52 Al Al
8 2aall

L G AL | SR
. ';9)9»43& aleds
e i IS
A dnole

Cralll 2aal)
22016 _xbi



52 Al Al

8 2aall

il A

BYSENAIE AT gy

2adY) G mdla /2
soall) L slac

Jﬂ\ JLAG ..\le. ]

Sl a2 & e .

GSa a2 7k . 2

A ag Al L

e sl Dlae Cpren T 1CDR aranaly dud eyl

. paSal) aay W il i o g Gilagl O gade 3 Lay a5 Adanal)
. umMJW\G‘Jia\J&Y\&eMM\

il Aaad) Jaati ¥ g Lgalaual o) )1 08t 5 guiiall lsil) g o) )Y 48
c A D Lee Jguall s g dgalal) AilaY) A g3ana Cialal) Jandy
i al gl i el 3 5 Y padl dasial) Egad)

. Al A ghae ahal) (3 g8a

II




52 Al Al

8 2aall

dand) & gan
ey aleill oy alall S lylen
(L3l plsil
cElbe ag Gl G ey gl
i)l ad a8 5 0
DA Gyl adall bl ghuall 8oty cabaldll oY) Guilal
e @bl Gl
- da)dig odla) AN 2l ales
Akl R deay e el @bk Gyt aus
o sl (e syl oy al
G (haY) —olal) Ayl lleall (amy dsenl gald] maliy
el Gligaaa (553 dum ) Jlakl
o ebaY) bl LagiBle s 4sell llaaly eVl jelin
Saadll e oehpdll Aube e dulalal) Julas duaal Jea galalall o)
- Al cleliall dba las < Culial)
Granl) Taladdlly (ylail) o seiall G eysals Aray ol V1 Y Laatiad
c el AR 6 LAl d )
Lyshs mpal L (3 Aaled) alaill Gashiias (g iKY bl e

oAl ud 5y Al

I1I



52 Al Al

8 2aall

e Measuring the receptive and the productive vocabulary
sizes of Libyan secondary school students

e An efficient text-based communication method based
onsingle- keylesser scan matrix for people with multiple
disabilities .

e Oxidative stress as a risk factor of the acrylamide toxicity
in the weaning male and female rats

e [a dénomination dans la construction identitaire de
Ségolene.

e The Syntax of Prepositional Phrase in English

vV



52 A Alae

8 2=l daaluiay)

daliidy)
el Aale pal) Ladime Lo Jucty U aseall Aol cilend) (e

Uia adledl et cbolaal @Al cpjilie caalaally Jilsally molal) daw dals
Uaal) Loyis 8 lacinall Sy fessiilly il e Igiglaigh o JB Lo Lle
coall dae elardl dad cpedl paalially pdll it JIAN e e od leanad
o3y ol ) e <y o g ST asdl lmsal L craliall Jae QL)
LY L e Aeddl) BUAY)

G Comy caiaal ol on daally dahQl hall e ISy calis S
Glaw (e Cud Bl DAY 230 o) Anad) A0Vl dauall demall agile
s Jse5ln Wy g Jad JB Canall dalse (ral Lgdly el allad (g Yy ¢liadin
OLaiyls ccpally BDAY) Jasn g5 ¢ sanlly 3l g5 aliglly aallh §aSas) Caalig
ot 4 L LY O (Qlualy maled IS (pall allaty aulially st )l s3all
o Ofiladall Haall ualis (ppAYL ) Gy

pda V) Aals ol Aale Bdl) Cledndll b clehall Ly
g A Lleny Laa ccaplll pe Gl (gl (arlly (Ao giaal) Lal S
O Gl dalally Al Gl caal s 3l Sl el celaeS Jld)
el e oy caledl Jal Al gan gn dnn o eV a3V ¢l
P sy iy Dleds Sl celiay lalia 3y abual) a3 macaly (b paalls

Gl Gl Aaae Apass @AT Glaa o atals WLl cuedis 33
Al dal ded (V) s Lee dll elael aggal) lelal aledy Loy Guidlly clands
A<l ail seeal) 8 Caghall dgadiy o Cpfinlilly Claalall 33500 daliny Juadl
ool & L AUl cadl diles ety (el sl & paaldl 5)3 (el

-5-



52 Al Al

Oxidative stress as a risk factor of the acrylamide toxicity in the weaning

8aaall male and female rats

Dr. Salma Abdu Allah El Abiad
Dr. Atia Ramadan Elkilany

1. Zoology department, Faculty of Science, Al Mergib University,
Khoms, Libya

2. Biology department, Faculty of Education of, Al Mergib University,
Khoms, Libya

Abstract

The Swedish National Authority reported the presence of
elevated levels of acrylamide (ACR) in certain types of food
processed at high temperature. The present study was performed to
evaluate the toxicity of ACR in different tissues ofthe weaning
male and female rats after 14 and 28 days as well as two weeks of
ACR stopping effect. ACR induced inhibition in the activities of
the liver aminotransferases (ALT and AST)and alkaline
phosphatase (ALP). Brain acetylcholinesterase (AChE) activity
was significantly decreased in the male treated rats only. Stopping
of ACR could not resume the activities of the studied enzymes.
ACR induced a general decrease effect in glutathione reduced
(GSH) level in the different studied tissues of male and female
rats. Malondialdehyde (MDA) level significantly increased in liver
and brain of both male and female rats following administration of
ACR for 14 and 28 days.Acrylamide also showed significant
inhibition in the catalase (CAT)activityin the all studied tissues
following 14 and 28 days. The present study recommends
restriction of ACR exposure either occupationally or in food
containing product especially for children.Estimation of
enzymatic activities in liver: Liver aspartate aminotransferase
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(AST; EC 2. 6. 1. 1) And alanine aminotransferase (ALT; EC 2. 6.
1. 2) activities were assayed by the method of Reitman and Frankel
[32], while liver alkaline phosphatase (ALP ; EC 3. 1. 3. 1) activity
was assayed using the method of Belfield and Goldberg [33].
Brain acetylcholinesterase (AChE; EC 3. 1. 1. 7) activity was
estimated using acetythiocholine iodide as a substrate [34].
Estimation of oxidative stress markers: Lipid peroxidation in the
supernatants of different tissue organs was measured by the
formation of malondialdehyde (MDA) method [36]. The level of
total acid-soluble SH compound (glutathione GSH) in the different
tissues was determined according to Aykac et al. [37]. Superoxide
dismutase (SOD) was determined according toNishikimi[38].

Key words: Acrylamide - Weaning rats- Aminotransferases —
MDA — GSH — AChE.

Introduction

Acrylamide (ACR) is a highly reactive vinyl, water soluble
monomer with a molecular formula of C3HsNO [1]. The Swedish
National Authority reported the presence of elevated levels of ACR
in certain types of food processed at high temperature
[2].Acrylamideusually formed through the Maillard reaction during
the heating process of foods containing carbohydrates and proteins
by interactions of amino acids, especially asparagine, with reducing
sugars like glucose [3].In industry, ACR is produced to be used as a
chemical intermediate in the production and synthesis of
polyacrylamides, which are used as flocculants for wastewater
treatment, in adhesives and grouts, soil stabilizers and in laboratory
gels [4,5]. In scientific research ACR is also used to selectively
modify-SH groups and as a quencher of tryptophan fluorescence in
studies designed to elucidate the structure and functions of proteins
[6]. Recent findings of the presence of ACR in starch foods
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cooked at high temperature have refocused worldwide attention on
its carcinogenicity [7,8,9,10].

The generalpublic may be exposed to ACR through the
ingestion of drinking water that is contaminated with acrylamide
from foods [11, 12]. It has been also reported that ACR was formed
during the heating of rodent feed, suggesting that human exposure
to ACR could occur during the cooking of rodent food [13].
Furthermore, tobacco smoke is an important source of human
exposure to ACR [1]. Although the polymeric form of ACR is
reported to be nontoxic, its monomeric form has a potential to
cause a wide spectrum of toxic effects [14, 15, 16]. It is reported to
be a multisite carcinogen, which can induce tumors of the adrenal,
thyroid, CNS, oral cavity, testis, mammary glands and uterus [17,
18, 10]. Food and Drug Administration issued preliminary
exposure estimates of food-derived ACR, which are 0.43 and 1.06
mg/kg per day for adults and children, respectively [19].

The principal toxic effect of ACR  monomer
isneurotoxicity[15, 20, 21].Neurotoxicological effects of ACR,
includingparesthesias in the fingers, coldness and weakness of the
hands, numbness in the lower limbs, drowsiness, hallucinations,
ataxia, convulsion, diffused damage to different sections of the
nervous system, lysis in the cerebellar neuronsand tibial nerve
degeneration [22, 23]. In addition to neurotoxicity, reproductive
toxicity of ACR has been also studied in different experimental
models including toads [24], mice [15] and rats [25, 26].

Oxidative stress has been demonstrated to be one of the key
mechanisms in many chemicals — induced cell injuries. Oxidative
stress in the cells or tissues refers to the enhanced generation of
reactive oxygen species (ROS) and / or depletion of antioxidant
defense system, causing an imbalance between peroxidants and
antioxidant, potentially leading to damage [27, 28, 29, 30]. [21]
reported that ACR generates reactive oxygen species which may
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cause disturbances in the oxidative status and enzyme activities in
rats. Furthermore,[27] showed that ACR induced neurotoxicity,
which may be associated with enhancement of lipid peroxidation
and reduction of the oxidative capacity.

Acrylamide toxicity in the weaning rats has been previously
studied [31].But the disturbances in the oxidative status and
enzyme activities in the weaning rats still need more investigation.
So, the present study was performed to evaluate the toxicity of
ACR in the different tissues of male and female weaning rats and
to elucidate the role of the oxidative stress in ACR — induced
toxicity as well as to study the withdrawal effect of acrylamide for
two weeks.

Materials and Methods
Chemical:

Acrylamide monomer dry crystals (C3H5NO, > 99% purity),
CAT No. 150256 79-061 purchased from MP Biomedicals, LLC.
France was used in the present study..

Animals:

The experimental animals used in this study were the

weaning male and female Wister rats (Rattusnorvegicus) weighing
50-60+5 g.
The animals were obtained from the National Research Center
(NRC, Dokki, Giza).Animals were grouped and housed in
polyacrylic cages (six animals per cage) in the well- ventilated
animal house of the Department of Zoology, Faculty of Science,
Cairo University. Animals weregiven food and water ad libitum.
Rats were maintained in a friendly environment with a 12 h/12 h
light-dark cycle at room temperature (22°C — 25°C). Rats were
acclimatized to laboratory conditions for 7 days before
commencement of the experiment.
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Experimental design:

After acclimation, weaning male and female rats (n = 60 for
each) were divided into 2 groups (n = 30 for each) (Fig. 1).
Animals of the 1% group served to study the acrylamide (ACR)
administration effects and subdivided into 2 subgroups. The
animals of the 1% subgroup (n = 20) were administered a daily dose
of acrylamide (15 mg / Kg. b. wt. dissolved in dist. Water) for 14
and 28 days. Animals of the 2™ subgroup (n = 10) served to study
the effect of the ACR withdrawal, the animals were given ACR for
28 days, then the ACR administration was stopped for 2 weeks.
The animals of the second group (n = 30) served as the time—
matched control for the 2 previous subgroups, the animals were
administered equivalent volumes of dist. Water. The same protocol
was designed for female rats (n = 60). Protocol was approved by
the Cairo university, faculty of Science Animal Care and Use
Committee (IACUC) (Egypt), and all the experimental procedures
were carried out in accordance with international guidelines for
care and use of laboratory animals.

30 weaning male
and female rats
were divided into

2 groups

d -
1st group (n=20) serves to 2" group (n= 10) serves to
study the effect of the ACR

study the effect of the ACR

L. . withdrawal
administration

15t subgroup (n=10) 2nd subgroup (n=10) The animals were
Animals were Animals were given ACR for 28

administered ACR administered ACR days, then the ACR

(15mg/kg) for 14 days (15mg/kg) for 28 days administration  was

stopped for 2 weeks.
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Fig. (1):Experimental design of acrylamide administration and
withdrawal.

Handling and tissue sampling:

At the end of each experimental period the rats (control &
experimental) were killed by cervical dislocation and the liver,
brain, kidney, testes and ovary were removed immediately and
washed with saline solution and stored at —80°C for oxidative
stressand biochemical studies.

Tissue preparation for oxidative stress and biochemical
Studies:

The collected tissues were minced and homogenized (10% w/v)
separately in ice-cold 0.1 M phosphate buffer (pH 7.4). The
homogenate was centrifuged at 3000 x g for 15 min at 4°C and the
resultant supernatant was used for different analytical assays.

Experimental procedures:

Estimation of enzymatic activities in liver:

Liver aspartate aminotransferase (AST; EC 2. 6. 1. 1) And
alanine aminotransferase (ALT; EC 2. 6. 1. 2) activities were
assayed by the method of Reitman and Frankel [32], while liver
alkaline phosphatase (ALP ; EC 3. 1. 3. 1) activity was assayed
using the method of Belfield and Goldberg [33].  Brain
acetylcholinesterase (AChE; EC 3. 1. 1. 7) activity was estimated
using acetythiocholine iodide as a substrate [34].

Estimation of protein concentration:

Protein concentration in the supernatants of liver, kidney,
testes, ovary and brain was assayed by the method of Lowry et al.
[35] using bovine serum albumin as a standard.

Estimation of oxidative stress markers:
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Lipid peroxidation in the supernatants of different tissue
organs was measured by the formation of malondialdehyde (MDA)
method [36]. The level of total acid-soluble SH compound
(glutathione GSH) in the different tissues was determined
according to Aykac et al. [37]. Superoxide dismutase (SOD) was
determined according to Nishikimi[38].

Statistical analysis:

Results are presented as means + SE. For comparisons
between each experimental group and the corresponding control
group. Percentage difference representing the percent of variation
with respect to the control group was also calculated. To evaluate
differences between the groups studied, one way analysis of
variance (ANOVA) with the LSD post hoc test was used to
compare the group means and P<0.05 was considered statistically
significant. SPSS, for Windows (Version 15.0) was used for
statistical analysis.

Results

The effect of acrylamide (ACR) (15 mg/kg. body weight) on
liver ALT, AST and ALP activities are presented in table (1). The
tested dose level of ACR induced significant decrease (P < 0.05) in
the ALT, AST and ALP activities following 14 days in the liver of
intoxicated male and female weaning rats as compared to their time
matched controls. The recorded results following 28 days of ACR
administration showed significant decrease (P < 0.05) in the
activities of the studied enzymes in the male weaning rats only as
compared to their corresponding control. While female weaning
rats showed a significant decrease (P < 0.05) in the activity of the
ALP only following ACR intoxication. Stopping ACR
administration for 2 weeks significantly decreased (P < 0.05) AST
and ALP activities in the liver of male weaning rats when
compared to their time matched control (Table 1). On the other
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hand, as regards to the female rats, ACR stopping decreased
significantly (P < 0.05) ALP activity as compared to the
corresponding control (Table 1).

The data recorded in Table (2) showed the levels of AChE
activity in the control and ACR intoxication in weaning male and
female rats. The activity of AChE was significantly (P < 0.05)
decreased in the brain of male weaning rats after 14 and 28 days of
ACR intoxication as well as in the withdrawal periods. On the
other hand AChE activity non significantly changed (P > 0.05) in
the brain of the female weaning rats.

Figures (2-5) show the effect of ACR on glutathione content
(GSH) in the different tissue organs of weaning male and female
intoxicated rats. The recorded results proved that the GSH level
exhibited a general decrease following ACR intoxication in the
studied tissue organs of both sexes. GSH level was decreased
significantly (P < 0.05) in the liver and kidney tissues of the treated
weaning male following 14 days of the ACR exposure, while
weaning female rats showed significant decrease in the GSH level
in the kidney tissues only after 14 days of the ACR administration
(Figs. 2 and 3). Acrylamide exposure for 28 days caused significant
decrease(P < 0.05) in the GSH levels in the liver, kidney and
reproductive organs (testis and ovary) of the treated weaning male
and female rats as compared to the corresponding control (Figs. 2,
3 and 5). The recorded results also showed that GSH levels in the
brain tissues were significantly (P < 0.05) decreased in the treated
weaning male only (Fig. 4). As illustrated in Figs. (2-5), stopping
of the acrylamide for two weeks does not affect GSH levels in the
all studied tissue organs of both sexes except in the liver of the
treated weaning female rats (Fig. 2).

The data recorded in Figs. (6-9) indicated that ACR induced
increase in the levels of malondialdehyde (MDA) in the different
tissue organs of both studied sexes following all experimental
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periods. However, this increase was significant (P < 0.05) in the
liver and brain of ACR intoxicated weaning male and female rats
following 14 days (Figs. 6 and 8). Oral administration of ACR for
28 days showed significant increase (P < 0.05) in the MDA levels
in the all studied tissue organs of both sexes (Figs. 6-9). Studying
the effect of ACR stopping for 2 weeks on both male and female
intoxicated rats, Figs. (6 and 8) showed that MDA still significantly
increased (P < 0.05) in the liver and brain of the male intoxicated
rats, while in the female intoxicated rats, significant increase (P <
0.05) in MDA levels were noticed in the kidney and ovary tissues
(Figs. 7 and 9) as compared to their time matched control.

Concerning the effect of the ACR intoxication on the CAT
activity in the different tissues of the intoxicated male and female
(Figs. 10-13), the obtained results showed that ACR induced
significant inhibition(P <0.05) in the CAT activities in all studied
tissues following 14 and 28 days of the exposure. However, this
inhibition was also significant following 2 weeks of ACR stopping
except in the testis of the treated male rats (Fig. 13) and kidney of
the treated female rats (Fig. 11)

Discussion

The toxicity of acrylamide (ACR) on human and
experimental animals was well documented in a series of reports
since the Swedish Food Administration alarm in 2002 [39, 40].
Acrylamide is a small organic molecule with very high water
solubility. These properties facilitate its rapid absorption and
distribution through the body[41]. Alteration in the biochemical
parameters isa sensitive index to changes to xenobiotics and can
constitute an important diagnostic tool in the toxicological studies.
Aminotransferases are the first enzymes to be used in diagnostic
enzymology when liver damage has occurred [42].Because of their
intracellular location in the cytosole, toxicity affecting the liver
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with subsequent breakdown in the membrane architecture of the
cells leads to their spillage into plasma and their concentration rises
in the latter. In conjunction with the report of Yousef&El-
Demedash [29],Shuming et al. [43] and Rawi et al. [44], data from
the present investigation reflects that, ACR intake inhibited the
activities of the aminotransferases (AST and ALT) in the liver
tissues of the male and female rats after 14 and 28 days.
Phosphatases are important and critical enzymes in biological
processes, they are responsible for detoxification, metabolism and
biosynthesis of energetic macromolecules for different essential
functions. Any interference in these enzymes leads to biochemical
impairment and lesions of the tissue and cellular function [45]. In
the present study, the inhibition of ALP activities in the liver
tissues of the male and femaleweaning rats followingacrylamide
administration for 14 and 28 days, may be a consequence of the
changes in the permeability of the plasma membrane in addition to
changes in the balance between synthesis and degradation of
enzyme protein thus lowering the enzyme activity [46].

Previously finding has shown that ACR has an affinity to
bind with DNA and can cause chromosomal aberrations [47]. Thus
any abnormality in DNA structure can affect transcription and
ultimately protein synthesis, which can explain the inhibition of the
liver enzyme activities following ACR intoxication. Moreover, as
reported by Friedman [6], the ACR molecule has two reactive sites,
the conjugated double bond and the amide group. Therefore, it can
conjugate with the —SH group of a sulfur amino acids, the o —NH;
group of a free amino acid, the € — NH;, group of lysine, the ring
NH group of histidine and the N- terminal residue of a protein
which can explain the unavailability of a few amino acids for
proteinsynthesis, which might consequently be a reason for the
depleted protein content and enzyme activities in the liver tissue.
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Acrylamide is a well-known neurotoxic compound produces
central and peripheral axonopathy [20, 48]. The deleterious effects
of ACR or its metabolite glycidamide seemed to become from their
high electrophilic property as a result of presence of alpha and beta
unsaturated system on its structures which facilitate them to form
adducts with sulphydryl groups on hemoglobin and other proteins
[49, 50]. This may reduce the hemoglobin surface of carrying
oxygen to the tissues causing cell degeneration. The present study
indicated that treatment with ACR caused inhibition in the activity
of the AChE in the brain tissues of intoxicated male and female
rats. In agreement with our results, Yousef& El-Demerdask [29]
found that AChE inhibition in brain and plasma following ACR
intake in male rats. LoPchin and Canady [40]suggested that the
ACR - induced synaptic dysfunction, which involved in the
adduction of presynaptic protein thiol groups and subsequent
reduction in neurotransmitter release. Moreover, Barber and
LoPchin [51]reported that the neurological defects associated with
ACR intoxication are mediated by impaired neurotransmission at
central and peripheral synapses.

Free radicals and reactive oxygen species (ROS) in
biology gains more attention, and there is increasing awareness
of the ubiquitous role of oxidative stress in neuropathy [52, 53].
In order to elucidate the correlation between oxidative stress and
ACR induced toxicity, the time - dependent changes of the
oxidative molecules malondialdehycle(MDA ),glutathione (GSH)
levels and catalase activity were examined.

Oxidative stress is usually caused by the increase of
intracellular peroxidant species such as hydrogen peroxide,
hydroxyl radicals and superoxide anion radicals. Endogenous GSH
can react directly with ROS, protects thiol groups in proteins from
oxidation. ROS can attack the polyunsaturated fatty acids in the
biomembrane to initiate free radical chain reaction, resulting in the
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enhancement of lipid peroxidation. MDA usually has been used as
biomarkers of lipid peroxidation for many years [54, 55].

Metabolism of ACR in the body may result in the
generation of ROS, which play a role in the oxidative stress of
ACR and cause oxidative DNA damage which play a role in its
carcinogenicity [56]. Naruszewicz et al. [57] reported that chronic
intake of acrylamide — containing potato chips increases the
production of the reactive oxygen radicals by leukocytes and
increases plasma C- reactive protein. Glutathione (GSH), a
tripeptide present in the liver, kidney, brain and erythrocytes has a
significant binding capacity with toxic substances resulting in the
formation of usually non-reactive conjugates[58]. The present
study confirmed the finding of Yousef and El-Demerdash [29], El-
Sayed et al. [30] and Zhu et al. [27] who reported that, ACR
exposure markedly decreased GSH contents in following ACR
intoxication. Previous studies showed that conjugation with GSH is
a mechanism for the detoxification of ACR [59]. ACR-
GSHconjugation was the major metabolic rout in rats accounting
for 65 % [60]. Depletion of GSH is associated with an increase in
ACR genotoxicity but seems also to lead to a substantial
enhancement of cytotoxicity [61].

Lipid peroxidation is known to decompose and produce a
variety of substances, the most important of which is MDA [62]. In
the current study, the induction in the levels of MDA in the
different studied tissues in the ACR intoxicated weaning male and
female rats is in agreement with the finding ofYousef and El-
Demerdash, [29], El-Sayed et al. [30] and Zhu et al. [27]. Their
data strongly indicated that the elevation of MDA and the depletion
of the GSH levels were involved in the development of ACR-
induced toxicity. The present study also showed that greatest
induction in the MDA level was recorded in the reproductive
tissues. In agreement with the our finding, El-Sayed et al. [30]
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reported that, the highest increase in the MDA level was detected in
the testis tissue of ACR intoxicated male rats.

Catalase (CAT) is a key component of the antioxidant
defense system. Inhibition of such system results in enhanced
sensitivity to free radical-induced cellular damage [63]. Viewed in
conjunction with the report of Catalgolet al. [64], the inhibition of
CAT activity following ACR intoxication in the present study may
be due to the enhancement of the peroxidation end product MDA,
which is known to inhibit protein synthesis and the activities of
certain enzymes. Escobar et al. [65]indicated that enhanced, free
radical concentrations resulting from oxidative stress conditions
can cause loss of enzymatic activities.

In conclusion, on the basis of obtaining results ACR toxicity
in the weaning rats may be mediated in one hand by disturbances in
the enzyme activities as indicated by the inhibition in their
activities and on the other hand by oxidative stress as indicated by a
decrease in GSH and induction in the MDA levels as well as
inhibition of the CAT activity in the different studied tissues. The
results also indicated that the withdrawal of ACR requires longer
time than 2 weeks.The present study recommends restriction of
acrylamide exposure either occupationally or in food containing
product in addition, especially for children, raising awareness of
people about its hazards.
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Table ( 1 ): Effect of acrylamide administration (15 mg/kg body
weight) on the activities of AST, ALT and ALP in the liver
tissues of weaning male and female treated rats.

Male Female
E Time
nZymes periods
Control ACR Control ACR

ALT 14 days 1274.6 £ 56.9 1016+ 93.3* 1114.8 £60.3 949.66:£65.9*
(Ulg. tissue) 28 days 1155.54115.6 8493 + 70.3* 1128.1 4522 1011.1 £50.1
withdrawal 1083.6 + 65.8 1049+ 93.5 1052.1 £66.9 11103 515
14 days 866.6 +32.6 615.0 + 93.5% 864.6 +70.9 453.0 + 85.0*%
AST 28 days 8775 £ 67.5 5135+ 17.1% 783.0 £ 253 660.8 £ 82.5
(Ulg. tissue) withdrawal 807.0 + 70.5 549.0 £ 72.0% 7375417 682.5+ 96.2
ALP 14 days 1419.0 £90.3 868.0 £ 123.7% 754.7 £166.3 3953 £ 62.1%
(U/g.tissue ) 28 days 12480 £ 111.1 632.0 £ 104.7* 83324532 467.3 £ 79.7*
withdrawal 1307.0 £ 109.8 901.0 = 90.9* 791.5 £105.6 539.5 £ 65.3*

All data are mean of six rats £ SEM. Asterisk (*) indicates
significant (P < 0.05) of acrylamide treatment as compared with the
corresponding control.

Table (2): Effect of acrylamide administration (15 mg/kg body
weight) on the activity of acetylcholienesterase (AchE) (n mol
SH / min./mg.protein) in the brain tissues of weaning male and
female treated rats.

Male Female
Time periods
Control ACR Control ACR
14 days 1.25+0.13 0.92+0.10* 1.05+0.05 0.89 +0.09
28 days 1.25+0.14 0.83 +£0.10* 1.01+0.09 0.85+0.13
withdrawal 1.32+0.05 1.02 £ 0.05* 1.03 £0.09 0.93 +0.09

All data are mean of six rats + SEM. Asterisk (*) indicates
- 456 -
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significant (P < 0.05) of acrylamide treatment as compared with the
corresponding control.

M Male Control @ Male ACR  u Female Control ~ ® Female ACR

GSH (umol /mg.protein)

14 days 28 days withdrawal
Fig. (2): Effect of acrylamide administration (15 mg/kg body weight) on the glutathione

content in the liver tissues of male and female treated rats. Each bar represents the mean
+S.E.M. of 6 rats. *P < 0.05.

H Male Control ®Male ACR i Female Control & Female ACR
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L

GSH (umol /mg.protein)
-

o
I

14 days 28 days withdrawal

Fig. (3): Effect of acrylamide administration (15 mg/kg body weight) on the glutathione
content in the kidney tissues of male and female treated rats. Each bar represents the
mean + S.E.M. of 6 rats. *P < 0.05.
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M Male Control @ MaleACR i Female Control M Female ACR

GSH (umol /mg.protein)

14 days 28 days withdrawal

Fig. (4): Effect of acrylamide administration (15 mg/kg body weight) on the glutathione
content in the brain tissues of male and female treated rats. Each bar represents the
mean + S.E.M. of 6 rats. *P < 0.05.

M Testis Control M Testis ACR i Ovary Control B Ovary ACR

GSH (umol /mg.protein)
N w B w (] ~

-

o

14 days 28 days withdrawal

Fig. (5): Effect of acrylamide administration (15 mg/kg body weight) on the glutathione
content in the testis and ovary tissues of the treated rats. Each bar represents the mean +
S.E.M. of 6 rats. *P < 0.05.
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M Male Control ®MaleACR i Female Control B Female ACR

*

1.4 4

MDA ( nmol/mg.protein)

14 days 28 days withdrawal

Fig. (6): Effect of acrylamide administration (15 mg/kg body weight) on the MDA content in
the liver tissues of male and female treated rats. Each bar represents the mean + S.E.M. of 6
rats. *P < 0.05.

& Male Control @ MaleACR i Female Control M Female ACR

MDA ( nmol/mg.protein)
o o o N
= o o] - N s

o
N

o

14 days 28 days withdrawal

Fig. (7): Effect of acrylamide administration (15 mg/kg body weight) on the MDA content in
the kidney tissues of male and female treated rats. Each bar represents the mean + S.E.M. of
6 rats. *P < 0.05.
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H Male Control B MaleACR i Female Control M Female ACR

MDA ( nmol/mg.protein)

14 days 28 days withdrawal

Fig. (8): Effect of acrylamide administration (15 mg/kg body weight) on the MDA content in
the brain tissues of male and female treated rats. Each bar represents the mean + S.E.M. of 6

rats. *P < 0.05.

M Testis Control M Testis ACR i Ovary Control B Ovary ACR

12 4 %

MDA ( nmol/mg.protein)

14 days 28 days withdrawal

Fig. (9): Effect of acrylamide administration (15 mg/kg body weight) on the MDA
content in the testis and ovary tissues of the treated rats. Each bar represents the mean +

S.E.M. of 6 rats. *P < 0.05.
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H Male Control @ MaleACR  Female Control @ Female ACR

CAT (U/ mg. protein)

14 days 28 days withdrawal

Fig. (10): Effect of acrylamide administration (15 mg/kg body weight) on the CAT activity in
the liver tissues of male and female treated rats. Each bar represents the mean + S.E.M. of 6
rats. *P < 0.05.

M Male Control  ®MaleACR i Female Control & Female ACR

1.6 4

CAT (U/ mg. protein)

14 days 28 days withdrawal

Fig. (11): Effect of acrylamide administration (15 mg/kg body weight) on the CAT activity in
the kidney tissues of male and female treated rats. Each bar represents the mean + S.E.M. of
6 rats. *P < 0.05.
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M Female ACR

M Male Control @ Male ACR i Female Control

0.8 4

CAT (U/ mg. protein)

14 days 28 days withdrawal

Fig. (12): Effect of acrylamide administration (15 mg/kg body weight) on the CAT activity in
the brain tissues of male and female treated rats. Each bar represents the mean + S.E.M. of 6

rats. *P < 0.05.

M Testis Control  ETestis ACR W Ovary Control B Ovary ACR

0.8 -

CAT (U/ mg. protein)

28 days withdrawal

14 days

Fig. (13): Effect of acrylamide administration (15 mg/kg body weight) on the CAT activity
in the testis and ovary tissues of the treated rats. Each bar represents the mean + S.E.M.

of 6 rats. *P < 0.05.
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