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INTRODUCTION

ABSTRACT

Lead acetate — which results in significant damage to the
genetic structure of living organisms — is found in many
sources that humans use daily. Histocompatibility complex
(MHC) genes in the vertebrate play a critical role in immune
responses, and are highly polymorphic. Virgin olive oil (VOO)
and curcumin are natural compounds having several healthy
features including antigenotoxic activities. The present study
aimed for determining the effects of VOO and curcumin
(versus ZnCl,, as an antioxidant agent) on Mhc genetic
variation of renal tissues of lead acetate-treated mice by
using the microsatellite loci. Thirty male albino Swiss mice
(Mus musculus) were randomly allotted into 5 groups (n = 6):
group “1”, the control group; groups “2-5” that received orally
lead acetate (400 mg/kg body weight, by gavage for
15 consecutive days) + either distilled water (orally), or ZnCl,
(4 mg/kg body weight, intraperitoneally injected), or curcumin
(500 mg/kg body weight, orally), or VOO (8 mL/kg body
weight, orally) for additional 15 consecutive days, respectively.
Comparing to the control group, the 2" and the 4™ groups
showed high polymorphism value (17%) and (21%),
respectively; while the 3™ and 5™ groups showed low
polymorphism value (12%) and (15%), respectively, in Mhc
genes. The obtained data illustrated the usefulness of virgin
olive oil, as compared with the curcumin, in limiting Mhc
genetic variation induced by lead acetate in mice.

may enter the body through the skin, mouth,

Lead acetate is a white crystalline toxic
chemical compound with a slightly sweet
taste, soluble in water and glycerin, and
poorly soluble in alcohol. Humans
exposed daily to lead acetate sources, such
as car fuel, dyes, preserved food in metal
cans, water pipes, and some children toys
Depending on the period of exposure, lead

[2,3]

and nose causing a large toxicity™®.
Damage to many organs inside the body, as
heart, liver, kidneys, brain, and testes could
causes death due to the exposure to large
amounts of lead acetate®¥. Zinc is famed
as an antioxidant agent, where it has
the ability to decrease membrane lipid
peroxidation, and hence protecting from
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organ injury caused by oxidative stress™®*,
In addition, it decreases Pb intoxication**™*3.

Turmeric (Curcuma longa) has a yellow
color fraction in its rhizome called curcumin,
which has anti-inflammatory, anticarcino-
genesis, and antioxidant activities!**),
Curcumin reduces the oxidative effect of
lead ions by preventing its accumulation in
different tissues, resulting in an improve-
ment of serum biochemical parameters,
reducing inflammation, protecting the cells
from damage, and repairing it™®.

Virgin olive oil is a successful dietary
manipulation due to its unique features, by
having high content of oleic acid and
antioxidant molecules specially phenolic
compounds®”.  Salvini et al.l®® and
Machowetz et al.l'* illustrated the protective
role of olive oil against DNA damage; in
addition, its antioxidant features lowering
cancer incidence. The role of olive oil in
reducing the toxicity of lead acetate in the
experimental  animals  needs  more
investigations?%.

Microsatellites are useful for discriminat-
ing alleles at single loci in the Mhc region
of mice®. The genotypes at three linked
microsatellite loci were identical in a sample
of humans sharing the same MHC haplotype,
so it may be useful for distinguishing
distinct MHC  haplotypes®.  Dietrich
et al.’®! reported that the Mhc genes
affect immunological mechanisms, parasite
resistance, and mate choice; this information
comes from the recent description of over
7000 microsatellites for Mus. The present
study aimed to investigate the roles of
curcumin and olive oil (versus zinc chloride)
against the genetic variation-induced by lead
acetate in Mhc region of mice.

MATERIAL AND METHODS
Chemicals and natural products

Lead acetate 3-hydrate powder
[CH3COO),Pb  3H,O,  purity:  98%,
manufactured by Rankem] and zinc

chloride anhydrous (ZnCl,, purity 98%,
manufactured by Apollo Scientific) were
obtained from Gene Tech, Cairo, Egypt.
Pure curcumin powder was obtained from

Health and Food Store, Giza, Egypt.
Virgin olive oil (VOO, 100% natural, cold
pressed, acidity: <0.8%) was obtained from
Isis Co, Cairo, Egypt.

Animals

Thirty male albino Swiss mice (Mus
musculus), about 6-8 weeks old and
weighing 23+29g, were obtained from
College of Veterinary, South Valley
University, Qena, Egypt. The animals were
kept in cages in animal’s house for two
weeks, for acclimatization to laboratory
conditions before the start of the experi-
ments, and were given free access daily to
water and rodent food pellets.

Experiment design

Mice were randomly allotted into 5 groups
(n = 6): group “1”, the control group;
groups “2-5” that received lead acetate
(400 mg/kg body weight, orally by gavage
for 15 consecutive days) + either distilled
water (orally), or ZnCl, (4 mg/kg body
weight, as an antioxidant agent, intra-
peritoneal  injection®), or  curcumin
(500 mg/kg body weight, orally®®®)), or VOO
(8 mL/kg body weight, orally®®) for
additional 15 consecutive days, respectively.
The lead acetate dose was determined
according to our preliminary experimental.
All mice were killed 24 hours after the
last dose. The kidneys were rapidly removed
and stored in —20°C until used for DNA
extraction.

DNA Extraction

DNA was extracted from the preserved renal
tissues using the DNA extraction method of
QlAamp DNA Mini kit (Qiagen, Hidden,
Germany) by following the manufacturer’s
guidelines.

Microsatellite loci

After the extraction of DNA, a set of seven
microsatellite loci closely linked to the
Mhc genes was used (Table 1). These
microsatellites lie between 18.00 and
19.50 centimorgan from the centromere of
chromosome 17 and are located within the
conventional H-2 region (bounded by the
K and L genes), where most of the highly
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polymorphic antigen-presenting Mhc loci
are found®®”). The polymerase chain reaction
(PCR) amplification was done using a total
volume of 20 uL containing 10 pL of
PCR master mix (OnePCR™ ready-
to-use, catalogue number: MB203-0100,
GeneDireX, Miaoli County, Taiwan), 0.5 pL
of each forward and reverse primer
(10 pmol/uL), 8 uL of nuclease-free water,
and 1 puL genomic DNA as a template.
The PCR amplification conditions were:
initial denaturation at 95°C for 180s, then
30 cycles each one containing denaturation
at 94°C for 60s, annealing for 60s at
primer specific temperature (50°C for
D17Mit21, 53°C for D17Mit214, 55°C
for D17Mit28, D17Mit83, and D17Mit103,

56°C for D17Mit33, and 57°C for
D17Nds3), 72°C for 60s for extension,
followed by a final extension at 72°C for
7 minutes. After PCR amplification, The
PCR products and 100bp DNA Ladder
ready-to-use (Catalogue Number: DMO001-
R500, GeneDireX) were electrophoresed
on 1.5% agarose gel stained with ethidium
bromide at 80 wvolts for 2-3 hours.
Expected heterozygosity (HE), polymorphic
information content (PIC), average hetero-
zygosity (H.av), marker index (MI) were
evaluated by online marker efficiency
calculator iIMEC!®!. The genetic similarity
and dendrogram were calculated by
palentological statistics (PAST) software
version 2.17¢/!,

Table 1: Primers, total of alleles (TA), monomorphic alleles (MA), polymorphic allele (PA),
%polymorphic (%P), Frequency (F), expected heterozygosity (HE), polymorphic information
content (PIC), average heterozygosity (H.av), marker index (Ml).

Primer TA MA PA %P F HE PIC H.av Ml
D17Mit21 15 4 11 73 0.6 0.45 0.35 0.0080 0.0211
D17Mit28 17 13 4 24 0.9 0.36 0.30 0.0050 0.0153
D17Mit83 9 2 7 78 0.7 0.47 0.36 0.0146 0.0366
D17MitNds3 9 6 3 33 0.9 0.26 0.23 0.0082 0.0278
D17Mit214 9 3 6 67 0.6 0.47 0.36 0.0146 0.0366
D17Mit33 8 5 3 38 0.9 0.34 0.28 0.0120 0.0377
D17Mit103 7 0 7 100 0.8 0.47 0.36 0.0195 0.0488
Mean 10.6 4.7 5.9 59 0.8 0.40 0.32 0.0117 0.0319
RESULTS D17MitNds3 as 0.26 with a mean of 0.40

The results revealed that the number of
alleles ranged from 7 to 17 in all groups
(Table 1). From the seven used micro-
satellites, D17Mit21 and D17Mit28 showed
the highest number of alleles. On the
contrary of that, D17Mitl03 display
a smaller number of alleles. The maximum
number of alleles was obtained in D17Mit28
locus, and the minimum number of alleles
was found in D17Mit103 locus. The mean of
observed number of alleles for all the loci
was 10.6. The maximum expected hetero-
zygosity (0.47) was obtained in D17Mit83,
D17Mit214, and D17Mit103, and the
minimum expected heterozygosity was in

for all loci. The PIC values ranged from 0.23
in D17MitNds3 to 0.36 in D17Mit83,
D17Mit214, and D17Mit103. The mean of
PIC value was 0.32. Average heterozygosity
was measured maximum in the marker
D17Mit103 (0.0195) and minimum in
D17Mit28 (0.0050) with a mean of 0.0177.
The MI values among the 7 microsatellite
loci ranged from 0.0153 (D17Mit28) to
0.0488 (D17Mit103), and the average value
of MI was 0.0319 (Table 1). More details
about the number of alleles, monomorphic
alleles, and polymorphic alleles in the four
groups comparing to the control group were
given in (Table 2).
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Table 2: Number of alleles (NA), monomorphic alleles (MA), and polymorphic allele (PA)
in the four tested groups comparing to the control group.

Lead acetate

Lead acetate Lead acetate

Primer Control Lead acetate + ZnCl, + Curcumin + VOO
NA NA MA PA NA MA PA NA MA PA NA MA PA
D17Mit21 9 10 14 5 11 18 2 11 14 6 7 10 6
D17Mit28 15 14 28 1 15 30 0 16 28 3 14 26 3
D17Mit83 8 6 12 2 5 10 3 6 10 4 6 10 4
D17MitNds3 9 8 16 1 7 14 2 7 14 2 9 8 0
D17Mit214 6 5 6 5 3 6 3 8 10 4 5 8 3
D17Mit33 8 5 10 3 6 12 2 7 14 1 8 8 0
D17Mit103 5 5 8 2 5 8 2 2 2 5 6 10 1
Sum 60 53 94 19 52 98 14 57 92 25 55 80 17
VOO: virgin olive oil.
The genetic similarity of the five low polymorphism value (12%) and

groups was calculated by PAST software.
Comparing to the control group, the lead

acetate- and the lead acetate+curcumin-
treated groups showed highly poly-
morphism  value (17%) and (21%),

respectively, while lead acetate+ZnCl,- and
lead acetate+VVOO-treated groups showed

(15%), respectively (Table 3). The dendro-
gram consisted of two main groups
(Figure 1). The first main group encloses
one group, the 4™ group (lead acetate+
curcumin-treated group). The second main
group includes all the remaining groups.

Table 3: The similarity matrix UPGMA Jaccard's coefficient among the five groups. Group
“1”: the control group, group “2”: lead acetate-treated group, group “3” lead acetate+ZnCl,-
treated group, group “4”: lead acetate+curcumin-treated group, group “5” lead acetate+virgin

olive oil-treated group.

Group 1 Group 2 Group 3 Group 4 Group 5
Group 1 100%
Group 2 83% 100%
Group 3 88% 85% 100%
Group 4 79% 78% 5% 100%
Group 5 85% 80% 80% 7% 100%
© © © © o o o o
(2] (2] ~ ~ (o] o (o] (o]
S T o g 9 g 9 O
5 Figure 1. Dendrogram demonstrating the
relationship among the five groups based
on data recorded from Microsatellite.
2 1: The control group, 2: lead acetate-treated
group, 3: lead acetate+ZnCl,-treated group,
3 4: lead acetate+curcumin-treated group,
5: lead acetate+virgin olive oil-treated group.
1
4
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DISCUSSION

It can be said that the MHC region has been
recognized as the region of the genome
with the largest number of human disease
associations®®. The Mhc genomic region
in the mouse was located on chromosome
1784 In the current study, we used seven
microsatellites situated between the K and D
locus on chromosome 17 because this region
contains the highest number of alleles. In
M. domestics strains, the average number of
alleles found between the K and D loci is
higher than those loci either near or away
from this region[®"’.

Our finding of microsatellite revealed
that lead acetate caused genetic variation
in the Mhc loci especially D17Mit214
locus, where polymorphism was 45.45%,
comparing to the control group. The total
number of alleles in both control and lead
acetate groups was 113. Out of them 19 were
polymorphic alleles (17% polymorphism).
This finding agrees with several researches
proved the harmful effect of lead on DNA.
Snow® reported that the genotoxic effects
could be the result of many mechanisms,
like the inhibition of DNA metabolism, the
induction of cellular immunity and oxidative
stress, and the formation of DNA and/or
protein cross-links. Furthermore, Acharya
et al.®¥ reported that lead ions are believed
to reduce the fidelity of DNA synthesis.
Some indirect mechanisms by lead also
induced reactive oxygen species (ROS)
and can inhibit DNA polymerase B, which
possibly pointing to the failure of DNA
repair mechanisms. Also, Gargioni et al.*¥
observed damage effect of lead on DNA of
mice, that is because of the direct effect of
lead on the DNA structure and oxidative
mechanisms®.  Ibrahim®! indicated the
sensitivity of microsatellite  sequences
located at the fragile sites at D6mit3, D9mit2,
and D15Mgh1 loci, as well as the sensitivity
of the simple sequence repeats assay for
the detection of small variations in DNA
sequence in rats, after exposure to four
heavy metals including lead acetate.

The total number of alleles in both
control and lead acetate+ZnCl,-treated

groups was 112. Out of them 14 were
polymorphic alleles (13% polymorphism).
These results indicated that zinc chloride
has a positive effect against lead acetate-
induced Mhc genetic variation. Griingreiff*”’
also reported that zinc is involved in
several important biological processes such
as cell division, growth, and differentiation,
as well as it protects the DNA strand from
damage.

The total number of all alleles in control
and lead acetate+curcumin-treated groups
was 117. Out of them 25 were polymorphic
alleles (21% polymorphism). These results
indicate that the curcumin did not improve
the genetics effect of lead acetate, but it
increased the genetic polymorphism compar-
ing to the control group. Mukhopadhyay
et al.® reported the slight increase in
the number of chromosomal aberrations in
acutely treated mice by curcumin. Curcumin
increased both the number of abnormal
metaphase and the frequency of chromo-
somal aberration at the highest concentration
in Chinese hamster ovary cell lines and did
not prevent bleomycin-induced chromo-
somal damage in any phases of the cell
cycle®. Morimoto et al.l*? concluded that
curcumin inhibited the hypertrophy-induced
acetylation and DNA-binding abilities of
a hypertrophy responsive transcription factor
“GATA4” in rat cardiomyocyte, indicating
that inhibition of histone acetyltransferase
p300 (p300 HAT) activity by curcumin may
also provide a novel therapeutic strategy for
heart failure in humans. Curcumin induces
epigenetic changes, and has effects on the
regulation of histone deacetylases, histone
acetyl transferases, DNA methyl transferase
I, and mi RNAs!“Y,

In the lead acetate+VVOO-treated group,
olive oil reduced the harmful genetic effect
of lead acetate on the Mhc genes in mice,
where the genetic similarity was 85%, while
the polymorphism was 15%, i.e. better than
that in the lead acetate+curcumin-treated
group. This may be due to that curcumin
displays low oral bioavailability because of
its poorly absorption by small intestine,
coupled to an extensive reductive associated
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and an
[42,43]

with metabolism in the liver
elimination through the gall bladder
On the other hand, olive oil contains a high
concentration of antioxidant compounds,
involving phenolic compounds. The anti-
oxidant activities of the phenolic compounds
have the ability to protect DNA, proteins,
and lipids from damage caused by
exposure to ROSM. Reducing oxidative
stress by olive oil was probably related to
the activities of its phenolic compounds
(especially oleuropein and hydroxytyrosol)
as strong free-radical scavengers and metal
chelators. Oleuropein and hydroxytyrosol
possess a catechol group, which is essential
for their scavenging activity of hydroxyl
radicals and superoxide anions*!. In this
sense, virgin olive oil may thus be important
component of effective dietary manipula-
tions aimed to partially modify the structure,
and the features, of biological membranes in
the daily conflict against free radicals and
oxidative stress-induced damage™”. Fabiani
et al.”® showed a potent DNA damage
preventive activity of olive oil phenols,
providing new evidence to support a
possible role of these compounds in the
prevention of cancer.

In conclusion, using the microsatellite
loci linked to Mhc genes in the determina-
tion of the genetic variation in Mhc region in

mice, which caused by lead acetate, is useful.

The data of the present study illustrated the
beneficial effects of VOO, in contrast to
curcumin, against lead acetate-induced Mhc
genetic variation in mice. The current study
may encourage the using of VOO as food-
adjunct to inhibit the harmful genetic effects
of lead.
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