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�e present study was conducted to investigate the protective role of Omega-3 polyunsaturated fatty acids against lead acetate-
induced toxicity in liver and kidney of female rats. Animals were divided into four equal groups; group 1 served as control while
groups 2 and 3 were treated orally with Omega-3 fatty acids at doses of 125 and 260mg/kg body weight, respectively, for 10 days.
�ese groups were also injected with lead acetate (25mg/kg body weight) during the last 5 days. Group 4 was treated only with
lead acetate for 5 days and served as positive control group. Lead acetate increased oxidative stress through an elevation in MDA
associated with depletion in antioxidant enzymes activities in the tissues. Moreover, the elevation of serum enzymes activities
(ALT, AST, ALP, and LDH) and the levels of urea and creatinine were estimated but total proteins were decreased. Also, lead
acetate-treatment induced hyperlipidemia via increasing of lipid pro�les associated with decline inHDL-c level. Signi�cant changes
of Hb, PCV, RBCs, PLT, and WBCs in group 4 were recorded. �e biochemical alterations of lead acetate were con�rmed by
histopathological changes and DNA damage. �e administration of Omega-3 provided signi�cant protection against lead acetate
toxicity.

1. Introduction

Lead is one of mankind’s oldest environmental and occu-
pational toxins [1]. �e exposure to lead can occur from a
multitude of sources such as soil, air, water, and industrial
pollutants. �ere are, worldwide, six categories of products
considered as source of lead exposure, that is, gasoline
additives, food can soldering, lead based paints, ceramic
glazes, drinking water systems, and folk remedies [2]. Health
hazards from increased lead exposure as a result of industrial
and environmental pollution are recognized. It has been
found to cause a wide range of biochemical and physiological
dysfunctions [3]. Moreover, the long term lead exposure
generates reactive oxygen species and di�erent free radi-
cals. Also, it inhibits antioxidant enzymes activities, such
as superoxide dismutase (SOD) and catalase (CAT), while
it decreases the level of glutathione [4, 5]. Lead induced

oxidative damage in the kidney as evidenced by enhancement
of lipid peroxidation [6, 7]. Lead is a highly poisonous
environmental pollutant and is known to a�ect organs like
liver, kidney, blood, and central nervous system of mammals
[8, 9]. Several reports have indicated that lead can cause
neurological, hematological, gastrointestinal, reproductive,
circulatory, and immunological pathologies [10, 11]. Omega-3
fatty acids (Omega-3 FAs) are considered as strong antioxi-
dants and their role as anticancer agent has been extensively
con�rmed in most of the human malignancies [12, 13].
Furthermore, the anti-in�ammatory potential of long chain
Omega-3 FAs in many chronic diseases has been suggested
[14, 15]. �e role of Omega-3 FAs in inhibiting proliferation,
inducing apoptosis, and promoting di�erentiation in many
cancers has been recently studied [16, 17]. In addition, another
�nding indicates that Omega-3 FAs act synergistically with
certain chemotherapeutic agents [18]. Omega-3 FAs were
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found to play protective roles in the liver, cardiovascular
system, and kidney and they have beenwidely used in clinical
peroperative total parenteral nutrition [19, 20].�erefore, the
present study was carried out to investigate the protective
e�ects ofOmega-3 FAs against lead acetate-induced oxidative
stress, biochemical changes, and DNA damage.

2. Materials and Methods

2.1. Chemicals. Lead acetate was purchased from Merck
(Germany).

Omega-3 was purchased from Efamol Ltd., 14 �e Mole
Business Park Leatherhead, Surrey, KT227BA, UK in the
South East of England. All other chemical materials that were
used in this study were purchased from Sigma Chemical Co.,
(St. Louis, MO, USA).

2.2. Animals and Experimental Design. Twenty-eight adult
Wistar albino female rats (weighting 170–200 gm) were
obtained from the animal house of Faculty of Medicine,
Alexandria University, Egypt. �e local committee approved
the design of the experiments and the protocols were carried
out according to the guidelines of the National Institutes
of Health (NIH). Rats were housed in stainless steel cages
placed in a well-ventilated rat house, maintained for two
weeks as acclimatization period under standard laboratory
conditions on free supply of food and water provided ad
libitum, and subjected to natural light for 12 hrs and dark for
12 hrs cycles. A�er the period of acclimatization, rats were
divided randomly into four groups, 7 animals in each. �e
animal experiments were conducted for 10 days. Group 1 was
injected daily with 0.5mL of saline solution (0.9% NaCl) i.p.
for 10 days and was used as negative control (−ve). Groups 2
and 3 were administrated orally with two doses of Omega-3
(125 and 260mg/kg body weight, resp.) by gavage for the �rst
�ve days as protective agent [21]. �ese groups were injected
(i.p.) by 0.5mL of lead acetate at a dose of 25mg/kg body
weight/day for the other 5 days in combination with Omega-
3. Group 4 was injected (i.p.) by 0.5mL lead acetate only at
a dose of 25mg/kg body weight/day for the last 5 days of the
experiment and was used as positive control (+ve) according
to Ponce-Canchihuamán et al. [22].

2.3. Blood Collection and Tissue Preparation. At the end of
treatment, rats fasted for 12 hrs before being anesthetized and
sacri�ced by cervical dislocation. Blood samples were col-
lected from the sacri�ced animals and le� in refrigerator for
30min before centrifugation. �e clear nonhemolyzed sera
were stored at −20∘C till measurements. However, heparin
was used as an anticoagulant and noncoagulated blood was
tested shortly a�er collection for applying in determination
of hemoglobin (Hb), packed cells volume (PCV), red blood
cells (RBCs) count, white blood cells (WBCs), and platelets
(PLT) count by particle counter (ERMA Inc., Tokyo, model
PCE-210).

Liver and kidney were immediately removed and washed
using chilled saline solution. �ese tissues were minced

Table 1: PCR primers used in RAPD-PCR, GC%, and annealing
temperature.

Primers Sequence 5� → 3� GC% Annealing temperature (∘C/sec)

1 GTC CAT GCCA 60 30/60

2 ACA TCG CCCA 60 30/60

3 ATG CCC CTG T 60 30/60

and separately homogenized (10%w/v) using a homoge-
nizer (Potter-Elvehjem) in ice-cold sodium potassium phos-
phate bu�er (0.01M, pH 7.4) containing 1.15% of KCl. �e
homogenates were centrifuged at 10,000×g for 20min at 4∘C
and the supernatant was used for assaying of the enzymes
activities.

2.4. Biochemical Analysis. Stored serum samples were ana-
lyzed for the activities of aspartate aminotransferase (AST;
EC 2.6.1.1), alanine aminotransferase (ALT; EC 2.6.1.2), alka-
line phosphatase (AlP; EC 3.1.3.1), and lactate dehydroge-
nase (LDH; EC 1.1.1.27) which were determined using kits
from Sentinel Ch. (via principle Eugenio 5-20155 Milan,
Italy). Also, serum total protein, albumin, urea, creatinine,
cholesterol, total lipids, triglycerides, HDLC, and low den-
sity lipoprotein (LDLC) were determined using kits from
Sentinel Ch. (via principle Eugenio 5-20155 Milan, Italy).
�e lipid peroxidation end product, MDA, was measured
as thiobarbituric acid reactive substance. Also, the levels of
GSH and the activities of antioxidant enzymes including the
catalase enzyme (CAT; EC 1.11.1.6), superoxide dismutase
(SOD, EC.1.15.1.1), and glutathione peroxidase (GPx; EC.
1.1.1.9) were assayed using commercial assay kits according
to the manufacturer’s instructions.

2.5. Histopathology. Specimens of liver tissues were immedi-
ately �xed in 10% formalin, treatedwith conventional grade of
alcohol and xylol, embedded in para�n, and sectioned at 4–
6 � thickness. �e sections were stained with Haematoxylin
and Eosin (H&E) stain for studying the histopathological
changes [23].

2.6. Random Ampli�ed Polymorphic DNA Technique (RAPD)

2.6.1. Extraction of DNA. DNA was extracted from livers of
the four groups following the method described by Bardakci
and Skibinski [24].

2.6.2. Polymerase Chain Reaction (PCR) Primers. In the
present work, ten-base long oligonucleotides primers were
used to initiate the PCR ampli�cations. Primers were ran-
domly selected on the basis of GC content and annealing
temperature for RAPD-PCR ampli�cation as in Table 1.

2.6.3. PCR Ampli�cation and Agarose Gel Electrophoresis.
PCR ampli�cations were performed according to the proce-
dure described byWilliams et al. [25] using the isolated DNA
from three hepatic samples of each group.
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Table 2: �e activities of AST, ALT, ALP, LDH, levels of MDA, total protein, albumin, urea, and creatinine a�er lead exposure and Omega-3
treatment in serum of female rats.

Parameters

Experimental groups

(Group 1)
−ve control

(Group 2)
Omega-3

(125mg/kg b.w.) + lead acetate

(Group 3)
Omega-3

(260mg/kg b.w.) + lead acetate

(Group 4)
+ve control

AST (U/L) 56.69 ± 0.565a 58.63 ± 1.279a 51.35 ± 0.373a 104.27 ± 0.677b
ALT (U/L) 36.32 ± 0.276a 40.53 ± 0.260a 38.69 ± 0.416a 90.07 ± 0.612b
ALP (U/L) 42.43 ± 0.358a 48.74 ± 0.475a 41.44 ± 0.279a 87.77 ± 0.534b
LDH (U/L) 149.29 ± 0.703a 159.07 ± 0.845a 148.81 ± 0.845a 219.88 ± 1.082b
Total protein (gm/dL) 7.10 ± 0.115a 6.11 ± 0.244a 7.61 ± 0.217a 4.88 ± 0.103b
Albumin (g/dL) 3.96 ± 0.095a 3.75 ± 0.071a 4.05 ± 0.102a 2.66 ± 0.083b
Urea (mg/dL) 31.09 ± 0.225a 40.04 ± 0.715a 31.59 ± 0.450a 63.56 ± 0.962b
Creatinine (mg/dL) 0.38 ± 0.004a 0.47 ± 0.011a 0.38 ± 0.004a 0.96 ± 0.026b
MDA (nmol/mL) 17.08 ± 0.296a 18.81 ± 0.538a 17.47 ± 0.349a 51.99 ± 0.620b

Values are expressed as means ± SE; � = 7 for each treatment group. a, b indicate the signi�cant results statistically; � < 0.05.

2.6.4. Agarose Gel Electrophoresis. �e ampli�ed DNA frag-
ments were separated on 1.5% agarose gel and stained with
ethidium bromide. DNA ladder in range (100 bp–3000 bp)
was used in this study as marker for ampli�ed pattern. �e
ampli�ed pattern was visualized and photographed by gel
documentation system.

2.7. Statistical Analysis. �e data entry was done into a
binary data matrix as discrete variables and was analyzed
according to Steel and Torrie [26]. Statistical signi�cance of
the di�erence in values of control and treated animals was
calculated by (�) test at 5% signi�cance level. Data of the
present study were statistically analyzed by using Duncan’s
multiple range test (SAS, 1986). All RAPD pro�les were
analyzed using stat program which showed the similarity
between the ampli�ed PCR products.�e best ampli�ed PCR
product of each groupwas selected to compare between them
at genetic levels.

3. Results

3.1. Biochemical Parameters. �e results showed that the
treatment with lead acetate signi�cantly (� < 0.05) increased
serum AST, ALT, AlP, and LDH compared to the control
(Table 2). On the other hand, data indicated that the serum
total proteins and albumin were signi�cantly (� < 0.05)
decreased a�er lead acetate treatment compared to the con-
trol group. Meanwhile, serum AST, ALT, AlP, total proteins,
and albumin were normalized a�er treatment with either of
the two doses of Omega-3 (125mg/kg or 260mg/kg body
weight) in combination with lead acetate, compared to the
lead acetate treated group (Table 2). Also, Table 2 indicated
that the levels of serum urea, creatinine, and MDA were
signi�cantly (� < 0.05) increased in the lead acetate
treated rats compared to the control ones re�ecting renal
impairment. On the other hand, treatment with lead acetate
signi�cantly (� < 0.05) decreased the activities of GPx, CAT,
and SOD and the level of reduced GSH while it increased

MDA level in both liver and kidney extracts compared to the
control group (Table 3). Pretreatment of rats with Omega-
3 (125 or 260mg/kg body weight) prior to and during the
injection with lead acetate ameliorated these parameters to
reach the normal level. Furthermore, the dose of 260mg/kg
body weight was more e�ective than the dose of 125mg/kg
body weight in increasing the activities of SOD and GPx in
the extracts of the liver and kidney.

�e present data indicated that the serum total lipids,
cholesterol, triglycerides, and LDL-c were signi�cantly (� <
0.05) increased by lead acetate treatment, while HDL-c levels
were decreased (Table 4). �e other striking �nding in the
present study is thatOmega-3 at both doses (125 or 260mg/kg
bodyweight) nearly normalized the lipid pro�les in the serum
of rats and became similar to the control values (Table 4).

3.2. Hematological Analysis. Hematological parameters
revealed that the Hb and PCV values and the RBCs and
PLT counts were signi�cantly decreased (� < 0.05) in lead
acetate treated group compared to the negative control group
(Table 5). However, the results exhibited that Omega-3 at
both doses (125 or 260mg/kg bodyweight) nearly normalized
the hematological parameters to become similar to the
normal values (Table 5). On the other hand, WBCs count in
lead acetate treated rats were signi�cantly (� < 0.05) elevated
as compared with the control group. However, treatment
with Omega-3 at a dose of 260mg/kg body weight was more
e�ective than the other dose in normalizing theWBCs count.

3.3. Histopathological Investigations. �e histopathological
studies of rats’ livers are represented in (Figure 1). �e light
micrographs of liver tissues demonstrated normal hepato-
cytes in the control group showed normal hepatic archi-
tecture with distinct hepatic cells, sinusoidal spaces, and a
central vein (Figure 1(a)), while livers of rats treated with
lead acetate (group 4) showed loss of cellular architecture
with dilatation of blood sinusoids, hemorrhage in the portal
vein, degenerated hepatocytes with pyknotic nuclei, and
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Table 3: �e e�ect of Omega-3 and lead acetate on speci�c activity of liver and kidney antioxidant enzymes in female rats.

Parameters

Experimental groups

(Group 1)
−ve control

(Group 2)
Omega-3

(125mg/kg b.w.) + lead acetate

(Group 3)
Omega-3

(260mg/kg b.w.) + lead acetate

(Group 4)
+ve control

Liver

GPX (U/mg protein) 40.53 ± 0.240a 36.54 ± 0.909a 48.50 ± 0.341a 22.44 ± 0.487b
CAT (U/mg protein) 27.53 ± 0.554a 23.92 ± 0.583a 34.46 ± 0.743a 16.67 ± 0.489b
SOD (U/mg protein) 11.34 ± 0.355a 10.40 ± 0.346a 18.11 ± 0.495b 7.64 ± 0.303c
GSH (U/g tissue) 27.84 ± 0.312a 26.08 ± 0.446a 29.16 ± 0.271a 12.72 ± 0.303b
MDA (nmol/g tissue) 50.34 ± 0.259a 54.62 ± 0.288a 51.41 ± 0.282a 100.54 ± 0.322b

Kidney

GPX (U/mg protein) 30.64 ± 0.521a 27.43 ± 0.597a 39.89 ± 0.479b 21.54 ± 0.360c
CAT (U/mg protein) 53.17 ± 0.477a 46.97 ± 0.557a 63.30 ± 0.583b 20.41 ± 0.562c
SOD (U/mg protein) 98.92 ± 0.457a 81.99 ± 0.693a 98.60 ± 0.285a 41.75 ± 0.451b
GSH (U/g tissue) 53.81 ± 0.682a 50.39 ± 0.350a 55.01 ± 0.724a 28.51 ± 0.334b
MDA (nmol/g tissue) 22.19 ± 0.320a 37.60 ± 0.382b 22.94 ± 0.515a 51.82 ± 0.313c

Values are expressed as means ± SE; � = 7 for each treatment group. a, b, and c indicate the signi�cant results statistically; � < 0.05.

Table 4: Serum lipid and lipoprotein pro�les of female rats a�er lead exposure and Omega-3 treatment.

Parameters

Experimental groups

(Group 1)
−ve control

(Group 2)
Omega-3

(125mg/kg b.w.) + lead acetate

(Group 3)
Omega-3

(260mg/kg b.w.) + lead acetate

(Group 4)
+ve control

TL (mg/dL) 201.59 ± 2.215a 179.85 ± 1.879a 150.19 ± 0.745b 404.00 ± 9.398c
TG (mg/dL) 96.58 ± 0.706a 100.35 ± 0.671a 95.23 ± 0.686a 131.41 ± 0.541b
Cholesterol (mg/dL) 54.96 ± 1.665a 61.29 ± 0.854a 54.43 ± 1.269a 84.05 ± 2.194b
LDLC (mg/dL) 25.83 ± 0.438a 28.77 ± 0.431a 19.84 ± 0.399a 41.73 ± 0.470b
HDLC (mg/dL) 29.14 ± 0.688a 28.75 ± 0.573a 30.19 ± 0.531a 18.17 ± 0.472b

Values are expressed as means ± SE; � = 7 for each treatment group. a, b, and c indicate the signi�cant results statistically; � < 0.05.

vacuolated cytoplasm lymphocytes aggregation inside the
hepatic tissue as in Figures 1(d1) and 1(d2). However, livers
of rats treated with lead acetate plus Omega-3, 125mg/kg
(group 2), and rats treated with lead acetate plus Omega-
3, 260mg/kg (group 3), revealed that most of the histolog-
ical alterations induced in lead acetate treated groups were
markedly reduced (Figures 1(b) and 1(c)). Meanwhile, lead
acetate treatment induced severe histopathological changes
in the kidney tissues (Figure 2(d)) such as swelling of con-
voluted tubules, disruption of Bowman’s capsule, shrunken
glomeruli with the capsular space, cytoplasmic pyknosis
of some nuclei, destruction of the epithelium lining the
tubules, hemorrhagic area in renal tubules, and dilation in
the renal tubules compared to normal histological structure.
On the other hand, the histopathological studies of the
kidneys of the control rats revealed normal glomerulus
surrounded by the Bowman’s capsule and proximal and
distal convoluted tubules without any in�ammatory changes
(Figure 2(a)). Treatment with Omega-3 at both doses before
and in combination with lead acetate slightly improved the
kidney histology but extravasation of blood element with
dilation of some proximal and distal tubules was still present

as well as, presence of some glomeruli with the capsular space
(Figures 2(b) and 2(c)).

3.4. Genetic Analysis Using RAPD-PCR. �ree of 10-mer.
primers were used for investigating the signi�cant changes of
the DNA isolated from liver tissues. �e three primers pro-
duced clear, sharp, monomorphic, and polymorphic bands
as in Figures 3, 4, and 5. Primer 1 gave band patterns of
almost the same pro�le between the three ampli�ed samples
of each group so it did not clarify any di�erence (Figure 3).
In contrast, the other primers (primer 2 and primer 3) were
most informative and they produced reproducible and the
most distinguishable banding pro�les between the ampli�ed
samples of each group a�erRAPDassays as in Figures 4 and 5.
�e ampli�ed fragments of PCR products were summarized
as in Table 6. Primers 2 and 3 produced highly similar RAPD
�ngerprints for negative control group (group 1) and groups
2 and 3 while they detected some changes in hepatic DNA
of lead acetate treated group (group 4). We observed similar
RAPD-PCR �ngerprint using primer 2 in all 12 samples from
the di�erent groups as in Figure 3. In Figure 4, the ampli�ed
RAPD products of group 4 using primer 2 lost some bands



BioMed Research International 5

Table 5: Changes in hematological parameters of female rats treated a�er lead exposure and Omega-3 treatment.

Parameters

Experimental groups

(Group 1)
−ve control

(Group 2)
Omega-3

(125mg/kg b.w.) + lead acetate

(Group 3)
Omega-3

(260mg/kg b.w.) + lead acetate

(Group 4)
+ve control

Hb (g/dL) 14.74 ± 0.070a 13.70 ± 0.155 a 14.31 ± 0.107a 9.67 ± 0.153b
PCV (%) 41.14 ± 0.388a 40.25 ± 0.503a 42.84 ± 0.618a 31.86 ± 0.346b
RBCs (×1012 L−1) 5.67 ± 0.133a 4.97 ± 0.174a 5.96 ± 0.162a 3.74 ± 0.056b
WBCs (×109 L−1) 3.97 ± 0.196a 4.98 ± 0.084ab 3.90 ± 0.076a 5.96 ± 0.130b
PLT (×1012 L−1) 255.14 ± 8.250a 217.57 ± 3.518a 268.29 ± 9.551a 116.57 ± 8.352b

Values are expressed asmeans± SE; � = 7 for each treatment group. a, b indicate the signi�cant results statistically, while abmay be signi�cant or not signi�cant;
� < 0.05.
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Figure 1: Para�n sections stained by haematoxylin and eosin (H&E,×200) for histopathological examination of liver tissues of rats as follows:
control group (a) showing normal hepatocytes architecture (H), central vein (C.V), and normal blood sinusoids (S); (b) liver tissue of group
2 (lead acetate + Omega-3, 125mg/kg body weight); (c) liver tissue of group 3 (lead acetate + Omega-3, 260mg/kg body weight) showing
histological alterations induced by lead acetate that were markedly reduced in groups 2 and 3. Liver tissue of group 4 (lead acetate treated
rats) (d1 and d2) showing distended and hemorrhage in the portal vein ( ), loss of the normal architecture, degenerated hepatocytes with

pyknotic nuclei (◻), and degenerated hepatocytes with vacuolated cytoplasm ( ). Condensed nuclei ( ) and lymphocytes aggregation
(L) inside the hepatic tissue.
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Figure 2: Para�n sections stained by haematoxylin and eosin (H&E, ×200) for histopathological examination of the kidney tissue of rats
treated as follows: control group (a); lead acetate plus Omega-3, 125mg/kg body weight group (b); lead acetate plus Omega-3, 260mg/kg
body weight group (c). Kidney tissue of lead acetate treated rats (d) showing disruption of Bowman’s capsule, shrunken glomeruli G with the
capsular space S, and cytoplasmic pyknosis of some nuclei ( ), �e degenerative changes in the epithelial cells lining the renal tubules (◻),
hemorrhagic area ( ) in renal tubules, and dilation in the renal tubules are compared to normal histological structure of the glomerulus
and tubules in control group (a). Histological alterations induced in lead acetate at both doses of Omega-3 groups (b) and (c) were markedly
reduced.
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Figure 3: Pattern RAPD-PCR (primer 1) of hepatic DNA samples
exposed to lead acetate and treatedwith two doses of Omega-3 using
primer 1.�eDNA ladder is in lane (M); lanes (gp1) represent group
1 (−ve control), lanes (gp2) group 2 (Omega-3 with dose 125mg/kg
body weight and lead acetate), lanes (gp3) group 3 (Omega-3 with
dose 260mg/kg body weight and lead acetate), and lanes (gp4)
group 4 (+ve group).

of their three samples compared to the samples of negative
control group and treated groups with Omega-3. Moreover
the pattern showed a smear in the beginning of lanes 1 and
3 of group 4. �e PCR products using primer 2 gave obvious
results through the bands pro�le which were begun to appear
at about 900 bp while the patterns of other groups were
started at about 1350 bp. In addition, the RAPD-PCR using
primer 3 did not amplify the �rst sample of group 4 (lane 1
of group 4) while lanes 2 and 3 of group 4 lost their bands at
approximately 1650 bp compared to other groups as shown in
Figure 5.�e ampli�cation products obtained by thismethod
showed the presence of numerous bands from 250 to 1300 bp
with primer 1, 300 to 1500 bp with primer 2, and 250 to
1700 bp with primer 3, respectively (Figures 3, 4, and 5).

�e RAPD products were scored as present (1) or
absent (0) for each primer-genotype combination.�e results
of RAPD patterns of the 3 primers were summarized as
in Table 6. �irty-six bands were scored where 33 were
polymorphic and 3 of them were monomorphic. Jaccard’s
coe�cient of similarity was measured and a dendrogram
(Figure 6) based on similarity coe�cients was generated
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Table 6: Random primers showing polymorphism of DNA from liver of the four groups.

Primer code
Nucleotide

sequence 5� → 3�
Total number of

ampli�ed fragments

Number of
monomorphic
fragments

Number of
polymorphic
fragments

Fragments size
range (bp)

1 GTC CAT GCCA 13 2 11 250–1300

2 ACA TCG CCCA 12 1 11 300–1500

3 ATG CCC CTG T 11 0 11 250–1700

Total 36 3 33

(1) (2) (3)(1) (2) (3)(1) (2) (3)(1) (2) (3)
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Figure 4: Pattern RAPD-PCR (primer 2) of hepatic DNA samples
exposed to lead acetate and treatedwith two doses of Omega-3 using
primer 2.�eDNA ladder is in lane (M); lanes (gp1) represent group
1 (−ve control), lanes (gp2) group 2 (Omega-3 with dose 125mg/kg
body weight and lead acetate), lanes (gp3) group 3 (Omega-3 with
dose 260mg/kg body weight and lead acetate), and lanes (gp4)
group 4 (+ve group). Arrows indicate loss of some ampli�cation
products of di�erent groups.
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Figure 5: Pattern RAPD-PCR (primer 3) of hepatic DNA samples
exposed to lead acetate and treatedwith two doses of Omega-3 using
primer 3.�eDNA ladder is in lane (M); lanes (gp1) represent group
1 (−ve control), lanes (gp2) group 2 (Omega-3 with dose 125mg/kg
body weight and lead acetate), lanes (gp3) group 3 (Omega-3 with
dose 260mg/kg body weight and lead acetate), and lanes (gp4)
group 4 (+ve group). Arrows indicate loss of some ampli�cation
products of di�erent groups.
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Figure 6: Dendrogram of the four applied groups generated by
UPGMA based on 3 RAPD primers, where gp1 is group 1, gp2 is
group 2, gp3 is group 3, and gp4 is group 4.

Table 7: Agreement percentage of RAPD pro�le.

gp1 gp2 gp3 gp4

gp1 100 81 75 64

gp2 81 100 78 72

gp3 75 78 100 89

gp4 64 72 89 100

by using unweighted pair group method with arithmetic
mean (UPGMA). �e best ampli�ed PCR was selected from
each group to compare between them using stat so�ware.
�e analysis of the results described the similarity between
di�erent samples of liver tissues (Table 7). �e similarity of
positive control (group 4) and treated group with Omega-3
(group 2) was about 64% and 81%, respectively, compared
to negative control (group 1). �e variations of the RAPD
pro�les of treated Omega-3 groups were compared to the
negative and positive control groups.

4. Discussion

Lead has been known to be an environmental pollutant and
its toxicity has also been associated with health hazards [8].
�e liver acts as chief player in detoxi�cation process and is
one of the target organs a�ected by lead toxicity owing to
its storage in the liver. Data shown in Table 2 demonstrated
that treatment with lead acetate caused a signi�cant elevation
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in the activities of liver enzymes AST, ALT, ALP, and LDH
in serum con�rming the histological damage shown in the
liver (Figure 1). �e present results revealed a signi�cant
increase in ALT, AST, and ALP in serum of lead acetate
treated rats compared with negative control group. �ese
results are in agreement with the results of Herman et al.
[27], Ibrahim et al. [28], and Mehana et al. [29]. However,
the activities of LDH were signi�cantly elevated in serum
of lead acetate treated rats and this result is similar to that
of Ibrahim et al. [28]. �e increasing of LDH in serum of
lead acetate treated group may be due to spill out of this
enzyme from the liver cytosol into the blood stream and/or
liver dysfunction and disturbance in the biosynthesis of this
enzymewith alteration in the permeability of livermembrane
according to Yousef [30]. Also, Gaskill et al. [31] reported that
releasing of AST, ALT, and LDH from the cell cytosol can
occur as secondary changes to cellular necrosis. In addition,
signi�cant decrease in the total proteins and albumin in the
serum of lead acetate treated group was compared to control
group. Liver synthesizes proteins, among which is albumin,
and the decrease in the total proteins and albumin levels in
liver could be attributed to changes in protein and free amino
acids metabolism and their synthesis in the liver [31]. �is
adverse e�ectmight be caused by the interference of leadwith
protein synthesis or by the binding of lead to some metal-
binding proteins and their removal through detoxi�cation
processes [30]. In an attempt to clarify the mechanism
involved, it has been reported that lead caused a disruption in
protein andRNA synthesis. Also, the observed decrease in the
total proteins and albumin in the liver could be attributed to
the damaging e�ect of lead acetate on liver cells as con�rmed
by increasing in the activities of serumASTandALT (Table 2)
a�er treatment of rats with lead acetate [32]. In the current
study, the induced elevation of albumin, urea, and creatinine
due to lead acetate administration indicated that the kidney
function was a�ected. In addition, lead acetate caused a
signi�cant elevation in serum urea and creatinine re�ecting
renal impairment that is coinciding with histological damage
of the kidney as shown in Figure 2 [33, 34]. It can be
concluded that oxidative damages may be the primary cause
of lead toxicity leading to lipid peroxidation and cellular
damage. �us, the obvious change in liver and kidney
functions is related to the intensity of cellular damage. It has
been shown that lead acetate undergoes metabolism in liver
via esoteric and oxidative pathways generating elevatedMDA
levels that lead to hepatic necrosis [31]. �e increased levels
of MDA in the present study are associated with a reduced
level of GSH and increased activities of serum enzymeswhich
indicated the occurrence of an oxidative insult that caused
hepatic and renal damage. Moreover, the toxicity with lead
acetate in rats of group 4 leads to depletion of GPx, CAT, and
SOD enzymes activities in liver and kidney (Tables 2 and 3)
and these results are matching with the results which were
achieved in a previous study [10]. �e possible explanation
could be related to the proposed role of GSH in the active
excretion of lead through bile by binding to the thiol group
of GSH and then being excreted. A decrease in GSH levels
could lead to oxidative stress and a consequent increase in
lipid peroxidation [7]. �e presence of lipid peroxidation

was observed in the current study due to decrease of SOD
and CAT activities [10]. Enzymes, such as GPx, CAT, and
SOD may contribute to the explanation of the mechanisms
responsible for the decrease in GSH concentration in liver
and kidney due to the exposure to this heavy metal [22].

�e chemoprotective e�ect of Omega-3 on liver tissue
was con�rmed by the attenuation of the activities of serum
ALT, AST, ALP, and LDH in addition to the normalization of
serum protein and albumin contents (Table 2). �ese results
are consistent with the results of Attaia et al. [35]. �e mode
of action of Omega-3 can be intercepted pharmacologically at
di�erent levels with agents that scavenge free reactive oxygen,
block their generation, or enhance endogenous antioxidant
capabilities [35].

�e current results also indicated that treatment with
Omega-3 decreased the level of MDA associated with an
elevation in SOD and CAT activities, as well as in GSH
content, in groups 2 and 3. �e decrease in the MDA
level by Omega-3 may be due to its antioxidant properties
that inhibited lipid peroxidation [36] and this action helps
stabilize the reactive radicals, preserve the cellular integrity,
and restrain the severity of lead acetate. GSH plays a key
role in many cellular processes involving protection of cells
against oxidative stress, xenobiotics, and radiation and it is
abundant with low molecular weight intracellular thiol [37].
In our study, Omega-3 prevented the decrement of GSH
level suggesting that Omega-3 may protect the SH group of
GSH from the reactive radicals that are produced from lead
acetate toxicity. Similarly, Attaia and Nasr [38] found that
Omega-3 could maintain normal levels of SOD and CAT
activities. �e antioxidant and anti-in�ammatory e�ects of
Omega-3 through scavenging of free radicals and inhibiting
lipid peroxidation have been reported previously by Pauwels
and Kostkiewicz [36]. �is oxidant/antioxidant theory may
explain the protective role of Omega-3 fatty acids against the
hepatotoxicity and nephrotoxicity of lead acetate.

In the present study, a signi�cant increase in serum total
lipids, cholesterol, triglycerides, and LDL-c and a signi�cant
decrease of HDL-c of the rats treated with lead acetate were
estimated (Table 4). HDL-c helps to scavenge cholesterol
from extrahepatic tissues and the decrease of HDL-c concen-
tration as in this study contributed to increasing cholesterol
levels. �ere is evidence linking increased serum cholesterol
and LDL-c levels to a higher risk for developing coronary
heart diseases [39]. �e present results exhibited that there
was a signi�cant decrease in serum total lipids, cholesterol,
triglycerides, and LDL-c and a signi�cant increase of HDL-c
of the rats treated animals with Omega-3 in groups 2
and 3 compared to lead acetate treated group (Table 4).
Devasagayamet al. [40] suggested that oxidativemodi�cation
of low-density lipoproteins (LDL-c) caused by reactive oxy-
gen species results in the formation of foam cells which is the
initial lesion of atherosclerosis.�ey also reported that LDL-c
oxidation and atherogenesis can be inhibited by nutritional
antioxidants. �ere are also epidemiological evidences and
interventional studies to correlate higher level of antioxidant-
rich food uptake with lower incidence of coronary heart
disease [40].
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�e results of the present study demonstrated that lead
acetate administration to female rats resulted in signi�cant
decrease of Hb, PCV, RBCs, and platelet count (PLT) of
the rats treated with lead acetate in contrast to those in the
negative control rats (Table 5). On the other hand, WBCs
count of lead acetate treated rats was elevated compared to
the negative control group, and these results are in agreement
with those described by Kim et al. [41] and Simsek et al.
[42]. However, Topashka-Ancheva et al. [43] showed that
lead could damage the erythrocytes membrane resulting
in hemolysis or decrease of blood iron level which may
be the reason of decreasing the concentration of Hb and
PCV. �ese hematological alterations might be also due to
the e�ect of lead on the activity of �-aminolevulinic acid
dehydrogenase which acts as key enzyme of heme synthesis.
Previous study reported that lead inhibits the conversion
of coproporphyrinogen III to protoporphyrin IX leading to
reduction in Hb production and shortening of life span of
erythrocytes [44].�e results obtained in this study indicated
that Omega-3 successfully maintained normal haematolog-
ical parameters against the toxicity induced by lead acetate
in female rats. Our data are in accordance with previous
results which reported that supplementing rats with di�erent
doses of Omega-3 showed appreciable improvement in the
haematological indices as evidenced by signi�cant increase
in Hb, PCV, and RBC counts and decrease in WBC counts
[45].

Figures 1(a), 1(b), and 1(c) showed normal cellular archi-
tecture with distinct hepatic cells, sinusoidal spaces, and a
central vein that were observed in the negative control group
and Omega-3 at both doses-treated groups. Figure 1((d1)
and (d2)) showed that lead acetate treatment induced severe
histopathological alterations in liver; most of the intrahepatic
blood vessels, especially the central veins, were dilated and
congested. In addition, the hepatocytes lost their normal
architecture and vacuolization with pyknotic nuclei appeared
in the cytoplasm. �ese results are in agreement with the
results of Abdel-Moneim et al. [46]. Our histological inves-
tigations of renal tissue revealed that Pb-acetate treatment
results in progressive glomerular and tubular alterations.
�ese �ndings are in agreement with the results of Abdel-
Moneim et al. [34]. Omega-3 treatment caused a signi�cant
decrease in the histopathological changes induced by lead
acetate in the liver and the kidney (Figures 1 and 2) and
partially restored these changes in lead acetate plus Omega-3
treated groups.

RAPD and arbitrarily primed polymerase chain reaction
technique (AP-PCR) are powerful tools for gene mapping,
population, pedigree analysis, phylogenetic studies, and
strain identi�cation [47]. In addition, their use in surveying
genomic DNA for evidence of various types of damage and
mutation suggests that they may potentially form the basis
of novel genotoxicological assays for the detection of DNA
damage and mutations [48].

Previous studies have shown that changes in band pat-
terns observed in DNA “�ngerprint” analyses re�ect DNA
alterations from single base changes (point mutations) to
complex chromosomal rearrangements [49, 50]. In this study,
DNA damage induced by heavy metals was re�ected by

changes in RAPD pro�les, disappearance of bands and
appearance of new PCR products which occurred in the
pro�les generated by exposed rats to lead acetate.�e present
data showed that the RAPD-PCR method is useful for the
screening and characterization of genomic regions that have
undergone alterations as the result of lead acetate exposure.
Several similar �ndings have been reported by Castaño
and Becerril [51] and Liu et al. [52] that used RAPD-PCR
to analyze the induced DNA damage. However, random
ampli�ed polymorphism of DNA (RAPD) showed distinct
di�erences in animal groups exposed to lead acetate (group
4) and treated with Omega-3 (groups 2 and 3) at both doses
(125 and 260mg/kg body weight). Also, RAPD re�ected the
protective e�ect of Omega-3 on DNA. �ese results were
consistent with those obtained by Elelaimy et al. [53] who
reported that Omega-3 pre-/posttreatment to azathioprine
showed high signi�cance in reducing the percentage of DNA
fragmentation compared to azathioprine treated mice.

5. Conclusion

In this study, the e�ect of lead acetate as one of the haz-
ardous heavy metals was studied using biochemical tests;
histopathological study and genomic analysis showed the
high risk of lead toxicity through the exposure to lead
acetate. Omega-3 acts as antioxidant compound and has
protective and treatment e�ect versus lead toxicity, so it
should be tested on other heavy metals and environmental
toxic compounds. �e biochemical analysis con�rmed the
free radical scavenging properties of Omega-3 as antioxidant
compounds as well as the ability of Omega-3 to improve
liver and kidney functions and haematological parameters.
RAPD-PCR technique proved that it is a useful and e�ective
technique to study the DNA damage due to lead toxicity
through the mutation of DNA which can be studied through
the absence or intensity of di�erent pattern bands. So, the
present results indicated that coadministration of Omega-
3 had protective role against hepatotoxicity, renal toxicity,
haematotoxicity, and genotoxicity induced by lead acetate.
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