Abd El-Naeemet al (2023) SVU-1LIMS, 6(2):934-946

Effect of acrylamide on urinary bladder of adult male albino rats (histological and
Immuno-histochemical study)

Abeer Fareed Abd El-Naeema*, Rania Ahmed Radwanb, Zahraa Mohamed Ismael®
“Department of Human Anatomy and Embryology, Faculty of Medicine, Sohag University,
Sohag, Egypt

Department of Forensic Medicine and Clinical Toxicology, Faculty of Medicine, Sohag
University, Sohag, Egypt

Abstract
Background: Acrylamide is a widespread
chemical that is used in industries and its

exposure is wide from certain cooked foods like
potato chips. Nevertheless, this chemical is
approved to be dangerous to many organs. Aol
Objectives: revealing the effect of acrylamide on 3 groups Caspse:positive reaction
the histological structure of the urinary bladder. of rats [Ack6days ]| TN week postve
Materials and methods: this research was done
on a number of 30 adult male rats, which were Hand E-edema congestion
divided equally into 3groups: control group I: destructed cells
Without treatment, group II: treated with gy W

. ACR28days [ TNF:high positive
acrylamide 5mg orally for 6 days, group III:
treated with acrylamide Smg for 28 days. The rats
were then sacrificed and the bladder was taken
and prepared for histological and Immuno-
histochemical study.
Results: After 6 days, the rats showed destruction
of epithelium, congestion, and muscle thinning,
then after 28 days, the epithelium showed edema, more congestion, and more thinning. With
Caspase-3, the rats showed more reaction after 6 days than after 28 days, with tumor necrosis
factor (TNF); the expression of the gene increased after 28 days.
Conclusion: Acrylamide is toxic to the bladder even for a short duration and should be avoided
as possible.
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Introduction

Acrylamide (ACR) is an organic pollutant
with the chemical formula CH2=CHC (O)
NH2 which is created when reducing sugars
and asparagine reaction. It is a solid
odorless, white, and a water-soluble
component (Kim et al., 2017).

It is known to have many applications in
industry: e.g. processing of wastewater.
ACR is also widely used in molecular labs
and is found in some foods that have been
prepared at very high temperatures greater
than 120 °C (248 °F), especially starchy
foods like potato chips., pieces of bread, and
biscuits, not in boiled food, or non -heated
foods (Cortes et al., 2021 and Peris-
Camarasa et al.,2023).

However, The International Agency
for Research on Cancer (IARC) has
classified ACR as a carcinogenic component
to humans and its hazards affect multiple
organs. It enters the body through the skin,
inhalation, and the gastrointestinal tract.
50% of it eliminates in urine within 24 hrs.
One of its metabolites Glycidamide, causes
cell damage, and this is because it interacts
with DNA to form toxic metabolites in both
human and animal tissues (Benford et
al.,2022; Adani et al.,2020 and Panel
2015).

The urinary bladder is an important
organ in the wurogenital system, it is
responsible for urine storage and elimination
(Chung et al., 2012). The process of
micturition depends on the muscle action of
the bladder and the urethral sphincter
(Ferreira et al., 2023).

One of the main functions of the urogenital
system is to eject toxic substances and
metabolites with urine from the body
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(Hickling et al., 2015). Furthermore, the
bladder epithelium (urothelium) considered
a good barrier against bacteria and urinary
toxic substances (Ke et al., 2019).So if there
is a disease that affects the urinary bladder it
affects health and quality of life (Orabi et
al., 2013).Therefore the aim of the work was
to study the effect of exposure to ACR on
the histological structure of the bladder.
Materials and methods

Chemicals

Acrylamide: (C3H5NO), >99.5% pure,
odorless, colorless, dissolved in distilled
water, purchased from Hi-Lab company,
Egypt.

Animals and Experimental design

30 adult male albino rats; two months old,
weighing 200 to 300 g on average, bought
from the Animal house of Sohag University.
The animals were kept in the animal house,
and housed in plastic cages with good
hygienic conditions. They had free access to
food and water. They were adapted to this
environment for 1 week prior to the
experiment. Animal manipulation through
the study comply with the ARRIVE
guidelines and carried out in an accordance
with the U.K animals. The Institutional
Animal Care and Use Committee (IACUC)
of Sohag University accepted this research
under number (5-12-2023-06).

Animals were randomly divided
into three groups: Group I: control
group: 10 rats were kept with no treatment.
Group II: 10 rats were treated with Smg/kg
ACR orally daily (Yener et al., 2016) for 6
days. Group III: 10 rats were treated with
Smg/kg ACR orally daily (Yener et al.,
2016) as in the previous group for 28 days.
24hrs, after the last dose all the animals
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were anesthetized by ether inhalation and
sacrificed.

Samples preparation for
histological study: The urinary bladders
from all rats were completely removed,
cleaned with saline, evacuated of any
remaining urine, and then dried on a filter
paper .They were fixed in buffered 10 %
formaldehyde for 24 hours. Serial cross-
sections 5-7um thick from each bladder was
taken from samples that were embedded in
paraffin and stained with hematoxylin and
eosin and photographed at magnifications of
X100 and X400(Bancroft, and Gamble,
2008).

A score for hemorrhage, edema, and
the ulcer was done on sections x40
objective, and scaled from O (normal),l
(mild)<.25%, 2 (moderate) 25-50%, and 3
(severe) >75% ,ulceration also scored as
O(normal), 1(local erosion),2(widespread
epithelial erosion), 3(sub mucosal ulcer
(Ozcan et al., 2005).

Measurement of the immune reaction

In the paraffin sections, this was
accomplished using the streptavidin-biotin-
peroxidase method. Sections in paraffin (5-7
um thick) were 1% de-paraffinized, and after
retrieval of the antigen, with citrate buffer
95 °C, hydrogen peroxide 3 % (v/v) was
added for thirty minutes. Sections were then
treated with:

A. Caspase-3 (CPP32) Ab-4, rabbit
polyclonal antibody (1:100 dilution)
(Aydogan et al.,2014).

B. Tumor necrosis factor (TNF)
antibody (Costa et al., 2021).

Then for 30 min with polymer,
diaminobenzidine -H202 solution was used
for visualization of antibody binding.
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Positive staining for these antibodies was
determined by brown cytoplasmic staining.
Statistical analysis
The following measures were taken:

a. Muscle thickness

b. Area percent of caspase-3 expression

c. Area percent of TNF reaction

d. Score for edema, hemorrhage and

ulcer.

Each value was taken from 5 different areas;
the mean of each value was analyzed by
SPSS (Statistical Package for the Social
Sciences) version 16. ANOVA (Analysis of
Variance) test was chosen to measure the
thickness and area percent between the
groups and if it was statistically significant,
a post-hoc test was then done to identify
variation between each two groups, unpaired
t-test was used to compare between mean of
score of edema, hemorrhage and ulcer. P
value less than 0.05 considered to be
statistically significant, <0.001 considered to
be highly significant.
Results
Histological results
Histological examination of the urinary
bladder walls of the control group showed
the normal structure of the layers of the
urinary bladder. It was seen consisting of 3
layers:  inner mucosa, sub-mucosa, and
muscular, all covered by outer serous layers.
The urinary bladder was seen lined with a
special type of epithelium (urothelium) or
transitional  epithelium with  abundant
wrinkles. This epithelium composed of three
cell layers: surface (umbrella) layer,
intermediate, and basal layers. The surface
layer cells appeared flat, tightly
interconnected cells having one or more
nuclei. Basal and intermediate cells
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appeared smaller having one nucleus. The
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while the basal cell layer was presented by a

intermediate layer arranged in several layers

single layer of epithelial cells (Fig.1).

layers of the bladder; inner urothelium (U), sub-mucosa (S), musculosa (M). (B) The urothehum
is composed of surface flat cells (S), intermediate (I) and basal (B) multinucleated cells. Sub-
mucosa is seen (SM) and muscle layer (M) (H&E scale bar: A 200 um X 100 and-B : 50 um

x400).

Group II: after 6 days of treatment
with ACR rats showed histopathological
changes appeared in the form of
discontinuation of the surface epithelium,
the sub-mucosa appeared with moderate
congestion, the muscle layer appeared
fragmented. With a high magnification the

epithelium appeared with the destruction of
the surface cells, degeneration of the cells
appeared and some cells appeared with
edema (Fig. 2). One rat of this group
showed severe hemorrhage in all layers of
bladder (Fig. 3).

Fig 2. Photomlcrograph of H&E section in bladder of adult rats of group II: (A) destruction
and erosion of urothelium (arrow), sub-mucosa has moderate congestion (S), the muscle (M) is
destructed (star) (B) destruction and ulceration (arrows)are seen, mild congestion appears in sub-
mucosa (S) (scale bar : A 200 um X 100 -B : 50 pm x400).
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Fig 3. A photomicrograph of a section in the bladder of a rat of group II, showing severe
hemorrhage in all the layers (hge) (H&E scale bar: A 200 pm X100).

Group III: Administration of
acrylamide for 28 days showed some
changes; the epithelium became thinner but
less destructed than in the control group and
group II, more congestion of the vessels,
and the muscles appeared thinner than the
control group and group II. With a high

magnification more edematous cells
appeared, degeneration and lymphatic
infiltration appeared also, more thinning of
the muscles was noticed (Fig. 4). The degree
of ulceration, hemorrhage, edema are scored
in (Table .1).

Fig 4. Photomicrograph of section in bladder of adult rats of group III: (A) thinning of
epithelium (arrow), dilated congested vessel in sub-mucosa (C), thin muscles (stars) (B) the
epithelium appears destructed with edema (arrow), severe congestion in the vessel (C), and some
lymphatic infiltration (stars) (H&E scale bar : A 200 um X 100 and -B : 50 pm X400).
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Table .1. Score of ulcer, hemorrhage and edema : (p1) difference between the control and
group 11, (p2) difference between group II and Group III

Variables Control Group 11 Group III P1 P2 P3

Ulcer 0(0-0) 1.7(1-2) 1.2(1-2) 0.00 {0.02 |0.00

Hemorrhage 0.2(0-1) 1.6(1-3) 1.8(1-2) 0.00 |0.51 ]0.00

Edema 0(0-0) 1.2(1-2) 1.9(1-2) 0.00 |.001 |0.00
Immunohistochemistry results moderate positive reaction in urothelial cells
With caspase-3:Immune stained sections of and slightly around blood vessels(Fig. 5).
the bladder with caspase-3 exposed week With TNF: the control group expressed a
positive cytoplasmic reaction to caspase-3 negative reaction to this antigen, while after
in the control group that increased highly in 6 days of ACR treatment, the reaction
the urothelium and around blood vessels became positive in the sub-mucosa, after 28
after 6 days exposure to acrylamide, then days, the reaction appeared clearly in the
after 28 exposure to it, rats exposed urothelium and sub-mucosa (Fig.6)
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Fig.5. Photomicrographs of Caspase- 3 stained bladder sections in the three groups: control
group I (A) showing a week positive reaction to the antigen on the urothelium (U) and muscles
(M), group II (B) shows highly positive reaction with caspase-3 exposed in urothelium (U),
around blood vessels (B), and in the muscles, group III (C) expresses moderate reaction which
appears in urothelium and week around vessels (Scale bar 50 um X400).
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Fig 6. Photomicrographs of TNF stained bladder sections in the three groups : (A) control
group I shows negative reaction to the antigen, (B) group II expresses week positive reaction in
sub-mucosa and between muscles (stars), (C) group III expresses more reaction to the antigen in
urothelium (arrow) and in sub-mucosa (stars) (Scale bar um 75x200).

Statistical results (Table2, Figures 7, 8, 9)

The mean muscle thickness was highest in the control group, this thickness decreased highly
after 6 days of treatment with ACR (P=0.00), then decreased more after 28 days of treatment
(p=0.00).

Caspase-3 area percent was highest in group II, then group III, followed by the control
groupl with highly significant difference between control group I and group II and between
group II and group III (p=0.00) but no significant change between control group I and group III
was noticed(p=2.16) .

TNF area percent in group II was lower than group III ,but higher than the control group,
with highly significant change between them (p=0.00)

Table 2 . Differences between the groups in statistical results

Variables Control Group 11 Group I1I P1 P2 P3
Muscle thickness by pixel | 167.1+ 17,2 88.92+ 18.533 48.49+12.104 0.00 0.00 0.00
Caspase area percent 13.95+£2.66% | 23.91+4.43% 16.32+2.91% 0.00 0.00 0.216
TNF area percent 1.24+0.718% | 4.7572 £0.536% | 11.35 + 1.09% 0.00 0.00 0.00

(pl) difference between the control and group II, (p2) difference between group II and Group IIL(p3) difference

between the control and Group III
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Discussion
This research studied the histological
changes of the urinary bladder with different
durations of ACR. The current study used
male animals to avoid any role of hormonal
changes of female estrus cycles on the
values achieved as said by Hegazy et al.
(2032). In this study, we noticed that the oral
treatment of ACR for 6 days and 28 days
generated structural changes in all layers of
the urinary bladder, in the form of urothelial
damage, edema, congestion, and muscle
thinning. That increased with increasing the
duration of intake i.e. 28 days had more
destruction than 6 days except ulceration
which decreased as a trial for adaptation of
the cells.

These results were in agreement with
Rajeh and Al-Dhaheri (2017) who reported
that a brief period of ACR administration
showed harmful effects on the kidney
structure in the form of distended Bowman’s
capsule, tubular  degeneration and
intertubular congestion in the renal cortex,
extensive tubular damage with epithelial
thinning and cytoplasmic cellular

infiltrations. Romaniuk et al. (2017)
reported in a study on heavy metals on the
bladder that 90 days treatment showed signs
of adaptation than 30 days treatment which
agreed with our results.

Elhelaly et al. (2019) showed that the
increased DNA oxidative damage and
decreased antioxidant enzyme activities
caused by acrylamide-induced toxicity
resulted in destruction of many organs as
brain, kidneys, and liver.

ACR is a significant community health fear
as it is widely generated in the daily food
such as; fried bread, potato chips, any high-
temperature carbohydrate-rich food, coffee,
and cosmetics (Ali et al ., 2020).

ACR 1s excreted mainly via urine
and bile. It has worse effects on different
systems as the urinary, genital, neurological,
and immunological systems in animal and
human models by many studies (Rajeh and
Al-Dhaheri, 2017),nevertheless few studies
done on its acute effect on the urinary
bladder are available

Many studies were done to study the
effect of ACR on different systems of the
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body to understand dose affecting health
problems compared with nutritive intake.
(Thangamany et al., 2023) said that the
toxic effect of ACR occurs mainly due to
disturbance in the antioxidant system in the
body or by stimulation of apoptosis of the
cells.

As ACR is highly obtainable in daily food,
so its risk to human health needs urgent
attention; its concentration in fried potato
products reached 1 mg/kg, while its
concentration in coffee was 4 mg/kg.
Moreover, the European Commission stated
that the acrylamide residue limits in roast
coffee and potato chips were 400-850 g/kg
and 750 g/kg, respectively as reported by
Powers et al., and Pundir et al (2019)

Reactive oxygen species (ROS) is a

known term that incorporates a variety of
chemical species that contain oxygen,
including superoxide, peroxides, alpha-
oxygen, and the hydroxyl radical ( Hayyan
et al., 2016).
ROS production increased sharply due to
many abnormal circumstances (e.g.), toxins,
heat exposure, and ultraviolet radiation),
which can seriously harm the cellular
structure (Babizhayev, 2016). ACR could
interact with DNA base, 2-deoxyguanosine,
and induced 8-OHdG formation which
indicated that acrylamide exposure probably
contributed to ROS formation and lead to
the higher 8-OHdG level (Endah et al.,
2023).

In this research, we noticed that
caspase-3 expression was high after 6 days
of treatment. This was expressed and
accepted by (Eom et al., 2023) who said
that ROS generates cytochrome c release
from the mitochondria into the cytoplasm,
which starts and controls the apoptotic
cascade, and it induces Caspase activation.
By cleaving at a particular location, initiator
Caspase triggers caspase-3.

Additionally, ROS prevents
organelles' oxidative defense mechanisms
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from working properly, which causes a
variety of illnesses like cancer and diabetes
(Totten et al., 2021) .

TNF is a pleiotropic cytokine that is
associated with many disorders, TNF is
released by mast cells and increased
bacterial infection, cancer, and interstitial
cystitis (Yang et al., 2018).

In our study with the TNF marker,

we found that the control group expressed a
negative reaction to this antigen, while after
6 days of ACR treatment, the reaction
became positive in the sub-mucosa, and
after 28 days the reaction appeared clearly in
the urothelium and sub-mucosa. This was
agreed with sant et al. (2007); Chan et al.
(2013), Rao et al. (2016) who found that
TNF has been involved in various urinary
bladder diseases, such as bacterial infection,
tumors, and infiltrative colitis, as mast cell
activation leads to the release of TNF that
motivates urothelial apoptosis and lesion
formation mediated by TNF receptor.
Jiang et al. (2021) also said that oral
administration of ACR caused a significant
increase (P < 0.01) in the levels of pro-
inflammatory cytokines such as TNF-a, IL-
1B, and IL-6 Previous research done by
Zhao et al. (2017) approved that ACR-
induced neurotoxicity 1is expressed by
increased levels of TNF-a, IL-6, and IL-1p
in the primary microglia during the later
stage of ACR exposure.

However many researches were done
in trial to counteract the dangerous effect of
ACR on the body using natural components,
vitamins or drugs e.g. (Hegazy et al., 2018)
who approved that Vitamen E had protective
effect against ACR on the liver of postnatal
rats. Thangamany et al . (2023) reported
that food containing lot of vegetables and
fruits can give the cells the power of support
against ACR destructive effect due to its
antioxidant content. Mahmoud et al. (2023)
reported that T. satureioides polyphenolics
and essential oil could counteract the toxic
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effect of ACR on the liver. Al Syaad et al.
(2023) reported that propolis which is a
plant extract had a protective effect against
ACR toxicity on male rats.

Conclusion

Exposure to ACR is dangerous to the
histological tissue of the urinary bladder
even for a short duration.

Limitations of the study

More researches on lower doses will be
needed to know if they are safe or not. Also
this research studied only histological view,
it's better to study also biomarkers of the
body.
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