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Abstract

Background: Acrylamide (ACR) is achemica substance
formed when starchy foods, such as potatoes and bread are
cooked at high temperatures (above 120°C). It can be formed
when foods fried and baked. High acrylamide levels have
carcinogenic, genotoxic, heurotoxic and hepatotoxic effects
on living organisms.

Aimof Sudy: The present study designed to illustrate the
biochemical and histopathological alterations of ACR on the
liver of rats and the treatment of oxidative damage caused by
acrylamide with the administration of a strong antioxidant,
namely Lycopene (LY C), which isanaturally carotenoid
pigment that iswidely found in red foods such as tomato,
watermelon, papaya, pink grape-fruit, pink guava and carrots.

Material and Methods: Sixty rats were divided into five
groups (negative control, positive solvent control, Lycopene
(10mg/kg/day), acrylamide (25mg/kg/day), and acrylamide
(25mg/kg/day) + Lycopene (10mg/kg/day)). Treatment was
oral for 6 weeks. The biochemical and histopathological
alterations of ACR on the liver of rats and ameliorative effect
of lycopene on acrylamide-induced hepatotoxicity were ex-
amined.

Results: It was observed that acrylamide administration
decreased serum reduced Glutathione (GSH) level when
compared to the control group. On the contrary, it was also
observed that Aspartate aminotransferase (AST), Alanine
aminotransferase (ALT), and Malondialdehyde (MDA) levels
increased as a result of acrylamide administration. Histopatho-
logical examinations of liver demonstrated dilated congested
central vein and sinusoids, inflammatory cell infiltration, and
hepatocellular necrosisin ACR group. Furthermore, ballooning
degeneration was detected in hepatocytes. After Lycopene
treatment, it was observed that GSH level increased while
AST, ALT, and MDA levels decreased. All histopathological
changes, were ameliorated when Lycopene was co-
administered with acrylamide. Conclusion: In the present
study, it was demonstrated that Lycopene ameliorates acryla-
mide induced liver damage due to the strong antioxidant
properties of Lycopene.
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Introduction

ACRYLAMIDE (ACR) isan organic compound
with the chemical formula CH ,=CHC(O)NH>. It
isawhite odorless solid, soluble in water and

several organic solvents [1]. It is produced indus-
trially as a precursor to polyacrylamides, which

find many chemical and industrial applications,

e.g., in waste water management, ore processing,

cosmetics, paper packaging and molecular labora-
tories for gel chromatography [2]. In addition, ACR
is used as athickening agent, so it is often absorbed
during occupational exposure [3].

The discovery that some cooked foods contain
acrylamide in 2002 has attracted significant atten-
tion to its possible biological effects, and shown
the need for further research into neurotoxicity,
hepatotoxicity and reproductive harm, but primarily
carcinogenicity [4].

Acrylamide was found in starchy foods such
as potato chips (potato crisps), French fries (chips),
and bread that had been heated higher than 120°C
(248°F). It concerned foods that are regularly
consumed throughout the years, like biscuits, crack-
ers and breakfast cereals. Production of acrylamide
in the heating process was shown to be temperature
dependent. It was not found in food that had been
boiled, or in foods that were not heated [ .

Acrylamide arisesin some cooked foods viaa
series of steps initiated by the condensation of the
amino acid asparagine and reducing sugars (fruc-
tose, glucose, etc.) or reactive carbonyls at temper-
atures above 120°C (248°F). This condensation,
one of the Maillard reactions followed by dehydro-
genation produces N-(D-glucos-1-yl)-L -asparagine,
which upon pyrolysis generates some acrylamide
6].
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Cigarette smoking is amajor acrylamide source
[7]. It causes an increase in blood acrylamide levels
three-fold greater than any dietary factor [g].

Glycidamide, a metabolite of acrylamide, causes
cell damage. Prolonged exposure has induced
tumors in rats but cancer in man has not been
convincingly shown. The International Agency for
Research on Cancer (IARC) has classified acryla-
mide as a probably carcinogenic to humans. High
acrylamide levels have genotoxic, neurotoxic and
hepatotoxic effects on living organisms [9]. Acry-
lamide causes oxidative damage [10].

Lycopene (LY C), abioactive compound is a
fat soluble naturally carotenoid pigment that is
widely found in red foods such as tomato, papaya,
pink grape-fruit, pink guava, carrots and watermel-
on [11] . The structure of LY C (C40H56) isan
acyclic isomer of b-carotene with 13 conjugated
double bond. It is one of the most effective anti-
oxidants in the carotenoid family and its activity
against biological reactive oxygen species may
prevent or ameliorate oxidative damage to cells
and tissues both in vivo and in vitro [12]. It also
has the potential of quenching singlet oxygen 100
times more efficiently than Vitamin E and 125
times more than Glutathione (GSH). Furthermore,
even at low oxygen tension, it can also scavenge
peroxyl radicals, inhibiting the process of lipid
peroxidation. It is the most efficient quencher of
singlet oxygen among all naturally occurring car-
otenoids [13].

Lycopene has been shown to have the ability
to reduce the risk of cancers, such as breast, prostate
and gastric cancer [14] . Additionally, Lyc also
exhibited potent neuroprotective, anti-inflammatory,
anti-proliferative, maintenance of normal cell me-
tabolism, cognition enhancing properties, regulating
blood lipid metabolism and so on [15].

Studies have demonstrated that LY C is acom-
mon substance of chemoprevention, preventing
the toxicity of avariety of toxicants. The LY C can
protect against the toxic effects of Malathion. It
also reduced Deltamethrin effects induced thyroid
toxicity in abino rats [16]. Neverthel ess, whether
LY C has the potential to prevent the toxicity of
ACRisdtill unclear.

The current understanding of acrylamide toxic
effects on the liver tissues of animalsis somewhat
limited; therefore, the present study was aimed out
to examine the liver of rats, in order to clarify the
possible aterations, due to the oxidative stress of
acrylamide. Moreover, the objective was to evaluate

the ability of Lycopene (LY C) to decrease the
toxicity of acrylamide.

Aim of the work:

The present work was conducted to assess the
ameliorative effect of lycopene against acrylamide-
induced hepatotoxicity in adult albino rats.

Material and M ethods

I- Material:
1- Chemicals:

Acrylamide (ACR) and Lycopene (LY C) were
purchased from Sigma Chemical Company. They
were given orally for 6 weeks [17].

Acrylamide was given with adaily dose (25
mg/kg). It was prepared immediately before use
by dissolving it in distilled water [18].

Lycopene was given with adaily dose (10
mg/kg). It was prepared immediately before use
by dissolving it in corn oil [16].

2- Animals:

The present work was carried out on sixty
Wister albino rats (body weight 180-200gm.) which
were obtained from the Experimental Animal Cent-
er of Helwan (Egypt) during 2 monthes March
and April 2019. Every six rats were kept in each
cage and were allowed for one week of adaptation
before the experiment (taking food & water without
any medications) in their new environment at
Anatomy Department, Faculty of Medicine, Benha
University.

This research was accepted by the Local Ethical
Committee for Scientific Research, Benha Faculty
of Medicine, Benha University.

I1- Methods:
Experimental design:
Groups: Sixty rats were randomly divided into
5 groups:
» Group | (negative control): (10 rats) they left
without intervention to measure the basic param-

eters, free access to food and water was allowed
for 6 weeks.

» Group Il (positive solvent control): (20 rats) rats
of this group was subdivided into 2 subgroups:

- Subgroup lla: (10 rats) they received distilled
water (solvent of Acrylamide); 5ml orally/day
for 6 weeks.

- Subgroup 11b (corn ail): (10 rats) they received

corn oil (solvent of lycopene); 5ml orally/day
for 6 weeks.
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» Group |11 (lycopene): (10 rats) rats of this group
received lycopene; lycopene was given in adose
(10mg/kg/day dissolved in 5ml corn oil), 5ml
given orally/day for 6 weeks [16].

» Group IV (Acrylamide): (10 rats) rats of this
group received Acrylamide; Acrylamide was
given in adose (25mg/kg/day dissolved in 5ml
distilled water), 5ml given orally/day for 6 weeks
[18].

» Group V (Acrylamide + lycopene): (10 rats) rats
of this group received combination of Acrylamide
which was given in a dose (25mg/kg/day) and
lycopene which was given in a dose (10mg/kg/
day); this combination was given orally for 6
weeks.

Rats were anaesthetized with ether inhalation
at the end of the experiment, the abdominal cavity
was opened, and blood samples were collected
from heart and processed for biochemical meas-
urements. The liver was fixed in 10% formalin to
prepare paraffin sections.

A- Biochemical study:

Blood samples were obtained from rats, hearts.
Samples were centrifuged for 10min at 3000r.p.m.
Serawere put in the tubes to be tested for:

1- Liver enzymes:

- Alanine aminotransferase (ALT) level was
calculated spectrophotometrically using the com-
mercial test of SGPT (ALT) with spinlab (Spinreact
company), Spain.

- Aspartate aminotransferase (AST) level was
calculated spectrophotometrically using the com-
mercial test of SGOT (AST) with spinlab (Spinreact
company), Spain.

2- Oxidative stressindices: The malondialdehyde
(MDA) concentration in blood samples was
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determined using the method described by Chat-
topadhyay et a. [19].

3- Antioxidants: Reduced glutathione (GSH) was
measured using the method of Beulter et al.,
[20].

B- Histopathological study:

Liver specimens were fixed in 10% formalde-
hyde buffer, then embedded in paraffin and cut
into 5 g tkckness sections according to the routine
procedure. The sections were stained with hema-
toxylin and eosin (H & E) for routine histopatho-
logical examination, and examined under alight
microscope (BX-50; Olympus) according to Lam-
berg and Rothstein [21].

Satistical analysis:

The values were expressed as the mean +stand-
ard deviation (mean * SD). Differences between
groups were assessed by one-way analysis of var-
iance ANOVA (F-test) using the Statistical Package
for Social Sciences (SPSS) software package for
Windows (Version 21.0) (Spss Inc, Chicago, ILL
Company). Post hoc testing was performed for
intergroup comparisons using the Least Significant
Difference (LSD) test. A value corresponding to
p<0.05 was considered statistically significant.

Results

A- Biochemical:

In the present work negative control, positive
solvent control, and lycopene groups, showed a
non-significant difference (p>0.05) as regard bio-
chemical parameters (ALT, AST, MDA and GSH),
as showed in (Table 1). So, the mean of those
groups was chosen as a representative group for
the three groups to be compared with the results
of the tested groups.

Table (1): Comparison between negative control, positive control, and lycopene groups regarding alanine
aminotransferase (ALT), aspartate aminotransferase (AST), malondialdehyde (MDA) and reduced

glutathione (GSH).

ALT (U/L) AST (U/L) MDA (nmol/ml)  GSH (mg/ml)

Groups

Mean *SD Mean *SD Mean tSD Mean =*SD
Group | (negative control) 24 33 218 59 5.55 005 460 021
Group Il (positive solvent control)  22.4 4.8 24 75 5.30 0.09 508 016
Group 11 (lycopene) 228 4 25 6.5 54 002 506 027
F-test 1.87 21 16 121
p >0.05 (NS) >0.05 (NS) >0.05 (NS) >0.05 (NS)

NS: Non-Significant.

In the present work, it was observed that acry-
lamide administration high significantly decreased
GSH level when compared to the control group.

On the contrary, it was also observed that ALT,
AST, and MDA levelsincreased as aresult of
acrylamide administration.
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After lycopene treatment, it was observed that
GSH level high significantly increased while ALT,
AST, and MDA levels decreased when compared
to acrylamide group and these results were non-
significant as compared to controls.

B- Histopathological: Histopathological results
supported the evidence of biochemical parame-
ters analyzed in this study, as sections of rat
liver treated with acrylamide showed significant

Fig. (1): A photomicrograph of a section from a rat's liver of
control group showing the normal hepatic architecture
of polygonal hepatocytes arranged in cords radiating
from the Central Vein (CV). The cords are separated
by sinusoidal spaces. (H & E X400).

Fig. (3): A photomicrograph of a section from a rat's liver of
acrylamide group showing severe congestion and
dilation in central vein (CV) and hepatic sinusoids
(blue arrow), necroinflammatory foci of hepatic
lobule (black arrow). (H & E X200).

Ameliorative Effect of Lycopene on A CR-Induced Hepatotoxicity

hepatotoxicity, characterized by dilatation and
congestion of the blood sinusoids and central
vein, necroinflammatory foci of hepatic lobule,
as showed in Figs. (2,3).

Liver sections in rats treated with acrylamide
+ lycopene showed improvement in the hepatic
architecture, as showed by normal hepatic archi-
tecture in Fig. (4).

Fig. (2): A photomicrograph of a section from a rat's liver of
acrylamide group showing hepatic necroinflammatory
focus (arrow). (H & E X400).

Fig. (4): A photomicrograph of a section from a rat's liver of
acrylamide + lycopene group showing normal central
vein (CV), hepatic sinusoids and portal vein (PV).
(H & E X200).

Table (2): Comparison between studied groups regarding alanine aminotransferase (ALT), aspartate aminotransferase (AST),

malondialdehyde (MDA) and glutathione (GSH).

ALT (U/L) AST (U/L) MDA (nmol/ml) GSH (mg/ml)

Groups

Mean £SD Mean £SD Mean *SD Mean £SD
Controls 24 33 218 29 555 1.05 4.60 1.21
Group IV (Acrylamide) 110.83 2.81 109 49 188 0.12 1.1 0.14
Group V (Acrylamide + lycopene) 26 34 23 56 6.1 1.03 43 1.17
F-test 1443 145.2 78.5 83.9
r <0.01HS <0.01HS <0.01HS <0.01HS
Post hoc multiple comparisons Controls # Group IV Controls # Group IV Controls # Group IV Controls # Group IV

Group V # Group IV Group V # Group IV Group V # Group IV Group V # Group IV

HS: High Significant.

#: Significant with.
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Discussion

Acrylamide (ACR) is achemical substance
formed when starchy foods, such as potatoes and
bread are cooked at high temperatures (above
120°C). It can be formed when foods fried and
baked [4]. High acrylamide levels have carcinogen-
ic, genotoxic, neurotoxic and hepatotoxic effects
on living organisms [5]. The present study designed
to illustrate the biochemical and histopathol ogical
alterations of ACR on the liver of rats and the
treatment of oxidative damage caused by acryla-
mide with the administration of a strong antioxi-
dant, namely Lycopene.

Elevation of serum AST and ALT levelsindi-
cator of hepatocyte damage and indirectly reflects
the failure of liver function [17]. In the present
work, it was observed that acrylamide administra-
tion significantly increased AST, and ALT levels
when compared to the control group.

Gedik et al., [18] also observed that AST and
ALT levelsincreased as a result of acrylamide
administration.

Al-Salmi [22] found that serum ALT and AST
activities of ACR treated group were increased
when compared with the control group.

The marked release of transaminases into the
blood stream was due to hepatocyte necrosis with
cell membrane degradation [23].

The present study revealed that ACR induced
marked enhancement in MDA and decreased of
GSH. These results are in agreement with Ahmed
and Elmenoufy [10] who found that administration
of ACR caused a significant enhancement in MDA
level, due to oxidative stress with generation of
free radicals which has been demonstrated to be a
key mechanism in many ACR induced cell injuries.
In addition, they showed that ACR significantly
decreased GSH, which can be explained by the
reaction of ACR with GSH, which in turn causes
the depletion of GSH. The GSH is considered to
be one of the most important non-enzymeatic anti-
oxidant in living cells [22]. Yousef and EI-
Demerdash [24] also noticed that acrylamide exerted
damage effects and lipid peroxidation.

These findings were similar previously reported
by Gedik et a., [18] and Al-Salmi [22] who observed
that acrylamide administration significantly de-
creased GSH and increased MDA when compared
to the control group.

Histopathological results supported the evidence
of biochemical parameters analyzed in this study,
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as sections of rat liver treated with acrylamide
showed significant hepatotoxicity, characterized
by dilatation and congestion of the blood sinusoids
and central vein, and necroinflammatory foci of
hepatic lobule. The same histopathological changes
of liver were observed in the study done by Jiang
etad., [17].

These results are congruent with Gedik et al .,
(18] and Al-Salmi [22] who reported that liver sec-
tions of acrylamide group demonstrated inflamma-
tory cell infiltration, hepatocellular necrosis and
areas of hemorrhage.

Lycopene is anatural pigment, synthesized by
plants and microorganisms. Red fruits and vegeta-
bles are the most common sources of Lyc, which
exhibits the highest antioxidant activity among all
dietary carotenoids. Therefore, nowadays, the
potential role of Lyc in human health is beginning
to be recognized, and the most important health
benefits are hypothesized to occur through their
ability to protect against oxidative damage [25].
The aim of the present study was to demonstrate
that Lyc is an effective antioxidant. In this study,
it was observed after Lyc treatment that GSH level
increased while AST, ALT, and MDA levels de-
creased and Lyc also ameliorates hepatic his-
topathological changesin ratsinduced by acryla-
mide. The results of Al-Salmi [22] also revealed
that the Administration of LY C with ACR signifi-
cantly decreased the ALT, AST and MDA leve
and increased GSH level when compared to ACR
treated group.

Jiang et al., [17] found that treatment with Lyc
is able to inhibit the elevation of liver function
markers, and liver damage. Moreover, Lyc signif-
icantly raised GSH and reduced MDA, which
suggesting that the activity of Lyc as antioxidant
play arolein the mechanism of its hepatoprotective
effect and ameliorative effect against acrylamide-
induced hepatotoxicity.

Conclusion and Recommendations;

High acrylamide levels have carcinogenic,
genotoxic, neurotoxic and hepatotoxic effects on
living organisms. The current understanding of
acrylamide toxic effects on the liver tissues of
animals is somewhat limited; therefore, the present
study examined the liver of rats, and clarified the
possible aterations, due to the oxidative stress of
acrylamide as many peoples exposed to this com-
pound which are exceedingly produced during
cooking food in very high temperature as fried or
roasted food and almost fast food which is con-
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sumed excessively. Moreover, the present study
showed the ability of Lycopene (LY C) that iswidely
found in red foods such as tomato, papaya, pink
grape-fruit, pink guava, carrots and watermelon to
ameliorate the hepatotoxicity of acrylamide, as
oral administration of Lyc improved and remarkably
decreased the levels of serum AST and ALT, in-
creased the activities of antioxidant (GSH) and
reduced (MDA) in rats. Further, Lyc improved
liver histopathological changes. The increased
antioxidant (GSH) level and the decreased lipid
peroxides contents (MDA) are suggested to be due
to important antioxidant mechanisms of Lyc in
preventing the development of liver damage in-
duced by ACR.

Therefore, intake of ACR could be limited and
recommended with LY C when it is used with es-
pecially fast food or highly cooked food to decrease
itstoxicity.
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