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Abstract:
Background: Recent studies have shown that the anti-fertility effects of Ketoconazole can be
minimized by taking an antioxidant nanoparticles based-plant extract in combination with the
medication or by taking it after medication. One of the effective methods to improve its medicinal
properties and decrease the toxicities of Selenium is by formulating it as nanoparticles. However, this
is still a challenging strategy.
Objectives: The aim of this study was to analyze the impact of nano selenium, which was prepared
from Eruca Sativa extract, on testicular oxidative stress parameters in rats that were treated with
ketoconazole. The study will focus on the evaluation of glutathione peroxidase, superoxide dismutase,
and malondialdehyde as indicators of oxidative stress.
Methods: In this study, a 1% wi/v solution of plant extract was added to a solution of 10mM sodium
selenite in different ratios, and placed on a magnetic stirrer in the dark for 12 hours at a temperature
50C° and pH9. The solution was then left for 48 hours, and the optimal fabricated selenium
nanoparticles were selected for further characterization. forty-eight rats were divided into six groups
with eight animals in each. Group A was the negative control, while Group B was given oral
Ketoconazole at a dose of 50mg/kg for fourteen days. Group BC, BD, BE1 and BE2 were given oral
Ketoconazole at a dose of 50 mg/kg for fourteen days, followed by 200mg/kg Eruca Sativa, 0.5mg/kg
oral sodium selenite, 0.25mg/kg oral nano selenium and 0.5mg/kg oral nano selenium for 28 days,
respectively. Finally, the animals were euthanized and their testicle anti-oxidant parameters were
evaluated.
Results: Significant increases in glutathione peroxidase and superoxide dismutase ( p value < 0.001),
and a decrease in malondialdehyde levels ( p value < 0.001) were observed in groups treated with
nanoparticles compared to control group.
Conclusion: Nano forms of prepared by Eruca sativa extract exhibit significant antioxidant effects on
testicular tissues, while being available for several metabolic, biological, and physiological functions.
Keywords: Glutathione Peroxidase; Malondialdehyde; Nano Selenium; Oxidative Stress; Selenium;
Superoxide Dismutase.
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Introduction

Selenium is one of the most significant trace
elements in medicine and biology. It is found as
incorporated Selenoproteins rich in Selenocysteine.
It acts as co-factor for various enzymes involved in
oxidoreductase activities, such as glutathione
peroxidase and thioredoxin reductase (1). These
enzymes possess a cytoprotective effect, and their
activation helps boost fertility, reduce inflammatory
reactions, and provide a chemo- preventive effect
against different types of cancers (2). In this regard,
free radical-induced oxidative stress is thought to be
the most important risk factor that threatens
testicular functions; therefore, an antioxidants
defense system which is represented by enzymes
incorporated with selenoproteins can counteract
these free radicals or prevent their formation in the
testicular cells (3, 4).

* Corresponding author: Basman Q. Shareef
basmaan.gasem1106b@comed.uobaghdad.edu.iq

Nanotechnology is a novel growing field with
important applications in science and technology. In
the pharmaceutical industry, nanoparticles act as
carrier platforms to transport drugs t their target sites
of action. It is based on the creation of small
particles at the submicroscopic level (<100 nm) (5),
which serves to enhance the biological activity,
minimizes toxicity, and allows for the regulated
release of medications, especially in capsule form
(6).

Metal nanoparticles can be prepared by using either
chemical or biological reducing  agents.
Implementing plant extracts with prominent
antioxidant effects may help achieve that target.
Such formulations may achieve two targets using
one stone, as the nanoparticle formulation will
enhance the permeation of both Selenium and the
plant extract into that target site, and this may help
achieve a synergistic effect (7).

Ketoconazole is an antifungal drug that was reported
to reduce epididymis sperm concentration, decrease
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the weight of male reproductive organs, especially
the testes, and decrease serum testosterone levels
(8), in addition to other pathological changes
characterized by atrophied seminiferous tubules,
malformed germ cells, and degenerated Sertoli cells.
Interestingly, co-administration or post-treatment
with antioxidant phytochemicals of plant extract
could prevent such testicular damages (9).

This study was designed to investigate changes in
testicular oxidative stress parameters (Superoxide
dismutase” SOD”, Malondialdehyde “MDA” and
Glutathione peroxidase "GPX") in response to
antioxidant effects of nano selenium prepared from
Eruca Sativa extract in male rats.

Materials and Methods
Eruca Sativa

and Characterization
One hundred grams of dried leaves powder of Eruca
sativa was macerated with 2 liters n-hexane (99.8%)
for four days for defatting plant material, then 80%
ethanol was added, and the solution was filtered and
evaporated using a rotary evaporator (4 rpm at
40C°). Finally, ethyl acetate and sodium Disulphate
were added and the solution was then filtered, left to
dry, and stored in a dark, sterile screw bottle at 4C°
until used. The extract was characterized by
measuring the total flavonoid content and its
antioxidant power using a reducing power assay
(10).

A. Measurement  of
Content

Flavonoids were estimated using a technique
described by Ibraheem et al, 2014, where each mg of
Gallic acid equivalent per gram of extract had its
absorbance measured against a blank at 510 nm, and
a calibration curve was analyzed (11).

B. Measurement of the Extract’s Total
Antioxidant Activity (Reducing Power Assay)

The extract’s reducing power was measured
according to the method prescribed by Ibraheem et
al,2012; the absorbance of different concentrations
of the extract was measured at 700 nm and
compared with the control (DW) (12). The
percentage of absorption increased was sketched
with different concentrations of Vitamin C as a
standard (13).

Preparation of Selenium Nano Composite Using
Eruca Sativa Extract

Briefly, a solution of 1% w/v of the extract was
loaded to a solution of 10 mM sodium selenite at the
four proportions (1:2, 1:4, 1:10 and 1:20 sodium
selenite/ extract). The former was prepared by
dissolving 0.172 gm. of sodium selenite (Na,SeOs)
in 100 ml deionized water. Then, the final mixture
was mixed using a hot plate magnetic stirrer (temp.
50 C" & pH of around 9) in the dark for 12 hrs. It
was then autoclaved ( temp. 121C" & gas pressures
of 1.5 bar) for 15 min (14). Next, the autoclaved
mixture was exposed to filter sterilization using a
Millipore filter membrane (0.22um) and ultra-sonic
vibration (20 KHz by Q700 sonicator) to ensure an

Extract: Preparation

Total Flavonoid

even dispersion of the nanoparticles in the liquid and
to get micron-sized colloidal particles. Finally, the
prepared colloid was sent for the characterization
processes (15).

Characterization of the Nanocomposite

A. UV-Vis spectra analysis

B. Fourier transform infrared spectroscopy
(FTIR).

C. Dynamic Light Scattering (DLS)

The samples were analyzed at the University of
Technology’s Nanotechnology Department.

Experimental design

A. Animals and ethical issues

This study was carried out on forty-eight healthy
male adult albino rats (weighing 301+ 24.28 grams
and aged 10£2 weeks). They were gathered from the
animal house at AL-Nahrin University/ College of
Pharmacy and the lIragi Center for Cancer and
Genetic Research at AL-Mustansiriyah University.
The study was approved by the Institutional Review
Board (IRB)/College of Medicine /Baghdad
University (Pharma Comed uvB 23.6) all the
procedures and experiments were performed
following the rules and legitimacy of the animal
ethics committee /College of Pharmacy/ Al-Nahrin
University.

Animals grouping: The experiment was
implemented from the first of March 2022 to the end
of August 2022. First, the animals were randomly
divided into six groups with eight rats in each;
Group A: -ve control, orally administered with 2 ml
distilled water (DW) daily via gavage tube for 42
days. Group B: +ve control, orally received 2 ml of
Ketoconazole (KET) solution (50mg/kg /day) via
gavage tube (16) for 14 days, followed by 2 ml
distilled water for 28 days. Group BC: received 2 ml
of ketoconazole solution (50 mg/kg/day) orally for
14 days, followed by a therapeutic dose of E. Sativa
extract (200mg/kg/day) orally (17) via gavage tube
once daily for 28 days. Group BD: received 2 ml of
ketoconazole solution (50mg/kg/day) orally for 14
days, followed by a therapeutic dose of sodium
selenite solution (0.5 mg/kg/day) °*Y (18) via
gavage tube once daily for 28 days.

Group BE: Nano Selenium group, which was
subdivided into: Group BE; and BE,: that received 2
ml of ketoconazole solution (50 mg/kg/day) orally
for 14 days, followed by a therapeutic dose of 2ml
Nano-Selenium solution 0.25 or 0.5 mg/kg/day,
respectively, via gavage tube once daily for 28 days.
After forty-two days, the rats were ethically
anesthetized by chloroform and euthanized. The
right testes were excised, weighed, and
homogenized in buffer phosphate saline (1:10 parts,
pH 7.4) using Electrical Tissue Homogenizer (IKA,
Germany); after that, the homogenate was
centrifuged at 12,000 rpm at 4°C forl min and store
at -20°Cfor antioxidant assays (19).
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Animals monitoring

Measurement of oxidative stress parameters

In this study, the levels of three enzymes;
Superoxide  Dismutase  (SOD),  Glutathione
peroxidase (GPX) and Malondialdehyde (MDA)
were tested using ELISA Kits provided by SunLong
Biotech Co., LTD to assay enzymes levels in the
testicular tissues based on the interaction of pre-
coated specific antibody on micrelisa strip plate
wells with standards or samples.

Statistical analysis

The statistical package for social science (SPSS)
(IBM SPSS Statistics for Windows, Version 23) was
used for the analyses. One-way analysis of variance
(ANOVA) was performed to summarize the results,
and significant differences of P< 0.05 were applied.

Results

Characterization of Eruca Sativa extract

A Total Flavonoid Content (TFC)
According to the experiment applied to estimate
TFC, 0.9 g of the extract was found to be equivalent
to 1 mg of Gallic acid.

B. Reducing Power Assay

A plot of log concentrations versus absorbance at
700 nm showed the right and downward shifting
curve of E. sativa extract, compared to vitamin C
curve as a standard, which indicated that the extract's
reducing activity is less than that of vitamin C within
these selected concentrations, as shown in Figure

Q).

AN M r

Figure 1: Reducing power assay of E. sativa compared
to vitamin C as a standard.

Characterization of Nano-Selenium

o Visual observation

Synthesis of SeNPs was indicated from the gradual
conversion of the color of the extract from dark
brown to light yellow and then reddish orange after
about 12 hours of adding the acidic sodium selenite
solution to the Eruca Sativa extract. This change can
be ascribed to the aptitude of the extract to reduce
selenium ions into SeNPs (Figure 2).

' JhE. Sat-ivd

€,

-
After 12 hr.

[ -
After autoclave

Figure 2:-Visual observation for Nano-selenium

formation

A UV-Vis Spectrum Analysis

Figure (3) shows the UV-Vis spectrum of SeNPs
biosynthesized from Eruca Sativa extract. The
spectrum of absorbance was measured from 220-
1000 nm. A prominent absorption peak between 268
and 964 nm, with a maximum at 268 nm, is a
conclusive evidence of Nano selenium'’s production

E

— > e e P Time zero

i aw

B i e After 24 has

i |

ST ———

. After 458 hrs

Figure 3:- UV-visible spectrum of selenium

nanoparticle
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B. Dynamic Light Scattering (DLS)

Particle size measurement

Table (1) shows that the average particle size of the
synthesized Se-NPs varies from 39.4 to 124.6 nm. It
also shows that the smallest particle size of the NPs
is 39.4 nm, with PDI= 0.242, which was achieved
using 1:2 of (Na,SeOj3: Eruca Sativa) solution.

Zeta Potential

The produced Se-NPs had a zeta potential value of -
56.57 mV. as shown in Figure (4), under optimal
synthesis circumstances (1:2).

Table 1:- Poly disparity of nanoparticles and mean

particle size
Sample Sod.  Mean Particle size Polydispersity
selenite: E.sativa
1:2 39.4nm (minimum) 0.242
1:4 48.2nm 0.198
1:10 57.9nm 0.005
1:20 124.6nm (maximum) 0.304
—
et Lmglex(

& - £ 2

= S 3 e

Figure 4: Zeta potential of the synthesized Se-NPs
made from sodium selenite with Eruca Sativa extract in
the percentage of 1:2 (v/v).

C. Fourier transform infrared spectroscopy
(FTIR)

To find out what biomolecules and plant extracts
could be interacting with metal ions to create and
stabilize selenium nanoparticles, FTIR spectroscopy
was used. Figure 5A, B, and C shows the FTIR
analysis results of Eruca Sativa extract. The spectral
appearance of Eruca Sativa extract devoid of metal
selenium is shown in (A). (B) is a representation of
the sodium selenite spectrum, whereas the spectrum
in (C) depicts the sample that includes selenium

metal in Eruca Sativa extract, hence displaying the
peaks of both the control and test samples, as do the
transmission peaks depicted in (B) and (A).

Figure 5: FTIR spectrum of (A) Eruca Sativa extract,
(B) sod. selenite sol. and (C) selenium nanoparticles
based- Eruca Sativa extract.

The plasma level of Malondialdehyde

The study showed a significant increase in the
plasma level of MDA after exposing the animal to
ketoconazole toxicity (P<0.001). MDA level was
significantly higher in Gr B (P<0.001) compared to
Gr A and this level stayed high even after treating
the animal with Eruca sativa extract and sodium
selenite (Gr BC and BD).

On the other hand, a prominent decline was noticed
in Gr BE1 and Gr BE2. The levels were statistically
insignificantly different compared to Gr A and
stayed significantly lower than Gr B (P<0.001).
Notably, the decline in MDA was prominently
noticed after treating the animals with the Nano
composite of selenium in the doses of 0.25 and
0.5mg/kg (BE1 and BE2), respectively. MDA level
of BE2 was significantly lower than that of groups
B, BC and BD (P<0.001) and was insignificantly
different as compared to the negative control (Gr A)
(P<0.001). At the same time, for BE1 there was a
significant decrease compared to Gr B (P<0.001) but
a non-significant differences in comparing to Gr A,
also, BC and BD.

The plasma levels of antioxidant enzymes
The study showed a prominent and statistically
significant decline in the plasma levels of the
antioxidant enzymes (Glutathione peroxidase and
Superoxide dismutase) as measured in 1.U/ml and
pg/ml respectively, after having the animals exposed
to ketoconazole toxicity (P<0.01) (Table 2). This
decline  persisted even after treating the
ketoconazole-exposed rats with each of Eruca sativa
extract and sodium selenite (Gr. BC and Gr.BD); the
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plasma level stayed significantly lower than that of
the negative control, with P<0.01 and P<0.001,
respectively. Nevertheless, Gr. BD showed a
statistically significant higher levels of plasma SOD
and GPx as compared to Gr. B P<0.001, and high
significant decrease compared to Gr. A P<0.001,
with a significant increase P<0.01, relative to Gr
BC. Treatment with all forms of selenium nano

composite produced a statistically significantly
higher level of these two enzymes than that of Gr. B,
BC and BD, indicating the extract's potential to
augment the body's antioxidant power (P<0.001). At
the same time, SOD and GPx in Gr BC and BD
showed statistically lower levels than those in the
negative control and higher levels than those in the
positive control (Table 2).

Table 2: Levels of Malondialdehyde, superoxide dismutase and glutathione peroxidase in the homogenate of the

testicular tissues of different treatment groups in rats

Group MDA ng/g (tissue) SOD .U/ g (tissue) GPx pg/ g (tissue)

grA 4557 = 301 7.80 £ 052 664.67 + 23.05

grB 71.38 + 466 77 4.42 + 049 338.67 + 2465

grBC 65.71 £ 517 77 5.20 + 045 403.33 + 3743

grBD 63.43 £ 555 77 5.83 + 062 e 497.33 + 3385 e

gr BE1 5548 + 568 ** 7.52 + 055 oo R IR 654.33 + 2921 e
grBE2 4333 & 351 M 800  + 044 e 662.67  + 3999 v

Gr. A & Gr B represent the negative and positive controls, respectively. Meanwhile, each of Gr BC and Gr.BD
Represent the extract and pure sodium selenite, respectively. (Gr BE1 and BE2) were treated with selenium

nanocomposite at 0.25 & 0.5 mg/kg, respectively. ("

Kk QKKK

), (%0809, (% & gng (F THETE signify a

statistically significant difference as compared to groups A, B, BC and BD, with P values of P<0.05, P<0.01 and

P<0.001, respectively.

Discussion

In the reducing power assay test, Perlis Prussian
stain’s blue color appeared due to ferric ion
reduction to ferrous ion in ferric ferrocyanide form.
This test gives an idea about the potential of Eruca.
Sativa extract to donate electrons to free radicals
(13).

According to the experiment that was performed to
estimate total flavonoids content, 0.9 g of 1% Eruca
Sativa extract is equivalent to 1 mg Gallic acid,
which is compatible with Isra, 2022 results in which
alcoholic extract and fresh rocket leaf contained
high phenolic compounds and nearly equal amounts
of total flavonoids content (0.81mg and 0.80 mg
QE/qg, respectively ) (20).

The reddish brown color is the most significant
property of nanoparticle formation. Many
researchers have previously obtained this result
using different types of green plants (21) (Figure 2).
Nanoparticle properties were characterized to
confirm the formation of targeted Nano Selenium,
using different techniques, including UV-
Spectroscopy, Dynamic Light Scattering (DLS), and
Fourier Transform Infrared Spectroscopy (FT-IR)
(22).

The sample peak optical density, or absorbance,
correlates linearly and directly to the concentration
of nanoparticles in solution (23). According to
Cittrarasu et al (2021) this SeNPs peak was created
by the Surface Plasmon Resonance (SPR), which is
induced when the electrons of metal nanoparticles
interact with incoming photons (24), This result is
compatible with  many previous researches
associated with various ranges of UV-visible
maximum absorption peaks. Ramamurthy et al.
found an absorbance peak ranging from 200-400
nm, with the maxima peak at 390 nm, when using

fenugreek extract for SeNPs synthesis (25). Other
SeNPs were synthesized by (26) using garlic cloves
which reported an absorption peak at 260 nm.
Withania somnifera was used to synthesize spherical
SeNPs with a maximum absorbance of 310 nm,
using Dynamic Light Scattering (DLS) (26). From
the current study, it can be analyzed that there were
uniformly dispersed particles, mostly in spherical
Nano size, and no other peak was observed in the
whole spectrum, meaning that Se’ has been
successfully formed (27).

DLS was performed to assess the particle size of
different Nano solutions. The current study shows
that, when increasing extract concentration in
relation to sodium selenite; there was an increase in
particle size diameter; the largest size 124.6 hm was
related to the largest ratio of extract sample. This
can be ascribed to the double quantity of extract
solution available for reducing Na,SeO; to Se’,
resulting in more abrupt nucleation and faster
growth of the nanoparticles. In some cases, small
agglomerates were produced simultaneously
(28).The least concentrated Nano sample has a much
smaller mean size of approximately 39.4nm.
However, it is characterized by a narrow size scatter
compared to the sample with the largest extract ratio.
The results were in line with the findings of
Skandalis et al., in which Nano silver was
synthesized using Arbutus unedo extract, which
gained a small particle size with the lowest
concentrated extract sample.(29).

Polydispersity index (PDI) is a scaled and
dimensionless index; when the value is higher than
0.7 it indicates that the sample has a very wide
particle size distribution and that the DLS technique
probably not suitable to analyze it , while
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monodisperse standard are mainly seen with the
value smaller than 0.05 (30).

In general, zeta potential is the most important
method to investigate the dispersion characteristics
of nanoparticles and Nano fluids (31). It measures
the potential differences between the charged ions
on the nanoparticle surface that is opposite to the
bulk fluid in which a particle is dispersed (32). The
higher magnitude of potential differences around +
60 mV exhibits higher electrostatic repulsion force
and  therefore  increased  stability,  while
agglomeration of particles may typically begin with
the value lower than -15 mV. At the same time, zeta
potential equals zero could represent the
precipitation of the colloid into a solid (32). Zeta
potential value of the fabricated Se NPs was -56.57
mV, which indicated that the formed NPs were
highly stable due to negatively charged groups that
surrounded them. The poly dispersity index (PDI)
value of the fabricated Se NPs was 0.242. This low
value indicated that the formed Se NPs were mono
dispersed (33) .

The functional groups present on the surface of the
nanoparticles can be assessed by FTIR through
measuring the chemical bond vibrational rates (34).
Fig. (5) shows two absorption peaks located around
3248.13 & 3290.56 cm-1 that can be assigned as the
absorption band of (O-H carboxylic acid), and one
peak at 3371.57 cm-1 assigned as the absorption
peak of (N-H) group. Also, FTIR spectrums depicted
that IR bands in the regions 2935.66 & 2927.94 cm-
1 are assigned for (C-H) asymmetric bending, in
addition to three peaks at 1674.21, 1647.21 &
1604.77 cm-1 that may be due to (C=C) group (35).
Similarly, two peaks at 1577.77 & 1573.91 cm-1
confirmed the presence of (C=N) group. The
absorption peaks at 1423.47, 1411.89 & 1400.32
cm-1 referred to the presence of (O-H) group Two
peaks at 1149.57 & 1122.57 cm-1 referred to (C-O-
C) group, two peaks at 1083.99 & 1091.71 cm-1 to
(C-N) group, and one peak at 829.35 cm-1 to (C-H)
group (35).

In the present study, KET-induced testicular damage
was associated with the reduction in both of SOD
and GPx peaks with the elevation in MDA level.
These results are in harmony with previous studies
that tested the ability of azoles to induce damages in
different cellular models. In one study, Sertoli cells
were exposed to different types of azoles and their
combinations for 30min and 3h of incubation, azoles
where elicited prooxidant properties associated with
cells death, apoptosis, and necrosis (36). Also,
marked changes of natural antioxidants (SOD and
CAT) with oxidative damage to testicular lipids
were associated with ketoconazole toxicity (36).
Although Eruca Sativa possesses powerful anti-
oxidant properties as confirmed previously by total
flavonoid content and reducing power assay, this
effect was not powerful, as shown by the activities
of the phyto-component conjugated selenium
nanoparticles  in reducing MDA and enhancing
GPX and SOD level in the current study. This

confirmed the results of synergistic effects exerted
by the bio-conjugation of Se-nanomaterial with plant
extract in reducing their toxicities to biological
systems and improving their  therapeutic
effectiveness (11)

The current results showed a significant decrease in
MDA level in both BE1 and BE2 groups compared
to Group B, in contrast to groups BC and BD which
showed non-significant changes as compared to
group B. These results confirmed the novel
properties of the prepared nano solution-based
Eruca sativa extract in reducing MDA, which can be
considered as a diagnostic tool in male infertility
(37). A previous study that tested the effects of nano
selenium administration on ram sperm, previously
exposed to freeze/thawing process, showed a
significantly increased quality of sperm by
enhancing viability, motility and membrane
integrity, in addition to significant reduction in the
amount of MDA and damaged acrosome membrane
(38).

The antioxidant enzymes, GPx, and SOD work
together to scavenge the formed reactive oxygen
species. Therefore, minor changes in normal
constituents of these enzymes may disturb the body
defense systems with increasing the susceptibility to
oxidative damages (39). Treatment with the Nano
composite (Gr. BE1 and BE2) has elevated the level
of GPX and SOD to be significantly higher than that
obtained after treating the animals with sodium
selenite or the extract alone (Gr. BD and BC)
(P<0.001) ; these results proved the novel
characteristics of nano particles in crossing blood
testes barrier (BTB) and maintaining the cellular
redox, antioxidant capacity, and neutralizing
ROS(40). The current results were compatible with
other studies that have been previously published.
Saber and Kbhalid, 2014, showed that Nano-
selenium prepared by glutathione containing either 2
mg or 20 mg bovine serum albumin, when
administered in a dose 0.5 mg/kg to male albino
rat, would increase the defense mechanism and
testicular antioxidant activity through enhancing the
testicular GSH concentration, with reducing MDA
concentration, with increasing catalase and SOD
activity, as compared to controls and selenium
groups (41). Furthermore, it has been reported that
in addition to Se role in forming selenoproteins,
which helps synthesize GPx enzymes, Se
nanoparticles have the ability to up-regulate the
expression of these enzymes through the formation
of selenophosphate (41).

Conclusion

Nanotechnology is a revolutionary technology that
has been gaining an increased attention worldwide
because of its potential role in medication delivery
systems. Although selenium would be available for
several metabolic, biological, and physiological
functions, its nano forms prepared by Eruca sativa
extract are unigue in targeting the male reproductive
system, by improving the antioxidant defense
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mechanism through its novel stability and small
particle size characteristics, suggesting a role against
oxidative stress-related infertility induced by
ketoconazole.

Authors’ Declaration:

Conflicts of Interest: None

We hereby confirm that all the Figures and Tables in
the manuscript are ours. Besides, the Figures and
images, which are not ours, have been given
permission for re-publication attached with the
manuscript. -Authors sign on ethical consideration’s
approval-Ethical Clearance: The project was
approved by the local ethical committee in (College
of Pharmacy /Al Nahrain University) according to
the code number (Nah.Co. Pha.14).

Author contributions:

Study conception: (Basman and Shayma’a) Study
design: (Basman and Huda). Literature search:
(Study conception: Basman and Shayma’a) Data

acquisition:  (Basman). Data  analysis &
interpretation: (Basman, Huda and Shayma’a).
Manuscript preparation: (Basman, Huda and

Shayma’a). Manuscript editing & review: (Basman,
Huda and Shayma’a).

References:

1. Alsalman ARS, Almashhedy LA, Hadwan MH.
Effect of Oral Zinc Supplementation on the Thiol
Oxido-Reductive Index and Thiol-Related Enzymes
in Seminal Plasma and Spermatozoa of Iraqi
Asthenospermic Patients. Biol Trace Elem Res.
2018; 184(2):340-9.
https://doi.org/10.1007/s12011-017-1215-8

2. Landis-Piwowar KR, lyer NR. Cancer
chemoprevention: current state of the art. Cancer
Growth Metastasis. 2014;7:19-
25.https://doi.org/10.4137/CGM.S11288

3. Salman FS, Al-Qadhi HI, Al Kareem BA. N-acetyl
cysteine's effect on semen parameters in a sample of
Iragi men with oligoasthenoteratozoospermia. JFac
Med Baghdad. 2022;64(3):170-4.
https://doi.org/10.32007/jfacmedbagdad.6431938

4. ASSUMAIDAEE AAM, ALI NM, IBRAHEEM ZO,
FADHIL AA, AL-HELLI KAA. Anti-Oxidoreductive
stress Effects of Iragi Olea Europaea L. Leaves
Extract against Low Double Doses of Alloxan
Induced Diabetes Mellitus in Rats. SRP.
(2020),11(1): 292-302. doi:10.5530/srp.2020.1.38

5. Habbal H, Karabet F. Chitosan-(Prunus avium)
Gum Nanocapsules Loaded with Orange Peel
Extract: Nanocapsules Loaded with Orange Peel
Extract. Iraqgi Journal of Pharmaceutical Sciences
(P-ISSN 1683-3597 E-ISSN 2521-3512). 2023;
32(1):194-201.
https://doi.org/10.31351/vol32iss1pp194-201

6. Patra JK, Das G, Fraceto LF, Campos EVR,
Rodriguez-Torres MDP, Acosta-Torres LS, et al.
Nano based drug delivery systems: recent

developments and  future prospects. J
Nanobiotechnology. 2018;16(1):71.

https://doi.org/10.1186/s12951-018-0392-8

7. Khamees EJ. Nanotechnology and Its
Applications in Disease Diagnosis, Drug Delivery,
and Medical Imaging. Journal of University of
Babylon for Pure and Applied Sciences. 2021:196-
206.
https://www.journalofbabylon.com/index.php/JUBP
AS/article/view/3902.

8. Hamza AA, Gamel M, Abdalla A, Abdalla Y,
Amin A. Gentiana lutea attenuates hepatotoxicity
induced by ketoconazole in rats by fortifying the
cellular antioxidant defense system. The Journal of
Basic and Applied Zoology. 2023;84(1):1-12.
https://doi.org/10.1186/s41936-022-00321-7

9. Semet M, Paci M, Saias-Magnan J, Metzler-
Guillemain C, Boissier R, Lejeune H, et al. The
impact of drugs on male fertility: a review.
Andrology. 2017 5(4):640-63.
https://doi.org/10.1111/andr.12366

10. Al-Okaily BN. Role of alcoholic extract of Roket
(Eruca sativa) leaves on male reproduction of
experimentally induced-oxidative stressed rats:
Baraa Najim AL-Okaily and Ahmed Jasim Nowfel.
The Iragi Journal of Veterinary Medicine.
2015;39(2):47-54.
https://doi.org/10.30539/iraqijvm.v39i2.177

11. Ibraheem ZO, Satar M, Abdullah NA, Rathore
H, Tan YC, Uldin F, et al. Antioxidant and cardio
protective effect of palm oil leaves extract
(standardized ethanolic fraction) in rats' model of
saturated fats induced metabolic disorders. Pak J
Pharm Sci. 2014;27(1):1-9.
Pak J Pharm Sci 2014 27 1 1 9-libre.pdf
(diwgtxtsixzle7.cloudfront.net)

12. Ibraheem ZO, Sattar MA, Abdullah NA, Hassan
R, Johns EJ. Toxicity, phytochemical content and
antioxidant activity assessment studies for
standardized ethanolic fraction of palm oil leaf
extract. Pharmacogn Commun. 2012;2:21-30.
https://doi.org/10.5530/pc.2012.1.5

13. Nhon Hoang TN, Phan TT, Lien Phan TK, Van
Nguyen NH, Dao Dong TA, Anh Le TH.
Phytochemical ~ Screening,  Extraction, and
Determination of the Bioactivities of the Extract-
Enriched Polyphenols and Saponins from Musa
balbisiana Fruit. Journal of Food Processing and
Preservation. 2023;2023.
https://doi.org/10.1155/2023/2581641

14. Pyrzynska K, Sentkowska A. Biosynthesis of
selenium nanoparticles using plant extracts. Journal
of Nanostructure in  Chemistry. 2021:1-14.
https://doi.org/10.1007/s40097-021-00435-4

15. Naidu ECS, Olojede SO, Lawal SK, Rennie CO,
Azu OO. Nanoparticle delivery system, highly active
antiretroviral therapy, and testicular morphology:
The role of stereology. Pharmacol Res Perspect.
2021;9(3):e00776. https://doi.org/10.1002/prp2.776

J Fac Med Baghdad

64

Vol.66. No.1, 2024


https://doi.org/10.1007/s12011-017-1215-8
https://doi.org/10.4137/CGM.S11288
https://doi.org/10.32007/jfacmedbagdad.6431938
https://dx.doi.org/10.5530/srp.2020.1.38
https://doi.org/10.31351/vol32iss1pp194-201
https://doi.org/10.1186/s12951-018-0392-8
https://www.journalofbabylon.com/index.php/JUBPAS/article/view/3902
https://www.journalofbabylon.com/index.php/JUBPAS/article/view/3902
https://doi.org/10.1186/s41936-022-00321-7
https://doi.org/10.1111/andr.12366
https://doi.org/10.30539/iraqijvm.v39i2.177
https://d1wqtxts1xzle7.cloudfront.net/83318524/Pak_J_Pharm_Sci_2014_27_1_1_9-libre.pdf?1649249215=&response-content-disposition=inline%3B+filename%3DAntioxidant_and_cardio_protective_effect.pdf&Expires=1710462909&Signature=UBdNxdrSGjGeTnbSgCd7NpiVJgoWrlLrUSuPT-zYNKRXTrj6gUR6U4rjQLaAUCsjhDGgnK1d-O87dFrWB~dE08ms5Jc7cIIyh9xqQ9SsN3Jio2aO4KAcE6h70-PBurR8uTb~ky1LzhIIsPdtaDwO-nnV-rJBSZ3CE1jt42gKSbiC2eRgsocnDIaUdZdYO1p3~vdpBft4FJ7l5WC3P1TkCa3ujIW2ao2i9kaEFxSpIOGneBXxAzEBNYFYPjFgbFnCihZcrFWS6-ZMffMG202YSKVAOKuZQVt2RgrAd9uDmMeUbo9zSpzclpa9kCljpIxulSmHqsJrnFwsOpEXpyBOnA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/83318524/Pak_J_Pharm_Sci_2014_27_1_1_9-libre.pdf?1649249215=&response-content-disposition=inline%3B+filename%3DAntioxidant_and_cardio_protective_effect.pdf&Expires=1710462909&Signature=UBdNxdrSGjGeTnbSgCd7NpiVJgoWrlLrUSuPT-zYNKRXTrj6gUR6U4rjQLaAUCsjhDGgnK1d-O87dFrWB~dE08ms5Jc7cIIyh9xqQ9SsN3Jio2aO4KAcE6h70-PBurR8uTb~ky1LzhIIsPdtaDwO-nnV-rJBSZ3CE1jt42gKSbiC2eRgsocnDIaUdZdYO1p3~vdpBft4FJ7l5WC3P1TkCa3ujIW2ao2i9kaEFxSpIOGneBXxAzEBNYFYPjFgbFnCihZcrFWS6-ZMffMG202YSKVAOKuZQVt2RgrAd9uDmMeUbo9zSpzclpa9kCljpIxulSmHqsJrnFwsOpEXpyBOnA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.5530/pc.2012.1.5
https://doi.org/10.1155/2023/2581641
https://doi.org/10.1007/s40097-021-00435-4
https://doi.org/10.1002/prp2.776

Antioxidant Effects of Selenium Nanoparticles Prepared from Eruca Sativa

Basman Q. Shareef et. al

Extract on Ketoconazole —induced testicular Oxidative Damage in Male Rats

16. Anbu J, Mahendra SA, Sundar LM, Reddy RP,
Nayak D. Evaluation of antifertility potential of
Ketoconazole and assessment of its reversible effect
on concomitant treatment with Metformin and
Hydroxytyrosol in rats. Asian Journal of Pharmacy
and Pharmacology. 2019;5(1):1-15.
https://doi.org/10.31024/ajpp.2019.5.1.1

17. Abd-Elsalam RM, El Badawy SA, Ogaly HA,
Ibrahim FM, Farag OM, Ahmed KA. Eruca sativa
seed extract modulates oxidative stress and
apoptosis and up-regulates the expression of Bcl-2
and Bax genes in acrylamide-induced testicular
dysfunction in rats. Environ Sci Pollut Res Int.
2021;28(38):53249-66.
https://doi.org/10.1007/s11356-021-14532-y

18. Khalaf AA, Ahmed W, Moselhy WA, Abdel-
Halim BR, Ibrahim MA. Protective effects of
selenium and nano-selenium on bisphenol-induced
reproductive toxicity in male rats. Hum Exp
Toxicol. 2019;38(4):398-408.
https://doi.org/10.1177/0960327118816134

19. Vyas R, Kesari KK, Slama P, Roychoudhury S,
Sisodia R. Differential Activity of Antioxidants in
Testicular Tissues Following Administration of
Chlorophytum borivilianum in Gamma-Irradiated
Swiss  Albino Mice. Front  Pharmacol.
2021;12:774444.
https://doi.org/10.3389/fphar.2021.774444

20. Dmour |. Physicochemical Characterization of
Nanobiocomposites. InBiocomposites-Recent
Advances 2022 Dec  23. IntechOpen.
https://doi.org/10.5772/intechopen.108818

21. Jay V, Shafkat R. Synthesis of selenium
nanoparticles using Allium sativum extract and
analysis of their antimicrobial property against
gram positive bacteria. The Pharma Innovation.
2018;7(9):262-6.
https://www.thepharmajournal.com/archives/2018/v
ol7issue9/PartE/7-9-34-545.pdf

22. Titus D, James Jebaseelan Samuel E, Roopan
SM. Chapter 12 - Nanoparticle characterization
techniques. In: Shukla AK, Iravani S, editors. Green
Synthesis, Characterization and Applications of
Nanoparticles:  Elsevier; 2019. p. 303-19.
https://doi.org/10.1016/B978-0-08-102579-
6.00012-5

23. Mohammed RA, Saleh GM, Mutlak FA.
Investigate the Structural Properties of Silver
Nanoparticles Produced by Bio Production of
Green Spinicia Oleracea Leaf Extract and their
Influence on Antibacterial Activity. Iraqgi Journal of
Nanotechnology.
https://www.iasj.net/iasj/download/0ee156¢72c87b3
03

24. Cittrarasu V, Kaliannan D, Dharman K,
Maluventhen V, Easwaran M, Liu WC, et al. Green
synthesis of selenium nanoparticles mediated from
Ceropegia bulbosa Roxb extract and its cytotoxicity,
antimicrobial, mosquitocidal and photocatalytic

activities. Sci Rep. 2021;11(1):1032.
https://doi.org/10.1038/s41598-020-80327-9

25. Ramamurthy C, Sampath KS, Arunkumar P,
Kumar MS, Sujatha V, Premkumar K, et al. Green
synthesis and characterization of selenium
nanoparticles and its augmented cytotoxicity with
doxorubicin on cancer cells. Bioprocess Biosyst
Eng. 2013;36(8):1131-9.
https://doi.org/10.1007/s00449-012-0867-1

26. Zambonino MC, Quizhpe EM, Jaramillo FE,
Rahman A, Santiago Vispo N, Jeffryes C, et al.
Green Synthesis of Selenium and Tellurium
Nanoparticles:  Current  Trends, Biological
Properties and Biomedical Applications. Int J Mol
Sci. 2021;22(3).
https://doi.org/10.3390/ijms22030989

27. Bibi I, Nazar N, Ata S, Sultan M, Ali A, Abbas A,
et al. Green synthesis of iron oxide nanoparticles
using pomegranate seeds extract and photocatalytic
activity evaluation for the degradation of textile dye.
Journal of materials research and technology.
2019;8(6):6115-24.
https://doi.org/10.1016/j.jmrt.2019.10.006

28. Jasim AS, Salman ON. The Effect of Solvent
Variation on Structural, Optical, and Electrical
Properties of TiO2 Films Prepared by
Hydrothermal Method. Journal of Applied Sciences
and Nanotechnology. 2023;3(2):59-69.
https://doi.org/10.53293/jasn.2023.5562.1191

29. Skandalis N, Dimopoulou A, Georgopoulou A,
Gallios N, Papadopoulos D, Tsipas D, et al. The
Effect of Silver Nanoparticles Size, Produced Using
Plant Extract from Arbutus unedo, on Their
Antibacterial Efficacy. Nanomaterials (Basel).
2017;7(7). https://doi.org/10.3390/nan07070178

30. Danaei M, Dehghankhold M, Ataei S,
Hasanzadeh Davarani F, Javanmard R, Dokhani A,
et al. Impact of Particle Size and Polydispersity
Index on the Clinical Applications of Lipidic
Nanocarrier Systems. Pharmaceutics. 2018;10(2).
https://doi.org/10.3390/pharmaceutics10020057

31. Kmkm AM, Ghareeb MM. Natural Oil
Nanoemulsion-Based Gel Vehicle for Enhancing
Antifungal Effect of Topical Luliconazole. JFac
MedBaghdad. 2023; 65(1):65-73.
https://doi.org/10.32007/jfacmedbagdad.6512058

32. Shim G, Jeong S, Oh JL, Kang Y. Lipid-based
nanoparticles for photosensitive drug delivery
systems. J Pharm Investig. 2022;52(2):151-60.
https://doi.org/10.1007/s40005-021-00553-9

33. Sadeghi B, Gholamhoseinpoor F. A study on the
stability and green synthesis of silver nanoparticles
using Ziziphora tenuior (Zt) extract at room
temperature. Spectrochim Acta A Mol Biomol
Spectrosc. 2015;134: 310-5.
https://doi.org/10.1016/j.saa.2014.06.046

34. Kadhim WK, Alshmmari MK, Al-Ethary MA.
Synthesis and Characteristics of (PAV-PAVC-Ti)
Nanocomposites. Iragi Journal of Nanotechnology,

J Fac Med Baghdad

65

Vol.66. No.1, 2024


https://doi.org/10.31024/ajpp.2019.5.1.1
https://doi.org/10.1007/s11356-021-14532-y
https://doi.org/10.1177/0960327118816134
https://doi.org/10.3389/fphar.2021.774444
https://doi.org/10.5772/intechopen.108818
https://www.thepharmajournal.com/archives/2018/vol7issue9/PartE/7-9-34-545.pdf
https://www.thepharmajournal.com/archives/2018/vol7issue9/PartE/7-9-34-545.pdf
https://doi.org/10.1016/B978-0-08-102579-6.00012-5
https://doi.org/10.1016/B978-0-08-102579-6.00012-5
https://www.iasj.net/iasj/download/0ee156c72c87b303
https://www.iasj.net/iasj/download/0ee156c72c87b303
https://doi.org/10.1038/s41598-020-80327-9
https://doi.org/10.1007/s00449-012-0867-1
https://doi.org/10.3390/ijms22030989
https://doi.org/10.1016/j.jmrt.2019.10.006
https://doi.org/10.53293/jasn.2023.5562.1191
https://doi.org/10.3390/nano7070178
https://doi.org/10.3390/pharmaceutics10020057
https://doi.org/10.32007/jfacmedbagdad.6512058
https://doi.org/10.1007/s40005-021-00553-9
https://doi.org/10.1016/j.saa.2014.06.046

Antioxidant Effects of Selenium Nanoparticles Prepared from Eruca Sativa

Basman Q. Shareef et. al

Extract on Ketoconazole —induced testicular Oxidative Damage in Male Rats

synthesis and application. 2020; 1: 21-6.
https://doi.org/10.47758/ijn.vil.25

35. Nandiyanto ABD, Oktiani R, Ragadhita R. How
to read and interpret FTIR spectroscope of organic
material. Indonesian Journal of Science and
Technology. 2019; 4(1):97-118.
https://doi.org/10.17509/ijost.v4i1.15806

36. Petricca S, Carnicelli V, Luzi C, Cinque B,
Celenza G, lorio R. Oxidative Stress, Cytotoxic and
Inflammatory Effects of Azoles Combinatorial
Mixtures in Sertoli TM4 Cells. Antioxidants. 2023;
12(6):1142.
https://doi.org/10.3390/antiox12061142

37. El-Sharawy ME, Hamouda M, Soliman AA,
Amer AA, El-Zayat AM, Sewilam H, et al. Selenium
nanoparticles are required for the optimum growth
behavior, antioxidative capacity, and liver
wellbeing of Striped catfish (Pangasianodon
hypophthalmus). Saudi J Biol Sci. 2021;
28(12):7241-7.

https://doi.org/10.1080/09712119.2020.1816549

39. Rajput VD, Harish, Singh RK, Verma KK,
Sharma L, Quiroz-Figueroa FR, et al. Recent
Developments in Enzymatic Antioxidant Defence
Mechanism in Plants with Special Reference to
Abiotic Stress. Biology (Basel). 2021;10(4).
https://doi.org/10.3390/biology10040267

40. Adhikari A, Mondal S, Das M, Ghosh R, Biswas
P, Darbar S, et al. Redox Buffering Capacity of
Nanomaterials as an Index of ROS-based
Therapeutics and Toxicity: A Preclinical Animal
Study. bioRxiv. 2021:2021.03.14.435286.
https://doi.org/10.1101/2021.03.14.435286

41. Asri-Rezaei S, Nourian A, Shalizar-Jalali A,
Najafi G, Nazarizadeh A, Koohestani M, et al.
Selenium supplementation in the form of selenium
nanoparticles and selenite sodium improves mature
male mice reproductive performances. Iran J Basic
Med Sci. 2018; 21(6):577-85.
https://doi.org/10.22038/1JBMS.2018.26023.6397.

https://doi.org/10.1016/j.sjbs.2021.08.023

38. Nateq S, Moghaddam G, Alijani S, Behnam M.
The effects of different levels of Nano selenium on
the quality of frozen-thawed sperm in ram. Journal
of Applied Animal Research. 2020;48(1):434-9.

sl paliicia (e b el 45 63U a gaiabual) ciliy jad 5ausS3U Baliaal) cf L)
G 83 (A Al ) puadl Gupesall — 55U sl o

20l daal plad, ! a8l 4 ) 508 ,u%ﬁ il Loy
Gall alaty iy deals, lal) S Ayl g 8t
GIoal) slany Sakg daala, bl A4S o il ¢ 582
dadall
Aol clbaldiie Jals Gasb oo Leoe Julitl e J5 6 sS ikl 4 gadll saloaal) <l il of Aaall el jall ¢ jelal -duagl) 4814

Ama Ladl i) o3 J1 5 Y elld s A il o S5 e iz lia (4 o i)

e e (Eruca Sativa) ssoal) <l paliiue (o guasall (55l gl 5l Jalas g 2l jal) eda (e gl s jal) Cooa
2oSl Gy nanS s Ol m ) aed o Aulal S i Js50sS 5L Aaded) Glsall (s sl sausll) seaY)
g 2nSll Aga DU 5 a8 allons sllall 5 ¢l sanad

iy g2 goaall Caialin 5Y 50 e 10 Jsbae ) il Galiionad) e aan/o5s %1 Jsbae bl Caa i yall o34 b 2kl g 3 gall
Gy elld day @39 A geall da 505 Aysie a5 50 5 s s o e Aol ]2 sad DN 3 hline ¢ ae e dna gy cddlisg
o e gana i ()18 s 5l AL el o5 i 1) (30 3 3 Al i) o) iy S JLESD 55 helus 48 el Jsladl)
Al Gaob e Js bS5l (@) de panal) Cubef (ua A dplul) Aaliall de sanall (o (1) desanall CilS il ga Sl e gana S
aaS/pale 50 de yau adll ok e Js S 3l cube| BE2 5 BEL <BD (BC e saaall Lagy jdic day )l 32al paS / piake 50 de ya
pssilidl (e a3S/pike 0.25 ¢aill 31k (o p s eal) Caidlis (4o pS/pale 0.5 Ll S 5 ) (10 piS/aale 200 Ly lasy e A 5adl
5 gl a5l sall o5 ¢l gl s e Lass 28 530 pdll B2y e 5 5 o saead) (a0 / ale 0,55 ol Gk 0o 553
Apadl) 35008 Baliadl Claleall ays

220U sllall il e B aliil 5 (P <0.001 e 20T G 3 gand 5 05l slall Sl s o (85 508 Cilaly ) alas o) 385 i)
Adlial) de ganally 43 jlie 4l Clapalls Aallad) Cle sanall i (p <0.001 dad)

Jalio il cpa (8 doadll dandl o 50080 8aliaa 5,08 il jia al) il (aliiin (e el Ay 5l JIKEY) elai ¢ s duadAl)
) Hon o) seadl) s Lan o) sl 5 ) Cilda )y paal

gl slle ¢ 3030 5 O 58U slall ¢ 35 srans WS gl 5 ¢ p sl U srislaul) sCLalSl) - Uida

Copyright (c) 2024 Basman Q. Shareefl Huda I. Al-Qadir, Shayma’a A. Jamal

J Fac Med Baghdad 66 Vol.66. No.1, 2024


https://doi.org/10.47758/ijn.vi1.25
https://doi.org/10.17509/ijost.v4i1.15806
https://doi.org/10.3390/antiox12061142
https://doi.org/10.1016/j.sjbs.2021.08.023
https://doi.org/10.1080/09712119.2020.1816549
https://doi.org/10.3390/biology10040267
https://doi.org/10.1101/2021.03.14.435286
https://doi.org/10.22038/IJBMS.2018.26023.6397
https://iqjmc.uobaghdad.edu.iq/index.php/19JFacMedBaghdad36/article/view/2174
https://iqjmc.uobaghdad.edu.iq/index.php/19JFacMedBaghdad36/article/view/2174

