
damage and systemic inflammation in many animal models, including reducing
ischemia/reperfusion injury in transplanted livers (Behzadi et al., 2022).

The research conducted by Hu et al. (Hu et al., 2020) And Liu et al. (Liu et al., 2015)
Has been revealed that the TLR4/MyD88/NF-kB signaling pathway may provide anti-
inflammatory and hepatoprotective advantages by reducing the buildup of extracellular
matrix (ECM) and inhibiting the production of pro-inflammatory substances. TLR4 plays a
crucial role as the main detector for bacterial presence in the gastrointestinal tract and is a
vital component of the innate immune system in the gut. It serves as both a receptor on the
cell surface for immunological identification and as a signaling entity within the cell's
membrane. Furthermore, the levels of TLR4 and NF-«B in the small intestines of rats with
heart failure (HF) were significantly reduced after the administration of TAK-242. This
indicates that the beneficial effects of TAK-242 in HF rats may be achieved by suppressing
the inflammatory response driven by the TLR4/NF-xB pathway through the liver-gut
connection.
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NGAL, a protein predominantly found in neutrophils, stands as one of the most
thoroughly investigated potential diagnostic biomarkers (Zhao et al., 2010). It is esteemed
as an exceedingly sensitive marker for renal injury, manifesting in both plasma and urine
within two hours of injury—substantially preceding the elevation of sCr, which typically
becomes apparent 24 to 48 hours post-insult (Francoz et al., 2016).

The study found that the expression of the NGAL gene was reduced (5.1 fold) -
82.5%effiency in the treated group compared to the group exposed to aflatoxin B1.
Corroborating these discoveries, Mathias and Zahler et al. (Zahler et al., 2022) Proposed
that NGAL is indicative of both tubular damage and inflammatory reactions. According to
Mathias et al. (2023), NGAL is an inflammatory biomarker that is linked to acute kidney
damage (AKI). In addition, Shabnum Khawaja et al. (Khawaja et al., 2019) Provided
evidence that NGAL serves as an early and precise indicator for the prediction of AKI. It
can serve as a biomarker to diagnose AKI early in critically ill patients with sepsis in the
ICU, allowing for the start of potentially effective treatments before irreversible kidney
damage takes place.

Previous studies have found a positive correlation between high levels of NGAL in
the blood and the occurrence of AKI. NGAL is a promising biomarker for early prediction
of AKI since it accumulates early and can be detected in circulation before creatinine.
Although creatinine is now considered the most reliable method for promptly identifying
kidney injury, NGAL's capacity to predict future AKI enables the prevention of kidney
damage and enhances the overall prognosis (Albert et al., 2021, Zou et al., 2022).

Additionally, NGAL plays a crucial role in regulating cell proliferation, repair
processes, and tubular re-epithelialization. Its expression is linked to an auxiliary iron
transport pathway, which enhances the transcription of hemeoxygenase—an enzyme that
exerts proliferative and anti-apoptotic effects, thereby protecting and preserving proximal
tubular cells (Mori et al., 2005, Yang et al., 2002).

The findings of this study offer new perspectives on the therapeutic potential of
ultrasound nanobubbles loaded with TAK-242 to enhance localized drug delivery. By
serving as both a carrier for TAK-242 and an ultrasound contrast agent, these nanobubbles
facilitate targeted drug release. Upon ultrasound irradiation, they are selectively disrupted at
specific sites, thereby improving the absorption efficiency of medications in areas affected
by acute hepatorenal failure induced by aflatoxin B1.

Conclusion

In conclusion, oral administration of aflatoxin B1 induced significant impairments in
antioxidant defenses and hepatic and renal functions, accompanied by observable
histopathological changes in the liver and kidney of rats. However, simultaneous
administration of US nanobubbles loaded with TAK-242 alongside aflatoxin B1 mitigated
these toxic effects. The beneficial impact of US nanobubbles loaded with TAK-242 is likely
attributed to their antioxidative properties and ability to scavenge free radicals. Our findings
suggest that employing US nanobubbles loaded with TAK-242 could potentially mitigate
aflatoxin B1-induced hepatorenal toxicity. Future investigations should explore the efficacy
of US nanobubbles loaded with TAK-242 against other environmental contaminants to
further elucidate their therapeutic potential.
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