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Environmental pollution is a global problem that needs more efforts to overcome the increase of environ-
mental pollution rates and the threat of ecosystem stability. Due to the increase of human activities in the
field of industry and agriculture, heavy metals are increasingly spreaded and accumulated in water, air
and soil, which pose a great risk to living organisms. Medicinal plants and natural products constitute
an important source for relieving and treating many diseases in a safe manner, as it is characterized
by low cost and fewer side effects compared to industrial chemical drugs. The present study was aimed
to evaluate the ameliorative influence of chia oil and canola oil on testicular injury induced by lead (Pb) in
rats. To evaluate the role of chia oil and canola oil against Pb toxicity, sixty Wistar male rats were taken
and divided into six groups. Group 1 was kept as control, group 2 received Pb solution (150 mg/kg BW),
group 3 was treated with chia oil at (600 mg/kg BW) and exposed to Pb (150 mg/kg BW), group 4 was
treated with canola oil (600 mg/kg BW) and exposed to Pb (150 mg/kg BW), groups 5 and 6 were treated
with chia oil (600 mg/kg BW) and canola oil (600 mg/kg BW) respectively. In rats of group 2, the level of
serum GSH, SOD and CAT were significantly decreased, while the level of MDA was increased.
Histopathological examination of testicular tissues in rats of group 2 showed severe alterations.
Treatment of rats with chai oil (group 3) and canola oil (group 4) reduced the changes of oxidative stress
markers (GSH, SOD, CAT and MDA) accompanied with normal structure of testicular tissues. The results
of this conclude that chia oil and canola oil have shown protection against Pb induced testicular injury
due to their antioxidant roles.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Environmental pollution exists in the form of air, soil and water
pollution, which adversely affects the entire ecosystem including
human beings (Zhang et al., 2015). Zhang and Wang (2020) in their
work, concludes that environmental pollution is a cyclical process
that involves all environments such as air, water, and soil, and from
any perspective, living beings both emitters and receivers of pollu-
tants. The authors further found out that the number of pollutants
that humans contribute compromises the planet’s environmental
quality every day. The utmost harm to the environment is caused
by heavy metals as they contaminate the entire food chain. Heavy
metals can contaminate the soil ecosystem and the whole agricul-
tural land which could make the crop unfit for consumption both
for human beings as well as animals owing to carcinogenicity
and various other serious health issues (Mao et al., 2019). Lead
(Pb) is a metal that is considered as a major environmental con-
taminant. Various studies have suggested that Pb can trigger seri-
ous health issues and diseases (Jacobs et al., 2009).

Nearly about 200 years ago, herbal medicines dominated phar-
macopoeia which laid the foundation of today’s modern medicine.
Various synthetic drugs used in the present time have been origi-
nated from the vast kingdom of plants. Medical herbalism is a
branch of science that deals with preparing medicines with the
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help of plants. It experiences a rapid decline in its popularity as
soon as pharmacology firmly establishes itself as the most impor-
tant branch of therapeutic medicine (Ernst, 2005). Nevertheless, a
wide range of population is still dependent on medicinal herbs
for their health and well-being (Sabery et al., 2019). The botanical
name of Chia plant is Salvia hispanica L. which is an annual plant
that belongs to the family Lamiaceae. Chia seeds are utilized in
many different ways such as a whole seed, as flour, for its mucilage
and to extract its oil (Zettel and Hitzmann, 2018). Various benefits
are associated with Chia seeds when consumed in the form of
nutritional supplements. It supports the human digestive system,
promotes healthy skin, helps in making muscles and bones strong,
and also have a potential to reduce the possibility of diabetes and
heart ailments (Ullah et al., 2016; De Falco et al., 2018; Grancieri
et al., 2019; Kulczyński et al., 2019). Canola is a variety of rapeseed
which is originated from the cross breeding of Brassica rapa and
Brassica napus species. Its oil has a minimum percentage (2%) of
erucic acid and contains a negligible amount of anti-nutritional
components (Amosovam et al., 2019). Ming et al. (2018) claim that
canola oil is one of the most consumed vegetable oils globally.
Moreover, the seeds contain several bioactive compounds such as
antioxidant vitamins, phenolic molecules, coenzyme Q and phytos-
terols. These bioactive compounds have healthy metabolic, anti-
inflammatory and physiologic effects (Xu et al., 2014). Therefore,
the present study was carried out to determine the potential pro-
tective effects of chia oil and canola oil against Pb induced testicu-
lar injury in male rats.
2. Material and methods

2.1. Experimental design

Sixty Wistar male rats (110–135 g) were used in the present
study and randomly divided into six experimental groups. Rats
were housed in cages under standard laboratory conditions (room
temperature 20 ± 2 �C, humidity: 55% ±10, and 12:12 h light: dark
cycle each day) with standard food and water ad libitum. For this
study, rats of group 1 were untreated and kept as controls. Group
2 was orally given Pb solution (150 mg/kg body weight, BW) every
day for 6 weeks. Group 3 was daily orally given chia oil (600 mg/kg
BW) and treated with Pb after 4 h. Group 4 was daily treated with
canola oil (600 mg/kg BW) and exposed to Pb after 4 h. Groups 5
and 6 were daily orally received chia oil (600 mg/kg BW) and
canola oil (600 mg/kg BW) respectively.
2.2. Blood collection and biochemical analysis

After 6 weeks of duration all rats were fasted for 10 h and then
subjected to diethyl ether anesthesia. Blood samples were col-
lected from all groups at end of experiment for determination
the levels reduced glutathione (GSH), superoxide dismutase
(SOD) malondialdehyde (MDA) and catalase (CAT). Blood samples
were collected from orbital plexus veins, centrifuged at 3000 rpm
for 15 min and serum samples were kept at �80 �C. The levels of
GSH, SOD, MDA and CAT were measured using assay kits following
the manufacturer’s instructions (MyBioSource, USA).
2.3. Histopathological examinations

Samples of testicular tissues were obtained from all animals,
fixed in 10% buffered formalin and histologically processed to be
paraffin embedded. All sections (4–5 lm) were processed for
hematoxylin and eosin (H & E) staining (Suvarna et al., 2018),
and examined under light microscopy and photographed.
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2.4. Statistical analysis

The obtained data in the present study were expressed as
mean ± standard deviation (SD). SPSS Windows version 22.0 soft-
ware was used for statistical analysis. One-way analysis of variance
(ANOVA) followed by Dunnett’s test were statistically applied to
compare between groups with the level of significance set at
P � 0.05.
3. Results

3.1. Biochemical analysis of GSH, SOD, MDA and CAT

The levels of serum GSH, SOD, MDA and CAT are shown in Fig. 1-
A-D. Highly significant decrease of GSH was observed in rats trea-
ted with Pb (P � 0.000) and chia oil plus Pb (P � 0.03) compared
with control rats. The levels of serum GSH did not obviously
altered in rats of groups 4, 5 and 6 (Fig. 1A). In comparison with
control data, the level of serum SOD was markedly declined in rats
of group 2 (P � 0.000), group 3 (P � 0.02) and group 4 (P � 0.01).
The levels of serum SOD were significantly unchanged in rats of
groups 5 and 6 (Fig. 1B). Statistically, the treatment of rats with
Pb (P � 0.000) showed an increase on the level of serum MDA.
Specifically, there were no significant differences in the levels of
serum MDA in rats of groups 3, 4, 5 and 6 compared with control
rats (Fig. 1C). In comparison with control rats of group 1, the
administration of Pb alone significantly elevated the level of serum
CAT (P � 0.000). The levels of serum CAT in rats of groups 3, 4, 5
and 6 were not significantly different from those of controls
(Fig. 1D).

3.2. Histopathological examinations

Testicular histopathological examinations of Fig. 2A (group 1),
2C (group 3), 2D (group 4), 2E (group 5) and 2F (group 6) showed
normal structures and spermatogenesis process. Fig. 2B showed
several histopathological changes in the structure of testis in rats
exposed to Pb (group 2). Degeneration of the intertubular tissues,
an increase of distances between the seminiferous tubules and par-
tial absent of spermatogenesis process were observed in testicular
structures of group 2.
4. Discussion

Currently, the environment is affected by many pollutants that
threaten the stability of ecosystem. Environmental pollutants are
believed to be factors adversely affecting living organisms. The
diverse deleterious health effects upon exposure to heavy metals
in the environment are a matter of serious concern and a global
issue. Pb is a toxic environmental pollutant and affect many of tis-
sues in body such as kidney, lung, liver, and testis, as well as
immune system and nervous system (Flora et al., 2012; Pal et al.,
2015; Abdelhamid et al., 2020; Bozdağ and Eraslan, 2020; Gazeri
and Aminzadeh, 2020; Abdel-Emam and Ahmed, 2021; Amin
et al., 2021; Shaban et al., 2021).

Histopathologically, the present study evaluated the changes of
testis structure induced by Pb exposure. Previous studies showed
that the exposure to Pb caused several alterations of testis function
and structure. Seminiferous tubules necrosis, decrease of sperm
count, spermatogenic cells degeneration were observed in the
structure of testis in rats exposed to Pb (Sudjarwo et al., 2017;
Ezejiofor and Orisakwe, 2019; El-Khadragy et al., 2020).

The present study showed that Pb induced oxidative stress
which confirmed by inhibition of serum GSH, SOD and CAT
levels and enhancement of MDA level. The present findings are
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in agreement with previous experimental investigations, which
indicated that the exposure to Pb induced significant decreases of
GSH, SOD and CAT and statistically increase of MDA levels
(Sudjarwo et al., 2017; Hasanein et al., 2018; Abdelhamid et al.,
2020; El-Khadragy et al., 2020; Fan et al., 2020). Exposure to Pb
induces oxidative stress in the body, resulting in an imbalance of
the antioxidants defense mechanisms (Ighodaro and Akinloye,
Fig. 1. (A-D) Level of GSH(A),SOD (B), MDA (C) and CAT(D) in control (group1), Pb (group2
(group6)treated rats. Significance levels shown for diffrence between control (group 1) a
difference between Pb (group 2),and groups 3,4, 5 and 6 were indicated by b.
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2018). GSH is an important oxidant and functions to relieve the
body from oxidative stress. The reduction in serum GSH levels
results from the inactivation of GSH by Pb (Ali et al., 2020). GSH
neutralized the radicals-generated from Pb metabolism and make
chelation and detoxification of it (Fan et al., 2020). An antioxidant
enzyme SOD, acts on superoxide anions free radicals. Biochemi-
cally, superoxide dismutases (SODs) play an important role in the
),chia oil plus Pb (group3), canola oil plus Pb(group4),chia oil (group5)and canola oil
nd treated groups (2, 3,4, 5, and 6)were indicated by a. Significance levels shown for



Fig. 1 (continued)
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decline of reactive oxygen species (ROS) production and this pro-
cess prevents body tissues from oxidative stress and severe dam-
ages. Measurement of MDA is usually used as indicator of lipid
peroxidation and to evaluate the level of oxidative damage
(Cherian et al., 2019; Mao et al., 2019; Shaafi et al., 2021). The
increase of MDA level is associated with an enhancement of oxida-
tive stress and induction of many diseases. CAT is one of the most
important intracellular antioxidant enzymes and it protects cells
against an excess formation of ROS (Begenik et al., 2013;
Ighodaro and Akinloye, 2018; Nandi et al., 2019).

The present study showed that the administration of chia oil
and canola oil in rats can prevent severe alterations of testicular
4

structure and oxidative markers (GSH, SOD, MDA and CAT) induced
by Pb toxicity. Chia and canola oils have underlying higher concen-
trations of antioxidants. Antioxidants protect the body from the
effects of free radicals within the body cells (Jakubczyk et al.,
2020). The antioxidants present in chia oil are associated with
the presence of several compounds such as chlorogenic acid, caffeic
acid, and kaempferol (Knez Hrnčič et al., 2020). The antioxidant
composition of canola oils is associated with vanillic acid, protocat-
echuic acid, and quercetin (Hussain et al., 2020). The protective
effects of chia and canola oils result from introducing antioxidants
that seek to reduce the impact of ROS. Excessive ROS formation
results in oxidative stress that results in cell damage and death



Fig. 2. Light micrographs of testis sections of control (A), Pb(B), chia oil plus Pb(C), canola oil plus Pb(D),chia oil (E) and canola oil (F)treated rats(H & E staining, X200).
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(Knez Hrnčič et al., 2020). Almalki (2019) investigated the effects of
canola oil against malathion toxicity in rats. Malathion induced
hematological and biochemical changes with blood serum CAT
decrease and an elevation of MDA. These changes were alleviated
in rats treated with canola oil. The results suggested that the pro-
tective effect of canola oil against malathion toxicity is attributed
to its antioxidant activity. Ahmed et al. (2021) studied the cardio-
protective effect of chia oil in rats exposed to doxorubicin (DOX).
The results showed that the chia oil inhibited DOX-induced the
decline of GSH and the increase of MDA levels. Additionally, chia
5

oil inhibited the alterations of electrocardiogram (ECG), creatine
kinase (CK), creatine kinase-MB (CK-MB) and aspartate amino-
transferase (AST) values induced by exposure to DOX. From the
present study, it can be concluded that chia oil and canola oil
showed protective effect and antioxidative action against Pb-
induced testicular toxicity in rats. Moreover, the present findings
demonstrate for the first time the ability of chia oil and canola
oil as protective factors against Pb toxicity, therefore the results
of the current study give a clear indication towards the importance
of using natural products as effective therapeutic agents. Undoubt-
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edly, the current results confirm the ability of chia oil and canola
oil to reduce Pb toxicity due to their antioxidant properties. The
present study revealed new results on the role of chia oil and
canola oil in reducing Pb toxicity, which prompts more new studies
in the field of medical and pharmaceutical sciences. Finally, further
experimental investigations are needed to evaluate the therapeutic
effect of different doses of these oils against Pb toxicity and other
toxicants and pathogens.
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