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ABSTRACT

Introduction: Acrylamide (AA) became an urgent public health interest as it is commonly consumed in fast food cooked at
high temperatures. Various health organizations recommend stoppage of its use in certain food due to its health hazards.

Aim of the Work: To investigate the effect of abrupt and gradual withdrawal of acrylamide on its destructive impact on the
hepatic and renal cortical tissues.

Materials and Methods: Rats were classified into 4 groups 10 rats in every group. The control group (group I). The acrylamide
group (group II): Acrylamide was orally administered at the dose of 20 mg/kg/day for 3 weeks. The abrupt withdrawal group
(group III): Acrylamide was given by the same route as group II for 3 weeks, then abruptly stopped in the following 3 weeks.
The gradual withdrawal group (group IV): Acrylamide was given by the same route as group II for 3 weeks then the acrylamide
was gradually withdrawn in the following three weeks. Liver and renal cortical tissues were taken and used for histological
(H&E, PAS and Masson stain), immunohistochemical (PCNA, caspase 3 and alpha SMA) and morphometric studies.
Results: The histological examination of the liver and renal cortical tissue section of groups II and IV revealed marked
destruction of their architecture. On the other hand, group III showed marked improvement.

Conclusion: The usage of AA caused deleterious effects in liver and renal cortical tissues mainly due to reactive oxygen
species (ROS) production. Stopping AA administration showed marked improvement in the histology of liver and renal tissue
if compare with the its gradual withdrawal.

Received: 18 February 2022, Accepted: 20 March 2022

Key Words: AA (Acrylamide), ROS, withdrawal.

Corresponding Author: Amira Fathy Ahmed, MD, Department of Histology and Cell Biology, Faculty of Medicine, El-
Minia University, Egypt, Tel.: +20 11 2276 0040, E-mail: amirafathy332@gmail.com
ISSN: 1110-0559, Vol. 46, No. 2

INTRODUCTION Production of AA in foods is mainly due to Maillard
reaction, which is the first method that can be manipulated
to reduce AA formation such as reducing time and
temperature. High exposure to AA leads to many toxic
effects, so it is necessary, especially in the developing
countries to raise the awareness about AA health risks!.

Acrylamide (AA) is a substance which has an urgent
public health importance as it is present in commonly
used in bread, potato chips, and any carbohydrate-rich
food items cooked at temperatures more than 200°C.
AA is released during the roasting of coffee beans!!l. AA

is used in synthesis of body lotions, cosmetics and other Many studies reported that AA has deleterious effects on
personal care products. In addition, it is also detected in liver, kidney, reproductive system, nervous system, ]?NA,
tobacco smokel?. It is used in wastewater treatment, soil and even cancer because of its continuous consumption!’.
conditioning, pesticides and herbicides production®. Various health organizations recommend measuring its

amount in certain food products!®.
AA is transmitted into the body via the following

routes: digestive system, respiratory system, and skin
absorption®. The Maillard reaction is one of main
mechanisms of acrylamide generation process in foods and
drinks!!!. Asparagine is a free amino acid which is needed to
produce acrylamide. Asparagine and reducing sugars enter

Liver and kidneys are the organs concerned with
elimination of half the amount of the AA daily dosel.
Many studies assessed the effects of AA on the histological
structure of liver and kidney. So, it is a must to stop the
use of AA in many products that are used in our daily life.
The main aim of our study to monitor and compare the

areaction that is resulted in production of a decarboxylated sudden and gradual withdrawal effects of AA in reducing
Schiff base as precursor to AAF. Ammonia that is present its damaging hazards on liver and renal cortices. These
in a high lipid amount food has also an important role to effects were assessed by histological, histochemical,
produce AA. immunohistochemical and morphometrical studies.
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Animals

Forty adult male albino rats were used, weighing about
150-250 g aged about 6-8 weeks. Rats were got from the
Animals Growing Center of the Faculty of Agriculture-
Minia University. All rules of animal care and treatment
were done regarding the guidelines of the Ethical
Committee of the Faculty of Medicine-Minia University.

Experimental design and reagents

The 40 adult male albino rats were randomly classified
into 4 groups (n=10 per group) as follows: Group I (Control
group): They received distilled water and a standard diet
for six-week ad libitum. Group II (Acrylamide group):
They received Acrylamide, >99.5% purity with catalog
no. 004027 bought from Medico company, Egypt. It
was dissolved in 0.2 ml of distilled water and orally
administered via intra-gastric gavage route at a dose of 20
mg/kg!'% once daily for three weeks!'!). Group III (Sudden
withdrawal group): As group II but AA was given for
three weeks then abruptly stopped in the next three weeks.
Group IV (Gradual withdrawal group): As group 11 AA was
given for three weeks then AA was gradually withdrawn
with the same dose in the following three weeks, as follow:
The fourth week: It was given three times per week. The
fifth week: It was given two times per week. The sixth
week: It was given once per week.

For light microscopic examination

At the end of expirement (3 weeks for group II and
6 weeks for groups LIII and IV), liver and kidney tissue
sections from all groups were fixed in 10% formalin,
embedded in paraffin and dehydrated in ascending
concentrations of ethyl alcohol. 5 um tissue sections were
stained with hematoxylin and eosin (H&E), Periodic acid
Schiff (PAS) to demonstrate general carbohydrates, and
Masson trichrome stain for collagen deposition!'?].

Immunohistochemical study

Immunocytochemical  staining was  performed
according the manufacture instructions using the Anti-
PCNA antibody for cell regeneration (anti-proliferating cell
nuclear antigen): it is monoclonal mouse antibodies with
catalog no. MA5-11358” from Thermo fisher Company,
USA. Activated anti-caspase 3 antibodies for apoptosis:
it is polyclonal rabbit antibodies with catalog no. PAI-
26426 obtained from Thermo fisher Company, USA and
Anti-alpha smooth muscle actin (alpha-SMA) antibody
for myofibroblast identification: “mouse monoclonal
antibody, catalog no. MA1-06110” obtained from Thermo
fisher Company, USA.

4um sections were cut for immune-labeling. The
procedure was performed regarding the manufacture
instructions. Briefly, sections were deparaffinized in
xylene then rehydrated in descending concentrations of
alcohol. After that, they were immersed in 0.1% hydrogen
peroxide for 15 minutes to prevent the endogenous
peroxidase activity. For antigen retrieval, the slides were
boiled in 10mm citrate buffer solution (PH 6) for 10-20

min followed by cooling at room temperature for 20 min.
Sections were washed by phosphate buffer then incubated
in the ultra-vision block at room temperature for 5 minutes
to prevent the non-specific background staining. Anti-
PCNA, cleaved (activated) anti-caspase 3, and anti-alpha
SMA antibodies were ready to be used. Sections were
incubated with anti-PCNA antibody and anti-alpha SMA
antibody for 60 minutes at room temperature. They were
incubated for 15 minutes with the activated anti- caspase 3
antibodies at room temperature. After washing in a buffer,
sections were incubated with biotinylated goat anti-rabbit
secondary antibodies (1:1000) for 30 minutes before being
washed. The reaction was seen with the usage of ultra-vision
one detection System, HRP Polymer & (diaminiobenzide)
DAB Chromogen (Thermo Fisher Company, USA). After
fulfillment of the reaction, counterstaining was performed
with the usage of Meyer's hematoxylin and dehydrated
by exposure to ascending grades of alcohol then cleared
by xylene. Coverslip using permanent mounting media
was put. In negative control slides, the same system was
performed except the primary antibodies were not added.

Photography

Olympus light microscopy (Olympus, Japan), at the
Histology and Cell Biology Department at Faculty of
Medicine, Minia University, was used for examination of
the slides and capturing images for the sections. Images
were saved as jpg form.

Morphometric analysis

At the faculty of Dentistry, Minia University, Image J
22 was used for measuring the area fraction of the activated
caspase 30 and alpha-SMA immunopositivity!'. Area
fraction was measured in a standard measuring frame per
10 images in each group using a magnification X 400 by
light microscopy. Areas containing positively immuno-
stained tissues were used for estimation independent on
the intensity of staining.

Measuring the mean number of PCNA immuno-
positive cells

It was assessed by counting 10 non-overlapping fields
using x400 magnification in for the same slide of each
animal(',

Statistical analysis

SPSS (version 20, Windows 7, Office 2010) was used
for statistical analysis of the collected numerical data. The
mean and standard deviation (SD) were calculated for
every group and the significance of differences detected
was pooled and assessed by a one-way ANOVA test for
quantitative data between the all groups. It is followed
by post hoc Tukey analysis between every two groups.
Significance was assessed according to the probability
factor (P-value) P<0.05.
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RESULTS
Histological study
Histological study for liver and kidney using

hematoxylin and eosin

As regard liver tissue sections, the control group
exhibited normal lobular architecture, with radiated plates
of hepatocytes. The hepatocytes appeared polyhedral
with acidophilic granular cytoplasm and rounded central
vesicular nuclei and prominent nucleoli. They are
radiating from the central veins forming anastomosing
fenestrated plates separated by blood sinusoids that
lined by endothelium with flat nuclei and Von Kupffer
cells. Many binucleated hepatocytes were observed
(Figure 1A). Examination of group II showed disrupted
lobular architecture and marked hepatic injury. Central
vein and hepatic sinusoids appeared congested and
engorged with inflammatory cells. Ballooned hepatocytes
with foamy vacuolated cytoplasm and malformed nuclei
were observed. Some hepatocytes showed apoptotic
features in the form of deep acidophilic cytoplasm and
pyknotic nuclei. Inflammatory cells infiltration was seen
between the hepatic tissue (Figure 1B). The group III
exhibited marked morphological restoration, as there was
preserved general hepatic architecture with hepatocytes
restored their cytoplasm and most nuclei appeared normal
and vesicular. However, scattered degenerated cells were
still present. Vascular congestion was markedly reduced.
Mild sinusoidal dilatation and few inflammatory cells
infiltration could be seen (Figure 1C). Group VI showed
more or less similar to group II beside markedly congested
and engorged central vein with numerous inflammatory
cells and hemosiderin laden macrophages (Figure 1D)

Examination of renal cortical tissue sections: the
control group exhibited normal organization of the renal
cortex consisting of renal corpuscles, proximal convoluted
tubules (PCTs), and distal convoluted tubules (DCTs).
Each renal corpuscle consists of glomerulus (a tuft of
blood capillaries) surrounded by Bowman's capsule, with a
urinary space in between. Bowman's capsule has an outer
parietal layer consists of simple squamous epithelium, and
an inner visceral layer forming the podocytes. The PCTs
are lined by cubical cells with acidophilic cytoplasm.
The DCTs have lower cubical epithelium surrounding
relatively larger regular lumens (Figure la). Examination
of group II sections showed distorted renal corpuscle with
shrunken and congested glomerular tufts with widening
of the Bowman’s space. Renal tubular lining cells showed
abundant cytoplasmic vacuolations, malformed nuclei
and tubular distortion. Tubular lumina exhibited pyknotic
nuclei, cellular debris or hyaline casts. Sever interstitial
hemorrhage with hemosiderin laden macrophages and
numerous inflammatory cells were observed. Numerous
interstitial fibroblasts were noticed (Figure 1b). Abrupt
withdrawal of acrylamide in group III ameliorated its
damaging effects. There was restoration of normal cortical
structure, with well-formed glomerular tuft and Bowman’s

space. Most PCTs and DCTs apparently retained
their normal structure. Few tubules showed signs of
degeneration in their lining cells and minimal intraluminal
cellular debris (Figure 1c). While gradual withdrawal
of acrylamide in group IV revealed no improvement
compared to group II. There was marked distortion of the
renal cortex in the form of hypertrophied renal corpuscle
with congested glomerular tuft and widening of the
Bowman’s space. Renal tubules showed degenerated lining
cells. Sever interstitial vascular congestion and dilatation
with hemosiderin laden macrophages and inflammatory
cells infiltration. Numerous interstitial fibroblasts and
peritubular homogenous acidophilic material were seen
(Figure 1d).

Histological study for liver and kidney using PAS stain

Examination of rat liver tissue sections showed PAS
positive carbohydrates in the cytoplasm of most hepatocytes
in the control group (Figure 2A). There was marked
decrease in the glycogen content in most hepatocytes in
groups II and IV (Figures 2B, 2D). On the other hand,
restored PAS positive carbohydrates in the cytoplasm of
most hepatocytes in group III (Figure 2C)

Examination of rat renal cortical tissue sections of the
control group revealed positive reaction in the basement
membranes of the glomerular capillaries, parietal layer
of Bowman’s capsule, and in the renal tubules. Positive
reaction in the brush border of PCTs was noticed
(Figure 2a). Group II and IV revealed partial loss of
basement membranes of glomerular capillaries, parietal
layer of Bowman’s capsule and renal tubules. Thickening
of some areas of basement membranes of glomerular
capillaries, parietal layer of Bowman’s capsule and renal
tubules. Loss of brush borders of PCTs (Figures 2b,2d).
While group IV exhibited restored positive reaction in the
basement membranes of the glomerular capillaries, parietal
layer of Bowman’s capsule and most of renal tubules. PCTs
lining cells restored brush borders (Figure 2c).

Histological study for liver and kidney using Masson
trichrome stain

Liver tissue sections of the control group showed
minimal amount of collagen fibers in the portal area
(Figure 3A). Groups II and IV revealed marked increase
in the collagen deposition around the congested dilated
blood vessels in the portal area (Figures 3B,3D). While in
the group III, there was little amount of collagen fibers in
the portal area (Figure 3C). Renal cortical tissue sections
of the control group showed minimal amount of collagen
fibers among the glomerular tuft and interstitial tissue
(Figure 3a). Groups II and IV exhibited dense collagen
deposition among the glomerular tuft and interstitial tissue
(Figures 3b,3d). There was marked decrease in the collagen
deposition among the glomerular tuft and interstitial tissue
(Figure 3c¢).
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Immunohistochemical study

Immunohistochemical study for liver and kidney using
PCNA

Examination of wide fields of liver tissue sections of the
control group showed scattered positive immunoreactive
nuclei in hepatocytic cells (Figure 4A). In regard to group 11,
there were few hepatocytes with immunopositively nuclei.
(Figure 4B). On the other hand, groups III and IV showed
numerous cells with positive nuclear immunoreactivity
(Figures 4C,4D). Examination of wide fields of renal
cortical tissue of the control group showed scattered renal
cells with positive immunoreactive nuclei (Figure 4a).
Group II showed few immuno-positive glomerular cells
and renal tubular cells (Figure 4b). Numerous immuno-
positive glomerular cells and renal tubular cells were
observed in groups III and IV (Figures 4c,4d).

Liver and renal cortex tissue sections showed significant
increase in the mean number of PCNA immuno-positive
cells in group II compared to control group. Significant
increase in the mean number of PCNA immuno-positive
cells in groups III and IV compared to control group and
group II (Figure 4111).

Immunohistochemical study for liver and kidney using
cleaved (activated) caspase -3

Examination of liver tissue sections of the control group
showed no detectable activated caspase- 3 immunolabeled
cells (Figure 5A). Extensive immunolabeling was
markedly observed in the cytoplasm and nuclei of most
hepatocytes in groups II and IV (Figures 5B,5D). Group
IIT showed marked decrease in the expression compared to
group II and IV (Figure 5C). Examination of renal cortical
tissue sections of the control group showed no detectable
activated caspase 3 immunolabeled cells (Figure 5a).
Extensive immunolabeling was markedly observed in the
cytoplasm and nuclei of most renal cells in groups II and

IV (Figures 5b,5d). Group III showed marked decrease in
the activated caspase 3 expression compared to group II
and IV (Figure 5c¢).

Liver and renal cortex tissue sections showed
significant increase in the area fraction of activated caspase
3 immuno-positive cells in groups II, IIT and IV compared
to control group. Significant decrease in the area fraction
of cleaved caspase 3 immuno-positive cells in group III
compared to groups II and I'V (Figure SIII).

Immunohistochemical study for liver and kidney using
alpha smooth muscle actin

The control group exhibited positive expression in
the wall of portal vein, hepatic artery and few faintly
expressed cells stellate in shape with fine processes
that extend between the hepatocytes in periportal area
(Figure 6A). While groups II and IV (Figures 6B,6D)
showed strong expression in walls of the portal vein and
hepatic artery and numerous positive stellate cells between
the hepatocytes in periportal area. Group III revealed
positive reaction in the wall of portal vein, hepatic artery
and few faintly expressed cells in-between hepatocytes
(Figure 6C).

Positive expression in wall of renal blood vessels was
observed in groups I (Figures 6a,b,c,d). Positive reaction in
the renal glomerulus and the interstitial cells was obvious
in groups II and IV (Figures 6b,6d). Faint expression in
few renal glomerular cells and in few interstitial cells was
observed in group III (Figure 6¢).

Liver and renal cortex tissue sections showed significant
increase in the area of fraction alpha smooth muscle actin
in groups II, IIT and IV compared to group 1. Significant
decrease in the mean area fraction of alpha smooth muscle
actin immuno-positive cells in group III compared to
groups II and IV (Figure 6I1I).
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Figure 11

Fig.1 I: Representative photomicrographs of rat liver tissue showing the hepatocytes(H) are radiating from the central veins (CV) and separated by blood
sinusoids (S). 1A) Control group showing the lobular architecture consist of plates of polygonal hepatocytes with an acidophilic granular cytoplasm and
rounded vesicular nuclei with prominent nucleoli (black arrows) other cells appeared binucleated (circle). Notice the blood sinusoids are lined by endothelium
with flat nuclei (thin arrows) and Von Kupffer cells (thick arrows). 1B) Acrylamid group showing loss of lobular architecture and sever congestion of central
vein. It is surrounded by ballooned hepatocytes with foamy vacuolated cytoplasm and deformed dense nuclei (red arrows) or devoid of nuclei (double head
arrow). Other hepatocytes have deep acidophilic cytoplasm and dense nuclei (yellow arrows). Sinusoidal congestion and dilatation around central vein are also
seen. Note the presence of Von Kupffer cells (thick arrows) and mononuclear inflammatory cells infiltration; mainly lymphocytes (star) between degenerated
hepatocytes. 1C) Abrupt withdrawal group showing restored lobular architecture. Apparent normal hepatocytes arranged in cords (red arrows) surrounding
the central vein. Few degenerated hepatocytes with strong acidophilic cytoplasm and fading nuclei (yellow arrow). Notice mild sinusoidal dilatation with Von
Kupffer cells (thick arrows) and some mononuclear inflammatory cells (star). 1D) Gradual withdrawal group showing loss of lobular architecture and massive
congestion of central vein with numerous hemosiderin laden macrophages (thick arrows). Central vein surrounded with many degenerated hepatocytes with
vacuolated cytoplasm (red arrows) and ghosts of nuclei (head arrows). Sinusoidal dilatation and mononuclear inflammatory cells infiltration are seen between
degenerated hepatocytes (thin arrow).

Fig.1 II: Representative photomicrographs of rat renal cortex showing renal corpuscles (RC) formed glomerular tuft (G) and urinary space (double head
arrow). It is surrounded by proximal convoluted tubule PCTs (P), and distal convoluted tubules DCTs (D). 1la) Control group showing normal lobular
organization of the renal cortex consisting of renal corpuscles, PCTs, and DCTs. Notice the urinary space around the glomerular tuft & the regular distinct
lumina of convoluted tubules. 1b) Acrylamid group showing distorted renal corpuscle with shrunken and congested glomerular tufts with widening of the
urinary space. Some tubular lining cells appear with vacuolated cytoplasm, and others with disappearance of cytoplasm (red arrows). Some tubular cells have
dense nuclei (black arrows), while others are devoid of nuclei (+). Some tubules show pyknotic nuclei (black circle), cellular debris and hyaline casts (head
arrow) in their lumen. Sever interstitial hemorrhage with hemosiderin laden macrophages (H) and many mononuclear inflammatory cells (*) are also seen.
Notice presence of numerous interstitial fibroblasts (red circles). 1¢) Abrupt withdrawal group showing well-formed glomerular tuft (G) and Bowman’s space.
Most PCTs and DCTs are lined with apparently normal tubular cells. Few tubular cells with vacuolated cytoplasm and ghosts of nuclei (black arrows). Notice
minimal intraluminal cellular debris (head arrow).1d) gradual withdrawal group showing hypertrophied renal corpuscle with congested glomerular tuft and
widening of the urinary space. Some tubular lining cells with vacuolated cytoplasm and others with strong acidophilic cytoplasm (red arrows) are present.
Some tubular cells with dense nuclei (black arrows) others fragmented nuclei (double arrows). Some tubules show pyknotic nuclei (black circle) and cellular
debris (head arrow) in their lumen. Sever interstitial vascular congestion and dilatation with hemosiderin laden macrophages (H). Notice presence of numerous
interstitial fibroblasts (red circles) and peritubular homogenous acidophilic material (Yellow arrow). (H&E x 400, scale bar= 50um)
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Fig. 2: I: Representative photomicrographs of rat liver tissue sections stained by PAS, showing the hepatocytes(H), with positive (magenta red) cytoplasmic
total carbohydrates (black arrows) radiating from the central veins (C). 2A) control group showing positive PAS reaction in most hepatocytes. 2B) Acrylamid
group with marked decrease in the carbohydrates in most hepatocytes. 2C) Abrupt withdrawal group with restored positive PAS reaction of most hepatocytes.
2D) Gradual withdrawal group with few carbohydrates in most hepatocytes.

Fig. 2: II: Representative photomicrographs of rat cortical renal tissue sections stained by PAS showing positive reaction (magenta red) in the basement
membranes (black arrow) of the glomerular capillaries (G), parietal layer of Bowman’s capsule (yellow arrow) and renal tubules (T). 2a) control group with
positive reaction in the basement membranes of the glomerular capillaries, parietal layer of Bowman’s capsule and renal tubules. Notice a strong positive
reaction in the brush border of Proximal convoluted tubules (black stars). 2b) Acrylamid group showing partial loss of basement membranes (black arrow)
of glomerular capillaries, parietal layer of Bowman’s capsule (yellow arrow) and renal tubules (double arrows). Thickening of some areas of the basement
membranes of glomerular capillaries (black circle), parietal layer of Bowman’s capsule (dotted arrow) and renal tubules (red circles). Loss of brush borders of
Proximal convoluted tubules (black stars). 2¢) Abrupt withdrawal group showing continuous basement membranes (black arrow) of the glomerular capillaries
and the parietal layer of Bowman’s capsule. Most renal tubules show intact basement membranes (red arrows) while few tubules lose their basement membranes
(double arrows). Notice Proximal convoluted tubules lining cells show preserved brush borders (black stars). 2d) Gradual withdrawal groupshowing partial
loss of basement membranes (black arrow) of glomerular capillaries and renal tubules (double arrows). Thickening of some areas of basement membranes of
glomerular capillaries (black circle), parietal layer of Bowman’s capsule (dotted arrow) and renal tubules (red circle). Notice loss of brush borders of Proximal
convoluted tubules (black stars). (PAS x 400, scale bar= 50pm).

3l
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Fig. 3: I: Representative photomicrographs of rat liver tissue sections stained by Masson trichrome showing the hepatocytes (H) and portal area (black circle).
Notice collagen fibers appear with blue color (black arrows). 3A) control group: showing minimal collagen deposition in the portal area. 3B) Acrylamid
group showing dense collagen deposition around the congested dilated blood vessels in the portal area. 3C) Abrupt withdrawal group showing mild collagen
deposition in the portal area. 3D) Gradual withdrawal group showing collagen deposition around the dilated blood vessels in the portal area.

Fig. 3: II: Representative photomicrographs of rat renal cortical tissue stained by Masson trichrome showing collagen fibers (blue color) among the glomerular
tuft (G), tubules (T), and interstitial tissue (black arrows): 3a) Control group showing minimal amount of collagen fibers among the glomerular tuft and
interstitial tissue. 3b) Acrylamid group showing dense collagen deposition among the glomerular tuft and interstitial tissue. 3c) Abrupt withdrawal group
showing little amount of collagen fibers among the glomerular tuft and interstitial tissue. 3d) Gradual withdrawal group showing dense collagen fibers
deposition among the glomerular tuft and interstitial tissue. (Masson trichrome x 400, scale bar= 50um).
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Fig. 4: I: Representative photomicrographs of rat liver tissue sections immunohistochemical stained for PCNA showing central vein (C) surrounded by cords
of hepatocytes (H). Notice the positive immunoreactive nuclei in the cells (black arrows). 4A: Control group showing scattered positive immunoreactive nuclei
in hepatocytic cells. 4B: Acrylamide group showing positive immunoreactive nuclei in few hepatocytic cells. 4C) Abrupt withdrawal group showing numerous
hepatocytes have positive immunoreactivity in their nuclei. 4D) Gradual withdrawal group showing positive immunoreactive nuclei in many hepatocytic cells.
Fig. 4: II: Representative photomicrographs of rat renal cortical tissue immunohistochemical stained for PCNA showing renal glomeruli (G) and renal tubules
(T) positive immunoreactive nuclei of (black arrows): 4a) Control group showing scattered renal positive tubular cells. 4b) Acrylamid group showing few
positive immunoreactive nuclei of renal glomerular cells (dotted arrow) and renal tubular cells. 4c) Abrupt withdrawal group showing numerous positive
immunoreactive nuclei of renal glomerular cells (dotted arrows) and renal tubular cells. 4d) Gradual withdrawal group with few positive immunoreactive
nuclei of renal glomerular cells (dotted arrow) and renal tubular cells. Notice. III: The mean number of PCNA immunopositive nuclei among the four groups.
(PCNA x 400, scale bar= 50um).

Fig. 4: I1I4: The mean number of PCNA immunopositive cells among the four groups

= Group 1

= Group 2

= Group 3
= Group 4

Kidney liver

Fig. 5: 1: Representative photomicrographs of rat liver tissue sections immunohistochemical stained for caspase 3 showing central vein (C) surrounded by
cords of hepatocytes (H). Notice positive immunoreactivity in cytoplasm (double arrows) and nuclei of the cells (dotted arrows) :5A: The control group
showing negative immunoreactivity in cytoplasm of hepatocytes. 5B) Acrylamid group showing strong positive immunoreactivity in cytoplasm and nuclei of
most hepatocytes (H). 5C) Abrupt withdrawal group showing faint immunoreactivity in cytoplasm and nuclei of most hepatocytes. 5D) Gradual withdrawal
group showing strong positive immunoreactivity in cytoplasm and nuclei of hepatocytes.

Fig. 5: II: Representative photomicrographs of rat renal cortical tissue immunohistochemical stained for caspase 3 showing renal glomerular cells (G) (dotted
arrows) renal tubular lining cells (T) (double Arrow):5a) Control group: showing negative immunoreactivity in cytoplasm and nuclei of renal glomerular cells
and renal tubular cells. 5b) Acrylamid group showing strong positive immunoreactivity in cytoplasm and nuclei of renal glomerular cells, and cytoplasm and
nuclei of renal tubular cells. 5¢) Abrupt withdrawal group showing faint expression in cytoplasm and nuclei of the renal glomerular cells and renal tubular cells.
5d) Gradual withdrawal group showing strong positive immunoreactivity in cytoplasm and nuclei of the renal glomerular cells, cytoplasm and nuclei of renal
tubular lining cells. III: The area fraction of caspase 3 immunoreactivity among the four groups. (Caspase 3 x 400, scale bar= 50um).

Fig. 5: 5III: The area fraction of activated caspase 3 immunopositive cells among the four groups
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Fig. 6: I: Representative photomicrographs of rat liver tissue sections immunohistochemical for alpha smooth muscle actin showing: portal vein (P), hepatic
artery (A) in the portal area (black circles) positive cells (black arrows) and hepatocytes (H). 6A) Control group showing positive expression in the wall of
portal vein, hepatic artery and few faintly expressed cells stellate in shape with fine processes that extend between the hepatocytes in periportal area (dotted
arrows). 6B) Acrylamid group showingstrong expression in the portal area in walls of the portal vein and hepatic artery and numerous positive stellate shaped
cells fine processes that extend between the hepatocytes in periportal area (dotted arrows). 6C) Abrupt withdrawal group showing positive reaction in the wall
of portal vein, hepatic artery in the portal area and few faintly expressed cells in-between hepatocytes. 6D) Gradual withdrawal group showing positive reaction
in the wall of portal vein and numerous positive cells in-between hepatocytes (dotted arrows)

Fig. 6: II: Representative photomicrographs of rat renal cortical tissue sections immunohistochemical stained for alpha smooth muscle actin showing the
wall of renal vessels (dotted arrows), the renal glomerulus (G) renal tubules (T), and the interstitial cells (I): 6a) Control group showing positive expression
in vascular smooth muscles of renal blood vessels (arrows) and negative expression n glomeruli, renal tubules and interstitium. 6b) Acrylamid group showing
positive immunoreactivity in the wall of renal vessels, in the renal glomerulus and the interstitial cells 6¢) abrupt withdrawal group showing faint expression
in few renal glomerular cells (black arrows) and in few interstitial cells. 6d) Gradual withdrawal group showing positive reaction in the wall of renal vessels
(black arrows), in the renal glomerulus and in the interstitial cells. III: The area fraction of alpha smooth muscle actin immunopositive cells among the four
groups. (Alpha smooth muscle actin antibody x400, scale bar =50 um).

Fig. 6: 6I11: The mean fraction of alpha smoth muscle actin immunopositive cells among the four groups

DISCUSSION received acrylamide orally at a dose of 20 mg/kg once daily
for three weeks then acrylamide was abruptly stopped in
the following three weeks. Group IV (gradual withdrawal
group) received acrylamide orally at a dose of 20 mg/kg
once daily for the first three weeks. In the following three
weeks, acrylamide was withdrawn gradually.

AA is a food contaminant used in a wide range in fast
foods and in any carbohydrate-rich food cooked at high
temperatures. It has toxic effects on human body but
unfortunately it can’t be easily avoided!'). Exposure to AA
occurs in other ways in our daily life such as materials of
personal care and cosmetic products!'®l, In the present study, the acrylamide administration
caused severe hepatic damage in groups II and IV,
in the form of apoptosis, cytoplasmic vacuolations,
inflammatory cells infiltration and vascular congestion and
dilatation. Similar findings were were observed by Gedik
S et al' who stated that AA administration caused many
inflammatory cell infiltration, hepatocellular necrosis,
areas of hemorrhage, loss of cellular boundaries and
cytoplasmic vacuolations. This could be were observed by
Gedik S et all"¥ who reported that cytoplasmic vacuolations

Furthermore, many researchers reported that AA
can induce many health hazards®. Many studies were
conducted to figure out the histological changes occur in
hepatic and renal tissues after AA exposure and after use
antioxidant agents for protection from its toxicity. On the
other hand, there is no study comparing or evaluating the
impact of the sudden and gradual withdrawal of AA on its
induced hepatic and renal injuries.

Forty adult male albino rats were used in the work. Rats may be considered as a cellular defense mechanism against
were divided into four groups, 10 animals in each group. toxins because these vacuoles gather the harmful elements
Group [ was the control group. Group II (acrylamide group) and prevent their harmful effect on the cellular activities.
received acrylamide orally at a dose of 20 mg kg once daily As well, free radicals attack polyunsaturated fatty acids of
for three weeks. Group III (sudden withdrawal group) cell membranes leading to their degradation and formation
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of cytoplasmic vacuoles. Kovac ef al stated that AA causes
a decrease in the reduced glutathione (GSH) which leads to
mitochondrial dysfunction, reactive oxygen species (ROS)
release, and oxidative stress harmful effects!'. Moreover,
this toxicity may cause damage to DNA and RNA, certain
enzymes oxidative deactivation, and lipid peroxyl radical
and lipid hydroxides liberation that cause imbalance
between cell survival and death'”.

In this study, renal cortical sections of both group
&IV revealed also an inflammatory cellular infiltration
and many tubular damages. The similar findings were
observed by Jiang ef al who reported that there were severe
renal damages such as kidney tubule cavity widening, renal
tubular cellular degeneration and interstitial inflammatory
cell infiltration in the AA administered group®’.
El Fakahany et al., added several histopathological
manifestations including deformed glomerular tuft
with widened Bowman’s space. The renal tubular cells
became vacuolated and lost their brush border?'l. So,
the degenerative changes could be observed in their
epithelial lining followed by cellular rupture, apoptosis,
vascular congestion of the interstitial tissue which led to
hemorrhagic areas. There was accumulation of hyaline
casts and proteinaceous materials in the lumen of the renal
tubules.

The previous findings could be also explained by
Erdemli et al., who stated that kidney has a major role
in elimination of AA toxic substance in urine, moreover
it has a weak antioxidant defense enzyme system so it is
more vulnerable to be exposed to its toxic effect. In our
study, kidney tissue sections of the same group revealed
cytoplasmic vacuolations of the tubular lining cells.
Besides, ROS disturbed the vascular function leading to
more cellular damage, apoptosis and inflammatory cells
infiltration with vascular congestion and dilatation™!. Raju
et al., reported that AA decreased high-density lipoprotein
(HDL) level which is associated with thickening, narrowing
and blockage of the blood vessels leading to deleterious
effect on them!®!. Elhelaly et al., stated that ROS produced
by AA caused inflammation and dilatation of blood vessels
to increase the blood flow to the injured area and this
caused hemorrhage in the interstitium!'%,

Sudden withdrawal of acrylamide in group III led to
marked improvement in histological structure of both
hepatic and renal tissues. At the level of liver tissue many
hepatocytes were preserved with large vesicular nuclei.
However, few hepatocytes still with pyknotic nuclei and
vacuolated cytoplasm. On the other hand, kidney showed
preserved histological architecture of a renal corpuscle
and most of the renal tubules. This damage caused by AA
occurred depending on its dose as the body can eliminate
low AA doses through its detoxification. While mild and
high doses caused degenerative changes and damage to
different organs™®). Besides, withdrawal of acrylamide
caused restoration of the reduced glutathione and decrease
in ROS production in sudden withdrawal of acrylamide®®!.

In controversy to group III, group IV (gradual
withdrawal group), there were apoptosis of hepatocytes
and vascular congestion. Also, in kidney sections, there
were apoptosis of glomerular and tubular lining cells and
areas of inflammatory cellular infiltrations. The same was
observed by Atef et al., who explained that low doses of
AA exhibited normal renal cortex while high doses led to
proliferative glomerulonephritis®®®l. So, the chronic use of
AA even with low doses led to accumulation of toxin and
not give more time to tissues to come over it.

In regard to PAS stain, to assess glycogen production in
liver tissue, the sections of groups I and IV, showed marked
decrease in the glycogen granules in most hepatocytes if
compare to control group. This also observed by Younes
et al., who reported weak PAS positive reaction in most
of liver cells treated with AAP7. This observation could
be explained that AA could produce extensive damage on
hepatocytic integrity and function". Moreover, reduced
glycogen may be also due to intensive AA biotransformation
instead of cellular metabolism!'®l.

In kidney sections of groups II and IV, there have been
partial loss of the basement membranes of glomerular
capillaries, the parietal layer of Bowman’s capsule,
basement membranes of renal tubules and loss of brush
borders in many PCTs. That was also observed by Atef
et al., who reported that PAS-stained sections of AA group
within the renal tubules showed partially lost and weak PAS
positive reaction in basement membranes renal tubules and
PCT brush border!. These findings may be explained by
the fact that ROS produced by AA which caused cellular
atrophy and basement membrane damage!®®!.

In our study, the improvement was obviously noticed
in group III and this could be explained that AA affects
glycogen content depending on its administration doset'”’.
Reckoning on this fact, our study suggested that the
stoppage of AA exposure led to marked improvement
within the function and structure of both hepatocyte and
renal cortical tissue.

In regard to the extracellular matrix (ECM), Masson's
trichrome stain was used to detect the role of acrylamide
in induction of fibrosis. In the control liver, there was a
minimal amount of collagen fibers in the portal tract.
Groups II and IV exhibited marked increase in the amount
of collagen fibers around the portal tract of liver tissue
sections. It was reported that there was high collagen
fibers deposition around the portal triad due to damage
of stellate cells which are concerned with collagen fiber
production®, It was explained that the occurrence and
progression of fibrotic diseases were due to ROS and
proinflammatory cytokines release including TNF and
IL1B2%, These cause hepatic stellate cells resist death
thus formation of fibrous tissue®!. Besides, the injured
hepatocytes release aldehyde end products which cause
further damage and fibrosis*®!.

At the level of renal cortical tissue, groups Il and IV in
the present study exhibited marked increase in the collagen
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fibers deposition in the glomerular tuft and interstitial
tissue. It was observed that there was an increasing
amount in collagen fiber deposition in between glomerular
capillaries, however the renal tubules were still surrounded
with few collagen fibers®’. This is also due to oxidative
stress and ROS generation. Renal fibrosis is the main
pathway of progressive renal diseases which lead to end-
stage renal failure regardless the cause. The development
of fibrosis includes interstitial hyper cellularity, matrix
accumulation, and epithelial cell atrophy, resulting in loss
of normal function and organ failure®".

In this study, immunohistochemically staining for
PCNA was done to investigate renal and liver tissue
regeneration. There was a significant increase in the mean
number of PCNA positive nuclei in liver and kidney tissue
sections of group III compared with groups II & IV. This
was in agree with Lee ef al., who reported that AA is an
electrophile and reacts with macromolecules nucleophilic
residues such as cellular proteins and their DNA leading to
their damage. Besides, AA affects kinesin proteins that are
responsible for the formation of spindle fibers during cell
division and causing inhibition of cellular proliferation in
groups II & IV,

As a marker of apoptosis activated caspase 3 was
used. There was a significant decrease in the surface area
fraction in liver and kidney tissue sections of group III
compared with groups II and IV. This was explained that
AA induces apoptosis in liver cells through the activation
of both caspase-8 and-983. It also causes defect in the
activity of complex I and III of the mitochondrial electron
transfer chain. Leading to promotion of the pro-apoptotic
proteins activity which impair anti-apoptotic protein’s
function. This elicits the activity of the caspase cascade
and induction of apoptosisi¥.

As regard renal tissue, it was stated that in the normal
cells, NF-kB is inactive in the cytoplasm due to binding to
its inhibitors (p105, and IkBa-like protein®. In our study,
AA exposure stimulated renal tubular cell apoptosis and
significantly increased renal caspase-3 expression. This
could be due to production of ROS and lipid peroxidation,
and depletion of GSH that may lead to oxidative stress
and destruction of NF-kB inhibitors. Its free dimers
enter the nucleus and promote its anti-inflammatory
genes and induction of cellular apoptosis. Furthermore,
oxidative stress caused mitochondrial and lysosomal
membranes damage and stimulate caspase-3 activation and
consequently cell death®!,

In this work, immunohistochemical staining for alpha-
SMA was done for the detection of myofibroblasts in liver
and kidney tissues. There was a significant decrease in
the surface area fraction of alpha-SMA immunoreaction
in group III compared to group II and group IV in liver
and renal tissue sections. While there was no significant
difference between group II and group I'V.

The previous results could be explained by Higashi
et al., who mentioned that the presence of various triggering

factors for hepatic stellate cells (HSCs) activation including;
inflamed or injured hepatocytes microenvironment, ROS,
hepatic toxins, apoptotic epithelial cells, and inflammatory
mediators®®. When hepatic stellate cells have been
activated, they differentiated from lipid storing pericytes
to myofibroblasts, which have contractile and proliferative
ability. They are responsible for release of extracellular
matrix molecules like collagen type I and collagen type
III. Other quiescent fibro competent cellular elements
as vascular tunica media smooth muscle cells, and
fibroblasts in the Glisson’s capsule can be transformed into
myofibroblasts in response to liver damage®®!.

While in liver tissue sections of group III, there were
three mechanisms of improvement due to HSCs removal
once injury subsides, the first one was apoptosis. The
second mechanism was cellular senescence. Itis a cell cycle
arrest occurring when the cells exceed their proliferative
capacity. The third mechanism was reversion (also known
as ‘deactivation”) of activated stellate cells. The activated
HSCs escaped from apoptosis during regression of liver
fibrosis, underwent inhibition of fibro-genic genes, and
acquired a phenotype the same as quiescent HSCs. These
reverted HSCs still in quiescent state with its ability to
become activated once exposed to fibro-genic stimuli'®’!,

At the extent of the renal tissue sections, in group
I, in kidney tissue sections, there was a positive
immunoreactivity within the interstitium and glomeruli. In
kidney tissue sections of group III, marked improvement
was observed. On the opposite hand, group IV showed
minimal improvement this might be explained that the
resident fibroblasts or pericytes differentiated in to aSMA-
positive myofibroblasts in response to kidney damagel®¥.

From this study, it could be concluded that acrylamide
exposure causes degenerative changes in the liver and
kidney tissues in the form of cellularapoptosis, vacuolations,
vascular congestion, and inflammatory cellular infiltration.
Immunohistochemical and morphometric studies were
performed for further evaluation of the effect of acrylamide
administration and withdrawal changes. This damage is
most likely due to ROS production and was more observed
in the acrylamide group. We found in this study that sudden
withdrawal of acrylamide causes marked improvement in
the histology of the liver and kidney. On the other hand,
gradual withdrawal caused minimal or no improvement if
compared to the sudden withdrawal group.

RECOMMENDATIONS

It is highly recommended to eat healthy food rich
in protective antioxidants instead of fast food and
carbohydrate rich food cooked for long periods and at high
temperature.
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