‘ Ilnternational

Scholars
Journals

International Journal of Histology and Cytology ISSN 2756-3707 Vol. 9 (4), pp. 001-008, April, 2022.
Available online at www.internationalscholarsjournals.org © International Scholars Journals

retain the copyright of this article

Full Length Research Paper

Protective role of flaxseed oil against lead
acetate induced oxidative stress in testes of

adult rats
Ahmed E. Abdel Moniem**, Mohamed A. Dkhil*? and Saleh Al-Quraishy?

1Department of Zoology and Entomology, Faculty of Science, Helwan University, Cairo, Egypt.
2Department of Zoology, College of Science, King Saud University, Riyadh, Saudi Arabia.

Accepted 9 March, 2022

Even though the toxic effects of lead compounds had been studied over many years, inconsistent results have been
obtained about their oxidative stress in the testes of adult rats. Lead acetate (20 mg/kg) alters the histology of testes
as well as enhances lipid peroxidation and nitric oxide production in both serum and testes with concomitant
reduction in glutathione (GSH) and antioxidant enzymes as catalase (CAT), superoxide dismutase (SOD), glutathione
reductase (GR), glutathione-S-transferase (GST) and glutathione peroxidase (GPx). Moreover, lead acetate induced
DNA fragmentation in testes of rats. Treatment of rats with flaxseed oil (1000 mg/kg) resulted in marked improvement
in all studied parameters. On the basis of the aforementioned results, it can be hypothesized that flaxseed oil is a
promising natural product to protect against lead acetate induced oxidative stress and toxicity in rats.
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INTRODUCTION

The toxicity of lead remains a matter of public health
concern (Duzgoren-Aydin, 2007) due to its pervasiveness in
the environment and the awareness about its toxic effects
(Saleh et al., 2003) at exposure levels lower than what was
previously considered harmful (Sandhir et al., 1994).
Reproductive consequences of lead exposure are
widespread (Patrick, 2006), affecting almost all aspects of
reproduction (Zheng et al., 2003). Lead induces decre-ased
sperm count, motility and increased morphological
abnormalities in animals (Hsu et al., 1998; Hsu et al., 1997).
It is essential to find an appropriate approach to prevent and
treat a lead-exposed person. The current approved
treatment for lead poisoning is to administer chelating
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agents (thiol chelators and other complexons) that form
an insoluble complex with lead and remove it from lead
enriched tissue; but most of these chelating agents from
many side effects (Flora et al., 1995) and are ineffective
to reduce lead exposure. Free radical generation is
referred to as the pathogenesis of lead, so supplemen-
tation of antioxidants could be considered as the
alternative method for chelation therapy (Flora et al.,
2003). Ascorbic acid, an anti-oxidant chelating agent
used in the treatment of lead toxicity, has been reported
to protect the cells and sperm from oxidative stress and
loss of motility, respectively (Patra et al., 2001).

Flaxseed oil, Linum unisatissimum, has a history of
food use in Europe and Asia for its potential health
benefits, which include anticancer effects, antiviral and
bactericidal activity, anti-inflammatory effect, ion redu-
ction, laxative uses and reduction of atherogenic risks
(Craig, 1999). The current study is aimed at investigating
the role of flaxseed oil in reduction of the alterations
induced in the testis of rats by lead acetate.

MATERIALS AND METHODS
Animals

Adult male albino rats weighing 120 — 150 g and aged 7 - 9 weeks



old were obtained from The Holding Company for Biological
Products and Vaccines (VACSERA, Cairo, Egypt). The animals
were kept in wire bottomed cages in a room under standard
condition of illumination with a 12 - h light-dark cycle at 25 + 1°C.
They were provided with tap water and balanced diet ad libitum.
The experiments were approved by the state authorities and it
followed the Egyptian rules on animal protection.

Experimental protocol

To study the effect of flaxseed oil on lead acetate mediated
testicular dysfunction, twenty four adult male albino rats were rand-
omly distributed to four groups (six rats for each). Group | (Con)
served as vehicle control and received saline, NaCl 0.9%, (0.3 ml
saline/ rat) by oral administration. Group Il (Pb) received
intraperitoneal (i.p.) injection (100 ul) of 20 mg/kg lead acetate (Ito
et al., 1985) for 5 days. Group Il (FSO) received 0.3 ml of flaxseed
oil by gavages (orally) once a day for 5 days at a dose of 1000
mg/kg (Bhatia et al., 2007) and the animals of group IV (Pb + FSO)
received 0.3 ml flaxseed oil by gavages once a day for 5 days at a
dose of 1000 mg/kg body weight. One hour after the treatment with
flaxseed oil, group 1V was intraperitoneally injected with 100 pl of 20
mg/kg lead acetate for 5 days. Consequently, after 24 h of the last
i.p. injection of lead acetate, the animals of all groups were
cervically dislocated and blood samples were collected. This was
followed by the samples standing for half an hour and then
centrifuged at 500 g for 15 min at 4°C to separate serum and stored
at -70°C. Part of the liver was weighed and homogenized
immediately to give 50% (w/v) homogenate in ice-cold medium
containing 50 mM Tris-HCI and 300 mM sucrose (Tsakiris et al.,
2004). The homogenate was centrifuged at 500 g for 10 min at 4°C.
However, 10% of the supernatant was used for various biochemical
determinations.

Testis index

At the end of the experimental period, each rat was weighted and
the left testis was then removed and weighed. Finally, the testis
index was calculated by dividing the left testis weight by the body
weight and then multiplying by 100.

Histological examination

Pieces of testes were fixed in 10% neutral-buffered formalin that
was embedded in paraffin and the deparaffinized sections were
stained routinely with hematoxyline and eosin.

Biochemical estimations

Determination of serum testosterone

Quantitative measurement of serum testosterone was carried out by
adopting enzyme-linked immunosorbent assay (ELISA) technique
using kits purchased from Calbiotech Inc., (Austin, Canada)
according to the method described by Joshi et al. (1979).

Determination of nitric oxide and lipid peroxidation levels

Nitric oxide (NO) and malondialdehyde (MDA) were assayed colori-
metrically in the testis homogenate according to the method of
Berkels et al. (2004) and Ohkawa et al. (1979) respectively, where
MDA was determined by using 1 ml of trichloroacetic acid (10%)
and 1 ml of thiobarbituric acid (0.67%). Consequently, they were

then heated in a boiling water bath for 30 min. Thiobarbituric acid
reactive substances (TBARS) were determined by the absorbance
at 535 nm and expressed as malondialdehyde formed. Nitric oxide
was determined somewhere in the acid medium and in the
presence of nitrite, so that the formed nitrous acid diazotise
sulphanilamide is coupled with N-(1-naphthyl) ethylenediamine.
The resulting azo dye has a bright reddish — purple color which can
be measured at 540 nm.

Estimation of glutathione reduced and anti-oxidant enzymes

Testicular reduced glutathione (GSH) were determined by the
methods of Ellman (1959). The method was based on the reduction
of ElIman's reagent (5.5 dithiobis (2-nitrobenzoic acid) "DTNB") with
GSH to produce a yellow compound. The reduced chromogen that
is directly proportional to GSH concentration and its absorbance
can be measured at 405 nm. In addition, the level of testicular
antioxidant as catalase (CAT) activity of testis was assayed by the
method of Aebi (1984). As a result, catalase reacts with a known

quantity of HoO». The reaction is stopped exactly after one minute
with catalase inhibitor. In the presence of peroxidase (HRP), the

remaining HoO» reacts with 3,5-Dichloro-2-hydroxybenzene sulfonic
acid (DHBS) and 4-aminophenazone (AAP) to form a chromophore
with a color intensity that is inversely proportional to the amount of
catalase in the original sample.

Testicular superoxide dismutase (SOD) activity was assayed by
the method of Nishikimi et al. (1972). This assay relies on the ability
of the enzyme to inhibit the phenazine methosulphate-mediated
reduction of nitroblue tetrazolium dye. Glutathione-S-transferase
(GST) activity in the testis was assayed by the method of Habig et
al. (1974). The total GST activity was done by measuring the
conjugation of 1-chloro-2,4-dinitrobenzene (CDNB) with reduced
glutathione. The conjugation is accompanied by an increase in
absorbance at 340 nm. The rate of increase is directly proportional
to the GST activity in the sample.

Testicular glutathione peroxidase (GPx) activity was measured by
the method of Paglia and Valentine (1967) and the assay was an
indirect measurement of the activity of GPx. Oxidized glutathione
(GSSG), produced upon reduction of organic peroxide by GPx, was
recycled to its reduced state by the enzyme glutathione reductase
(GR). The reaction was initiated by the addition of hydrogen
peroxide, and the oxidation of NADPH to NADP" is accompanied by
a decrease in absorbance at 340 nm.

Glutathione reductase activity of testis was assayed by the
method of Factor et al. (1998). Glutathione reductase catalyzes the
reduction of glutathione in the presence of NADPH, which is
oxidized to NADPH". As a result, the decrease in absorbance at
340 nm was measured.

Analysis of DNA fragmentation

The detection of DNA fragmentation using agarose gel electro-
phoresis was performed as described (Watabe et al., 1996). The
testis homogenate was washed twice with phosphate buffered
saline (PBS) and the washed cells were lysed in a solution of 10
mM Tris-HCI (pH 8.0), 10 mM ethylenediaminetetraacetic acid
(EDTA), 0.5% (w/v) sodium dodecyl sulfate and 0.1% (w/v) RNase
A, with incubation for 60 min at 50°C. The lysate was incubated for
an additional 60 min at 50°C with 1 mg/ml proteinase K and then
subjected to electrophoresis for 60 min at 50 V in a 1% (w/v)
agarose gel in 40 mM Tris acetate (pH 7.5) containing 1 mM EDTA.
After electrophoresis, DNA was visualized by staining with ethidium
bromide. The amount of DNA fragmentation in testes of rats was
quantified by the image analyzer. Images were captured using
Gene Genius Bio Imaging System, and the optical density (O.D)
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Figure 1. The effect of lead acetate and flaxseed oil on the testis index of rats. Values
are means + SE (n = 6). a, significant change at p < 0.05 with respect to the control
group; *ratio of the testis weight in g/rat to body weight in g/rat.
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Figure 2. Reduced serum testosterone level in rats administered lead acetate due to
treatment with flaxseed oil. Values are means + SE (n = 6). a, significant change at
p<0.05 with respect to control group.

values of DNA products were measured using Gene Tools Software. RESULTS

Statistical analysis Lead acetate administration in rats caused a significant

The obtained dat ed + standard o decrease in testis index (Figure 1) indicating that Pb”
e optaine ata were presented as means = standard error. One : H : . P
way analysis of variance (ANOVA) was carried out, and the caused impaired testis function. Additionally, the level of

statistical comparisons among the groups were performed with blood serum testosterone was significantly decreased

Duncans test using a statistical package program (SPSS version (Figurel2). On the other hand, flaxseed oil restored both
17.0). the rats' body weights (Figure 1) and testosterone level to



Figure 3. Histological changes in testes of rats. (A) Control testis with normal architecture; (B) rats treated
with lead acetate that has degenerated seminefrous tubules (arrow) and vacuolar degeneration in the
cytoplasm of the spermatogenic epithelium (arrow head); (C) rats treated with flaxseed oil; (D) Rats treated
with the lead acetate and flaxseed oil. Sections were stained with hematoxylin and eosin. Bar = 20 pm.

the control range, but it failed to restore the testis index to
its normal range (Figure 2). Light microscopy was used
for evaluation of testicular histology and the seminiferous
tubules of the control rats were completely differentiated.
Spermatozoa are shown in some of the tubules (Figure
3A). In contrast, in the lead acetate treated group, the
testis showed an abnormal structure of the seminiferous
tubules with vacuolar degenerative changes appearing in
the cytoplasm of the spermatogenic epithelium and
absence of late stage germ cells (Figure 3B). These
degenerative changes caused by lead acetate were
significantly rescued after treatment of rats with flaxseed
oil (Figure 3D).

The measured MDA and NO levels in testisticular
homogenate were significantly increased after lead
acetate administration (63.4 and 76.0%, p < 0.05), resp-
ectively, when compared with the control group (Figure
4). On the other hand, the administration of flaxseed oil
only increased the level of NO of testes by 20.3%. In
addition, synchronous treatment of flaxseed oil and lead
acetate showed significant increase in MDA levels and
NO of testes by 39.4 and 42.2%, respectively.

Lead acetate induced a significant decrease in GSH
concentration by -37.3% (p < 0.05). However, treatment
with flaxseed oil failed to recover the Pb'“-induced
testisticular GSH depletion by -13.1%. Injection of rats
with lead acetate significantly decreased the activity of
CAT, SOD, GST, GPx and GR in the testisticular homog-
enate by -28.0, -26.3, -31.8, -39.1 and -21.8%,

respectively, in comparison to the control group (Table 1).
On the other hand, the change in testisticular GR incre-
ased significantly in flaxseed oil group (14.8%), while the
levels of testisticular CAT, SOD, GST and GPx were not
significantly affected in the flaxseed oil group when
compared with the control animals. In addition, treatment
of rats (administered lead acetate with flaxseed oil)
significantly reduced the level of antioxidant enzymes in
testes (CAT: -19.6%, SOD: -20.7%, GST: -14.2% and
GPx: -24.5%, p < 0.05), while testisticular GR was not
significantly affected (Table 1).

The incidence of DNA fragmentation (Figure 5A) is due
to necrosis and apoptosis, remembering that both cell
deaths frequently occur together. Observing Figure 5, we
concluded that flaxseed oil markedly reduced the
fragmented DNA in testes of rats injected with lead acetate
from 21 to 12% (Figure 5B).

DISCUSSION

Lead (Pb+2) is a heavy metal that can be toxic when
introduced into the human and animal bodies by ingestion
or inhalation in sufficient quantities. It causes various
destructive effects (Neathery and Miller, 1975). In human,
increased levels of lead causes many serious diseases
and dysfunction of organs (Gennart et al, 1992;
McGregor and Mason, 1990).

The result of the present investigation showed that, lead
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Figure 4. The percentage difference in the levels of MDA and NO in serum and testes homogenate of
male rats treated with lead acetate and lead acetate + flaxseed oil. Values are means * SE (n = 6). a,
significant change at p < 0.05 with respect to control group; b: significant change at p< 0.05 with

respect to Pb" group.

Table 1. Changes in the levels of GSH, CAT, SOD, GST, GPx and GR in the testis homogenate of male rats treated with lead

acetate, flaxeed oil and lead acetate + flaxseed oil.

Group GSH CAT SOD GST GPx GR
(mmol/g tissue) (U/g tissue) (U/g tissue) | (umol/h/ g tissue) (U/g tissue) | (umol/ g tissue)
Con 2.52+0.08 3.2120.12% 5.89+0.23 3.02+0.13 1.69+0.07 33.65+1.56
Pb** 2.08+0.06% 2.310.122 4.34+0.16" 2.060.12% 1.03+0.05° 26.32+1.37%
FSO 2.83+0.25 3.08+0.14 6.050.17 3.11+0.09 1.62+0.11 38.6421.09%
Pb“"+FSO 2.19+0.11% 2.58+0.11% 4.67+0.17% 2.59+0.15" 1.27+0.08°" 31.09+0.96

Value+s are means * SE (n = 6). a, significant change at p < 0.05 with respect to control group; b, significant change at p < 0.05 with respect

to Pb " group.

exposure caused progressive vascular, tubular and
interstitial testicular damage. These findings are in
agreement with Veit et al. (1983), who reported that
degeneration of semineferous tubules of turtles are
exposed orally to lead. Flaxseed oil relatively improves the
induced histopathological changes in the testis of rats.
The study’s data indicate that exposure to lead results in
the inhibition of testicular function as manifested by the
decreased serum testosterone level. This impairment
could be due to a decrease in the number of luteinizing
hormone binding sites in Leydig cells, as observed
previously in testicular homogenates of lead exposed rats
(Kempinas et al., 1990). Currently, the increasing interest

in the potential health benefits of estrogenic plant compo-
unds, such as flaxseed, is leading to greater daily con-
sumption. Some of the interest in flaxseed is attributed to
its high content of the polyunsaturated fatty acid, a-
linolenic acid and its high content of the lignan precursor.
Babu et al. (2000) reported an increase in liver vitamin E
of rats fed 10% flaxseed. Hu et al. (2007) found that
flaxseed plant lignans exhibited strong antioxidant and
protective effects in quenching the free radical and
inhibiting peroxyl-radical-mediated damage of plasmid
DNA and phosphatidylcholine liposomes at potentially
feasible physiological concentrations.

Lead is well known to produce oxidative damage by



Pb Pb+FSO FSO 25+
20
15 4

10 S

Percentage Change of Optical Densty

% 0.D. 21 12 4

]

ab

Pb FSO Pb+FSO

Figure 5. Effect of flaxseed oil on lead acetate induced DNA fragmentation. A, Gel electrophoresis analysis of DNA
fragmentation in testes of rats treated with lead and/or flaxseed oil for 5 days; M, marker; Con, control; Pb, lead acetate;
FSO, flaxseed oil and Pb+FSO; lead acetate and flaxseed oil. B, optical density (O.D) was measured as a percentage

change to the control.

enhancing lipid peroxidation (Gurer et al., 1999). Lipid
peroxidation inactivates cell constituents by oxidation or
causes oxidative stress by undergoing radical chain
reaction, ultimately leading to loss of membrane integrity
(Abdel-Wahhab and Aly, 2005). In the current study,
treatment with lead resulted in a significant increase in
lipid peroxidation as indicated by the significant increase
in MDA and the significant decrease in GSH with the
antioxidant enzymes (GR, GPx, CAT, SOD and GST). In
analogy, lead was shown to implicate testicular lipid per-
oxidation as evidenced by previous reports (Acharya et
al.,, 2003). The stimulation of lipid peroxidation, pre-
sumably caused by lead treatment, could be due to the
formation of free radicals (Abdel-Wahhab and Aly, 2005)
through an exhaustion of antioxidants (Abdel-Wahhab et
al., 2006; Abdel-Wahhab et al., 2007) and subsequently
to oxidative stress (Shabani and Rabbani, 2000). On the
other hand, since lead does not undergo oxidation-
reduction cycle, the effect of lead on lipid peroxidation is
not a direct effect, but these changes could rather be due
to an indirect effect of lead on the free-radical scavenging
enzymes and GSH status (Jindal and Gill, 1999) and/or
glutathione peroxidase (Abdel-Wahhab et al., 2007).
Based on this, Harlan et al. (1984) reported that the
depletion of GSH caused by increased cytotoxicity of
H>0> in endothelial cells, resulted from the inhibition of
GSH reductase and keeping GSH in its reduced state.
Increased lipid peroxidation was proven to be
accompanied by a reduced GSH (El-Nekeety et al.,

2009). However, the higher membrane lipid content of
testes is presumed to make them more vulnerable to
oxidative stress (Georgiou et al., 1987).

DNA fragmentation observed herein by the gel
electrophoresis was also reported for humans exposed to
Pb (II) (Danadevi et al., 2003). Such evidence may be
due to a direct effect of Pb(ll) on the DNA structure,
oxidative mechanisms (Stohs and Bagchi, 1995) or
indirectly due to another mechanism involving the active-
tion of caspases in the process of cell death (Saleh et al.,
2003). In fact, participation of lead compounds to damage
DNA directly is not yet reported. However, evidences
indicate that lead ions can apparently take part in a
Fenton reaction to generate damaging oxygen radicals
and can cause DNA strand breaks (Roy and Rossman,
1992). Moreover, lead ions are believed to decrease the
fidelity of DNA synthesis. Also, some indirect mechanic-
sms leading to inhibition of DNA polymerase B, by lead-
induced reactive oxygen species (ROS), possibly indicate
the failure of DNA repair mechanisms (Acharya et al.,
2003).

Flaxseed oil significantly reduced NO, and it can be
suggested that the active flaxseed peptide fractions may
have altered the pathway for NO synthesis in the
macrophages. Polyunsaturated fatty acid and a-linolenic
acid has shown that the activity of potential therapeutic
agents of flaxseed oil is responsible for the inhibition of
NO production and subsequent inhibition of INOS mRNA
and protein expressions in macrophage (Ho and Lin,



2008; Pan et al., 2008).

In conclusion, the present study has shown a possibility
of decreasing lead-induced cytotoxicity in testes leading
to male infertility by supplementation with flaxseed oil.
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