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Abstract

This study was conducted as a trail to abrogates acrylamide induced hepatotoxicity in male rats by administration of
copper (I) nicotinic acid complex. Animals were divided into 4 groups ;GI: control kept on balanced diet and tap water
, GII :Acrylamide group received acrylamide in drinking water (7.5 mg/kg b.w.)for 30 days .GIII: treated with copper
(I)-nicotinate complex (400 ng/kg b.w.) after acrylamide intoxication for 30 days and GIV the complex then acryl-
amide (prophylactic). Results showed significant increase in serum levels of AST, ALT,ALP,GGT and total antioxidant
capacity (TAC) in acrylamide group. Moreover a significant increase in tumer markers AFU and TNF-Alpha. while
Levels of each of S. total protein and S. albumin were significantly decreased in ACR group compared with control.
Histological study showed congestion of central vein in liver section and vacuolation of hepatocytes in ACR group.
Anticancer activity using in-vitro cytotoxic assay of Cu(I) Nicotinate complex ;proves the anticancer properties of it
comparing with doxorubicin .Treatment with Copper (I)-Nicotinate Complex restored tissue and serological indices
concomitantly towards normal levels. These results revealed that Copper (I)-Nicotinate Complex is able to significantly

alleviate the hepatotoxicity induced by AA in rats and could be utilized as a potent food additives.
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Introduction

Food safety form environmental chemical and biological contamination is a vast subject
area for recent researches!!). Among them, Acrylamide (AA) is a low molecular weight!?),
water soluble vinyl monomer figure 1 its odorless, colorless, rapidly polymerizable and
crystalline substance?®¥. Acrylamide is found in carbohydrates-rich food prepared at high
temperatures such as potato chips and French fries which are consumed by humans®. Its
metabolite a glycidamide; an epoxide derivative, is more reactive toward proteins and DNA
than acrylamide; the parent compound!®”. Acrylamide piles up at higher levels in the blood
than any other tissues following exposure via oral ingestion, inhalation, or via the dermis®.
It is well known that acrylamide was classified as one of the potent genotoxic substance
that predispose to cancer development (Group 2A) and this raised the concern that it must
be considered a risk for many health problems. Furthermore, It has been shown that AA is
neurotoxin'%, gonadtoxic!'! and implicated in carcinogesis in experimental animals.

Figure 1: Chemical structure of Acrylamide (AA) with carbon numbers indicated
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The experimental research demonstrates that expo-
sure to acrylamide in specific doses and periods may have toxic
consequences on animals and humans!'>!3l. Occupational expo-
sure to AA and dose of 0.3-2.0 pg/kg b.w. as an average daily 5

E G
consumption were reported in literature. Cytochrome P450 is g a0 Ns NS : gi
known to be involved in AA metabolism in the liver changing I m o
it to glycidamide , the active genotoxic product of AA!" which g,
can be abolished by administration of antioxidants for detox- g o
ification such effect!!”). Antioxidants were now used to scav- ° .
enge reactive oxygen species (ROS) inhibit advanced glycation ¢ ¢ @ &
end-products (AGEs) formation and used widely as additives in Groups

food industry for such purposel'®. Copper (I) - Nictitate figure
(2) was known for its antioxidant activity and therapeutic uses
as anti-inflammatory in modulating gastric ulcer!!”), Newcastle
diseases!'®!, reducing hepatotoxicity of 5-Fluorouracil'” and be-
sides its effectiveness in preventing fatty liver in experimental

Figure 3b: ALTlevels in the sera of different groups
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Figure 2: Chemical structure of Cu(I) Nicotinic acid complex. Groups

. Figure 3c: ALP levels in the sera of different groups
The present study was designed to evaluate the effec-

tiveness of Cu(I) Nicotinic acid complex in antagonizing AA
induced hepatotoxicity in rat based on evidences provided by
biochemical ,cell line culture cancer of Cu(l) Nictitate complex
and histological study of liver tissue.

Preparation of Cu (I)- nicotinate complex

The [Cu (I)-(nicotinic acid) ,] Cl - complex was prepared accord
to method provided previously?", where nicotinic acid (1.45 g)
was dissolved in boiling distilled water (50 ml) and then added to
0.85 g, 40 ml of an ethanol solution of CuCl,— H,O. After cool-
ing the mixture, L-(1)-ascorbic acid (0.5 g) was added (at room
temperature) to obtain clear orange-red crystals, clear orange—
red crystals were obtained. The crystals were purified in ethanol
in a boiling water bath for 5 min, an infrared spectrum used to
verify the chemical structure as [Cu (HNA),]1 Cl and pointed to
the chemical composition of Cu (I)-(nicotinic acid), CI-2H,0,
with 18.4 %. Cu content and 345 Da molecular weight, the daily
requirement of Cu is 73.6 mg / kg and 285.2 mg / kg for nicotinic
acid as recommended by the National Research Council 2000.
Accordingly; the dose used in this study was calculated.

Material and Methods

Acrylamide, > 98.0 % (GC), CAS: 79-06-1, MW: 71.08 g / mol,
mp: 81-87 °C and P Code: 101601204 were obtained from SIG-
MA-ALDRICH chemical Co.

Concentration (g/dl)

Animals and study design

The experiment was performed upon forty healthy male albino

¢ @ & rats, (120-150 gm). Animals were provided by animal house in
Groues Sohag University, faculty of science. Rats were kept in the ex-

perimental room two weeks before starting the experiment for

Figure 3a: AST levels in the sera of different groups

Table 1: Effect of acrylamide (7.5 mg/kg b.w) on liver enzyme.

Parameter Gl G2 G3 G4

AST (U/ml) 75.41+0.360 86.88+0.995™ 75.98+0.509N8 79.71+£0.7317 0"
ALT(U/ml) 32.10+ 0.794 44.51+0.899™ 32.21£0.742N8 32.25+1.062N80"
ALP(IU/L) 310.6+2.876 555.1+ 3.598™ 315.8+ 1.619™ 370.2+2.761""

Table 2: Effect of acrylamide (7.5 mg/kg b.w) on serum proteins

Parameter Gl G2 G3 G4
Total protein(g/dl) 6.348+ 0.076 5.916+0.038™" 6.222+0.016N5>"* 6.206+ 0.037NSb*
Albumin(g/dl) 4.233+0.022 3.667+0.058"" 4.176+0.0376N52"* 4.378+0.098NSb*
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acclimatization. They were kept in metal cages under hygien-
ic conditions with free access to standard rat diet .The animals
were sorted to 4 groups, (N = 10). The first group (G1) served
as control kept on balanced diet and tap water, GII; daily ad-
ministrated with freshly prepared acrylamide dose of acrylamide
(7.5 mg / kg / B.W in drinking water .) for 30 days which is
less than lethal dose the LD, of acrylamide in rats (150 mg /
kg/ BW.) according to®2, GIII; treated with the Copper (I)-Nic-
otinate complex (400 pg/kg b.w.) after acrylamide intoxication
for 30 days according to!**! and last GIV; Copper (I)-Nicotinate
complex then acrylamide (prophylactic).
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Figure 4a: ALB levels in the sera of different groups
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Figure 4b: TP levels in the sera of different groups

Biochemical study
Serum was collected from blood samples taken from the heart
of deeply ether anesthetized animals via in plain tubes and cen-
trifuged at 5000 rpm for 10 min, stored at - 20°C till analysis .
The biochemical testes included Serum alanine trans-
aminase (ALT), aspartate transaminase (AST)?Y, serum alkaline
phosphatase (ALP)®], Albumin®¥, Protein®”), g-glutamyl tran-
speptidase (GGT)28, AFUP! and TACB? were obtained from
(diagnostic kit by Biodiagnostic company, Egyptian company).
And Rat Tumor necrosis factor a (TNF-a) ELISA Kit No. 18,
Keyuan Road, DaXing Industry Zone, Beijing, China from (bio-
visioncampony, Egyptian company).
Anticancer activity using in-vitro cytotoxic assay
The cells lines that have been used is HepG-2 cells (hu-
man Hepatocellular carcinoma) was obtained from the Ameri-
can Type Culture Collection (ATCC, Rockville, MD).

Viability assay using MTT: Cell viability was determined by
measuring the mitochondrial activity of live cells by the metab-
olism of a tetrazolium substrate, 3-(4, 5-dimethyl-2 thiazolyl)- 2,
5-diphenyl-2H-tetrazolium bromide (MTT). The assay is based
on the reduction of the yellow, water-soluble MTT to purple

Elsawi, N.M., et al.

water-insoluble formazan crystals in the mitochondria of living
cells. During this process, the MTT reagent is reduced by means
of NADH in a succinate-dependent dehydrogenase reaction and
occurs only in living cells.

Since this reaction can only occur in viable cells, the
production of formazan crystals can directly be correlated to cell
viability. Accordingly, MTT assay can give a preliminary idea of
the impact of a treatment on cell viability and provides therefore
general information on cytotoxicity?'l.
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Figure 5a: GGTlevels in the sera of different groups
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Figure 5b: TAClevels in the sera of different groups

Histological study

Preparation of Liver Section and Histopathological Exam-
ination

Liver samples 2 X 2 mm from the main large lobe were thor-
oughly rinsed by saline, fixed in 10% neutral buffered forma-
lin for further paraffin processing, 0.5 um thick sections stained
with routine haematoxylin and eosin are examined and photo-
graphed using digital camera, attached to Olympus CX21 light
microscope and connected to computer.

Statistical Analysis

Statistics was performed using the statistical using Graph pad
Prism software (San Diego, CA. USA). One way analysis of
variables (ANOVA) was used posted by Newman-keuls test. All
results are expressed as mean + SE and the level of significance
between groups were *p < 0.05, **p < 0.01, ***p <0.0001.

Results and Discussion
Hepatotoxicity upon exposure to acrylamide was reported both
in human and experimental animals®>**! that associated with al-

teration in liver function tests, lipid profile and body antioxi-
dants capacities.
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Biochemical study

The present study of acrylamide has focused on its effect on liver
function, ALT, AST, ALP, Total protein, Albumin, GGT, TAC,
AFU, TNF-Alpha and histological studies.
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Figure 6a: AFUlevels in the sera of different groups
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Figure 6b: TNF-Alpha levels in the sera of different groups.

Liver Enzymes: ALT (U / ml), AST (U / ml) and ALP (IU /
L): The data in table 1 indicated that AST, ALT and ALP in se-
rum levels were significantly high in G2 (AA group) (P <0.001)
when compared to Gl:control. This pointed to hepatocyte cel-
lular damagel* reviewed the mechanism by which AA intox-
ication may lead to production of free radicles via its epoxide
glycidamide produced in the liver by Cytochrome P450. This
metabolite which is more reactive and can attack and denature
DNA and proteins leading to cellular damage®®!.

AA and its byproduct glycid amide were reported to
conjugate with glutathione (GSH) in the liver®® followed by
elimination in the urine®7,

This will result in reduction in natural serum level of
glutathione thus enhancing the levels of Reactive Oxygen Spe-
cies (ROS) produced by AA and consequent oxidative cellular
damage.

AA and its byproducts were known to cause lipid per-
oxidation, loss of membranous integrity and further cellular
damage due to oxidative stress following reduction and elim-
ination of natural body antioxidant such as Glutathione (GSH)
as reported by"*®!. The reduction in GSH levels may enhance
the levels of reactive oxygen species (ROS), which are widely
known as key mediators of cell. After one month, may be at-
tributed to acrylamide that induced free radical production leads
to liver damage. On the other hand, the value of liver enzymes in
G3 decreased to near the value of control group by administra-
tion of Cu-N complex.

Hepato protective drugst®! and natural antioxidants
were used to modulate free radical induced oxidative stress cel-
lular damage via increased the level of glutathione (GSH) and
superoxide dismutase (SOD). In the present study, Cu-N com-
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plex was selected as a hepato protective owing to its antioxidant
properties and radical scavenging effect?l.

Serum Proteins and albumin
The result of Total protein and albumin levels (g / dl) in serum
are shown in a Table (2).

The level showed highly significant decrease (P <
0.001) in the mean values in AA group compared with the con-
trol.

The level of serum total protein is low the range that
usually reflect low albumin level and it due to liver disease or
acute infection®. low levels could reflect impaired in synthesis
of proteinl. The total serum protein or serum albumin levels
were highly reduced by acrylamide due to inhibition of protein
synthesis in hepatic tissuet*!#2!,

In the present data it was surprising to observe that to-
tal proteins and albumin levels in G3, G4 were no significant in
the mean values compared to the control group. Administration
of the complex either as protective or curative looked to show
improvement that confers a hepato-cellular protective as well as
antioxidant effect of copper (I) nicotinate complex!”-'*1,

But in G3 the total protein was still high, but albumin
was increased than control group.

GGT and total antioxidant capacity

In Table (3) there was highly significant increase in GGT(U / L)
(P <0.01) in the mean values following acrylamide administra-
tion (G2) where in G3 and G4 which received the complex were
highly significant decrease in GGT level (P < 0.001) compared
to AA group with superior effect in G3 where the complex is giv-
en as therapeutic agent. The mean value in G3 (Therapeutics) is
the best value compared to G4 (Prophylactic) and G3 appeared
improvement than G4 compared to the control. Gamma Glutam-
yl Transferase (GGT) is one of a broad group of enzymes that
catalyze the transfer of amino acids from one peptide to another
amino acid or peptide. This enzyme is sometimes referred to as a
“transpeptidase” but is more appropriately included in the amino
acid transferase groupl.

GGT was considered as a cumulative biomarker of
various environmental chemicals; and was needed for glutathi-
one (GSH) conjugation and metabolism; a process needed for
conjugation diverse toxic chemicals so is recently used as an
indicator for exposure to mixed chemicals at very low levels*}l.
And also, GGT is as a marker for glutathione depletion in the
liver™; so this increase reflected the presence of oxidative stress
and confirms the presence of biochemical data of increasing liv-
er enzymes denoting hepatocellular necrosis observed in hepatic
tissues prepared from the same samples.

GGT levels were found to be correlated with histo
pathological alteration in many hepatic disorders™®!. The in-
crease in GGT in the present study was an indicator for dam-
aging effect of AA on rat hepatic tissue this could be based on
previous reports that find an increase in GGT levels in both hu-
man and animals exposed to hepatitis inducing agents, special
medication, or chemical toxicant insult! 6471,

The present results are also in agreement with those
int8; when liver (but no bone or intestine) ALP is elevated, GGT
will be generally elevated™..

Analysis of TAC concentration (mmol / 1) on serum
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of both treated and control group were shown in Table (3) and
figure (5b) which revealed that the concentration has signifi-
cant increase (P < 0.001) after injected of acrylamide but in G3
showing non-significant compared to the control, but on the oth-
er hand in G4 there was highly significant increase compared
to the control. High level of total antioxidants in liver serum in
G2 may reflect a body defense against oxidative toxicant%!, It
is suggested that increase in antioxidant level may be defense
mechanism by liver to prevent effect of acrylamide toxicity. But
in G3 the concentration of TAC decreased compared to control
group. As expected, there was a decrease in the TAC levels af-
ter administration of a drug that can be potentially hepatotoxic.
However, in G4 there was high significant increase in TAC con-
centration compared to control and non-significant compared to
G2 this may back to defense mechanism.

AFU and TNF-Alpha

The analysis of AFU (U / L) and TNF-Alpha (Pg / ml) in table 4
revealed that the mean value of the two parameters in G2: were
highly significantly increased (P < 0.001) than control group, but
in G3:it was highly significantly decreased and non-significantly
decreased in G4 compared with non-treated G2. Alpha-L-fuco-
sidase (AFU) belongs to the lysosome acidic hydrolase group?.
Hepatic disorders such as hepatotoxicity, cirrhosis , early hepatic
cancer and hepatitis are found to be associated with increased
serum AFUP*3 Thus increasing AFU (U/L) in G2 receiving
acrylamide could be due to AC induced hepatotoxicity. Muta-
genic effect or with subsequent hepatocyte transformation®. It
was reported in literature that serum level of AFU was beneficial
as a diagnostic index for primary hepatic carcinomal®**¢, alsol*”!
said that AFU was a valuable biomarker in HCC detection be-
cause it can reveal the case 6 to 9 months earlier than ultra so-
nographic visualization. AFU in the present study was decreased
in G3 treated by Copper (I) Nicotinate Complex that indicated a
hepato-cellular protective effect as an antioxidant agent!'®), also
in G4 it was insignificantly decreased in the mean value com-
pared to G2 which points to its benefit as treatment rather than
prophylactic drug.

In the present study ,the elevated in serum concentra-
tion of TNF-Alpha in G2 that received ACR points to hepat-
ic tissue damage as TNF alpha can signal apoptotic, necrotic,
or aponecrotic cell death or, on the other hand, proliferation
and secondary cytokine production®®®. On the other hand, the
concentration of TNF-Alpha in G3 was decreased compared
to acrylamide group. The primary role of TNF-Alpha is in the
regulation of immune cells. TNF-Alpha is able to induce apop-
totic cell death, to induce inflammation and to inhibit tumori-
genesis and viral replication. So, dysregulation of TNF-Alpha

production has been implicated in a variety of human diseases
as well as cancer®* . TNF -Alpha can be thought to be crucial
for liver injury in acrylamide or its metabolite in experimental
rodents®'%31. It was observed that this toxicity was prevented by
administration of natural antioxidant. As Copper (I) Nicotinate
Complex was considered as an antioxidant drug!®l, so the de-
crease in TNF-Alpha in G3 and G4 was most probably attributed
to this effect.

In conclusion: Acrylamide hepatotoxicity was similar to what
was observed previously in literature most probably due to ox-
idative stress based on elevation of serum markers, on the other
hand the above results indicated that treatment by Copper (I)
Nicotinate Complex can be used as both therapeutic as well as
protective agent against risk of acrylamide hepatotoxicity in sus-
ceptible exposed persons.

Data are expressed as mean = SE

Significant change in comparison between groups: *p<0.05;
**p<0.01; ***p<0.001, N.S Non significant (P > 0.05).

* Significant change in comparison between G1 & G2;

® Significant change in comparison between G1 & G3

where :

G1: control kept on balanced diet and tap water;

GII: Acrylamide group received acrylamide in drinking water
(7.5 mg/kg b.w.) for 30 days.

GIII: Treated with Copper (I)-Nicotinate complex (400 pg/kg
b.w.) after acrylamide intoxication for 30 days;

GIV; Copper (I)-Nicotinate complex then acrylamide(prophy-
lactic)

Anticancer activity using in-vitro cytotoxic assay

Copper is a fundamental element for most aerobic organisms es-
pecially human/®¢1, Reports show that copper complexes have
anti-cancer, anti-inflammatory, antiviral, antifungal and antibac-
terial properties”. Many Cu-complexes have been examined
as cytotoxic agents and exhibited anti-cancer activity in several
in vitro experiments and a few in vivo tests(®*®l. In the present
study, we examined the anticancer properties of a novel Cop-
per (I) Nicotinate Complex on proliferation of HepG2 cells was
examined by MTT assay. The anti-proliferative activities of the
Copper (I) Nicotinate Complex evaluated against human cancer
cell line HepG-2 cells. The cells were treated at concentrations
11000 pg / mL, 5500 ug / mL, 2750 ug / mL, 1375 pg / mL,
687.5ug /mL, 343.75ug / mL, 171.87pg / mL and 85.93pug / mL
for 24h. The anticancer drug, Doxorubicin, was used as a posi-
tive control .The results demonstrated that Copper (I) Nicotinate
Complex decreased the viability of HepG2 cells compared to

Table 3: Effect of acrylamide (7.5 mg/kg b.w) on serum Antioxidant and GGT

Parameter Gl G3 G4
GGT(U/L) 1810+1.892 2059+1.919™ 1863+1.760" " 19254+1.53 170"
TAC(mmol/l) 1.267+0.020 1.559+0.027" 1.23940.001NS = 1.49040.043"* NS

Table 4: Effect of acrylamide (7.5 mg/kg b.w) on serum tumer markers

Parameter Gl1

G3 G4

AFU (U/L) 1.052+0.125

7.050 £ 0.862"

3.650 £ 0.665™ 6.451+£0.612™

TNF — Alpha (Pg/ml) 121.9 + 1.976

526.6 £ 1.867""

151.9 £ 1.549™"" 181.6 + 1.383™

Elsawi, N.M., et al.
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doxorubicin which DOX is a cytotoxic anthracycline used suc-
cessfully for the treatment of several malignancies, such as liver
cancer!®®",

In the current work IC, was 432.92ug / ml as a positive
result of anticancer for liver compared to IC, of doxorubicin
(106.60 pg / ml).

150+

100+

50

cell viability %

T T T 1
25 3.0 3.5 4.0

Log(concentration)

20

Figure 7: relationship between different doses of cu(I) Nicotinate com-
plex (85.93ug/ml -11000pg/ml) and cell viability of HepG-2 using
MTT assay.

In conclusion our search for this complex might pro-
duce more specific anticancer effects is ongoing!”! and copper is
an essential element for cell growth many drugs used in clinical
practice and has ability and display cytotoxicity!".

Table 5: Anticancer activity using in-vitro cytotoxic assay
IC,, (uM), mean £SD
copper (I)-nicotinate complex
432.91+14.1

Cancer cell line

Doxorubicin
106.6 £17.32

Liver —HepG-2

Acryl amide-induced DNA genotoxicity, adduction and
mutagenesis

Direct interaction of acrylamide with DNA through Michael-type
addition reaction is considerably slow!”?], where the interaction
of glycidamide with DNA through Michael-type addition is rel-
atively fast as concluded from the semi-empirical MOPAC cal-
culations™. The reaction mechanism was suggested to proceed
via a preliminary nucleophilic attack of the guanine NH group
onto the acrylamide double bond or oxirane ring in glycidamide
resulting in the formation of 7-(2-carbamoyl-2-hydroxyeth-
yl)-guanine (N7-GA-Gua), figure 8.

ﬁif«a ﬁiﬁ

Figure 8: Chemical structures of acrylamide-induced DNA adduct and
identified as (N7-GA-Gua).

Treatment with Copper nicotinate complex may al-
ternate this (N7-GA-Gua) bonding system by replacing acryl-
amide/glycidamide by nicotinic acid, figure 9.

www.ommegaonline.org
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Figure 9: Interaction of Copper nicotinate complex with DNA-acryl-
amide system.

e,

Frontier molecular orbital analysis: Calculations were per-
formed oh PC computer (Pentium III, 733 MHz) using MO-
PAC2000" with WinMOPAC 2.01! as a graphic interface. At
the beginning, structure the starting material was optimized with
the eigenvector-following routine (EF)% using the semi-em-
pirical PM3 method!”7®. The input file for the geometry opti-
mization of the starting material should contain keywords that
request an explanation of the electronic state of the chemical
system, what kind of computational study should be performed
(method-PM3) and how we can deviate from the stationary point
on the potential energy surface (GNORM = 0.1) and it is partic-
ularly good when the gradient is smalll”®
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The frontier orbital (HOMO and LUMO) of acryl am-
ide and/or glycidamide as well as their adducts with N7-GA-
Gua part of DNA are very important in defining its reactivi-
ty”#9, Higher value of HOMO of a molecule has a tendency
to donate electrons to good acceptor molecule with low energy,
empty molecular orbitals. The highest occupied molecular or-
bital (HOMO) energies, the lowest unoccupied molecular orbit-
al (LUMO) energies Figure 10, hardness (1)), ionization energy
(IE), total energy and dipole moment have been calculated and
are given in Table (6).

Lumo

LUMO
(Molecular Orbital 15(Alpha) 0.3339 ev)

AE = ELymoEnomo
=10.832ev

HOMO
(Molecular Orbital 14(Alpha) -10.4981 ev)

(Molecular Orbital 18(Alpha) 0.9848 ev)

AE= ELUMD-ENOMG
=11.7226 ev

HOMO
(Molecular Orbital 17(Alpha) -10.7378 ev)

Figure 10: Molecular orbital surface and HOMO-LUMO energy gap
for HOMO and LUMO of acrylamide and glycidamide obtained by
PM3 semi-empirical method.

Based on PM3 optimized geometry, the total energy
of acrylamide and glycidamide has been calculated, which are
-24.6087 and -47.3681 Kcal/mol respectively. An electronic sys-
tem with a larger HOMO-LUMO gap should be less reactive
than one having smaller gap®®. The hardness (1) corresponds
to the gap between the HOMO and LUMO orbital energies. The
larger the HOMO-LUMO orbital energy gap, the harder the mol-
ecule. The hardness has been associated with the stability of the
chemical system. In the present study, the HOMO-LUMO gap
of acrylamide and glycidamide is 10.832 and 11.7226 eV re-
spectively as shown in Table 6, which clearly indicates that the
molecule is very stable. The calculated dipole moment values
show that the molecule is highly polar in nature.

The induced DNA adducts suggested of acrylamide and
glycidamide, including a predominant adduct, N7-GA-Gua, Fig-
ure 11.

LUMO

Lumo
(Molecular Orbital 43(Alpha) -0.6982 ev) (Molecular Orbital 46(Alpha) -0.7103 ev)

AE = E ymoEnomo
=8.2616 ev

AE= E umoEromo
=8.2693 ev

— HOMO
(Molecular Orbital 45(Alpha) -8.9719 ev)

HOMO
(Molecular Orbital 42(Alpha) -8.9675 ev

Figure 11: Molecular orbital surface and HOMO-LUMO energy gap
for HOMO and LUMO of N7-GA-Gua adduct with acrylamide and gly-
cidamide obtained by PM3 semi-empirical method.

The obtained results were denoted that CuCl (HNA),
complex undergoes ligand exchange with both acrylamide and
glycidamide from DNA and this leads to protection to DNA
from damage or mutation.

Histological Results:

Figure 12:

G1: is a photograph of part of control rat liver at central vein region
(CV) showing normal hepatocytes with their acidophilic stained cyto-
plasm and active vesicular nuclei ( black arrows) . They are arranged
in the form of cords or plates radiating from the central vein (CV) and
separated by thin blood sinusoids (white arrows),

G2: Acr (acrylamide group) in a dose of 7.5 mg kg / BW result in alter-
ation of hepatic tissue. Cells near the central veins underwent process
of programmed cell death or what was known as apoptosis where the
cells are shrinking and have dark cytoplasm and nuclei. Cells at the
periphery underwent hydropic degeneration (dotted arrows) where they
lost their outlines and their cytoplasms become unstained (vacuolation).
Blood sinusoids are dilated (white arrows).

G3: where rats were given acrylamide for 4 weeks and then treated with
copper nicotinate,the tissue showed complete preservation of normal
hepatocytes (black arrows).

Table 6:
Comp. No. AH (kcal/mol) | Dipole moment (j1, debye) | Evomo (€V) | Erino (€V) | AE (E, o\ o-E, po) | X (m) (o)
Acylamide -24.6087 3.388 -10.4981 0.3339 10.832 5.0821 | 5.416 0.1846
Glycidamide -47.3681 2.428 -10.7378 0.9848 11.7226 4.8765 |5.8613 | 0.1706

(x) = Absolute Electronegativity, (1)) = Global Hardness, (o) = Softness
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G4: where copper nicotinate was given 30 days prior to acrylamide
intoxication there was moderate preservation of normal hepatocyte
structure( black arrows) .However, there was necrotic changes in he-
patocytes located near central veins leaving only aggregation of degen-
erated nuclei (black stars).

Histological Results

Histological study in the present work was done to give evidenc-
es for biochemical results. Compard to cnotrol (Figure 12 —G1)
which showed normal hepatocytes with their acidophilic stained
cytoplasm and active vesicular nuclei radiating from the central
vein(CV) and separated by thin blood sinusoids ( white arrows)
;hepatocytes of acrylamide (G-2) administrated rats showed
alteration of hepatic tissue. Cells near the central veins under-
went process of programmed cell death or what was known as
apoptosis where the cells appeared to have dark acidophlic cy-
toplasm and dark pyknotic nuclei. Other cells are swollen com-
pressing and obliterating blood siusoids. They showed unstained
cytoplasm and small dark nuclei ( hydropic degneration). In G3
where rats were given acrylamide for 4 weeks and then treated
with copper nicotinate histological examination showed com-
plete preservation of normal hepatic parenchyma where hepato-
cyte showed active vesicular nuclei and normal stained cyto-
plasm. In G4 where copper nicotinate was given 30 days prior
to acrylamide intoxication there was also preservation of normal
hepatocyte structure but still there was few necrotic changes in
hepatocytes located near central veins leaving only aggregation
of degenerated nuclei (black stars). In both treated cases blood
siusoids between hepatocyte cell cords looked dilated (white
arrows). Corrlation of those results with biochemical finding
showed that alteration of hepatocytes strcture by AA was the un-
derlying cause of increasing serum level of liver enzymes. The
toxicity of AA is attributed to the fact that it biotransforms to a
more potent and highly reactive molecule that initiates cellular
toxicity. Therefore, the most important pathogenic pathway is
the oxidative biotransformation of AA by cytochrome P450 2E1
(CYP2E1)!". Hepatic cytochrome P450 2E1 (CYP2E1) was
known to take role in oxidative biotransformation of AA and its
exhaustion by repeated toxic exposure may alter liver function
and damaged hepatocytes and this on repeated administration
may result in altering both structural and functional integrity of
mammalian liver as proved by many previous researches®%4.,

Conclusion

Both biochemical and histological study proved the drastic ef-
fect of acrylamide on rat liver functions and structure. Which
were markedly ameliorated by administration of copper —nico-
tinic complex.
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