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Abstract

Aim of Study: This study aimed to reveal the structural changes occurring in the liver of albino rats in the postnatal ages
after oral administration of acrylamide (ACR) to their pregnant mothers and also to evaluate the protective role of
vitamin E (VE).

Methods: Fifty-four pregnant rats were equally divided into three groups: control; ACR-treated (received 10mg/kg/day
by gastric gavage) and ACR+VE treated group (received ACR plus vitamin E, 100mg/kg/day daily). Treatment was given
from day 7 of gestation till weaning. Pups were divided into two subgroups; postnatal days 1 and 21 (D1 and D21). Liver
was processed for hematoxylin and eosin (H&E), Mallory stain, caspase 3 and electron microscopic (EM) examination.
The mean area percent of collagen fibers and positive caspase 3 reactions were measured.

Results: The ACR-treated subgroups at D1 and D21 revealed degenerative changes of hepatocytes. There were congested
dilated central and portal veins, bile duct proliferation, marked increase of collagen fibers, strong positive reaction for
Caspase 3 and electron-lucent areas of the cytoplasm of hepatocytes, with many vacuoles and shrunken electron-dense
nuclei. On the other hand, the protective group receiving ACR plus VE showed some improvement of the histological and
morphometric findings.

Conclusion: Acrylamide caused marked hazardous impact in the liver of postnatal albino rats. Fortunately, concomitant

administration of vitamin E might protect the liver.
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reaching the body; it regulates the blood concentration of
many metabolites, particularly glucose and amino acids. It
has also a great role in synthesizing, storing, secreting,
regulating, transforming and breaking down of many
materials in the body [1].

It is responsible for detoxifying of several drugs in
addition to a great variety of industrial solvents.
Attributing to its functional reserve, the liver can suffer
extensive destruction or damage before malfunction
becomes observed [2].

Acrylamide (ACR) is a widely distributed substance
that has several chemical and industrial applications such
as cosmetic substances, tobacco industry and waste water
management or processing. In addition, ACR is used
extensively for gel chromatography in molecular
laboratories [3]. ACR is formed in starchy foods that are
roasted, baked or fried at high temperature such as chips,
fried potatoes, toasted bread toasted coffee particles and
baked product like biscuits [4]. Although ACR accidental
exposure can occur from many occupations [5] still the
main principal route of human exposure is via the diet [6].

The reactive oxygen species (ROS) are produced by
natural physiological processes. ROS perform important
functions at low or moderate concentrations. Imbalance
between the destructive ROS production and natural
cellular antioxidant defenses is the primary cause of
oxidative stress. Antioxidants are the key stone in the
defense mechanism against oxidative stress produced by
free radicals [7].

The oxidative stress induced by ACR occurs via
affection of lipid peroxidation in addition to reduction of
catalase enzyme and glutathione (GSH) [8].
Histopathological investigations declared that chronic
ACR administration produces degeneration, apoptosis
and necrosis in the liver tissue of ACR-treated rats [9]. On
the other hand, vitamin E (VE) is a lipid-soluble
compound, abundant in certain food like vegetables and
oil. It is a potent chain breaking antioxidant that acts to
destruct reactive oxygen and nitrogen species [10].

The aim of this work was to elucidate the structural
changes occurring in the liver of albino rats at the
postnatal ages after toxic oral administration of ACR to
their pregnant mothers and also to evaluate the possible
protective role of VE against ACR toxicity by using light
(LM) and electron microscopic (EM) examinations as well
as immunohistochemical and morphometric
investigations.
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Materials and Methods

Chemicals

Acrylamide: ACR of purity > 99% was dissolved in
distilled water and orally administered by gastric gavage
at a dose of 10mg/kg/day [11].

Vitamin E: VE in the form of powder (a-tocopherol) was
dissolved in distilled water and given orally by gastric
gavage at a dose of 100 mg/kg/day [12]. The ACR and VE
were obtained from El Gomhoria Company for Chemical
and Medical Trading, Zagazig, Egypt.

Animals

A total of 81 albino rats were used in this study. Fifty-
four adult females and 27 adult males weighing 140-150 g
were purchased from the animal house. Females were
housed with males at ratio of 2:1 respectively in each
cage. The day of detecting sperms in the vaginal smear
was considered as day one of gestation. Pregnant rats
were equally divided into three groups, each comprised
18 pregnant animals; and their off spring were examined
at postnatal days 1 (D1) and 21 (D21). Group 1 (control)
contained 18 pregnant rats; 9 rats were given distilled
water orally (control negative) and the others received
distilled water by gastricavage and considered as a
(control positive) group. Group 2 (ACR-treated) was given
ACR daily from the day 7 of gestation till weaning. Third
(protected) group was given ACR plus VE daily from day 7
of gestation till weaning. Weaning age of the rats was
three weeks [13].

At birth, each mother was housed with its pups in a
large cage. The pubs were examined at two postnatal
days; the first and day 21. So each group was divided into
two subgroups as follows:

This group contained 40 pups with their mothers not
exposed to chemicals. The animals were divided into four
subgroups each contained 10 rats:

i. Subgroup D1 (control negative) andD1"(control
positive).

ii. Subgroup D21 (control negative) andD21*(control
positive).

Group 2: This group contained 20pups; their mothers
were exposed to ACR. This group was divided into two
subgroups, each contained 10rats; D1ACR andD21ACR at
the postnatal days; one and 21 respectively.
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Group 3: This group contained 20 pups of their mothers
exposed to ACR plus VE. This group was divided into two
subgroups, each contained 10rats: D1ACRVE and
D21ACRVE at the postnatal days; one and 21 days
respectively.

Rats from each group were anaesthetized, scarified at
the previously defined days then dissected for removal of
their liver.

Histological Study

The liver from each animal was carefully dissected
were immediately immersed in 10% formol saline for 12
hours, then processed for light microscopic examination
[14] and subjected to hematoxylin and eosin (H&E)
staining and Mallory’ strichrome stain [15].

Immunohistochemical Stain ‘Anticaspase 3’

According to Bancroft and Gamble [15], a rabbit
monoclonal antibody of IgG type was carried out for
localization of caspase 3 (apoptosis marker) in paraffin
sections.

EM Study

Liver tissue was cut into small pieces 1mm?3 each using
sharp blade razor. These pieces were immersed in
phosphate-buffered gluteraldehyde (2.5%) for one day and
processed for EM investigation [16]. Ultrathin sections were
examined and photographed by transmission electron
microscope (JEOL TEM 1010) in Electron Microscope
Research Laboratory.

Morphometric Study

Sections stained for caspase 3 and Mallory's trichrome were
morphometrically analyzed. The area percentage of collagen
fibers and area percentage of immune reaction to caspase 3
were measured using the Fiji Image ] (1.51n, NIH, USA)
program.

Statistical Analysis

Statistical analysis was performed for the area percentage
of collagen fibers and area percentage of immune reaction to
caspase3. All the values of experiments were represented as
mean * standard deviation (SD). One-way analysis of variance
(ANOVA) was used, followed by least significant difference
(LSD) test to evaluate the differences between the groups. For
all comparison P<0.05 were considered as significant
difference. All analyses were performed using the IBM SPSS
18.0 software [17].
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Results

Control Groups

H&E Staining: In all different age groups the positive and
negative control groups were similar to each other, so the
negative control results were representative of all control
groups. Light microscopic examination of sections from
the liver of first postnatal day (D1) control subgroup
showed scattered erythroid islands (small islands of
hematopoietic cells). The erythroid cells were
characterized by intense hyperchromasia in their nuclei
in contrast to pale nuclei of hepatocytes. The hepatocytes
were normal with characteristic polygonal large vesicular
nuclei and acidophilic cytoplasm. Some binucleated
hepatocytes were seen. LM examination of sections from
the liver of D21control subgroup showed absence of
erythroid islands and nearly characteristic hepatic lobule
where polyhedral hepatocytes radiating from central vein.
Some binucleated hepatocytes were observed. The
hepatocytes were separated by normal blood sinusoids
with Kupffer cells in the irlining. Portal areas are present
at the corners containing portal vein, hepatic artery and
bile duct (Figure 1).
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Figure 1: A photomicrograph of a liver section of control
groups: (a) D1 showing normal sized central vein (cv),
multiple small sized blood sinusoids(s), normal
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acidophilic cytoplasm. Multiple erythroid islands (e) with
intense hyperchromatic nuclei are seen. (b) D1 showing
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portal vein (P), normal bile duct (bd), multiple blood
sinusoids (s), normal hepatocytes (h), multiple erythroid
islands (e) and some binucleated hepatocytes (arrow) are
seen. (c) D21 showing normal sized central vein (cv),
multiple blood sinusoids (s), normal hepatocytes (h).
Some binucleated hepatocytes (arrow) are seen. Notice
Kupffer cell (double arrows) in the lining of blood
sinusoids. (d) D21 showing normal sized portal vein (p),
bile duct (bd), hepatic artery (a) multiple blood sinusoids
(s), normal hepatocytes (h). Some binucleated
hepatocytes (arrow) are seen. (H&E X400).

Mallory Staining: Mallory stained sections of liver of
D1andD21control subgroup s revealed few blue colored
stained collagen fibers around the central vein, the lining
of blood sinusoids and in the portal area (Figure 2).
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Figure 2: A photomicrograph of a liver section of control
groups: (a,b) D1, (c,d) D21 showing few blue colored
collagen fibers (bifid tailed arrow) around the central vein
(CV), around portal vein (P) (bifid tailed arrow) and also
in the lining of blood sinusoid (arrow) (Mallory stain
X400).
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Figure 3: A photomicrograph of a liver section of control

groups: (a) D1 and (b) D21 showing negative cytoplasmic

immune reaction for caspase 3 (arrow). (Immuno
peroxidase technique for caspase 3 X 400).

EM Examination: EM study of Dlcontrol subgroup
showed that the hepatocytes appeared with euchromatic
nuclei and intact nuclear envelope. The cytoplasm
contained numerous mitochondria, rough endoplasmic
reticulum, some lipid droplets and glycogen granules. The
hepatocytes were adjacent to each other with bile
canaliculi containing microvilli and occluding junctions
were observed. Also normal appearance of hepatocytes
was detected in D21 (Figure 4).

Immunohistochemical Staining for Caspase 3: Liver
sections of all control subgroups’D1 and D21’ showed
negative immune reaction for caspase 3in the cytoplasm
of hepatocytes (Figure 3).
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Figure 4: An EM micrograph of a section in the liver of
control groups: (a) D1 showing normal hepatocyte with
euchromatic nucleus (N) and intact nuclear envelope
(arrow). The cytoplasm contains many mitochondria (m),
rough endoplasmic reticulum (RER), lipid droplets (L)
and glycogen granules (g). Bile canaliculus (bc) with
intact microvilli and occluding junctions (head arrow) are
seen.(X 10200); (b) D21 showing normal hepatocyte with
euchromatic nucleus (n) and intact nuclear envelope
(arrow).The cytoplasm contains many mitochondria (m),
rough endoplasmic reticulum (RER), lipid droplets (1) and
glycogen granules (g). Bile canaliculus (bc) with intact
microvilli and occluding junctions (head arrow) are seen
(X13600).

2-Acrylamide-Treated Group
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H&E Staining: Examination of liver sections of ACR-
treated subgroup (D1ACR) showed change of normal
hepatic structure. Hepatocytes had pale vacuolated
cytoplasm with deeply stained shrunken nuclei. Dilated
and congested central vein and blood sinusoids were
observed. Scattered erythroid islands with intense
hyperchromasia were present. Dilated congested Portal
vein with proliferation of bile can aliculi and multiple
inflammatory cellular infiltrations in portal area were
seen. Liver sections of ACR-treated subgroup (D21ACR)
showed more destruction of hepatic tissue. The
hepatocytes were ballooned and had pale vacuolated
cytoplasm with deeply stained shrunken nuclei. Dilated
and congested central vein, blood sinusoids and Portal
vein were more prominent. Discontinuity of endothelial
lining of portal veins was noticed. Proliferated bile duct
and thickened hepatic artery were seen (Figure 5).

thickened hepatic artery (a), proliferated bile duct (bd),
abnormal hepatocytes (h) with small dark stained nuclei
and vacuolated cytoplasm (v). (H&E X400).

Mallory Staining: Mallory-stained sections of D1ACR
subgroup showed excess deposited collagen fibers around
the central veins, blood sinusoids and portal
area.InD21ACR subgroup, the liver showed more
increased deposition of collagen fibers around the central
veins, blood sinusoids and portal area (Figure 6).
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Figure 5: A photomicrograph of a liver section of ACR-
treated groups: (a) D1ACR showing dilated congested
central vein (cv), dilated congested blood sinusoids(s),
abnormal hepatocytes (h) with vacuolated cytoplasm (v).
Multiple  erythroid islands (e) with intense
hyperchromatic nuclei are noticed. (b) D1ACR showing
dilated portal vein (p), abnormal hepatocytes (h) with
vacuolated cytoplasm (v, multiple inflammatory cellular
infiltration in the portal area (I), proliferated bile duct
(bd) and multiple erythroid islands (e). (c) D21ACR
showing dilated central vein (cv) with discontinuity of its
endothelial lining (arrow), abnormally ballooned
hepatocytes (h) with dark nuclei and vacuolated

portal vein (p) with thickened endothelial lining (arrow),
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Figure 6: A photomicrograph of a liver section of ACR-
treated groups: (a) D1ACR showing mild increased blue
colored collagen fibers (bifid tailed arrow) around the
central vein (CV) and also in the lining of blood sinusoid
(arrow). (b) D1ACR showing increased amount of blue
colored collagen fibers (arrow) in the portal area. (c,d)
D21ACR showing increased amount of blue colored
collagen fibers (bifid tailed arrow) around the central vein
(CV), in in the portal area (P) (bifid tailed arrow) and also
in the lining of blood sinusoid (arrow). (Mallory stain
X400).

Immunohistochemical Staining: Liver from
D1ACRsubgroup showed many positive reactions for
activated caspase3 in cytoplasm of hepatocytes. Liver of
D21ACR subgroup showed extensive positive reaction for
activated caspase3 more than D1 in the cytoplasm of
hepatocytes (Figure 7).
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Figure 7: A photomicrograph of a liver section of ACR-
treated groups: (a) D1ACR and (b) D21ACR showing
marked expression of cytoplasmic immune reaction for
caspase 3 of hepatocytes. (Immunoperoxidase technique
for caspase 3 X400).

glycogen granules (g). Bile canaliculus (bc) is dilated.
Kupffer cell (k) contains numerous vesicles and
lysosomes varying in size and shape in the cytoplasm
indicating its activity. (X 10200); (b) D21ACR showing
abnormal hepatocyte with shrunken (N) and peripheral
condensation of chromatin (arrow). The cytoplasm
contains abnormal shaped elongated mitochondria(m),
rough endoplasmic reticulum (RER), some lipid droplets
(L), rarefication of the cytoplasm (*) appeared as electron
lucent areas. Bilecanaliculus (bc) contains few microvilli.
Notice Kupffer cell (K). (X 8500).

EM Examination: Liver section of D1ACR subgroup
showed abnormal hepatocyte with indented nucleus,
peripheral condensation of chromatin and discontinuous
nuclear envelope. The cytoplasm contained abnormally
swollen mitochondria, few rough endoplasmic reticulum,
lipid droplets, many vacuoles and glycogen granules. Bile
can aliculus was dilated. Kupffer cell contained numerous
vesicles and lysosomes varying in size and shape in the
cytoplasm were found. In D21ACR subgroup, the
hepatocytes appeared abnormal with shrunken nucleus
and peripheral condensation of chromatin. The cytoplasm
contained abnormal shaped elongated mitochondria,
rough endoplasmic reticulum and some lipid droplets.
Rarefication of the cytoplasm due to destruction of
cytoplasmic organelles appeared as electron lucent areas.
Bile can aliculus contained few microvilli Figure 8.

3-Acrylamide Plus Vitamin E-Treated Group
Hematoxylin and eosin staining: LM examination of
sections from the liver of D1ACRVE albino rat showed
normal central vein, blood sinusoids, portal vein and bile
duct. Most hepatocytes were normal with polygonal large
vesicular nuclei and acidophilic cytoplasm. Few
hepatocytes had dark stained nuclei and others had pale
nuclei. Few vacuoles were present in the cytoplasm of
some hepatocytes. Multiple erythroid islands with intense
hyperchromatic nuclei were present. Liver section of
D21ACRVE subgroup showed apparently protection when
compared to D21ACR. Hepatic architecture appeared
similar to normal. Most of hepatocytes were normal with
polygonal large vesicular nuclei and acidophilic cytoplasm
however some hepatocytes had dark stained nuclei and
others had pale nuclei. Few vacuoles were present in the
cytoplasm of some hepatocytes. Normal central vein,
blood sinusoids, portal vein and bile duct were observed
(Figure 9).

Figure 8: An EM micrograph of a section in the liver of
ACR-treated groups: (a) D1ACR showing abnormal
hepatocyte with indented nucleus (N) with peripheral
condensation of chromatin and discontinuous nuclear
envelope (arrow). The cytoplasm contains abnormally
swollen mitochondria (m), few rough endoplasmic
reticulum (RER), lipid droplets (L), many vacuoles (v) and
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Figure 9: A photomicrograph of a liver section of ACR plus
VE treated groups: (a) D1ACRVE showing normal or
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slightly dilated central vein (cv), multiple small sized
blood sinusoids (s), normal hepatocytes (h) with
polygonal large vesicular nuclei and acidophilic
cytoplasm. Few vacuoles (v) are present in the cytoplasm
of some hepatocytes. Multiple erythroid islands (e) with
intense hyperchromatic nuclei are noticed. (b) D1ACRVE
showing normal or slightly dilated portal vein(p), normal
bile duct (bd), multiple small sized blood sinusoids (s),
normal hepatocytes (h). Some hepatocytes had dark
stained nuclei (arrow) and others had pale nuclei (curved
arrow). Few vacuoles (v) in the cytoplasm can be seen.
Multiple erythroid islands (e). (c) D21ACRVE showing
normal or slightly dilated central vein (cv), multiple small
sized blood sinusoids(s), normal hepatocytes (h). Few
vacuoles (v) are present in the cytoplasm of some
hepatocytes. Some hepatocytes had dark stained nuclei
(arrow). Kupffer cells (curved arrow) are seen in the
lining of blood sinusoids. (d) D21ACRVE showing normal
portal vein (p) and bile duct, multiple small sized blood
sinusoids (s), normal hepatocytes (h). Some hepatocytes
had dark stained nuclei (arrow) and others had pale
nuclei (curved arrow).Few vacuoles (v) in the cytoplasm
can be seen. (H&E X400).

arrow). (c¢) D21ACRVE showing few amount of blue
colored collagen fibers (bifid tailed arrow) around the
central vein (CV) and in the lining of blood sinusoid
(arrow). (d) D21ACRVE showing moderate amount of
blue colored collagen fibers (bifid tailed arrow) in the
portal area (P) and in the lining of blood sinusoid (arrow).
(Mallory stain X400).

Immunohistochemical Staining: Liver section of
D1ACRVE subgroup revealed mild positive cytoplasmic
immune reaction to caspase 3.InD21ACRVE subgroup
showed moderate positive cytoplasmic immune reaction
to caspase 3 (Figure 11).

Mallory staining: Mallory stained sections of D1ACRVE
subgroup showed few amount of collagen fibers around
the central veins, blood sinusoids and portal area. Liver
sections of D21ACRVEsubgroup showed also few amount
of collagen fibers around the central veins, blood
sinusoids and portal area (Figure 10).
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Figure 10: A photomicrograph of a liver section of ACR
plus VE treated groups: (ab) D1ACRVE showing few
amount of blue colored collagen fibers (bifid tailed arrow)
around the central vein (CV), in the lining of blood
sinusoid (arrow) and in the portal area (P) (bifid tailed
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Figure 11: A photomicrograph of a liver section of ACR
plus VE treated groups: (a) D1ACRVE and (b) D21ACRVE
showing mild expression of cytoplasmic immune reaction
for caspase 3 (arrow). (Immunoperoxidase technique for
caspase 3 X 400).
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EM Examination: EM study of liver sections of D1ACRVE
showed nearly typical ultra structure of the liver. The
hepatocytes appeared with euchromatic nuclei and intact
nuclear envelope. The cytoplasm contained numerous
mitochondria, rough endoplasmic reticulum, some lipid
droplets and glycogen granules. Liver sections of
D21ACRVE showed improvement of hepatic ultra
structure when compared to D21ACR to subgroup.

Some hepatocytes appeared with euchromatic nuclei
and intact nuclear envelope while some others had
abnormally indented nucleus with in continuous nuclear
envelope and peripherally condensed chromatin. The
cytoplasm contained numerous mitochondria, rough
endoplasmic reticulum, some lipid droplets, glycogen
granules and some vacuoles. The hepatocytes were
adjacent to each other with bile canaliculi containing
(Figure 12).
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Figure 12: An EM micrograph of a section in the liver of
ACR plus VE treated groups: (a) D1ACRVE showing
normal hepatocyte with euchromatic nucleus (n) and
intact nuclear envelope (arrow). The cytoplasm contains

some abnormal mitochondria (m), few rough
endoplasmic reticulum (RER), many lipid droplets (L),
some vacuoles (v) and glycogen granules (g). Notice the
nearby blood sinusoid (S) and Kupffer cell (k). (X 6800);
(b) D21ACRVE showing upper normal hepatocyte with
euchromatic nucleus (N1) and intact nuclear envelope
(arrow). The lower hepatocyte had slightly indented

nucleus (N2) with in continuous nuclear envelope (cut
arrow) and peripherally condensed chromatin (c). The
cytoplasm contained some abnormal mitochondria (m),
rough endoplasmic reticulum (RER), many lipid droplets
(L), some vacuoles (v) and glycogen granules (g). Notice
normal bile canaliculus (bc) containing microvilli and
occluding junction around it (head arrow). (X 13600).

Morphometry and Statistical Results

Area Percentage of Collagen Fibers by One-Way Anova
Test: The mean percentage area of collagen fibers in the
negative control group was 0.65+0.21% while in the
positive control group was0.64+ 0.17%. The mean
percentage area of collagen fibers inD1ACR groups,
D21ACR were 5£1.3% and 15+3.9%, respectively.

The mean percentage area of collagen fibers
inD1ACRVE and D21ACRVEsubgroups were 1.3+0.4% and
11.2+2.4%, respectively. There was a highly significant
difference between groups (P<0. 05) (Table 1; Figure 13).

Negative control |Positive control| D1 ACR | D21ACR |[D1ACRVE |[D21ACRVE
cParameter mean mean mean mean mean mean F P
+SD +SD +SD +SD +SD +SD
Arei‘ 1.04 1.028 18.2 20.2 4.8 6.2
ofi percentage + + + + + + 113.4]<0.001
immune reaction to 0.49 038 41 3.6 1.4 1.9
caspase 3

Table 1: Statistical analysis of area percentage of collagen fibers by one-way ANOVA test.
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Figure 13: Comparison between mean values of area percentage of collagen fibers among the studied groups.
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By least significant test, there was no significant
difference between the negative and positive control
subgroups (P>0. 05). Highly significant difference was

andD21ACRVE (P<0.001). There was no significant
difference between control and D1ACRVE subgroups
(P>0.05) (Table 2).

found between control and D1ACR, D21ACR
. s D21

LSD Negative control | Positive control | D1ACR D21ACR D1 ACRVE ACRVE
Negative control 0.990 NS <0.001 <0.001 0.301 NS <0.001
Positive control 0.990 NS <0.001 <0.001 0.354 NS <0.001
D1ACR <0.001 <0.001 <0.001 <0.001 <0.001
D21ACR <0.001 <0.001 <0.001 <0.001 <0.001
D1ACRVE 0.301 NS 0.354 NS <0.001 <0.001 <0.001

D21ACRVE <0.001 <0.001 <0.001 <0.001 <0.001

Table 2: The least significant difference of area percentage of collagen fibers between groups.

Area Percentage of Immune Reaction to Caspase 3 by
One-Way ANOVA Test: The mean percentage area of
immune reaction to caspase 3 was 1.04+0.49% and
1.028+£0.38%in the negative and positive control
subgroups respectively. The mean percentage areas of
immune reaction to caspase 3 in ACR-treated groups D1

and D21 were 18.24#4.1% and 20.2%3.6%, respectively.
The mean percentage areas of immune reaction to
caspase 3 in ACR plus VE-treated groups D1 and D21were
4.8£1.4% and 6.2+1.9%, respectively. There wasa highly
significant difference between groups (P<0.001) (Table3;
Figure 14).

Negative control|/Positive control| D1 ACR | D21ACR |D1ACRVE |D21ACRVE

Parameter mean mean mean mean mean mean F P

+SD +SD +SD +SD +SD +SD
Area 1.04 1.028
percentage * * 18.2 20.2 4.8 6.2
of 0.49 0.38 + * * + 113.4 | <0.001
immune 4.1 3.6 1.4 1.9
reaction to caspase 3

Table 3: Statistical analysis of area percentage of immune reaction to caspase 3 byone-way ANOVA test.

By least significant test, there was a highly significant
difference between groups. There was no significant
difference between the negative and positive control
subgroups (P >0. 05). There was a highly significant

difference between control groups, D1ACR, D21ACR,
D1ACRVE and D21ACRVE (P <0.001). There was a
significant difference between D1ACR and D21ACR (P
<0.05) (Table 4).

LSD Negative control Positive control D1ACR | D21ACR | D1ACRVE D21ACRVE
Negative control 0.990 NS <0.001 <0.001 <0.001 <0.001
Positive control 0.990 NS <0.001 <0.001 <0.001 <0.001

D1ACR <0.001 <0.001 0.046 <0.001 <0.001
D21ACR <0.001 <0.001 0.046 <0.001 <0.001
D1ACRVE <0.001 <0.001 <0.001 <0.001 0.175NS

D21ACRVE <0.001 <0.001 <0.001 <0.001 0.175NS

Table 4: The least significant difference test of area percentage of caspase 3 between different groups.
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There was some improvement but not full protection in
the VE-added cases in comparison with the control and

ACR-treated cases (Figures 13 & 14).
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among the studied groups.

Figure 14: Comparison between mean values of area percentage of cytoplasmic reaction to caspase 3

Discussion

The ACR is transferred via breast milk from lactating
mother to the baby. Mothers consuming high ACR diet can
transfer up to 10 pg of acrylamide to her baby when the
baby daily consumption is about 500 ml of breast milk.
Mothers who eat little to moderate amounts of ACR
containing foods, likes chips or potato may still transfer 2
ug of acrylamide to her baby [18]. In the current study,
ACR was administered orally during gestation and
weaning.

In the present work, light microscopic examination of
sections from the liver of control group D1 showed that
the hepatocytes were normal with characteristic
polygonal large vesicular nuclei and acidophilic
cytoplasm, scattered erythroid islands (small islands of
hematopoietic cells). The erythroid cells were
characterized by intense hyperchromasia in their nuclei
in contrast to pale nuclei of hepatocytes. The central vein
and blood sinusoids were normal in size. These results
are in accordance with Li, et al [19] who mentioned that
during of active liver hematopoiesis stage at prenatal life,
macrophages migrate from sinusoids to the parenchyma
to form erythroid islands.

The liver of the control albino rat’s groupsD21 revealed
that each hepatic lobule was formed of radiating tightly
packed cords of hepatocytes from the central vein. These
cords were composed of polygonal hepatocytes with
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rounded vesicular nuclei and acidophilic cytoplasm. Some
cells were binucleated. Blood sinusoids were present in
between hepatocyte cords. The portal areas containing
bile ducts and blood vessels were seen. These results are
in agreement with those described by Baratta, et al. [20]
who declared that the characteristic histological
architecture of liver is present by the end of third week.

In the present work, few collagen fibers around central
vein and in portal area were detected by Mallory’s
trichrome stained liver sections of DlandD21 control
subgroups.These findings are in agreement with that of
Alj, etal. [21].

In the present work, liver sections of all control
subgroups showed negative immune reaction for caspase
3 in the cytoplasm of hepatocytes due to decreased
apoptotic cells in normal hepatic tissue. These findings
were in accordance with those described by El Kalawy, et
al. [22].

In the present work, EM study of the control subgroups
showed that the hepatocytes appeared with euchromatic
nuclei with intact nuclear envelope. The cytoplasm
contained numerous rough endoplasmic reticula,
mitochondria, glycogen granules and some lipid droplets.
The hepatocytes were adjacent to each other with bile
canaliculi containing microvilli and occluding junctions
were observed. These results were in agreement with
Mohamed and Selim [23] who mentioned that normal
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ultra structure of the liver was characterized by abundant
rough endoplasmic reticulum and mitochondria in the
cytoplasm of hepatocytes.

In the present work, light microscopic examination of
the liver of group II (ACR-treated) D1ACR showed a
change of normal hepatic structure. Hepatocytes had pale
vacuolated cytoplasm with deeply stained shrunken
nuclei. There were dilated congested central vein and
blood sinusoids and dilated congested Portal vein. On the
other hand, D21ACR showed the previous changes but
more extensive. periportal inflammatory cells infiltration,
Congestion and detachment of endothelial lining of portal
veins were also demonstrated. Bile canaliculi
Proliferation were also noticed. So, the most damaging
effect of acrylamide was observed in the ACR-treated
subgroup (D21) due to prolonged exposure to ACR. These
ACR-induced changes are in agreement with the reports
of Rady and Osman [24] who observed hepatoxicity
following the ingestion of excess ACR containing diet.

Also, the present work showed congested portal and
central veins. Distinct blood vessel dilation could suggest
metabolic disturbances in the liver, thus indicating a
potential toxic effect of ACR on the liver during the fetal
period. These toxic results of ACR on the liver are in
accordance with that of Kurebayashi and Ohno [25] who
reported that once ACR was absorbed, it was conjugated
by glutathione -s-transferase to N-acetyl-s-(3-amino-3
oxopropyl) cysteine or reacted with cytochrome P450 to
produce glycidamide. This led to the depletion of
glutathione, which is considered an important antioxidant
enzyme. Therefore, oxidative damage might occur and
interfere with cell function and promote cell death.

The above mentioned results were explained by
Mohamed and Selim [23] who said that the hepatotoxic
action of ACR is due to cell respiration disorders and
disturbances in intracellular and extracellular transport.
As a consequence, the hepatocytes or their cytoplasmic
organelles can be damaged. This damage is manifested as
parenchymal degeneration, necrosis of hepatocytes, or
disorders in the activity of metabolic enzymes.

Gutowsk, et al. [26] suggested that vacuolated cells may
be macrophages containing many lipid droplets (foam
cells). They added that the increased levels of ROS lead to
modification of low density lipoproteins (LDLs) with
formation of oxidized form (OX-LDLs) which are
internalized by the macrophages and is implicated in the
formation of foam cells.
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In the current study, vascular congestion and dilatation
revealed in treated rats could be explained by activation
of Kupffer cell with subsequent elevation of production of
nitric oxide considered contributing factor for vascular
dilatation [27]. Hu, et al. [28] confined the dilated and
congested central vein and blood sinusoids with
separation of the endothelial lining of the central vein
finding to portal hypertension. On the other hand, Puche,
et al. [29] attributed sinusoidal dilatation to activation of
perisinusoidal cells that had contractile properties.

In the present work, some hepatocytes in ACR-treated
group have darkly stained nuclei. This finding is in
accordance with Taylor et al. [30] who stated that
hyperchromatic nuclei were a degenerative change
denoting apoptosis. In the liver, both Kupffer cells and
hepatic stellate cells can phagocytose apoptotic bodies
[31].

In the current work, Mallory-stained sections of ACR-
treated group revealed marked increase in collagen fibers
around the blood vessels. The excess fibrosis was
prominent in D21 than D1 due to chronic exposure to
toxic effect of ACR. This finding is in accordance with
Treesh et al. [32] who stated that collagen synthesis is
enhanced by ROS which promote hepatic fibrosis as they
induce proliferation of hepatic stellate cells. Activated
stellate cells leaded to the deposition of collagen type 1.

The marked periportal cellular infiltration noticed in
this study was explained by Fahmi, et al. [33] who stated
that cytokines produced by neutrophils and activated
monocytes are the main modulators of inflammatory
response. These cytokines can stimulate the production of
prostaglandins E2 and collagenase and thus are believed
to be involved in tissue damage with subsequent fibrosis.

Detachment of endothelial lining of portal veins was
noticed in the current work. This finding is in accordance
with Martin [34] who mentioned that the high level of
neutrophils number in the blood capillaries could damage
their epithelium lining by secreting several injurious
substances such as lysosomal enzymes and oxygen
derived free radicals.

In the present work, bile ductules proliferation was
evident on LM examination. Suriawinata and Thung [35]
stated that a ductular proliferation is a reactive response
to liver injuries like drugs, toxins and viruses.
Micalopoulos et al. [36] reported that of bile ducts
proliferation could be produced by trans-differentiation
of hepatocytes cells into biliary cells or due to bile salt
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stasis which could be attributed to produce the mitogenic
effect on biliary epithelial cells. They added that passage
of low viscosity bile through the bile canaliculi is active
process need energy, so it can be injured by several
hepatotoxins especially in early stages before producing
histological changes.

In the present work by EM examination of D1ACR and
D21ACR sub groups showed electron-lucent areas of the
cytoplasm of hepatocytes, with many vacuoles and lipid
droplets. Some of them had shrunken electron-dense
nuclei, whereas others had peripheral condensation of the
nuclear chromatin. More destruction was in D21 than D1.
These results match that of Mohamed and Selim [23] who
mentioned that electron microscope examination of
acrylamide-treated groups showed degenerative changes
in liver tissue. These changes appeared as shrunken
nuclei, rarified cytoplasm and vacuolization. Suriawinata
and Thung [35] mentioned that Cytoplasmic vacuolation
could be attributed to mitochondrial dysfunction with
ATP depletion. The mitochondrial degeneration probably
occurs because of loss of integrity of plasma membrane
followed by electrolyte imbalance with subsequent
massive influx of water and sodium.

In the current study, LM examination of the liver
sections of ACR plus VE-treated subgroups showed
improvement in hepatic architecture. Central veins and
blood sinusoids are normal or showed mild dilation. Most
of hepatocytes are normal with polygonal large vesicular
nuclei and acidophilic cytoplasm. While some of them had
deeply stained nuclei and vacuolated cytoplasm. The
portal area was normal with slight congestion of portal
vein. Mallory-stained sections showed mild increased
deposition of collagen fibers around the central veins and
blood sinusoids and mild increased deposition of collagen
fibers in portal area. In addition, weak positive
cytoplasmic immune reaction to caspase 3(mild
expression) was noticed. Moreover, EM study of the ACR
plus VE-treated sub groups showed nearly typical normal
ultra structure of the liver.

These results are in agreement with AL-Rasheed et al.
[37] who mentioned that supplementation with VE
produced hepato-protection in the form of preserved
hepatic architecture also they stated that the level of
apoptosis was markedly decreased and there was
minimum collagen fibers in portal area and around blood
vessels. Preserved normal histological architecture
structure in ACR and VE-treated subgroups is attributed
to VE natural anti-inflammatory and antioxidant
properties which ameliorate the oxidative damage by
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trapping of reactive oxygen and nitrogen species, and also
by down-regulating of inflammatory markers as CRP and
IL-6 [10]. In contrast with these results, Rahangadale, et
al. [38] concluded that VE doesn't alleviate the ACR-
induced toxicity during active exposure. Moreover,
Erdemli, et al. [39] have performed biomedical analysis
and concluded that the liver affected by the ACR is that of
the pregnant mothers not of their fetuses. They added
that the mother liver acts as a filter preventing the ACR
from reaching their fetuses. On contrary with these
results, the current study showed hazard affection of liver
of the pubs by oral administration of ACR. This
discrepancy might be attributed to its administration to
the pregnant mothers as well as to their pubs during
weaning in the current investigation.

Conclusion

The current study suggested that ACR oral
administration could cause hazardous impact in the liver
of albino rats. Fortunately, concomitant receiving of VE
might provide some protection to the liver and attenuate
the ACR-induced hepatotoxicity. Further studies are
recommended to test the long-run protective role of VE
after cessation of ACR exposure.
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