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Abstract: Given the promising good future of selenium nanoparticles in the modern field of health,
selenium nanoparticles have played an important role in increasing sperm efficacy and antioxidant
defense mechanisms. In the present study, we synthesized the selenium nanoparticles (Se NPs) in a
safe and harmless medical manner from the aqueous extract of Withania Somnifera roots. The for-
mation of Se NPs was confirmed using different techniques of spectroscopy. The results showed a
broad absorption peak of up to 622 nm of wavelength. With clumps of NPs forming what looks like
a porous structure, excellent uniform spherical shape of Se NPs and distribution behavior with the
least aggregation, it appears as an average single particle size of around 22 nm. Secondly, we eval-
uated their potential improvement functions on the antioxidant enzyme and DNA damage of sperm
induced by STZ-induced diabetes in mice. Additionally, antioxidant drugs and natural male cell
therapy were also studied. Fifty male experimental mice with an average weight (23-30 kg) were
divided into five groups and fed once daily with IP, streptozotocin, metformin, streptozotocin with
Se NPs and later streptozotocin with Se NPs for 35 days. Se NPs treatment increased antioxidant
enzyme activities and improved sperm quality in STZ-induced diabetic mice by stabilizing the level
of reactive oxygen species. Green synthesis appears to be a safe method for producing selenium
nanoparticles, and Se NPs are more beneficial than inorganic and organic selenium.

Keywords: green synthesis; selenium nanoparticles; spectroscopies characterizations;
comet assay; DNA fragmentation

1. Introduction

Recently, it has been noted that plants are crucial in the creation of different types of
nanoparticles, including silver, gold, zinc, selenium and others [1,2], which in turn were
used as a means to deliver medicine to the affected part of the patient, through the char-
acteristic possessed by nanoparticles; the greater the area of the particle, the smaller its
size. This increases its ability to penetrate deeper into the living body [2]. The concept of
discovery and development of nanomedicines and methods of their delivery opened a
wide field in modern treatment [3]. Among the nanomaterials used in therapeutic appli-
cations were selenium nanoparticles. Selenium is an important and essential element of
the elements that affect the physiological functions and the health of the human body. It
is considered a very important transporter of drugs to the affected organ, as it showed its
effectiveness against oxidation, free radicals, anti-bacteria and others [4-6]. Selenium na-
noparticles can play a key and important role in many metabolic pathways and regulate
the physiological functions of the organism [7], as it enters the metabolism of thyroid hor-
mone and acts as an antioxidant and fights free radicals resulting from a disease or a par-
ticular cause, as well as maintaining the functions of the immune system and the fight
against cancer cells. Through the study published by Claudio Ferro et al. [8], it was proven
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that selenium nanoparticles are very effective in combating the weakness and defor-
mation of the sperm as a result of chronic disease, where an improvement in sperm pro-
duction and good qualities was observed in addition to other uses. The daily amount that
the body needs from selenium can be obtained by eating some foods containing this ele-
ment, including vegetables, grains, mushrooms and other sources such as medicines [9].
The best way to produce nanoscale selenium with less toxicity and good biological activity
compared to organic and inorganic selenium compounds is to use different reducing
agents [10], including ascorbic acid and different plant sources. The plant Withania Som-
nifera is a very important source that can be used in the manufacture of nanoparticles due
to the active substances it contains [1]. This herb, in addition to ascorbic acid, can be used
together in the synthesis of nanoparticles, where it was found that the two substances
have an effective role in stimulating the immune system in the body of the organism, and
it has a great role against the toxicity of metals transported in the water [11].

In this paper, we present for the first time all experimental results related to the green
production of selenium nanoparticles and nanostructure characterization by XRD spec-
troscopy, and the crystallite size was estimated using the Scherer equation. The morpho-
logical analysis was examined by using Scanning Electronic Microscopy (SEM) and Trans-
mission Electronic Microscopy (TEM). UV-Visible Spectroscopy was utilized to explore
the absorption region of the synthesis nanoparticles, and according to the Tauc method,
the energy band gap was estimated. On the other hand, the method of spinal dislocation
was used to isolate sperm from the testes of male mice, according to what was stated in
the study [12]. Next, the samples were prepared for comet examination [13]. All results
obtained were analyzed, interpreted, discussed and compared with similar works in the
literature.

To our knowledge, no papers have reported the green synthesis of Se NPs from the
roots of Withania somnifera, nanostructure properties, morphological analysis, linear opti-
cal properties, protective biological activity against DNA damage from induced diabetes
mellitus and a comet assay. For sperm, the effect of nanoparticles in the treatment of tox-
icity resulting from reactive oxygen species was studied.

2. Materials and Methods
2.1. Preparation of Selenium Nanoparticles

The roots of the plant Withania Somnifera were obtained from the market in Baghdad,
and it was categorized by the herbalist at the College of Science/University of Baghdad,
where it was found that this plant belongs to the nightshade family. The plant extract was
prepared from deionized water after the roots were washed several times with distilled
water and dried for 24 h, after which the roots of the plant were ground using an ordinary
mill.

The plant extract was prepared by stirring for 10 min at 4045 °C, filtered using What-
man n°l filter paper and then centrifuged for 15 min. It was filtered by taking only the
supernatant (Figure 1). An amount of 10 mL of plant extract and 0.14 g of 100 mL of sele-
nious acid were mixed with continuous stirring using a magnetic stirrer (600 rpm) at 40—
45 °C for 15 min. Then, 10 mL of ascorbic acid was added to the solution by pipette at 40—
45 °C for 30 min until the color of the solution turned reddish-orange. The solution was
allowed to cool, and then a small portion (1 mL) of the solution was used for UV analysis.
The precipitate is then separated by a centrifuge and rinsed with water and ethanol sev-
eral times. The precipitate was dried in an oven at 100 °C for 4 h. As can be shown in
Figure 1, the red Se NPs particles were suspended in PBS solution to preserve them until
use. The preparation was carried out according to references [14-16] with some modifica-
tions (see next paragraph).
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Figure 1. Steps of green synthesis method of silver nanoparticles using Withania Somnifera extract.

2.2. Parameters Used to Study the Characterization of Nanoparticles
2.2.1. XRD Analysis

The size and purity of the nanoparticles were characterized. The X-ray diffraction
pattern was assessed using a Cu Ka-powered Philips Panlytical X'pert Pro X-ray diffrac-
tometer with a wavelength of 1.54059 A. The crystallite size was deduced using the Scher-
rer equation. The company is Panalytical XPert Pr/UK Origin.

2.2.2. FESEM-Imaging

The structure of the selenium nanoparticles was studied from the size and shape of
the nanoparticles using a surface-scanning electron microscope for field emission with a
precision of 500 nm operating at 10 kV. It was observed through EDX the appearance of
the nano-selenium element in pure and high proportion, according to the device used for
examination type in Germany. The company is EDS-Mappin-Line-EBSD.

2.2.3. TEM Analysis

The structure and shape of the nanoparticles were studied using a transmission elec-
tron microscope type TEM Instrument ZEISS LE0912 AB/Germany, where an image of the
selenium nanoparticles was recorded based on the electron microscopic image formed.

2.2.4. UV-Visible Spectroscopy

The bioreduction in selenium acid was characterized by measuring the wavelength
shown in the Shimadzu 2550 UV-Vis spectrophotometer, where a gradual rise in the ab-
sorption spectrum was observed until it reached a peak at the scanning range of the sam-
ples between 250 and 1000 nm at a scanning speed of 1.856 nm/min. The company is
Shimadzu-2450/Japan Origin.

2.3. Animals of Study

Fifty healthy, mature, white male mice weighing range about 23-30 g and aged about
1.5-2.5 months were purchased from the Biotechnology Research Center/Al-Nahrain Uni-
versity. All animals were kept in standard conditions of 22 + 3 °C with a 12 h light-dark
and 12 h light exposure cycle and in a controlled environment. The fifty mice were ran-
domly divided into five groups of ten animals each.
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Group 1: This group served as a negative control as mice received normal saline by
IP for 35 days;

Group 2: This group was a positive control for STZ (50 mg/kg body weight/day);

Group 3: Diabetic rats of this group were treated with standard metformin (200
mg/kg body weight/day) orally for 35 days;

Group 4: Diabetic rats in this group were treated with selenium particles (200 mg/kg
body weight/day) orally for 35 days;

Group 5: Diabetic rats in this group were treated with selenium nanoparticles (2
mg/kg body weight/day) orally for 35 days.

2.4. Sample Preparation for Comet Assay

In this research, an easy method was used to isolate semen from the testes of male
mice using the spinal dislocation method. Mice were sacrificed using the method indi-
cated in [17]. The mice were fixed on a dissection board, and the animal’s abdomen was
washed with ethanol. A central and vertical incision was made using forceps and scissors.
The caudal epididymis was cut and placed in a small container containing 2 mL of PBS
and carefully mashed using laboratory scissors. A drop of semen was taken and placed
on a clean, dry slide, then 3 drops of eosin spot were mixed and spread with another slide
and left until microscopy [18].

Slides were prepared 24 h before removal. A total of 250 pL Of LM agarose wax
made by Cambrex/bioscience of USA origin was dissolved in Eppendorf at a temperature
of 100 °C and then placed in a water bath at a moderate temperature of 37 °C. Addition-
ally, 10 pL of sperm cells were taken and added to the agarose wax, and 50 pL of the mix-
ture (cells + agarose) was taken and placed on the glass slides. The slides were placed on
ice to ensure that the agarose was not broken while lifting the lid. The slides were placed
in two solutions, Trouble G (cell lysis). It is the solution responsible for analyzing and
decomposing cells removing membranes and proteins attached to DNA pH > 13 (200 mM
NaOH, 1 mM EDTA, left for at least 24 h. After that, the slides were taken and placed in
the second solution responsible for drawing a comet that represents pH > 13 (200 mM
NaOH, 1 mM EDTA) manufactured by Sigma/Aldrich of USA origin, in sequence (500 mL
was set for 30 min). Then the transfer of the damaged DNA begins and extends towards
the anode at 40 V and 60 min. The amount of displacement between the tail compared to
its head can be considered a measure of the level of DNA damage [19-21]. DNA migration
and image drawing were studied using the comet score program [22], and tail length (px),
tail DNA (%) and tail mean moment were studied according to the following study [23,24].

2.5. Superoxide Dismutase Assay

Sample preparation is detected for serum or plasma parameters according to the
commercial kit Cohesion/China, and the measurement conditions were prepared accord-
ing to the protocol of the kit manufacturer and as shown in the following Table 1.

Table 1. The protocol of the kit manufacturer.

Reagent (uL) Sample Standard Blank
Reaction Buffer 30 30 30
Substrate 100 100 100
Enzyme 1 1 1
Sample 19 - -
Standard -- 19 --
Distilled water - - 19
Dye Reagent 50 50 50

Mix, stand at room temperature for 30 min, record absorbance measured at 560 nm
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The calculation according to the number of cells or bacteria was recorded by the fol-
lowing equation:

SOD(U/104) = (Cstandaard X Vstandara) X (ODpiank
- ODSample)/(ODBlank
- ODStandard)/(VSample X N/VAssay) 1)
= 30 X (ODpgignk — ODSample)/(ODBlank
- ODStandard)/N)

where Cpyorein 1S the protein concentration (mg/mL); Csianaara is the standard activity
(30 U/mL); W is the weight of sample (g); Vsianaara is the volume of standard (0.019 mL);
Vsampie is the volume of sample (0.019 mL); Vjgq, is the volume of assay buffer (1 mL);
and N is the number of cells or bacteria (N x 10%).

2.6. Statistical Analysis

The results were subjected to statistical analysis using Windows SPSS Vision18 Sta-
tistical software; sample methods were evaluated using the ANOVA test, and mean (mean
+ SD) were found. p values of p < 0.05 were considered great.

3. Results and Discussion
3.1. XRD-Analysis

The atomic arrangement, lattice characteristics and crystalline size can all be deter-
mined using the crucial method of X-ray diffraction [25].

Figure 2 shows the XRD pattern of the synthesis of selenium nanoparticles (Se NPs);
the XRD pattern shows multi peaks with different intensities at

23.4°,29.6°,41.2°43.5°45.3°51.6°55.8°61.5°and 65.1°, which correspond to
planes (100),(101),(110),(102),(111),(201),(003),022) and (210), respectively. This
behavior refers to Se NPs and full agreement with JCPDS (01-073-0465); our result is in
good agreement with the published result by Cittrarasu et al. in 2021 [26]. The high crys-
tallinity is very clear, and the phase structure of nanoparticles is hexagonal.

The average crystalline size (D) of Se NPs was calculated from Bragg reflections of
full width half maximum (FWHM) by Debye—-Scherrer equation [27].

092
" PBcosd

where A = 1.5406 A is the wavelength of the X-ray and B is the full width half maximum
(FWHM) of the peak in radians, and 6 is the Bragg angle.

The average crystallite size of nanoparticles (D) isequal to 24.97 nm. The crystallite
size of Se NPs is shown in Table 2.

)
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Figure 2. XRD pattern of synthesized Se NPs.
Table 2. The crystallite size of Se NPs.
Sample 20 (°) hkl FWHM(®°) 20 (Rad) FWHM (Rad) D (nm)
23.4289  (100) 0.2362 0.204 0.004 34.336
29.6254  (101) 0.1968 0.259 0.003 41.739
41.2558  (110) 0.3149 0.360 0.005 26.946
43.5642  (102) 0.2362 0.380 0.004 36.206
SeNPs 453221  (111) 0.3936 0.396 0.007 21.864
51.6654  (201) 0.3149 0.451 0.005 28.018
55.8639  (003) 0.9446 0.488 0.016 9.515
61.5571  (022) 0.9446 0.537 0.016 9.785
65.1915 (210) 0.576 0.569 0.010 16.364
Average crystallite size (nm) 24.97

3.2. FESEM Analysis

Field emission scanning electron microscopy (FESESM) provides the ability to study
the topography of the surfaces of nanomaterials and determine their applicability in dif-
ferent fields. Figure 3 shows the morphology of the synthesis of Se NPs. From the figure,
the results confirm the presence of clumps of nanoparticles, which form what looks like a
porous structure. It is widely known that surface plasmon resonance causes spherical na-
noparticles to have a characteristic optical absorption peak of about 1.5 keV. A similar
result was published by Alagesan et al. in 2019 [28].
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Figure 3. FE-SEM images of Se NPs synthesized at (A) 1 yum and (B) 300 nm using Withania Somnifera
extract.

3.3. TEM Analysis

TEM is one of the cutting-edge analytical measurement technologies used to image
and analyze nanoparticles to determine their size and shape [15]. Figure 4A,B show the
TEM image of Se NPs prepared by the green synthesis method. The images show nano-
particles are an excellent uniform spherical shape of Se NPs and the distribution behavior
with less aggregation, therefore, shown as an individual particle. Figure 4C explains the
histogram size distribution on Se NPs, and the average size is about 22 nm. This result is
in good agreement with the crystallite size determined from XRD analysis. A similar re-
sult is published by Gali¢ et al. in 2022 [29].
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Particle size (nm)

Figure 4. TEM images of Se NPs synthesized at (A) 200 nm magnification, (B) 40 nm magnification
and (C) the histogram size distribution using Withania Somnifera extract.

3.4. Optical Properties

The UV-Visible absorption spectrum displayed in Figure 5 show the electromagnetic
radiation absorbed by Se NPs. The results confirm the existence of two absorption bands
centered at the wavelength of A; = 458 nm and A, = 622 nm. The middle band centered
at A; = 458 nm is related to selenium nanoparticles, while the strong band centered at
» = 622 nm can be attributed to surface plasmonic resonance and the small size of nano-
particles prepared by the synthesis process. Our result is consistent with the results of the
work published in 2020 and 2018 by Ahmed et al. and Pouri et al., respectively [30,31].

>
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Figure 5. UV-visible absorbance spectra of Se NPs.

Figure 6 indicates the relation between the optical absorption coefficient and the
wavelength of Se NPs prepared by the green method. The results confirm that the sample
has high absorption coefficient values in the visible region, reaching its peak at the wave-
length A, = 622 nm. The current results are consistent with the results of the works pub-
lished in 2013 by Habubi et al. and in 2019 et al. by Panchal [32,33].
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Figure 6. Absorption coefficient as function of wavelength of synthesized Se NPs.

The dependence of the optical absorption coefficient with the photon energy helps to
study the band structure and the type of transition of electrons. By using the absorption
data, the optical absorption coefficient (a) can be deduced by applying Beer-Lambert’s
law [34]:

2.3030 x A

@=—- ©)
e

where A is the maximum absorbance, and e is the sample thickness (e = 0.003 cm).
The inter-band absorption theory shows that the absorption coefficient near the
threshold versus incident energy is given by the following Pankove’s relation [35]:

ahv = B(hv - Eg)n (4)

where B is the probability parameter for the transition and E, the optical gap energy.
For allowed direct transitions, the coefficient n is equal to %, and for indirect allowed

transitions, n = 2. Due to the direct band gap, the compound under study has an absorp-
tion coefficient (@) obeying the following relation for high photon energies (hv):

1
ahv = B(hv — E,)? (5)

The E; value corresponding to direct band gap transitions (see Figure 7) can be cal-
culated via the (ahv)? versus hv by using the following formula:
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(ahv)? = B(hv — E;) (6)
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Figure 7. Tauc plot of prepared Se NPs.

The values of E; were estimated from the intersection of the extrapolated linear part
of the (ahv)? curves with the energy axis. Figure 7 shows the variation in (ahv)? ver-
sus hv before and after irradiation with laser beams for Se NPs. The results confirm that
the energy gap was approximately 1.6 eV. The present results are consistent with the au-
thors’ findings [36,37].

3.5. Alkaline Comet Assay

The results showed a protective effect against the DNA degradation activities caused
by STZ-induced diabetes, and the results of the single-cell gel electrophoresis test revealed
that the SeNPs overcome the cytotoxicity and cause less sperm cell death by reducing the
percentage of damage. The results presented in Figures 8-10 indicate that there are statis-
tically significant differences between all the treated groups, and the most effective treat-
ment was in reducing the rates of DNA damage and restoring the concentration and nor-
mal shape of sperm in the testicles of diabetic mice compared to the control group.
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Figure 8. Treated group with Se NPs: high numbers of cells with no comet and low comet by using
comet score program.

Figure 9. Control group (negative): high numbers of cells with low comet and no comet by using
comet score program.
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Figure 10. Positive control group (DM): high numbers of cells with high comet and medium comet
by using comet score program.

Table 3 shows that treatment with nanoselenium led to a significant improvement
(p £ 0.05) in the value of the medium and high damage, as the value decreased signifi-
cantly compared to the streptozotocin group.

Table 3. The result of the comet assay in sperm after treatment with SeNPs.

Parameters No Damage Low Damage Medium Damage High Damage
Groups % (Mean = SD) % (Mean £ SD) % (Mean * SD) % (Mean + SD)
Neg. control  A42.478+0.975 A43.41+0.553 D7.066+0.942 D7.045 +0.599
STZ D33.189 £ 1.565 D33.698 + 0.878 A15.025+0.554 A18.088 +1.072
STZ + Met C37.909 £0.856 (C38.37+0.878  B10.852+0.557 B12.869 + 0.329
STZ + Se BC38.681 +1.33 (C38.487+0.939 BC10.484 +0.613 B12.347 +1.693
STZ +SeNPs  B39.705+0.406 B40.087 +0.724  (C9.487+0.605 (C10.721+0.712
LSD 1.659583 1.215511 1.010036 1.505262
p-value 0.00075 0.00008 0.00006 0.00047

e STZ = streptozotocin diabetic mice

e Met = metformin

e Different capital and small latter represent significant p < 0.05.
e LSD: least significant difference.

e p value: probability value.

The results also showed the parameters of tail length (px), tail DNA (%) and tail mean
moment according to Table 4. The qualitative mean value of the SeNPs marked with the
letter D is not significantly different from the control sample, but the qualitative mean
values of STZ are different. Additionally, those marked with the letter A were significantly
different from the negative control group (p < 0.05). On the other hand, the percentage
of DNA was studied to evaluate the integrity of sperm. We conclude that the synthesis of
SeNPs in this way is beneficial in DNA healing by reducing or eliminating oxidative stress
in the immune system, thus preventing ROS from stimulating lipid peroxidation respon-
sible for subsequent DNA damage. Hence the stability of energy metabolism [38] and this
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result agrees with the previous study by El-Nekeety et al. and Artemani et al. [39,40].
Treatment with SeNPs alone was more effective than either MET or Se use.

Table 4. Measurement of the tail length, tail DNA percentage and tail moment by using comet score
program.

Parameters Comet Score Program (Mean * SD)
Groups Tail Length (px) Tail DNA (%) Tail Mean Moment
Neg. control D65.044 + 8.035 D0.0246 + 0.00089  E0.000231 + 0.0000521
STZ A303.775 +24.336 A12.114 +2.007 A7.3351 +2.155
STZ + Met C90.261 +11.074 B4.125 +1.008 B4.224 +1.007
STZ + Se B105.752 +13.276 B4.026 +0.986 C2.965 +0.8112
STZ + Se NPs D75.842 +8.117 C2.243 + 0411 D1.7775 + 0.477
P-Value 0.000431 0.000512 0.000116

e  STZ=streptozotocin diabetic mice

e Met=metformin

o Different capital and small latter represent significant p < 0.05.
e  LSD: least significant difference.

e  p value: probability value.

3.6. Super Oxide Dismutase Level on Control and Treated Groups (SOD)

The values from the results presented in Table 5 can be seen. The SOD level was
4.763 + 0.480 units/mg in the control group; this value decreased significantly (p < 0.05)
in the Streptozotocin group 1.673 + 0.205 units/mg, while in both groups that were
treated with metformin and selenium extract, it rose at the same level, which was 2.321 +
0.399 units/mg and 2.128 + 0.166 units/mg, respectively.

Table 5. The result of the SOD after treatment with SeNPs.

Parameters SOD U/mg (Mean + SD)
Neg. control A4.763 + 0.480
STZ D1.673 +0.205
STZ + Met (C2.321 +0.399
STZ + Se CD2.128 + 0.166
STZ + Se NPs B2.917 +0.234
LSD 0.482896
P-value 0.00040

e  STZ=streptozotocin diabetic mice

e Met=metformin

o  Different capital and small latter represent significant p < 0.05.
e  LSD: least significant difference.

e p value: probability value.

The green SeNPs group showed the best result, which was 2.917 + 0.234, and these
results showed a significant increase (p < 0.05) in the level of SOD compared to DM.
Additionally, as shown in Figure 11, the group indicates its excessive use in mitigating
free radicals I born during DM. This note has already been reported in animals with dia-
betes [41].



Appl. Sci. 2023, 13,728 15 of 18

SOD

Neg. control STZ STZ + Met STZ +Se  STZ+ SeNPs

Figure 11. Super oxide dismutase level on control and treated groups.

The effect of SeNPs on plasma oxidative enzymes and their increased activity is an
indication of their presence and the ability to search for reactive oxygen species, thus con-
tributing to the protective effect against oxidative stress and preventing further damage
to membrane lipids [42].

4. Conclusions

Se NPs were successfully synthesized by the green synthesis method. The hexagonal
crystalline structure and the morphological properties were confirmed by experimental
techniques. The average nanoparticle size is equal to 22 nm. The bandgap energy (1.6 eV)
for Se NPs presented a good agreement compared to the standard behavior of Se NPs.
Analysis of the biological activity of Se NPs was achieved using single-cell gel electropho-
resis (comet assay). It was found that there was a significant decrease in the amount of
DNA damage and weakness after administering doses to diabetic mice with selenium
NPs. The current study revealed that even small amounts of Se NPs administered into the
bloodstream have an effective effect on living cells, where nanoparticles can significantly
improve the characteristics and parameters of semen through their antioxidant properties.
Additionally, it has a protective effect against the death of sperm cells and thus helps them
reduce the percentage of damaged and distorted cells and increase the percentage of ac-
tive, healthy sex cells. Therefore, it is recommended to synthesize nanoparticles and use
them as a therapeutic option to reduce infertility caused by diabetes.
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