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Abstract

Deltamethrin (DLM) represents one of the most commonly used pesticides. It passes through milk, vegeta-
bles, and fruits to humans or through animals (veterinary drugs and feeding on contaminated forage) to milk;
it can escape from skin to blood and be secreted in breast milk in lactating women. It is believed to have neuro-
toxic, nephrotoxic, and hepatotoxic properties. To investigate deltamethrin-induced hepatotoxicity, 64 rats were
divided into eight groups. The control group did not receive any treatment. The groups were as follows: D 30 mg
DLM/kg body weight (BW) dissolved in corn oil; B 1 mL whey (10'° cfu/mL of Bifidobacterium longum ATCC
15707); S 1 mL whey (0.5 ppm selenium); BS 1 mL whey (10 cfu/mL of B. longum ATCC 15707 + 0.5 ppm sele-
nium); BD 1 mL whey (10 cfu/mL of B. longum ATCC 15707 + DLM); SD 1 mL whey (0.5 ppm selenium) +
DLM; and BSD 1 mL whey (10 cfu/mL of B. longum ATCC 15707) + 0.5 ppm selenium + DLM. Results revealed
that the manipulation of Bifidobacteria with selenium triggered a significant improvement in AST (U/mL), ALT
(U/mL), GSH (mg/g), TNF-a (pg/mL), NF-«xB (ng/mL), and BCL2 (ng/mL) from 166.7 + 6.42, 30.67 + 0.55, 0.252 +
0.005,17.18 + 0.42, 1.14 + 0.10, and 1.77 + 0.06 versus 334.9 + 4.7, 72.83 + 2.49, 0.108 + 0.005, 33.57 + 0.59, 2.58 +
0.05, and 1.04 + 0.04, respectively, compared to DLM group. As well as reduction in histopathological necro-
sis, congestion, and degradation. Whey beverages fortified with B. longum and selenium implicated a reduction
in oxidative stress and histopathological degradation that accomplished DLM toxicity. The utilization of whey
(a byproduct of cheese making) is considered a recycling process that supports eco-friendly practices and sustain-
ability, thus encouraging its use as a protective tool in animal feed or manipulation by humans, especially workers
in pesticide plants.
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Introduction

Synthetic pyrethroids have superior resistance to degra-
dation and exhibit potent activity against a wide range of
ectoparasites (Ellse et al., 2012). Type-II synthetic pyre-
throid, extensively used as a pesticide and herbicide in
agriculture, is known commonly known as deltamethrin
(DLM) (Tewari et al., 2018). Its quick metabolism, min-
imal toxicity to people and animals, and strong effect
on numerous pests have promoted its widespread usage
(Abdel-Daim et al, 2013). According to Gaines and
Linder (1986), the acute toxicity of DLM is high, with
an oral LD, (in an oily vehicle) of about 50 mg/kg BW
for adult male rats and 30 mg/kg BW for adult female
rats. DLM metabolites have been linked to detrimental
effects on human health, including nephrotoxicity, hep-
atotoxicity, and neurotoxicity. The neurotoxic effects
of DLM metabolites are characterized by the inhibi-
tion of voltage-gated chloride channels and gamma-
aminobutyric acid (GABA) receptors, as well as the
opening of voltage-sensitive sodium channels (Aylward
et al., 2011). The liver was found to accumulate a greater
concentration of metabolites as it is the major organ of
DLM metabolism, and the kidneys are the main site of
excretion (El-Maghraby, 2007). Pyrethroid exposure in
humans can occur through ingestion, inhalation, skin
contact, blood, and ultimately excretion in breast milk
(Chi et al., 2023; Riederer et al., 2008; Saillenfait et al.,
2015). Children and pregnant women are more vulner-
able to these kinds of exposures (Berkowitz et al., 2003).
An acceptable daily intake (ADI) of 0.01 mg/kg of BW
per day has been established for DLM by the joint FAO/
WHO (Sams and Jones, 2012). However, there is a lack
of data on actual human exposure to DLM. Its exposure
is common in agricultural and occupational workers; for
example, workers in DLM packaging factories in China
have been exposed to airborne levels of 0.5-12 pg/m?,
with resulting skin contact (He et al., 1989). It was estab-
lished that pyrethroid metabolites were found in the
urine following ingestion of milk, sour cream, semolina
(pasta), rice, whole grain bread, breakfast cereals, and
fruits from the pesticide-sprayed areas. DLM residues
were discovered in milk as a result of animal exposure
through feed, fodder, drinking water, external parasite
control on animal bodies, and insect control in cattle and
sheep (Akhtar and Ahad, 2017; Riederer et al., 2010).

Probiotics are microorganisms that when used in ade-
quate amounts (not less than 10°-107) provide health
benefits to the host (Bakr et al., 2021; Elkot, 2022; Elkot
and Khalil, 2022; Elkot et al., 2023). The ability of pro-
biotics to detoxify pesticides has been extensively stud-
ied in recent years. This protective activity depends
on several variables, such as pH, growth phase, toxi-
cant structure, concentration, and, most importantly,
staining (Khorshidian et al., 2016; Yousefi et al., 2019).

Fermentation is a highly effective way to reduce pesti-
cide levels. The brine of naturally fermented black olives
contains two Lactobacillus plantarum strains (LB-1 and
LB-2) and can degrade deltamethrin; after 3 days, LB-1
and LB-2 strains degraded 24 and 53% of DLM, respec-
tively (Kumral et al, 2020). Pesticide-degrading genes
encoded to enzymes possessing higher gene expression
in such microorganisms in the presence of pesticides in
the growth media explain the effects of probiotics on
pesticides (Sidhu et al., 2019). Pesticides can affect the
composition and metabolites of the gut microbiota, such
as bile acids, trimethylamine, and short-chain fatty acids
(SCFAs), as well as eliminate intestinal mucosa and cells.
This can cause pathological changes by influencing recep-
tor sites in various tissues and organs (Yuan et al,, 2019).
Probiotics help to restore environmental contaminants
and reduce gut dysbiosis (Feng et al., 2019). They pro-
duce antimicrobial compounds that inhibit the growth
of other microorganisms or compete with the intestinal
microbes for nutrients and binding sites. According to
Hemarajata and Versalovic (2013), probiotics enhance
the integrity of the intestinal barrier, lessen bacterial
translocation across the intestinal mucosa, and mod-
ify intestinal immunity. Superoxide dismutase is a tool
that probiotics use to break down superoxide. They can
also create antioxidant metabolites such as glutathione,
butyrate, and folate; boost the host’s antioxidant system;
control signaling pathways such as nuclear factor kappa B
(NF-kB), mitogen-activated protein kinase (MAPK), and
protein kinase (PKC), and enzymes that produce reactive
oxygen species (ROS) such as cyclooxygenase, NADPH
oxidase, and cytochrome P450. (Dasari et al., 2017; Wang
etal., 2017).

According to Hong-Wei et al. (2020), the kidneys syn-
thesize plasma glutathione peroxidases (GSH-Px), which
requires selenium as a cofactor. GSH-Px are crucial
for the metabolism of ROS. Furthermore, Yousef et al.
(2006) demonstrated that ROS are produced during the
metabolism of pyrethroids. Selenium, as GPx, is a potent
anti-inflammatory and antioxidant that can: (i) lower
hydroperoxide intermediates in the lipoxygenase and
cyclooxygenase pathways that produce inflammatory
prostaglandins and leukotrienes; (ii) lower hydroper-
oxides of lipids, hydrogen peroxide, and phospholipids,
which inhibits the spread of ROS and free radicals; and
(iii) modulate the respiratory burst by removing super-
oxide and hydrogen peroxide (Spallholz et al., 1990);
iv) control thyroid hormone metabolism; and v) adjust
immunological response. Glutathione peroxidase (GSH-Px)
and thioredoxin are two enzymes with physiological anti-
oxidant characteristics that contain selenium as a struc-
tural component (Perottoni et al, 2004). Selenium in
organic form has many potential activities, and the addi-
tion of probiotic bacteria represents extra value to sele-
nium besides its role as a pesticide detoxicate.
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Less toxic nano-selenium and its greater bioavailability
have gained a lot of interest. The subject of biomedical
nervous systems has a lot of potential applications for
nano-selenium (Ding et al., 2023). However, there is a
lot of concern regarding long-term, low-level exposure
to chemicals, pesticides, or airborne pollutants and neu-
roinflammation. Selenium has the potential to alter the
nonoccupational subclinical neurotoxic effects of metals
(Werder et al., 2020).

Whey has high nutritional quality, which equates
between 70 and 90% of processed milk volume and 50%
of the nutrients from the original milk, including soluble
protein, lactose, vitamins, and minerals. It is a byproduct
of cheese processing or casein precipitation that can be
used in beverage formulations (Elkot et al., 2024; Ismail
et al., 2023). The type of cheese being processed, the
casein precipitation technique, the temperature at which
the milk is heated, and the storage of the milk following
milking are some of the variables that affect the composi-
tion of milk whey (Lievore et al., 2015).

According to Kang et al. (2020), dietary selenium can be
acquired as selenomethionine (SeMet), selenocysteine
(Sec), selenite, and selenite. Whey is a source of methi-
onine and cysteine, 1.6 and 1.7 g/100 g whey protein,
respectively (Banaszek et al, 2019). Moreover, whey
proteins help the growth of probiotic bacteria and main-
tain them from oxidative stress owing to the antioxidant
properties of whey proteins (Skryplonek et al., 2019).

As DLM is a very commonly applied pesticide, what is
the safe strategy to diminish its toxicity? As previous
studies did not merge selenium and defined probiotic
strains to prevent DLM toxification, we decided to utilize
them in functional whey beverages. The utilization of B.
longum ATCC 15707 in a specific target conveys the sci-
entific direction to use the probiotic strain for a distinct
purpose. So, the current study hypothesis is that fortified
whey beverages with selenium and/or Bifidobacterium
can reduce DLM toxicity in rat models, toward its future
application in human nutrition and animal feeding.

Materials and Methods
Materials

Bacterial strains

The probiotic strain B. longum ATCC 15707 was
acquired from the Cairo Microbiological Resource
Center (MIRCEN) at Faculty of Agriculture, Ain Shams
University. We obtained Lactococcus lactis ssp. lactis and
L. lactis spp. cremoris from the American Type Culture
Collection (American Type Culture Collection, Rockville,
MD), to use as a starter in cheddar cheese making.

Fortified whey for management of pesticide liver toxicity

Animal

Sixty-four female Sprague Dawley rats weighing 175—
200 g at 2—3 months were purchased from the Egyptian
Company for Drugs and Veterinary Vaccines (Vacsera,
Helwan, Egypt). According to the World Organization
for Animal Health (OIE) regulations for using animals in
research, the protocol was approved by the Committee
on the Ethics of Animal Experiments of the Faculty of
Agriculture at Minia University, Minia, Egypt, before
beginning the research. This study was carried out fol-
lowing the recommendations in the Guide for the Care
and Use of Laboratory Animals of the National Institutes
of Health (Protocol Number: MU/FA-00800223).
Animals were maintained in a well-ventilated facility fol-
lowing a 12 h light/dark cycle and ambient temperature
(26 + 2°C). All animals received a standard diet (45 g/25
g BW) and drinking water ad libitum. The diet was pur-
chased from Research Diet Inc. Every possible effort and
precaution were taken to minimize pain in the animals
throughout the experimental procedures. All surgeries
were performed under thiopental sodium anesthesia.

Chemical reagents

Sodium selenite (Na,OSe,, MW: 172.95, Purity 99.5%)
was purchased from Electro Scient Chemical Company,
Kasr El-Eieny, Cairo. The stock solution was prepared as
described by Zommara et al, 2013. Deltamethrin 98%
was purchased from Super Kanzib Company, Egypt.

Methods

Preparation of whey beverage

Whey was prepared from cow’s milk (obtained from
the herd of the animal production farm, Faculty of
Agriculture). Briefly, cow’s milk was acidified with 1% L.
lactis ssp. lactis + L. lactis spp cremoris and incubated at
40°C for 30 min. Rennet was added, and after coagula-
tion, the curd was cut and stirred at 40°C and allowed to
drain, and the steps for manufacturing cheddar cheese
were met (Walstra et al., 2005). The resultant whey
(byproduct) was inoculated with 1% of active B. longum
ATCC 15707 culture (the final product containing 10'°
cfu /mL) separately, or with 0.5 ppm Na,OSe, and incu-
bated at 37°C for 48 h.

Whey analysis

Titratable acidity, pH, fat, protein, TS, and moisture were
determined according to AOAC International (2016).
The viability of Bifidobacteria in whey beverages was
determined according to Emana et al. (2020).

Experimental design

Sixty-four female Sprague Dawley rats weighing 175-200 g
and aged 2—3 months were adopted for 2 weeks before the
experiment. The rat chow (basal diet) was offered at a level

Italian Journal of Food Science, 2024; 36 (4)

277



Moawad RMS et al.

of 4-5 g/25 g BW, and clean water was provided ad libi-
tum. The rats were divided into eight equal groups. The
experimental group was designed as follows:

1. C:Rats fed with a control diet (CD) was considered as
the negative control

2. D: rats were fed with CD + DLM (30 mg/ kg BW).
DLM was dissolved in corn oil (Abdel-Daim et al.,
2013) (positive control)

3. B:rats were fed with CD + 1 mL whey (10" cfu /mL
of B. longum ATCC 15707)

4. S: rats were fed with CD + 1 mL whey (0.5 ppm
selenium)

5. BS: rats were fed with CD + 1 mL whey (10 cfu /mL
of B. longum ATCC 15707 + 0.5 ppm selenium)

6. BD rats were fed with CD + 1 mL whey (10" cfu /mL
of B. longum ATCC 15707 + DLM)

7. SD rats were fed with CD + 1 mL whey (0.5 ppm sele-
nium) + DLM)

8. BSD rats were fed with CD + 1 mL whey (10 cfu/L of
B. longum ATCC 15707 + 0.5 ppm selenium) + DLM.

The rats had free access to drinking water for 10 days, and
the diet was calculated as 4-5 g/25 g rat BW. One milli-
liter of whey containing Bifidobacteria or selenium was
given to each treated rat by oral gavage feeding method,
once in a day.

Specimen collection and processing

After the experiment, the rats were humanely euthanized
by giving thiopental sodium (50 mg/kg) intraperitone-
ally (Abdelrahman et al, 2020). The blood sample was
drawn from the hepatic vein and centrifuged for 15 min
at 3000 x g, and the serum was gathered and preserved
at —20°C for further biochemical analysis. The liver from
each rat was swiftly dissected and washed out using
physiological saline to remove any clogs and was divided
into numerous portions. For histological examination,
one portion was preserved in 10% neutral buffered for-
malin (EI-Nasr Company for Intermediate Chemicals,
Giza, Egypt). Other tissue parts were stored at -80°C for
oxidative biomarkers estimation.

Biochemical tests

Alanine aminotransferase (ALT) (IU/L) and aspartate
aminotransferase (AST) (IU/L) were determined gni-
drocca to Wu (2006). The concentrations of reduced glu-
tathione (GSH) were determined as described by Beutler
et al. (1963), and all measurements were determined

following the instructions on the commercial kits from
Biodiagnostic, Giza, Egypt. TNF-a was estimated by
TNEF-a ELISA KIT, NF-xB was determined following the
instructions of manufacturer of Rat Nuclear Factor Kappa
B/NFKB ELISA kit, and BCL2 was determined according
to the instructions of Rat B-cell CLL/lymphoma 2 (BCL2)
ELISA KIT.

Histopathology

Hepatic tissue samples were preserved in 10% neutrally
buffered formalin. This was followed by dehydration
using increasing alcohol grades, xylene clearing, and par-
affin embedding. Hematoxylin and eosin (H&E) staining
was performed on tissue sectioned to a thickness of 5
microns (Bancroft et al., 1996).

Statistical analysis

Every assessment was performed at least thrice. Means
and standard errors were calculated. Data were analyzed
by one-way ANOVA analysis followed by the Tukey test,
applied as a post-test to compare all groups with the neg-
ative and positive controls using GraphPad Prism 5 anal-
ysis software (Motulsky, 1999).

Results and Discussion

Examination of the chemical composition of resultant
whey from cheddar cheese as a byproduct revealed
5.640 + 0.010, 0.143 + 0.006, 0.923 + 0.051, 0.300 + 0.100,
5.326 + 0.062, 5.026 + 0.062, and 94.67 + 0.062 for pH,
acidity, protein, fat, TS, SNF, and moisture, respectively
(Table 1). Deltamethrin is a synthetic pyrethroid insecti-
cide that has a neurotoxic effect on insects and animals.
It is commonly used in agriculture and for residential
pest control. Bifidobacteria are beneficial bacteria natu-
rally present in the intestines of mammals, including rats.
Whey proteins have been reported to pose a promot-
ing effect on the growth of probiotic bacteria belonging
to Lactobacillus and Bifidobacterium as well as a protec-
tive performance from oxidative stress as the presence
of sulfhydryl group in sulfuric amino acids constituting
whey proteins (Dinkgi et al., 2023; Skryplonek et al.,
2019). Whey is selected as it constitutes (sulfuric amino
acids) cysteine and methionine that incorporate with
selenium to form selenoproteins that could enhance the
growth of Bifidobacteria.

Analysis of cheddar cheese whey indicated symmetric
results of 0.3, 6.75, 6.45, and 93.25 for fat %, TS, SNF, and
moisture, respectively. However, slightly less acidity has
been reported at 0.13% (w/v in lactic acid) (Senarathna
et al., 2010). Concerning protein, water content, and
TS, Lievore et al. (2015) obtained results closer to those
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obtained in the current study, 0.84, 94.44, and 5.57%,
respectively, with a high acidity of 0.61%. Whey from
hard cheese often had a pH of 5.6 or greater (Gami et al.,
2016).

To examine the effect of selenium on the activity of B.
longum ATCC 15707, the strain was inoculated in MRS +
L-cysteine (control) and combination with sodium
selenate (Na,SO,) 0.5 ppm, and the growth was moni-
tored as OD at 660 nm (T80 UV/VIS spectrometer PG
Instrument Ltd). Results indicated that there was no
obvious inhibition with the addition of selenium in the
form of sodium selenate (Na,SO,) 0.5 ppm on B. longum
ATCC 15707 viability compared to control 1.247 +
0.05221 versus 1.301 + 0.02427.

Figure 1 indicated that there was no statical difference
in groups according to the liver index. Liver enzymes
AST and ALT concentrations are indicated in Table 2.
A significant boost in AST and ALT levels in the DLM
group was observed compared to the control, and the
addition of Bifidobacteria triggered significant enhance-
ment. However, incorporation of selenium did not

Table 1. Chemical composition of cheddar cheese whey.

Chemical composition Average

pH 5.640 +0.010
Acidity% (w/v) 0.143 £ 0.006
Fat% (wiv) 0.300 £ 0.100
Protein% (w/v) 0.923 £ 0.051
Total solids (TS) % (w/v) 5.326 £ 0.062
Solids not fat (SNF)% (w/v) 5.026 + 0.062
Moisture% (w/v) 94.67 £ 0.062

*Results are expressed as means of three replicates + standard
deviations (SD).

% Liver index
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Figure 1.

Fortified whey for management of pesticide liver toxicity

emerge as a describable improvement in consideration
of liver enzymes. The combination of Bifidobacteria with
selenium led to a static decrease in the liver enzymes
both in the presence and absence of DLM, 109.2 + 5.56,
28.13 + 1.62 and 166.7 + 6.42, 30.67 + 0.55, respectively
compared to 334.9 + 4.7, 72.83 + 2.49. AST and ALT
showed similar characteristics in the tested group. Many
authors reported elevation in liver weight after 12 weeks
of exposure to DLM at a dose of 45 mg/kg body weight
(Li et al., 2021). Only 6 mg/kg of DLM for 28 days was
sufficient to cause liver weight gain (Sharma et al., 2014).
Differences in the current study may refer to the short
experiment period and low pesticide dosage. According
to the current study, DLM-treated rats had significantly
higher blood biochemical parameters such as aspartate
transaminase (AST) and alanine transaminase (ALT)
(probably caused by antioxidant biomarker inhibition)
(Abdel-Daim et al., 2013).

Table 2. Liver enzymes AST and ALT for experimental groups.

Groups AST(U/mL) ALT(U/mL)
Control 146.2 + 4.58 22.8+1.05
D 3349472 72.83 £ 2.49°
B 129.9  0.74% 25.00 + 1.85°
S 157.2 £ 6.30° 30.40 £ 0.55%
BS 109.2 £ 5.562 28.13 £ 1.62°
BD 191.7 £7.63% 32.73 £ 1.33»
SD 237 + 2.64% 32.97 £ 2.65%
BSD 166.7 + 6.42% 30.67 £ 0.55%

Data represent the mean + SD of observations from eight rats.
asignificantly different from control group at P < 0.05. Psignificantly
different from the Deltamethrin group at (P< 0.05). Control: negative
control, D: DLM (positive control), B: Bifidobacterium, S: selenium,
BS: Bifidobacterium + selenium, BD: Bifidobacterium + DLM,

SD: selenium + DLM and BSD: Bifidobacterium + selenium + DLM.

-
Z
_
%
_

7

Effect of DLM, Bifidobacteria, and selenium on liver index %. Data represent the mean * SD of observations from

eight rats. *significantly different from control group at P < 0.05. ®significantly different from the deltamethrin group at P <
0.05. Control: negative control, D: DLM (positive control), B: Bifidobacterium, S: selenium, BS: Bifidobacterium + selenium,
BD: Bifidobacterium + DLM, SD: selenium + DLM and BSD: Bifidobacterium + selenium + DLM.
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In consideration of glutathione, Figure 2 indicated DLM-
induced oxidative stress, and GSH reduced significantly
compared to the control, 0.108 + 0.005 versus 0.263 +
0.004 mg/g. Amalgamation of selenium resulted in
reduced improvement likened to Bifidobacteria, while
the combination of Bifidobacterium longum ATCC 15707
and 0.5 ppm selenium seemed to be more effective in
elevated GSH levels. GSH is a tripeptide essential for cell
defence, a well-known antioxidant, and a potent nucleo-
phile. It can prevent ROS such as peroxides and free rad-
icals from causing harm to crucial cellular constituents.
Every cell in the human body can synthesize glutathione,
and liver glutathione synthesis is important (Pompella
and Corti, 2015). DLM decreased the GSH level in the
liver compared to the control groups, this depletion in
GSH level could be referred to as the oxidative stress
resulting from DLM or as inhibition of some enzymes
like GR, GPx, and so on, which cause exhaustion in GSH
levels (Sharma et al., 2014).

Table 3 included TNF-a and NF-KB results. DLM
increased TNF-a and NF-KB concentrations significantly
compared to the control, 33.57 + 0.59 versus 15.55 + 0.52
and 2.58 + 0.05vs 1.03 + 0.06, respectively. Treatments
of B, S, and BS showed enhancement compared to the
control. Although the addition of Bifidobacteria and
selenium separately or together besides DLM did not
improve more than controls, the results were statically
different compared to the DLM group. BS was the most
effective treatment to reduce TNF-a and 1.03 + 0.06 con-
centrations, in case of adding DLM or not.

As expected, BCL2 decreased significantly in the DLM
group. Consequently, the incorporation of B, S, and

0.4 -
S 0.34 —
> ] ,%
£ —
T 0.2 — 7
3 =hit
0.1 —
= I P
0.04 = = .
&,\o\ O v 92 @
[e)
@)
Treatment

Figure 2. Effect of DLM, Bifidobacteria, and selenium on
GSH level %. Data represent the mean £ SD of observations
from eight rats. significantly different from control group at
P < 0.05. "significantly different from the deltamethrin group
at P < 0.05. Control: negative control, D: DLM (positive con-
trol), B: Bifidobacterium, S: selenium, BS: Bifidobacterium +
selenium, BD: Bifidobacterium + DLM, SD: selenium + DLM
and BSD: Bifidobacterium + selenium + DLM.

Table 3. TNF- &, NF-KB, and BCL2 for experimental groups.

Groups TNF-a NF-xB (ng/mL)  BCL2 (ng/mL)
(pg/mL)

Control 15.55 + 0.52 1.03 4 0.06 1.8310.11
D 33.57 £ 0.59° 2.58 £ 0.05° 1.04 £ 0.04
B 11.87 £ 0.92% 0.81 £ 0.04% 2.08 £ 0.09%
S 13.31 £ 0.65% 0.84 + 0.04% 2.71+0.06°
BS 10.02 £ 0.172° 0.69 + 0.025% 3.207 + 0.58%
BD 18.28 £ 0.73% 1.18 £ 0.03% 1.53+0.08
SD 23.60 + 0.51% 1.40 + 0.06% 1.27 £ 0.04
BSD 17.18 £ 0.42° 1.14 £ 0.10° 1.77 £ 0.06°

Data represent the mean  SD of observations from eight rats.
asignificantly different from control group at P < 0.05. ®significantly
different from the deltamethrin group at (P < 0.05). Control: negative
control, D: DLM (positive control), B: Bifidobacterium, S: selenium,
BS: Bifidobacterium + selenium, BD: Bifidobacterium + DLM,

SD: selenium + DLM and BSD: Bifidobacterium + selenium + DLM.

BS cleared a considerable enhancement compared to
control. In addition to Bifidobacteria and selenium,
separately or together besides DLM, the results were
statically different compared to the DLM group. BS
was the most effective treatment to reduce TNF -& and
1.03 + 0.06 concentrations, in the presence or absence
of DLM. A remarkable decrease in SOD activity in the
liver was recorded in rats after DLM exposure. SOD
activity reduction can be explained by the accumulation
of hydrogen peroxide (Nishikimi et al. 1972), and accu-
mulated H,0O, is distinguished to suppress CAT activity
(Latchoumycandane and Mathur, 2002).

Based on our findings, piglets were fed on a basal diet
(Con, 0.16 mg Se/kg) for 42 days in addition to probiotics
(P, 0.16 mg Se/kg), sodium selenite (SS, 0.46 mg Se/kg),
and SP (0.46 mg Se/kg). Glutathione peroxidase activ-
ity and tissue thioredoxin reductase 1 mRNA expres-
sion were increased by both treatments (SS and SP),
with selenium-enriched probiotics exhibiting a greater
increase than selenium-lone probiotics. Superoxide dis-
mutase activity (SOD) (40.1, 53.0, and 64.5%) and gluta-
thione levels (84.6, 104, and 165%) were increased by P,
SS, and SP supplementation. Probiotics enhanced with
selenium may have greater antioxidant capacity than
probiotics alone (Gan et al., 2014). The primary role of
the BCL2 protein is to maintain the integrity of the mito-
chondrial membrane by preventing cytochrome ¢ from
being released and from attaching itself to APAF1 (apop-
tosis activating factor-1). The protein contains each of the
four BCL2 homology (BH) domains, BH1 through BH4.
The protein can interact and form homo- and heterod-
imers with proapoptotic BCL2 protein family members
through the hydrophobic gap that BH1, BH2, and BH3
form (Reed, 2006; Thomadaki and Scorilas, 2006).
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Histopathology

Examination of the liver in the control negative group
revealed a normal histological appearance (Figure 3A).
The histopathology of the DLM-treated group revealed
vascular alterations such as congestion of the central
vein, perivascular fibrosis, and perivascular mono-
nuclear cell infiltration mainly in lymphocytes. The
hepatocellular changes were vacuolar degeneration of
hepatocytes, focal areas of necrosis with mononuclear
cell infiltration as well as focal areas of hemorrhages
could also be noticed (Figures 3B—3H). Examination of
Bifidobacteria-treated group, selenium-treated group,
and Bifidobacteria +selenium-treated group revealed
the normal structure of the liver with normal central
vein and hepatocytes (Figures 4A—4C). The group of rats
treated with Bifidobacteria and DLM showed vacuolar
degeneration of the hepatocytes and mononuclear cell
infiltration (Figures 4D and 4E). Examination of the sele-
nium- and DLM-treated group showed vacuolar degen-
eration, nuclear pyknosis, and vascular changes such as
congestion and dilation of the central vein (Figures 4F
and 4G), while the group of rats treated with selenium,
Bifidobacteria, and DLM-treated group showed complete
improvement in the hepatic architecture (Figure 4H). The
lesion scores of all groups are presented in Table 4.

Numerous cell types have been shown to undergo apopto-
sis when exposed to DLM. After 3 h of DLM administra-
tion, BCL2 expression is considerably decreased, whereas
p38 MAP kinase and Bax expression are enhanced in a

(A) &
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concentration-dependent manner, according to Western
blot analysis. Glutathione depletion has also been noted
at 3 and 6 h with DLM concentrations of 25 and 50 uM,
respectively. According to Kumar et al. (2016), DLM can
trigger apoptosis by binding to CD45 and CD28 recep-
tors, which can result in oxidative stress and the activa-
tion of mitochondrial caspase-dependent pathways that
eventually impact immunological activities.

According to Su et al. (2019), persistent ROS release will
result in a significant inflammatory response. ROS stimu-
lated the traditional NF-«kB inflammatory signaling pathway
in diseased conditions. Following that, the announcement
of several proinflammatory cytokines, such as TNF-q,
interleukin-1p, and interleukin-6, exacerbate inflamma-
tory damage to the liver (Liu et al., 2018, 2019; Wei et al.,
2018). Chronic inflammation and tissue damage are caused
by TNF-a, which increases the production of chemokines
by fibroblasts, endothelial cells, and macrophages. In addi-
tion to controlling the oxidative stress response, Nrf2 func-
tions as an upstream regulator by controlling the release
of cytokines, which reduces inflammation (Li et al., 2021).
Consequently, DLM exposure causes liver inflammation in
rats by stimulating the NF-kB/TNF-a signaling pathway.

A DLM dose lower than that implicated in this study
(12.5 mg/kg BW in corn oil) can induce apoptosis and
oxidative stress in rats (Wu and Liu, 2000). On compar-
ing the treated (Groups D, BD, SD, and BSD) mice to the
control group, the livers of the treated mice displayed
more pronounced alterations. The targeted organ showed

(©)

Figure 3. Representative micrograph of the liver of Groups 1 and 2 stained with HE. (A) Control negative group (C) showing
normal liver histology, central vein (CV) and hepatocytes. B-H) Deltamethrin treated group (D) showing congestion of the central
vein (CV), perivascular fibrosis (red arrow), perivascular mononuclear cell infiltration (red star), vacuolar degeneration (black
arrows), focal necrosis with mononuclear cell infiltration (black star), and focal areas of hemorrhages (blue stars).
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(B) [

F)

Figure 4. Representative micrograph of the liver of the in Groups 3-8 stained with HE. (A, B, C) Bifidobacteria-treated group
(B), selenium (S) treated group and Bifidobacteria- + selenium-treated group (BS) displayed the normal structure of the liver with
normal central vein (CV). D, E) Bifidobacteria + deltamethrin treated group (BD) showing vacuolar degeneration and mononu-
clear cell infiltration (red star). (F, G) Selenium + Deltamethrin treated group (SD) showing vacuolar degeneration (black arrows),
nuclear pyknosis and congestion & dilation of central vein (CV). H) Selenium + Bifidobacteria + Deltamethrin-treated group
(BSD) showing hepatic cells are getting better and have normal architecture.

Table 4.  An overview of the lesion score in all groups.

Lesion c D B S BS BD SD BSD
Congestion of bl. vs = +H+ - - - o + +
Perivascular mononuclear infiltration - ++ = = = - - -
Perivascular fibrosis = + = = - - - -
Vacuolar degeneration of hepatocytes - +H+ - - - + + _
Focal liver necrosis = ++ - - _ + _ _
Focal hemorrhages - ++ = = = - - -

- No lesions, + lesions present in 2-3 sections, ++ lesions present in 4-6 sections, +++ lesions present in 7-10 sections. Control: negative
control, D: DLM (positive control), B: Bifidobacterium, S: selenium, BS: Bifidobacterium + selenium, BD: Bifidobacterium + DLM, SD:

selenium + DLM and BSD: Bifidobacterium + selenium + DLM.

intermittent or no discernible alterations in the groups
(C, B, S, and BS) that did not receive any doses. The
liver plays a major role in the metabolism of many sub-
stances, medications, and insecticides (Pineiro-Carrero
and Pineiro, 2004). When the pesticide is metabolized in
the liver by hydrolytic ester cleavage by the cytochrome
P450 and oxidative pathways, free radical production
may play a role in the pathophysiology of DLM poisoning
(Chargui et al., 2012; Tewari et al., 2018). According to
earlier research, a high level of exposure to harmful xeno-
biotics causes biochemical and histological alterations in
the liver, including hepatocyte disintegration and necro-
sis (Mossa et al., 2011). Exposure to DLM increases the

production of glucagon and adrenocorticotropic hor-
mone, which expedites the conversion of hepatic glyco-
gen into glucose and promotes glycogen depletion (Datta
and Kaviraj, 2003). According to Tewari et al. (2018),
this reaction to DLM may be the result of a stress hor-
mone-mediated response, which causes vacuoles to
appear in the cytoplasm of hepatocytes in groups that
were treated with the drug. HepG2 cells were used for
assessing the DLM hepatotoxicity, and from the results
it can be found that 265 mM falls in the normal range
of pesticide exposure. Comparable values were obtained
for neutral assay. An increase in LDH leakage depicts
the loss of membrane integrity as a result of pesticide
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exposure. The viability assessment confirms the dose-
dependent toxicity of DLM that was ameliorated by
using sodium selenite due to its involvement in hepatic
glutathione metabolism and redox balance maintenance.
Selenium forms the indispensable part of glutathione
peroxidase that is required for the oxidation of reduced
glutathione; most of the ROS are scavenged by gluta-
thione which results in decreased fluorescence. Thiol-
specific dye monochlorobimane also confirms a decrease
in intracellular glutathione of HepG2 cells treated with
DLM which may be due to conversion in oxidized form
(Ramachandran, 2014).

Toxic effects of chemicals typically manifest largely in the
liver and kidney tissues since the liver is the master organ
of massive metabolic processes and the kidney is the
major organ of drug and xenobiotic execration (Abdel-
Daim et al., 2013). In the current investigation, rats treated
with DLM showed signs of acute hepatic injury, including
necrosis, vacuolar degeneration, perivascular fibrosis, loss
of hepatic architecture, and bleeding. Additionally, the
histological findings demonstrated for a long time that SB
protected against DLM-induced hepatotoxicity.

The DLM metabolic pathways were confirmed in vitro
using mouse liver microsomal enzyme systems, demon-
strating that 3-PBA, 4'-, and 5-OH DLM were the primary
metabolites that agreed with the in vivo investigation. In
the liver of cows and chickens, DLM was converted into
3-PBA and 4’-OH-deltamethrin (Akhtar and Ahad, 2017).
One study, in particular, found that DLM accumulated
inside cells in cell models but underwent partial trans-
formation into less or inactive isomers (Lu et al, 2019).
Additionally, NADPH-dependent and -independent
metabolic pathways may be used to metabolize DLM. In
rat liver microsomes, approximately 1 uM of DLM was
metabolized via NADPH-dependent oxidative metabo-
lism; in human liver microsomes, however, it was metab-
olized via NADPH-independent hydrolytic metabolism.
These variations were probably caused by variations in
the intrinsic activity of the carboxylesterases in rats and
humans (Godin et al., 2006). According to a more recent
study, CYP6FUI has a role in the metabolism of DLM
in Laodelphax striatellus (a cereal crop pest dependent
on NADPH) and the synthesis of 4-OH-deltamethrin.
Additionally, CYP6AA3-mediated DLM metabolism was
assisted by a purified NADPH-CYP450 reductase protein,
which moved electrons from NADPH to the CYP450-
substrate complex (Elzaki et al., 2018).

At the moment, it seems that the primary metabolic
pathways for DLM are CYP450 enzymes, carboxyles-
terase, and the NADPH pathway (Miiller et al., 2008).
It is crucial to remember that DLM metabolites, such
as 4’-OH-deltamethrin and 2’-OH-DLM, exhibit mark-
edly increased toxicity (Anadén et al, 1996). This
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phenomenon will help explain the toxicity of DLM after
metabolism, particularly once it enters the environment
(Lu et al., 2019). The mode of action of Bifidobacteria in
a rat treated with DLM is not well established. However,
recent studies suggest that Bifidobacteria can help to mit-
igate the toxic effects of DLM in the body. Here are a few
possible mechanisms by which Bifidobacteria may exert a
protective effect:

1. Modulation of the gut microbiota: Bifidobacteria
help restore the balance of the gut microbiota, which
may be disrupted by exposure to pesticides, by pro-
moting the growth of other beneficial bacteria, com-
peting pathogenic bacteria at the binding site, and by
helping to maintain a healthy gut environment.

2. Increased production of short-chain fatty acids
(SCFAs): Bifidobacteria can produce SCFAs, which
are important metabolites that have numerous health
benefits. SCFAs can reduce inflammation, improve
gut barrier function, and protect against oxidative
stress.

3. Enhancement of the immune system: Bifidobacteria
can stimulate the immune system and help to pro-
tect against infections. By promoting the growth
of immune cells and enhancing their function,
Bifidobacteria can help to reduce the toxic effects of
DLM in the body.

4. Degrade pesticides by enzymes such as carboxylase,
phosphatase, and phosphotriesterase.

5. Decrease oxidative stress by mitigation of antioxi-
dant metabolites, producing ROS emerging enzymes,
stimulation of antioxidant mechanisms and regula-
tion of signaling pathways.

6. Raising expression of tight junction proteins such
as Cingulin, Occludin, and Zona occluden 1 and 2
(Mohammadi et al., 2021).

Overall, the exact mode of action of Bifidobacteria in
rats treated with DLM is not fully understood, and
more research is needed to determine the mechanisms
by which these bacteria exert their protective effects.
However, Bifidobacteria can play an important role in
promoting gut health and protecting against environ-
mental toxins.

Selenium is a natural antioxidant and anti-inflammatory
agent as GPx, that can:

() Diminish hydrogen peroxide, lipid, and phospholip-
ids hydroperoxides, thereby dampening the propa-
gation of free radicals and ROS.

Italian Journal of Food Science, 2024; 36 (4)

283



Moawad RMS et al.

(II) Lessen hydroperoxide intermediates in the cyclo-
oxygenase and lipoxygenase pathways leading to
inflammatory prostaglandins and leukotrienes.

(III) Moderate the respiratory burst, by removal of hydro-
gen peroxide and superoxide (Spallholz et al., 1990).

(IV) Arrange thyroid hormone metabolism.
(V) Modulate the immune system.

(VI) Act as a precursor component of enormous
enzymes with physiological antioxidant properties,
including glutathione peroxidase (GSH) and thiore-
doxin (Perottoni et al., 2004).

From previously discussed mechanisms, the addition of
probiotic bacteria to selenium is a merge process between
the benefits of each probiotic strain and selenium that
introduces extra value to Selenium besides their realistic
roles also acts as a pesticide detoxicant. The limitations of
the present study include the lack of data about the pro-
posed mechanism and more required antioxidant bio-
markers that could explain the potential effects. Further
studies should involve farm animals and investigate the
effect of sweet whey fortified with B. longum ATCC
15707 and selenium on both short- and long-term DLM
exposure, as well as more probiotics should be examined
for their potential DLM detoxification.

Conclusions

Fortified whey beverages with B. longum ATCC 15707 and
selenium (BS) introduce a safer alternative treatment or pro-
tective means for DLM hepato-toxicity, they improve GSH,
AST, ALT, TNF -a, NF-kB, BCL2, and liver histology crite-
ria significantly. Whey beverages fortified with B. longum
ATCC 15707 and sodium selenate (Na,SO,) 0.5 ppm are
used in the veterinary sector and farm animals and also in
human nutrition in the form of flavors or natural sweeten-
ers, such as honey, which enrich the taste, improve accept-
ability, and act as prebiotics. Fortified whey beverages can
be used as functional foods that reduce DLM toxicity. They
may be used as protective beverages, especially for workers
in DLM plants or for farmers who are subjected to higher
DLM doses during spraying on crops and for everyone with
no prospective adverse effects. Moreover, the utilization of
whey, considered a waste (or byproduct), supports sustain-
ability and the concept of a clean environment.
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